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Foreword
While the economy might have been in a state of disrepair and retreat during the past year, scientific 
viticultural and oenological research has progressed at a rate of knots with papers being delivered on a 
variety of interesting topics.

At Winetech we have seen a proliferation of fascinating, high quality articles which have broadened the 
industry’s understanding of all areas from cultivar development and vineyard management to laboratory 
research and wine improvement.

This is the sixth edition of the Wynboer Technical Yearbook which, together with the articles that appear in the 
monthly editions of WineLand magazine and also on the magazine’s website (www.wineland.co.za), is 
achieving what we set out to do. 

Technology transfer from theory and experimentation to practical implementation in the vineyard, cellar and 
laboratories is one of our primary aims. Providing these aids we believe will help South African viticulturists 
and winemakers in their endeavours to remain at the forefront of technology and will make their final products 
that much more appealing to consumers.

It is also very satisfying to be able to introduce a foreign scientist’s perspective into the mix, through the 
series of articles on grapevine development presented by Alain Deloire, a professor in viticulture currently 
lecturing at Stellenbosch University.

We have also seen the results of a tremendous amount of research being done on Pinotage, which has long 
been identified as a subject of particular interest for the industry. Through this we hope that the uniqueness of 
this cultivar to South Africa will be highlighted and that further improvements in the vineyard and the cellar will 
be the result.

Overall it has been a busy period and judging by developments in the latter part of the year, the hectic pace 
seems bound to continue in 2010.
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VINEYARD

Dieback of young vines and the Growth 
Arrestment Phenomenon along the Lower 
Orange River 
Neels Volschenk & Kobus Hunter, ARC Infruitec-Nietvoorbij, Stellenbosch

Neels Volschenk

INTRODUCTION 

Dieback of young vines and the Growth Arrestment Phenomenon 
(GAP), also known as “Growth arrestment disease”, are prevalent 
in the Lower Orange River area (Fig. 1). It has been a sporadic 
phenomenon ever since the first plantings of Sultanina on the fertile, 
low-lying, irrigated soils in the region. Much has been written since 
the 1950s about the phenomenon and speculated about its causes. 
In the 1960s a comprehensive investigation indicated that crop 
losses of up to 80% may occur. The region’s most serious incident 
ever of dieback, delayed budding and the GAP occurred in the 
2000/01 season. Yields in several vineyards were so low that it was 
not cost-effective to harvest the grapes. Besides yields that suffer 
as a result of this phenomenon, it has been necessary to re-estab-
lish young vineyards twice and even three times before reaching 
profitable vine production. 

Initially the GAP was only observed on soils inside the irrigation 
scheme, but due to extensive vineyard plantings elsewhere, com-
bined with cultivation practices, it has also been observed on the 
less fertile soils of the region. All cultivars and rootstocks used in the 
area are subject to dieback and growth arrest (GA). The phenome-
non appears to be the result of climatic conditions, which is why 
GAP may occur in the region in approximately three out of 10 years, 
with serious ramifications. 

The phenomenon is not unique to the Lower Orange River, it also 
occurs in the USA (California), where it is known as Spring Fever, 
and in Australia, where it is known as Restricted Spring Growth. 

SYMPTOMS 

The phenomenon manifests in various symptoms. In young vines 
dieback usually occurs during late winter, two to five years after 
initial establishment. Dieback occurs in a downward direction 
from the long shoots or cordons up to the graft union. In spring, 
several strong shoots emerge below the dead trunk (Fig. 2). 
Vines may then be redeveloped from these shoots. In serious 
cases the entire vine may die, which means it will have to be 
removed and replaced with a healthy vine. 

In older vines, spring budding on the long shoots may be uneven 
and as a result of dead or dormant buds, the bare sections of 
the shoot have a white appearance. The latter is also known as 
White shoot phenomenon (Fig. 3). Shoot growth in emerging 
buds is limited (±10 cm) and stops before flowering. The new 
shoots are dark green and generally have shortened internodes 
without active growth tips. The leaves are a dull green and mis-
shapen. In many instances the growth tip dies at an early stage 
and the flower bunch dies and dries out at the same time (Grey 
bunch symptom). After flowering, shoot growth resumes from 
the lateral shoots of the affected shoots or from new buds on the 

FIGURE 1. A vineyard displaying typical delayed budding and symptoms 
of growth arrestment. 

FIGURE 3. A two-year-old vine with GA and White shoot symptoms. 
Vigorous growth nevertheless occurs in the crown of the vine.

FIGURE 2. A one-year-old vine 
that died back during the winter 
with a number of shoots display-
ing strong growth above the graft 
union the following spring.
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FIGURE 4. Necrotic sections on 
the flower bunch stem are early 
indications of Black bunch symp-
toms. Parts below the necrotic 
sections will dry out, while those 
above them could possibly 
develop further. 

long shoots. As a result of generally vigorous growth conditions, 
there is no difference between affected and normal shoots in the 
late season. 

Shoots may also bud and grow evenly as usual, until shoot growth 
is arrested before or during flowering (Growth arrestment 
phenome non). During this period, dark necrotic parts may deve lop 
on the flower bunch stems, causing partial damage to the flower 
bunches or causing them to dry out entirely and drop. The latter 
is also known as Black Bunch Symptom (Fig. 4). The GAP may 
also occur on shoots apparently growing normally in that bunch 
stems become necrotic after set, causing partial berry shed, 
whereafter bunches may recover to a certain extent or shed their 
berries further until nothing but the bunch stem remains. 

Older leaves from affected vines usually have oily, shiny ble-
mishes on the upper surface and in many instances leaves curl 
upwards (Fig. 5).

POSSIBLE CAUSES 

Various factors, or combinations thereof, play a role in the inci-
dence of the GAP. 

CLIMATE 

The climate of the Lower Orange River area is probably one of the 
most important contributing factors to the GAP. Compared to Stel-
lenbosch, big differences in summer and winter temperatures occur 
and the rate of decrease between summer and winter temperatures 
is noticeable (Fig. 6). High temperatures in the post-harvest period 
cause vines to grow actively until late autumn, leaving little time for 
the accumulation of carbohydrate reserves. The occurrence of the 
first frost may seriously harm this accumulation of reserves, espe-
cially if this takes place early in autumn. In 2000, heavy frost 
occurred as early as 4 and 5 May (Fig. 7), causing all leaf activity to 
cease at once. From 24 May to 4 June, daily temperatures dropped 
to below freezing point. During the remainder of June and July, 
temperatures repeatedly dropped to below freezing point, even as 
low as -7°C. It was considered a very early and cold winter. A 
similar temperature profile occurred in 2002. The 2000/01- and 
2002/03 seasons were characterised by a serious incidence of GA 
and poor yields. On the other hand, the incidence of the GAP was 
very low in the 1996/97 and 2001/02 seasons and above-average 
crops were recorded (Fig. 8). The latter two seasons were charac-
terised by moderate preceding winters when the temperature did 
not drop below freezing point until the middle of June and never 
below -2.5°C throughout the remainder of winter. 

High day temperatures at the beginning of spring cause vines to 
bud and start growing. Low night temperatures cause soil tem-
peratures to remain low, however, which limits root activity, such 
as the uptake of nutrients and water, as well as the production 
of growth regulators, with the result that sustained growth is not 
supported. 

SOIL 

Although a potassium deficit has also been associated with GAP, 
it does not appear to be a direct cause; instead, GAP seems to 
be the result of excessive nitrogen uptake from the fertile, silty 
soils. During the post-harvest period, abundant nitrogen uptake 
promotes excessive vegetative growth, thereby delaying the 
accumulation and mobilisation of carbohydrate reserves, which 

FIGURE 5. A curly leaf on the left and a normal leaf on the right.

FIGURE 6. Average monthly minimum temperatures in Stellenbosch and 
Upington.

FIGURE 7. Daily minimum temperatures for the Eiland experiment farm in 
Upington from 1 April to 31 October for 2000 and 2002 (years when GA 
was prevalent).

may also heighten vine susceptibility to GA. At this stage, young 
vines, compared to older vines, are also inclined to grow active-
ly for longer in autumn. 
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may also heighten vine susceptibility to GA. At this stage, young 
vines, compared to older vines, are also inclined to grow active-
ly for longer in autumn. 
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FIGURE 8. Daily minimum temperatures for the Eiland experiment farm in 
Upington from 1 April to 31 October for 1996 and 2001 (years when 
crops were above average).

DISEASES 
The accumulation and mobilisation of carbohydrate reserves in 
the post-harvest period can be limited if diseases such as Downy 
mildew and Oïdium occur, both of which cause leaf losses or 
damage. 

IRRIGATION 
Experience has taught producers that winter irrigation is essen-
tial to limit the GAP. At the same time, excessive autumn and 
spring irrigation should be limited. 

ROOTSTOCKS 
All cultivars and rootstocks are subject to GAP. However, culti-
vars that have been grafted onto 143B Mgt appear to be not 
quite as susceptible to GAP. 

VINE PHYSIOLOGY 
The above-mentioned factors impact on the physiological pro-
cesses of the vine, which determine the occurrence, or not, of 
GAP. Sufficient nitrogen and carbohydrate reserves in the shoots, 
cane and roots of a vine are required for normal winter dor-
mancy, budding and initial vegetative and reproductive growth 
as well as root growth. 

During winter, vines are dormant, the repose enabling them to sur-
vive cold periods. Dormancy starts in summer already, with the 
ageing of leaves. Cane ripening occurs from December/January 
onwards when shoots start ripening and change colour from the 
base upwards. In the Lower Orange River area active shoot growth, 
especially in young vines, occurs until late autumn, and competes 
directy with the accumulation of reserves in the older parts of the 
vines such as the shoots, trunks and roots. At the inception of 
winter, insoluble starch that has accumulated in the vines is trans-
formed into soluble sugars. The high sugar concentration protects 
the tissue against frost damage. Vines with properly ripened canes, 
i.e. with sufficient reserves and where the conversion of starch into 
sugar has already taken place, can tolerate temperatures of up to 
-15°C without any damage. At the end of winter the opposite con-
version of carbohydrates takes place, i.e. sugars revert to starch. 
The starch that is synthesised in the post-harvest period is the first 
carbohydrates to be used at the start of the new growing season, 
for budding and the initial vegetative growth. 

During the first four weeks after budding the vine uses ±50% of its 
starch reserves. During the first four to six weeks after budding, 
growth takes place on reserves only, until sufficient leaves have been 
formed to supply the vine’s nutritional requirements and the root 
system has become functional and supporting. Under normal con-
ditions, a vine should be able to grow on reserves for ten weeks. 
During the warm growing season nutrients mainly move upwards, 
towards the growth tips to support vegetative growth. Under nor-
mal, cooler post-harvest conditions, nutrients should move down-
wards into the trunks and roots for accumulation of reserves. The 
latter process appears to deviate from the norm in the Lower 
Orange River area, because the vines grow actively until late 
autumn. 

If the normal growth and dormancy cycle of the vine is impaired 
by external factors, as discussed above, it may result in physi-
ological abnormalities, such as GAP. 

For further enquiries contact Neels Volschenk, e-mail: volschenkn@arc.agric.za. 

RECOMMENDATIONS 

The occurrence of dieback in young vines and GAP in the 
Lower Orange River area is a given and producers will have to 
realise that the phenomenon will occur periodically and spo-
radically. The intensity of the phenomenon may differ from sea-
son to season. There is no comprehensive solution to the prob-
lem, but a few preventive measures may limit its incidence. 
• The establishment of vineyards on low-lying, cold and nitro-

gen-rich soils must be limited, especially on soils previously 
planted to lucern. 

• Cultivate grain without nitrogen fertiliser for at least one sea-
son if vines are to be established on former lucern fields. 

• No nitrogen fertiliser should be applied in the first year after 
establishment on nitrogen-rich, silty soils, especially not in the 
post-harvest period. 

• Use 143B Mgt as rootstock for plantings on low-lying soils to 
induce moderate growth and early cane ripening and leaf drop. 

• Overproduction should be prevented since this depletes 
reserves even further, especially in young vines. 

• Vines that have died back and where a number of shoots 
grow beneath the dead trunk, may be redeveloped in late 
spring. Only one shoot should be used to form new cordons 
or crowns, while the other shoots should be left in place and 
topped regularly to distribute the vigour. 

• Irrigation should be sensible so that the soils do not become 
too wet in autumn nor too dry in winter. Take great care with 
spring irrigation as the soil temperature decreases after each 
irrigation and root activity may thus be impaired. 

• Disease control should be effective, especially post-harvest, 
as leaf loss limits the accumulation of reserves and may also 
result in regrowth, thereby depleting reserves even further. 

• Vines established in localities that are potentially susceptible 
to early frost, should be positioned and the environment man-
aged in such a way to create air currents that will remove cold 
air from the vineyards. 

• If possible the effect of early frost can be reduced by overhead 
irrigation, fans or smoke during the post-harvest period. 
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Cultivation of Pinotage in various climatic 
regions (Part 1): Climatic differences 
Danie van Schalkwyk & André Schmidt, ARC Infruitec-Nietvoorbij, Stellenbosch 

Key words: Climate, cordon height, canopy management, Pinotage, vine development, wine quality.

INTRODUCTION 

Pinotage first appeared in 1925 and is currently South Africa’s 
most important locally developed red wine cultivar. Within a rela-
tively short period Pinotage wines have achieved recognition 
among top end wines on local as well as foreign markets. Pino-
tage has a unique character and the wines mature very well. 
Although one finds increasingly fewer inferior wines, it is unfortu-
nately true that inferior wines are still being made. Poor wine 
quality is not inherent to the cultivar, instead it possibly results 
from incorrect application of viticultural and vinification tech-
niques. Pinotage is precious to South African winemakers and 
the Pinotage Association was founded in 1995 with the purpose 
of improving the quality of Pinotage wines and promoting the 
marketing of top quality Pinotage throughout the world. Pinotage 
performs extremely well at domestic and foreign wine shows, 
such as the Veritas Awards, where it has received hundreds of 
awards since 1991, , hence the increased demand for Pinotage 
wines on foreign markets. 

According to 1996 SAWIS statistics, approximately 380 ha Pino-
tage were planted in 1995, making it the most popular red wine 
cultivar for new plantings at that stage (Anon, 1996). At one 
stage the demand for Pinotage vines was so great that there was 
a shortage of certified material in the 1996 and 1997 seasons. 
Pinotage currently constitutes 6.4% (6 493 ha) of all wine grape 
plantings and is the fourth most planted red wine cultivar in 
South Africa (Anon, 2006). 

Viticulturally Pinotage is very well adapted to Western Cape 
cultivation conditions and no serious cultivation problems are 
known. It is grown successfully in practically all the climatic 
regions, from the cooler conditions (average February tempera-
ture 19°C - 21°C) to the warmer conditions (average February 
temperature 22°C - 23°C). Depending on the virus status of the 
material, grapes ripen from the end of January to mid-March in 
the Western Cape. 

Pinotage grows with moderate vigour and has a fairly upright bear-
ing. In the past it was mostly developed as bush vines and only 
later trellised on vertical trellis systems. The cultivar fares extreme-
ly well under dryland conditions, under which it is mainly cultivated 
as bush vines. There is a perception among winemakers that 
higher quality Pinotage wines generally derive from older bush vine 
plantings, and consequently that bush vine and premium wines 
are synonymous, hence the trend to recommend bush vine deve-
lopment. This advice is also endorsed by the Pinotage Producers’ 
Association. This contention has not been scientifically proven. 

The better wine quality from old bush vine vineyards can possibly 
be ascribed to the different characteristics of the canopy that 

occurs among young, vigorous, mostly dense, trellised vines that 
have been established with improved plant material compared 
to the less vigorous old bush vines. Older bush vines usually have 
open canopies and the grapes are quite exposed to direct sun. 
It has also been found that temperatures in the canopy decrease 
with an increase in height above the surface of the soil (Strauss 
& Archer, 1986). Grapes from the older bush vines therefore 
ripen in warmer and more exposed climatic conditions. Research 
at Nietvoorbij has shown that the development of flavourants, 
depending on the cultivar, can be improved or compromised by 
direct exposure to sunlight and temperature (Marais, 2005). It 
has been proven scientifically that the development of the vine 
has a significant influence on the phenolic composition of grape 
skins (Tambora et al., 2003). The influence it has on flavour 
development in Pinotage remains fairly unknown. 

There is consequently a fair amount of uncertainty about whether 
bush vines or trellised vines produce the best quality Pinotage wines 
and whether the cultivar should be grown under cooler or warmer 
conditions to produce unique wines of exceptionally high quality. In 
an attempt to find answers to these questions, ARC Infruitec-Niet-
voorbij launched a project in 1998 with financial support from 
Winetech and the Pinotage Association to investigate the influence 
of vine development (trunk height and cordon orientation) and 
canopy density (exposure of grapes) on the wine quality of Pinotage 
in climatic regions 2, 3 and 4 in the Western Cape. 

TRIAL PROCEDURE 

The extent and cost of a properly laid out field trial in each of the 
three climatic regions would be extremely high, consequently 
seven trial sites were laid out in existing young (1 to 2 years) 
Pinotage vineyards at various producers in each of climatic 
regions 2, 3 and 4 for statistical purposes (Le Roux, 1974; Win-
kler et al., 1974). Each producer site was considered a repetition 
and the treatments were applied in a randomised fashion. These 
sites were selected based on macro-climatic data according to 
Average February Temperature (AFT) (De Villiers, et al., 1996) 
with climatic region 2 (19°C - 21°C), climatic region 3 (21°C - 
23°C) and climatic region 4 (23°C - 25°C) (Fig. 1). The trial sites 
were spread throughout the Western Cape with sites in Darling, 
Riebeek-West, Wellington, Agter-Paarl, Perdeberg, Kuils River, 
Stellenbosch, Somerset West and Hermanus vicinity (Table 1). 

Pinotage vines from the same clone (PI 48) were used and devel-
oped according to four vine development methods, i.e. bush vine 
with 20 cm trunk length, bush vine with 30 cm trunk length, split 
cordon with 30 cm trunk length on Extended Perold (EP) and split 
cordon with 60 cm trunk length on an Extended Perold (Fig. 2). Both 
split cordon treatments had moveable foliage wires. The normal 
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FIGURE 8. Daily minimum temperatures for the Eiland experiment farm in 
Upington from 1 April to 31 October for 1996 and 2001 (years when 
crops were above average).

DISEASES 
The accumulation and mobilisation of carbohydrate reserves in 
the post-harvest period can be limited if diseases such as Downy 
mildew and Oïdium occur, both of which cause leaf losses or 
damage. 

IRRIGATION 
Experience has taught producers that winter irrigation is essen-
tial to limit the GAP. At the same time, excessive autumn and 
spring irrigation should be limited. 

ROOTSTOCKS 
All cultivars and rootstocks are subject to GAP. However, culti-
vars that have been grafted onto 143B Mgt appear to be not 
quite as susceptible to GAP. 

VINE PHYSIOLOGY 
The above-mentioned factors impact on the physiological pro-
cesses of the vine, which determine the occurrence, or not, of 
GAP. Sufficient nitrogen and carbohydrate reserves in the shoots, 
cane and roots of a vine are required for normal winter dor-
mancy, budding and initial vegetative and reproductive growth 
as well as root growth. 

During winter, vines are dormant, the repose enabling them to sur-
vive cold periods. Dormancy starts in summer already, with the 
ageing of leaves. Cane ripening occurs from December/January 
onwards when shoots start ripening and change colour from the 
base upwards. In the Lower Orange River area active shoot growth, 
especially in young vines, occurs until late autumn, and competes 
directy with the accumulation of reserves in the older parts of the 
vines such as the shoots, trunks and roots. At the inception of 
winter, insoluble starch that has accumulated in the vines is trans-
formed into soluble sugars. The high sugar concentration protects 
the tissue against frost damage. Vines with properly ripened canes, 
i.e. with sufficient reserves and where the conversion of starch into 
sugar has already taken place, can tolerate temperatures of up to 
-15°C without any damage. At the end of winter the opposite con-
version of carbohydrates takes place, i.e. sugars revert to starch. 
The starch that is synthesised in the post-harvest period is the first 
carbohydrates to be used at the start of the new growing season, 
for budding and the initial vegetative growth. 

During the first four weeks after budding the vine uses ±50% of its 
starch reserves. During the first four to six weeks after budding, 
growth takes place on reserves only, until sufficient leaves have been 
formed to supply the vine’s nutritional requirements and the root 
system has become functional and supporting. Under normal con-
ditions, a vine should be able to grow on reserves for ten weeks. 
During the warm growing season nutrients mainly move upwards, 
towards the growth tips to support vegetative growth. Under nor-
mal, cooler post-harvest conditions, nutrients should move down-
wards into the trunks and roots for accumulation of reserves. The 
latter process appears to deviate from the norm in the Lower 
Orange River area, because the vines grow actively until late 
autumn. 

If the normal growth and dormancy cycle of the vine is impaired 
by external factors, as discussed above, it may result in physi-
ological abnormalities, such as GAP. 

For further enquiries contact Neels Volschenk, e-mail: volschenkn@arc.agric.za. 

RECOMMENDATIONS 

The occurrence of dieback in young vines and GAP in the 
Lower Orange River area is a given and producers will have to 
realise that the phenomenon will occur periodically and spo-
radically. The intensity of the phenomenon may differ from sea-
son to season. There is no comprehensive solution to the prob-
lem, but a few preventive measures may limit its incidence. 
• The establishment of vineyards on low-lying, cold and nitro-

gen-rich soils must be limited, especially on soils previously 
planted to lucern. 

• Cultivate grain without nitrogen fertiliser for at least one sea-
son if vines are to be established on former lucern fields. 

• No nitrogen fertiliser should be applied in the first year after 
establishment on nitrogen-rich, silty soils, especially not in the 
post-harvest period. 

• Use 143B Mgt as rootstock for plantings on low-lying soils to 
induce moderate growth and early cane ripening and leaf drop. 

• Overproduction should be prevented since this depletes 
reserves even further, especially in young vines. 

• Vines that have died back and where a number of shoots 
grow beneath the dead trunk, may be redeveloped in late 
spring. Only one shoot should be used to form new cordons 
or crowns, while the other shoots should be left in place and 
topped regularly to distribute the vigour. 

• Irrigation should be sensible so that the soils do not become 
too wet in autumn nor too dry in winter. Take great care with 
spring irrigation as the soil temperature decreases after each 
irrigation and root activity may thus be impaired. 

• Disease control should be effective, especially post-harvest, 
as leaf loss limits the accumulation of reserves and may also 
result in regrowth, thereby depleting reserves even further. 

• Vines established in localities that are potentially susceptible 
to early frost, should be positioned and the environment man-
aged in such a way to create air currents that will remove cold 
air from the vineyards. 

• If possible the effect of early frost can be reduced by overhead 
irrigation, fans or smoke during the post-harvest period. 
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Cultivation of Pinotage in various climatic 
regions (Part 1): Climatic differences 
Danie van Schalkwyk & André Schmidt, ARC Infruitec-Nietvoorbij, Stellenbosch 
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INTRODUCTION 

Pinotage first appeared in 1925 and is currently South Africa’s 
most important locally developed red wine cultivar. Within a rela-
tively short period Pinotage wines have achieved recognition 
among top end wines on local as well as foreign markets. Pino-
tage has a unique character and the wines mature very well. 
Although one finds increasingly fewer inferior wines, it is unfortu-
nately true that inferior wines are still being made. Poor wine 
quality is not inherent to the cultivar, instead it possibly results 
from incorrect application of viticultural and vinification tech-
niques. Pinotage is precious to South African winemakers and 
the Pinotage Association was founded in 1995 with the purpose 
of improving the quality of Pinotage wines and promoting the 
marketing of top quality Pinotage throughout the world. Pinotage 
performs extremely well at domestic and foreign wine shows, 
such as the Veritas Awards, where it has received hundreds of 
awards since 1991, , hence the increased demand for Pinotage 
wines on foreign markets. 

According to 1996 SAWIS statistics, approximately 380 ha Pino-
tage were planted in 1995, making it the most popular red wine 
cultivar for new plantings at that stage (Anon, 1996). At one 
stage the demand for Pinotage vines was so great that there was 
a shortage of certified material in the 1996 and 1997 seasons. 
Pinotage currently constitutes 6.4% (6 493 ha) of all wine grape 
plantings and is the fourth most planted red wine cultivar in 
South Africa (Anon, 2006). 

Viticulturally Pinotage is very well adapted to Western Cape 
cultivation conditions and no serious cultivation problems are 
known. It is grown successfully in practically all the climatic 
regions, from the cooler conditions (average February tempera-
ture 19°C - 21°C) to the warmer conditions (average February 
temperature 22°C - 23°C). Depending on the virus status of the 
material, grapes ripen from the end of January to mid-March in 
the Western Cape. 

Pinotage grows with moderate vigour and has a fairly upright bear-
ing. In the past it was mostly developed as bush vines and only 
later trellised on vertical trellis systems. The cultivar fares extreme-
ly well under dryland conditions, under which it is mainly cultivated 
as bush vines. There is a perception among winemakers that 
higher quality Pinotage wines generally derive from older bush vine 
plantings, and consequently that bush vine and premium wines 
are synonymous, hence the trend to recommend bush vine deve-
lopment. This advice is also endorsed by the Pinotage Producers’ 
Association. This contention has not been scientifically proven. 

The better wine quality from old bush vine vineyards can possibly 
be ascribed to the different characteristics of the canopy that 

occurs among young, vigorous, mostly dense, trellised vines that 
have been established with improved plant material compared 
to the less vigorous old bush vines. Older bush vines usually have 
open canopies and the grapes are quite exposed to direct sun. 
It has also been found that temperatures in the canopy decrease 
with an increase in height above the surface of the soil (Strauss 
& Archer, 1986). Grapes from the older bush vines therefore 
ripen in warmer and more exposed climatic conditions. Research 
at Nietvoorbij has shown that the development of flavourants, 
depending on the cultivar, can be improved or compromised by 
direct exposure to sunlight and temperature (Marais, 2005). It 
has been proven scientifically that the development of the vine 
has a significant influence on the phenolic composition of grape 
skins (Tambora et al., 2003). The influence it has on flavour 
development in Pinotage remains fairly unknown. 

There is consequently a fair amount of uncertainty about whether 
bush vines or trellised vines produce the best quality Pinotage wines 
and whether the cultivar should be grown under cooler or warmer 
conditions to produce unique wines of exceptionally high quality. In 
an attempt to find answers to these questions, ARC Infruitec-Niet-
voorbij launched a project in 1998 with financial support from 
Winetech and the Pinotage Association to investigate the influence 
of vine development (trunk height and cordon orientation) and 
canopy density (exposure of grapes) on the wine quality of Pinotage 
in climatic regions 2, 3 and 4 in the Western Cape. 

TRIAL PROCEDURE 

The extent and cost of a properly laid out field trial in each of the 
three climatic regions would be extremely high, consequently 
seven trial sites were laid out in existing young (1 to 2 years) 
Pinotage vineyards at various producers in each of climatic 
regions 2, 3 and 4 for statistical purposes (Le Roux, 1974; Win-
kler et al., 1974). Each producer site was considered a repetition 
and the treatments were applied in a randomised fashion. These 
sites were selected based on macro-climatic data according to 
Average February Temperature (AFT) (De Villiers, et al., 1996) 
with climatic region 2 (19°C - 21°C), climatic region 3 (21°C - 
23°C) and climatic region 4 (23°C - 25°C) (Fig. 1). The trial sites 
were spread throughout the Western Cape with sites in Darling, 
Riebeek-West, Wellington, Agter-Paarl, Perdeberg, Kuils River, 
Stellenbosch, Somerset West and Hermanus vicinity (Table 1). 

Pinotage vines from the same clone (PI 48) were used and devel-
oped according to four vine development methods, i.e. bush vine 
with 20 cm trunk length, bush vine with 30 cm trunk length, split 
cordon with 30 cm trunk length on Extended Perold (EP) and split 
cordon with 60 cm trunk length on an Extended Perold (Fig. 2). Both 
split cordon treatments had moveable foliage wires. The normal 
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recommended vine development (green shoot in the case of split 
cordon), bearer spacing [12.5 cm (8 two bud bearers per running 
metre cordon) between bearers for split cordon and 5 - 6 two bud 
bearers in cup format for bush vine] were applied and suckering 
practices following during vine development. Crop control was 
applied through bunch removal in the vine development stage. 

Two canopy management treatments were applied randomly 
from 2002 onwards. With the minimal canopy management 
(MC), suckering took place between the bearers only and all the 
shoots budding on the bearers were left in place and no leaves 
were removed. With optimal canopy management (OC), sucker-
ing took place between the bearers and only two shoots were 
left per bearer. Leaves were also removed where necessary 
according to the norms recommended by Hunter (1992) (Photo 
1 & 2). If the building up of bearers occurred due to poor bud-
ding, a renewal shoot was left in place in the latter treatment. 

Canopy density was determined by means of the point quadrant 
method during veraison (Hunter, 1992). Each treatment’s canopy 
was also evaluated using an evaluation chart during the harvest 
to determine the effectiveness of the application of optimal 
canopy management as opposed to the minimal canopy man-
agement (Hunter, 1999). Light intensity was determined inside 
and outside the canopy during 2006 and 2007 to quantify the 
photosynthetic active radiations (400 - 700 nm) inside the various 
canopies. 

During 2004 temperature loggers were installed at the trial sites 
approximately 1 m above the surface within the canopy of the 
60 cm trellised treatments in order to monitor the average tem-
peratures over every five minutes inside the canopy during ripen-
ing (Photo 3 & 4). 

Grapes from each treatment were harvested at a ripeness of 
24°B - 25°B and experimental wines were made from 2003 
onwards in Nietvoorbij’s experimental cellar according to the 
experimental method for red wines. Each season’s wine quality 

and maturation potential was judged according to standard 
sensorial procedures by a trained judging panel using the 
10-point line scale method 6 and 24 months after bottling. Wines 
were evaluated for the main aromas only, i.e. cherry, berry and 
plum aromas (the data are discussed in subsequent articles). 

Grapes and wine from this experiment were also supplied to 
other researchers for different Pinotage projects and some of the 
results are mentioned in this series of articles. 

RESULTS AND DISCUSSION 

The average number of hours per month when the temperature 
exceeded 30°C, 35°C and 40°C, were calculated to quantify 
heat periods (Fig. 3). These figures reflect just how warm it actu-
ally was in the various regions and also indicate the length of the 
period when hardly any photosynthetic activity took place. This 
type of calculation is a better norm than the average maximum 
temperature per day as it indicates the truly exceptionally warm 
periods. 

The number of hours above 30°C for the corresponding period 
from 16 December to the end of February for the 2003/2004 to 
2006/2007 seasons are compared in Table 2. When comparing 
the total number of hours above 30°C within the various cli-
matic regions over seasons, it is clear that during 2003/2004 
climatic region 2 was much warmer than climatic region 3. This 
was also confirmed by the average temperatures for the corre-
sponding periods. The occurrence is mainly ascribed to the two 
heatwaves during January and February 2004 when the tem-
peratures exceeded 30°C for long periods and even exceeded 
40°C in climatic region 2. Although this is not reflected by the 
average temperatures, the 2005/2006 season was generally 
warmer than the previous two as well as the 2006/2007 sea-
sons, when taking into account the number of hours above 
30°C. During 2005/2006 high temperatures lasted for longer 
periods per day. Despite the heatwave from 21 to 25 January 

TABLE 1. Information from the trial sites used in climatic regions 2, 3 and 4 for the Pinotage project.

Climatic 
region

Trial site District
South –  

Latitude (° :` )

East –  
Longitude  

(° : `)

Altitude 
above sea 
level (m)

Irrigation type Row directions

2

1 Darling 33.37 18.33 229.5 Dryland N-S
2 Hermanus 34.39 19.24 131.1 Drip O-W
3 Stellenbosch 33.85 18.88 308.7 Dryland O-W
4 Stellenbosch 33.85 18.88 315.0 Dryland O-W
5 Stellenbosch 33.86 18.89 338.2 Supplementary sprinklers NW-SO
6 Stellenbosch 33.97 18.86 193.2 Supplementary sprinklers N-S
7 Faure 34.04 18.78 68.5 Supplementary sprinklers N-S

3

1 Stellenbosch 33.84 18.85 255.1 Supplementary sprinklers NNO-SSW
2 Kuilsrivier 33.91 18.74 127.1 Supplementary sprinklers NW-SO
3 Stellenbosch 33.92 18.83 163.3 Supplementary sprinklers O-W
4 Kuilsrivier 33.92 18.74 179.5 Supplementary sprinklers NW-SO
5 Stellenbosch 33.92 18.87 148.8 Micro NNW-SSO
6 Stellenbosch 33.96 18.78 123.1 Drip O-W

4

1 Darling 33.49 18.54 131.5 Drip NNW-SSO
2 Paarl 33.68 18.97 120.1 Micro O-W
3 Riebeek-Wes 33.33 18.85 198.8 Drip NW-SO
4 Perdeberg 33.76 18.85 152.6 Dryland NO-SW
5 Perdeberg 33.74 18.83 142.4 Dryland O-W
6 Agter-Paarl 33.64 18.91 139.7 Drip NW-SO
7 Wellington 33.66 19.04 213.4 Drip NW-SO
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FIGURE 1. Average February temperature (AFT) of Pinotage cultivation 
areas.

PHOTO 3. Screen with mini-datalogger installed inside the canopy. 

PHOTO 4. Data is downloaded from one of the mini-dataloggers using a 
Palm 105. 

PHOTO 1. Minimal canopy management (MC) in a 30 cm trellised treat-
ment. 

PHOTO 2. Optimal canopy management (OC) in a 60 cm trellised treat-
ment. 

FIGURE 2. Different vine frames used in the Pinotage project. 

2007, the 2006/2007 ripening period was the coolest over the 
past four seasons. 

During the 2005/2006 season there were periods when maxi-
mum temperatures inside the canopies in climatic region 4 were 
above 30°C for up to 12 hours per day and on two occasions 
above 35°C for 6 hours per day for 6 consecutive days. Conse-
quently long periods occurred when hardly any photosynthetic 
activities occurred. In February 2005 climatic region 4 had an 
average of 10 hours above 40°C. Temperature data above 30°C 
indicate that the 2005/2006 season, in climatic region 4 espe-
cially, was considerably warmer than the two previous seasons 
and the 2006/2007 season. It is obvious that a calculation of the 
average daily temperatures can be misleading and does not 
really indicate how long the warm weather lasted. 

Heatwaves have a major effect on grape quality, but the effect of 
long warm periods during the day should not be underestimated 
and these probably have a bigger influence on grape and must 
quality and eventually on wine quality. Heatwaves during ripening 
resulted in a huge loss of foliage at some of the trial sites, espe-
cially in climatic region 2. Temperatures of up to 46°C were 
measured in some of the canopies in January 2007. Because of 
heatwaves 50% of the bunches of the 30 cm and 60 cm trellised 
treatments on one of the farms in climatic regions 2 had to be 
removed annually to prevent the vines from being subjected to 
excessive stress. Macro-weather station data indicated that 
more wind occurred during the 2005/2006 season in climatic 
region 4 which could have dried out the soil considerably (data 
not shown). In 2005 the drier conditions caused brackish condi-
tions in one of the sites in climatic region 4, in bands throughout 
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recommended vine development (green shoot in the case of split 
cordon), bearer spacing [12.5 cm (8 two bud bearers per running 
metre cordon) between bearers for split cordon and 5 - 6 two bud 
bearers in cup format for bush vine] were applied and suckering 
practices following during vine development. Crop control was 
applied through bunch removal in the vine development stage. 

Two canopy management treatments were applied randomly 
from 2002 onwards. With the minimal canopy management 
(MC), suckering took place between the bearers only and all the 
shoots budding on the bearers were left in place and no leaves 
were removed. With optimal canopy management (OC), sucker-
ing took place between the bearers and only two shoots were 
left per bearer. Leaves were also removed where necessary 
according to the norms recommended by Hunter (1992) (Photo 
1 & 2). If the building up of bearers occurred due to poor bud-
ding, a renewal shoot was left in place in the latter treatment. 

Canopy density was determined by means of the point quadrant 
method during veraison (Hunter, 1992). Each treatment’s canopy 
was also evaluated using an evaluation chart during the harvest 
to determine the effectiveness of the application of optimal 
canopy management as opposed to the minimal canopy man-
agement (Hunter, 1999). Light intensity was determined inside 
and outside the canopy during 2006 and 2007 to quantify the 
photosynthetic active radiations (400 - 700 nm) inside the various 
canopies. 

During 2004 temperature loggers were installed at the trial sites 
approximately 1 m above the surface within the canopy of the 
60 cm trellised treatments in order to monitor the average tem-
peratures over every five minutes inside the canopy during ripen-
ing (Photo 3 & 4). 

Grapes from each treatment were harvested at a ripeness of 
24°B - 25°B and experimental wines were made from 2003 
onwards in Nietvoorbij’s experimental cellar according to the 
experimental method for red wines. Each season’s wine quality 

and maturation potential was judged according to standard 
sensorial procedures by a trained judging panel using the 
10-point line scale method 6 and 24 months after bottling. Wines 
were evaluated for the main aromas only, i.e. cherry, berry and 
plum aromas (the data are discussed in subsequent articles). 

Grapes and wine from this experiment were also supplied to 
other researchers for different Pinotage projects and some of the 
results are mentioned in this series of articles. 

RESULTS AND DISCUSSION 

The average number of hours per month when the temperature 
exceeded 30°C, 35°C and 40°C, were calculated to quantify 
heat periods (Fig. 3). These figures reflect just how warm it actu-
ally was in the various regions and also indicate the length of the 
period when hardly any photosynthetic activity took place. This 
type of calculation is a better norm than the average maximum 
temperature per day as it indicates the truly exceptionally warm 
periods. 

The number of hours above 30°C for the corresponding period 
from 16 December to the end of February for the 2003/2004 to 
2006/2007 seasons are compared in Table 2. When comparing 
the total number of hours above 30°C within the various cli-
matic regions over seasons, it is clear that during 2003/2004 
climatic region 2 was much warmer than climatic region 3. This 
was also confirmed by the average temperatures for the corre-
sponding periods. The occurrence is mainly ascribed to the two 
heatwaves during January and February 2004 when the tem-
peratures exceeded 30°C for long periods and even exceeded 
40°C in climatic region 2. Although this is not reflected by the 
average temperatures, the 2005/2006 season was generally 
warmer than the previous two as well as the 2006/2007 sea-
sons, when taking into account the number of hours above 
30°C. During 2005/2006 high temperatures lasted for longer 
periods per day. Despite the heatwave from 21 to 25 January 

TABLE 1. Information from the trial sites used in climatic regions 2, 3 and 4 for the Pinotage project.

Climatic 
region

Trial site District
South –  

Latitude (° :` )

East –  
Longitude  

(° : `)

Altitude 
above sea 
level (m)

Irrigation type Row directions

2

1 Darling 33.37 18.33 229.5 Dryland N-S
2 Hermanus 34.39 19.24 131.1 Drip O-W
3 Stellenbosch 33.85 18.88 308.7 Dryland O-W
4 Stellenbosch 33.85 18.88 315.0 Dryland O-W
5 Stellenbosch 33.86 18.89 338.2 Supplementary sprinklers NW-SO
6 Stellenbosch 33.97 18.86 193.2 Supplementary sprinklers N-S
7 Faure 34.04 18.78 68.5 Supplementary sprinklers N-S

3

1 Stellenbosch 33.84 18.85 255.1 Supplementary sprinklers NNO-SSW
2 Kuilsrivier 33.91 18.74 127.1 Supplementary sprinklers NW-SO
3 Stellenbosch 33.92 18.83 163.3 Supplementary sprinklers O-W
4 Kuilsrivier 33.92 18.74 179.5 Supplementary sprinklers NW-SO
5 Stellenbosch 33.92 18.87 148.8 Micro NNW-SSO
6 Stellenbosch 33.96 18.78 123.1 Drip O-W

4

1 Darling 33.49 18.54 131.5 Drip NNW-SSO
2 Paarl 33.68 18.97 120.1 Micro O-W
3 Riebeek-Wes 33.33 18.85 198.8 Drip NW-SO
4 Perdeberg 33.76 18.85 152.6 Dryland NO-SW
5 Perdeberg 33.74 18.83 142.4 Dryland O-W
6 Agter-Paarl 33.64 18.91 139.7 Drip NW-SO
7 Wellington 33.66 19.04 213.4 Drip NW-SO
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FIGURE 1. Average February temperature (AFT) of Pinotage cultivation 
areas.

PHOTO 3. Screen with mini-datalogger installed inside the canopy. 

PHOTO 4. Data is downloaded from one of the mini-dataloggers using a 
Palm 105. 

PHOTO 1. Minimal canopy management (MC) in a 30 cm trellised treat-
ment. 

PHOTO 2. Optimal canopy management (OC) in a 60 cm trellised treat-
ment. 

FIGURE 2. Different vine frames used in the Pinotage project. 

2007, the 2006/2007 ripening period was the coolest over the 
past four seasons. 

During the 2005/2006 season there were periods when maxi-
mum temperatures inside the canopies in climatic region 4 were 
above 30°C for up to 12 hours per day and on two occasions 
above 35°C for 6 hours per day for 6 consecutive days. Conse-
quently long periods occurred when hardly any photosynthetic 
activities occurred. In February 2005 climatic region 4 had an 
average of 10 hours above 40°C. Temperature data above 30°C 
indicate that the 2005/2006 season, in climatic region 4 espe-
cially, was considerably warmer than the two previous seasons 
and the 2006/2007 season. It is obvious that a calculation of the 
average daily temperatures can be misleading and does not 
really indicate how long the warm weather lasted. 

Heatwaves have a major effect on grape quality, but the effect of 
long warm periods during the day should not be underestimated 
and these probably have a bigger influence on grape and must 
quality and eventually on wine quality. Heatwaves during ripening 
resulted in a huge loss of foliage at some of the trial sites, espe-
cially in climatic region 2. Temperatures of up to 46°C were 
measured in some of the canopies in January 2007. Because of 
heatwaves 50% of the bunches of the 30 cm and 60 cm trellised 
treatments on one of the farms in climatic regions 2 had to be 
removed annually to prevent the vines from being subjected to 
excessive stress. Macro-weather station data indicated that 
more wind occurred during the 2005/2006 season in climatic 
region 4 which could have dried out the soil considerably (data 
not shown). In 2005 the drier conditions caused brackish condi-
tions in one of the sites in climatic region 4, in bands throughout 
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FIGURE 3. Average monthly temperatures above 30, 35 and 40°C in 
climatic regions 2, 3 and 4 (2003 - 2007).

the entire vineyard block, causing some of the vines to lose all 
their leaves (Photo 5). 

When the average temperatures and harvest dates of Pinotage 
in the different regions are taken into account, it seems that aver-
age January temperatures are a better norm for the cultivation 
of Pinotage than average February temperatures. 

CONCLUSIONS AND RECOMMENDATIONS 

It is important to monitor temperatures inside the Pinotage 
canopy because this indicates the length of the period when 
temperatures exceed 35°C during heatwaves and hardly any 
photosynthetic activity is able to take place. Average maximum 
temperatures obtained from macro-weather stations can be 
misleading as they do not give any indication of the actual length 
of the hot periods. Lengthy warm periods during heatwaves can 

impact negatively on the grape quality, must and eventual wine 
quality of Pinotage. 

Another factor that emerged from this investigation is that Janu-
ary temperatures are probably a more accurate norm for the 
division of Pinotage cultivation areas into climatic regions, seeing 
that most Pinotage sites, especially in climatic region 4, had 
finished harvesting at the beginning of February. 
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TABLE 2. Average monthly temperatures and number of hours above 30°C per month in climatic regions 2, 3 and 4 during 2004 - 2007 ripening of 
Pinotage.

MONTH

CLIMATIC REGION 2 CLIMATIC REGION 3 CLIMATIC REGION  4

AVERAGE MONTHLY TEMPERATURES (°C)

2003/
2004

2004/
2005

2005/
2006

2006/
2007

2003/
2004

2004/
2005

2005/
2006

2006/
2007

2003/
2004

2004/
2005

2005/
2006

2006/
2007

16 Dec -
31 Dec* 19.4 21.8 20.0 19.4 16.8 22.2 20.3 19.8 19.4 23.6 22.1 20.6

January 22.3 22.4 22.0 22.2 22.7 22.8 22.5 22.8 24.7 24.4 24.5 24.6

February 21.8 22.3 22.6 20.9 22.4 22.5 22.8 21.1 24.1 24.3 25.2 22.5

AVE. 21.2 22.2 21.5 20.8 20.6 22.5 21.9 21.2 22.7 24.1 23.9 22.6

NUMBER OF HOURS/MONTH ABOVE 30°C

MONTH 2003/
2004

2004/
2005

2005/
2006

2006/
2007

2003/
2004

2004/
2005

2005/
2006

2006/
2007

2003/
2004

2004/
2005

2005/
2006

2006/
2007

16 Dec -
31 Dec* 16 18 31 0 0 30 26 1 16 46 72 25

January 99 70 81 77 90 93 86 99 148 153 192 165

February 80 56 108 26 89 79 105 54 133 143 196 106

TOTAL 195 144 220 103 179 202 217 154 297 342 460 296

* The first mini-dataloggers were installed in December 2004 and only started to register on 16 December 2004.

Abstract

Pinotage is South Africa’s most important locally developed red wine grape cultivar and currently the fourth largest 
planted red wine cultivar in South Africa. Pinotage wines have a particular cultivar character and a potential for making 
quality wines. During 1998 the ARC Infruitec-Nietvoorbij launched a project to evaluate the effect of trellising, canopy 
density and climate on Pinotage wine quality. Seven experimental vineyards were obtained respectively in climate regions 
2, 3 and 4. Vines were developed as bush vines with a 20 cm and 30 cm trunk, and trellised on a Five Strand Perold Sys-
tem with movable canopy wires with cordon heights of between 30 cm and 60 cm. Two canopy management treatments 
were applied, one where all the shoots between bearers and shoots on the bearers were removed leaving only two bear-
ing shoots per bearer. Leaf removal was applied where applicable. In the other treatment only the shoots between bearers 
were removed and no leaf removal was applied. Experimental wines were made and sensorially evaluated for aroma and 
wine quality. Temperatures within the canopies were monitored by means of minidataloggers. Canopy density and viticul-
ture performance were evaluated. 

Temperatures monitored in the canopies of the 60 cm trellis treatments indicated that long periods of extreme temperatures 
above 35°C occurred during January and February. Up to 12 hours above 30°C per day were registered and during one 
year temperatures were above 35°C for 6 hours/day for 6 consecutive days, indicating that long periods occurred during 
ripening during which no photosynthesis occurred. Maximum temperatures obtained from macro-weather stations are 
deceptive as they usually do not give an indication of the period of excessive hot periods. These hot conditions resulted 
in excessive loss of leaves at some of the plots and sun burn of the exposed grapes. During these long hot periods, grapes 
of the minimal canopy management treatments were less subjected to sunburn as more leaves were present to protect 
bunches. As Pinotage reached optimal ripeness and grapes were harvested between the second week in January and the 
second week in February, the mean January temperatures rather than those of February should be used to classify Pino-
tage cultivation areas into different climate regions. 

For more information contact Danie van Schalkwyk, e-mail: vschalkwykd@arc.agric.za. 
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FIGURE 3. Average monthly temperatures above 30, 35 and 40°C in 
climatic regions 2, 3 and 4 (2003 - 2007).

the entire vineyard block, causing some of the vines to lose all 
their leaves (Photo 5). 
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in the different regions are taken into account, it seems that aver-
age January temperatures are a better norm for the cultivation 
of Pinotage than average February temperatures. 
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canopy because this indicates the length of the period when 
temperatures exceed 35°C during heatwaves and hardly any 
photosynthetic activity is able to take place. Average maximum 
temperatures obtained from macro-weather stations can be 
misleading as they do not give any indication of the actual length 
of the hot periods. Lengthy warm periods during heatwaves can 

impact negatively on the grape quality, must and eventual wine 
quality of Pinotage. 

Another factor that emerged from this investigation is that Janu-
ary temperatures are probably a more accurate norm for the 
division of Pinotage cultivation areas into climatic regions, seeing 
that most Pinotage sites, especially in climatic region 4, had 
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TABLE 2. Average monthly temperatures and number of hours above 30°C per month in climatic regions 2, 3 and 4 during 2004 - 2007 ripening of 
Pinotage.
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density and climate on Pinotage wine quality. Seven experimental vineyards were obtained respectively in climate regions 
2, 3 and 4. Vines were developed as bush vines with a 20 cm and 30 cm trunk, and trellised on a Five Strand Perold Sys-
tem with movable canopy wires with cordon heights of between 30 cm and 60 cm. Two canopy management treatments 
were applied, one where all the shoots between bearers and shoots on the bearers were removed leaving only two bear-
ing shoots per bearer. Leaf removal was applied where applicable. In the other treatment only the shoots between bearers 
were removed and no leaf removal was applied. Experimental wines were made and sensorially evaluated for aroma and 
wine quality. Temperatures within the canopies were monitored by means of minidataloggers. Canopy density and viticul-
ture performance were evaluated. 

Temperatures monitored in the canopies of the 60 cm trellis treatments indicated that long periods of extreme temperatures 
above 35°C occurred during January and February. Up to 12 hours above 30°C per day were registered and during one 
year temperatures were above 35°C for 6 hours/day for 6 consecutive days, indicating that long periods occurred during 
ripening during which no photosynthesis occurred. Maximum temperatures obtained from macro-weather stations are 
deceptive as they usually do not give an indication of the period of excessive hot periods. These hot conditions resulted 
in excessive loss of leaves at some of the plots and sun burn of the exposed grapes. During these long hot periods, grapes 
of the minimal canopy management treatments were less subjected to sunburn as more leaves were present to protect 
bunches. As Pinotage reached optimal ripeness and grapes were harvested between the second week in January and the 
second week in February, the mean January temperatures rather than those of February should be used to classify Pino-
tage cultivation areas into different climate regions. 

For more information contact Danie van Schalkwyk, e-mail: vschalkwykd@arc.agric.za. 
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Cultivation of Pinotage in various climatic 
regions (Part 2): The influence of canopy 
management, vine frame and cordon height on 
the viticultural and oenological performance of 
Pinotage in climate region 2
Danie van Schalkwyk & André Schmidt, ARC Infruitec-Nietvoorbij, Stellenbosch 

Key words: Climate, canopy management, vine development, wine quality. 

INTRODUCTION 

The purpose of the study was explained in 
detail in a previous article “Cultivation of 
Pinotage in different climate regions (Part 
1)” in Wynboer (Van Schalkwyk & Schmidt, 
February 2009). In short, the aim of the 
study was to determine whether climate 
region, bush vine compared to trellising 
and optimal canopy management com-
pared to minimum canopy management 
have a significant influence on Pinotage 
wine quality. This article only discusses the 
results obtained by the investigation in 
climate region 2. 

TRIAL PROCEDURE 

The trial procedure was discussed in full 
in the first article in the series and in short, 
it entailed the following: 

Seven trial sites each were laid out in exist-
ing young (1 to 2 year old) Pinotage vine-
yards at different producers in climatic 
regions 2, 3 and 4. For statistical purposes 
each producer site was considered a rep-
etition and the treatments were applied in 
a randomised manner. The sites were 
selected based on macro-climatic data 
according to Average February Tempera-

ture (AFT), viz. climate region 2 (19 - 21°C), 
climate region 3 (21 - 23°C) and climate 
region 4 (23 - 25°C). Climate region 2 had 
trial sites in Darling, Stellenbosch, Somer-
set West and the Hermanus vicinity. 

Pinotage vines from the same clone (PI 48) 
were used and developed according to 
four vine development methods, namely: 
bush vine with 20 cm trunk length, bush 
vine with 30 cm trunk length, split cordon 
with 30 cm trunk length on Extended Per-
old (EP) and split cordon with 60 cm trunk 
length on Extended Perold. Normal 
re commended vine development (green 
shoot in the case of split cordon) took 
place, and bearer spacing entailed 12.5 
cm between bearers = 10 two-bud spurs 
per vine for split cordon and 5 two-bud 
spurs in cup form for bush vines. 

Two randomised canopy management 
treatments were applied, 1) minimum 
canopy management (MC) where sucker-
ing took place between the bearers only, 
with all bearer shoots left in place and no 
leaves removed, 2) optimal canopy man-
agement (OC) where suckering took place 
between the bearers and two shoots only 
were left per bearer, and leaves removed 
where necessary. 

Grapes from each treatment were har-
vested at approximately 25°B ripeness 
and experimental wines made from 2003 
onwards in Nietvoorbij’s experimental cel-
lar according to the experimental method 
for red wines. Each season’s wine quality 
and maturation potential were judged 6 
and 24 months after bottling according to 
standard organoleptic procedures by a 
trained judging panel using the 10-point 
line scale method. 

RESULTS AND DISCUSSION 

Canopy density 

The average canopy characteristics of the 
various treatments are indicated in Table 1. 
Higher scores for canopy characteristics 
and lower scores for the total canopy den-
sity indicate better canopy and probably 
improved micro-climatic conditions. Signifi-
cant differences in canopy characteristics 
and density occurred among the treat-
ments, thereby raising expectations that 
differences in wine quality would occur. The 
application of optimal canopy management 
practices (OC) significantly improved the 
total canopy characteristics and density as 
regards the trellised treatments. Signifi-

Parameters
20 cm Bush vine 30 cm Bush vine 30 cm Trellis 60 cm Trellis

OC1 MC2 OC MC OC MC OC MC

Total marks allocation for description  
of canopycharacteristics 62.5  ab* 55.0 bc 65.3 a 55.6 bc 61.6 ab 55.2 d 64.0 a 59.1 cd

Canopy density (bunches) ** 1.1 b 1.7 a 1.1 b 1.3 ab
Canopy density (leaf layers) 2.6 b 3.8 a 2.8 b 3.9 a
Total canopy density 3.8 b 5.5 a 3.9 b 5.2 a
% Shade bunches 81.5 a 88.3 a 83.3 a 87.8 a
% Shade leaves 39.0 b 52.0 a 39.3 b 50.8 a

TABLE 1. The influence of canopy treatments, vine development and cordon height on the average canopy characteristics of Pinotage vines in climate 
region 2 (2003 - 2007).

* Figures for parameters followed by the same letter do not differ significantly (p≤0.05).
** The point quadrant method to determine the number of foliage layers was not applied to the bush vines.
1 Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 
occurred.
2 Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.
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cantly fewer shaded leaves were present 
where OC was applied. With OC, a bigger 
percentage leaf loss occurred during heat-
waves resulting in more sunburn damage 
for this treatment compared to the MC 
treatments. Denser canopies following the 
application of MC can be beneficial in 
extremely hot conditions as more leaves 
remains after leaf loss to protect the bunch-
es against direct exposure to the sun. 

Sunlight penetration measured inside the 
canopy of the treatments to quantify the 
photosynthetic active radiation inside the 
different canopies, indicated that due to 
the OC treatments having less dense 
canopies, these treatments received bet-
ter sunlight penetration which could have 
promoted photosynthesis inside these 
canopies (data not shown). The open cup 
shape of the bush vine treatments 
improved sunlight penetration. 

Viticultural performance 

The application of OC did not accelerate 
ripening as had been expected (Table 2a). 
Sugar accumulated more slowly in the 
trellised treatments due to the heavier 
crop and the grapes reached the same 
ripeness as the bush vine treatments only 

between 8 and 12 days later. The gen-
eral physical condition of the grapes from 
all the treatments was good during the 
harvest (data not shown). 

Production 

The optimal canopy management treat-
ments produced fewer bunches as a 
result of heavy suckering and contributed 
to the fact that all MC treatments had 
higher yields (Table 2a). The average 
yields across the seasons were relatively 
low, especially in the bush vines where 
serious wind and foraging damage 
occurred at some of the sites. Porcupines 
and wild buck were responsible for a 
fairly high percentage of foraging damage 
at some of the bush vine sites and had a 
detrimental effect on yields. For example, 
in 2003 yields of the 30 cm OC bush vine 
treatments differed from 1.4 t/ha to 18.2 
t/ha among trial sites. Yields also differed 
from one season to the next and the 
highest average yields occurred in 2003. 
Although the average yields were rela-
tively low, one of the 60 cm MC trellis 
treatments at one of the trial sites pro-
duced a yield of 23.7 t/ha in both the 
2004 and 2005 harvest seasons. 

The lower yields of the OC vine develop-
ment treatments did not cause the average 
bunch mass, berry mass and volumes in 
these treatments to increase significantly 
(Table 2a). Significant differences in bunch 
and berry mass and berry volume were 
measured in some seasons, but no pattern 
could be discerned. The OC treatments did 
not always realise higher values. 

During the study an attempt was made to 
harvest at the same sugar content (25°B) 
at all the sites, consequently there were 
few significant differences in the average 
must analyses (Table 2a). The application 
of different canopy management practices 
did not have a significant influence on the 
must composition of a specific vine devel-
opment treatment either. Significant differ-
ences did, however, occur among the 
various treatment combinations. Skin 
colour concentrations tended to be higher 
with the application of MC treatments for 
all vine development treatments, except 
for 20 cm bush vines. On average MC 60 
cm trellis produced the highest skin colour 
concentration. 

As could be expected the bush vines with 
fewer spurs per vine produced signifi-
cantly lower yields than the trellis treat-

TABLE 2a. The influence of canopy management, vine development and cordon height on the average viticultural performance of Pinotage in climate 
region 2 (2003 - 2007).

TABLE 2b. The influence of vine development and cordon height on the average viticultural performance of Pinotage in climate region 2 i.r.o. canopy management (2003 
- 2007).

Vine
develop-

ment

Canopy
manage-

ment

Harvest
date

Yield
(t/ha)

Number
of 

bunches
/vine

Bunch-
mass
(g)

Berry-
mass
(g)

Berry
volume

(mL)

Sugar
(°B)

Acid
(g/L) pH

Skin
colour
420 nm

Skin
colour
520 nm

20 cm
Bush vine

OC1 5 Febr. 3.73 d* 10 c 112.6  bc 1.51 a 1.41 a 25.2 ab 7.4 a 3.33 ab 0.417 ab 1.938 ab
MC2 7 Febr. 5.26 d 15 bc 104.5 c 1.55 a 1.43 a 25.5 a 7.1 abc 3.36 ab 0.339 ab 1.811 b

30 cm
Bush vine

OC 5 Febr. 5.15 d 12 c 129.0 a 1.52 a 1.46 a 25.1 ab 7.3 ab 3.29 b 0.398 b 1.846 ab
MC 6 Febr. 7.48 c 17 bc 131.3 a 1.54 a 1.44 a 25.4 ab 7.1 abc 3.33 ab 0.423 ab 1.986 ab

30 cm
Trellis

OC 15 Febr. 9.03 cb 23 b 119.7 abc 1.52 a 1.38 a 25.0 ab 6.6 d 3.39 a 0.407 b 1.912 ab
MC 15 Febr. 10.63 b 27 ab 118.7 abc 1.51 a 1.39 a 25.1 ab 6.8 dc 3.36 ab 0.418 ab 1.922 ab

60 cm
Trellis

OC 15 Febr. 10.54 b 23 b 133.3 a 1.53 a 1.43 a 24.9 ab 7.0 bcd 3.35 ab 0.427 ab 1.960 ab
MC 16 Febr. 13.03 a 30 a 125.9 ab 1.50 a 1.41 a 24.8 b 6.9 bcd 3.37 a 0.437 a 2.017 a

Vine
develop-

ment

Yield
(t/ha)

Number 
of 

bunches
/vine

Bunch
mass
(g)

Berry-
mass
(g)

Berry
volume

(mL)

Sugar
(°B)

Acid
(g/L) pH

Berry
skin

colour
420 nm

Berry skin
colour
520 nm

20 cm
Bush vine 4.50 d* 13 b 108.4 c 1.53 a 1.42 a 25.3 a 7.3 a 3.35 a 0.408 a 1.874 a

30 cm
Bush vine 6.31 c 14 b 130.2 a 1.53 a 1.44 a 25.2 ab 7.2 ab 3.31 b 0.410 a 1.907 a

30 cm Trellis 9.81 b 25 a 119.2 b 1.52 a 1.42 a 25.1 ab 6.7 c 3.38 a 0.412 a 1.917 a

60 cm Trellis 11.79 a 27 a 129.5 ab 1.52 a 1.42 a 24.8 b 6.9 bc 3.36 ab 0.432 a 1.988 a

1 OC = Optimal canopy management, suckering to two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers occurred. 
(p≤0.05)..
2 ML = Suier net tussen draers en op die stamme (al die lote wat op ’n draer bot, word gelos), tip, top, lote geposisioneer, maar geen blare word verwyder nie.
* Syfers vir parameters binne klimaatstreke gevolg deur dieselfde letter verskil nie betekenisvol van mekaar nie.

* Figures for parameters within climate regions followed by the same letter do not differ significantly from each other (p≤0.05).
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INTRODUCTION 

The purpose of the study was explained in 
detail in a previous article “Cultivation of 
Pinotage in different climate regions (Part 
1)” in Wynboer (Van Schalkwyk & Schmidt, 
February 2009). In short, the aim of the 
study was to determine whether climate 
region, bush vine compared to trellising 
and optimal canopy management com-
pared to minimum canopy management 
have a significant influence on Pinotage 
wine quality. This article only discusses the 
results obtained by the investigation in 
climate region 2. 

TRIAL PROCEDURE 

The trial procedure was discussed in full 
in the first article in the series and in short, 
it entailed the following: 

Seven trial sites each were laid out in exist-
ing young (1 to 2 year old) Pinotage vine-
yards at different producers in climatic 
regions 2, 3 and 4. For statistical purposes 
each producer site was considered a rep-
etition and the treatments were applied in 
a randomised manner. The sites were 
selected based on macro-climatic data 
according to Average February Tempera-

ture (AFT), viz. climate region 2 (19 - 21°C), 
climate region 3 (21 - 23°C) and climate 
region 4 (23 - 25°C). Climate region 2 had 
trial sites in Darling, Stellenbosch, Somer-
set West and the Hermanus vicinity. 

Pinotage vines from the same clone (PI 48) 
were used and developed according to 
four vine development methods, namely: 
bush vine with 20 cm trunk length, bush 
vine with 30 cm trunk length, split cordon 
with 30 cm trunk length on Extended Per-
old (EP) and split cordon with 60 cm trunk 
length on Extended Perold. Normal 
re commended vine development (green 
shoot in the case of split cordon) took 
place, and bearer spacing entailed 12.5 
cm between bearers = 10 two-bud spurs 
per vine for split cordon and 5 two-bud 
spurs in cup form for bush vines. 

Two randomised canopy management 
treatments were applied, 1) minimum 
canopy management (MC) where sucker-
ing took place between the bearers only, 
with all bearer shoots left in place and no 
leaves removed, 2) optimal canopy man-
agement (OC) where suckering took place 
between the bearers and two shoots only 
were left per bearer, and leaves removed 
where necessary. 

Grapes from each treatment were har-
vested at approximately 25°B ripeness 
and experimental wines made from 2003 
onwards in Nietvoorbij’s experimental cel-
lar according to the experimental method 
for red wines. Each season’s wine quality 
and maturation potential were judged 6 
and 24 months after bottling according to 
standard organoleptic procedures by a 
trained judging panel using the 10-point 
line scale method. 

RESULTS AND DISCUSSION 

Canopy density 

The average canopy characteristics of the 
various treatments are indicated in Table 1. 
Higher scores for canopy characteristics 
and lower scores for the total canopy den-
sity indicate better canopy and probably 
improved micro-climatic conditions. Signifi-
cant differences in canopy characteristics 
and density occurred among the treat-
ments, thereby raising expectations that 
differences in wine quality would occur. The 
application of optimal canopy management 
practices (OC) significantly improved the 
total canopy characteristics and density as 
regards the trellised treatments. Signifi-

Parameters
20 cm Bush vine 30 cm Bush vine 30 cm Trellis 60 cm Trellis

OC1 MC2 OC MC OC MC OC MC

Total marks allocation for description  
of canopycharacteristics 62.5  ab* 55.0 bc 65.3 a 55.6 bc 61.6 ab 55.2 d 64.0 a 59.1 cd

Canopy density (bunches) ** 1.1 b 1.7 a 1.1 b 1.3 ab
Canopy density (leaf layers) 2.6 b 3.8 a 2.8 b 3.9 a
Total canopy density 3.8 b 5.5 a 3.9 b 5.2 a
% Shade bunches 81.5 a 88.3 a 83.3 a 87.8 a
% Shade leaves 39.0 b 52.0 a 39.3 b 50.8 a

TABLE 1. The influence of canopy treatments, vine development and cordon height on the average canopy characteristics of Pinotage vines in climate 
region 2 (2003 - 2007).

* Figures for parameters followed by the same letter do not differ significantly (p≤0.05).
** The point quadrant method to determine the number of foliage layers was not applied to the bush vines.
1 Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 
occurred.
2 Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.
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cantly fewer shaded leaves were present 
where OC was applied. With OC, a bigger 
percentage leaf loss occurred during heat-
waves resulting in more sunburn damage 
for this treatment compared to the MC 
treatments. Denser canopies following the 
application of MC can be beneficial in 
extremely hot conditions as more leaves 
remains after leaf loss to protect the bunch-
es against direct exposure to the sun. 

Sunlight penetration measured inside the 
canopy of the treatments to quantify the 
photosynthetic active radiation inside the 
different canopies, indicated that due to 
the OC treatments having less dense 
canopies, these treatments received bet-
ter sunlight penetration which could have 
promoted photosynthesis inside these 
canopies (data not shown). The open cup 
shape of the bush vine treatments 
improved sunlight penetration. 

Viticultural performance 

The application of OC did not accelerate 
ripening as had been expected (Table 2a). 
Sugar accumulated more slowly in the 
trellised treatments due to the heavier 
crop and the grapes reached the same 
ripeness as the bush vine treatments only 

between 8 and 12 days later. The gen-
eral physical condition of the grapes from 
all the treatments was good during the 
harvest (data not shown). 

Production 

The optimal canopy management treat-
ments produced fewer bunches as a 
result of heavy suckering and contributed 
to the fact that all MC treatments had 
higher yields (Table 2a). The average 
yields across the seasons were relatively 
low, especially in the bush vines where 
serious wind and foraging damage 
occurred at some of the sites. Porcupines 
and wild buck were responsible for a 
fairly high percentage of foraging damage 
at some of the bush vine sites and had a 
detrimental effect on yields. For example, 
in 2003 yields of the 30 cm OC bush vine 
treatments differed from 1.4 t/ha to 18.2 
t/ha among trial sites. Yields also differed 
from one season to the next and the 
highest average yields occurred in 2003. 
Although the average yields were rela-
tively low, one of the 60 cm MC trellis 
treatments at one of the trial sites pro-
duced a yield of 23.7 t/ha in both the 
2004 and 2005 harvest seasons. 

The lower yields of the OC vine develop-
ment treatments did not cause the average 
bunch mass, berry mass and volumes in 
these treatments to increase significantly 
(Table 2a). Significant differences in bunch 
and berry mass and berry volume were 
measured in some seasons, but no pattern 
could be discerned. The OC treatments did 
not always realise higher values. 

During the study an attempt was made to 
harvest at the same sugar content (25°B) 
at all the sites, consequently there were 
few significant differences in the average 
must analyses (Table 2a). The application 
of different canopy management practices 
did not have a significant influence on the 
must composition of a specific vine devel-
opment treatment either. Significant differ-
ences did, however, occur among the 
various treatment combinations. Skin 
colour concentrations tended to be higher 
with the application of MC treatments for 
all vine development treatments, except 
for 20 cm bush vines. On average MC 60 
cm trellis produced the highest skin colour 
concentration. 

As could be expected the bush vines with 
fewer spurs per vine produced signifi-
cantly lower yields than the trellis treat-

TABLE 2a. The influence of canopy management, vine development and cordon height on the average viticultural performance of Pinotage in climate 
region 2 (2003 - 2007).

TABLE 2b. The influence of vine development and cordon height on the average viticultural performance of Pinotage in climate region 2 i.r.o. canopy management (2003 
- 2007).

Vine
develop-

ment

Canopy
manage-

ment

Harvest
date

Yield
(t/ha)

Number
of 

bunches
/vine

Bunch-
mass
(g)

Berry-
mass
(g)

Berry
volume

(mL)

Sugar
(°B)

Acid
(g/L) pH

Skin
colour
420 nm

Skin
colour
520 nm

20 cm
Bush vine

OC1 5 Febr. 3.73 d* 10 c 112.6  bc 1.51 a 1.41 a 25.2 ab 7.4 a 3.33 ab 0.417 ab 1.938 ab
MC2 7 Febr. 5.26 d 15 bc 104.5 c 1.55 a 1.43 a 25.5 a 7.1 abc 3.36 ab 0.339 ab 1.811 b

30 cm
Bush vine

OC 5 Febr. 5.15 d 12 c 129.0 a 1.52 a 1.46 a 25.1 ab 7.3 ab 3.29 b 0.398 b 1.846 ab
MC 6 Febr. 7.48 c 17 bc 131.3 a 1.54 a 1.44 a 25.4 ab 7.1 abc 3.33 ab 0.423 ab 1.986 ab

30 cm
Trellis

OC 15 Febr. 9.03 cb 23 b 119.7 abc 1.52 a 1.38 a 25.0 ab 6.6 d 3.39 a 0.407 b 1.912 ab
MC 15 Febr. 10.63 b 27 ab 118.7 abc 1.51 a 1.39 a 25.1 ab 6.8 dc 3.36 ab 0.418 ab 1.922 ab

60 cm
Trellis

OC 15 Febr. 10.54 b 23 b 133.3 a 1.53 a 1.43 a 24.9 ab 7.0 bcd 3.35 ab 0.427 ab 1.960 ab
MC 16 Febr. 13.03 a 30 a 125.9 ab 1.50 a 1.41 a 24.8 b 6.9 bcd 3.37 a 0.437 a 2.017 a

Vine
develop-

ment

Yield
(t/ha)

Number 
of 

bunches
/vine

Bunch
mass
(g)

Berry-
mass
(g)

Berry
volume

(mL)

Sugar
(°B)

Acid
(g/L) pH

Berry
skin

colour
420 nm

Berry skin
colour
520 nm

20 cm
Bush vine 4.50 d* 13 b 108.4 c 1.53 a 1.42 a 25.3 a 7.3 a 3.35 a 0.408 a 1.874 a

30 cm
Bush vine 6.31 c 14 b 130.2 a 1.53 a 1.44 a 25.2 ab 7.2 ab 3.31 b 0.410 a 1.907 a

30 cm Trellis 9.81 b 25 a 119.2 b 1.52 a 1.42 a 25.1 ab 6.7 c 3.38 a 0.412 a 1.917 a

60 cm Trellis 11.79 a 27 a 129.5 ab 1.52 a 1.42 a 24.8 b 6.9 bc 3.36 ab 0.432 a 1.988 a

1 OC = Optimal canopy management, suckering to two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers occurred. 
(p≤0.05)..
2 ML = Suier net tussen draers en op die stamme (al die lote wat op ’n draer bot, word gelos), tip, top, lote geposisioneer, maar geen blare word verwyder nie.
* Syfers vir parameters binne klimaatstreke gevolg deur dieselfde letter verskil nie betekenisvol van mekaar nie.

* Figures for parameters within climate regions followed by the same letter do not differ significantly from each other (p≤0.05).
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TABLE 3a. The influence of canopy management, vine development and cordon height on the wine and must composition of Pinotage in climate 
region 2 (2003 - 2007).

TABLE 3b. The influence of vine development and cordon height on the wine and must composition of Pinotage in climate region 2 (2003 - 2007).

Vine
development

Canopy
manage-

ment

Alcohol
(%)

Extract
(g/L)

Sugar
(g/L)

Acid
(g/L) pH Wine colour

420 nm
Wine colour

520 nm

Total  
phenols
(mg/L)

20 cm
Bush vine

OL1 15.3 ab* 32.2 a 2.1 a 5.8 a 3.90 ab 0.841 ab 1.374 a 1782 a
ML2 15.5 a 31.7 a 2.4 a 5.6 ab 3.97 a 0.861 a 1.355 a 1603 a

30 cm
Bush vine

OL 15.1 abc 30.3 a 2.1 a 5.8 a 3.88 ab 0.802 ab 1.364 a 1672 a
ML 15.2 abc 31.2 a 2.1 a 5.7 ab 3.93 ab 0.823 ab 1.360 a 1736 a

30 cm Trellis
OL 15.0 abc 31.1 a 2.1 a 5.5 b 3.81 b 0.795 ab 1.314 a 1830 a
ML 15.0 abc 31.4 a 2.0 a 5.6 ab 3.93 ab 0.788 ab 1.284 a 1921 a

60 cm Trellis
OL 14.8 bc 31.4 a 2.0 a 5.7 ab 3.90 ab 0.789 ab 1.333 a 1866 a
ML 14.7 c 31.4 a 2.2 a 5.8 a 3.88 ab 0.772 b 1.281 a 2017 a

Vine
develop-

ment

Alcohol
(%)

Extract
(g/L)

Sugar
(g/L)

Acid
(g/L) pH

Berry skin
colour
420 nm

Berry skin
colour
520 nm

Wine
colour
420 nm

Wine
colour
520 nm

Total
phenols
(mg/L)

20 cm
Bush vine 15.4 a* 31.9 a 2.1 a 5.7 ab 3.94 a 0.408 a 1.874 a 0.851 a 1.365 a 1692 a

30 cm
Bush vine 15.1 ab 30.8 a 2.0 a 5.8 a 3.84 a 0.413 a 1.920 a 0.812 ab 1.362 a 1703 a

30 cm Trellis 15.0 bc 31.2 a 2.0 a 5.5 b 3.91 a 0.412 a 1.917 a 0.791 b 1.300 a 1773 a

60 cm Trellis 14.7 c 31.4 a 2.0 a 5.7 ab 3.89 a 0.431 a 1.988 a 0.780 ab 1.307 a 1813 a

ments (Table 2b). If the perception is true 
that low yields generally produce better 
wine quality, one would therefore expect 
the bush vines to produce better quality 
wines. The 20 cm bush vine and 60 cm 
trellis treatments yielded the smallest and 
the biggest bunches respectively. Wind 
and foraging damage that occurred in 
some seasons also had a detrimental 
impact on the yields of the bush vines 
and at some sites resulted in very low 
bunch and crop yields. Better total acid 
concentrations were obtained with the 20 
cm bush vines, while the 30 cm trellis 
resulted in the lowest total acid concen-
trations. Although no significant differ-
ences in skin colour occurred, it seems as 
though skin colour concentrations tended 
to be slightly higher with an increase in 
cordon height (30 cm bush vine com-
pared to 20 cm bush vine and 60 cm 
trellis compared to 30 cm trellis). 

As a result of fewer bunches in all the vine 
development treatments, optimal canopy 
management produced significantly lower 
yields than MC (data not shown). Other-
wise there were no significant differences 
in the average bunch characteristics and 
must analyses. 

The study clearly showed that yields, bunch 
mass, berry mass, berry volume and shoot 
mass differed considerably on the various 
farms and this can probably be ascribed to 
differences in soil and site (terroir). 

Wine analyses 

In climate region 2 treatment combina-
tions regarding canopy density and vine 
development had a significant influence 
on the average alcohol per volume, total 
acid and pH of Pinotage wines (Table 3a). 
Optimal canopy management induced 
lower pH in most vine development treat-
ments. The only significant difference 
occurred among the pHs of the MC 20 
cm bush vine and OC 30 cm trellis. In 
contrast with the observation that the 
analytical skin colour intensity of the MC 
treatments tended to be higher, the oppo-
site as regards wine colour was observed 
in most vine development treatments. 
Although not significant, the total pheno-
lic concentrations tended to be higher 
with MC in all vine development treat-
ments, except for the 20 cm bush vines. 
In the course of the study no proof could 
be found that OC improved the wine 
composition of the various vine develop-

ment treatments in any one season or on 
average over several seasons. 

A comparison of the average wine analy-
ses for the various vine development treat-
ments indicated that vine development 
had hardly any significant influence on the 
chemical wine composition of Pinotage 
wines in climate region 2, measured 
against the average of the seasons or 
within seasons (Table 3b). It seems though 
that the analytical wine colour concentra-
tion of the bush vines tended to be higher 
than that of the trellis treatments. Total 
phenolic concentrations showed an 
inverse trend. 

Wine aroma and wine quality 

Experimental wines were subject to sen-
sorial evaluation for aroma intensity and 
quality annually 6 and 24 months after 
bottling. Results for the six-month-old 
Pinotage wines indicated that although 
OC significantly improved the sensorial 
wine colour of 30 cm bush vines in 2003 
and 30 cm trellis in 2005 and 2006, it did 
not have a significant influence on the 
wine quality of these treatments (Table 4). 
The only wine quality differences were 
observed in 2005 wines where 30 cm 

1 OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 
occurred.
2 MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.
* Figures for parameters within climate regions followed by the same letter do not differ significantly from each other (p≤0.05).

* Figures for parameters within climate regions followed by the same letter do not differ significantly from each other (p≤0.05).
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TABLE 4. The influence of canopy treatments, vine development and cordon height on the average wine colour and quality of Pinotage wines in climate 
region 2 (2003 - 2006).

TABLE 5. The influence of vine development in climate region 2 on the average wine colour and quality of 2003 - 2006 Pinotage wines.

1 OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 
occurred.
2 MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.
* Figures for parameters within climate regions followed by the same letter do not differ significantly from each other (p≤0.05).
The shaded boxes indicate where significant differences between the canopy management treatments occurred.

Treatment
Colour (%) Overall wine quality (%)

2003 2004 2005 2006 2007 Avg. 2003 2004 2005 2006 2007 Avg.

20 cm Bush vine OC1 85.7 b* 88.8 a 85.7 a 82.0 ab 88.8 a 86.2 56.4 a 62.5 a 56.4 ab 57.1 a 60.4 a 58.6

20 cm Bush vine MC2 85.8 ab 87.6 a 85.8 a 82.0 ab 89.5 a 86.1 57.8 a 60.5 a 57.8 ab 57.5 a 60.0 a 58.7

30 cm Bush vine OC 86.7 a 82.2 a 86.7 a 85.0 a 87.7 a 85.7 60.8 a 62.1 a 60.8 a 54.3 a 59.8 a 59.6

30 cm Bush vine MC 86.8 a 84.2 a 86.8 a 78.0 b 88.6 a 84.9 57.4 a 59.6 a 57.4 ab 51.3 a 62.4 a 57.6

30 cm Trellis OC 85.8 a 75.8 a 85.8 a 79.0 ab 87.3 a 82.7 56.4 a 60.6 a 56.4 ab 54.3 a 61.9 a 57.9

30 cm Trellis MC 82.3 b 77.0 a 82.3 b 78.0 b 88.6 a 81.6 54.7 a 57.2 a 54.7 b 57.1 a 64.4 a 57.6

60 cm Trellis OC 85.3 ab 77.4 a 85.3 a 81.0 ab 85.5 a 82.9 58.2 a 59.2 a 58.2 ab 57.7 a 55.2 a 58.1

60 cm Trellis MC 84.2 b 75.6 a 84.2 ab 79.0 ab 85.2 a 81.6 55.7 a 58.5 a 55.7 ab 55.9 a 61.7 a 57.5

Vine development
treatment

Colour (%) Overall quality (%)

2003 2004 2005 2006 2007 Gem. 2003 2004 2005 2006 2007 Avg.

20 cm Bush vine 82.4 
ab* 84.2 a 85.7 ab 81.9 a 89.2 a 86.2 62.1 a 60.5 a 57.5 a 57.3 a 60.2 a 58.7

30 cm Bush vine 84.8 a 79.9 ab 86.9 a 81.4 a 88.2 a 853 62.7 a 57.5 a 60.0 a 52.1 b 61.1 a 58.6

30 cm Trellis 82.0 ab 76.4 b 83.7 b 78.6 a 88.0 a 82.3 61.8 a 57.5 a 56.1 a 55.8 ab 63.2 a 57.8

60 cm Trellis 80.7 b 75.9 b 85.0 ab 79.6 a 85.3 a 82.3 60.7 a 58.7 a 58.3 a 56.9 ab 58.5 a 57.8

bush vine OC produced the best and 30 
cm trellis MC the poorest quality wine. 

When comparing the average sensorial 
wine colour and quality with the averages 
for the different vine development treat-
ments, it is evident that the 30 cm bush 
vines had a significantly higher colour inten-
sity in 2003 and 2005, and 20 cm bush 
vines in 2004 (Table 5). The only significant 
difference in average wine quality occurred 
in 2006 when the 20 cm bush vine treat-
ment produced higher quality wines than 
the 30 cm bush vine treatment. The aver-
ages over the seasons indicated that there 
were hardly any differences in sensorial 
wine colour or wine quality. 

A comparison between the sensorial eval-
uation results of 6 and 24 month old wines 
indicated that the differences in colour and 
aroma concentrations between vine devel-
opment treatments that occurred in the 
young wines disappeared with maturation 
(Table 6). There was, however, a change in 

the intensity of the different aromas, be it 
an increase or decrease in intensity. 

Although average wine quality was signifi-
cantly influenced by vine development or 
canopy management, the treatments had 
a considerable influence on the intensity of 
aromas across all seasons (Fig. 1). It was 
also clear that seasonal climatic differ-
ences influenced the aroma profile and 
aroma concentrations of Pinotage. Wines 
from the 2003, 2004 and 2007 seasons 
had a more prominent berry character and 
the intensity thereof was also more con-
centrated than that of the other aromas. 

Correlation between wine colour, pro-
duction and wine quality 

Grapes from the OC treatments on all the 
trial sites were evaluated for four consecu-
tive seasons to determine the relationship 
between analytical skin colour and wine 
quality. This investigation indicated that 
there was a fairly good correlation between 

Pinotage skin colour and wine colour in 
some seasons (Marais et al., 2001; Marais 
& October, 2005). In an attempt to confirm 
that sensorially observed wine colour also 
correlated with wine quality, the relationship 
between wine colour and wine quality was 
investigated. It was found that sensorial 
wine colour is not necessarily a good mea-
sure to predict wine quality (Fig. 2). 

Although several research projects have 
shown that production/ha per se does not 
have a significant influence on wine quality, 
the tendency remains to manipulate vines 
to produce lower yields to induce so-called 
higher wine quality (Van Schalkwyk et al., 
1995; Van Schalkwyk et al., 1999). If the 
perception of lower yields holds true, one 
could theoretically expect the bush vines 
that had been pruned to an average of 10 
bud spurs per vine, compared to the 16 
bud spurs per running metre of the trellis 
treatments, to produce better wine quality 
as a result of their lower yields. A compari-

* Figures for parameters within climate regions followed by the same letter do not differ significantly from each other (p≤0.05).
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TABLE 3a. The influence of canopy management, vine development and cordon height on the wine and must composition of Pinotage in climate 
region 2 (2003 - 2007).

TABLE 3b. The influence of vine development and cordon height on the wine and must composition of Pinotage in climate region 2 (2003 - 2007).

Vine
development

Canopy
manage-

ment

Alcohol
(%)

Extract
(g/L)

Sugar
(g/L)

Acid
(g/L) pH Wine colour

420 nm
Wine colour

520 nm

Total  
phenols
(mg/L)

20 cm
Bush vine

OL1 15.3 ab* 32.2 a 2.1 a 5.8 a 3.90 ab 0.841 ab 1.374 a 1782 a
ML2 15.5 a 31.7 a 2.4 a 5.6 ab 3.97 a 0.861 a 1.355 a 1603 a

30 cm
Bush vine

OL 15.1 abc 30.3 a 2.1 a 5.8 a 3.88 ab 0.802 ab 1.364 a 1672 a
ML 15.2 abc 31.2 a 2.1 a 5.7 ab 3.93 ab 0.823 ab 1.360 a 1736 a

30 cm Trellis
OL 15.0 abc 31.1 a 2.1 a 5.5 b 3.81 b 0.795 ab 1.314 a 1830 a
ML 15.0 abc 31.4 a 2.0 a 5.6 ab 3.93 ab 0.788 ab 1.284 a 1921 a

60 cm Trellis
OL 14.8 bc 31.4 a 2.0 a 5.7 ab 3.90 ab 0.789 ab 1.333 a 1866 a
ML 14.7 c 31.4 a 2.2 a 5.8 a 3.88 ab 0.772 b 1.281 a 2017 a

Vine
develop-

ment

Alcohol
(%)

Extract
(g/L)

Sugar
(g/L)

Acid
(g/L) pH

Berry skin
colour
420 nm

Berry skin
colour
520 nm

Wine
colour
420 nm

Wine
colour
520 nm

Total
phenols
(mg/L)

20 cm
Bush vine 15.4 a* 31.9 a 2.1 a 5.7 ab 3.94 a 0.408 a 1.874 a 0.851 a 1.365 a 1692 a

30 cm
Bush vine 15.1 ab 30.8 a 2.0 a 5.8 a 3.84 a 0.413 a 1.920 a 0.812 ab 1.362 a 1703 a

30 cm Trellis 15.0 bc 31.2 a 2.0 a 5.5 b 3.91 a 0.412 a 1.917 a 0.791 b 1.300 a 1773 a

60 cm Trellis 14.7 c 31.4 a 2.0 a 5.7 ab 3.89 a 0.431 a 1.988 a 0.780 ab 1.307 a 1813 a

ments (Table 2b). If the perception is true 
that low yields generally produce better 
wine quality, one would therefore expect 
the bush vines to produce better quality 
wines. The 20 cm bush vine and 60 cm 
trellis treatments yielded the smallest and 
the biggest bunches respectively. Wind 
and foraging damage that occurred in 
some seasons also had a detrimental 
impact on the yields of the bush vines 
and at some sites resulted in very low 
bunch and crop yields. Better total acid 
concentrations were obtained with the 20 
cm bush vines, while the 30 cm trellis 
resulted in the lowest total acid concen-
trations. Although no significant differ-
ences in skin colour occurred, it seems as 
though skin colour concentrations tended 
to be slightly higher with an increase in 
cordon height (30 cm bush vine com-
pared to 20 cm bush vine and 60 cm 
trellis compared to 30 cm trellis). 

As a result of fewer bunches in all the vine 
development treatments, optimal canopy 
management produced significantly lower 
yields than MC (data not shown). Other-
wise there were no significant differences 
in the average bunch characteristics and 
must analyses. 

The study clearly showed that yields, bunch 
mass, berry mass, berry volume and shoot 
mass differed considerably on the various 
farms and this can probably be ascribed to 
differences in soil and site (terroir). 

Wine analyses 

In climate region 2 treatment combina-
tions regarding canopy density and vine 
development had a significant influence 
on the average alcohol per volume, total 
acid and pH of Pinotage wines (Table 3a). 
Optimal canopy management induced 
lower pH in most vine development treat-
ments. The only significant difference 
occurred among the pHs of the MC 20 
cm bush vine and OC 30 cm trellis. In 
contrast with the observation that the 
analytical skin colour intensity of the MC 
treatments tended to be higher, the oppo-
site as regards wine colour was observed 
in most vine development treatments. 
Although not significant, the total pheno-
lic concentrations tended to be higher 
with MC in all vine development treat-
ments, except for the 20 cm bush vines. 
In the course of the study no proof could 
be found that OC improved the wine 
composition of the various vine develop-

ment treatments in any one season or on 
average over several seasons. 

A comparison of the average wine analy-
ses for the various vine development treat-
ments indicated that vine development 
had hardly any significant influence on the 
chemical wine composition of Pinotage 
wines in climate region 2, measured 
against the average of the seasons or 
within seasons (Table 3b). It seems though 
that the analytical wine colour concentra-
tion of the bush vines tended to be higher 
than that of the trellis treatments. Total 
phenolic concentrations showed an 
inverse trend. 

Wine aroma and wine quality 

Experimental wines were subject to sen-
sorial evaluation for aroma intensity and 
quality annually 6 and 24 months after 
bottling. Results for the six-month-old 
Pinotage wines indicated that although 
OC significantly improved the sensorial 
wine colour of 30 cm bush vines in 2003 
and 30 cm trellis in 2005 and 2006, it did 
not have a significant influence on the 
wine quality of these treatments (Table 4). 
The only wine quality differences were 
observed in 2005 wines where 30 cm 

1 OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 
occurred.
2 MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.
* Figures for parameters within climate regions followed by the same letter do not differ significantly from each other (p≤0.05).

* Figures for parameters within climate regions followed by the same letter do not differ significantly from each other (p≤0.05).
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TABLE 4. The influence of canopy treatments, vine development and cordon height on the average wine colour and quality of Pinotage wines in climate 
region 2 (2003 - 2006).

TABLE 5. The influence of vine development in climate region 2 on the average wine colour and quality of 2003 - 2006 Pinotage wines.

1 OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 
occurred.
2 MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.
* Figures for parameters within climate regions followed by the same letter do not differ significantly from each other (p≤0.05).
The shaded boxes indicate where significant differences between the canopy management treatments occurred.

Treatment
Colour (%) Overall wine quality (%)

2003 2004 2005 2006 2007 Avg. 2003 2004 2005 2006 2007 Avg.

20 cm Bush vine OC1 85.7 b* 88.8 a 85.7 a 82.0 ab 88.8 a 86.2 56.4 a 62.5 a 56.4 ab 57.1 a 60.4 a 58.6

20 cm Bush vine MC2 85.8 ab 87.6 a 85.8 a 82.0 ab 89.5 a 86.1 57.8 a 60.5 a 57.8 ab 57.5 a 60.0 a 58.7

30 cm Bush vine OC 86.7 a 82.2 a 86.7 a 85.0 a 87.7 a 85.7 60.8 a 62.1 a 60.8 a 54.3 a 59.8 a 59.6

30 cm Bush vine MC 86.8 a 84.2 a 86.8 a 78.0 b 88.6 a 84.9 57.4 a 59.6 a 57.4 ab 51.3 a 62.4 a 57.6

30 cm Trellis OC 85.8 a 75.8 a 85.8 a 79.0 ab 87.3 a 82.7 56.4 a 60.6 a 56.4 ab 54.3 a 61.9 a 57.9

30 cm Trellis MC 82.3 b 77.0 a 82.3 b 78.0 b 88.6 a 81.6 54.7 a 57.2 a 54.7 b 57.1 a 64.4 a 57.6

60 cm Trellis OC 85.3 ab 77.4 a 85.3 a 81.0 ab 85.5 a 82.9 58.2 a 59.2 a 58.2 ab 57.7 a 55.2 a 58.1

60 cm Trellis MC 84.2 b 75.6 a 84.2 ab 79.0 ab 85.2 a 81.6 55.7 a 58.5 a 55.7 ab 55.9 a 61.7 a 57.5

Vine development
treatment

Colour (%) Overall quality (%)

2003 2004 2005 2006 2007 Gem. 2003 2004 2005 2006 2007 Avg.

20 cm Bush vine 82.4 
ab* 84.2 a 85.7 ab 81.9 a 89.2 a 86.2 62.1 a 60.5 a 57.5 a 57.3 a 60.2 a 58.7

30 cm Bush vine 84.8 a 79.9 ab 86.9 a 81.4 a 88.2 a 853 62.7 a 57.5 a 60.0 a 52.1 b 61.1 a 58.6

30 cm Trellis 82.0 ab 76.4 b 83.7 b 78.6 a 88.0 a 82.3 61.8 a 57.5 a 56.1 a 55.8 ab 63.2 a 57.8

60 cm Trellis 80.7 b 75.9 b 85.0 ab 79.6 a 85.3 a 82.3 60.7 a 58.7 a 58.3 a 56.9 ab 58.5 a 57.8

bush vine OC produced the best and 30 
cm trellis MC the poorest quality wine. 

When comparing the average sensorial 
wine colour and quality with the averages 
for the different vine development treat-
ments, it is evident that the 30 cm bush 
vines had a significantly higher colour inten-
sity in 2003 and 2005, and 20 cm bush 
vines in 2004 (Table 5). The only significant 
difference in average wine quality occurred 
in 2006 when the 20 cm bush vine treat-
ment produced higher quality wines than 
the 30 cm bush vine treatment. The aver-
ages over the seasons indicated that there 
were hardly any differences in sensorial 
wine colour or wine quality. 

A comparison between the sensorial eval-
uation results of 6 and 24 month old wines 
indicated that the differences in colour and 
aroma concentrations between vine devel-
opment treatments that occurred in the 
young wines disappeared with maturation 
(Table 6). There was, however, a change in 

the intensity of the different aromas, be it 
an increase or decrease in intensity. 

Although average wine quality was signifi-
cantly influenced by vine development or 
canopy management, the treatments had 
a considerable influence on the intensity of 
aromas across all seasons (Fig. 1). It was 
also clear that seasonal climatic differ-
ences influenced the aroma profile and 
aroma concentrations of Pinotage. Wines 
from the 2003, 2004 and 2007 seasons 
had a more prominent berry character and 
the intensity thereof was also more con-
centrated than that of the other aromas. 

Correlation between wine colour, pro-
duction and wine quality 

Grapes from the OC treatments on all the 
trial sites were evaluated for four consecu-
tive seasons to determine the relationship 
between analytical skin colour and wine 
quality. This investigation indicated that 
there was a fairly good correlation between 

Pinotage skin colour and wine colour in 
some seasons (Marais et al., 2001; Marais 
& October, 2005). In an attempt to confirm 
that sensorially observed wine colour also 
correlated with wine quality, the relationship 
between wine colour and wine quality was 
investigated. It was found that sensorial 
wine colour is not necessarily a good mea-
sure to predict wine quality (Fig. 2). 

Although several research projects have 
shown that production/ha per se does not 
have a significant influence on wine quality, 
the tendency remains to manipulate vines 
to produce lower yields to induce so-called 
higher wine quality (Van Schalkwyk et al., 
1995; Van Schalkwyk et al., 1999). If the 
perception of lower yields holds true, one 
could theoretically expect the bush vines 
that had been pruned to an average of 10 
bud spurs per vine, compared to the 16 
bud spurs per running metre of the trellis 
treatments, to produce better wine quality 
as a result of their lower yields. A compari-

* Figures for parameters within climate regions followed by the same letter do not differ significantly from each other (p≤0.05).
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TABLE 6. The influence of vine development and cordon height on the average wine colour and quality performance of 6 and 24 month old 2003 
Pinotage wines in climate region 2.

* Figures for parameters within wine ages followed by the same letter do not differ significantly from each other (p≤0.05).
1 OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 
occurred.
2 MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.
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FIGURE 1. The influence of canopy treatments  vine development and cordon height on the average 

aroma and wine uality of inotage vineyards in climate region 2 (2   2 ). 
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FIGURE 1. The influence of canopy treatments, vine development and cordon 
height on the average aroma and wine quality of Pinotage vineyards in cli-
mate region 2 (2003 - 2007).

son between yield and average wine quality showed, however, 
that the perception of “low yields, high wine quality” cannot be 
supported by this study (Fig. 3). 

CONCLUSIONS AND RECOMMENDATIONS 

The greater density canopies of vines that have not been 
optimally suckered, may be beneficial during extreme heat 
conditions in dryland and supplementary irrigation vines since 
there is more foliage to protect the grapes against sunburn. 

January temperatures are a better norm for the division of 
Pinotage cultivation areas into climate regions because most 
Pinotage sites reach optimal ripeness from the middle of Janu-
ary and are harvested at the beginning/middle of February. 
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FIGURE 2. Relationship between sensorial wine colour and the wine quality of Pinotage in climate 
region 2 (2003 - 2007).

FIGURE 3. Relationship between the yield/ha and Pinotage wine quality in climate region 2 (2003 
- 2007).
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FIGURE 2. elationship between sensorial wine colour and the wine uality of inotage in 
climate region 2 (2   2 ). 
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FIGURE 3. elationship between the yield ha and inotage wine uality in climate region 2 
(2   2 ). 
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FIGURE 3. elationship between the yield ha and inotage wine uality in climate region 2 
(2   2 ). 

There was no conclusive evidence that 
optimal canopy management or different 
vine development treatments had a signifi-
cant influence on the average wine quality 
of Pinotage in climate region 2. However, 
significant differences did occur at farm 
level during some seasons. Although one 
cannot make a general recommendation 
regarding canopy management or vine 
development for climate region 2, there are 
instances where bush vine or trellising can 
be recommended at farm level. Some 
farms have already adjusted new plantings 
accordingly. The study also showed that 
some trial sites produced better quality 
wines than others due to having more ben-
eficial terroir. 
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Abstract

Long periods of extreme temperatures above 35°C occurred during January and February for the duration of the project 
(2003 - 2006). These hot conditions resulted in excessive loss of leaves at some of the plots and sunburn of the exposed 
grapes in climate region 2. In some plots grapes of the minimum canopy management treatments were less subjected to 
sunburn during the hot periods, as more leaves were present to protect bunches. 

The larger number of shoots left on the bearer spurs of the minimum canopy management treatments induced more bunch-
es per vine and thus higher yields. Irrespective of the plant width within rows bush vines were pruned with five two-bud spurs 
while the trellised vines were pruned with ten two-bud spurs per vine with the result that trellised vines had more bearers per 
vine and produced more bunches and thus significantly higher yields. Significant bunch-, berry mass and berry volume dif-
ferences occurred to a lesser extent. Irrespective the differences in yield etc., no significant differences occurred in the 
overall wine quality of six or 24 month bottle matured wines of bush or trellised Pinotage, indicating no preferences for either 
vine structure. Optimal canopy management improved the canopy and density and thus micro-climate conditions within the 
canopies of the different vine structure (bush vine and trellis) treatments but did not improve the wine composition and qual-
ity. It was, however, found that an increase in cordon height tended to improved wine colour in climate region 2. Phenol 
concentrations tended to be higher with an increase in cordon height and trellising. Sensorial evaluation for aroma and wine 
quality proved that many differences in wine styles were evident and identifiable with specific plots. 

Although no broad recommendation concerning the preferred vine structure can be made for climate region 2, significant 
differences in the wine quality of these vine structures were found at farm level, proving that terroir is important when decid-
ing to establish bush or trellised Pinotage. 

For more information contact Danie van Schalkwyk, e-mail vschalkwykd@arc.agric.za. 
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TABLE 6. The influence of vine development and cordon height on the average wine colour and quality performance of 6 and 24 month old 2003 
Pinotage wines in climate region 2.

* Figures for parameters within wine ages followed by the same letter do not differ significantly from each other (p≤0.05).
1 OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 
occurred.
2 MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.
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FIGURE 1. The influence of canopy treatments, vine development and cordon 
height on the average aroma and wine quality of Pinotage vineyards in cli-
mate region 2 (2003 - 2007).

son between yield and average wine quality showed, however, 
that the perception of “low yields, high wine quality” cannot be 
supported by this study (Fig. 3). 

CONCLUSIONS AND RECOMMENDATIONS 

The greater density canopies of vines that have not been 
optimally suckered, may be beneficial during extreme heat 
conditions in dryland and supplementary irrigation vines since 
there is more foliage to protect the grapes against sunburn. 

January temperatures are a better norm for the division of 
Pinotage cultivation areas into climate regions because most 
Pinotage sites reach optimal ripeness from the middle of Janu-
ary and are harvested at the beginning/middle of February. 
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FIGURE 2. Relationship between sensorial wine colour and the wine quality of Pinotage in climate 
region 2 (2003 - 2007).

FIGURE 3. Relationship between the yield/ha and Pinotage wine quality in climate region 2 (2003 
- 2007).
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FIGURE 2. elationship between sensorial wine colour and the wine uality of inotage in 
climate region 2 (2   2 ). 
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FIGURE 3. elationship between the yield ha and inotage wine uality in climate region 2 
(2   2 ). 

y = 0.4102x + 2.5183
R2 = 0.2258

5

5

Sensorial wine colour

O
ve

ra
ll 

w
in

e 
qu

al
ity

verall wine uality inear ( verall uality)  
 

FIGURE 2. elationship between sensorial wine colour and the wine uality of inotage in 
climate region 2 (2   2 ). 

 
 
 

5

5

2

25

Averages of wines evaluated

Yi
el

d 
(t/

ha
)

ield ha (t) ine uality

22.0 ton

18.2 ton

21.4 ton

 
 

FIGURE 3. elationship between the yield ha and inotage wine uality in climate region 2 
(2   2 ). 

There was no conclusive evidence that 
optimal canopy management or different 
vine development treatments had a signifi-
cant influence on the average wine quality 
of Pinotage in climate region 2. However, 
significant differences did occur at farm 
level during some seasons. Although one 
cannot make a general recommendation 
regarding canopy management or vine 
development for climate region 2, there are 
instances where bush vine or trellising can 
be recommended at farm level. Some 
farms have already adjusted new plantings 
accordingly. The study also showed that 
some trial sites produced better quality 
wines than others due to having more ben-
eficial terroir. 
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Abstract

Long periods of extreme temperatures above 35°C occurred during January and February for the duration of the project 
(2003 - 2006). These hot conditions resulted in excessive loss of leaves at some of the plots and sunburn of the exposed 
grapes in climate region 2. In some plots grapes of the minimum canopy management treatments were less subjected to 
sunburn during the hot periods, as more leaves were present to protect bunches. 

The larger number of shoots left on the bearer spurs of the minimum canopy management treatments induced more bunch-
es per vine and thus higher yields. Irrespective of the plant width within rows bush vines were pruned with five two-bud spurs 
while the trellised vines were pruned with ten two-bud spurs per vine with the result that trellised vines had more bearers per 
vine and produced more bunches and thus significantly higher yields. Significant bunch-, berry mass and berry volume dif-
ferences occurred to a lesser extent. Irrespective the differences in yield etc., no significant differences occurred in the 
overall wine quality of six or 24 month bottle matured wines of bush or trellised Pinotage, indicating no preferences for either 
vine structure. Optimal canopy management improved the canopy and density and thus micro-climate conditions within the 
canopies of the different vine structure (bush vine and trellis) treatments but did not improve the wine composition and qual-
ity. It was, however, found that an increase in cordon height tended to improved wine colour in climate region 2. Phenol 
concentrations tended to be higher with an increase in cordon height and trellising. Sensorial evaluation for aroma and wine 
quality proved that many differences in wine styles were evident and identifiable with specific plots. 

Although no broad recommendation concerning the preferred vine structure can be made for climate region 2, significant 
differences in the wine quality of these vine structures were found at farm level, proving that terroir is important when decid-
ing to establish bush or trellised Pinotage. 

For more information contact Danie van Schalkwyk, e-mail vschalkwykd@arc.agric.za. 
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Cultivation of Pinotage in various climatic regions 
(Part 3): The impact of canopy management, vine 
frame and cordon height on the viticultural and 
oenological performance of Pinotage in climate 
region 3 
Danie van Schalkwyk & André Schmidt, ARC Infruitec-Nietvoorbij, Stellenbosch 

Key words: Climate, vine development, wine quality. 

INTRODUCTION 

The objective of the investigation was 
explained in detail in the previous article 
“Cultivation of Pinotage in various cli-
matic regions (Part 1)” in Wynboer (Van 
Schalkwyk & Schmidt, 2009a). In short, 
the investigation aimed to determine 
whether climatic region, bush vine com-
pared to trellis and optimal canopy man-
agement compared to minimum canopy 
management impact significantly on Pino-
tage wine quality. This article discusses 
the results obtained in climate region 3. 

TRIAL PROCEDURE 

The trial procedure was explained in detail 
in the first article of the series; in short it 
entailed the following: 

Six trial sites were laid out in existing 
young (1 to 2 year old) Pinotage vineyards 
at different producers in climate region 3. 
Each producer site was considered a 
replication and the treatments were 
applied randomly. The sites were selected 
based on macro-climatic data according 
to Average February Temperature (AFT) 
(climate region 3: 21° - 23°C). The trial 

sites were situated in Stellenbosch and 
Kuils River. 

Pinotage vines from the same clone  
(PI 48) were used and developed accord-
ing to four vine development methods, 
namely: bush vine with 20 cm and 30 cm 
bush vine trunk length, split cordon with 
30 cm and 60 cm trunk length on an 
Extended Perold. The normal recom-
mended vine development (green shoot 
in the case of a split cordon), bearer 
spacing [12.5 cm (8 two-bud bearers per 
running metre split cordon) between bear-
ers in a split cordon and 5 - 6 two-bud 
bearers in goblet format for bush vine] 
were applied. 

Two canopy management treatments 
were applied randomly, 1) minimum can-
opy management (MC) where suckering 
only took place between the bearers and 
all the shoots that sprouted on the bear-
ers, were left in place and no leaves 
removed, 2) optimal canopy management 
(OC) where suckering took place between 
the bearers and only two shoots per 
bearer were left, leaves were also 
removed where applicable. 

Grapes from each treatment were har-
vested at approximately 25°B and exper-
imental wines made in Nietvoorbij’s exper-
imental cellar. Each season’s wine quality 
and maturation potential were judged 6 
and 24 months after bottling according to 
standard sensorial procedures by a 
trained judging panel according to the 
10-point line scale method. 

RESULTS AND DISCUSSION 

Canopy density 

The average canopy characteristics of the 
different treatments are indicated in Tables 
1a to 1c. Higher scores for the canopy 
characteristics and lower scores for the 
total canopy density indicate better cano-
pies and possibly improved micro-climat-
ic conditions (Hunter, 1999). Several sig-
nificant differences in canopy character-
istics and density were observed, conse-
quently differences in the wine quality of 
the different treatments could be expect-
ed (Table 1a). Canopy characteristics and 
density of both trellis treatments were 
significantly improved by the application 
of optimal canopy management practices 

TABLE 1a. The influence of canopy treatments, vine development and cordon height on the canopy characteristics of Pinotage vines in climate region 3 (2003 
- 2007).

* Figures for parameters followed by the same letter do not differ significantly from each other (p≤0.05).
** The point quadrant method to determine the number of foliage layers was not applied to the bush vines.
1 OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 
occurred.
2 MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.

Parameters 20 cm Bush vine 30 cm Bush vine 30 cm Trellis 60 cm Trellis

OC1 MC2 OC MC OC MC OC MC

Total marks allocation for description of canopy 
characteristics

63.4 ab* 57.0 c 66.0 a 56.8 c 61.7 ab 55.2 c 65.3 a 59.0 bc

Canopy density (bunches) 1.17 a** 1.14 a 1.11 a 1.15 a

Canopy density (leaf layers) 2.90 b 4.09 a 2.88 b 4.13 a

Total canopy density 4.17 b 5.23 a 3.99 b 5.28 a

% Shade bunches 82.2 b 91.0 a 81.8 b 94.1 a

% Shade leaves 37.7 b 52.5 a 36.5 b 51.8 a

VINEYARD

technical yearbook 2009 19

(OC). Point-quadrant measurements 
(Hunter, 1992) indicated that significantly 
more shadow leaves and bunches were 
present in the trellis treatments compared 
to where MC was applied. 

The average canopy characteristics of the 
60 cm trellis treatment were significantly 
better than those of the low 20 cm bush 
vines (Table 1b). No significant differences 
between the trellis treatments occurred in 
the average canopy densities (30 cm and 
60 cm). 

The total effect of OC on all the vine 
development treatments showed that 
canopy characteristics and canopy den-
sity improved significantly (Table 1c). The 
significantly lower percentage shadow 
leaves and bunches occurring in these 
treatments indicated that the canopies 
were not as dense as those of the MC 
treatments. 

Sunlight penetration measured inside the 
canopies of the treatments in order to 
quantify the photosynthetic active radia-
tion inside the various canopies, indicated 

that the canopies of the OC treatments 
which were less dense improved sunlight 
penetration (data not shown). Photosyn-
thetic activities inside these canopies 
were consequently improved and there-
fore higher quality wines could be expect-
ed. 

Viticultural performance 

Ripening was not advanced in climate 
region 3 by the application of OC (Table 
2a). Sugar accumulation in grapes from 
the trellis treatments was slower with the 
result that some of these treatment com-
binations achieved the same ripeness as 
that of certain bush vine combinations 5 
to 11 days later. Evaluation of the grapes’ 
general physical condition during the 
harvest showed that a higher percentage 
of damage from eating by buck and por-
cupines as well as sunburn occurred in 
the bush vines (data not shown). 

Yield 

No significant differences in the yield of 
the OC and MC were measured in the 

various vine development treatments, 
although those of the OC tended to be 
lower (Table 2a). However, optimal cano-
py management resulted in fewer bunch-
es in all the vine development treatments 
as a result of more stringent suckering. 
Yields differed from 3.2 t/ha in 2005 to 
32.7 t/ha in 2003 in 30 cm trellis. This 
trend caused the average yield across the 
seasons to be relatively low. Gale force 
wind during some seasons impacted so 
negatively on the yields of bush vines that 
some 20 cm bush vines yielded as little 
as 0.4 t/ha in 2006. 

Optimal canopy management resulted in 
a significant increase in bunch mass in 
the 30 cm bush vines and trellis only 
(Table 2a). Although the average berry 
mass and volume were not significantly 
affected, considerable differences did 
occur in some seasons. The greater num-
ber of shoots that occurred due to MC in 
the various vine development treatments, 
resulted in increased shoot mass in all 
instances except the 30 cm bush vines 
(data not shown). Significant differences 

TABLE 1b. The influence of vine development and cordon height on the canopy characteristics of Pinotage vines in climate region 3 (2003 - 2007).

Parameters 20 cm Bush vine 30 cm Bush vine 30 cm Trellis 60 cm Trellis

Total marks allocation for description of 
canopy characteristics

60.20 b* 61.40 ab 63.44 ab 67.15 a

Canopy density (bunches) 1.15** a 1.12 a

Canopy density (leaf layers) 3.49 a 3.50 a

Total canopy density ** 4.64 a 4.62 a

% Shade bunches 86.6 a 88.0 a

% Shade leaves 45.1 a 44.2 a

* Figures for parameters followed by the same letter do not differ significantly from each other (p≤0.05).
** The point quadrant method to determine the number of foliage layers was not applied to the bush vines.

TABLE 1c. The influence of canopy management on the canopy characteristics of Pinotage vines in climate region 3 (2003 - 2007).

* Figures for parameters followed by the same letter do not differ significantly from each other (p≤0.05).
** The point quadrant method to determine the number of foliage layers was not applied to the bush vines.
1 OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 
occurred.
2 MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.

Parameters OC1 MC2

Total marks allocation for description of canopy characteristics 64.10* a 56.97 b

Canopy density (bunches) 1.14 a** 1.14.a

Canopy density (leaf layers) 2.89 b 4.11 a

Total canopy density 4.03 b 5.25 a

% Shade bunches 82.0 b 92.6 a

% Shade leaves 37.1 b 52.1 a
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Cultivation of Pinotage in various climatic regions 
(Part 3): The impact of canopy management, vine 
frame and cordon height on the viticultural and 
oenological performance of Pinotage in climate 
region 3 
Danie van Schalkwyk & André Schmidt, ARC Infruitec-Nietvoorbij, Stellenbosch 

Key words: Climate, vine development, wine quality. 

INTRODUCTION 

The objective of the investigation was 
explained in detail in the previous article 
“Cultivation of Pinotage in various cli-
matic regions (Part 1)” in Wynboer (Van 
Schalkwyk & Schmidt, 2009a). In short, 
the investigation aimed to determine 
whether climatic region, bush vine com-
pared to trellis and optimal canopy man-
agement compared to minimum canopy 
management impact significantly on Pino-
tage wine quality. This article discusses 
the results obtained in climate region 3. 

TRIAL PROCEDURE 

The trial procedure was explained in detail 
in the first article of the series; in short it 
entailed the following: 

Six trial sites were laid out in existing 
young (1 to 2 year old) Pinotage vineyards 
at different producers in climate region 3. 
Each producer site was considered a 
replication and the treatments were 
applied randomly. The sites were selected 
based on macro-climatic data according 
to Average February Temperature (AFT) 
(climate region 3: 21° - 23°C). The trial 

sites were situated in Stellenbosch and 
Kuils River. 

Pinotage vines from the same clone  
(PI 48) were used and developed accord-
ing to four vine development methods, 
namely: bush vine with 20 cm and 30 cm 
bush vine trunk length, split cordon with 
30 cm and 60 cm trunk length on an 
Extended Perold. The normal recom-
mended vine development (green shoot 
in the case of a split cordon), bearer 
spacing [12.5 cm (8 two-bud bearers per 
running metre split cordon) between bear-
ers in a split cordon and 5 - 6 two-bud 
bearers in goblet format for bush vine] 
were applied. 

Two canopy management treatments 
were applied randomly, 1) minimum can-
opy management (MC) where suckering 
only took place between the bearers and 
all the shoots that sprouted on the bear-
ers, were left in place and no leaves 
removed, 2) optimal canopy management 
(OC) where suckering took place between 
the bearers and only two shoots per 
bearer were left, leaves were also 
removed where applicable. 

Grapes from each treatment were har-
vested at approximately 25°B and exper-
imental wines made in Nietvoorbij’s exper-
imental cellar. Each season’s wine quality 
and maturation potential were judged 6 
and 24 months after bottling according to 
standard sensorial procedures by a 
trained judging panel according to the 
10-point line scale method. 

RESULTS AND DISCUSSION 

Canopy density 

The average canopy characteristics of the 
different treatments are indicated in Tables 
1a to 1c. Higher scores for the canopy 
characteristics and lower scores for the 
total canopy density indicate better cano-
pies and possibly improved micro-climat-
ic conditions (Hunter, 1999). Several sig-
nificant differences in canopy character-
istics and density were observed, conse-
quently differences in the wine quality of 
the different treatments could be expect-
ed (Table 1a). Canopy characteristics and 
density of both trellis treatments were 
significantly improved by the application 
of optimal canopy management practices 

TABLE 1a. The influence of canopy treatments, vine development and cordon height on the canopy characteristics of Pinotage vines in climate region 3 (2003 
- 2007).

* Figures for parameters followed by the same letter do not differ significantly from each other (p≤0.05).
** The point quadrant method to determine the number of foliage layers was not applied to the bush vines.
1 OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 
occurred.
2 MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.

Parameters 20 cm Bush vine 30 cm Bush vine 30 cm Trellis 60 cm Trellis

OC1 MC2 OC MC OC MC OC MC

Total marks allocation for description of canopy 
characteristics

63.4 ab* 57.0 c 66.0 a 56.8 c 61.7 ab 55.2 c 65.3 a 59.0 bc

Canopy density (bunches) 1.17 a** 1.14 a 1.11 a 1.15 a

Canopy density (leaf layers) 2.90 b 4.09 a 2.88 b 4.13 a

Total canopy density 4.17 b 5.23 a 3.99 b 5.28 a

% Shade bunches 82.2 b 91.0 a 81.8 b 94.1 a

% Shade leaves 37.7 b 52.5 a 36.5 b 51.8 a
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(OC). Point-quadrant measurements 
(Hunter, 1992) indicated that significantly 
more shadow leaves and bunches were 
present in the trellis treatments compared 
to where MC was applied. 

The average canopy characteristics of the 
60 cm trellis treatment were significantly 
better than those of the low 20 cm bush 
vines (Table 1b). No significant differences 
between the trellis treatments occurred in 
the average canopy densities (30 cm and 
60 cm). 

The total effect of OC on all the vine 
development treatments showed that 
canopy characteristics and canopy den-
sity improved significantly (Table 1c). The 
significantly lower percentage shadow 
leaves and bunches occurring in these 
treatments indicated that the canopies 
were not as dense as those of the MC 
treatments. 

Sunlight penetration measured inside the 
canopies of the treatments in order to 
quantify the photosynthetic active radia-
tion inside the various canopies, indicated 

that the canopies of the OC treatments 
which were less dense improved sunlight 
penetration (data not shown). Photosyn-
thetic activities inside these canopies 
were consequently improved and there-
fore higher quality wines could be expect-
ed. 

Viticultural performance 

Ripening was not advanced in climate 
region 3 by the application of OC (Table 
2a). Sugar accumulation in grapes from 
the trellis treatments was slower with the 
result that some of these treatment com-
binations achieved the same ripeness as 
that of certain bush vine combinations 5 
to 11 days later. Evaluation of the grapes’ 
general physical condition during the 
harvest showed that a higher percentage 
of damage from eating by buck and por-
cupines as well as sunburn occurred in 
the bush vines (data not shown). 

Yield 

No significant differences in the yield of 
the OC and MC were measured in the 

various vine development treatments, 
although those of the OC tended to be 
lower (Table 2a). However, optimal cano-
py management resulted in fewer bunch-
es in all the vine development treatments 
as a result of more stringent suckering. 
Yields differed from 3.2 t/ha in 2005 to 
32.7 t/ha in 2003 in 30 cm trellis. This 
trend caused the average yield across the 
seasons to be relatively low. Gale force 
wind during some seasons impacted so 
negatively on the yields of bush vines that 
some 20 cm bush vines yielded as little 
as 0.4 t/ha in 2006. 

Optimal canopy management resulted in 
a significant increase in bunch mass in 
the 30 cm bush vines and trellis only 
(Table 2a). Although the average berry 
mass and volume were not significantly 
affected, considerable differences did 
occur in some seasons. The greater num-
ber of shoots that occurred due to MC in 
the various vine development treatments, 
resulted in increased shoot mass in all 
instances except the 30 cm bush vines 
(data not shown). Significant differences 

TABLE 1b. The influence of vine development and cordon height on the canopy characteristics of Pinotage vines in climate region 3 (2003 - 2007).

Parameters 20 cm Bush vine 30 cm Bush vine 30 cm Trellis 60 cm Trellis

Total marks allocation for description of 
canopy characteristics

60.20 b* 61.40 ab 63.44 ab 67.15 a

Canopy density (bunches) 1.15** a 1.12 a

Canopy density (leaf layers) 3.49 a 3.50 a

Total canopy density ** 4.64 a 4.62 a

% Shade bunches 86.6 a 88.0 a

% Shade leaves 45.1 a 44.2 a

* Figures for parameters followed by the same letter do not differ significantly from each other (p≤0.05).
** The point quadrant method to determine the number of foliage layers was not applied to the bush vines.

TABLE 1c. The influence of canopy management on the canopy characteristics of Pinotage vines in climate region 3 (2003 - 2007).

* Figures for parameters followed by the same letter do not differ significantly from each other (p≤0.05).
** The point quadrant method to determine the number of foliage layers was not applied to the bush vines.
1 OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 
occurred.
2 MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.

Parameters OC1 MC2

Total marks allocation for description of canopy characteristics 64.10* a 56.97 b

Canopy density (bunches) 1.14 a** 1.14.a

Canopy density (leaf layers) 2.89 b 4.11 a

Total canopy density 4.03 b 5.25 a

% Shade bunches 82.0 b 92.6 a

% Shade leaves 37.1 b 52.1 a
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TABLE 2a. The influence of canopy management, vine development and cordon height on the average viticultural performance of Pinotage in climate 
region 3 (2003 - 2007).

1  OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 
occurred.
2  MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.
*  Figures for parameters followed by the same letter do not differ significantly from each other (p≤0.05).

Vine development
Canopy

manage-
ment

Harvest
date

Yield
(t/ha)

Number
of 

bunches/
vine

Bunchmass
(g)

Sugar
(°B)

Acid
(g/L)

pH
Skin 

colour
420 nm

Skin 
colour
520 nm

20 cm Bush vine
OC1 6 Febr. 4.83 b* 13 e 115.9 b 25.5 a 6.7 bc 3.33 d 0.403 b 1.769 b

MC2 5 Febr. 6.97 b 20 cd 108.5 b 25.2 ab 6.9 abc 3.36 bcd 0.419 ab 1.868 ab

30 cm Bush vine
OC 7 Febr. 6.84 b 17 de 134.4 a 25.3 ab 7.3 a 3.35 dc 0.415 ab 1.846 ab

MC 8 Febr. 7.27 b 20 cd 120.8 b 25.0 a 7.1 ab 3.34 dc 0.436 ab 1.923 ab

30 cm Trellis
OC 13 Febr. 11.18 a 26 bc 134.0 a 24.8 b 6.9 bc 3.42 abc 0.404 ab 1.797 ab

MC 16 Febr. 12.08 a 32 ab 120.1 b 25.3 ab 6.5 c 3.44 ab 0.441 a 1.981 a

60 cm Trellis
OC 16 Febr. 12.69 a 28 ab 146.8 a 25.1 ab 6.6 c 3.45 a 0.438 ab 1.968 a

MC 16 Febr. 13.62 a 33 a 141.0 a 24.7 b 6.8 bc 3.37 abcd 0.411 ab 1.834 ab

TABLE 2b. The influence of vine development and cordon height on the viticultural performance of Pinotage in climate region 3 i.r.o. canopy management 
(2003 - 2007).

* Figures for parameters followed by the same letter do not differ significantly from each other (p≤0.05).

Vine
development

Yield
(t/ha)

Number of
bunches/

vine

Bunch mass
(g)

Sugar
(°B)

Acid
(g/L)

pH
Skin colour

420 nm
Skin colour

520 nm

20 cm Bush vine 5.89 b* 17 b 112.2 b 25.4 a 6.8 b 3.35 b 0.411 a 1.818 a

30 cm Bush vine 7.05 b 18 b 127.7 b 25.1 a 7.2 a 3.34 b 0.426 a 1.885 ab

30 cm Trellis 11.64 a 29 a 126.9 b 25.0 a 6.6 b 3.44 a 0.423 a 1.891 a

60 cm Trellis 13.15 a 31 a 143.9 a 24.9 a 6.7 b 3.41 a 0.426 a 1.901 a

in the sugar, acid, pH and skin colour of 
the treatment combinations occurred, but 
not among the canopy management 
treatments of the various vine develop-
ment treatments. The skin colour concen-
tration of the minimum canopy manage-
ment tended to be higher in most of the 
treatments, probably due to the higher 
percentage bunch exposure. 

As expected, the two trellis treatments, 
due to the greater number of bearers and 
therefore bunches, resulted in signifi-
cantly higher yields on average than the 
bush vines (Table 2b). The 60 cm trellis 
treatment yielded the heaviest bunches; 
a split cordon of 60 cm therefore seems 
to promote bunch mass in climate region 
3. Due to the fact that the berry mass did 
not show the same trend, the higher 
bunch mass can probably be ascribed to 
improved berry set. Although no signifi-
cant differences in skin colour occurred, 
it seems as though skin colour tended to 
be higher with an increase in cordon 
height (30 cm bush vine compared to 20 

cm bush vine and 60 cm trellis compared 
to 30 cm trellis). 

The smaller number of bunches of the OC 
treatments in general caused the OC’s 
average yield across all the vine develop-
ment treatments to be significantly lower 
than that of the MC (data not shown). 
Otherwise no significant differences 
occurred in the average bunch character-
istics and must analyses. 

Yields, bunch and berry characteristics 
and shoot masses differed considerably 
among the different farms as in the case 
of climate region 2 (Van Schalkwyk & 
Schmidt, 2009a). This is probably mainly 
due to the differences in soil and location 
(terroir). 

Wine analyses 

As in climate region 2 the treatment com-
binations of canopy density and vine 
development impacted significantly on 
the extract, total acid, pH, etc of Pinotage 
wines in climate region 3 (Table 3a). How-
ever, no significant differences occurred 

among the canopy treatments of specific 
vine development treatments. In the 
study, OC yielded the most intense wine 
colour in the 20 cm bush vines and MC in 
the 60 cm trellis the least intense wine 
colour. OC seems to promote wine colour 
to a slight degree. Although minimum 
canopy management of the 60 cm trellis 
resulted in the poorest wine colour, it 
produced the highest total phenol con-
centration and OC 30 cm bush vines, the 
lowest. It was not, however, possible to 
prove that OC or MC consistently 
increased or reduced the total phenol 
concentrations of Pinotage. 

A comparison of the average wine analy-
ses for the various vine development 
treatments showed that 20 cm bush 
vines in climate region 3 produced the 
highest and 60 cm trellis the lowest 
extract concentration (Table 3b). The two 
bush vine treatments produced wines 
with a significantly higher total acid con-
centration, while the 20 cm bush vines 
had the best wine colour on average. 
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TABLE 3a. The influence of canopy management, vine development and cordon height on the wine and must composition of Pinotage in climate region 
3 (2003 - 2007).

1  OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 
occurred.
2  MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.
*  Figures for parameters followed by the same letter do not differ significantly from each other (p≤0.05).

Vine  
development

Canopy
management

Alcohol
(%)

Extract
(g/L)

Sugar
(g/L)

Acid
(g/L)

pH
Wine 
colour
420 nm

Wine 
colour
520 nm

Total  
phenols
(mg/L)

20 cm Bush vine
OC1 15.2 a* 33.7 a 1.34 ab 5.8 a 4.00 ab 0.845 a 1.357 a 2525 ab

MC2 15.1 a 33.4 ab 1.30 abc 5.7 a 3.94 ab 0.822 ab 1.306 ab 2163 ab

30 cm Bush vine
OC 15.1 a 33.5 ab 1.27 c 5.8 a 3.96 ab 0.798 ab 1.277 ab 2120 b

MC 14.8 a 32.9 a 1.28 bc 5.7 a 3.97 ab 0.766 ab 1.216 b 2523 ab

30 cm Trellis
OC 14.9 a 32.0 b 1.32 abc 5.6 ab 3.97 ab 0.763 ab 1.205 b 2524 ab

MC 15.0 a 32.6 ab 1.36 a 5.4 b 4.01 ab 0.776 ab 1.201 b 2523 ab

60 cm Trellis
OC 15.1 a 32.6 ab 1.36 a 5.5 ab 3.96 ab 0.787 ab 1.229 ab 2444 ab

MC 14.9 a 31.6 b 1.31 abc 5.6 ab 3.91 b 0.749 b 1.197 b 2666 a

TABLE 3b. The influence of vine development and cordon height on the average wine and must composition of Pinotage in climate region 3 (2003 - 
2007). 

*  Figures for parameters followed by the same letter do not differ significantly from each other (p≤0.05).

Vine development
Alcohol

(%)
Extract
(g/L)

Sugar
(g/L)

Acid
(g/L)

pH
Wine colour

420 nm
Wine colour

520 nm
Total phenols

(mg/L)

20 cm Bush vine 15.1 a* 33.1 a 1.3 a 5.8 a 3.94 ab 0.838 a 1.329 a 2344 a

30 cm Bush vine 14.9 a 32.6 ab 1.3 a 5.8 a 3.90 ab 0.782 ab 1.246 ab 2200 a

30 cm Trellis 15.0 a 31.3 bc 1.3 a 5.5 b 3.97 a 0.753 b 1.203 b 2524 a

60 cm Trellis 15.0 a 31.1 c 1.3 a 5.6 ab 3.88 b 0.768 b 1.213 b 2555 a

TABLE 4. The influence of canopy treatments, vine development and cordon height on the wine colour and quality of Pinotage wines in climate region 3 
(2003 - 2007)

1  OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 
occurred.
2  MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.
*  Figures for parameters followed by the same letter do not differ significantly from each other (p≤0.05).
The coloured blocks indicate where significant differences occurred between the canopy management treatments of vine development treatments.

Treatment

Colour (%) Overall wine quality (%)

2003 2004 2005 2006 2007 Avg. 2003 2004 2005 2006 2007 Avg.

20 cm Bush vine OC1 86.0 a* 83.5 ab 84.9 a 89.9 a 87.1 a 86.3 60.6 ab 62.8 a 54.2 a 56.4 a 63.2 a 59.4

20 cm Bush vine MC2 83.5 ab 82.9ab 85.5 a 89.9 a 87.0 a 85.8 59.4 ab 61.6 a 54.8 a 61.4 a 64.8 a 60.4

30 cm Bush vine OC 83.2 ab 82.5 ab 86.1 a 87.9 abc 85.5 ab 85.0 61.7 ab 58.6 a 58.3 a 59.4 a 57.7 ab 59.1

30 cm Bush vine MC 81.0 ab 86.1 a 84.0 a 90.5 a 82.8 ab 84.9 64.6 a 61.8 a 55.8 a 58.0 a 52.4 b 58.5

30 cm Trellis OC 77.1 b 77.8 ab 86.5 a 83.2 d 82.6 ab 81.4 55.3 b 60.9 a 54.7 a 54.1 a 60.8 ab 57.2

30 cm Trellis MC 78.8 ab 77.6 b 85.4 a 88.7 abc 84.0 ab 82.9 64.2 a 55.7 a 59.7 a 58.8 a 60.7 ab 59.8

60 cm Trellis OC 79.1 ab 76.0 b 87.8 a 86.0 bcd 84.6 ab 82.7 54.7 b 56.5 a 60.2 a 57.6 a 66.0 a 60.1

60 cm Trellis MC 78.5 b 76.9 b 84.3 a 85.3 cd 75.8 b 80.2 57.1 ab 57.0 a 59.1 a 53.9 a 57.3 ab 56.9

Although not significant, it is clear that the 
total phenol concentration of the two trel-
lis wines tended to be higher. The same 
trends with regard to wine colour and 
phenol concentration were observed in 

climate region 2 (Van Schalkwyk & 
Schmidt, 2009b). 

Wine aroma and wine quality 

Experimental wines were evaluated senso-

rially for aroma intensity and quality 6 and 
24 months after bottling. The only signifi-
cant differences in the wine colour and 
quality of OC and MC wines occurred in 
the 30 cm trellis treatment, in 2006 and 
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TABLE 2a. The influence of canopy management, vine development and cordon height on the average viticultural performance of Pinotage in climate 
region 3 (2003 - 2007).

1  OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 
occurred.
2  MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.
*  Figures for parameters followed by the same letter do not differ significantly from each other (p≤0.05).

Vine development
Canopy

manage-
ment

Harvest
date

Yield
(t/ha)

Number
of 

bunches/
vine

Bunchmass
(g)

Sugar
(°B)

Acid
(g/L)

pH
Skin 

colour
420 nm

Skin 
colour
520 nm

20 cm Bush vine
OC1 6 Febr. 4.83 b* 13 e 115.9 b 25.5 a 6.7 bc 3.33 d 0.403 b 1.769 b

MC2 5 Febr. 6.97 b 20 cd 108.5 b 25.2 ab 6.9 abc 3.36 bcd 0.419 ab 1.868 ab

30 cm Bush vine
OC 7 Febr. 6.84 b 17 de 134.4 a 25.3 ab 7.3 a 3.35 dc 0.415 ab 1.846 ab

MC 8 Febr. 7.27 b 20 cd 120.8 b 25.0 a 7.1 ab 3.34 dc 0.436 ab 1.923 ab

30 cm Trellis
OC 13 Febr. 11.18 a 26 bc 134.0 a 24.8 b 6.9 bc 3.42 abc 0.404 ab 1.797 ab

MC 16 Febr. 12.08 a 32 ab 120.1 b 25.3 ab 6.5 c 3.44 ab 0.441 a 1.981 a

60 cm Trellis
OC 16 Febr. 12.69 a 28 ab 146.8 a 25.1 ab 6.6 c 3.45 a 0.438 ab 1.968 a

MC 16 Febr. 13.62 a 33 a 141.0 a 24.7 b 6.8 bc 3.37 abcd 0.411 ab 1.834 ab

TABLE 2b. The influence of vine development and cordon height on the viticultural performance of Pinotage in climate region 3 i.r.o. canopy management 
(2003 - 2007).

* Figures for parameters followed by the same letter do not differ significantly from each other (p≤0.05).

Vine
development

Yield
(t/ha)

Number of
bunches/

vine

Bunch mass
(g)

Sugar
(°B)

Acid
(g/L)

pH
Skin colour

420 nm
Skin colour

520 nm

20 cm Bush vine 5.89 b* 17 b 112.2 b 25.4 a 6.8 b 3.35 b 0.411 a 1.818 a

30 cm Bush vine 7.05 b 18 b 127.7 b 25.1 a 7.2 a 3.34 b 0.426 a 1.885 ab

30 cm Trellis 11.64 a 29 a 126.9 b 25.0 a 6.6 b 3.44 a 0.423 a 1.891 a

60 cm Trellis 13.15 a 31 a 143.9 a 24.9 a 6.7 b 3.41 a 0.426 a 1.901 a

in the sugar, acid, pH and skin colour of 
the treatment combinations occurred, but 
not among the canopy management 
treatments of the various vine develop-
ment treatments. The skin colour concen-
tration of the minimum canopy manage-
ment tended to be higher in most of the 
treatments, probably due to the higher 
percentage bunch exposure. 

As expected, the two trellis treatments, 
due to the greater number of bearers and 
therefore bunches, resulted in signifi-
cantly higher yields on average than the 
bush vines (Table 2b). The 60 cm trellis 
treatment yielded the heaviest bunches; 
a split cordon of 60 cm therefore seems 
to promote bunch mass in climate region 
3. Due to the fact that the berry mass did 
not show the same trend, the higher 
bunch mass can probably be ascribed to 
improved berry set. Although no signifi-
cant differences in skin colour occurred, 
it seems as though skin colour tended to 
be higher with an increase in cordon 
height (30 cm bush vine compared to 20 

cm bush vine and 60 cm trellis compared 
to 30 cm trellis). 

The smaller number of bunches of the OC 
treatments in general caused the OC’s 
average yield across all the vine develop-
ment treatments to be significantly lower 
than that of the MC (data not shown). 
Otherwise no significant differences 
occurred in the average bunch character-
istics and must analyses. 

Yields, bunch and berry characteristics 
and shoot masses differed considerably 
among the different farms as in the case 
of climate region 2 (Van Schalkwyk & 
Schmidt, 2009a). This is probably mainly 
due to the differences in soil and location 
(terroir). 

Wine analyses 

As in climate region 2 the treatment com-
binations of canopy density and vine 
development impacted significantly on 
the extract, total acid, pH, etc of Pinotage 
wines in climate region 3 (Table 3a). How-
ever, no significant differences occurred 

among the canopy treatments of specific 
vine development treatments. In the 
study, OC yielded the most intense wine 
colour in the 20 cm bush vines and MC in 
the 60 cm trellis the least intense wine 
colour. OC seems to promote wine colour 
to a slight degree. Although minimum 
canopy management of the 60 cm trellis 
resulted in the poorest wine colour, it 
produced the highest total phenol con-
centration and OC 30 cm bush vines, the 
lowest. It was not, however, possible to 
prove that OC or MC consistently 
increased or reduced the total phenol 
concentrations of Pinotage. 

A comparison of the average wine analy-
ses for the various vine development 
treatments showed that 20 cm bush 
vines in climate region 3 produced the 
highest and 60 cm trellis the lowest 
extract concentration (Table 3b). The two 
bush vine treatments produced wines 
with a significantly higher total acid con-
centration, while the 20 cm bush vines 
had the best wine colour on average. 
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TABLE 3a. The influence of canopy management, vine development and cordon height on the wine and must composition of Pinotage in climate region 
3 (2003 - 2007).

1  OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 
occurred.
2  MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.
*  Figures for parameters followed by the same letter do not differ significantly from each other (p≤0.05).

Vine  
development

Canopy
management

Alcohol
(%)

Extract
(g/L)

Sugar
(g/L)

Acid
(g/L)

pH
Wine 
colour
420 nm

Wine 
colour
520 nm

Total  
phenols
(mg/L)

20 cm Bush vine
OC1 15.2 a* 33.7 a 1.34 ab 5.8 a 4.00 ab 0.845 a 1.357 a 2525 ab

MC2 15.1 a 33.4 ab 1.30 abc 5.7 a 3.94 ab 0.822 ab 1.306 ab 2163 ab

30 cm Bush vine
OC 15.1 a 33.5 ab 1.27 c 5.8 a 3.96 ab 0.798 ab 1.277 ab 2120 b

MC 14.8 a 32.9 a 1.28 bc 5.7 a 3.97 ab 0.766 ab 1.216 b 2523 ab

30 cm Trellis
OC 14.9 a 32.0 b 1.32 abc 5.6 ab 3.97 ab 0.763 ab 1.205 b 2524 ab

MC 15.0 a 32.6 ab 1.36 a 5.4 b 4.01 ab 0.776 ab 1.201 b 2523 ab

60 cm Trellis
OC 15.1 a 32.6 ab 1.36 a 5.5 ab 3.96 ab 0.787 ab 1.229 ab 2444 ab

MC 14.9 a 31.6 b 1.31 abc 5.6 ab 3.91 b 0.749 b 1.197 b 2666 a

TABLE 3b. The influence of vine development and cordon height on the average wine and must composition of Pinotage in climate region 3 (2003 - 
2007). 

*  Figures for parameters followed by the same letter do not differ significantly from each other (p≤0.05).

Vine development
Alcohol

(%)
Extract
(g/L)

Sugar
(g/L)

Acid
(g/L)

pH
Wine colour

420 nm
Wine colour

520 nm
Total phenols

(mg/L)

20 cm Bush vine 15.1 a* 33.1 a 1.3 a 5.8 a 3.94 ab 0.838 a 1.329 a 2344 a

30 cm Bush vine 14.9 a 32.6 ab 1.3 a 5.8 a 3.90 ab 0.782 ab 1.246 ab 2200 a

30 cm Trellis 15.0 a 31.3 bc 1.3 a 5.5 b 3.97 a 0.753 b 1.203 b 2524 a

60 cm Trellis 15.0 a 31.1 c 1.3 a 5.6 ab 3.88 b 0.768 b 1.213 b 2555 a

TABLE 4. The influence of canopy treatments, vine development and cordon height on the wine colour and quality of Pinotage wines in climate region 3 
(2003 - 2007)

1  OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 
occurred.
2  MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.
*  Figures for parameters followed by the same letter do not differ significantly from each other (p≤0.05).
The coloured blocks indicate where significant differences occurred between the canopy management treatments of vine development treatments.

Treatment

Colour (%) Overall wine quality (%)

2003 2004 2005 2006 2007 Avg. 2003 2004 2005 2006 2007 Avg.

20 cm Bush vine OC1 86.0 a* 83.5 ab 84.9 a 89.9 a 87.1 a 86.3 60.6 ab 62.8 a 54.2 a 56.4 a 63.2 a 59.4

20 cm Bush vine MC2 83.5 ab 82.9ab 85.5 a 89.9 a 87.0 a 85.8 59.4 ab 61.6 a 54.8 a 61.4 a 64.8 a 60.4

30 cm Bush vine OC 83.2 ab 82.5 ab 86.1 a 87.9 abc 85.5 ab 85.0 61.7 ab 58.6 a 58.3 a 59.4 a 57.7 ab 59.1

30 cm Bush vine MC 81.0 ab 86.1 a 84.0 a 90.5 a 82.8 ab 84.9 64.6 a 61.8 a 55.8 a 58.0 a 52.4 b 58.5

30 cm Trellis OC 77.1 b 77.8 ab 86.5 a 83.2 d 82.6 ab 81.4 55.3 b 60.9 a 54.7 a 54.1 a 60.8 ab 57.2

30 cm Trellis MC 78.8 ab 77.6 b 85.4 a 88.7 abc 84.0 ab 82.9 64.2 a 55.7 a 59.7 a 58.8 a 60.7 ab 59.8

60 cm Trellis OC 79.1 ab 76.0 b 87.8 a 86.0 bcd 84.6 ab 82.7 54.7 b 56.5 a 60.2 a 57.6 a 66.0 a 60.1

60 cm Trellis MC 78.5 b 76.9 b 84.3 a 85.3 cd 75.8 b 80.2 57.1 ab 57.0 a 59.1 a 53.9 a 57.3 ab 56.9

Although not significant, it is clear that the 
total phenol concentration of the two trel-
lis wines tended to be higher. The same 
trends with regard to wine colour and 
phenol concentration were observed in 

climate region 2 (Van Schalkwyk & 
Schmidt, 2009b). 

Wine aroma and wine quality 

Experimental wines were evaluated senso-

rially for aroma intensity and quality 6 and 
24 months after bottling. The only signifi-
cant differences in the wine colour and 
quality of OC and MC wines occurred in 
the 30 cm trellis treatment, in 2006 and 
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TABLE 5. The influence of vine development in climate region 3 on the wine colour and quality of 2003 - 2007 Pinotage wines.

*  Figures for parameters and years followed by the same letter do not differ significantly from each other (p≤0.05).
The coloured blocks indicate where significant differences occurred between the canopy management treatments of vine development treatments.

Vine
development

Colour (%) Overall wine quality (%)

2003 2004 2005 2006 2007 Avg. 2003 2004 2005 2006 2007 Avg.

20 cm Bush vine 84.7 a* 84.0 a 85.6 a 90.3 a 87.1 a 86.3 60.0 ab 62.4 a 54.7 a 58.9 a 64.0 a 60.0

30 cm Bush vine 82.1 ab 84.3 a 84.4 a 89.2 ab 84.1 a 84.8 63.1 a 61.0 ab 57.0 a 58.7 a 55.0 b 59.0

30 cm Trellis 77.9 b 78.2 ab 85.4 a 86.5 bc 83.3 a 82.3 59.7 ab 58.8 ab 56.0 a 56.5 a 60.7 ab 58.3

60 cm Trellis 78.8 b 76.9 b 85.2 a 85.6 c 80.0 a 81.3 55.9 b 56.5 b 57.7 a 55.6 a 61.6 ab 57.5

TABLE 6. The influence of vine development on 6 and 24 month old 2004 Pinotage aroma and wine quality in climate region 3.

Vine  
development

Wine age
Colour

(%)
Cherry

(%)
Berry
(%)

Plum
(%)

Other
(%)

Balance
(%)

Overall quality 
(%)

20 cm Bush vine
6 mnths 84.0 a 27.5 a 52.0 a 33.7 a 21.3 a 60.9 a 62.4 a

24 mnths 81.1 a 47.3 a 47.3 a 17.6 a 17.6 a 64.0 a 63.2 a

30 cm Bush vine
6 mnths 84.3 a 30.3 a 55.2 a 37.3 a 22.9 a 58.6 ab 61.0 ab

24 mnths 78.2 a 45.0 a 45.0 a 21.9 a 14.7 a 60.6a 60.3 a

30 cm Trellis
6 mnths 78.2 ab 35.8 a 52.4 a 37.4 a 16.6 a 57.1 ab 58.8 ab

24 mnths 78.2 a 43.7 a 43.8 a 14.7 a 21.9 a 59.0 a 57.6 a

60 cm Trellis
6 mnths 76.9 b 29.7 a 52.5 a 35.6 a 15.3 a 54.7 b 56.5 b

24 mnths 76.8 a 44.8 a 44.8 a 16.4 a 16.4 a 57.4 a 56.5 a

* Figures for parameters within wine ages and vine development treatments followed by the same letter do not differ significantly from each other (p≤0.05).

2003 respectively when MC produced 
significantly better wine colour and quality 
wines than OC (Table 4 & Fig. 1). No proof 
could be found, however, that a specific 
treatment combination consistently pro-
duced the best wine colour or quality. 
Significant differences occurred from one 
season to the next. It is obvious, however, 
that the wine colour of the two trellis treat-
ments was significantly lower most sea-
sons, especially that of the 60 cm trellis 
(Table 5). Most seasons the 20 cm bush 
vine treatment had the best wine colour. 
Considerable variation in wine quality posi-
tion occurred over the various seasons, 
but it does seem as though bush vines 
generally produced better wine quality. As 
with the study in climate region 2 these 
trends are so marginal that there is no 
concrete proof that any of the treatments 
should be recommended over another 
(Van Schalkwyk & Schmidt, 2009b). Sen-
sorial evaluation of 24 month old 2003 and 
2004 Pinotage wines also showed that the 
trends with regard to sensorial wine colour 
and wine quality remained unchanged dur-
ing bottle ageing (Table 6). 

From Figure 1 it is clear that seasons 
impacted greatly on the aroma intensity of 
Pinotage. Climatic conditions in 2003, 2004 
and 2007 were generally more conducive 
to berry character, whereas a plum charac-
ter was more prominent in 2007 and cherry 
in 2006. The application of the various 
canopy management treatments within 
seasons also had a significant impact on 
the intensity of various aromas. 

As with the study in climate region 2, a 
comparison of the sensorial evaluation 
results of 6 and 24 month old 2004 Pino-
tage wines showed that the differences in 
colour and aroma concentrations in the 
young wines from different vine develop-
ment treatments disappeared with matu-
ration (Table 6). The prominence of the 
various aromas changed, either increas-
ing or decreasing in intensity. Corre-
sponding results were obtained with the 
2003 wines. 

When comparing the average wine results 
of the canopy management treatments, 
there is, as in climate region 2, no proof 
that optimal canopy management under 
the given trial conditions improved the 

wine quality of Pinotage in climate region 
3 (data not shown). 

Correlation between wine colour, yield and 
wine quality In an attempt to confirm that 
sensorially observed wine colour also cor-
related with wine quality, the relationship 
between sensorial wine colour and wine 
quality in the wines from climate region 3 
was also investigated. The latter compari-
son showed that perceptible wine colour in 
climate region 3 did not give a good indica-
tion of anticipated wine quality (Fig. 2). 

The perception that yield influenced wine 
quality was also tested in climate region 
3 and once again, as in the case of cli-
mate region 2 and results from several 
previous research projects (Van Schalk-
wyk et al., 1995; Van Schalkwyk et al., 
1999; Van Schalkwyk & Schmidt, 2009b), 
it was found that yield/ha per se did not 
impact on wine quality (Fig. 3). 

CONCLUSIONS AND  
RECOMMENDATIONS 

Although the application of optimal cano-
py management practices improved 
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FIGURE 1. The influence of canopy treatments  vine development and cordon height on the average 

aroma and wine uality of inotage vineyards in climate region  (2   2 ). 
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FIGURE 2. Relationship between sensorial wine 
colour and the wine quality of Pinotage in cli-
mate region 3 (2003 - 2007).

canopy density and probably also the 
micro-climatic conditions inside the can-
opy of the various trellis treatments, it did 
not improve the wine quality of Pinotage. 
The cost of applying optimal canopy 
management should therefore be taken 
into account before applying this practice. 
Denser canopies may be beneficial during 
prolonged heat-waves seeing that more 
leaves are present to protect bunches 
against sunburn under these conditions. 
Optimal canopy management should not 
be applied to bush vines in areas where 
strong wind prevails regularly. 
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TABLE 5. The influence of vine development in climate region 3 on the wine colour and quality of 2003 - 2007 Pinotage wines.

*  Figures for parameters and years followed by the same letter do not differ significantly from each other (p≤0.05).
The coloured blocks indicate where significant differences occurred between the canopy management treatments of vine development treatments.

Vine
development

Colour (%) Overall wine quality (%)

2003 2004 2005 2006 2007 Avg. 2003 2004 2005 2006 2007 Avg.

20 cm Bush vine 84.7 a* 84.0 a 85.6 a 90.3 a 87.1 a 86.3 60.0 ab 62.4 a 54.7 a 58.9 a 64.0 a 60.0

30 cm Bush vine 82.1 ab 84.3 a 84.4 a 89.2 ab 84.1 a 84.8 63.1 a 61.0 ab 57.0 a 58.7 a 55.0 b 59.0

30 cm Trellis 77.9 b 78.2 ab 85.4 a 86.5 bc 83.3 a 82.3 59.7 ab 58.8 ab 56.0 a 56.5 a 60.7 ab 58.3

60 cm Trellis 78.8 b 76.9 b 85.2 a 85.6 c 80.0 a 81.3 55.9 b 56.5 b 57.7 a 55.6 a 61.6 ab 57.5

TABLE 6. The influence of vine development on 6 and 24 month old 2004 Pinotage aroma and wine quality in climate region 3.

Vine  
development

Wine age
Colour

(%)
Cherry

(%)
Berry
(%)

Plum
(%)

Other
(%)

Balance
(%)

Overall quality 
(%)

20 cm Bush vine
6 mnths 84.0 a 27.5 a 52.0 a 33.7 a 21.3 a 60.9 a 62.4 a

24 mnths 81.1 a 47.3 a 47.3 a 17.6 a 17.6 a 64.0 a 63.2 a

30 cm Bush vine
6 mnths 84.3 a 30.3 a 55.2 a 37.3 a 22.9 a 58.6 ab 61.0 ab

24 mnths 78.2 a 45.0 a 45.0 a 21.9 a 14.7 a 60.6a 60.3 a

30 cm Trellis
6 mnths 78.2 ab 35.8 a 52.4 a 37.4 a 16.6 a 57.1 ab 58.8 ab

24 mnths 78.2 a 43.7 a 43.8 a 14.7 a 21.9 a 59.0 a 57.6 a

60 cm Trellis
6 mnths 76.9 b 29.7 a 52.5 a 35.6 a 15.3 a 54.7 b 56.5 b

24 mnths 76.8 a 44.8 a 44.8 a 16.4 a 16.4 a 57.4 a 56.5 a

* Figures for parameters within wine ages and vine development treatments followed by the same letter do not differ significantly from each other (p≤0.05).

2003 respectively when MC produced 
significantly better wine colour and quality 
wines than OC (Table 4 & Fig. 1). No proof 
could be found, however, that a specific 
treatment combination consistently pro-
duced the best wine colour or quality. 
Significant differences occurred from one 
season to the next. It is obvious, however, 
that the wine colour of the two trellis treat-
ments was significantly lower most sea-
sons, especially that of the 60 cm trellis 
(Table 5). Most seasons the 20 cm bush 
vine treatment had the best wine colour. 
Considerable variation in wine quality posi-
tion occurred over the various seasons, 
but it does seem as though bush vines 
generally produced better wine quality. As 
with the study in climate region 2 these 
trends are so marginal that there is no 
concrete proof that any of the treatments 
should be recommended over another 
(Van Schalkwyk & Schmidt, 2009b). Sen-
sorial evaluation of 24 month old 2003 and 
2004 Pinotage wines also showed that the 
trends with regard to sensorial wine colour 
and wine quality remained unchanged dur-
ing bottle ageing (Table 6). 

From Figure 1 it is clear that seasons 
impacted greatly on the aroma intensity of 
Pinotage. Climatic conditions in 2003, 2004 
and 2007 were generally more conducive 
to berry character, whereas a plum charac-
ter was more prominent in 2007 and cherry 
in 2006. The application of the various 
canopy management treatments within 
seasons also had a significant impact on 
the intensity of various aromas. 

As with the study in climate region 2, a 
comparison of the sensorial evaluation 
results of 6 and 24 month old 2004 Pino-
tage wines showed that the differences in 
colour and aroma concentrations in the 
young wines from different vine develop-
ment treatments disappeared with matu-
ration (Table 6). The prominence of the 
various aromas changed, either increas-
ing or decreasing in intensity. Corre-
sponding results were obtained with the 
2003 wines. 

When comparing the average wine results 
of the canopy management treatments, 
there is, as in climate region 2, no proof 
that optimal canopy management under 
the given trial conditions improved the 

wine quality of Pinotage in climate region 
3 (data not shown). 

Correlation between wine colour, yield and 
wine quality In an attempt to confirm that 
sensorially observed wine colour also cor-
related with wine quality, the relationship 
between sensorial wine colour and wine 
quality in the wines from climate region 3 
was also investigated. The latter compari-
son showed that perceptible wine colour in 
climate region 3 did not give a good indica-
tion of anticipated wine quality (Fig. 2). 

The perception that yield influenced wine 
quality was also tested in climate region 
3 and once again, as in the case of cli-
mate region 2 and results from several 
previous research projects (Van Schalk-
wyk et al., 1995; Van Schalkwyk et al., 
1999; Van Schalkwyk & Schmidt, 2009b), 
it was found that yield/ha per se did not 
impact on wine quality (Fig. 3). 

CONCLUSIONS AND  
RECOMMENDATIONS 

Although the application of optimal cano-
py management practices improved 

VINEYARD

technical yearbook 2009 23

2003 WINE

0
10
20
30
40
50
60
70
80
90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

2  cm ush vine 2  cm ush vine  cm ush vine  cm ush vine 
 cm Trellis  cm Trellis  cm Trellis  cm Trellis 

 = LSD (p  0.05)

2004 WINE

0

10

20

30

40

50

60

70

80

90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

20 cm Bush vine OC 20 cm Bush vine MC 30 cm Bush vine OC 30 cm Bush vine MC
30 cm Trellis OC 30 cm Trellis MC 60 cm Trellis OC 60 cm Trellis MC

 = LSD = (p 0.05)

2005 WINE

0
10
20
30
40
50
60
70
80
90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

2  cm ush vine 2  cm ush vine  cm ush vine  cm ush vine 
 cm Trellis  cm Trellis  cm Trellis  cm Trellis 

 = LSD = (p 0.05)

2006 WINE

0
10
20
30
40
50
60
70
80
90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

2  cm ush vine 2  cm ush vine  cm ush vine  cm ush vine 
 cm Trellis  cm Trellis  cm Trellis  cm Trellis 

 = LSD = (p 0.05)

2007 WINE

0
10
20
30
40
50
60
70
80
90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

2  cm ush vine 2  cm ush vine  cm ush vine  cm ush vine 
 cm Trellis  cm Trellis  cm Trellis  cm Trellis 

 = LSD = (p 0.05)

 

 
FIGURE 1. The influence of canopy treatments  vine development and cordon height on the average 

aroma and wine uality of inotage vineyards in climate region  (2   2 ). 
 

2003 WINE

0
10
20
30
40
50
60
70
80
90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

2  cm ush vine 2  cm ush vine  cm ush vine  cm ush vine 
 cm Trellis  cm Trellis  cm Trellis  cm Trellis 

 = LSD (p  0.05)

2004 WINE

0

10

20

30

40

50

60

70

80

90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

20 cm Bush vine OC 20 cm Bush vine MC 30 cm Bush vine OC 30 cm Bush vine MC
30 cm Trellis OC 30 cm Trellis MC 60 cm Trellis OC 60 cm Trellis MC

 = LSD = (p 0.05)

2005 WINE

0
10
20
30
40
50
60
70
80
90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

2  cm ush vine 2  cm ush vine  cm ush vine  cm ush vine 
 cm Trellis  cm Trellis  cm Trellis  cm Trellis 

 = LSD = (p 0.05)

2006 WINE

0
10
20
30
40
50
60
70
80
90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

2  cm ush vine 2  cm ush vine  cm ush vine  cm ush vine 
 cm Trellis  cm Trellis  cm Trellis  cm Trellis 

 = LSD = (p 0.05)

2007 WINE

0
10
20
30
40
50
60
70
80
90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

2  cm ush vine 2  cm ush vine  cm ush vine  cm ush vine 
 cm Trellis  cm Trellis  cm Trellis  cm Trellis 

 = LSD = (p 0.05)

 

 
FIGURE 1. The influence of canopy treatments  vine development and cordon height on the average 

aroma and wine uality of inotage vineyards in climate region  (2   2 ). 
 

2003 WINE

0
10
20
30
40
50
60
70
80
90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

2  cm ush vine 2  cm ush vine  cm ush vine  cm ush vine 
 cm Trellis  cm Trellis  cm Trellis  cm Trellis 

 = LSD (p  0.05)

2004 WINE

0

10

20

30

40

50

60

70

80

90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

20 cm Bush vine OC 20 cm Bush vine MC 30 cm Bush vine OC 30 cm Bush vine MC
30 cm Trellis OC 30 cm Trellis MC 60 cm Trellis OC 60 cm Trellis MC

 = LSD = (p 0.05)

2005 WINE

0
10
20
30
40
50
60
70
80
90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

2  cm ush vine 2  cm ush vine  cm ush vine  cm ush vine 
 cm Trellis  cm Trellis  cm Trellis  cm Trellis 

 = LSD = (p 0.05)

2006 WINE

0
10
20
30
40
50
60
70
80
90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

2  cm ush vine 2  cm ush vine  cm ush vine  cm ush vine 
 cm Trellis  cm Trellis  cm Trellis  cm Trellis 

 = LSD = (p 0.05)

2007 WINE

0
10
20
30
40
50
60
70
80
90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

2  cm ush vine 2  cm ush vine  cm ush vine  cm ush vine 
 cm Trellis  cm Trellis  cm Trellis  cm Trellis 

 = LSD = (p 0.05)

 

 
FIGURE 1. The influence of canopy treatments  vine development and cordon height on the average 

aroma and wine uality of inotage vineyards in climate region  (2   2 ). 
 

2003 WINE

0
10
20
30
40
50
60
70
80
90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

2  cm ush vine 2  cm ush vine  cm ush vine  cm ush vine 
 cm Trellis  cm Trellis  cm Trellis  cm Trellis 

 = LSD (p  0.05)

2004 WINE

0

10

20

30

40

50

60

70

80

90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

20 cm Bush vine OC 20 cm Bush vine MC 30 cm Bush vine OC 30 cm Bush vine MC
30 cm Trellis OC 30 cm Trellis MC 60 cm Trellis OC 60 cm Trellis MC

 = LSD = (p 0.05)

2005 WINE

0
10
20
30
40
50
60
70
80
90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

2  cm ush vine 2  cm ush vine  cm ush vine  cm ush vine 
 cm Trellis  cm Trellis  cm Trellis  cm Trellis 

 = LSD = (p 0.05)

2006 WINE

0
10
20
30
40
50
60
70
80
90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

2  cm ush vine 2  cm ush vine  cm ush vine  cm ush vine 
 cm Trellis  cm Trellis  cm Trellis  cm Trellis 

 = LSD = (p 0.05)

2007 WINE

0
10
20
30
40
50
60
70
80
90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

2  cm ush vine 2  cm ush vine  cm ush vine  cm ush vine 
 cm Trellis  cm Trellis  cm Trellis  cm Trellis 

 = LSD = (p 0.05)

 

 
FIGURE 1. The influence of canopy treatments  vine development and cordon height on the average 

aroma and wine uality of inotage vineyards in climate region  (2   2 ). 
 

2003 WINE

0
10
20
30
40
50
60
70
80
90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

2  cm ush vine 2  cm ush vine  cm ush vine  cm ush vine 
 cm Trellis  cm Trellis  cm Trellis  cm Trellis 

 = LSD (p  0.05)

2004 WINE

0

10

20

30

40

50

60

70

80

90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

20 cm Bush vine OC 20 cm Bush vine MC 30 cm Bush vine OC 30 cm Bush vine MC
30 cm Trellis OC 30 cm Trellis MC 60 cm Trellis OC 60 cm Trellis MC

 = LSD = (p 0.05)

2005 WINE

0
10
20
30
40
50
60
70
80
90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

2  cm ush vine 2  cm ush vine  cm ush vine  cm ush vine 
 cm Trellis  cm Trellis  cm Trellis  cm Trellis 

 = LSD = (p 0.05)

2006 WINE

0
10
20
30
40
50
60
70
80
90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

2  cm ush vine 2  cm ush vine  cm ush vine  cm ush vine 
 cm Trellis  cm Trellis  cm Trellis  cm Trellis 

 = LSD = (p 0.05)

2007 WINE

0
10
20
30
40
50
60
70
80
90

100

Colour Cherry Berry Plum Other Balance Overall
quality

Sensorial wine characteristics

Sc
or

e 
ac

co
rd

in
g 

10
-p

io
nt

 li
ne

 
m

et
ho

d 
(%

)

2  cm ush vine 2  cm ush vine  cm ush vine  cm ush vine 
 cm Trellis  cm Trellis  cm Trellis  cm Trellis 

 = LSD = (p 0.05)

 

 
FIGURE 1. The influence of canopy treatments  vine development and cordon height on the average 

aroma and wine uality of inotage vineyards in climate region  (2   2 ). 
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FIGURE 2. elationship between sensorial wine colour and the wine uality of inotage in 
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FIGURE 2. Relationship between sensorial wine 
colour and the wine quality of Pinotage in cli-
mate region 3 (2003 - 2007).

canopy density and probably also the 
micro-climatic conditions inside the can-
opy of the various trellis treatments, it did 
not improve the wine quality of Pinotage. 
The cost of applying optimal canopy 
management should therefore be taken 
into account before applying this practice. 
Denser canopies may be beneficial during 
prolonged heat-waves seeing that more 
leaves are present to protect bunches 
against sunburn under these conditions. 
Optimal canopy management should not 
be applied to bush vines in areas where 
strong wind prevails regularly. 
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FIGURE 3. Relationship between the yield/ha and Pinotage wine quality in climate region 3 (2003 
- 2007).

Abstract

The effect of canopy management (optimal versus minimum canopy management), vine structure (bush versus trellised) 
and the combination of these treatments on the wine quality of six and 24 month old Pinotage wine were investigated on 
six farms for five consecutive seasons in climate region 3. It was found that optimal canopy management improved canopy 
density, however, no improvement in average wine quality occurred. Therefore the increased cost of this practice must be 
taken into consideration. Trellised vines increased yields significantly and yields of up to 32.7 t/ha were achieved with 30 
cm split cordon trellising during 2003. However, few significant differences in average bunch mass and no significant dif-
ferences in berry mass or volume occurred. Although differences in yield had no significant effect on the average wine 
quality of Pinotage, significant differences occurred at farm level between the wine quality of the different vine structures. 
Bush vines tended to produce more intense wine colour than trellised vines. The total phenol concentration of trellised, 
however, tended to be higher. Climatic differences between seasons had a significant effect on the intensity of the berry 
and plum character of Pinotage wines. More prominent differences in wine quality and aroma occurred on farm level.  Some 
of the farms also produced better quality wines than others, thus clearly indicating that terroir is important when selecting 
a site for establishing Pinotage. It is very clear from yields and wine quality that Pinotage vines should be trellised and not 
kept as bush vines in climate region 3. The use of a 30 cm or 60 cm trellis will depend on the cost/benefit ratio.

For more information contact Danie van Schalkwyk, email: vschalkwykd@arc.agric.za. 

Trellising, be it 30 cm or 60 cm, not only 
improved the Pinotage yield in climate 
region 3, it also improved skin colour. 
Although the same trend did not occur 
with regard to wine colour, the total phe-
nol concentrations tended to be higher. 
This investigation could not find any proof 
that bush vine Pinotage in climate region 
3 yielded better quality wines than trel-
lised Pinotage. In view thereof, it is rec-
ommended that it is more profitable to 
cultivate trellised Pinotage in climate 
region 3. It has been found, however, that 
bush vines or trellising yielded signifi-
cantly better wine quality on some farms 
in some seasons and recommendations 
may therefore differ among farms. 

The perception that high yields per se pro-
duced lower quality Pinotage wines, was 
once again proved wrong. High yield Pino-
tage vineyards where the growth/yield ratio 
was balanced and sufficient shoot growth 
occurred, had the potential to produce high 
quality wines in climate region 3. 
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Cultivation of Pinotage in various climatic regions 
(Part 4): The impact of canopy management, vine 
frame and cordon height on the viticultural and 
oenological performance of Pinotage in climate 
region 4
Danie van Schalkwyk & André Schmidt, ARC Infruitec-Nietvoorbij, Stellenbosch

Key words: Climate, vine development, wine quality.

INTRODUCTION

The objective of the study was explained in detail in a previous 
article “Cultivation of Pinotage in various climatic regions (Part 1)” 
in Wynboer (Van Schalkwyk & Schmidt, 2009a). In short, the 
investigation was aimed at determining whether climatic region, 
bush vine compared to trellis and optimal canopy management 
compared to minimum canopy management impact signifi-
cantly on Pinotage wine quality. This article discusses the results 
obtained in climate region 4.

TRIAL PROCEDURE

The trial procedure was explained in detail in the first article of 
the series; in short it entailed the following:

Seven trial sites were laid out in existing young (1 to 2 year old) 
Pinotage vineyards with different producers in climate region 4. 
The sites were selected based on macro-climatic data according 
to Average February Temperature (AFT) (climate region 4: 23° - 
25°C). The trial sites were situated in Agter-Paarl, Darling, Rie-
beek-Kasteel and Wellington. Each producer site was considered 
a replication and the treatments were applied randomly.

Pinotage vines from the same clone (PI 48) were used and devel-
oped according to four vine development methods, namely: 
bush vine with 20 cm and 30 cm bush vine trunk length, split 
cordon with 30 cm and 60 cm trunk length on an Extended 
Perold. The normal recommended vine development (green 
shoot in the case of a split cordon) and bearer spacing [12.5 cm 
(8 two-bud bearers per running metre split cordon) between 
bearers in a split cordon and 5 - 6 two-bud bearers in goblet 
format for bush vine] were applied.

Two canopy management treatments were applied randomly, 1) 
minimum canopy management (MC) where suckering took place 
between the bearers only and all the shoots that sprouted on the 
bearers, were left in place and no leaves removed, 2) optimal 
canopy management (OC) where suckering took place between 
the bearers and only two shoots per bearer were left.

Grapes from each treatment were harvested at approximately 
25°B and experimental wines made in Nietvoorbij’s experimental 
cellar. Each season’s wine quality and maturation potential were 
judged 6 and 24 months after bottling according to standard 
sensorial procedures by a trained judging panel according to the 
10-point line scale method.

RESULTS AND DISCUSSION

Canopy density

The average canopy characteristics of the different treatments are 
indicated in Tables 1a to 1c. Higher scores for the canopy char-
acteristics and lower scores for the total canopy density indicate 
better canopies and possibly improved micro-climatic conditions 
(Hunter, 1999). As with the investigations in climate regions 2 and 
3 (Van Schalkwyk & Schmidt, 2009b & 2009c) OC resulted in an 
improvement not only in the total canopy characteristics of the 30 
cm and 60 cm trellis treatments, but also in the canopy density of 
these two treatments (Table 1a). Canopy management probably 
did not have any significant impact on the average canopy char-
acteristics of the bush vine treatments as a result of extremely 
strong winds that occurred at some of the sites each season. The 
total canopy characteristics of the bush vines were in fact signifi-
cantly inferior to those of the OC trellis treatments (Table 1b). 
Point-quadrant measurements (Hunter, 1992) indicated that sig-
nificantly more shadow leaves and bunches were present in the 
trellis treatments compared to where MC was applied.

The average canopy characteristics of the 60 cm trellis treatment 
were significantly better than that of both bush vine treatments, 
while only 30 cm trellis was significantly better than the 30 cm 
bush vines (Table 1b). There were no significant differences in the 
average canopy densities among the various trellis treatments. The 
total effect of OC across all vine development treatments showed 
that OC significantly improved canopy characteristics and canopy 
density and that there were significantly fewer shade leaves and 
bunches than with the MC treatments (Table 1c). Sunlight penetra-
tion measured inside the canopy of the treatments in order to 
quantify the photosynthetic active radiation within the various 
canopies, indicated that the more open canopies of the OC treat-
ments improved sunlight penetration (data not shown).
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FIGURE 3. Relationship between the yield/ha and Pinotage wine quality in climate region 3 (2003 
- 2007).

Abstract

The effect of canopy management (optimal versus minimum canopy management), vine structure (bush versus trellised) 
and the combination of these treatments on the wine quality of six and 24 month old Pinotage wine were investigated on 
six farms for five consecutive seasons in climate region 3. It was found that optimal canopy management improved canopy 
density, however, no improvement in average wine quality occurred. Therefore the increased cost of this practice must be 
taken into consideration. Trellised vines increased yields significantly and yields of up to 32.7 t/ha were achieved with 30 
cm split cordon trellising during 2003. However, few significant differences in average bunch mass and no significant dif-
ferences in berry mass or volume occurred. Although differences in yield had no significant effect on the average wine 
quality of Pinotage, significant differences occurred at farm level between the wine quality of the different vine structures. 
Bush vines tended to produce more intense wine colour than trellised vines. The total phenol concentration of trellised, 
however, tended to be higher. Climatic differences between seasons had a significant effect on the intensity of the berry 
and plum character of Pinotage wines. More prominent differences in wine quality and aroma occurred on farm level.  Some 
of the farms also produced better quality wines than others, thus clearly indicating that terroir is important when selecting 
a site for establishing Pinotage. It is very clear from yields and wine quality that Pinotage vines should be trellised and not 
kept as bush vines in climate region 3. The use of a 30 cm or 60 cm trellis will depend on the cost/benefit ratio.

For more information contact Danie van Schalkwyk, email: vschalkwykd@arc.agric.za. 

Trellising, be it 30 cm or 60 cm, not only 
improved the Pinotage yield in climate 
region 3, it also improved skin colour. 
Although the same trend did not occur 
with regard to wine colour, the total phe-
nol concentrations tended to be higher. 
This investigation could not find any proof 
that bush vine Pinotage in climate region 
3 yielded better quality wines than trel-
lised Pinotage. In view thereof, it is rec-
ommended that it is more profitable to 
cultivate trellised Pinotage in climate 
region 3. It has been found, however, that 
bush vines or trellising yielded signifi-
cantly better wine quality on some farms 
in some seasons and recommendations 
may therefore differ among farms. 

The perception that high yields per se pro-
duced lower quality Pinotage wines, was 
once again proved wrong. High yield Pino-
tage vineyards where the growth/yield ratio 
was balanced and sufficient shoot growth 
occurred, had the potential to produce high 
quality wines in climate region 3. 
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INTRODUCTION

The objective of the study was explained in detail in a previous 
article “Cultivation of Pinotage in various climatic regions (Part 1)” 
in Wynboer (Van Schalkwyk & Schmidt, 2009a). In short, the 
investigation was aimed at determining whether climatic region, 
bush vine compared to trellis and optimal canopy management 
compared to minimum canopy management impact signifi-
cantly on Pinotage wine quality. This article discusses the results 
obtained in climate region 4.

TRIAL PROCEDURE

The trial procedure was explained in detail in the first article of 
the series; in short it entailed the following:

Seven trial sites were laid out in existing young (1 to 2 year old) 
Pinotage vineyards with different producers in climate region 4. 
The sites were selected based on macro-climatic data according 
to Average February Temperature (AFT) (climate region 4: 23° - 
25°C). The trial sites were situated in Agter-Paarl, Darling, Rie-
beek-Kasteel and Wellington. Each producer site was considered 
a replication and the treatments were applied randomly.

Pinotage vines from the same clone (PI 48) were used and devel-
oped according to four vine development methods, namely: 
bush vine with 20 cm and 30 cm bush vine trunk length, split 
cordon with 30 cm and 60 cm trunk length on an Extended 
Perold. The normal recommended vine development (green 
shoot in the case of a split cordon) and bearer spacing [12.5 cm 
(8 two-bud bearers per running metre split cordon) between 
bearers in a split cordon and 5 - 6 two-bud bearers in goblet 
format for bush vine] were applied.

Two canopy management treatments were applied randomly, 1) 
minimum canopy management (MC) where suckering took place 
between the bearers only and all the shoots that sprouted on the 
bearers, were left in place and no leaves removed, 2) optimal 
canopy management (OC) where suckering took place between 
the bearers and only two shoots per bearer were left.

Grapes from each treatment were harvested at approximately 
25°B and experimental wines made in Nietvoorbij’s experimental 
cellar. Each season’s wine quality and maturation potential were 
judged 6 and 24 months after bottling according to standard 
sensorial procedures by a trained judging panel according to the 
10-point line scale method.

RESULTS AND DISCUSSION

Canopy density

The average canopy characteristics of the different treatments are 
indicated in Tables 1a to 1c. Higher scores for the canopy char-
acteristics and lower scores for the total canopy density indicate 
better canopies and possibly improved micro-climatic conditions 
(Hunter, 1999). As with the investigations in climate regions 2 and 
3 (Van Schalkwyk & Schmidt, 2009b & 2009c) OC resulted in an 
improvement not only in the total canopy characteristics of the 30 
cm and 60 cm trellis treatments, but also in the canopy density of 
these two treatments (Table 1a). Canopy management probably 
did not have any significant impact on the average canopy char-
acteristics of the bush vine treatments as a result of extremely 
strong winds that occurred at some of the sites each season. The 
total canopy characteristics of the bush vines were in fact signifi-
cantly inferior to those of the OC trellis treatments (Table 1b). 
Point-quadrant measurements (Hunter, 1992) indicated that sig-
nificantly more shadow leaves and bunches were present in the 
trellis treatments compared to where MC was applied.

The average canopy characteristics of the 60 cm trellis treatment 
were significantly better than that of both bush vine treatments, 
while only 30 cm trellis was significantly better than the 30 cm 
bush vines (Table 1b). There were no significant differences in the 
average canopy densities among the various trellis treatments. The 
total effect of OC across all vine development treatments showed 
that OC significantly improved canopy characteristics and canopy 
density and that there were significantly fewer shade leaves and 
bunches than with the MC treatments (Table 1c). Sunlight penetra-
tion measured inside the canopy of the treatments in order to 
quantify the photosynthetic active radiation within the various 
canopies, indicated that the more open canopies of the OC treat-
ments improved sunlight penetration (data not shown).
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TABLE 1a. The influence of canopy treatments, vine development and cordon height on the averge canopy characteristics of Pinotage vines in climate 
region 4 (2003 - 2007).

Parameters 20 cm Bush vine 30 cm Bush vine 30 cm Trellis 60 cm Trellis

OC1 MC2 OC MC OC MC OC MC

Total marks allocation for descrip-
tion of canopy characteristics

62.4 b* 59.4 b 59.7 b 58.3 b 68.7 a 57.8 b 68.9 a 61.2 b

Canopy density (bunches) 1.31 b** 1.34 ab 1.28 b 1.43 a

Canopy density (leaf layers) 2.79 b 3.78 a 2.79 b 3.63 a

Total canopy density 4.10 b 5.22 a 4.07 b 5.06 a

% Shade bunches 83.1 b 91.8 a 85.5 a 90.6 a

% Shade leaves 33.8 b 47.3 a 33.1 b 46.3 a

* Figures for parameters in a climate region followed by the same letter do not differ significantly from each other (p≤0.05).
** The point quadrant method to determine the number of foliage layers was not applied to the bush vines.
1 OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage 
layers occurred.
2 MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.

TABLE 1b. The influence of vine development and cordon height on the average canopy characteristics of Pinotage vines in climate region 4 (2003 - 
2007).

Parameters 20 cm Bush vine 30 cm Bush vine 30 cm Trellis 60 cm Trellis

Total marks allocation for descrip-
tion of canopy characteristics

60.9 bc* 59.0 c 63.3 ab 65.2 a

Canopy density (bunches) 1.33 a** 1.35 a

Canopy density (blaarlae) 3.29 a 3.21 a

Total canopy density** 4.62 a 4.76 a

% Shade bunches 87.1 a 88.1 a

% Shade leaves 40.4 a 39.7 a

* Figures for parameters in a climate region followed by the same letter do not differ significantly from each other (p≤0.05).
** The point quadrant method to determine the number of foliage layers was not applied to the bush vines.

TABLE 1c. The influence of canopy management on the average canopy characteristics of Pinotage 
vines in climate region 4 (2003 - 2007).

Parameters OC1 MC2

Total marks allocation for description of 
canopy characteristics

64.9 a* 59.1 b

Canopy density (bunches) 1.29 b** 1.39 a

Canopy density (blaarlae) 2.78 b 3.70 a

Total canopy density 4.07 b 5.09 a

% Shade bunches 84.3 b 91.2 a

% Shade leaves 33.2 b 46.8 a

* Figures for parameters in a climate region followed by the same letter do not differ significantly from each 
other (p≤0.05).
** The point quadrant method to determine the number of foliage layers was not applied to the bush vines.
1 OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned 
and foliage removed where more than three foliage layers occurred.
2 MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, 
topping, spurs positioned but no foliage removed.

Viticultural performance

The application of OC caused slightly 
earlier ripening in the 60 cm trellis only 
(Table 2a). Evaluation of the grapes’ gen-
eral physical condition during the harvest 

indicated that the bush vine treatments 
were more subject to feeding and sun-
burn damage and millerandage (data not 
shown).

Yield

Canopy management practices resulted 
in a significant difference in yield in the 30 
cm bush vine treatment only due to the 
bigger difference in the number of bunch-
es/vine (Table 2a). The MC treatment 
resulted in a significantly higher yield than 
the OC treatment. Optimum canopy man-
agement resulted in significantly fewer 
bunches than MC in the bush vine treat-
ments only. Although there were several 
significant differences in the bunch mass 
or must composition of the various treat-
ments, optimum canopy management 
did not result in any significant differences 
in this regard in the various vine develop-
ment treatments.

As far as the different vine development 
treatments are concerned, the two bush 
vine treatments yielded significantly lower 
yields than the two trellis treatments (Table 
2b). Although the average yields obtained 
were relatively low for this region, yields of 
up to 31.1 t/ha and 32.5 t/ha respec-
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TABLE 2a. The influence of canopy management, vine development and cordon height on the average viticultural performance of Pinotage in climate 
region 4 (2003 - 2007).

Vine  
development

Canopy 
manage-

ment

Harvest 
date

Cropmass
(t/ ha)

Number 
of bunch-
es/vine

Bunch-
mass 
(g)

Sugar
(°B)

Acid
(g/L)

pH
Skin-colour

420 nm
Skin colour

520 nm

20 cm Bush 
vine

OL1 23 Jan 4.1 d* 12 d 119.4 cd 25.9 a 6.6 a 3.57 a 0.387 a 1.679 ab
ML2 25 Jan 5.9 cd 19 c 113.1 d 25.5 abc 6.7 a 3.53 ab 0.337 a 1.797 a

30 cm Bush 
vine

OL 25 Jan 4.3 d 12 d 128.6 c 25.6 ab 6.6 a 3.57a 0.378 a 1.614 ab
ML 26 Jan 7.0 c 21 c 125.4 c 25.5 abc 6.5 a 3.52 ab 0.365 a 1.543 b

30 cm Trellis
OL 2 Feb 11.5 b 33 ab 142.1 ab 25.1 bc 6.3 ab 3.41 cd 0.380 a 1.632 ab
ML 3 Feb 12.9 ab 39 a 123.5 cd 25.4 bc 6.0 b 3.47 bc 0.391 a 1.671 ab

60 cm Trellis
OL 4 Feb 12.0 ab 32 b 152.3 a 25.5 abc 6.5 ab 3.38 d 0.379 a 1.670 ab
ML 7 Feb 13.9 a 41 a 131.2 bc 25.0 c 6.5 ab 3.43 cd 0.383 a 1.677 ab

1 OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 

occurred.
2 MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.

* Figures for parameters in a climate region followed by the same letter do not differ significantly from each other.

TABLE 2b. The influence of canopy management, vine development and cordon height on the average viticultural performance of Pinotage in climate 
region 4 (2003 - 2007).

Vine  
development

Crop mass
(t/ha)

Number of 
bunches/ 

vine

Bunchmass
(g)

Berry-
mass
(g)

Berry volume
(mL)

Sugar
(°B)

Acid
(g/L)

pH
Skin 

colour
420 nm

Skin 
colour
520 nm

20 cm Bush 
vine 5.0 b* 16 b 116.2 c 1.38 b 1.38 a 25.7 a 6.7 a 3.55 a 0.398 a 1.738 a

30 cm Bush 
vine 5.6 b 16 b 127.1 b 1.42 ab 1.34 ab 25.5 ab 6.6 a 3.54 a 0.372 a 1.579 b

30 cm Trellis 12.2 a 36 a 132.8 b 1.38 b 1.30 b 25.3 b 6.1 b 3.44 b 0.386 a 1.652 ab

60 cm Trellis 13.0 a 36 a 141.8 a 1.45 a 1.34 ab 25.2 b 6.5 ab 3.41 b 0.38 a 1.674 ab

* Figures for parameters in a climate region followed by the same letter do not differ significantly from each other (p≤0.05).

TABLE 3a. The influence of canopy management, vine development and cordon height on the wine and must composition of Pinotage in climate region 
4 (2003 - 2007).

Vine  
development

Canopy man-
age-ment

Alcohol
(%)

Extract
(g/L)

Sugar
(g/L)

Acid
(g/L)

pH
Wine colour

420 nm
Wine colour

520 nm
Total phenols 

(mg/L)

20 cm Bush 
vine

OC1 15.2 a* 34.1 a 1.9 ab 5.5 a 4.09 a 0.833 a 1.301 a 2193 ab
MC2 14.9 ab 33.7 a 1.9 ab 5.6 a 4.09 a 0.820 ab 1.266 ab 1877 bc

30 cm Bush 
vine

OC 15.1 ab 33.5 ab 1.9 ab 5.7 a 4.04 ab 0.787 ab 1.247 ab 1910 bc
MC 15.0 ab 33.3 ab 2.3 a 5.4 ab 4.13 a 0.769 bc 1.173 bc 2466 a

30 cm Trellis
OC 14.7 b 31.7 bc 1.9 ab 5.4 ab 4.06 ab 0.689 d 1.092 c 2062 abc
MC 14.8 ab 31.4 c 2.0 ab 5.1 b 4.02 ab 0.717 cd 1.104 c 1884 bc

60 cm Trellis
OC 14.8 ab 31.8 bc 1.8 b 5.1 b 4.07 ab 0.717 dc 1.126 c 2273 ab
MC 14.8 ab 31.8 bc 1.8 b 5.4 ab 3.96 b 0.716 cd 1.141 c 1553 c

1 OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 
occurred.
2 MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.
* Figures for parameters in a climate region followed by the same letter do not differ significantly from each other. (p≤0.05).

tively were obtained using 60 cm and 30 cm trellis at some of 
the plots in the Wellington area. The 20 cm bush vine and 30 cm 
trellis treatments both had significantly lower berry mass and 
volumes than the other two treatments. The heavier yield of the 
30 cm and 60 cm trellis treatments resulted in significantly lower 
sugars, total acids and pHs than those of the two bush vine 
treatments. The best skin colour extraction was obtained from 
20 cm bush vines.

Wine analyses

Despite significant differences in the wine composition of the 
various treatment combinations, no significant differences 
occurred in the wine composition of OC and MC with individual 
vine development (Table 3a). Wine colour and total phenolic 

concentrations of OC tended to be higher than those of MC in 
most treatments. The wine colour of 20 cm bush vine tended to 
be highest and OC 30 cm lowest, while MC had the highest and 
lowest total phenols in 30 cm bush vine and 60 cm trellis.

The significantly lower alcohol and extract levels of the trellis treat-
ments’ wines may be ascribed to the slightly lower sugars at which 
these treatments were harvested (Table 3b). The significantly lower 
total acid concentrations of these two treatments’ wines were prob-
ably due to significantly higher yields than those of the bush vines. 
Wine colour in both trellis treatments was significantly lower than in 
the bush vine treatments and although not significant, the total 
phenolic concentrations also tended to be lower. This is directly 
opposite to results obtained by the investigations in climate regions 
2 and 3 (Van Schalkwyk & Schmidt, 2009b & 2009c).
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TABLE 1a. The influence of canopy treatments, vine development and cordon height on the averge canopy characteristics of Pinotage vines in climate 
region 4 (2003 - 2007).

Parameters 20 cm Bush vine 30 cm Bush vine 30 cm Trellis 60 cm Trellis

OC1 MC2 OC MC OC MC OC MC

Total marks allocation for descrip-
tion of canopy characteristics

62.4 b* 59.4 b 59.7 b 58.3 b 68.7 a 57.8 b 68.9 a 61.2 b

Canopy density (bunches) 1.31 b** 1.34 ab 1.28 b 1.43 a

Canopy density (leaf layers) 2.79 b 3.78 a 2.79 b 3.63 a

Total canopy density 4.10 b 5.22 a 4.07 b 5.06 a

% Shade bunches 83.1 b 91.8 a 85.5 a 90.6 a

% Shade leaves 33.8 b 47.3 a 33.1 b 46.3 a

* Figures for parameters in a climate region followed by the same letter do not differ significantly from each other (p≤0.05).
** The point quadrant method to determine the number of foliage layers was not applied to the bush vines.
1 OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage 
layers occurred.
2 MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.

TABLE 1b. The influence of vine development and cordon height on the average canopy characteristics of Pinotage vines in climate region 4 (2003 - 
2007).

Parameters 20 cm Bush vine 30 cm Bush vine 30 cm Trellis 60 cm Trellis

Total marks allocation for descrip-
tion of canopy characteristics

60.9 bc* 59.0 c 63.3 ab 65.2 a

Canopy density (bunches) 1.33 a** 1.35 a

Canopy density (blaarlae) 3.29 a 3.21 a

Total canopy density** 4.62 a 4.76 a

% Shade bunches 87.1 a 88.1 a

% Shade leaves 40.4 a 39.7 a

* Figures for parameters in a climate region followed by the same letter do not differ significantly from each other (p≤0.05).
** The point quadrant method to determine the number of foliage layers was not applied to the bush vines.

TABLE 1c. The influence of canopy management on the average canopy characteristics of Pinotage 
vines in climate region 4 (2003 - 2007).

Parameters OC1 MC2

Total marks allocation for description of 
canopy characteristics

64.9 a* 59.1 b

Canopy density (bunches) 1.29 b** 1.39 a

Canopy density (blaarlae) 2.78 b 3.70 a

Total canopy density 4.07 b 5.09 a

% Shade bunches 84.3 b 91.2 a

% Shade leaves 33.2 b 46.8 a

* Figures for parameters in a climate region followed by the same letter do not differ significantly from each 
other (p≤0.05).
** The point quadrant method to determine the number of foliage layers was not applied to the bush vines.
1 OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned 
and foliage removed where more than three foliage layers occurred.
2 MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, 
topping, spurs positioned but no foliage removed.

Viticultural performance

The application of OC caused slightly 
earlier ripening in the 60 cm trellis only 
(Table 2a). Evaluation of the grapes’ gen-
eral physical condition during the harvest 

indicated that the bush vine treatments 
were more subject to feeding and sun-
burn damage and millerandage (data not 
shown).

Yield

Canopy management practices resulted 
in a significant difference in yield in the 30 
cm bush vine treatment only due to the 
bigger difference in the number of bunch-
es/vine (Table 2a). The MC treatment 
resulted in a significantly higher yield than 
the OC treatment. Optimum canopy man-
agement resulted in significantly fewer 
bunches than MC in the bush vine treat-
ments only. Although there were several 
significant differences in the bunch mass 
or must composition of the various treat-
ments, optimum canopy management 
did not result in any significant differences 
in this regard in the various vine develop-
ment treatments.

As far as the different vine development 
treatments are concerned, the two bush 
vine treatments yielded significantly lower 
yields than the two trellis treatments (Table 
2b). Although the average yields obtained 
were relatively low for this region, yields of 
up to 31.1 t/ha and 32.5 t/ha respec-
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TABLE 2a. The influence of canopy management, vine development and cordon height on the average viticultural performance of Pinotage in climate 
region 4 (2003 - 2007).

Vine  
development

Canopy 
manage-

ment

Harvest 
date

Cropmass
(t/ ha)

Number 
of bunch-
es/vine

Bunch-
mass 
(g)

Sugar
(°B)

Acid
(g/L)

pH
Skin-colour

420 nm
Skin colour

520 nm

20 cm Bush 
vine

OL1 23 Jan 4.1 d* 12 d 119.4 cd 25.9 a 6.6 a 3.57 a 0.387 a 1.679 ab
ML2 25 Jan 5.9 cd 19 c 113.1 d 25.5 abc 6.7 a 3.53 ab 0.337 a 1.797 a

30 cm Bush 
vine

OL 25 Jan 4.3 d 12 d 128.6 c 25.6 ab 6.6 a 3.57a 0.378 a 1.614 ab
ML 26 Jan 7.0 c 21 c 125.4 c 25.5 abc 6.5 a 3.52 ab 0.365 a 1.543 b

30 cm Trellis
OL 2 Feb 11.5 b 33 ab 142.1 ab 25.1 bc 6.3 ab 3.41 cd 0.380 a 1.632 ab
ML 3 Feb 12.9 ab 39 a 123.5 cd 25.4 bc 6.0 b 3.47 bc 0.391 a 1.671 ab

60 cm Trellis
OL 4 Feb 12.0 ab 32 b 152.3 a 25.5 abc 6.5 ab 3.38 d 0.379 a 1.670 ab
ML 7 Feb 13.9 a 41 a 131.2 bc 25.0 c 6.5 ab 3.43 cd 0.383 a 1.677 ab

1 OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 

occurred.
2 MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.

* Figures for parameters in a climate region followed by the same letter do not differ significantly from each other.

TABLE 2b. The influence of canopy management, vine development and cordon height on the average viticultural performance of Pinotage in climate 
region 4 (2003 - 2007).

Vine  
development

Crop mass
(t/ha)

Number of 
bunches/ 

vine

Bunchmass
(g)

Berry-
mass
(g)

Berry volume
(mL)

Sugar
(°B)

Acid
(g/L)

pH
Skin 

colour
420 nm

Skin 
colour
520 nm

20 cm Bush 
vine 5.0 b* 16 b 116.2 c 1.38 b 1.38 a 25.7 a 6.7 a 3.55 a 0.398 a 1.738 a

30 cm Bush 
vine 5.6 b 16 b 127.1 b 1.42 ab 1.34 ab 25.5 ab 6.6 a 3.54 a 0.372 a 1.579 b

30 cm Trellis 12.2 a 36 a 132.8 b 1.38 b 1.30 b 25.3 b 6.1 b 3.44 b 0.386 a 1.652 ab

60 cm Trellis 13.0 a 36 a 141.8 a 1.45 a 1.34 ab 25.2 b 6.5 ab 3.41 b 0.38 a 1.674 ab

* Figures for parameters in a climate region followed by the same letter do not differ significantly from each other (p≤0.05).

TABLE 3a. The influence of canopy management, vine development and cordon height on the wine and must composition of Pinotage in climate region 
4 (2003 - 2007).

Vine  
development

Canopy man-
age-ment

Alcohol
(%)

Extract
(g/L)

Sugar
(g/L)

Acid
(g/L)

pH
Wine colour

420 nm
Wine colour

520 nm
Total phenols 

(mg/L)

20 cm Bush 
vine

OC1 15.2 a* 34.1 a 1.9 ab 5.5 a 4.09 a 0.833 a 1.301 a 2193 ab
MC2 14.9 ab 33.7 a 1.9 ab 5.6 a 4.09 a 0.820 ab 1.266 ab 1877 bc

30 cm Bush 
vine

OC 15.1 ab 33.5 ab 1.9 ab 5.7 a 4.04 ab 0.787 ab 1.247 ab 1910 bc
MC 15.0 ab 33.3 ab 2.3 a 5.4 ab 4.13 a 0.769 bc 1.173 bc 2466 a

30 cm Trellis
OC 14.7 b 31.7 bc 1.9 ab 5.4 ab 4.06 ab 0.689 d 1.092 c 2062 abc
MC 14.8 ab 31.4 c 2.0 ab 5.1 b 4.02 ab 0.717 cd 1.104 c 1884 bc

60 cm Trellis
OC 14.8 ab 31.8 bc 1.8 b 5.1 b 4.07 ab 0.717 dc 1.126 c 2273 ab
MC 14.8 ab 31.8 bc 1.8 b 5.4 ab 3.96 b 0.716 cd 1.141 c 1553 c

1 OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 
occurred.
2 MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.
* Figures for parameters in a climate region followed by the same letter do not differ significantly from each other. (p≤0.05).

tively were obtained using 60 cm and 30 cm trellis at some of 
the plots in the Wellington area. The 20 cm bush vine and 30 cm 
trellis treatments both had significantly lower berry mass and 
volumes than the other two treatments. The heavier yield of the 
30 cm and 60 cm trellis treatments resulted in significantly lower 
sugars, total acids and pHs than those of the two bush vine 
treatments. The best skin colour extraction was obtained from 
20 cm bush vines.

Wine analyses

Despite significant differences in the wine composition of the 
various treatment combinations, no significant differences 
occurred in the wine composition of OC and MC with individual 
vine development (Table 3a). Wine colour and total phenolic 

concentrations of OC tended to be higher than those of MC in 
most treatments. The wine colour of 20 cm bush vine tended to 
be highest and OC 30 cm lowest, while MC had the highest and 
lowest total phenols in 30 cm bush vine and 60 cm trellis.

The significantly lower alcohol and extract levels of the trellis treat-
ments’ wines may be ascribed to the slightly lower sugars at which 
these treatments were harvested (Table 3b). The significantly lower 
total acid concentrations of these two treatments’ wines were prob-
ably due to significantly higher yields than those of the bush vines. 
Wine colour in both trellis treatments was significantly lower than in 
the bush vine treatments and although not significant, the total 
phenolic concentrations also tended to be lower. This is directly 
opposite to results obtained by the investigations in climate regions 
2 and 3 (Van Schalkwyk & Schmidt, 2009b & 2009c).
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TABLE 3b. The influence of vine development and cordon height on the average wine and must composition of Pinotage in climate region 4 (2003 - 
2007).

Vine development
Alcohol

(%)
Extract
(g/L)

Sugar
(g/L)

Acid
(g/L)

pH
Wine colour

420 nm
Wine colour

520 nm

Totale  
phenols  
(mg/L)

20 cm Bush vine 15.1 a* 33.9 a 1.9 a 5.6 a 4.09 a 0.827 a 1.283 a 2035 a

30 cm Bush vine 15.0 a 33.4 a 2.1 a 5.5 ab 4.08 a 0.778 b 1.210 a 2178 a

30 cm Trellis 14.7 b 31.6 b 1.9 a 5.3 b 4.04 a 0.704 c 1.099 b 1970 a

60 cm Trellis 14.8 ab 31.8 b 1.8 a 5.3 b 4.01 a 0.716 c 1.134 b 1913 a

* Figures for parameters in a climate region followed by the same letter do not differ significantly from each other. (p≤0.05).

TABLE 4. The influence of canopy treatments, vine development and cordon height on the average wine colour and quality of Pinotage wines in climate 
region 4 (2003 - 2007).

Treatment
Colour (%) Overall wine quality (%)

2003 2004 2005 2006 2007 Avg. 2003 2004 2005 2006 2007 Avg.

20 cm Bush vine OC1 79.0 
ab* 85.2 a 86.0 ab 86.6 ab 89.6 a 85.3 64.7 a 56.1 b 59.6 a 59.9 ab 62.6 a 60.6

20 cm Bush vine MC2 72.0 b 89.2 a 88.2 a 86.9 ab 90.4 a 85.3 55.4 b 64.8 a 59.1 a 61.0 ab 64.5 a 61.0

30 cm Bush vine OC 74.3 
ab 91.3 a 86.5 ab 87.5 a 89 7 a 85.9 63.6 a 57.1 b 57.3 a 57.7 b 63.8 a 59.9

30 cm Bush vine MC 78.7 
ab 86.8 a 87.4 a 87.5 a 88.8 ab 85.8 57.1 ab 60.1 ab 58.8 a 56.2 b 61.9 a 58.8

30 cm Trellis OC 80.5 
ab 78.5 b 83.8 bc 81.0 b 86.6 abc 82.1 58.8 ab 61.1 ab 60.2 a 56.4 b 60.1 a 59.3

30 cm Trellis MC 75.3 
ab 75.1 b 80.8 c 81.8 bc 84.6 bc 79.5 61.3 ab 58.9 ab 54.9 a 59.8 ab 59.6 a 58.9

60 cm Trellis OC 83.0 a 78.1 b 82.6 bc 79.5 c 82.9 b 81.2 60.8 ab 60.3 ab 59.2 a 60.1 ab 61.1 a 60.3

60 cm Trellis MC 73.3 
ab 73.4 b 81.7 c 79.8 c 87.0 abc 79.0 55.9 b 60.5 ab 58.2 a 64.4 a 59.4 a 59.7

1 OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 
occurred.
2 MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.
* Figures for parameters in a climate region followed by the same letter do not differ significantly from each other. (p≤0.05).
The coloured blocks indicate where significant differences occurred between the canopy management treatments of vine development treatments.

TABLE 5. The influence of vine development in climate region 4 on the average wine colour and quality of 2003 - 2007 Pinotage wines.

Vine  
development

Colour (%) Overall wine quality (%)

2003 2004 2005 2006 2007 Avg. 2003 2004 2005 2006 2007 Avg.

20 cm Bush vine 75.5 a* 87.2 a 87.1 a 86.8 a 90.0 a 85.3 60.1 a 60.5 a 59.4 a 60.5 ab 63.6 a 60.8

30 cm Bush vine 76.5 a 89.1 a 87.0 a 87.5 a 89.3 a 85.9 60.4 a 58.6 a 58.1 a 57.0 b 62.9 a 59.4

30 cm Trellis 77.9 a 76.8 b 82.3 b 81.4 b 85.6 b 80.8 60.1 a 60.0 a 57.6 a 58.1 ab 59.9 a 59.1

60 cm Trellis 78.2 a 75.8 b 82.2 b 79.7 b 85.0 b 80.1 58.4 a 60.4 a 58.7 a 62.3 a 60.3 a 60.0

* Figures for parameters in a climate region and vintages followed by the same letter do not differ significantly from each other. (p≤0.05).

The coloured blocks indicate where significant differences occurred between the vine development treatments.

Wine aroma and wine quality

Each season’s wines were evaluated for wine quality and aroma 
6 and 24 months after bottling. This evaluation showed that 
although differences in sensorial wine colour and wine quality 
occurred between treatment combinations, the only significant 
difference between OC and MC wine quality occurred in the 20 
cm bush vine during 2003 and 2004 (Table 4). Apart from these 
two instances it is therefore clear that optimal canopy manage-
ment did not improve the wine colour or wine quality of the 
various vine developments. The differences that did occur, how-
ever, were also reversed in the two seasons. One cannot state 
categorically, however, that canopy management does not have 

a significant impact on Pinotage wines, as many differences 
occurred within seasons at farm level. There were also differ-
ences in aroma intensity. The above is an indication that it is not 
possible to make a general recommendation in respect of can-
opy management in this climate region. Differences may occur 
at farm level.

In four of the five seasons the wine colour of both trellis treat-
ments was significantly less intense than with the two bush vine 
treatments, thereby proving that bush vines in climate region 4 
generally produced better wine colour (Table 5). Wine quality did 
not show the same trend, however. The only significant difference 
in wine quality occurred in the 2006 wines when 60 cm trellis 
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resulted in significantly better wine quality than 30 cm bush vine. 
On the whole across all the seasons it is therefore clear that 
neither canopy management nor vine development in climate 
region 4 had a significant influence on the overall wine quality of 
Pinotage. Evaluation of 24 month old wines showed that the 
trends with regard to sensorial wine colour and wine quality dur-
ing bottle maturation were the same (data not shown). Differ-
ences in aroma intensity in the wines from the treatment combi-
nations occurred within seasons, but not between the OC or MC 
of the different vine developments, unlike the results from climate 
regions 2 and 3 (Fig. 1). Climatic differences between seasons 
had a considerable impact on general aroma intensity. Wines 

from 2005 were more neutral, while the 2007 wines had a fairly 
intense berry character (especially black currant). Both bush vine 
treatments had a more intense cherry character in 2006 than in 
the other seasons and also more intense than the trellis treat-
ments.

Correlation between wine colour, yield and wine quality. As in the 
case of climate region 3, there was not a good correlation 
between sensorial wine colour and wine quality in the wines from 
climate region 4 and consequently perceptible wine colour did 
not give a good indication of anticipated wine quality.

The perception that wine quality may be influenced negatively by 
high yields could not be confirmed in climate region 4, just as in 

FIGURE 1. The influence of canopy treatments, vine development and cordon height on the average aroma and wine quality of Pinotage vines in climate 
region 4 (2003 - 2007).
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TABLE 3b. The influence of vine development and cordon height on the average wine and must composition of Pinotage in climate region 4 (2003 - 
2007).

Vine development
Alcohol

(%)
Extract
(g/L)

Sugar
(g/L)

Acid
(g/L)

pH
Wine colour

420 nm
Wine colour

520 nm

Totale  
phenols  
(mg/L)

20 cm Bush vine 15.1 a* 33.9 a 1.9 a 5.6 a 4.09 a 0.827 a 1.283 a 2035 a

30 cm Bush vine 15.0 a 33.4 a 2.1 a 5.5 ab 4.08 a 0.778 b 1.210 a 2178 a

30 cm Trellis 14.7 b 31.6 b 1.9 a 5.3 b 4.04 a 0.704 c 1.099 b 1970 a

60 cm Trellis 14.8 ab 31.8 b 1.8 a 5.3 b 4.01 a 0.716 c 1.134 b 1913 a

* Figures for parameters in a climate region followed by the same letter do not differ significantly from each other. (p≤0.05).

TABLE 4. The influence of canopy treatments, vine development and cordon height on the average wine colour and quality of Pinotage wines in climate 
region 4 (2003 - 2007).

Treatment
Colour (%) Overall wine quality (%)

2003 2004 2005 2006 2007 Avg. 2003 2004 2005 2006 2007 Avg.

20 cm Bush vine OC1 79.0 
ab* 85.2 a 86.0 ab 86.6 ab 89.6 a 85.3 64.7 a 56.1 b 59.6 a 59.9 ab 62.6 a 60.6

20 cm Bush vine MC2 72.0 b 89.2 a 88.2 a 86.9 ab 90.4 a 85.3 55.4 b 64.8 a 59.1 a 61.0 ab 64.5 a 61.0

30 cm Bush vine OC 74.3 
ab 91.3 a 86.5 ab 87.5 a 89 7 a 85.9 63.6 a 57.1 b 57.3 a 57.7 b 63.8 a 59.9

30 cm Bush vine MC 78.7 
ab 86.8 a 87.4 a 87.5 a 88.8 ab 85.8 57.1 ab 60.1 ab 58.8 a 56.2 b 61.9 a 58.8

30 cm Trellis OC 80.5 
ab 78.5 b 83.8 bc 81.0 b 86.6 abc 82.1 58.8 ab 61.1 ab 60.2 a 56.4 b 60.1 a 59.3

30 cm Trellis MC 75.3 
ab 75.1 b 80.8 c 81.8 bc 84.6 bc 79.5 61.3 ab 58.9 ab 54.9 a 59.8 ab 59.6 a 58.9

60 cm Trellis OC 83.0 a 78.1 b 82.6 bc 79.5 c 82.9 b 81.2 60.8 ab 60.3 ab 59.2 a 60.1 ab 61.1 a 60.3

60 cm Trellis MC 73.3 
ab 73.4 b 81.7 c 79.8 c 87.0 abc 79.0 55.9 b 60.5 ab 58.2 a 64.4 a 59.4 a 59.7

1 OC – Optimal canopy management, suckering to only two spurs per bearer, tipping, topping, spurs positioned and foliage removed where more than three foliage layers 
occurred.
2 MC – Suckering between bearers and the trunks only (all spurs budding on the bearer are left in place), tipping, topping, spurs positioned but no foliage removed.
* Figures for parameters in a climate region followed by the same letter do not differ significantly from each other. (p≤0.05).
The coloured blocks indicate where significant differences occurred between the canopy management treatments of vine development treatments.

TABLE 5. The influence of vine development in climate region 4 on the average wine colour and quality of 2003 - 2007 Pinotage wines.

Vine  
development

Colour (%) Overall wine quality (%)

2003 2004 2005 2006 2007 Avg. 2003 2004 2005 2006 2007 Avg.

20 cm Bush vine 75.5 a* 87.2 a 87.1 a 86.8 a 90.0 a 85.3 60.1 a 60.5 a 59.4 a 60.5 ab 63.6 a 60.8

30 cm Bush vine 76.5 a 89.1 a 87.0 a 87.5 a 89.3 a 85.9 60.4 a 58.6 a 58.1 a 57.0 b 62.9 a 59.4

30 cm Trellis 77.9 a 76.8 b 82.3 b 81.4 b 85.6 b 80.8 60.1 a 60.0 a 57.6 a 58.1 ab 59.9 a 59.1

60 cm Trellis 78.2 a 75.8 b 82.2 b 79.7 b 85.0 b 80.1 58.4 a 60.4 a 58.7 a 62.3 a 60.3 a 60.0

* Figures for parameters in a climate region and vintages followed by the same letter do not differ significantly from each other. (p≤0.05).

The coloured blocks indicate where significant differences occurred between the vine development treatments.

Wine aroma and wine quality

Each season’s wines were evaluated for wine quality and aroma 
6 and 24 months after bottling. This evaluation showed that 
although differences in sensorial wine colour and wine quality 
occurred between treatment combinations, the only significant 
difference between OC and MC wine quality occurred in the 20 
cm bush vine during 2003 and 2004 (Table 4). Apart from these 
two instances it is therefore clear that optimal canopy manage-
ment did not improve the wine colour or wine quality of the 
various vine developments. The differences that did occur, how-
ever, were also reversed in the two seasons. One cannot state 
categorically, however, that canopy management does not have 

a significant impact on Pinotage wines, as many differences 
occurred within seasons at farm level. There were also differ-
ences in aroma intensity. The above is an indication that it is not 
possible to make a general recommendation in respect of can-
opy management in this climate region. Differences may occur 
at farm level.

In four of the five seasons the wine colour of both trellis treat-
ments was significantly less intense than with the two bush vine 
treatments, thereby proving that bush vines in climate region 4 
generally produced better wine colour (Table 5). Wine quality did 
not show the same trend, however. The only significant difference 
in wine quality occurred in the 2006 wines when 60 cm trellis 

VINEYARD

technical yearbook 2009 29

resulted in significantly better wine quality than 30 cm bush vine. 
On the whole across all the seasons it is therefore clear that 
neither canopy management nor vine development in climate 
region 4 had a significant influence on the overall wine quality of 
Pinotage. Evaluation of 24 month old wines showed that the 
trends with regard to sensorial wine colour and wine quality dur-
ing bottle maturation were the same (data not shown). Differ-
ences in aroma intensity in the wines from the treatment combi-
nations occurred within seasons, but not between the OC or MC 
of the different vine developments, unlike the results from climate 
regions 2 and 3 (Fig. 1). Climatic differences between seasons 
had a considerable impact on general aroma intensity. Wines 

from 2005 were more neutral, while the 2007 wines had a fairly 
intense berry character (especially black currant). Both bush vine 
treatments had a more intense cherry character in 2006 than in 
the other seasons and also more intense than the trellis treat-
ments.

Correlation between wine colour, yield and wine quality. As in the 
case of climate region 3, there was not a good correlation 
between sensorial wine colour and wine quality in the wines from 
climate region 4 and consequently perceptible wine colour did 
not give a good indication of anticipated wine quality.

The perception that wine quality may be influenced negatively by 
high yields could not be confirmed in climate region 4, just as in 

FIGURE 1. The influence of canopy treatments, vine development and cordon height on the average aroma and wine quality of Pinotage vines in climate 
region 4 (2003 - 2007).
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climate regions 2 and 3 (Van Schalkwyk & Schmidt, 2009b & 
2009c). This confirms previous research by the author (Van 
Schalkwyk et al., 1995; Van Schalkwyk et al., 1999).

CONCLUSIONS AND RECOMMENDATIONS

Despite the fact that optimal canopy management practices 
improved canopy density and probably the micro-climatic condi-
tions within the canopy of the various trellis treatments, it did not 
result in an improvement in the wine quality of Pinotage. Mini-
mum canopy management can be useful during lengthy heat-
waves because more leaves will be available to protect bunches 
against sunburn under such conditions and may sometimes 
improve the quality of the wines. Optimal canopy management 
is not recommended in bush vine vineyards in areas where 
regular strong windy conditions occur, only the shoots within the 
crown should be removed.

There was no proof that bush vines improved wine quality com-
pared to trellised vines. Although better wine colour and higher 
total phenols were obtained with bush vines, this could not jus-
tify recommendation of bush vines rather than trellised vines. 
Trellising yielded more than double the yield of bush vines, which 
makes it more profitable to trellis Pinotage in climate region 4. 
Based on the results obtained, the recommendation is that 
Pinotage in climate region 4 should be trellised. Recommenda-
tions regarding canopy management and vine development may 
differ because of differences in terroir at farm level. Bush vines 

may be considered on lean soils under dryland conditions, where 
growth is insufficient to justify a trellis system.

REFERENCES

Hunter, J.J., 1992. Manipulering van lower vir optimum gehalte druiwe. 
Winegrape Summer Workshop, p. 1 - 22. 3 December 1992, Stellen-
bosch. Nietvoorbij Institute for Viticulture and Oenology.

Hunter, J.J., 1999. Present status and prospects of winegrape viticulture 
in South Africa. Proc. 11th Meeting study group for vine training systems. 
June 1999, Marsala, Sicily, Italy, 70 - 85.

Van Schalkwyk, D., Hunter, J.J. & Venter, J.J., 1995. Effect of bunch 
removal on grape composition and wine quality of Vitis vinifera L, cv. 
Chardonnay. S.A. J. Enol. Vitic. 19, 15 - 25.

Van Schalkwyk, D., De Villiers, F.E. & De Villiers, F.S., 1999. Die invloed 
van produksienorme op die wyngehalte van wyndruifkultivars in die 
Robertson omgewing: Ruby Cabernet. Wynboer Tegnies 123, 8 - 12.

Van Schalkwyk, D. & Schmidt, A., 2009a. Verbouing van Pinotage in 
verskillende klimaatstreke (Deel 1): Klimaatsverskille. Wynboer Tegnies 
234, 10 - 14.

Van Schalkwyk, D. & Schmidt, A., 2009b. Verbouing van Pinotage in 
verskillende klimaatstreke (Deel 2): Die invloed van lowerbestuur, 
stokraamwerk en kordonhoogte op die wingerd en wynkundige presta-
sie van Pinotage in klimaatstreek 2. Wynboer Tegnies 235, 17 - 23.

Van Schalkwyk, D. & Schmidt, A., 2009c. Verbouing van Pinotage in 
verskillende klimaatstreke (Deel 3): Die invloed van lowerbestuur, 
stokraamwerk en kordonhoogte op die wingerd en wynkundige presta-
sie van Pinotage in klimaatstreek 3. Wynboer Tegnies 241, 14 - 
20.Agin

Abstract

The effect of canopy management (optimal versus minimum canopy management), vine structure (bush vine versus trellis) 
and the combination of these treatments on the wine quality of 6 and 24 month vintage Pinotage wines in climate region 4 
were investigated on seven farms for five consecutive seasons. It was found that optimal canopy management improved 
canopy density and thus micro-climate within the canopy, however, as in the case with the trials in climate regions 2 and 3 
no improvement in average wine quality occurred. During some seasons, however, both optimal and minimal canopy man-
agement improved wine quality significantly in some of the plots. To prevent severe damage to the foliage, optimal canopy 
management is not recommended in bush vine vineyards where regular strong windy conditions occur, only the shoots 
within the crown should be removed.

Although bush vines produced wines with a more intense colour and higher total phenols, they did not produce wines with 
a higher quality than the trellised vines.  Trellised vines yielded more than double the yields that were obtained with bush 
vines, average 12.6 t/ha and 5.3 t/ha, respectively. Yields up to 32.5 t/ha were obtained with 30 cm trellised and 31.1 t/ha 
with 60 cm trellised at one plot during some seasons. From an economical view point it is thus recommended that Pinotage 
should be trellised in climate region 4. There are, however, situations such as the cultivation of Pinotage under dryland con-
ditions and poor soils with low nutritional volumes, where bush vines rather than trellised would be justified.

For more information contact Danie van Schalkwyk, email: vschalkwykd@arc.agric.za.
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Arbuscular Mycorrhizae (AM) in vineyards  
(Part 1): Effect of AM inoculation, fungicide  
and rootstock on soil AM populations 
André Meyer & John Wooldridge, ARC Infruitec-Nietvoorbij, Stellenbosch 

Key words: Arbuscular mycorrhizal fungi, fungicide, grapevine rootstock, inoculum, spore density, 
vineyard soils. 

Andrê Meyer

INTRODUCTION 

Several species of arbuscular mycorrhizal 
(AM) fungi have been found to have pos-
itive effects on the growth and develop-
ment of young grapevines when grown in 
sterilized soil under greenhouse condi-
tions (Menge et al., 1983). Other studies 
under controlled conditions have shown 
that AM fungi improve nutrient uptake, 
thereby stimulating vine growth (Deal et 
al., 1972; Karagiannidis et al., 1995; Biri-
colti et al., 1997). Unlike the growth media 
used in many trials with AM fungi under 
controlled conditions, commercial farm 
soils are usually characterised by an 
adequate supply of mineral nutrient ele-
ments. They also contain indigenous AM 
fungal species (Schubert & Cravero, 
1985). These indigenous AM fungi are an 
integral component of plant production 
systems (Baumgartner, 2003), and may 
outperform artificially introduced AM fun-

gi, especially where the indigenous and 
introduced species differ greatly in abun-
dance or vigour, or where the presence of 
recently-applied phosphorus (P) in the soil 
reduces the effectiveness of root coloni-
sation by the introduced AM species 
(Menge et al., 1978; Brundrett et al., 
1996). Under certain circumstances, 
grapevines may nevertheless benefit from 
AM root colonisation, even where soil P 
concentrations are high (Schubert et al., 
1990). In practice, little is presently known 
about the balance of factors that predis-
pose grapevine roots and AM fungi to 
form mutually beneficial relationships, or 
to fail to form such relationships. This 
article presents results obtained from a 
trial in which a range of treatments, 
including two commercial AM inocula 
(CAM1 and CAM2), were applied to 
grapevines at planting. 

TABLE 1. Treatments

Treatment Materials applied

1. Control No AM fungi, no fungicide.

2. Fungicide
Soil drench containing Benlate® WP and Rovral Flo® SC. Two 
litre of mixture applied to a c. 300 mm radius circle around the 
vine after planting.

3. CAM1

Spores and infective propagules of Glomus mosseae, Glomus 
intraradices, Glomus fasciculatum, Glomus etunicatum, 
Acaulospora spp. and Trichoderma. Total spore density c. 160 / 
50 ml  inoculum. Applied at the rate of 50 ml of inoculum per 
vine in planting hole, in contact with the roots.

4. G1054

Infected root fragments and spores of Glomus sp.1054 in 
compost. Total spore density c. 7200  / 50 ml inoculum.  
Applied at the rate of 50 ml of inoculum per vine in planting 
hole, in contact with the roots.

5. CAM2

Glomus mosseae, Glomus fasciculatum, Glomus caledonium 
and Glomus versiforme in a clay-amended medium. Total spore 
density c. 920 / 5 ml inoculum. Applied at the rate of 5 ml of 
inoculum per vine in planting hole, in contact with the roots.

MATERIALS AND METHODS 

Since the layout and procedures used in 
this trial have already been described in 
detail by Meyer et al. (2004), only a brief 
description will be presented here. The 
trial was carried out in two commercial 
vineyards on the farm Groenland near 
Stellenbosch. Vineyards containing Merlot 
noir vines on 101-14 Mgt and 110 Richter 
(110R) rootstocks were planted on a 
ridged Westleigh soil in winter 1998, at 
which time another vineyard, containing 
Merlot noir on 99 Richter (99R) was 
established on an unridged Fernwood soil 
(Soil Classification Working Group, 1991). 
Five treatments were applied at planting 
(Table 1). Since CAM1 contains mineral 
nutrient elements in addition to the bio-
logical material, each non-CAM1 treat-
ment received 50 ml of biologically inert 
(steam sterilised in an autoclave at  
121 ºC, 100 kPa, for 60 minutes) CAM1, 
in addition to the other materials listed in 
Table 1, at planting. Each of the five treat-
ments was replicated four times in a 
randomized block design. After two sea-
sons (winter 2000) the vineyard soils were 
extensively sampled. Soil pH (1M KCl) 
and Bray II phosphorus (P) concentra-
tions were determined at incremental 
depth intervals, total AM spore counts 
were performed and the different AM spe-
cies present were identified. The data 
were subjected to analysis of variance 
using Statgraphics version seven and 
SAS version 6.12. Least significant differ-
ences (LSD’s) were calculated at the 5% 
probability level to facilitate comparison 
between treatment means. Treatment 
means that differed at P = 0.05 were 
considered to be significantly different. 

RESULTS AND DISCUSSION 

Soil phosphorus and pH 

At the end of the second vineyard growth 
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climate regions 2 and 3 (Van Schalkwyk & Schmidt, 2009b & 
2009c). This confirms previous research by the author (Van 
Schalkwyk et al., 1995; Van Schalkwyk et al., 1999).

CONCLUSIONS AND RECOMMENDATIONS

Despite the fact that optimal canopy management practices 
improved canopy density and probably the micro-climatic condi-
tions within the canopy of the various trellis treatments, it did not 
result in an improvement in the wine quality of Pinotage. Mini-
mum canopy management can be useful during lengthy heat-
waves because more leaves will be available to protect bunches 
against sunburn under such conditions and may sometimes 
improve the quality of the wines. Optimal canopy management 
is not recommended in bush vine vineyards in areas where 
regular strong windy conditions occur, only the shoots within the 
crown should be removed.

There was no proof that bush vines improved wine quality com-
pared to trellised vines. Although better wine colour and higher 
total phenols were obtained with bush vines, this could not jus-
tify recommendation of bush vines rather than trellised vines. 
Trellising yielded more than double the yield of bush vines, which 
makes it more profitable to trellis Pinotage in climate region 4. 
Based on the results obtained, the recommendation is that 
Pinotage in climate region 4 should be trellised. Recommenda-
tions regarding canopy management and vine development may 
differ because of differences in terroir at farm level. Bush vines 

may be considered on lean soils under dryland conditions, where 
growth is insufficient to justify a trellis system.
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Abstract

The effect of canopy management (optimal versus minimum canopy management), vine structure (bush vine versus trellis) 
and the combination of these treatments on the wine quality of 6 and 24 month vintage Pinotage wines in climate region 4 
were investigated on seven farms for five consecutive seasons. It was found that optimal canopy management improved 
canopy density and thus micro-climate within the canopy, however, as in the case with the trials in climate regions 2 and 3 
no improvement in average wine quality occurred. During some seasons, however, both optimal and minimal canopy man-
agement improved wine quality significantly in some of the plots. To prevent severe damage to the foliage, optimal canopy 
management is not recommended in bush vine vineyards where regular strong windy conditions occur, only the shoots 
within the crown should be removed.

Although bush vines produced wines with a more intense colour and higher total phenols, they did not produce wines with 
a higher quality than the trellised vines.  Trellised vines yielded more than double the yields that were obtained with bush 
vines, average 12.6 t/ha and 5.3 t/ha, respectively. Yields up to 32.5 t/ha were obtained with 30 cm trellised and 31.1 t/ha 
with 60 cm trellised at one plot during some seasons. From an economical view point it is thus recommended that Pinotage 
should be trellised in climate region 4. There are, however, situations such as the cultivation of Pinotage under dryland con-
ditions and poor soils with low nutritional volumes, where bush vines rather than trellised would be justified.

For more information contact Danie van Schalkwyk, email: vschalkwykd@arc.agric.za.
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Arbuscular Mycorrhizae (AM) in vineyards  
(Part 1): Effect of AM inoculation, fungicide  
and rootstock on soil AM populations 
André Meyer & John Wooldridge, ARC Infruitec-Nietvoorbij, Stellenbosch 

Key words: Arbuscular mycorrhizal fungi, fungicide, grapevine rootstock, inoculum, spore density, 
vineyard soils. 

Andrê Meyer

INTRODUCTION 

Several species of arbuscular mycorrhizal 
(AM) fungi have been found to have pos-
itive effects on the growth and develop-
ment of young grapevines when grown in 
sterilized soil under greenhouse condi-
tions (Menge et al., 1983). Other studies 
under controlled conditions have shown 
that AM fungi improve nutrient uptake, 
thereby stimulating vine growth (Deal et 
al., 1972; Karagiannidis et al., 1995; Biri-
colti et al., 1997). Unlike the growth media 
used in many trials with AM fungi under 
controlled conditions, commercial farm 
soils are usually characterised by an 
adequate supply of mineral nutrient ele-
ments. They also contain indigenous AM 
fungal species (Schubert & Cravero, 
1985). These indigenous AM fungi are an 
integral component of plant production 
systems (Baumgartner, 2003), and may 
outperform artificially introduced AM fun-

gi, especially where the indigenous and 
introduced species differ greatly in abun-
dance or vigour, or where the presence of 
recently-applied phosphorus (P) in the soil 
reduces the effectiveness of root coloni-
sation by the introduced AM species 
(Menge et al., 1978; Brundrett et al., 
1996). Under certain circumstances, 
grapevines may nevertheless benefit from 
AM root colonisation, even where soil P 
concentrations are high (Schubert et al., 
1990). In practice, little is presently known 
about the balance of factors that predis-
pose grapevine roots and AM fungi to 
form mutually beneficial relationships, or 
to fail to form such relationships. This 
article presents results obtained from a 
trial in which a range of treatments, 
including two commercial AM inocula 
(CAM1 and CAM2), were applied to 
grapevines at planting. 

TABLE 1. Treatments

Treatment Materials applied

1. Control No AM fungi, no fungicide.

2. Fungicide
Soil drench containing Benlate® WP and Rovral Flo® SC. Two 
litre of mixture applied to a c. 300 mm radius circle around the 
vine after planting.

3. CAM1

Spores and infective propagules of Glomus mosseae, Glomus 
intraradices, Glomus fasciculatum, Glomus etunicatum, 
Acaulospora spp. and Trichoderma. Total spore density c. 160 / 
50 ml  inoculum. Applied at the rate of 50 ml of inoculum per 
vine in planting hole, in contact with the roots.

4. G1054

Infected root fragments and spores of Glomus sp.1054 in 
compost. Total spore density c. 7200  / 50 ml inoculum.  
Applied at the rate of 50 ml of inoculum per vine in planting 
hole, in contact with the roots.

5. CAM2

Glomus mosseae, Glomus fasciculatum, Glomus caledonium 
and Glomus versiforme in a clay-amended medium. Total spore 
density c. 920 / 5 ml inoculum. Applied at the rate of 5 ml of 
inoculum per vine in planting hole, in contact with the roots.

MATERIALS AND METHODS 

Since the layout and procedures used in 
this trial have already been described in 
detail by Meyer et al. (2004), only a brief 
description will be presented here. The 
trial was carried out in two commercial 
vineyards on the farm Groenland near 
Stellenbosch. Vineyards containing Merlot 
noir vines on 101-14 Mgt and 110 Richter 
(110R) rootstocks were planted on a 
ridged Westleigh soil in winter 1998, at 
which time another vineyard, containing 
Merlot noir on 99 Richter (99R) was 
established on an unridged Fernwood soil 
(Soil Classification Working Group, 1991). 
Five treatments were applied at planting 
(Table 1). Since CAM1 contains mineral 
nutrient elements in addition to the bio-
logical material, each non-CAM1 treat-
ment received 50 ml of biologically inert 
(steam sterilised in an autoclave at  
121 ºC, 100 kPa, for 60 minutes) CAM1, 
in addition to the other materials listed in 
Table 1, at planting. Each of the five treat-
ments was replicated four times in a 
randomized block design. After two sea-
sons (winter 2000) the vineyard soils were 
extensively sampled. Soil pH (1M KCl) 
and Bray II phosphorus (P) concentra-
tions were determined at incremental 
depth intervals, total AM spore counts 
were performed and the different AM spe-
cies present were identified. The data 
were subjected to analysis of variance 
using Statgraphics version seven and 
SAS version 6.12. Least significant differ-
ences (LSD’s) were calculated at the 5% 
probability level to facilitate comparison 
between treatment means. Treatment 
means that differed at P = 0.05 were 
considered to be significantly different. 

RESULTS AND DISCUSSION 

Soil phosphorus and pH 

At the end of the second vineyard growth 
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season (1999/2000), soil P concentra-
tions ranged from 61 to 80 mg / kg in the 
topsoils (0-300 mm), 27 to 61 mg/kg in 
the 300-600 mm horizons and 6 to 50 
mg / kg in the underlying, mainly Malm-
esbury shale-derived soil material 
(600-900 mm). Since fruiting perennials 
perform well at soil P concentrations 
around 30 mg/kg, the top and mid hori-
zons were adequately to abundantly sup-
plied with P. Soil pH levels over the trial 
period ranged from 5.6 to 6.1 (1M KCl), 
which are near-optimal for fruiting peren-
nials such as grapevines. 

Soil AM counts 

Despite the adequate to high soil P con-
centrations, soil AM counts in winter 2000 
were high (in the thousands) in the vine-
yards containing the three rootstocks and 
five treatments. Spore counts ranged 
from 1075 to 1925 (average 1492 / 100g 
air-dry soil) in the 110R vineyard, 2242 to 
3779 (average 2915 spores / 100g air-dry 
soil) in the 99R vineyard and 1000 to 
1458 (average 1200 spores / 100g air-dry 
soil) in the 101-14 Mgt vineyard. Spore 
counts did not differ significantly between 
AM treatments in the block occupied by 
the 110R and 99R rootstocks. In con-
trast, in the 101-14 Mgt vineyard, spore 
counts in the fungicide treatment (1458 
spores / 100g air-dry soil) exceeded those 
in the CAM1 (1000 spores / 100g air-dry 
soil) and CAM2 (1013 spores / 100g air-
dry soil) treatments. Spore counts in the 
99R vineyard soil therefore greatly 
exceeded those in the 110R and 101-14 
Mgt soils. Precisely why the spore counts 
did not differ between treatments in the 

Richter rootstocks is unclear. Neither is it 
clear why the spore count in the fungi-
cide-treated 101-14 Mgt soil exceeded 
those in inoculated treatments (CAM1, 
G1054 and CAM2). It is possible that the 
effects of the fungicide faded fairly quick-
ly after application, creating a fungus-
depleted zone that later became abun-
dantly re-colonised by AM species from 
the surrounding soil (Menge, 1982). 

AM species identified 

Analysis of the AM species present in the 
soils after two seasons (winter 2000) 
showed that seven species (Acaulospora 
spinosa, Gigaspora gigantia, Glomus 
mossae, Glomus sinuosum, Scutello-
spora calospora, Scutellospora dipur-
purascens and Scutellospora fulgida) 
were present in the soils of each of the 
five treatments in all three rootstocks 
(Table 2). These results, which bore no 
apparent relation to either treatments or 
rootstock, imply that these species may 
be common, if not indigenous to Western 
Cape vineyards or, at least, to those hav-
ing similar soils, climatic conditions and 
cultural histories to those at Groenland. 

Gigaspora decipiens was present in the 
soils of all five treatments in the101-14 Mgt 
vineyard, but was not observed in the soils 
from the 99R and 110R vineyards. This 
observation suggests that there may be an 
affinity between Gigaspora decipiens and 
101-14 Mgt that is not shared with the 
Richter rootstocks. Further data is needed 
to confirm or disprove this possibility. 

Glomus intraradices was present in the 
CAM1 inoculum, and was identified in the 

soils of the CAM1 treatment, in all three 
rootstocks. Glomus intraradices was also 
observed in the control and fungicide 
treatments of the 101-14 Mgt and 99R 
vineyards, but not the 110R vineyard. 
Conceivably Glomus intraradices is not 
uniformly distributed in the soil. 

Glomus etunicatum was consistently 
present in the control and CAM1 treat-
ments, but absent from the Fungicide 
treatment, in all three rootstocks. This 
may indicate that Glomus etunicatum is 
indigenous (as well as being present in 
CAM1), but does not readily recover after 
once-off fungicide applications of the type 
applied in this trial. 

Glomus sp.1054 was not detected in any 
of the treatments. This finding may never-
theless be anomalous. Glomus sp. 1054, 
an apparently newly recognised species, 
was identified in soils from Western Cape 
apple orchards, by Prof. Joe Morton of 
INVAM and subsequently bulked to form 
the inoculum used in this trial (Wool-
dridge, 1999). However, because G1054 
is not easily identified by locally-available 
techniques, it is likely that any G1054 
present was included with other species 
of the genus Glomus. Other species that 
were apparently present in the inoculums, 
but which were not specifically identified 
in the soils of the respective treatments in 
any of the rootstocks were Glomus fas-
ciculatum (in CAM1), and Glomus fas-
ciculatum, Glomus caledonium and Glo-
mus versiforme (in CAM2). These species 
may not be compatible with vineyard soils 
that are well supplied with P. 

TABLE 2. Presence (denoted by X) of arbuscular mycorrhizal fungal species in soils associated with three grape vine rootstocks (101-14 Mgt, Richter 
110 and Richter 99) under five treatment regimes: 1, control; 2, fungicide; 3, CAM1; 4, Glomus sp.1054; 5, CAM2. Assessed after two grapevine 
growing seasons.

Arbuscular mycorrhizal 
101-14 Mgt  Richter 110  Richter 99

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Acaulospora spinosa X X X X X X X X X X X X X X X

Gigaspora gigantea X X X X X X X X X X X X X X X

Glomus mosseae X X X X X X X X X X X X X X X

Glomus sinuosum X X X X X X X X X X X X X X X

Scutellospora calospora X X X X X X X X X X X X X X X

Scutellospora dipurpurascens X X X X X X X X X X X X X X X

Scutellospora fulgida X X X X X X X X X X X X X X X

Gigaspora dicipiens X X X X X

Glomus intraradices X X X X X X X X X

Glomus etunicatum X X X X X X X
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Several other species of AM were identi-
fied, but these were inconsistent and 
sporadic in their occurrence. Notable 
amongst these were Glomus clavispo-
rum, Acaulaspora scrobiculata, Glomus 
tortuosum, Scutellospora cerradensis and 
Scutellospora erithropa, as well as iso-
lates of Scutellospora spp., Sclerocystis 
spp. and Gigaspora spp. (data not 
shown). 

CONCLUSIONS 

Results from this field trial indicate that a 
range of AM fungi are naturally present in 
vineyard soils at Groenland despite soil P 
concentrations that are adequate to high 
for grapevines. Under the prevailing con-
ditions the native AM fungi competed 
strongly with introduced AM species. The 
effects of these fungi on the vines will be 
discussed in the second article in this 
series. 
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FIGURE 1. Structures typical of arbuscular mycorrhizal fungi. Auxiliary cells (arrowed) of Scutello-
spora (A) and Gigaspora (B), both indigenous. 
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Abstract

Soils of Western Cape vineyards containing Merlot on 101-14 Mgt, Richter 99 and Richter 110 rootstocks were found to 
consistently harbour seven indigenous species of AM fungi. A further AM species was specific to one rootstock cultivar 
only. Other indigenous species occurred sporadically. Inoculation with commercial AM carriers had little effect on spore 
counts or AM species diversity in these soils after two seasons.

For further information contact André Meyer, e-mail: meyera@arc.agric.za. 
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season (1999/2000), soil P concentra-
tions ranged from 61 to 80 mg / kg in the 
topsoils (0-300 mm), 27 to 61 mg/kg in 
the 300-600 mm horizons and 6 to 50 
mg / kg in the underlying, mainly Malm-
esbury shale-derived soil material 
(600-900 mm). Since fruiting perennials 
perform well at soil P concentrations 
around 30 mg/kg, the top and mid hori-
zons were adequately to abundantly sup-
plied with P. Soil pH levels over the trial 
period ranged from 5.6 to 6.1 (1M KCl), 
which are near-optimal for fruiting peren-
nials such as grapevines. 

Soil AM counts 

Despite the adequate to high soil P con-
centrations, soil AM counts in winter 2000 
were high (in the thousands) in the vine-
yards containing the three rootstocks and 
five treatments. Spore counts ranged 
from 1075 to 1925 (average 1492 / 100g 
air-dry soil) in the 110R vineyard, 2242 to 
3779 (average 2915 spores / 100g air-dry 
soil) in the 99R vineyard and 1000 to 
1458 (average 1200 spores / 100g air-dry 
soil) in the 101-14 Mgt vineyard. Spore 
counts did not differ significantly between 
AM treatments in the block occupied by 
the 110R and 99R rootstocks. In con-
trast, in the 101-14 Mgt vineyard, spore 
counts in the fungicide treatment (1458 
spores / 100g air-dry soil) exceeded those 
in the CAM1 (1000 spores / 100g air-dry 
soil) and CAM2 (1013 spores / 100g air-
dry soil) treatments. Spore counts in the 
99R vineyard soil therefore greatly 
exceeded those in the 110R and 101-14 
Mgt soils. Precisely why the spore counts 
did not differ between treatments in the 

Richter rootstocks is unclear. Neither is it 
clear why the spore count in the fungi-
cide-treated 101-14 Mgt soil exceeded 
those in inoculated treatments (CAM1, 
G1054 and CAM2). It is possible that the 
effects of the fungicide faded fairly quick-
ly after application, creating a fungus-
depleted zone that later became abun-
dantly re-colonised by AM species from 
the surrounding soil (Menge, 1982). 

AM species identified 

Analysis of the AM species present in the 
soils after two seasons (winter 2000) 
showed that seven species (Acaulospora 
spinosa, Gigaspora gigantia, Glomus 
mossae, Glomus sinuosum, Scutello-
spora calospora, Scutellospora dipur-
purascens and Scutellospora fulgida) 
were present in the soils of each of the 
five treatments in all three rootstocks 
(Table 2). These results, which bore no 
apparent relation to either treatments or 
rootstock, imply that these species may 
be common, if not indigenous to Western 
Cape vineyards or, at least, to those hav-
ing similar soils, climatic conditions and 
cultural histories to those at Groenland. 

Gigaspora decipiens was present in the 
soils of all five treatments in the101-14 Mgt 
vineyard, but was not observed in the soils 
from the 99R and 110R vineyards. This 
observation suggests that there may be an 
affinity between Gigaspora decipiens and 
101-14 Mgt that is not shared with the 
Richter rootstocks. Further data is needed 
to confirm or disprove this possibility. 

Glomus intraradices was present in the 
CAM1 inoculum, and was identified in the 

soils of the CAM1 treatment, in all three 
rootstocks. Glomus intraradices was also 
observed in the control and fungicide 
treatments of the 101-14 Mgt and 99R 
vineyards, but not the 110R vineyard. 
Conceivably Glomus intraradices is not 
uniformly distributed in the soil. 

Glomus etunicatum was consistently 
present in the control and CAM1 treat-
ments, but absent from the Fungicide 
treatment, in all three rootstocks. This 
may indicate that Glomus etunicatum is 
indigenous (as well as being present in 
CAM1), but does not readily recover after 
once-off fungicide applications of the type 
applied in this trial. 

Glomus sp.1054 was not detected in any 
of the treatments. This finding may never-
theless be anomalous. Glomus sp. 1054, 
an apparently newly recognised species, 
was identified in soils from Western Cape 
apple orchards, by Prof. Joe Morton of 
INVAM and subsequently bulked to form 
the inoculum used in this trial (Wool-
dridge, 1999). However, because G1054 
is not easily identified by locally-available 
techniques, it is likely that any G1054 
present was included with other species 
of the genus Glomus. Other species that 
were apparently present in the inoculums, 
but which were not specifically identified 
in the soils of the respective treatments in 
any of the rootstocks were Glomus fas-
ciculatum (in CAM1), and Glomus fas-
ciculatum, Glomus caledonium and Glo-
mus versiforme (in CAM2). These species 
may not be compatible with vineyard soils 
that are well supplied with P. 

TABLE 2. Presence (denoted by X) of arbuscular mycorrhizal fungal species in soils associated with three grape vine rootstocks (101-14 Mgt, Richter 
110 and Richter 99) under five treatment regimes: 1, control; 2, fungicide; 3, CAM1; 4, Glomus sp.1054; 5, CAM2. Assessed after two grapevine 
growing seasons.

Arbuscular mycorrhizal 
101-14 Mgt  Richter 110  Richter 99

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Acaulospora spinosa X X X X X X X X X X X X X X X

Gigaspora gigantea X X X X X X X X X X X X X X X

Glomus mosseae X X X X X X X X X X X X X X X

Glomus sinuosum X X X X X X X X X X X X X X X

Scutellospora calospora X X X X X X X X X X X X X X X

Scutellospora dipurpurascens X X X X X X X X X X X X X X X

Scutellospora fulgida X X X X X X X X X X X X X X X

Gigaspora dicipiens X X X X X

Glomus intraradices X X X X X X X X X

Glomus etunicatum X X X X X X X
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Several other species of AM were identi-
fied, but these were inconsistent and 
sporadic in their occurrence. Notable 
amongst these were Glomus clavispo-
rum, Acaulaspora scrobiculata, Glomus 
tortuosum, Scutellospora cerradensis and 
Scutellospora erithropa, as well as iso-
lates of Scutellospora spp., Sclerocystis 
spp. and Gigaspora spp. (data not 
shown). 

CONCLUSIONS 

Results from this field trial indicate that a 
range of AM fungi are naturally present in 
vineyard soils at Groenland despite soil P 
concentrations that are adequate to high 
for grapevines. Under the prevailing con-
ditions the native AM fungi competed 
strongly with introduced AM species. The 
effects of these fungi on the vines will be 
discussed in the second article in this 
series. 
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FIGURE 1. Structures typical of arbuscular mycorrhizal fungi. Auxiliary cells (arrowed) of Scutello-
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Abstract

Soils of Western Cape vineyards containing Merlot on 101-14 Mgt, Richter 99 and Richter 110 rootstocks were found to 
consistently harbour seven indigenous species of AM fungi. A further AM species was specific to one rootstock cultivar 
only. Other indigenous species occurred sporadically. Inoculation with commercial AM carriers had little effect on spore 
counts or AM species diversity in these soils after two seasons.

For further information contact André Meyer, e-mail: meyera@arc.agric.za. 
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Arbuscular Mycorrhizae (AM) in vineyards 
(Part 2): Effects of AM on young grapevine 
performance 
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INTRODUCTION 

As was shown in Part 1 of this two-part 
series, arbuscular mycorrhizal (AM) fungi, 
notably of the genera Glomus, Acau-
lospora, Scutellospora and Gigaspora, 
occur naturally in some Western Cape 
viticultural soils (Meyer & Wooldridge, 
2008). Certain species of AM fungi have 
been found to have positive affects on the 
growth and development of young, pot-
grown grapevines under greenhouse 
conditions with sterilised soil (Menge et 
al., 1983). Other pot trial studies have 
shown that AM fungi improve uptake of 
nutrients, thereby stimulating vine growth 
(Deal et al., 1972; Karagiannidis et al., 
1995; Biricolti et al., 1997). Further, AM 
fungi are thought to play a positive role in 
plant water relations, though not specifi-
cally in vines. Whether benefits similar to 
those cited in the literature can be 
obtained under commercial vineyard con-
ditions is nevertheless uncertain. This is 
because the activity, and the ability of AM 
fungi to infect the roots of higher plants, 
could conceivably be inhibited at high soil 
phosphorus (P) concentrations (Menge et 
al., 1978; Brundrett et al., 1996). In com-
parison with AM trials, which are often 
carried out under suboptimal conditions, 
notably with regard to soil P availability, 
vineyard soils tend to be supplied with a 
relative abundance of P. 

The purpose of this second article is to 
discuss the effects of the mycorrhizal 
treatments described in Part 1 on grape-
vines. Aspects that were specifically 
investigated were root colonisation, the 
effects of AM fungi on vine leaf and sap 
nutrient concentrations, cane growth and 
water relations. 

MATERIALS AND METHODS 

Since the layout and procedures used in 
this field trial have already been described 

(Meyer et al., 2004; Meyer & Wooldridge, 
2008), only a brief summary will be pre-
sented here. 

The study was carried out in commercial 
vineyards using Merlot grafted onto Rich-
ter 110 (110R), Richter 99 (99R) and 
101-14 Mgt rootstocks. Five treatments 
were applied at planting. Three of these 
treatments (CAM1, G1054 and CAM2), 
involved the inoculation of each vine with 
an AM inoculum at planting. Treatment 
four consisted of a fungicide soil drench, 
applied shortly after planting. The fifth 
treatment (control) received neither fungi-
cide nor AM inocula. 

Over a period of two growth seasons 
after the treatments were applied 
(1998/99, 1999/2000), the vines were 
subjected to measurements of vigour, leaf 
water potentials, leaf nutrient concentra-
tions and xylem sap composition. Per-
centage root colonisation by AM fungi 
was determined as described by Brun-
drett et al. (1994). The data were sub-
jected to analysis of variance. Student’s 
least significant difference values were 
calculated at the 5% probability level to 
facilitate comparison between treatment 
means. 

RESULTS AND DISCUSSION 

Root colonisation 

Microscopic analysis of the grapevine 
roots after the first grapevine growing 
season (1998/99) showed that the roots 
of the three rootstocks, in each of the five 
treatments, were colonised with AM fungi 
(Fig. 1). Colonisation rates after the first 
season ranged from c. 40% to 85% (Fig. 
2). That the rootstocks in the control 
treatments were also colonised confirms 
the presence of infective indigenous AM 
species in the vineyard soils. Also, coloni-
sation took place despite the presence of 
P in the soils at concentrations up to 89 

mg/kg. This confirms that colonisation by 
AM fungi is not necessarily inhibited by P, 
at least, not to the extent thought possi-
ble by Menge et al. (1978) and by Brun-
drett et al. (1996). 

Drenching with fungicide did not prevent 
the roots from becoming colonized (Fig. 
2). This implies either that the AM fungi 
that colonised the roots survived the fun-
gicide treatment, or that the fungicide 
drench was effective but of short term 
effect, following the waning of which the 
AM fungus-depleted zone around the 
roots was recolonised by AM fungi from 
the surrounding soil (Menge, 1982). A 
further trial in which the status of the soil 
AM fungal population is monitored before 
and at frequent intervals after the applica-
tion of fungicide is needed to provide 
clarity on this issue. 

Only in the case of 99R were the differ-
ences between treatments significant: 
The CAM1-treated vines showing a high-
er level of root colonisation than the con-
trol and CAM2 treatments. The pattern of 
responses to the treatments did not show 
a consistent trend in the three rootstocks, 
although it may be pertinent that root 
colonisation tended to be low in the con-
trol, relative to the remaining treatments, 
in the 101-14 Mgt and 99R rootstocks. 

As assessed after the second grapevine 
growing season (1999/2000), colonisation 
rates were generally higher than after the 
first season, ranging from c. 70% to 90%. 
There were, however, no significant differ-
ences in colonisation rates between treat-
ments in any of the rootstocks. Neither 
was there a tendency for colonisation 
rates to be higher in one rootstock than 
in another (data not shown). The combi-
nation of high colonisation rates and lack 
of difference between treatments strong-
ly suggests that the relationships between 
soil AM populations and roots had stabi-
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lised, and that an equilibrium condition 
had been reached at some time after the 
first season but before the end of season 
two. 

Leaf and xylem nutrient mineral concen-
trations 

As assessed in mid season the treat-
ments had no significant or consistent 
effects on the concentrations of phos-
phate and of amino acids in the xylem 
sap of the Merlot on either the 110R or 
the 101-14 Mgt rootstocks. Vines on 99R 
provided too little sap to test effectively. 
Neither the leaf blade potassium (K) nor 
the leaf-blade nitrogen (N) levels were 
affected by the treatments (data not 
shown). The only significant differences 
occurred in the 101-14 Mgt vines in 
which xylem sap nitrate concentrations 

were appreciably higher in the CAM1 (311 
µmol/l) than in the fungicide treatment 
(111 µmol/l), and where leaf P concentra-
tions were higher in the control and fun-
gicide (both 0.25%) than in the CAM2 
treatment (0.20%). It may also be perti-
nent that in 110R the xylem sap nitrate 
concentrations tended to be higher in the 
CAM1 and CAM2 treatments (169 and 
184 µmol/l, respectively) than in the fun-
gicide treatment (86 µmol/l) in 110R, and 
that in 101-14 Mgt, xylem sap phosphate, 
at 231 µmol/l, tended to be lower than in 
the G1054 and CAM1 treatments (both 
close to 372 µmol/l). Conceivably, the 
xylem nitrate and leaf P concentrations 
were influenced by the applied treatments 
to a greater extent where the Merlot was 
grafted onto 101-14 Mgt rather than 
110R. Interaction between AM fungi and 

rootstock with regard to their combined 
effects on vine nutrition is a field which 
merits further research. 

Cane growth 

As was the case for root colonisation and 
tissue nutrient concentrations, the applied 
treatments had no consistent effects on 
vine growth, as indicated by total cane 
length per vine (Fig. 3). In the case of 
99R, the effects of the treatments were 
not significant. In the 101-14 Mgt root-
stocks, however, cane growth in the 
fungicide treatment exceeded that where 
G1054 was applied. In the 110R vines, 
cane length in the G1054 treatment 
exceeded that of all other treatments. 
That both cane length and root coloniza-
tion were unusually pronounced in the 
G1054-treated 110R rootstock may not 
be coincidental. It is also possible that the 
low xylem sap nitrate content in the fun-
gicide-treated 101-14 Mgt vines may 
have been due to dilution resulting from 
cane growth which, as indicated in Fig. 3, 
was relatively great in this treatment. 

Water relations 

Between early February and late April 
1999, the average levels of water stress in 
the vines (tension, indicated by increas-
ingly negative leaf water potentials, Table 
1) tended to be higher in the control than 
in the remaining treatments. This trend 
was consistent in all three rootstocks. 
Other responses to the treatments differed 
between rootstocks, the sequence being: 
Control (significantly) > fungicide > CAM2 
in 101-14 Mgt; control > all other treat-
ments in 110R, and control > CAM2 in 
99R. Why higher average tensions were 
observed in the controls is unclear, par-
ticularly since the roots in the control treat-
ments were well populated (> 40%, Fig. 1) 
with AM fungi. It is nevertheless possible 
that supplying AM inoculants at planting 
resulted in a considerably greater density 
of infective AM being present near the 
roots, even if for a limited period, than was 
the case for the uninoculated treatments. 
Such a relative abundance of AM would 
certainly have promoted early and exten-
sive colonization, perhaps leading to the 
observed reduced water stress levels dur-
ing the summer months which immedi-
ately followed planting and inoculation, a 
period when leaf water potentials in excess 
of the norm of -1 200 kPa were frequently 
experienced. 
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FIGURE 1. Structures typical of arbuscular mycorrhizal fungi. Auxiliary cells (arrowed) of Scutello-
spora (A) and Gigaspora (B), both indigenous. 

FIGURE 2. Root colonisation by arbuscular mycorrhizal (AM) fungi, of Merlot vines on 101-14 Mgt, 
Richter 110 and Richter 99 rootstocks, at the end of the 1998/99 season. Bars for the same 
rootstock, which are accompanied by the same letter, do not differ at the 5% probability level. 
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performance 
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INTRODUCTION 

As was shown in Part 1 of this two-part 
series, arbuscular mycorrhizal (AM) fungi, 
notably of the genera Glomus, Acau-
lospora, Scutellospora and Gigaspora, 
occur naturally in some Western Cape 
viticultural soils (Meyer & Wooldridge, 
2008). Certain species of AM fungi have 
been found to have positive affects on the 
growth and development of young, pot-
grown grapevines under greenhouse 
conditions with sterilised soil (Menge et 
al., 1983). Other pot trial studies have 
shown that AM fungi improve uptake of 
nutrients, thereby stimulating vine growth 
(Deal et al., 1972; Karagiannidis et al., 
1995; Biricolti et al., 1997). Further, AM 
fungi are thought to play a positive role in 
plant water relations, though not specifi-
cally in vines. Whether benefits similar to 
those cited in the literature can be 
obtained under commercial vineyard con-
ditions is nevertheless uncertain. This is 
because the activity, and the ability of AM 
fungi to infect the roots of higher plants, 
could conceivably be inhibited at high soil 
phosphorus (P) concentrations (Menge et 
al., 1978; Brundrett et al., 1996). In com-
parison with AM trials, which are often 
carried out under suboptimal conditions, 
notably with regard to soil P availability, 
vineyard soils tend to be supplied with a 
relative abundance of P. 

The purpose of this second article is to 
discuss the effects of the mycorrhizal 
treatments described in Part 1 on grape-
vines. Aspects that were specifically 
investigated were root colonisation, the 
effects of AM fungi on vine leaf and sap 
nutrient concentrations, cane growth and 
water relations. 

MATERIALS AND METHODS 

Since the layout and procedures used in 
this field trial have already been described 

(Meyer et al., 2004; Meyer & Wooldridge, 
2008), only a brief summary will be pre-
sented here. 

The study was carried out in commercial 
vineyards using Merlot grafted onto Rich-
ter 110 (110R), Richter 99 (99R) and 
101-14 Mgt rootstocks. Five treatments 
were applied at planting. Three of these 
treatments (CAM1, G1054 and CAM2), 
involved the inoculation of each vine with 
an AM inoculum at planting. Treatment 
four consisted of a fungicide soil drench, 
applied shortly after planting. The fifth 
treatment (control) received neither fungi-
cide nor AM inocula. 

Over a period of two growth seasons 
after the treatments were applied 
(1998/99, 1999/2000), the vines were 
subjected to measurements of vigour, leaf 
water potentials, leaf nutrient concentra-
tions and xylem sap composition. Per-
centage root colonisation by AM fungi 
was determined as described by Brun-
drett et al. (1994). The data were sub-
jected to analysis of variance. Student’s 
least significant difference values were 
calculated at the 5% probability level to 
facilitate comparison between treatment 
means. 

RESULTS AND DISCUSSION 

Root colonisation 

Microscopic analysis of the grapevine 
roots after the first grapevine growing 
season (1998/99) showed that the roots 
of the three rootstocks, in each of the five 
treatments, were colonised with AM fungi 
(Fig. 1). Colonisation rates after the first 
season ranged from c. 40% to 85% (Fig. 
2). That the rootstocks in the control 
treatments were also colonised confirms 
the presence of infective indigenous AM 
species in the vineyard soils. Also, coloni-
sation took place despite the presence of 
P in the soils at concentrations up to 89 

mg/kg. This confirms that colonisation by 
AM fungi is not necessarily inhibited by P, 
at least, not to the extent thought possi-
ble by Menge et al. (1978) and by Brun-
drett et al. (1996). 

Drenching with fungicide did not prevent 
the roots from becoming colonized (Fig. 
2). This implies either that the AM fungi 
that colonised the roots survived the fun-
gicide treatment, or that the fungicide 
drench was effective but of short term 
effect, following the waning of which the 
AM fungus-depleted zone around the 
roots was recolonised by AM fungi from 
the surrounding soil (Menge, 1982). A 
further trial in which the status of the soil 
AM fungal population is monitored before 
and at frequent intervals after the applica-
tion of fungicide is needed to provide 
clarity on this issue. 

Only in the case of 99R were the differ-
ences between treatments significant: 
The CAM1-treated vines showing a high-
er level of root colonisation than the con-
trol and CAM2 treatments. The pattern of 
responses to the treatments did not show 
a consistent trend in the three rootstocks, 
although it may be pertinent that root 
colonisation tended to be low in the con-
trol, relative to the remaining treatments, 
in the 101-14 Mgt and 99R rootstocks. 

As assessed after the second grapevine 
growing season (1999/2000), colonisation 
rates were generally higher than after the 
first season, ranging from c. 70% to 90%. 
There were, however, no significant differ-
ences in colonisation rates between treat-
ments in any of the rootstocks. Neither 
was there a tendency for colonisation 
rates to be higher in one rootstock than 
in another (data not shown). The combi-
nation of high colonisation rates and lack 
of difference between treatments strong-
ly suggests that the relationships between 
soil AM populations and roots had stabi-
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lised, and that an equilibrium condition 
had been reached at some time after the 
first season but before the end of season 
two. 

Leaf and xylem nutrient mineral concen-
trations 

As assessed in mid season the treat-
ments had no significant or consistent 
effects on the concentrations of phos-
phate and of amino acids in the xylem 
sap of the Merlot on either the 110R or 
the 101-14 Mgt rootstocks. Vines on 99R 
provided too little sap to test effectively. 
Neither the leaf blade potassium (K) nor 
the leaf-blade nitrogen (N) levels were 
affected by the treatments (data not 
shown). The only significant differences 
occurred in the 101-14 Mgt vines in 
which xylem sap nitrate concentrations 

were appreciably higher in the CAM1 (311 
µmol/l) than in the fungicide treatment 
(111 µmol/l), and where leaf P concentra-
tions were higher in the control and fun-
gicide (both 0.25%) than in the CAM2 
treatment (0.20%). It may also be perti-
nent that in 110R the xylem sap nitrate 
concentrations tended to be higher in the 
CAM1 and CAM2 treatments (169 and 
184 µmol/l, respectively) than in the fun-
gicide treatment (86 µmol/l) in 110R, and 
that in 101-14 Mgt, xylem sap phosphate, 
at 231 µmol/l, tended to be lower than in 
the G1054 and CAM1 treatments (both 
close to 372 µmol/l). Conceivably, the 
xylem nitrate and leaf P concentrations 
were influenced by the applied treatments 
to a greater extent where the Merlot was 
grafted onto 101-14 Mgt rather than 
110R. Interaction between AM fungi and 

rootstock with regard to their combined 
effects on vine nutrition is a field which 
merits further research. 

Cane growth 

As was the case for root colonisation and 
tissue nutrient concentrations, the applied 
treatments had no consistent effects on 
vine growth, as indicated by total cane 
length per vine (Fig. 3). In the case of 
99R, the effects of the treatments were 
not significant. In the 101-14 Mgt root-
stocks, however, cane growth in the 
fungicide treatment exceeded that where 
G1054 was applied. In the 110R vines, 
cane length in the G1054 treatment 
exceeded that of all other treatments. 
That both cane length and root coloniza-
tion were unusually pronounced in the 
G1054-treated 110R rootstock may not 
be coincidental. It is also possible that the 
low xylem sap nitrate content in the fun-
gicide-treated 101-14 Mgt vines may 
have been due to dilution resulting from 
cane growth which, as indicated in Fig. 3, 
was relatively great in this treatment. 

Water relations 

Between early February and late April 
1999, the average levels of water stress in 
the vines (tension, indicated by increas-
ingly negative leaf water potentials, Table 
1) tended to be higher in the control than 
in the remaining treatments. This trend 
was consistent in all three rootstocks. 
Other responses to the treatments differed 
between rootstocks, the sequence being: 
Control (significantly) > fungicide > CAM2 
in 101-14 Mgt; control > all other treat-
ments in 110R, and control > CAM2 in 
99R. Why higher average tensions were 
observed in the controls is unclear, par-
ticularly since the roots in the control treat-
ments were well populated (> 40%, Fig. 1) 
with AM fungi. It is nevertheless possible 
that supplying AM inoculants at planting 
resulted in a considerably greater density 
of infective AM being present near the 
roots, even if for a limited period, than was 
the case for the uninoculated treatments. 
Such a relative abundance of AM would 
certainly have promoted early and exten-
sive colonization, perhaps leading to the 
observed reduced water stress levels dur-
ing the summer months which immedi-
ately followed planting and inoculation, a 
period when leaf water potentials in excess 
of the norm of -1 200 kPa were frequently 
experienced. 
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FIGURE 1. Structures typical of arbuscular mycorrhizal fungi. Auxiliary cells (arrowed) of Scutello-
spora (A) and Gigaspora (B), both indigenous. 

FIGURE 2. Root colonisation by arbuscular mycorrhizal (AM) fungi, of Merlot vines on 101-14 Mgt, 
Richter 110 and Richter 99 rootstocks, at the end of the 1998/99 season. Bars for the same 
rootstock, which are accompanied by the same letter, do not differ at the 5% probability level. 
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Abstract

Grapevine rootstock cultivars 101-14 Mgt, Richter 99 and Richter 110 are readily colonised by arbuscular mycorrhizal (AM) 
fungal species that are native to some vineyard soils of the Western Cape. The responses of grapevines to AM fungal treatments 
and to a fungicide application were generally inconsistent. Evidence suggests that inoculation with some commercial AM 
inoculants at planting may result in less water stress being experienced than where colonisation is achieved only by the native 
soil AM population.
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FIGURE 3. Total cane length (mm/vine) of Merlot vines on 101-14 Mgt, Richter 110 and Richter 99 
rootstocks. Bars for the same rootstock, which are accompanied by the same letter, do not differ 
at the 5% probability level. 

Values in the same column, followed by the same letter, do not differ at P+ 0.05.

Treatment 101-14 Mgt
Rootstock
Richter 110

Richter 99

Control 1393a 1348a 1380a

Fungicide 1340bc 1284b 1357ab

CAM1 1320cd 1267b 1347ab

G1054 1371ab 1274b 1362ab

CAM2 1288d 1303b 1323b

TABLE 1. Effect of a fungicide drench and of arbuscular mycorrhizal inoculants on leaf water poten-
tial (-kPa) in young Merlot vines on three rootstocks. Values are averages of nine readings taken 
at c. 10-day intervals over an 80 day period from early February to late April 1999. 

For further information contact André Meyer, e-mail: meyera@arc.agric.za. 

CONCLUSIONS 

This study was of preliminary nature, and of 
limited scope. The results nevertheless sug-
gest that grapevine rootstocks are highly 
susceptible to colonisation by AM fungi 
which, as was shown in Part 1 of this 
series, are naturally present in at least some 
Western Cape vineyard soils. These fungi 
were sufficiently abundant, and sufficiently 
infective that colonisation rates in the roots 
of two of the three rootstocks that received 
AM-containing inoculants did not signifi-
cantly differ from those in the controls after 

one season. After two seasons, no differ-
ences in colonisation rate were apparent 
between treatments in any of the root-
stocks. The principle difference between 
treatments was that stress, as indicated by 
water potential, tended to be high in the 
controls relative to the fungicide and AM-
inoculated treatments. In view of possible 
reductions in rainfall associated with climate 
change, the possibility that AM inoculation 
may alleviate water stress to some degree 
is of considerable importance. Further work 
is needed to substantiate the findings espe-

cially with regard to the nature of the indig-
enous AM populations, and of the effects of 
AM on vine water relations. 
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INTRODUCTION 

Copper oxychloride is applied annually to vineyards as a fungi-
cide to control a significant number of plant diseases (Nel et al., 
1999). Some of this copper (Cu) ends up in vineyard soil, and if 
present, in the adjacent pristine natural vegetation. In many 
cases these soils are slightly acidic, making Cu more mobile and 
bio-available than in alkaline soils (McBride, 1994). The accumu-
lation of Cu results in changes in soil microbial community com-
position (Chaphekar, 1978) and diversity (Atlas, 1984). These 
changes in soil microbial diversity may impact on the capacity of 
agricultural land to remain productive (Naeem et al., 1995). In a 
study by Conradie (2004) that was performed in a nursery, soil 
Cu levels adjusted to as high as 100 mg/kg, had no negative 
affect on percentage take, cane mass and root development of 
grapevines. The author also found that increased soil Cu levels 
caused an increase in the levels of Cu in the grapevine roots, and 
suppressed the uptake of iron when it exceeded 50 mg/kg. 

Heavy metals such as Cu affect the structure and function of 
microbial communities, thereby impacting negatively on pro-
cesses important for soil fertility (Giller et al., 1998). Heavy metal 

contamination inhibits the mineralization of organic material and 
nitrogen fixation, and may lead to a reduction in total microbial 
biomass, to a decrease in numbers of specific populations, or to 
shifts in microbial community structure (Sandaa et al., 1999). 
Bacteria are more sensitive to heavy metals than fungi (Frost-
egård et al., 1996). Heavy metals cause growth abnormalities in 
some protozoa and may even reduce the growth rate of these 
organisms (Foissner, 1994). This sensitivity of protozoa to heavy 
metals has been utilized in the development of bioassays to 
determine the bioavailability of heavy metals in soils (Forge et al., 
1993). 

The aim of this study was therefore to determine the microbial 
response to copper oxychloride in soil microcosms derived from 
acidic sandy loam soil from cultivated viticultural land and uncul-
tivated land. 

MATERIALS AND METHODS 

The soil that was used to prepare the microcosms was collected 
from two wine farms near Stellenbosch and one near Somerset 
West in the Western Cape, South Africa (Table 1). The sampling 

TABLE 1. Characteristics of soil samples used in the experimentation*.

Characteristics of soil Sample I Sample II Sample III Sample IV Sample V

Classification Sandy loam Sandy Sandy loam Sandy loam Sandy loam
Physical characteristics texture
   Stone (%) 0.54 0.00 0.00 0.00 0.00
   Sand (%) 68.50 93.00 75.00 79.50 60.30
   Silt (%) 22.80 3.20 16.10 15.40 17.90
   Clay (%) 5.70 3.80 8.90 5.10 21.80
Chemical characteristics
   Copper (mg/kg) 1.37 0.83 3.14 1.63 1.10
   Zinc (mg/kg) 6.80 6.60 2.63 1.87 4.43
   Manganese (mg/kg) 80.00 17.50 47.37 34.93 26.60
   Boron (mg/kg) 0.86 0.07 0.64 0.14 0.31
Exchangeable cations
   Calcium (cmol/kg) 4.70 1.40 2.24 2.50 8.63
   Potassium (cmol/kg) 0.63 0.10 0.33 0.35 0.32
   Sodium (cmol/kg) 0.11 0.03 0.16 0.18 0.11
   Magnesium (cmol/kg) 3.25 0.33 1.06 1.17 1.04
   CEC (cmol/kg)** 8.69 2.26 5.37 5.46 10.09
   pH (KCl) 6.10 5.10 4.30 4.70 5.90

* Sample I, uncubvated soil obtained from Nietvoorbij, Research Farm (Stellenbosch) on which natural fynbos vegetation was removed 20 years earlier resulting in the growth 
of various indigenous grasses. Sample II, potting soil prepared from the same soil as Sample I by adding sterile sand. Sample III, soil obtained from a two-year-old vineyard 
on a commercial wine farm near Stellenbosch; Sample IV, virgin soil originating from the same farm as Sample III, but collected beneatch typical indigenous fynbos vegetation; 
Sample V soil originating from a 17-year-old vineyard on a commercial wine farm near Somerset West.

** Cation exchange capacity.
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Abstract

Grapevine rootstock cultivars 101-14 Mgt, Richter 99 and Richter 110 are readily colonised by arbuscular mycorrhizal (AM) 
fungal species that are native to some vineyard soils of the Western Cape. The responses of grapevines to AM fungal treatments 
and to a fungicide application were generally inconsistent. Evidence suggests that inoculation with some commercial AM 
inoculants at planting may result in less water stress being experienced than where colonisation is achieved only by the native 
soil AM population.
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FIGURE 3. Total cane length (mm/vine) of Merlot vines on 101-14 Mgt, Richter 110 and Richter 99 
rootstocks. Bars for the same rootstock, which are accompanied by the same letter, do not differ 
at the 5% probability level. 

Values in the same column, followed by the same letter, do not differ at P+ 0.05.

Treatment 101-14 Mgt
Rootstock
Richter 110

Richter 99

Control 1393a 1348a 1380a

Fungicide 1340bc 1284b 1357ab

CAM1 1320cd 1267b 1347ab

G1054 1371ab 1274b 1362ab

CAM2 1288d 1303b 1323b

TABLE 1. Effect of a fungicide drench and of arbuscular mycorrhizal inoculants on leaf water poten-
tial (-kPa) in young Merlot vines on three rootstocks. Values are averages of nine readings taken 
at c. 10-day intervals over an 80 day period from early February to late April 1999. 

For further information contact André Meyer, e-mail: meyera@arc.agric.za. 

CONCLUSIONS 

This study was of preliminary nature, and of 
limited scope. The results nevertheless sug-
gest that grapevine rootstocks are highly 
susceptible to colonisation by AM fungi 
which, as was shown in Part 1 of this 
series, are naturally present in at least some 
Western Cape vineyard soils. These fungi 
were sufficiently abundant, and sufficiently 
infective that colonisation rates in the roots 
of two of the three rootstocks that received 
AM-containing inoculants did not signifi-
cantly differ from those in the controls after 

one season. After two seasons, no differ-
ences in colonisation rate were apparent 
between treatments in any of the root-
stocks. The principle difference between 
treatments was that stress, as indicated by 
water potential, tended to be high in the 
controls relative to the fungicide and AM-
inoculated treatments. In view of possible 
reductions in rainfall associated with climate 
change, the possibility that AM inoculation 
may alleviate water stress to some degree 
is of considerable importance. Further work 
is needed to substantiate the findings espe-

cially with regard to the nature of the indig-
enous AM populations, and of the effects of 
AM on vine water relations. 
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INTRODUCTION 

Copper oxychloride is applied annually to vineyards as a fungi-
cide to control a significant number of plant diseases (Nel et al., 
1999). Some of this copper (Cu) ends up in vineyard soil, and if 
present, in the adjacent pristine natural vegetation. In many 
cases these soils are slightly acidic, making Cu more mobile and 
bio-available than in alkaline soils (McBride, 1994). The accumu-
lation of Cu results in changes in soil microbial community com-
position (Chaphekar, 1978) and diversity (Atlas, 1984). These 
changes in soil microbial diversity may impact on the capacity of 
agricultural land to remain productive (Naeem et al., 1995). In a 
study by Conradie (2004) that was performed in a nursery, soil 
Cu levels adjusted to as high as 100 mg/kg, had no negative 
affect on percentage take, cane mass and root development of 
grapevines. The author also found that increased soil Cu levels 
caused an increase in the levels of Cu in the grapevine roots, and 
suppressed the uptake of iron when it exceeded 50 mg/kg. 

Heavy metals such as Cu affect the structure and function of 
microbial communities, thereby impacting negatively on pro-
cesses important for soil fertility (Giller et al., 1998). Heavy metal 

contamination inhibits the mineralization of organic material and 
nitrogen fixation, and may lead to a reduction in total microbial 
biomass, to a decrease in numbers of specific populations, or to 
shifts in microbial community structure (Sandaa et al., 1999). 
Bacteria are more sensitive to heavy metals than fungi (Frost-
egård et al., 1996). Heavy metals cause growth abnormalities in 
some protozoa and may even reduce the growth rate of these 
organisms (Foissner, 1994). This sensitivity of protozoa to heavy 
metals has been utilized in the development of bioassays to 
determine the bioavailability of heavy metals in soils (Forge et al., 
1993). 

The aim of this study was therefore to determine the microbial 
response to copper oxychloride in soil microcosms derived from 
acidic sandy loam soil from cultivated viticultural land and uncul-
tivated land. 

MATERIALS AND METHODS 

The soil that was used to prepare the microcosms was collected 
from two wine farms near Stellenbosch and one near Somerset 
West in the Western Cape, South Africa (Table 1). The sampling 

TABLE 1. Characteristics of soil samples used in the experimentation*.

Characteristics of soil Sample I Sample II Sample III Sample IV Sample V

Classification Sandy loam Sandy Sandy loam Sandy loam Sandy loam
Physical characteristics texture
   Stone (%) 0.54 0.00 0.00 0.00 0.00
   Sand (%) 68.50 93.00 75.00 79.50 60.30
   Silt (%) 22.80 3.20 16.10 15.40 17.90
   Clay (%) 5.70 3.80 8.90 5.10 21.80
Chemical characteristics
   Copper (mg/kg) 1.37 0.83 3.14 1.63 1.10
   Zinc (mg/kg) 6.80 6.60 2.63 1.87 4.43
   Manganese (mg/kg) 80.00 17.50 47.37 34.93 26.60
   Boron (mg/kg) 0.86 0.07 0.64 0.14 0.31
Exchangeable cations
   Calcium (cmol/kg) 4.70 1.40 2.24 2.50 8.63
   Potassium (cmol/kg) 0.63 0.10 0.33 0.35 0.32
   Sodium (cmol/kg) 0.11 0.03 0.16 0.18 0.11
   Magnesium (cmol/kg) 3.25 0.33 1.06 1.17 1.04
   CEC (cmol/kg)** 8.69 2.26 5.37 5.46 10.09
   pH (KCl) 6.10 5.10 4.30 4.70 5.90

* Sample I, uncubvated soil obtained from Nietvoorbij, Research Farm (Stellenbosch) on which natural fynbos vegetation was removed 20 years earlier resulting in the growth 
of various indigenous grasses. Sample II, potting soil prepared from the same soil as Sample I by adding sterile sand. Sample III, soil obtained from a two-year-old vineyard 
on a commercial wine farm near Stellenbosch; Sample IV, virgin soil originating from the same farm as Sample III, but collected beneatch typical indigenous fynbos vegetation; 
Sample V soil originating from a 17-year-old vineyard on a commercial wine farm near Somerset West.

** Cation exchange capacity.
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TABLE 2. Concentration of copper in soil microcosms.

Concentration of Cu 
added to each soil 

microcosm **  
(mg/kg)

Cu concentration in di-ammonium EDTA extract of soil* (mg/kg)

Sample I Sample II Sample III Sample IV Sample V

0 1.9 ± 0.1 0.8 ± 0.2 3.1 ± 0.3 1.6 ± 0.2 1.1 ± 0.1

10 12.2 ± 0.1

20 22.6 ± 0.7

30 33.8 ± 4.5 29.47 ± 2.0 19.1 ± 1.0 15.3 ± 1.0 25.3 ± 0.7

40 42.1 ± 3.4

50 59.5 ± 3.4

100 125.7 ± 2.9 101.9 ± 9.4 60.1 ± 4.7 56.8 ± 1.0 89.6 ± 1.0

500 516.1 ± 6.7

1000 1112.4 ± 52.2 1008.2 ± 41.8 608.2 ± 26.0 652.5 ± 25.7 973.3 ± 14.8

* According to the methods of Beyers and Coetzer (1971). Values represent the mean and standard deviation of three repetitions.
** Copper oxychloride was used in the preparation of all the series of Cu concentrations.

sites were covered with vines, grasses or indigenous fynbos veg-
etation. The soils were classified according to the Soil Classifica-
tion Working Group (1991), while soil texture was determined 
using the hydrometer method (Van der Watt, 1966). The chemical 
characteristics and exchangeable cations were determined as 
previously described (Du Plessis et al., 2005). 

The first series of soil microcosms was prepared from sample I by 
adding nine different amounts of copper oxychloride to each of 
nine sub-samples of soil at the concentrations shown in Table 2. 
Each of these nine soil + Cu treatments was subdivided into trip-
licate microcosms in polythene bags, each containing ca. 2 kg of 
soil, equivalent to a soil column, 10 cm in diameter and 20 cm in 
height. Microcosms prepared from samples II-V were similar to the 
first series, but received fewer treatments (Table 2). Sterile distilled 
water was added to each of the microcosms to establish a soil 
moisture content of 15% (v/w). Thereafter 200 ml water was 
added to each microcosm every 2 weeks. 

Impact of Cu on microbial numbers in soil sample I 

Routine monitoring of the numbers of actinomycetes was done 
using actinomycete isolation agar (Oxoid), while fluorescent 
bacteria, heterotrophic micro organisms and Pseudomonas 
strains were enumerated on King’s medium B (Biolab), tryptone 
soy agar (Biolab), and Pseudomonas CFC medium (Oxoid), 
respectively. These counts were performed on days 1, 3, 7, 14, 
70 and 245 days in sample I. 

Impact of Cu on whole community metabolic profiles 

On days 70 (samples II-V) and 245 (sample I), measurement of 
the metabolic potential of the microbial community were per-
formed using BiologTM Eco microplates (Garland, 2000). These 
measurements were done on the microcosms that received 0, 
30, 100, and 1000 mg/kg Cu. 

Impact of Cu on protozoan numbers 

Protozoan counts were performed after 70 days on samples I-V, 
and also on day 245 for sample I, according to the method of 
Griffiths and Ritz (1988). 

Further details of the abovementioned experiments are described 
by Du Plessis et al. (2005). 

RESULTS AND DISCUSSION 

Different physiological groups reacted dissimilarly following the 
addition of Cu to the soil. During the initial 14 days of incubation 
of soil sample I, there were significant increases in the general 
microbial and fluorescent bacterial numbers in the soil micro-
cosms (Figs 1 & 2). This phenomenon may be attributed to the 
re-wetting of the soil after it was dried for 2 weeks prior to initia-
tion of the experiment (Franzleubbers et al., 2000). Increased Cu 
concentrations in the soil did not result in a decrease in the 
numbers of pseudomonads in the soil (data not shown). This 
indicates that other factors, in addition to the intrinsic abilities to 
resist high Cu concentrations, play a role in the regulation of 
pseudomonad populations under these conditions. For example, 
an increase in pseudomonad numbers may be a consequence 
of a negative impact of high Cu concentrations on the competi-
tors and/or protozoan predators of pseudomonads. Actinomy-
cete numbers remained similar to the control in all the micro-
cosms that received copper oxychloride (results not shown). 

Despite the considerable range of soils and soil chemical variables 
found in this study (Table 1), the microbial reactions to Cu in the 
various soils did not differ greatly from each other. The addition of 
copper oxychloride had a negative impact on both protozoan 
numbers (Fig. 3) and the metabolic potential of the soil microbial 
community. The number of carbon sources utilized by soil micro 
organisms on the BiologTM Eco microplates declined as the Cu 
concentration increased. Of the 32 carbon sources on the 
microplates, 29 were utilized by soil micro organisms when no Cu 
was added to the soil. Only 28, 25 and 19 carbon sources were, 
respectively, utilized when 30, 100 and 1000 mg/kg Cu were 
added to the soil. Of all the measured parameters, the protozoa 
were found to be the most sensitive to additional Cu. In some 
soils, as little as 15 mg/kg (Table 2) Cu had a significant negative 
impact on protozoan numbers (Figure 3). 
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CONCLUSION 

The accumulation of Cu in soil may have 
detrimental effects on agriculture if it is not 
closely monitored. Of the micro organisms 
investigated protozoa were found to be 
most sensitive to elevated Cu levels. Pro-
tozoa in soil from uncultivated land were 
more abundant, and seemed more sensi-
tive to additional Cu, than were the proto-
zoa in soil originating from cultivated land. 
The pivotal role of protozoa in the mineral-
ization process, and the negative impact 
of relatively low Cu concentrations on the 
populations of these microbes in soil, sug-
gest that soil processes in these soils may 
be negatively affected at much lower levels 
of Cu than is commonly believed. Proto-
zoan sensitivity to small increases in Cu 
concentrations demonstrates the vulner-
ability of soil ecosystems to Cu perturba-
tions, especially as protozoa are important 
organisms in the flow of energy between 
trophic levels (feeding positions in a food 
chain such as primary producers, herbi-
vores, primary carnivores, etc.). 
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TABLE 2. Concentration of copper in soil microcosms.

Concentration of Cu 
added to each soil 

microcosm **  
(mg/kg)

Cu concentration in di-ammonium EDTA extract of soil* (mg/kg)

Sample I Sample II Sample III Sample IV Sample V

0 1.9 ± 0.1 0.8 ± 0.2 3.1 ± 0.3 1.6 ± 0.2 1.1 ± 0.1

10 12.2 ± 0.1

20 22.6 ± 0.7

30 33.8 ± 4.5 29.47 ± 2.0 19.1 ± 1.0 15.3 ± 1.0 25.3 ± 0.7

40 42.1 ± 3.4

50 59.5 ± 3.4

100 125.7 ± 2.9 101.9 ± 9.4 60.1 ± 4.7 56.8 ± 1.0 89.6 ± 1.0

500 516.1 ± 6.7

1000 1112.4 ± 52.2 1008.2 ± 41.8 608.2 ± 26.0 652.5 ± 25.7 973.3 ± 14.8

* According to the methods of Beyers and Coetzer (1971). Values represent the mean and standard deviation of three repetitions.
** Copper oxychloride was used in the preparation of all the series of Cu concentrations.

sites were covered with vines, grasses or indigenous fynbos veg-
etation. The soils were classified according to the Soil Classifica-
tion Working Group (1991), while soil texture was determined 
using the hydrometer method (Van der Watt, 1966). The chemical 
characteristics and exchangeable cations were determined as 
previously described (Du Plessis et al., 2005). 

The first series of soil microcosms was prepared from sample I by 
adding nine different amounts of copper oxychloride to each of 
nine sub-samples of soil at the concentrations shown in Table 2. 
Each of these nine soil + Cu treatments was subdivided into trip-
licate microcosms in polythene bags, each containing ca. 2 kg of 
soil, equivalent to a soil column, 10 cm in diameter and 20 cm in 
height. Microcosms prepared from samples II-V were similar to the 
first series, but received fewer treatments (Table 2). Sterile distilled 
water was added to each of the microcosms to establish a soil 
moisture content of 15% (v/w). Thereafter 200 ml water was 
added to each microcosm every 2 weeks. 

Impact of Cu on microbial numbers in soil sample I 

Routine monitoring of the numbers of actinomycetes was done 
using actinomycete isolation agar (Oxoid), while fluorescent 
bacteria, heterotrophic micro organisms and Pseudomonas 
strains were enumerated on King’s medium B (Biolab), tryptone 
soy agar (Biolab), and Pseudomonas CFC medium (Oxoid), 
respectively. These counts were performed on days 1, 3, 7, 14, 
70 and 245 days in sample I. 

Impact of Cu on whole community metabolic profiles 

On days 70 (samples II-V) and 245 (sample I), measurement of 
the metabolic potential of the microbial community were per-
formed using BiologTM Eco microplates (Garland, 2000). These 
measurements were done on the microcosms that received 0, 
30, 100, and 1000 mg/kg Cu. 

Impact of Cu on protozoan numbers 

Protozoan counts were performed after 70 days on samples I-V, 
and also on day 245 for sample I, according to the method of 
Griffiths and Ritz (1988). 

Further details of the abovementioned experiments are described 
by Du Plessis et al. (2005). 

RESULTS AND DISCUSSION 

Different physiological groups reacted dissimilarly following the 
addition of Cu to the soil. During the initial 14 days of incubation 
of soil sample I, there were significant increases in the general 
microbial and fluorescent bacterial numbers in the soil micro-
cosms (Figs 1 & 2). This phenomenon may be attributed to the 
re-wetting of the soil after it was dried for 2 weeks prior to initia-
tion of the experiment (Franzleubbers et al., 2000). Increased Cu 
concentrations in the soil did not result in a decrease in the 
numbers of pseudomonads in the soil (data not shown). This 
indicates that other factors, in addition to the intrinsic abilities to 
resist high Cu concentrations, play a role in the regulation of 
pseudomonad populations under these conditions. For example, 
an increase in pseudomonad numbers may be a consequence 
of a negative impact of high Cu concentrations on the competi-
tors and/or protozoan predators of pseudomonads. Actinomy-
cete numbers remained similar to the control in all the micro-
cosms that received copper oxychloride (results not shown). 

Despite the considerable range of soils and soil chemical variables 
found in this study (Table 1), the microbial reactions to Cu in the 
various soils did not differ greatly from each other. The addition of 
copper oxychloride had a negative impact on both protozoan 
numbers (Fig. 3) and the metabolic potential of the soil microbial 
community. The number of carbon sources utilized by soil micro 
organisms on the BiologTM Eco microplates declined as the Cu 
concentration increased. Of the 32 carbon sources on the 
microplates, 29 were utilized by soil micro organisms when no Cu 
was added to the soil. Only 28, 25 and 19 carbon sources were, 
respectively, utilized when 30, 100 and 1000 mg/kg Cu were 
added to the soil. Of all the measured parameters, the protozoa 
were found to be the most sensitive to additional Cu. In some 
soils, as little as 15 mg/kg (Table 2) Cu had a significant negative 
impact on protozoan numbers (Figure 3). 
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FIGURE 1.  General heterotrophic counts in soil microcosms prepared from 
soil sample I.  Each value represents the mean of three repetitions.  Legend: 
amounts of Cu (mg/kg) added to respective triplicate soil microcosms. 
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FIGURE 1. General heterotrophic counts in soil microcosms prepared from soil sample I. Each 
value represents the mean of three repetitions. Legend: amounts of Cu (mg/kg) added to respec-
tive triplicate soil microcosms. 
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CONCLUSION 

The accumulation of Cu in soil may have 
detrimental effects on agriculture if it is not 
closely monitored. Of the micro organisms 
investigated protozoa were found to be 
most sensitive to elevated Cu levels. Pro-
tozoa in soil from uncultivated land were 
more abundant, and seemed more sensi-
tive to additional Cu, than were the proto-
zoa in soil originating from cultivated land. 
The pivotal role of protozoa in the mineral-
ization process, and the negative impact 
of relatively low Cu concentrations on the 
populations of these microbes in soil, sug-
gest that soil processes in these soils may 
be negatively affected at much lower levels 
of Cu than is commonly believed. Proto-
zoan sensitivity to small increases in Cu 
concentrations demonstrates the vulner-
ability of soil ecosystems to Cu perturba-
tions, especially as protozoa are important 
organisms in the flow of energy between 
trophic levels (feeding positions in a food 
chain such as primary producers, herbi-
vores, primary carnivores, etc.). 
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Abstract

A study was carried out to determine the response of different microbial communities to copper oxychloride in acidic sandy loam 
soils. Culturable microbial populations were monitored over a period of 245 days in a series of soil microcosms spiked with copper 
oxychloride at different concentrations. Microbial populations responded differently to the applied copper (Cu). Number of protozoa 
and the metabolic potentials of the soil communities decreased. Metabolic potential was not significantly affected by ≤100 mg/kg 
additional Cu. In contrast, a negative impact on protozoa was observed in soil that contained only 15 mg/kg Cu. This negative impact 
of Cu on the number of protozoa was less severe in soils containing raised concentrations of phosphorous and zinc.
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INTRODUCTION 

Organic farming became one of the fast-
est growing segments of US and Euro-
pean agriculture during the 1990’s (Reg-
anold et al., 2001). South African wine 
producers also responded to this trend to 
provide consumers with wine from organ-
ic origin. 

Organic viticulture aims to work with 
nature’s diversity to create productive 
ecosystems and soils rich in biological 
activity, that are well structured and fertile 
(Jenkins, 1991). The use of organic meth-
ods in grape production is, however, 
contentious. This is due to uncertainty 
regarding its long-term environmental 
impact, cost of production and therefore 
financial viability, as well as the perception 
that wine from organic origin is of poorer 
quality. According to Reganold et al. 
(2001), the Organic and Integrated Pro-
duction (IP) systems resulted in higher soil 
quality than the conventional system. The 
continuous use of livestock manure on 
agricultural land resulted in a significant 
increase in soil P that suggested the 
practice might not be sustainable over the 
long-term (Hao et al., 2004). Using live-
stock manure as fertilizer, therefore, 
necessitates the consideration of applica-
tion rate and frequency in order to mini-
mize environmental impacts. 

Given the growing interest in organic 
agriculture, this study endeavoured to 

evaluate organic agricultural practices as 
a viable approach to wine grape produc-
tion in South Africa. The results given are 
from one of the first independent initia-
tives that compared the impact of differ-
ent production systems on soil quality, 
grapevine performance and wine quality. 

MATERIALS AND METHODS 

Trial layout 

The trial was carried out over a period of 
six years (April 2000 to March 2006) in a 
four year old non-irrigated Sauvignon 
blanc/99 Richter vineyard trained on a 
four strand extended Peroldt trellis sys-
tem (Booysen et al., 1992). The grape-
vines were established on a sandy clay 
loam soil (Table 1) at Plaisir de Merle farm 
situated near Paarl (33°44’S, 18°57’E), 
Coastal wine grape region, Western 
Cape. Mean annual rainfall during this 
period was 1033 mm, of which approxi-
mately 75% fell during autumn and winter. 
Vines were spaced 1 m in the row and 
2.5 m between rows. Treatments were 
replicated four times in a randomized 
block design. Each plot (replication) con-
sisted of 7 grapevines and the two adja-
cent work rows, resulting in a surface 
area of 105 m2. Individual plots were 
separated by two border grapevine rows 
and 14 border grapevines within rows. 

From seasons 2000/01 to 2004/05, rye 
(Secale cereale L. v. Henog) was used as 

cover crop in the IP and Organic treat-
ments. In 2005/2006 the cover crop was 
‘Pallinup’ oats (Avena sativa L. v. Pallinup). 
The cover crop was sown annually (seed-
ing dates varying between 14 April and 
10 May) at 100 kg/ha (Fourie et al., 2001). 
Seedbed preparation was carried out 
using a disc harrow approximately six 
weeks before the seeding date. After 
sowing (broadcast by hand), the seeds 
were covered with a disc harrow. 

Six soil management practices, namely 
Conventional production (CP), IP, IP plus 
soil activators (IPSA), Organic production 
(OP), OP plus soil activators (OPSA) and 
Commercial OP (COP) were applied as 
described in Table 2. The amount of 
macro-nutrients applied per treatment per 
annum is presented in Table 3. 

Measurements 

Soil was sampled annually after harvest 
from two positions in approximately the 
middle of the vine row, just before seedbed 
preparation was done (early March). Sam-
ples were drawn from the 0 - 300 mm soil 
layer up to the 2002/03 season and from 
the 0 - 150 mm soil layer from the 2003/04 
season onwards. Composite samples 
were analysed for pH (1.0 M KCl), P (Bray 
II), exchangeable K, Ca, Mg and Na 
(extracted with 0.2 M ammonium acetate) 
and organic carbon by means of the 
Walkley-Black method (The Non-Affiliated 
Soil Analysis Work Committee, 1990). 

TABLE 1. Analyses of the sandy clay loam before the treatments commenced (sampled March 2000).

Soil depth
(mm)

Clay 
(%)

Slit 
(%)

Sand 
(%)

pH 
(KCl)

Electrical 
conductivity 

(mS/m)

Organic C 
(%)

P (mg/
kg)

K (mg/
kg)

Exchangeable cations (cmol(+)/kg)

Ca Mg K Na

0 - 300 22.4 15.1 62.5 6.7 16 0.60 15 67 5.38 0.55 0.19 0.06

300 - 600 23.6 13.3 63.1 6.5 11 0.41 12 59 4.56 0.52 0.17 0.08
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Abstract

A study was carried out to determine the response of different microbial communities to copper oxychloride in acidic sandy loam 
soils. Culturable microbial populations were monitored over a period of 245 days in a series of soil microcosms spiked with copper 
oxychloride at different concentrations. Microbial populations responded differently to the applied copper (Cu). Number of protozoa 
and the metabolic potentials of the soil communities decreased. Metabolic potential was not significantly affected by ≤100 mg/kg 
additional Cu. In contrast, a negative impact on protozoa was observed in soil that contained only 15 mg/kg Cu. This negative impact 
of Cu on the number of protozoa was less severe in soils containing raised concentrations of phosphorous and zinc.
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Effect of organic and integrated soil cultivation 
practices on soil nutrient status and 
performance of a Sauvignon blanc vineyard 
situated in the Paarl wine district (Part 1):  
Soil nutrient status 
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Johan Fourie

INTRODUCTION 

Organic farming became one of the fast-
est growing segments of US and Euro-
pean agriculture during the 1990’s (Reg-
anold et al., 2001). South African wine 
producers also responded to this trend to 
provide consumers with wine from organ-
ic origin. 

Organic viticulture aims to work with 
nature’s diversity to create productive 
ecosystems and soils rich in biological 
activity, that are well structured and fertile 
(Jenkins, 1991). The use of organic meth-
ods in grape production is, however, 
contentious. This is due to uncertainty 
regarding its long-term environmental 
impact, cost of production and therefore 
financial viability, as well as the perception 
that wine from organic origin is of poorer 
quality. According to Reganold et al. 
(2001), the Organic and Integrated Pro-
duction (IP) systems resulted in higher soil 
quality than the conventional system. The 
continuous use of livestock manure on 
agricultural land resulted in a significant 
increase in soil P that suggested the 
practice might not be sustainable over the 
long-term (Hao et al., 2004). Using live-
stock manure as fertilizer, therefore, 
necessitates the consideration of applica-
tion rate and frequency in order to mini-
mize environmental impacts. 

Given the growing interest in organic 
agriculture, this study endeavoured to 

evaluate organic agricultural practices as 
a viable approach to wine grape produc-
tion in South Africa. The results given are 
from one of the first independent initia-
tives that compared the impact of differ-
ent production systems on soil quality, 
grapevine performance and wine quality. 

MATERIALS AND METHODS 

Trial layout 

The trial was carried out over a period of 
six years (April 2000 to March 2006) in a 
four year old non-irrigated Sauvignon 
blanc/99 Richter vineyard trained on a 
four strand extended Peroldt trellis sys-
tem (Booysen et al., 1992). The grape-
vines were established on a sandy clay 
loam soil (Table 1) at Plaisir de Merle farm 
situated near Paarl (33°44’S, 18°57’E), 
Coastal wine grape region, Western 
Cape. Mean annual rainfall during this 
period was 1033 mm, of which approxi-
mately 75% fell during autumn and winter. 
Vines were spaced 1 m in the row and 
2.5 m between rows. Treatments were 
replicated four times in a randomized 
block design. Each plot (replication) con-
sisted of 7 grapevines and the two adja-
cent work rows, resulting in a surface 
area of 105 m2. Individual plots were 
separated by two border grapevine rows 
and 14 border grapevines within rows. 

From seasons 2000/01 to 2004/05, rye 
(Secale cereale L. v. Henog) was used as 

cover crop in the IP and Organic treat-
ments. In 2005/2006 the cover crop was 
‘Pallinup’ oats (Avena sativa L. v. Pallinup). 
The cover crop was sown annually (seed-
ing dates varying between 14 April and 
10 May) at 100 kg/ha (Fourie et al., 2001). 
Seedbed preparation was carried out 
using a disc harrow approximately six 
weeks before the seeding date. After 
sowing (broadcast by hand), the seeds 
were covered with a disc harrow. 

Six soil management practices, namely 
Conventional production (CP), IP, IP plus 
soil activators (IPSA), Organic production 
(OP), OP plus soil activators (OPSA) and 
Commercial OP (COP) were applied as 
described in Table 2. The amount of 
macro-nutrients applied per treatment per 
annum is presented in Table 3. 

Measurements 

Soil was sampled annually after harvest 
from two positions in approximately the 
middle of the vine row, just before seedbed 
preparation was done (early March). Sam-
ples were drawn from the 0 - 300 mm soil 
layer up to the 2002/03 season and from 
the 0 - 150 mm soil layer from the 2003/04 
season onwards. Composite samples 
were analysed for pH (1.0 M KCl), P (Bray 
II), exchangeable K, Ca, Mg and Na 
(extracted with 0.2 M ammonium acetate) 
and organic carbon by means of the 
Walkley-Black method (The Non-Affiliated 
Soil Analysis Work Committee, 1990). 

TABLE 1. Analyses of the sandy clay loam before the treatments commenced (sampled March 2000).

Soil depth
(mm)

Clay 
(%)

Slit 
(%)

Sand 
(%)

pH 
(KCl)

Electrical 
conductivity 

(mS/m)

Organic C 
(%)

P (mg/
kg)

K (mg/
kg)

Exchangeable cations (cmol(+)/kg)

Ca Mg K Na

0 - 300 22.4 15.1 62.5 6.7 16 0.60 15 67 5.38 0.55 0.19 0.06

300 - 600 23.6 13.3 63.1 6.5 11 0.41 12 59 4.56 0.52 0.17 0.08
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TABLE 4. The nutrient and organic matter content of the 0 - 300 mm soil layer on the vine row of the different soil mangement treatments, as measured 
after harvest during the 2002/03 season.

Treatment P (mg/kg) K (mg/kg) Ca (cmol/kg) Mg (cmol/kg) C (%)

1.Conventional Production 10 a 54 a 4.2 a 0.4 b  1.4 ab

2. Integrated Production (IP) 12 a 67 a 4.5 a   0.6 bc  1.5 bc

3. IP plus soil activators 11 a 76 a 5.2 a 0.2 a 1.1 a

4. Organic Production (OP) 35 b 230 c 3.8 a 0.7 c 1.7 c

5. OP plus soil activators   25 ab 136 b 3.5 a 0.7 c  1.2 ab

6. Commercial OP   21 ab  170 bc 3.2 a 0.8 c 1.1 a

1 Numbers in the same column, followed by the same letter, do not differ significantly on the 5% level.

TABLE 5. The nutrient and organic matter content of the 0 - 150 mm soil layer on the vine row of the different soil management treatments, as mea-
sured after harvest during the 2008/04 season.

Treatment P (mg/kg) K (mg/kg) Ca (cmol/kg) Mg (cmol/kg) C (%)

1.Conventional Production 18 a 102 a 4.6 a   0.8 ab 1.4 a

2. Integrated Production (IP) 25 a 129 a 5.3 a   0.8 ab 1.6 a

3. IP plus soil activators 19 a   93 a 4.8 a 0.6 a 1.4 a

4. Organic Production (OP)   57 bc   513 bc 6.3 a 1.2 c   2.0 bc

5. OP plus soil activators 66 c 534 c 6.3 a 1.2 c 2.1 c

6. Commercial OP 44 b 362 b 5.6 a   1.1 bc 1.8 b

1 Numbers in the same column, followed by the same letter, do not differ significantly on the 5% level.

TABLE 2. Treatments applied.

1. Conventional Production
2. Integrated 

Production (IP)
3. IP plus soil activators 

(IPSA)
4. Organic  

production (OP)
5. OP plus soil  

activators (OPSA)
6. Commercial OP 

(COP)

No cover crop Cover crop established during April

Full surface post-emer-
gence chemical control 

from bud break.

Full surface post-emergence chemical control 
from mid-October.

Cover crop flattened at completion of life cycle, weeds slashed during 
grapevine growing season, straw packed on vine row at a density  

of 3 t/ha.

No soil activator applied
Penac K® applied one week 
after application of fertiliser

No soil activator 
applied

Penac K® applied one 
week after application 

of compost

No soil activator 
applied

Limestone ammonium nitrate (LAN) broadcasted after bud break and  
after harvest.

10 m3 of compost applied to the vine row 
after bud break and after harvest

Neutrog® (Bounce back) 
and Seagro® applied 

after bud break and after 
harvest. Seagro® 

applied during October

No fertiliser applied
LAN broadcasted at the two to four-leaf stages of 

the cover crop
No fertiliser applied

TABLE 3. The macro-nutrients applied per annum in the different treatments.

Treatment
Nutrients applied per annum in kg/ha

2000/01 season 2001/02 season 2002/03 season 2003/04 season 2004/05 season 2005/06  season

1. Conventional production 42 N

2. Integrated production (IP)
49 N

3. IP plus soil activators

4. Organic production (OP)
60 N; 48 K; 27 P; 81 Ca; 20 Mg

90 N; 77 K; 27 P; 
69 Ca; 17 Mg

60 N; 53 K; 13 P; 
29 Ca; 8 Mg

100 N; 48 K; 34 
P;  70 Ca; 16 Mg5. OP plus soil activators

6. Commercial OP
60 N; 48 K; 27 P; 

81 Ca; 20 Mg
95 N; 61 K; 44 P; 62 Ca; 13 Mg 38 N; 24 K; 17 P; 23 Ca; 5 Mg
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Summary

Six soil management practices (treatments) applied in a non-irrigated Sauvignon blanc/99 Richter vineyard on a sandy clay 
loam soil near Paarl were evaluated over a period of six years, commencing four seasons after planting. The K and Mg 
contents in the 0 - 300 mm and 0 - 150 mm soil layers of the treatments in which organic soil management principles were 
applied, were significantly higher than that of the treatments in which the soil was managed according to Integrated 
Production (IP) principles after the 2001/02 season (second season in which the treatments were applied). The P content 
and percentage C in the 0 - 150 mm soil layer of the organic soil management treatments were significantly higher than that 
of the IP soil management treatments as well, but only after the 2002/03 season.

RESULTS AND DISCUSSION 

The applied organic fertilizer (COP treat-
ment) and compost (OP and OPSA treat-
ments) elevated the level of P in the 0 - 
300 mm soil layer to a more acceptable 
level during the 2002/03 season (Table 4). 
The following season, the level of P in the 
0 - 150 mm soil layer of the organic soil 
management treatments was significant-
ly higher than that of the CP and two IP 
treatments (Table 5), and exceeded the 
norm of 30 mg/kg for this soil type (Con-
radie, 1994). The organic fertilizer and 
compost applied resulted in elevated 
levels of K in the 0 - 300 mm soil layer of 
the organic soil management treatments 
(Table 4). This was even more pronounced 
in the 0 - 150 mm soil layer (Table 5). The 
level of K in the soil of the treatments in 
which organic soil management principles 
were applied was significantly higher than 
that of the CP and two IP treatments dur-
ing both the 2002/03 and 2003/04 sea-
sons (Tables 4 & 5). The same trend was 
detected for Mg. Despite the high Ca 
content of the compost and organic fertil-
izer, the level of Ca in the soil did not differ 
significantly between treatments. 

The organic matter content in the 0 - 300 

mm soil layer differed significantly during 
the 2002/03 season, but no definite 
trends could be detected (Table 4). The % 
C in the 0 - 150 mm soil layer of the 
organic soil management treatments was 
significantly higher than that of the CP 
and two IP treatments during the 2003/04 
season (Table 5). 

CONCLUSIONS 

The amount of Neutrog, Seagro or com-
post that was necessary to supply suffi-
cient amounts of N to the non-irrigated 
grapevines resulted in an over-supply of K 
and P in the top soil layers of this medium 
textured soil. The long-term effect of the 
luxurious supply of P and K by the com-
post on these medium textured soils needs 
clarification. Compost composition differs 
according to the raw materials used; det-
rimentally high applications of P and K 
can, therefore, be prevented. 
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TABLE 4. The nutrient and organic matter content of the 0 - 300 mm soil layer on the vine row of the different soil mangement treatments, as measured 
after harvest during the 2002/03 season.

Treatment P (mg/kg) K (mg/kg) Ca (cmol/kg) Mg (cmol/kg) C (%)

1.Conventional Production 10 a 54 a 4.2 a 0.4 b  1.4 ab

2. Integrated Production (IP) 12 a 67 a 4.5 a   0.6 bc  1.5 bc

3. IP plus soil activators 11 a 76 a 5.2 a 0.2 a 1.1 a

4. Organic Production (OP) 35 b 230 c 3.8 a 0.7 c 1.7 c

5. OP plus soil activators   25 ab 136 b 3.5 a 0.7 c  1.2 ab

6. Commercial OP   21 ab  170 bc 3.2 a 0.8 c 1.1 a

1 Numbers in the same column, followed by the same letter, do not differ significantly on the 5% level.

TABLE 5. The nutrient and organic matter content of the 0 - 150 mm soil layer on the vine row of the different soil management treatments, as mea-
sured after harvest during the 2008/04 season.

Treatment P (mg/kg) K (mg/kg) Ca (cmol/kg) Mg (cmol/kg) C (%)

1.Conventional Production 18 a 102 a 4.6 a   0.8 ab 1.4 a

2. Integrated Production (IP) 25 a 129 a 5.3 a   0.8 ab 1.6 a

3. IP plus soil activators 19 a   93 a 4.8 a 0.6 a 1.4 a

4. Organic Production (OP)   57 bc   513 bc 6.3 a 1.2 c   2.0 bc

5. OP plus soil activators 66 c 534 c 6.3 a 1.2 c 2.1 c

6. Commercial OP 44 b 362 b 5.6 a   1.1 bc 1.8 b

1 Numbers in the same column, followed by the same letter, do not differ significantly on the 5% level.

TABLE 2. Treatments applied.

1. Conventional Production
2. Integrated 

Production (IP)
3. IP plus soil activators 

(IPSA)
4. Organic  

production (OP)
5. OP plus soil  

activators (OPSA)
6. Commercial OP 

(COP)

No cover crop Cover crop established during April

Full surface post-emer-
gence chemical control 

from bud break.

Full surface post-emergence chemical control 
from mid-October.

Cover crop flattened at completion of life cycle, weeds slashed during 
grapevine growing season, straw packed on vine row at a density  

of 3 t/ha.

No soil activator applied
Penac K® applied one week 
after application of fertiliser

No soil activator 
applied

Penac K® applied one 
week after application 

of compost

No soil activator 
applied

Limestone ammonium nitrate (LAN) broadcasted after bud break and  
after harvest.

10 m3 of compost applied to the vine row 
after bud break and after harvest

Neutrog® (Bounce back) 
and Seagro® applied 

after bud break and after 
harvest. Seagro® 

applied during October

No fertiliser applied
LAN broadcasted at the two to four-leaf stages of 

the cover crop
No fertiliser applied

TABLE 3. The macro-nutrients applied per annum in the different treatments.

Treatment
Nutrients applied per annum in kg/ha

2000/01 season 2001/02 season 2002/03 season 2003/04 season 2004/05 season 2005/06  season

1. Conventional production 42 N

2. Integrated production (IP)
49 N

3. IP plus soil activators

4. Organic production (OP)
60 N; 48 K; 27 P; 81 Ca; 20 Mg

90 N; 77 K; 27 P; 
69 Ca; 17 Mg

60 N; 53 K; 13 P; 
29 Ca; 8 Mg

100 N; 48 K; 34 
P;  70 Ca; 16 Mg5. OP plus soil activators

6. Commercial OP
60 N; 48 K; 27 P; 

81 Ca; 20 Mg
95 N; 61 K; 44 P; 62 Ca; 13 Mg 38 N; 24 K; 17 P; 23 Ca; 5 Mg
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Summary

Six soil management practices (treatments) applied in a non-irrigated Sauvignon blanc/99 Richter vineyard on a sandy clay 
loam soil near Paarl were evaluated over a period of six years, commencing four seasons after planting. The K and Mg 
contents in the 0 - 300 mm and 0 - 150 mm soil layers of the treatments in which organic soil management principles were 
applied, were significantly higher than that of the treatments in which the soil was managed according to Integrated 
Production (IP) principles after the 2001/02 season (second season in which the treatments were applied). The P content 
and percentage C in the 0 - 150 mm soil layer of the organic soil management treatments were significantly higher than that 
of the IP soil management treatments as well, but only after the 2002/03 season.

RESULTS AND DISCUSSION 

The applied organic fertilizer (COP treat-
ment) and compost (OP and OPSA treat-
ments) elevated the level of P in the 0 - 
300 mm soil layer to a more acceptable 
level during the 2002/03 season (Table 4). 
The following season, the level of P in the 
0 - 150 mm soil layer of the organic soil 
management treatments was significant-
ly higher than that of the CP and two IP 
treatments (Table 5), and exceeded the 
norm of 30 mg/kg for this soil type (Con-
radie, 1994). The organic fertilizer and 
compost applied resulted in elevated 
levels of K in the 0 - 300 mm soil layer of 
the organic soil management treatments 
(Table 4). This was even more pronounced 
in the 0 - 150 mm soil layer (Table 5). The 
level of K in the soil of the treatments in 
which organic soil management principles 
were applied was significantly higher than 
that of the CP and two IP treatments dur-
ing both the 2002/03 and 2003/04 sea-
sons (Tables 4 & 5). The same trend was 
detected for Mg. Despite the high Ca 
content of the compost and organic fertil-
izer, the level of Ca in the soil did not differ 
significantly between treatments. 

The organic matter content in the 0 - 300 

mm soil layer differed significantly during 
the 2002/03 season, but no definite 
trends could be detected (Table 4). The % 
C in the 0 - 150 mm soil layer of the 
organic soil management treatments was 
significantly higher than that of the CP 
and two IP treatments during the 2003/04 
season (Table 5). 

CONCLUSIONS 

The amount of Neutrog, Seagro or com-
post that was necessary to supply suffi-
cient amounts of N to the non-irrigated 
grapevines resulted in an over-supply of K 
and P in the top soil layers of this medium 
textured soil. The long-term effect of the 
luxurious supply of P and K by the com-
post on these medium textured soils needs 
clarification. Compost composition differs 
according to the raw materials used; det-
rimentally high applications of P and K 
can, therefore, be prevented. 
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INTRODUCTION 

The continuous use of livestock manure 
on agricultural land resulted in a signifi-
cant increase in soil P that suggested the 
practice might not be sustainable over the 
long-term (Hao et al., 2004). The amount 
of organic fertiliser or compost necessary 
to supply sufficient amounts of N to non-
irrigated grapevines resulted in an over-
supply of K and P in the top soil layers of 
a medium textured soil (Fourie & Raath, 
2009). Zuur (1989) observed that grape 
yields are reduced by 15-20% in vine-
yards farmed organically, while Reganold 
et al. (2001) reported that apple yield and 

quality was not affected negatively by an 
organic production system. 

Given the luxurious supply of K and P in the 
top soil layer of the medium textured soil on 
which the Sauvignon blanc/99 Richter vines 
were established (Fourie & Raath, 2009), it 
was important to quantify the reaction of 
the grapevines. This contributed towards 
the evaluation organic agricultural practices 
as a viable approach to wine grape produc-
tion in South Africa. The results given are 
from one of the first independent initiatives 
that compared the impact of different pro-
duction systems on soil quality, grapevine 
performance and wine quality. 

MATERIALS AND METHODS 

Trial layout 

The detailed experimental lay-out and soil 
analyses are presented in Fourie & Raath 
(2009). Six soil management practices, 
namely Conventional production (CP), IP, 
IP plus soil activators (IPSA), Organic 
production (OP), OP plus soil activators 
(OPSA) and Commercial OP (COP) were 
applied as described in Table 1. The 
amount of macro-nutrients applied per 
treatment per annum is presented in 
Table 2. 

TABLE 1. Treatments applied.

1.  Conventional  
Production

2.  Integrated  
Production (IP)

3.  IP plus soil activators 
(IPSA)

4.  Organic production 
(OP)

5.  OP plus soil activa-
tors (OPSA)

6.  Commercial OP (COP)

No cover crop Cover crop established during April
Full surface post-emergen-
ce chemical control from 

bud break.

Full surface post-emergence chemical control from  
mid-October.

Cover crop flattened at completion of life cycle, weeds slashed during grapevine growing 
season, straw packed on vine row at a density of 3 t/ha.

No soil activator applied
Penac K® applied one 

week after application of 
fertiliser

No soil activator applied
Penac K® applied one 
week after application 

of compost
No soil activator applied

Limestone ammonium nitrate (LAN) broadcasted after bud break and after harvest.
10 m3 of compost applied to the vine row after bud 

break and after harvest.

Neutrog® (Bounce back) and 
Seagro® applied after bud break 

and after harvest. Seagro® 
applied during October.

No fertiliser applied
LAN broadcasted at the two to four-leaf stages of the 

cover crop.
No fertiliser applied

TABLE 2. The macro-nutrients applied per annum in the different treatments.

Treatment
Nutrients applied  per annum in kg/ha

2000/01 season 2001/02 season 2002/03 season 2003/04 season 2004/05 season 2005/06 season

1.  Conventional production 42 N

2.  Integrated production (IP)
49 N

3.  IP plus soil activators

4.  Organic production (OP)
60 N; 48 K; 27 P; 81 Ca; 20 Mg

90 N; 77 K; 27 P; 69 
Ca; 17 Mg

60 N; 53 K; 13 P; 29 
Ca; 8 Mg

100 N; 48 K; 34 P;  
70 Ca; 16 Mg5.  OP plus soil activators

6.  Commercial OP
60 N; 48 K; 27 P; 81 

Ca; 20 Mg
95 N; 61 K; 44 P; 62 Ca; 13 Mg 38 N; 24 K; 17 P; 23 Ca; 5 Mg
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Measurements 

Shoot mass and grape yield 
Shoot mass was determined early August 
and grape yield determined during harvest. 
All treatments were harvested on the same 
date. 

Leaf analysis 
Leaves, directly opposite the clusters, 
were collected at berry set for five con-
secutive seasons. The leaf-blades and 
petioles were separated immediately after 
sampling. The samples were analysed for 
macro- and micro-nutrients as described 
in Kalra (1998). 

Juice analysis 
The grapes were harvested when the sugar 
concentration averaged 22°B. A represen-
tative sample (approximately one bunch per 
experimental vine) from each plot was 
crushed in a hydraulic press. Free run juice 
was analysed for sugar content (tempera-
ture compensated Abbé refractometer), pH 
(654 Metrohm pH meter) and titratable 
acidity (50 mL juice titrated with 0.333 M 
NaOH to pH 7.0 and expressed as g tar-
taric acid/L). Total juice N was determined 
by means of an automated colorimetric 
method (The Non-Affiliated Soil Analysis 
Work Committee, 1990), following digestion 
with selenous acid/sulphuric acid. Total P, 
K, Ca and Mg concentrations in juice were 
determined by means of atomic absorption 
spectrophotometry, following digestion with 
nitric acid/perchloric acid. These analyses 
were done for five consecutive seasons 
(2001/02 to 2005/06). 

Experimental wines 
Forty kg of grapes were harvested for 
each replication of the selected treat-
ments. The grapes were crushed, de-
stemmed and immediately pressed to 
100 kPa in a small-scale pneumatic press. 
Wine was made from the grapes of each 
treatment as described by Fourie et al. 
(2006). The wines were stored at 14°C for 
three months before they were evaluated. 
Sensory evaluation was carried out by an 
experienced panel of 14 members on a 
nine point scorecard (Tromp & Conradie, 
1979). The wines were presented in cod-
ed form and evaluated for overall wine 
quality, as well as for aroma and taste. 

RESULTS AND DISCUSSION 

Grape yield and shoot mass 
The shoot mass in the COP treatment was 

significantly higher than that of the CP, IP, 
IPSA, and OP treatments during the 
2001/02 season (Table 3). This was attrib-
uted to the 95 kg/ha N applied to this 
treatment compared to the 42 kg/ha N 
applied to CP, the 49 kg/ha N applied to IP 
and IPSA, and the 60 kg/ha N applied to 
OP (Table 2). The soil activators applied in 
the OPSA treatment resulted in a signifi-
cantly higher cane mass compared to OP, 
which received the same amount of N 
(Table 3). Although not significant, the 
same trend occurred between the IP and 
IPSA treatments. This trend occurred in 
these treatments to a greater or lesser 
extent throughout the duration of the trial. 

The grape yield in the OP treatment was the 
lowest throughout the study (Table 4), 
although the amount of N applied during 
the growing season was increased by 50 % 
and 67 % during the 2003/04 and 2005/06 
seasons respectively (Table 2). The average 
grape yield of the OP treatment was 
between 30% and 42% less than that of 
the CP, IP and IPSA treatments (Table 4). 
Adding a soil activator to the compost one 
week after application (OPSA treatment) 
resulted in an average yield similar to that of 
CP, IP and IPSA. As in the case of the shoot 
mass (Table 3), the grapevines in the IPSA 
treatment also benefited from the applica-
tion of a soil activator (Table 4). 

Leaf analysis 

The percentage N in the leaf-blades and 
petioles of the COP treatment was signifi-
cantly higher than that of the other treat-
ments during the 2001/02 season, with 
the exception of the OPSA treatment 
(Table 5). This was attributed to the 95 kg/
ha N applied to this treatment compared 
to the 42 kg/ha N applied to CP treatment, 
the 49 kg/ha N applied to the IP and IPSA 
treatments and the 60 kg/ha N applied to 
OP treatment (Table 2). The soil activators 
applied in the OPSA treatment seemed to 
make the organic N more available to the 
grapevine, while the slow release of N from 
the compost must have provided a con-
tinuous supply of N to the grapevines 
during the growing season. 

The amount of N applied in the COP treat-
ment was reduced from 95 kg/ha to 38 kg/
ha during the 2003/04 season, while the N 
applied in the OP and OPSA treatments 
was increased from 60 kg/ha to 90 kg/ha 
and 100 kg/ha during the 2003/04 and 
2005/06 seasons, respectively (Table 2). 

Despite this, no significant differences could 
be detected between treatments from the 
2002/03 season onwards (data not shown). 
The % N in the OP and OPSA treatments, 
however, was slightly higher than that of the 
other treatments in the 2005/06 season 
(Table 5). The lack of significant response to 
the high amount of N applied to the OP and 
OPSA treatments during the 2003/04 and 
2005/06 seasons, was, inter alia, attributed 
to the high amounts of K applied simultane-
ously with the N (Table 2), thus suppressing 
the uptake of the N by the grapevines 
(Saayman, 1981). Another neutralizing fac-
tor could have been the leaching of the 
excess N from the root zone as a result of 
high rainfall during October 2005 (145 mm). 
The lack of plant response to the reduction 
in the amount of N applied in the COP 
treatment from the 2003/04 season 
onwards was attributed to the carry-over 
effect from the high amount of N applied 
during the 2001/02 and 2002/03 sea-
sons. 

The percentage K in the leaf-blades and 
petioles of the organic soil management 
treatments was significantly higher than that 
of the CP and two IP treatments throughout 
the duration of the trial (Table 6). This was 
attributed to the application of K in the first-
mentioned treatments, while the latter 
received none. The level of K in the leaf-
blades and petioles of the OP and OPSA 
treatments exceeded that of the maximum 
norms for leaf-blades (1.2%) and petioles 
(2.9%) as reported by Saayman (1981) 
throughout the trial (Table 6). Similar results 
were achieved with the COP treatment in 
the 2001/02 and 2002/03 seasons. The 
amount of K applied in this treatment being 
reduced from 61 kg/ha K in 2002/03 to 24 
kg/ha K thereafter (Table 2) resulted in the 
level of K being reduced to approximately 
the maximum acceptable levels (Table 6). 
The application of organic compost or 
Neutrog® (Bounceback) and Seagro® to 
supply the N needs of the grapevines on 
this medium textured soil resulted in an 
over-supply of K. On sandy soils, however, 
grapevines may benefit from the supply and 
slower release of K from these organic fer-
tilisers. 

The percentage P in the leaf-blades and 
petioles of the COP and OPSA treatments 
were significantly higher than that of the 
other treatments from the 2001/02 to 
2003/04 seasons (Table 7). It also exceeded 
the maximum acceptable level of 0.55 % 
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Effect of organic and integrated soil cultivation 
practices on soil nutrient status and 
performance of a Sauvignon blanc vineyard 
situated in the Paarl wine district (Part 2): 
Grapevine performance 
Johan Fourie1 & Pieter Raath2

1 ARC Infruitec-Nietvoorbij, Stellenbosch 
2 Department of Viticulture and Oenology, Stellenbosch University 
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INTRODUCTION 

The continuous use of livestock manure 
on agricultural land resulted in a signifi-
cant increase in soil P that suggested the 
practice might not be sustainable over the 
long-term (Hao et al., 2004). The amount 
of organic fertiliser or compost necessary 
to supply sufficient amounts of N to non-
irrigated grapevines resulted in an over-
supply of K and P in the top soil layers of 
a medium textured soil (Fourie & Raath, 
2009). Zuur (1989) observed that grape 
yields are reduced by 15-20% in vine-
yards farmed organically, while Reganold 
et al. (2001) reported that apple yield and 

quality was not affected negatively by an 
organic production system. 

Given the luxurious supply of K and P in the 
top soil layer of the medium textured soil on 
which the Sauvignon blanc/99 Richter vines 
were established (Fourie & Raath, 2009), it 
was important to quantify the reaction of 
the grapevines. This contributed towards 
the evaluation organic agricultural practices 
as a viable approach to wine grape produc-
tion in South Africa. The results given are 
from one of the first independent initiatives 
that compared the impact of different pro-
duction systems on soil quality, grapevine 
performance and wine quality. 

MATERIALS AND METHODS 

Trial layout 

The detailed experimental lay-out and soil 
analyses are presented in Fourie & Raath 
(2009). Six soil management practices, 
namely Conventional production (CP), IP, 
IP plus soil activators (IPSA), Organic 
production (OP), OP plus soil activators 
(OPSA) and Commercial OP (COP) were 
applied as described in Table 1. The 
amount of macro-nutrients applied per 
treatment per annum is presented in 
Table 2. 

TABLE 1. Treatments applied.

1.  Conventional  
Production

2.  Integrated  
Production (IP)

3.  IP plus soil activators 
(IPSA)

4.  Organic production 
(OP)

5.  OP plus soil activa-
tors (OPSA)

6.  Commercial OP (COP)

No cover crop Cover crop established during April
Full surface post-emergen-
ce chemical control from 

bud break.

Full surface post-emergence chemical control from  
mid-October.

Cover crop flattened at completion of life cycle, weeds slashed during grapevine growing 
season, straw packed on vine row at a density of 3 t/ha.

No soil activator applied
Penac K® applied one 

week after application of 
fertiliser

No soil activator applied
Penac K® applied one 
week after application 

of compost
No soil activator applied

Limestone ammonium nitrate (LAN) broadcasted after bud break and after harvest.
10 m3 of compost applied to the vine row after bud 

break and after harvest.

Neutrog® (Bounce back) and 
Seagro® applied after bud break 

and after harvest. Seagro® 
applied during October.

No fertiliser applied
LAN broadcasted at the two to four-leaf stages of the 

cover crop.
No fertiliser applied

TABLE 2. The macro-nutrients applied per annum in the different treatments.

Treatment
Nutrients applied  per annum in kg/ha

2000/01 season 2001/02 season 2002/03 season 2003/04 season 2004/05 season 2005/06 season

1.  Conventional production 42 N

2.  Integrated production (IP)
49 N

3.  IP plus soil activators

4.  Organic production (OP)
60 N; 48 K; 27 P; 81 Ca; 20 Mg

90 N; 77 K; 27 P; 69 
Ca; 17 Mg

60 N; 53 K; 13 P; 29 
Ca; 8 Mg

100 N; 48 K; 34 P;  
70 Ca; 16 Mg5.  OP plus soil activators

6.  Commercial OP
60 N; 48 K; 27 P; 81 

Ca; 20 Mg
95 N; 61 K; 44 P; 62 Ca; 13 Mg 38 N; 24 K; 17 P; 23 Ca; 5 Mg
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Measurements 

Shoot mass and grape yield 
Shoot mass was determined early August 
and grape yield determined during harvest. 
All treatments were harvested on the same 
date. 

Leaf analysis 
Leaves, directly opposite the clusters, 
were collected at berry set for five con-
secutive seasons. The leaf-blades and 
petioles were separated immediately after 
sampling. The samples were analysed for 
macro- and micro-nutrients as described 
in Kalra (1998). 

Juice analysis 
The grapes were harvested when the sugar 
concentration averaged 22°B. A represen-
tative sample (approximately one bunch per 
experimental vine) from each plot was 
crushed in a hydraulic press. Free run juice 
was analysed for sugar content (tempera-
ture compensated Abbé refractometer), pH 
(654 Metrohm pH meter) and titratable 
acidity (50 mL juice titrated with 0.333 M 
NaOH to pH 7.0 and expressed as g tar-
taric acid/L). Total juice N was determined 
by means of an automated colorimetric 
method (The Non-Affiliated Soil Analysis 
Work Committee, 1990), following digestion 
with selenous acid/sulphuric acid. Total P, 
K, Ca and Mg concentrations in juice were 
determined by means of atomic absorption 
spectrophotometry, following digestion with 
nitric acid/perchloric acid. These analyses 
were done for five consecutive seasons 
(2001/02 to 2005/06). 

Experimental wines 
Forty kg of grapes were harvested for 
each replication of the selected treat-
ments. The grapes were crushed, de-
stemmed and immediately pressed to 
100 kPa in a small-scale pneumatic press. 
Wine was made from the grapes of each 
treatment as described by Fourie et al. 
(2006). The wines were stored at 14°C for 
three months before they were evaluated. 
Sensory evaluation was carried out by an 
experienced panel of 14 members on a 
nine point scorecard (Tromp & Conradie, 
1979). The wines were presented in cod-
ed form and evaluated for overall wine 
quality, as well as for aroma and taste. 

RESULTS AND DISCUSSION 

Grape yield and shoot mass 
The shoot mass in the COP treatment was 

significantly higher than that of the CP, IP, 
IPSA, and OP treatments during the 
2001/02 season (Table 3). This was attrib-
uted to the 95 kg/ha N applied to this 
treatment compared to the 42 kg/ha N 
applied to CP, the 49 kg/ha N applied to IP 
and IPSA, and the 60 kg/ha N applied to 
OP (Table 2). The soil activators applied in 
the OPSA treatment resulted in a signifi-
cantly higher cane mass compared to OP, 
which received the same amount of N 
(Table 3). Although not significant, the 
same trend occurred between the IP and 
IPSA treatments. This trend occurred in 
these treatments to a greater or lesser 
extent throughout the duration of the trial. 

The grape yield in the OP treatment was the 
lowest throughout the study (Table 4), 
although the amount of N applied during 
the growing season was increased by 50 % 
and 67 % during the 2003/04 and 2005/06 
seasons respectively (Table 2). The average 
grape yield of the OP treatment was 
between 30% and 42% less than that of 
the CP, IP and IPSA treatments (Table 4). 
Adding a soil activator to the compost one 
week after application (OPSA treatment) 
resulted in an average yield similar to that of 
CP, IP and IPSA. As in the case of the shoot 
mass (Table 3), the grapevines in the IPSA 
treatment also benefited from the applica-
tion of a soil activator (Table 4). 

Leaf analysis 

The percentage N in the leaf-blades and 
petioles of the COP treatment was signifi-
cantly higher than that of the other treat-
ments during the 2001/02 season, with 
the exception of the OPSA treatment 
(Table 5). This was attributed to the 95 kg/
ha N applied to this treatment compared 
to the 42 kg/ha N applied to CP treatment, 
the 49 kg/ha N applied to the IP and IPSA 
treatments and the 60 kg/ha N applied to 
OP treatment (Table 2). The soil activators 
applied in the OPSA treatment seemed to 
make the organic N more available to the 
grapevine, while the slow release of N from 
the compost must have provided a con-
tinuous supply of N to the grapevines 
during the growing season. 

The amount of N applied in the COP treat-
ment was reduced from 95 kg/ha to 38 kg/
ha during the 2003/04 season, while the N 
applied in the OP and OPSA treatments 
was increased from 60 kg/ha to 90 kg/ha 
and 100 kg/ha during the 2003/04 and 
2005/06 seasons, respectively (Table 2). 

Despite this, no significant differences could 
be detected between treatments from the 
2002/03 season onwards (data not shown). 
The % N in the OP and OPSA treatments, 
however, was slightly higher than that of the 
other treatments in the 2005/06 season 
(Table 5). The lack of significant response to 
the high amount of N applied to the OP and 
OPSA treatments during the 2003/04 and 
2005/06 seasons, was, inter alia, attributed 
to the high amounts of K applied simultane-
ously with the N (Table 2), thus suppressing 
the uptake of the N by the grapevines 
(Saayman, 1981). Another neutralizing fac-
tor could have been the leaching of the 
excess N from the root zone as a result of 
high rainfall during October 2005 (145 mm). 
The lack of plant response to the reduction 
in the amount of N applied in the COP 
treatment from the 2003/04 season 
onwards was attributed to the carry-over 
effect from the high amount of N applied 
during the 2001/02 and 2002/03 sea-
sons. 

The percentage K in the leaf-blades and 
petioles of the organic soil management 
treatments was significantly higher than that 
of the CP and two IP treatments throughout 
the duration of the trial (Table 6). This was 
attributed to the application of K in the first-
mentioned treatments, while the latter 
received none. The level of K in the leaf-
blades and petioles of the OP and OPSA 
treatments exceeded that of the maximum 
norms for leaf-blades (1.2%) and petioles 
(2.9%) as reported by Saayman (1981) 
throughout the trial (Table 6). Similar results 
were achieved with the COP treatment in 
the 2001/02 and 2002/03 seasons. The 
amount of K applied in this treatment being 
reduced from 61 kg/ha K in 2002/03 to 24 
kg/ha K thereafter (Table 2) resulted in the 
level of K being reduced to approximately 
the maximum acceptable levels (Table 6). 
The application of organic compost or 
Neutrog® (Bounceback) and Seagro® to 
supply the N needs of the grapevines on 
this medium textured soil resulted in an 
over-supply of K. On sandy soils, however, 
grapevines may benefit from the supply and 
slower release of K from these organic fer-
tilisers. 

The percentage P in the leaf-blades and 
petioles of the COP and OPSA treatments 
were significantly higher than that of the 
other treatments from the 2001/02 to 
2003/04 seasons (Table 7). It also exceeded 
the maximum acceptable level of 0.55 % 
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TABLE 3. The shoot mass of a Sauvignon blanc/99 Richter vineyard managed organically at Plaisir de Merle.

Treatment
Shoot mass (t/ha)

2001/02 season 2002/03 season 2003/04 season 2004/05 season

1.  Conventional Production   3.03 ab 3.29 a 3.26 b   3.31 bc

2.  Integrated Production (IP) 2.50 a 3.67 a 2.83 b 2.74 a

3.  IP plus soil activators   3.18 ab 4.14 a 3.51 b 2.97 a

4.  Organic Production (OP) 2.52 a 4.23 a 1.76 a   2.86 ab

5.  OP plus soil activators   3.66 bc 4.27 a 3.03 b 3.47 c

6.  Commercial OP 4.05 c 4.30 a 3.11 b     3.23 abc

1 Numbers in the same column, followed by the same letter, do not differ significantly on the 5% level.

TABLE 4. The grape yield of a Sauvignon blanc/99 Richter vineyard managed organically at Plaisir de Merle.

Treatment
Grape yield (t/ha)

2001/02 season 2002/03 season 2003/04 season 2004/05 season 2005/06 season

1.  Conventional Production 6.77 b 5.96 a   7.51 ab   9.52 a 5.14 a

2.  Integrated Production (IP)  6.27 ab 6.04 a 5.60 a   8.94 a   5.89 ab

3.  IP plus soil activators  5.94 ab 6.48 a 8.94 b 12.84 a   5.48 ab

4.  Organic Production (OP) 4.00 a 3.74 a 5.30 a   6.29 a 3.63 a

5.  OP plus soil activators  5.73 ab 5.37 a 8.23 b 10.57 a   5.73 ab

6.  Commercial OP  5.95 ab 5.95 a 9.18 b 10.03 a 7.60 b

1 Numbers in the same column, followed by the same letter, do not differ significantly on the 5% level.

TABLE 5. The percentage N in the leaf blades and petioles of a Sauvignon blanc/99 Richter vineyard managed organically at Plaisir de Merle, sampled 
at berry set.

Treatment

N (%)1

2001/02 season 2005/06 season

Leaf-blade Petiole Leaf-blade Petiole

1.  Conventional Production 2.53 a 0.61 a 3.44 a 1.03 a

2.  Integrated Production (IP)   2.54 ab 0.60 a 3.51 a 0.95 a

3.  IP plus soil activators     2.61 abc 0.62 a 3.41 a 0.97 a

4.  Organic Production (OP)   2.68 bc 0.59 a 3.53 a 1.98 a

5.  OP plus soil activators   2.75 cd   0.65 ab 3.73 a 1.08 a

6.  Commercial OP 2.87 d 0.69 b 3.37 a 0.91 a

1 Numbers in the same column, followed by the same letter, do not differ significantly on the 5% level.

TABLE 6. The percentage K in the leaf blades and petioles of a Sauvignon blanc/99 Richter vineyard managed organically at Plaisir de Merle, sampled 
during fruit set.

Treatment

K (%)1

2001/02
season

2002/03
season

2003/04
season

2004/05
season

2005/06
season

Leaf-blade Petiole Leaf-blade Petiole Leaf-blade Petiole Leaf-blade Petiole Leaf-blade Petiole

1.  Conventional Production 1.03 a 1.83 a 1.21 a 2.57 a 0.84 a 1.35 a 0.92 a 1.85 a 1.01 a 2.16 a

2.  Integrated Production (IP) 1.14 b 2.08 a 1.20 a 2.59 a 0.89 a 1.60 a 0.92 a 1.90 a 1.01 a 2.12 a

3.  IP plus soil activators   1.08 ab 2.09 a 1.13 a 2.55 a 0.86 a 1.52 a 0.84 a 1.88 a 1.01 a 1.82 a

4.  Organic Production (OP) 1.33 c 3.49 b 1.50 b 3.54 b   1.26 bc 2.90 c 1.43 c 3.51 c 1.46 c 3.90 c

5.  OP plus soil activators 1.25 c 3.09 b 1.50 b 3.74 b 1.35 c   2.86 bc 1.51 c   3.39 bc 1.43 c 3.68 c

6.  Commercial OP 1.34 c 3.20 b 1.39 b 3.23 b 1.13 b 2.29 b 1.27 b 2.88 b 1.20 b 2.92 b

1 Numbers in the same column, followed by the same letter, do not differ significantly on the 5% level.
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for leaf-blades and 0.60 % for petioles as 
reported by Saayman (1981). The high P 
content in the leaves of the COP treatment 
was attributed to the 44 kg/ha P applied. 
The application of 27 kg/ha P in combina-
tion with the application of soil activators in 
the OPSA treatment, which must have 
made the P more readily available to the 
grapevines, resulted in an increased uptake 
of P by the grapevines from the early stages 
of the trial. To ensure a sufficient supply of 
N from the compost applied in the OP and 
OPSA treatments parallel applications of 27 
kg/ha P from the 2000/01 to 2003/04 sea-
sons and 13 kg/ha and 34 kg/ha of P dur-
ing the 2004/05 and 2005/06 seasons, 
respectively, took place. This resulted in the 
level of P in the leaves of both these treat-

ments being above the maximum accept-
able levels mentioned above after the 
2001/02 season (Table 7). To ensure a suf-
ficient supply of N in the COP treatment, the 
amount of P applied could not be reduced 
to less than 17 kg/ha. Once again this 
resulted in the P content of the leaves being 
elevated above the generally accepted 
maximums throughout the duration of the 
trial. 

Juice analysis 
The sugar and acid content, as well as the 
pH of the juice did not differ between treat-
ments (data not shown). This indicated 
that the higher soil water content (Van 
Huyssteen & Weber, 1980; Wooldridge, 
1992; Buckerfield & Webster, 1996) and 

cooler soil temperatures (Van Huyssteen & 
Weber 1980; Van Huyssteen et al., 1984) 
associated with mulches, did not have an 
effect on ripening of the grapes. 

No significant differences in the N content 
of the juice occurred between treatments 
throughout the study (data not shown). The 
K content in the juice of the organic soil 
management treatments was significantly 
higher than that of the CP and IP treat-
ments and tended to be higher than that of 
the IPSA treatment during the 2002 harvest 
(Table 8). During the 2005 harvest the K 
content in the juice of the organic soil man-
agement treatments was significantly high-
er than that of all the IP treatments. This 
trend was detected in the juice of the 2004 

TABLE 7. The percentage P in the leaf blades and petioles of a Sauvignon blanc/99 Richter vineyard managed organically at Plaisir de Merle, sampled 
during fruit set.

Treatment

P (%)1

2001/02 season 2002/03 season 2003/04 season 2004/05 season 2005/06 season

Leaf-blade Petiole Leaf-blade Petiole Leaf-blade Petiole Leaf-blade Petiole Leaf-blade Petiole

1.  Conventional Production 0.25 a 0.47 a   0.52 ab 0.58 a 0.40 a 0.53 a 0.37 a 0.41 a 1.01 a 2.16 a

2.  Integrated Production (IP) 0.26 a 0.55 a   0.46 ab 0.58 a 0.36 a 0.52 a 0.28 a 0.41 a 1.01 a 2.12 a

3.  IP plus soil activators 0.32 a 0.59 a 0.39 a 0.56 a 0.45 a 0.61 a 0.25 a 0.45 a 1.01 a 1.82 a

4.  Organic Production (OP) 0.34 a 0.62 a 0.68 b 0.72 b 0.58 b 0.61 a 0.62 b 0.67 b 1.46 c 3.90 c

5.  OP plus soil activators 0.65 b 0.88 b 1.02 c 0.96 c 0.87 c 0.93 b 0.86 c 0.93 c 1.43 c 3.68 c

6.  Commercial OP 0.81 b 0.94 b 1.01 c 0.96 c 0.84 c 0.82 b   0.82 bc 0.84 b 1.20 b 2.92 b
1 Numbers in the same column, followed by the same letter, do not differ significantly on the 5% level.

TABLE 8. The K content in the must of a Sauvignon blanc/99 Richter vineyard managed organically at Plaisir de Merle, as affected by the different soil 
management treatments.

Treatment
K-content (mg/L)1

2001/02 season 2002/03 season 2003/04 season 2004/05 season 2005/06 season

1.  Conventional Production 1269 a 1310 a 1667 a 1381 a 1104 ab

2.  Integrated Production (IP) 1285 a 1337 a 1797 a 1491 a 991 a

3.  IP plus soil activators 1987 b 1245 a 1837 a 1436 a 1048 ab

4.  Organic Production (OP) 2030 b 1323 a 1982 a 1606 b 1264 c

5.  OP plus soil activators 2055 b 1231 a 1977 a 1663 b 1306 c

6.  Commercial OP 2020 b 1349 a 1920 a 1598 b 1099 ab

1 Numbers in the same column, followed by the same letter, do not differ significantly on the 5% level.

TABLE 9. The P content in the must of a Sauvignon blanc/99 Richter vineyard managed organically at Plaisir de Merle, as affected by the different soil 
management treatments.

Treatment
P-inhoud (mg/L)1

2001/02 season 2002/03 season 2003/04 season 2004/05 season 2005/06 season

1.  Conventional Production 63 a 35 a 47 a 50 a 36 a

2.  Integrated Production (IP) 50 a 32 a 47 a 53 a 32 a

3.  IP plus soil activators 35 a 40 a 48 a 45 a 31 a

4.  Organic Production (OP) 64 a 44 a 61 a 65 b 48 b

5.  OP plus soil activators 85 a 51 a 57 a 66 b 51 b

6.  Commercial OP 69 a 44 a 55 a 65 b 42 b
1 Numbers in the same column, followed by the same letter, do not differ significantly on the 5% level.
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TABLE 3. The shoot mass of a Sauvignon blanc/99 Richter vineyard managed organically at Plaisir de Merle.

Treatment
Shoot mass (t/ha)

2001/02 season 2002/03 season 2003/04 season 2004/05 season

1.  Conventional Production   3.03 ab 3.29 a 3.26 b   3.31 bc

2.  Integrated Production (IP) 2.50 a 3.67 a 2.83 b 2.74 a

3.  IP plus soil activators   3.18 ab 4.14 a 3.51 b 2.97 a

4.  Organic Production (OP) 2.52 a 4.23 a 1.76 a   2.86 ab

5.  OP plus soil activators   3.66 bc 4.27 a 3.03 b 3.47 c

6.  Commercial OP 4.05 c 4.30 a 3.11 b     3.23 abc

1 Numbers in the same column, followed by the same letter, do not differ significantly on the 5% level.

TABLE 4. The grape yield of a Sauvignon blanc/99 Richter vineyard managed organically at Plaisir de Merle.

Treatment
Grape yield (t/ha)

2001/02 season 2002/03 season 2003/04 season 2004/05 season 2005/06 season

1.  Conventional Production 6.77 b 5.96 a   7.51 ab   9.52 a 5.14 a

2.  Integrated Production (IP)  6.27 ab 6.04 a 5.60 a   8.94 a   5.89 ab

3.  IP plus soil activators  5.94 ab 6.48 a 8.94 b 12.84 a   5.48 ab

4.  Organic Production (OP) 4.00 a 3.74 a 5.30 a   6.29 a 3.63 a

5.  OP plus soil activators  5.73 ab 5.37 a 8.23 b 10.57 a   5.73 ab

6.  Commercial OP  5.95 ab 5.95 a 9.18 b 10.03 a 7.60 b

1 Numbers in the same column, followed by the same letter, do not differ significantly on the 5% level.

TABLE 5. The percentage N in the leaf blades and petioles of a Sauvignon blanc/99 Richter vineyard managed organically at Plaisir de Merle, sampled 
at berry set.

Treatment

N (%)1

2001/02 season 2005/06 season

Leaf-blade Petiole Leaf-blade Petiole

1.  Conventional Production 2.53 a 0.61 a 3.44 a 1.03 a

2.  Integrated Production (IP)   2.54 ab 0.60 a 3.51 a 0.95 a

3.  IP plus soil activators     2.61 abc 0.62 a 3.41 a 0.97 a

4.  Organic Production (OP)   2.68 bc 0.59 a 3.53 a 1.98 a

5.  OP plus soil activators   2.75 cd   0.65 ab 3.73 a 1.08 a

6.  Commercial OP 2.87 d 0.69 b 3.37 a 0.91 a

1 Numbers in the same column, followed by the same letter, do not differ significantly on the 5% level.

TABLE 6. The percentage K in the leaf blades and petioles of a Sauvignon blanc/99 Richter vineyard managed organically at Plaisir de Merle, sampled 
during fruit set.

Treatment

K (%)1

2001/02
season

2002/03
season

2003/04
season

2004/05
season

2005/06
season

Leaf-blade Petiole Leaf-blade Petiole Leaf-blade Petiole Leaf-blade Petiole Leaf-blade Petiole

1.  Conventional Production 1.03 a 1.83 a 1.21 a 2.57 a 0.84 a 1.35 a 0.92 a 1.85 a 1.01 a 2.16 a

2.  Integrated Production (IP) 1.14 b 2.08 a 1.20 a 2.59 a 0.89 a 1.60 a 0.92 a 1.90 a 1.01 a 2.12 a

3.  IP plus soil activators   1.08 ab 2.09 a 1.13 a 2.55 a 0.86 a 1.52 a 0.84 a 1.88 a 1.01 a 1.82 a

4.  Organic Production (OP) 1.33 c 3.49 b 1.50 b 3.54 b   1.26 bc 2.90 c 1.43 c 3.51 c 1.46 c 3.90 c

5.  OP plus soil activators 1.25 c 3.09 b 1.50 b 3.74 b 1.35 c   2.86 bc 1.51 c   3.39 bc 1.43 c 3.68 c

6.  Commercial OP 1.34 c 3.20 b 1.39 b 3.23 b 1.13 b 2.29 b 1.27 b 2.88 b 1.20 b 2.92 b

1 Numbers in the same column, followed by the same letter, do not differ significantly on the 5% level.
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for leaf-blades and 0.60 % for petioles as 
reported by Saayman (1981). The high P 
content in the leaves of the COP treatment 
was attributed to the 44 kg/ha P applied. 
The application of 27 kg/ha P in combina-
tion with the application of soil activators in 
the OPSA treatment, which must have 
made the P more readily available to the 
grapevines, resulted in an increased uptake 
of P by the grapevines from the early stages 
of the trial. To ensure a sufficient supply of 
N from the compost applied in the OP and 
OPSA treatments parallel applications of 27 
kg/ha P from the 2000/01 to 2003/04 sea-
sons and 13 kg/ha and 34 kg/ha of P dur-
ing the 2004/05 and 2005/06 seasons, 
respectively, took place. This resulted in the 
level of P in the leaves of both these treat-

ments being above the maximum accept-
able levels mentioned above after the 
2001/02 season (Table 7). To ensure a suf-
ficient supply of N in the COP treatment, the 
amount of P applied could not be reduced 
to less than 17 kg/ha. Once again this 
resulted in the P content of the leaves being 
elevated above the generally accepted 
maximums throughout the duration of the 
trial. 

Juice analysis 
The sugar and acid content, as well as the 
pH of the juice did not differ between treat-
ments (data not shown). This indicated 
that the higher soil water content (Van 
Huyssteen & Weber, 1980; Wooldridge, 
1992; Buckerfield & Webster, 1996) and 

cooler soil temperatures (Van Huyssteen & 
Weber 1980; Van Huyssteen et al., 1984) 
associated with mulches, did not have an 
effect on ripening of the grapes. 

No significant differences in the N content 
of the juice occurred between treatments 
throughout the study (data not shown). The 
K content in the juice of the organic soil 
management treatments was significantly 
higher than that of the CP and IP treat-
ments and tended to be higher than that of 
the IPSA treatment during the 2002 harvest 
(Table 8). During the 2005 harvest the K 
content in the juice of the organic soil man-
agement treatments was significantly high-
er than that of all the IP treatments. This 
trend was detected in the juice of the 2004 

TABLE 7. The percentage P in the leaf blades and petioles of a Sauvignon blanc/99 Richter vineyard managed organically at Plaisir de Merle, sampled 
during fruit set.

Treatment

P (%)1

2001/02 season 2002/03 season 2003/04 season 2004/05 season 2005/06 season

Leaf-blade Petiole Leaf-blade Petiole Leaf-blade Petiole Leaf-blade Petiole Leaf-blade Petiole

1.  Conventional Production 0.25 a 0.47 a   0.52 ab 0.58 a 0.40 a 0.53 a 0.37 a 0.41 a 1.01 a 2.16 a

2.  Integrated Production (IP) 0.26 a 0.55 a   0.46 ab 0.58 a 0.36 a 0.52 a 0.28 a 0.41 a 1.01 a 2.12 a

3.  IP plus soil activators 0.32 a 0.59 a 0.39 a 0.56 a 0.45 a 0.61 a 0.25 a 0.45 a 1.01 a 1.82 a

4.  Organic Production (OP) 0.34 a 0.62 a 0.68 b 0.72 b 0.58 b 0.61 a 0.62 b 0.67 b 1.46 c 3.90 c

5.  OP plus soil activators 0.65 b 0.88 b 1.02 c 0.96 c 0.87 c 0.93 b 0.86 c 0.93 c 1.43 c 3.68 c

6.  Commercial OP 0.81 b 0.94 b 1.01 c 0.96 c 0.84 c 0.82 b   0.82 bc 0.84 b 1.20 b 2.92 b
1 Numbers in the same column, followed by the same letter, do not differ significantly on the 5% level.

TABLE 8. The K content in the must of a Sauvignon blanc/99 Richter vineyard managed organically at Plaisir de Merle, as affected by the different soil 
management treatments.

Treatment
K-content (mg/L)1

2001/02 season 2002/03 season 2003/04 season 2004/05 season 2005/06 season

1.  Conventional Production 1269 a 1310 a 1667 a 1381 a 1104 ab

2.  Integrated Production (IP) 1285 a 1337 a 1797 a 1491 a 991 a

3.  IP plus soil activators 1987 b 1245 a 1837 a 1436 a 1048 ab

4.  Organic Production (OP) 2030 b 1323 a 1982 a 1606 b 1264 c

5.  OP plus soil activators 2055 b 1231 a 1977 a 1663 b 1306 c

6.  Commercial OP 2020 b 1349 a 1920 a 1598 b 1099 ab

1 Numbers in the same column, followed by the same letter, do not differ significantly on the 5% level.

TABLE 9. The P content in the must of a Sauvignon blanc/99 Richter vineyard managed organically at Plaisir de Merle, as affected by the different soil 
management treatments.

Treatment
P-inhoud (mg/L)1

2001/02 season 2002/03 season 2003/04 season 2004/05 season 2005/06 season

1.  Conventional Production 63 a 35 a 47 a 50 a 36 a

2.  Integrated Production (IP) 50 a 32 a 47 a 53 a 32 a

3.  IP plus soil activators 35 a 40 a 48 a 45 a 31 a

4.  Organic Production (OP) 64 a 44 a 61 a 65 b 48 b

5.  OP plus soil activators 85 a 51 a 57 a 66 b 51 b

6.  Commercial OP 69 a 44 a 55 a 65 b 42 b
1 Numbers in the same column, followed by the same letter, do not differ significantly on the 5% level.
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Summary

Six soil management practices (treatments) applied in a non-irrigated Sauvignon blanc/99 Richter vineyard on a sandy clay 
loam soil near Paarl were evaluated over a period of six years, commencing four seasons after planting. The K and Mg 
contents in the 0 - 300 mm and 0 - 150 mm soil layers of the treatments in which organic soil management principles were 
applied, were significantly higher than that of the treatments in which the soil was managed according to Integrated Production 
(IP) principles after the 2001/02 season (second season in which the treatments were applied). The P content and percentage 
C in the 0 - 150 mm soil layer of the organic soil management treatments were significantly higher than that of the IP soil 
management treatments as well, but only after the 2002/03 season. The percentage K in the leaves of the organic soil 
management treatments was significantly higher than that of the IP soil management treatments for the duration of the study 
and exceeded the generally accepted maximum levels after the 2001/02 season. The percentage P in the leaves showed a 
similar trend after the 2002/03 season. The level of K and P in the juice reflected the trend that manifested in the leaves, but 
did not exceed the generally accepted norms. The average grape yield of the organic treatment in which only compost was 
applied was between 30% and 42% less than that of the IP treatments. Adding a soil activator to the compost one week 
after application resulted in yields similar to that of the IP treatments. Application of soil activators to the compost and cover 
crop improved vegetative growth and grape yield during most years in both the IP and organic treatments compared to similar 
treatments in which no soil activator was applied. Wine quality did not differ between treatments.

harvest as well. The K content in the juice 
of OP and OPSA was significantly higher 
than that of the other treatments during the 
2006 harvest. These trends reflected the K 
status of the leaves at berry set. The P 
content in the juice of the organic treat-
ments tended to be higher than that of the 
CP and two IP treatments during the 
2001/02, 2002/03 and 2003/04 harvests 
(Table 9). This trend manifested stronger 
and became significant during the 2004/05 
and 2005/06 harvests. Similar to the K 
content, this trend reflected the P status of 
the leaves at berry set. No trends were 
detected in the Ca and Mg content of the 
juice (data not shown). 

Wine quality 

Only from the 2002/03 season onwards, 
were enough grapes harvested in the differ-
ent replications to facilitate statistical analy-
ses of wine quality parameters. Although 
significant differences did occur between 
treatments in some years, as far as the total 
intensity, fullness and overall quality of the 
wine is concerned, no definite trends could 
be detected (data not shown). 

CONCLUSIONS 
Using only compost as nutrient source in 
a non-irrigated vineyard may reduce grape 
yields by as much as 42%. Adding a soil 
activator to the compost one week after 
application may prevent this from happen-
ing. The amount of Neutrog, Seagro or 
compost that was necessary to supply 

sufficient amounts of N to the non-irrigated 
grapevines resulted in an over-supply of K 
and P in the top soil layers of this medium 
textured soil. This caused the levels of K 
and P in the leaves to exceed the gener-
ally accepted norms. The luxurious supply 
of these two elements did not, however, 
influence the quality of the juice and wine 
negatively over the medium term, indicat-
ing that managing a medium textured soil 
organically in a non-irrigated vineyard is 
sustainable over the medium-term. How-
ever, the long-term effect of the luxurious 
supply of P and K by the compost on 
these medium textured soils and the 
grapevines needs clarification. Where large 
amounts of compost are used and micro-
bial activity increases, long-term excessive 
P availability might affect zinc nutrition of 
grapevines. Compost composition differs 
according to the raw materials used; det-
rimentally high applications of P and K 
can, therefore, be prevented. 
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Keith du Plessis

INTRODUCTION 

Distillery wastewater has a complex char-
acter with a chemical oxygen demand 
(COD) that may exceed 100 000 mg/L 
(Yeoh, 1997). These effluents are among 
the most difficult to treat, due to the pres-
ence of sugars, lignin, hemicellulose, 
dextrins, resins and organic acids (San-
gave and Pandit, 2004). In South Africa, 
water quality legislation and control of 
effluent discharge necessitates efficient 
treatment of distillery wastewater (Nation-
al Water Act No. 36 of 1998). 

Constructed wetlands are a relatively 
unexplored method of wastewater treat-
ment and would appear to be applicable 
to the processing of distillery wastewater. 
Wetlands have a diversity of aerobic and 
anaerobic zones in the water column, at 
the soil-water interface, and in the root 
zone of wetland plants (macrophytes) 
(Reddy et al., 2002). Gradients between 
aerobic and anaerobic zones provide a 
diverse range of habitats that support 
complex microbial communities. These 
include bacteria, fungi, protozoa and 

viruses. The role of microbial activity in the 
functioning of wetlands is widely recog-
nized, and includes degradation of recal-
citrant compounds and nutrient cycling. 
These processes are important determi-
nants of ultimate water quality. The aero-
bic populations are primarily found in the 
water column, in the outer regions of the 
plant detritus layer and periphyton mats 
in the water column, and on the soil/
gravel particle surfaces. The ability of 
macrophytes to transport oxygen to the 
rhizosphere enables aerobic populations 

TABLE 1. Characteristics of wastewater discharged into the wetlands during experimentation.  The samples were collected in late winter (August 2003) 
and spring (September 2003).

Wastewater
parameters

(mg/L)

Inlet Outlet

Soil Wetland Gravel Wetland

14 day RT(4) 14 day RT(4) 4.5 day RT(4) 9 day RT(4) 18 day RT(4)

45 m long 45 m long 6 m long 6 m long 6 m long

Aug. Sep. Aug. Sep. Aug. Sep. Aug. Sep. Aug. Sep. Aug. Sep.

COD(1) 7428 6278 5868 3892 3565 3013 4679 5587 4605 3829 1857 1130

pH 4.9 4.8 6.0 6.3 6.2 7.3 6.6 6.4 5.2 5.2 7.3 7.2

Na 534 82 48 60 54 74 51 75 54 80 55 70

K 1139 628 943 624 942 763 1068 599 1126 630 1036 564

Ca 105 71 413 257 184 114 231 129 175 110 273 188

Mg 66 36 207 135 97 70 151 75 106 59 195 111

EC(2) 0.52 0.30 0.79 0.48 0.50 0.35 0.71 0.36 0.60 0.34 0.70 0.39

SAR(3) 57.75 11.21 2.73 4.29 4.56 7.72 3.69 7.43 4.56 8.70 3.60 5.73

Cl 90 115 88 110 91 107 93 115 90 119 98 107

CO3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

HCO3 1607 879 2966 2022 1740 1392 2435 1409 1773 1069 2734 1512

SO4 114 97 22 6 32 30 150 116 100 120 14 2

Fe 16 33 40 14 27 16 9 12 28 30 2 4

B 2.6 1.4 2.2 1.5 1.8 1.5 2.4 1.5 2.6 1.5 2.2 1.3

Mn 1.5 0.9 5.1 2.2 1.7 0.6 1.1 0.8 1.6 1.0 0.7 0.7

Cu 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Zn 0.7 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.0 0.0

P 94 216 84 189 55 159 83 199 105 216 48 187

NH4-N 159 77 186 133 119 87 188 115 155 923 173 104

NO3-N 1.6 1.6 0.5 1.4 0.3 0.4 0.5 0.5 0.2 0.3 0.6 0.3

(1) COD = Chemical oxygen demand; (2) EC = Electrical conductivity – measured in dS/m (mS/m x 1000); (3) SAR = Sodium adsorption ratio; (4) RT = Retention time.
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Summary

Six soil management practices (treatments) applied in a non-irrigated Sauvignon blanc/99 Richter vineyard on a sandy clay 
loam soil near Paarl were evaluated over a period of six years, commencing four seasons after planting. The K and Mg 
contents in the 0 - 300 mm and 0 - 150 mm soil layers of the treatments in which organic soil management principles were 
applied, were significantly higher than that of the treatments in which the soil was managed according to Integrated Production 
(IP) principles after the 2001/02 season (second season in which the treatments were applied). The P content and percentage 
C in the 0 - 150 mm soil layer of the organic soil management treatments were significantly higher than that of the IP soil 
management treatments as well, but only after the 2002/03 season. The percentage K in the leaves of the organic soil 
management treatments was significantly higher than that of the IP soil management treatments for the duration of the study 
and exceeded the generally accepted maximum levels after the 2001/02 season. The percentage P in the leaves showed a 
similar trend after the 2002/03 season. The level of K and P in the juice reflected the trend that manifested in the leaves, but 
did not exceed the generally accepted norms. The average grape yield of the organic treatment in which only compost was 
applied was between 30% and 42% less than that of the IP treatments. Adding a soil activator to the compost one week 
after application resulted in yields similar to that of the IP treatments. Application of soil activators to the compost and cover 
crop improved vegetative growth and grape yield during most years in both the IP and organic treatments compared to similar 
treatments in which no soil activator was applied. Wine quality did not differ between treatments.

harvest as well. The K content in the juice 
of OP and OPSA was significantly higher 
than that of the other treatments during the 
2006 harvest. These trends reflected the K 
status of the leaves at berry set. The P 
content in the juice of the organic treat-
ments tended to be higher than that of the 
CP and two IP treatments during the 
2001/02, 2002/03 and 2003/04 harvests 
(Table 9). This trend manifested stronger 
and became significant during the 2004/05 
and 2005/06 harvests. Similar to the K 
content, this trend reflected the P status of 
the leaves at berry set. No trends were 
detected in the Ca and Mg content of the 
juice (data not shown). 

Wine quality 

Only from the 2002/03 season onwards, 
were enough grapes harvested in the differ-
ent replications to facilitate statistical analy-
ses of wine quality parameters. Although 
significant differences did occur between 
treatments in some years, as far as the total 
intensity, fullness and overall quality of the 
wine is concerned, no definite trends could 
be detected (data not shown). 

CONCLUSIONS 
Using only compost as nutrient source in 
a non-irrigated vineyard may reduce grape 
yields by as much as 42%. Adding a soil 
activator to the compost one week after 
application may prevent this from happen-
ing. The amount of Neutrog, Seagro or 
compost that was necessary to supply 

sufficient amounts of N to the non-irrigated 
grapevines resulted in an over-supply of K 
and P in the top soil layers of this medium 
textured soil. This caused the levels of K 
and P in the leaves to exceed the gener-
ally accepted norms. The luxurious supply 
of these two elements did not, however, 
influence the quality of the juice and wine 
negatively over the medium term, indicat-
ing that managing a medium textured soil 
organically in a non-irrigated vineyard is 
sustainable over the medium-term. How-
ever, the long-term effect of the luxurious 
supply of P and K by the compost on 
these medium textured soils and the 
grapevines needs clarification. Where large 
amounts of compost are used and micro-
bial activity increases, long-term excessive 
P availability might affect zinc nutrition of 
grapevines. Compost composition differs 
according to the raw materials used; det-
rimentally high applications of P and K 
can, therefore, be prevented. 
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INTRODUCTION 

Distillery wastewater has a complex char-
acter with a chemical oxygen demand 
(COD) that may exceed 100 000 mg/L 
(Yeoh, 1997). These effluents are among 
the most difficult to treat, due to the pres-
ence of sugars, lignin, hemicellulose, 
dextrins, resins and organic acids (San-
gave and Pandit, 2004). In South Africa, 
water quality legislation and control of 
effluent discharge necessitates efficient 
treatment of distillery wastewater (Nation-
al Water Act No. 36 of 1998). 

Constructed wetlands are a relatively 
unexplored method of wastewater treat-
ment and would appear to be applicable 
to the processing of distillery wastewater. 
Wetlands have a diversity of aerobic and 
anaerobic zones in the water column, at 
the soil-water interface, and in the root 
zone of wetland plants (macrophytes) 
(Reddy et al., 2002). Gradients between 
aerobic and anaerobic zones provide a 
diverse range of habitats that support 
complex microbial communities. These 
include bacteria, fungi, protozoa and 

viruses. The role of microbial activity in the 
functioning of wetlands is widely recog-
nized, and includes degradation of recal-
citrant compounds and nutrient cycling. 
These processes are important determi-
nants of ultimate water quality. The aero-
bic populations are primarily found in the 
water column, in the outer regions of the 
plant detritus layer and periphyton mats 
in the water column, and on the soil/
gravel particle surfaces. The ability of 
macrophytes to transport oxygen to the 
rhizosphere enables aerobic populations 

TABLE 1. Characteristics of wastewater discharged into the wetlands during experimentation.  The samples were collected in late winter (August 2003) 
and spring (September 2003).

Wastewater
parameters

(mg/L)

Inlet Outlet

Soil Wetland Gravel Wetland

14 day RT(4) 14 day RT(4) 4.5 day RT(4) 9 day RT(4) 18 day RT(4)

45 m long 45 m long 6 m long 6 m long 6 m long

Aug. Sep. Aug. Sep. Aug. Sep. Aug. Sep. Aug. Sep. Aug. Sep.

COD(1) 7428 6278 5868 3892 3565 3013 4679 5587 4605 3829 1857 1130

pH 4.9 4.8 6.0 6.3 6.2 7.3 6.6 6.4 5.2 5.2 7.3 7.2

Na 534 82 48 60 54 74 51 75 54 80 55 70

K 1139 628 943 624 942 763 1068 599 1126 630 1036 564

Ca 105 71 413 257 184 114 231 129 175 110 273 188

Mg 66 36 207 135 97 70 151 75 106 59 195 111

EC(2) 0.52 0.30 0.79 0.48 0.50 0.35 0.71 0.36 0.60 0.34 0.70 0.39

SAR(3) 57.75 11.21 2.73 4.29 4.56 7.72 3.69 7.43 4.56 8.70 3.60 5.73

Cl 90 115 88 110 91 107 93 115 90 119 98 107

CO3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

HCO3 1607 879 2966 2022 1740 1392 2435 1409 1773 1069 2734 1512

SO4 114 97 22 6 32 30 150 116 100 120 14 2

Fe 16 33 40 14 27 16 9 12 28 30 2 4

B 2.6 1.4 2.2 1.5 1.8 1.5 2.4 1.5 2.6 1.5 2.2 1.3

Mn 1.5 0.9 5.1 2.2 1.7 0.6 1.1 0.8 1.6 1.0 0.7 0.7

Cu 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Zn 0.7 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.0 0.0

P 94 216 84 189 55 159 83 199 105 216 48 187

NH4-N 159 77 186 133 119 87 188 115 155 923 173 104

NO3-N 1.6 1.6 0.5 1.4 0.3 0.4 0.5 0.5 0.2 0.3 0.6 0.3

(1) COD = Chemical oxygen demand; (2) EC = Electrical conductivity – measured in dS/m (mS/m x 1000); (3) SAR = Sodium adsorption ratio; (4) RT = Retention time.
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to persist in this otherwise anaerobic 
zone. Nevertheless, anaerobic popula-
tions are dominant in the subsurface 
region of the wetland (Reddy et al., 2002), 
where they mainly exist as biofilms (com-
plex layers of bacteria surrounded by 
slime matrices) on surfaces and in gravel 
or soil interstices. 

Culture-independent techniques to eluci-
date differences within both attached and 
planktonic microbial communities became 
available following the development of 
various molecular tools. The terminal 
restriction fragment length polymorphism 
(T-RFLP) technique has proven to be a 
particularly reproducible and accurate 
tool for community fingerprinting (Liu et 
al., 1997; Moeseneder et al., 1999). This 
method can reveal subtle genetic differ-
ences between strains and provide insight 
into the structure and function of micro-
bial communities (Marsh, 1999). 

The aim of this study was to trace micro-
bial community structure and function 
through chemical, visual and molecular 
techniques in experimental constructed 
wetlands fed with distillery wastewater. 

MATERIALS AND METHODS 

Wetland construction and sampling 

In 1999 a study was initiated to monitor 
the potential use of wetlands for the treat-
ment of distillery wastewater. Five wet-
lands were constructed at a distillery near 
Worcester in the Breede River valley of 
the Western Cape. These became fully 
operational in August 2003 and include 
two 45 m long x 6 m wide wetlands (one 
with gravel and one with a soil substrate) 
both with a 14 day retention time (RT), 
and three 6 m x 3 m gravel wetlands (4.5, 
9 and 18 days RT, respectively). All the 
wetlands were planted with Phragmytes 
and Typha species. The effluent was 
diverted from the final dam in a series of 
four holding dams that collect discharge 
from the distillery. At the time of sampling, 
this water had a COD load =12 000 
mg/L. The RT’s of the experimental wet-
lands were taken into account when 
sampling wetland outflow to correspond 
with the respective influent dates (e.g. the 
outlet sample of the wetland with a 9 day 
RT was drawn 9 days after the inlet 
sample was taken). Major chemical prop-
erties of the wastewater over the first two 
months of operation are listed in Table 1. 
The COD was determined weekly over a 

period of 12 months by the Reflux Titri-
metric method (American Public Health 
Association, 1998). 

Microbial community diversity in the 
experimental wetlands 

DNA was extracted from the planktonic 
(unattached/free-floating) microbial com-
munities, as well as from biofilms on the 
surface of substrate particles in various 
zones of the five constructed wetlands. The 
16S rRNA genes were amplified via the 
polymerase chain reaction (PCR) as 
described by Du Plessis (2006) using the 
primer pair: 6-carboxyfluorescein (FAM)-
labelled 341f (Muyzer et al., 1993) and 
unlabeled rPP2 (Rawlings, 1995) for Eubac-
teria. The PCR products were digested with 
the restriction enzyme Alu1. Digested 16S 
rDNA was purified and mixed with an inter-
nal size standard whereafter the fluores-
cently labelled terminal restriction fragments 
(T-RF) were detected on an automated 
gene sequencer. 

RESULTS AND DISCUSSION 

Wastewater treatment efficiency 

After 1 month, COD removal in the 45 m 
long soil and gravel wetlands was ~50% 
and 20 - 40%, respectively (data not 
shown). After 12 months, however, the 
average COD removal in the gravel wet-
land was 84% while COD removal effi-
ciency in the soil wetland decreased to 
<40%, probably due to excessive plant 
growth, and clogging of the soil matrix as 
a result of biomass accumulation, EPS 
(exopolymeric substances or slime) pro-
duction and/or insoluble biogas formation 
by soil microbes (Mattison et al., 2002). 
COD removal efficiency, averaged over 12 
months, was positively correlated with RT 
in the 6 m long gravel wetlands. The 6 m 
long gravel wetlands with the 18 day RT 
was the most efficient (79%), followed by 
those with 9 (64%) and 4.5 days (39%) 
(data not shown). Although the wetlands 
were effective in reducing the concentra-
tions of most of the elements (e.g. K and 
N) they were not effective in reducing 
electrical conductivity as assessed over 
the 12 month period. The N and K were 
taken up by the wetland plants and stored 
in above-ground plant tissues i.e. shoots, 
leaves and stems (Zingelwa, 2007). 

Wastewater at the inlet of the constructed 
wetlands in August and September 2003 
was classified as very high- and medium-

sodium water, respectively (United States 
Department of Agriculture, 1954). Very 
high sodium water is unsatisfactory for 
irrigation purposes while medium-sodium 
water will be hazardous in soils with a 
high cation exchange capacity (CEC), 
especially under low-leaching conditions. 
In September 2003 the sodium adsorp-
tion ratio (SAR) of the wastewaters at the 
outlets of all the wetlands, with the excep-
tion of the 45 m long soil wetland, was 
above 5 and therefore not suitable for 
irrigation purposes. The wastewater at all 
but one of the sampling points fell into the 
medium-salinity water category. The 
exception was the wastewater at the 
outlet of the 45 m long soil wetland, 
which was classified as high-salinity. 
Medium-salinity water can be used for 
irrigation purposes if a small amount of 
leaching occurs. High-salinity water on 
the other hand must not be used on soils 
with restricted drainage (United States 
Department of Agriculture, 1954). 

Microbial community structure in exper-
imental wetlands 

The T-RFLP analyses of the 5 experimen-
tal wetlands revealed notable variation in 
their microbial communities. There was 
little similarity between the community 
fingerprints for the respective sampling 
points over time (data not shown). There 
was, for example, only 6% correspon-
dence (similarity) between fragments in 
the wastewater at the outlet of the 45 m 
long soil wetland between two consecu-
tive months (August and September) 
while 39% of the fragments in the waste-
water at the inlet corresponded over this 
period. The highest correlation between 
samples collected on different dates was 
for those obtained from roots in the wet-
lands; e.g. 60% similarity over time 
between biofilm communities on the roots 
at the outlet of the 45 m long soil wet-
lands. A possible explanation for this 
variation, especially in the aqueous phase, 
is the change in distillery effluent compo-
sition discharged into the wetlands (Table 
1) which may selectively stimulate and 
suppress growth of different microbial 
populations. Overall, these results are in 
agreement with the study by Ragusa et 
al. (2004), in which indicators of biofilm 
development were monitored in con-
structed wetland microcosms, and it was 
found that micro-scale biofilm properties 
changed continuously. 
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There was little agreement between the 
correlating T-RFs obtained from the plank-
tonic communities of the in- and out-
flowing effluents from the five experimen-
tal wetlands in September 2003 (Fig. 1A 
and B). The highest percentage of cor-
relation that was observed, compared to 
the in-flowing planktonic community, was 
that of the soil biofilm community near the 
inlet of the 45 m long soil wetland (43%; 
Fig. 1B). No correlation between RT and 
community profiles was observed when 
the effluents of the five experimental wet-
lands were compared. These results 
imply that various biotic and abiotic fac-
tors influence microbial community com-
position in wetlands, and that unique 
micro-environments are established in 
response to the factors (e.g. the optimum 
RT, pH etc.) that facilitate microbial deg-
radative processes. 

Planktonic communities differed mark-
edly from attached communities within 
the same region of the wetland - e.g. 
there was only 17% and 18% correlation 

between the T-RFs obtained from the 
wastewater at the outlet, and in biofilm 
communities growing on the gravel and 
roots, respectively, at the 45 m long 
gravel wetland outlet (Fig. 1A). Also, 
planktonic microbial communities in the 
wastewater at the outlet of the 45 m long 
soil wetland showed only 26% and 22% 
similarity with biofilms from soil and roots 
in the corresponding zones of the wetland 
(Fig. 1B). The attached communities on 
different surfaces within the same region 
of the wetland also varied markedly from 
each other, with the 45 m gravel wetland 
showing the highest similarity (45%) 
between microbial communities on plant 
roots and gravel support near the outflow 
(Fig. 1A). The overall highest level of cor-
respondence (87%) occurred between 
attached communities on the soil in the 
inflow and outflow zones of the soil wet-
land (Fig. 1B). The microstructure of the 
soil substrate, where pores are readily 
clogged by EPS development, thereby 
restricting water flow, may lessen the 
shock effect of effluent composition and 

thereby stabilize the attached popula-
tions. 

Vacca et al. (2005) found that the micro-
bial communities in wetland systems are 
strongly influenced by the movement of 
the wastewater through the systems, by 
the substrate used in the wetlands, as 
well as by the plants. Their study also 
revealed that fingerprinting of the rhizo-
sphere of plants grown on sand, or on 
expanded clay, exhibited many differ-
ences. This showed that different micro-
bial communities may exist depending on 
the type of soil in the systems. Chiarini et 
al. (1998) showed that the rhizosphere of 
maize plants is markedly affected by the 
type and parameters of the soil. Similar 
results were found in this study with the 
molecular fingerprint patterns of the 45 m 
long gravel wetland being completely dif-
ferent from that of the soil wetland, show-
ing the responsiveness of natural micro-
bial communities. This adaptability sug-
gests that microbial communities maintain 
metabolic function by modifying species 
composition in response to fluctuations in 
their environment. 

Retention time may play a role in the 
make-up of the microbial communities as 
the three 6 m long wetlands all had differ-
ent microbial fingerprint patterns at the 
outlets (data not shown). There were only 
21%, 26% and 8% similarity between 
T-RFs representing the planktonic micro-
bial communities present in the in-flowing 
wastewater and out-flowing wastewater 
of the three 6 m long wetlands (RTs of 
4.5, 9 and 18 days, respectively). Mayo 
and Mutamba (2004) found that improved 
nitrogen removal occurred with increase 
in hydraulic RT in a high-rate algal pond, 
as well as in a subsurface-flow gravel bed 
constructed wetland. The microbial nitri-
fication-denitrification processes are 
responsible for the bulk of nitrogen 
removal (Sikora et al., 1995). Therefore, a 
change in retention time can alter the 
microbial community present within a 
system, which in turn impacts on the 
effluent amelioration efficiency. 

CONCLUSIONS 

This study confirmed that gravel is a much 
more suitable substrate for constructed 
wetlands than soil, the soil wetland becom-
ing inefficient after 12 months of operation. 
This loss of efficiency was probably due to 
excessive plant growth, clogging of the soil 

FIGURE 1. T-RFLP fingerprint data to compare the microbial communities in different regions of the 
experimental wetlands in September 2003. Schematic diagrams of A (45 m long wetland with 
gravel support) and B (45 m long wetland with soil) show the percentage similarity, based on the 
number of corresponding T-RF’s, between microbial communities present in the in-flowing waste-
water, out-flowing wastewater, biofilms on roots near the inflow and outflow, as well as biofilms on 
the support substrate near the inflow and outflow, respectively. 
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to persist in this otherwise anaerobic 
zone. Nevertheless, anaerobic popula-
tions are dominant in the subsurface 
region of the wetland (Reddy et al., 2002), 
where they mainly exist as biofilms (com-
plex layers of bacteria surrounded by 
slime matrices) on surfaces and in gravel 
or soil interstices. 

Culture-independent techniques to eluci-
date differences within both attached and 
planktonic microbial communities became 
available following the development of 
various molecular tools. The terminal 
restriction fragment length polymorphism 
(T-RFLP) technique has proven to be a 
particularly reproducible and accurate 
tool for community fingerprinting (Liu et 
al., 1997; Moeseneder et al., 1999). This 
method can reveal subtle genetic differ-
ences between strains and provide insight 
into the structure and function of micro-
bial communities (Marsh, 1999). 

The aim of this study was to trace micro-
bial community structure and function 
through chemical, visual and molecular 
techniques in experimental constructed 
wetlands fed with distillery wastewater. 

MATERIALS AND METHODS 

Wetland construction and sampling 

In 1999 a study was initiated to monitor 
the potential use of wetlands for the treat-
ment of distillery wastewater. Five wet-
lands were constructed at a distillery near 
Worcester in the Breede River valley of 
the Western Cape. These became fully 
operational in August 2003 and include 
two 45 m long x 6 m wide wetlands (one 
with gravel and one with a soil substrate) 
both with a 14 day retention time (RT), 
and three 6 m x 3 m gravel wetlands (4.5, 
9 and 18 days RT, respectively). All the 
wetlands were planted with Phragmytes 
and Typha species. The effluent was 
diverted from the final dam in a series of 
four holding dams that collect discharge 
from the distillery. At the time of sampling, 
this water had a COD load =12 000 
mg/L. The RT’s of the experimental wet-
lands were taken into account when 
sampling wetland outflow to correspond 
with the respective influent dates (e.g. the 
outlet sample of the wetland with a 9 day 
RT was drawn 9 days after the inlet 
sample was taken). Major chemical prop-
erties of the wastewater over the first two 
months of operation are listed in Table 1. 
The COD was determined weekly over a 

period of 12 months by the Reflux Titri-
metric method (American Public Health 
Association, 1998). 

Microbial community diversity in the 
experimental wetlands 

DNA was extracted from the planktonic 
(unattached/free-floating) microbial com-
munities, as well as from biofilms on the 
surface of substrate particles in various 
zones of the five constructed wetlands. The 
16S rRNA genes were amplified via the 
polymerase chain reaction (PCR) as 
described by Du Plessis (2006) using the 
primer pair: 6-carboxyfluorescein (FAM)-
labelled 341f (Muyzer et al., 1993) and 
unlabeled rPP2 (Rawlings, 1995) for Eubac-
teria. The PCR products were digested with 
the restriction enzyme Alu1. Digested 16S 
rDNA was purified and mixed with an inter-
nal size standard whereafter the fluores-
cently labelled terminal restriction fragments 
(T-RF) were detected on an automated 
gene sequencer. 

RESULTS AND DISCUSSION 

Wastewater treatment efficiency 

After 1 month, COD removal in the 45 m 
long soil and gravel wetlands was ~50% 
and 20 - 40%, respectively (data not 
shown). After 12 months, however, the 
average COD removal in the gravel wet-
land was 84% while COD removal effi-
ciency in the soil wetland decreased to 
<40%, probably due to excessive plant 
growth, and clogging of the soil matrix as 
a result of biomass accumulation, EPS 
(exopolymeric substances or slime) pro-
duction and/or insoluble biogas formation 
by soil microbes (Mattison et al., 2002). 
COD removal efficiency, averaged over 12 
months, was positively correlated with RT 
in the 6 m long gravel wetlands. The 6 m 
long gravel wetlands with the 18 day RT 
was the most efficient (79%), followed by 
those with 9 (64%) and 4.5 days (39%) 
(data not shown). Although the wetlands 
were effective in reducing the concentra-
tions of most of the elements (e.g. K and 
N) they were not effective in reducing 
electrical conductivity as assessed over 
the 12 month period. The N and K were 
taken up by the wetland plants and stored 
in above-ground plant tissues i.e. shoots, 
leaves and stems (Zingelwa, 2007). 

Wastewater at the inlet of the constructed 
wetlands in August and September 2003 
was classified as very high- and medium-

sodium water, respectively (United States 
Department of Agriculture, 1954). Very 
high sodium water is unsatisfactory for 
irrigation purposes while medium-sodium 
water will be hazardous in soils with a 
high cation exchange capacity (CEC), 
especially under low-leaching conditions. 
In September 2003 the sodium adsorp-
tion ratio (SAR) of the wastewaters at the 
outlets of all the wetlands, with the excep-
tion of the 45 m long soil wetland, was 
above 5 and therefore not suitable for 
irrigation purposes. The wastewater at all 
but one of the sampling points fell into the 
medium-salinity water category. The 
exception was the wastewater at the 
outlet of the 45 m long soil wetland, 
which was classified as high-salinity. 
Medium-salinity water can be used for 
irrigation purposes if a small amount of 
leaching occurs. High-salinity water on 
the other hand must not be used on soils 
with restricted drainage (United States 
Department of Agriculture, 1954). 

Microbial community structure in exper-
imental wetlands 

The T-RFLP analyses of the 5 experimen-
tal wetlands revealed notable variation in 
their microbial communities. There was 
little similarity between the community 
fingerprints for the respective sampling 
points over time (data not shown). There 
was, for example, only 6% correspon-
dence (similarity) between fragments in 
the wastewater at the outlet of the 45 m 
long soil wetland between two consecu-
tive months (August and September) 
while 39% of the fragments in the waste-
water at the inlet corresponded over this 
period. The highest correlation between 
samples collected on different dates was 
for those obtained from roots in the wet-
lands; e.g. 60% similarity over time 
between biofilm communities on the roots 
at the outlet of the 45 m long soil wet-
lands. A possible explanation for this 
variation, especially in the aqueous phase, 
is the change in distillery effluent compo-
sition discharged into the wetlands (Table 
1) which may selectively stimulate and 
suppress growth of different microbial 
populations. Overall, these results are in 
agreement with the study by Ragusa et 
al. (2004), in which indicators of biofilm 
development were monitored in con-
structed wetland microcosms, and it was 
found that micro-scale biofilm properties 
changed continuously. 
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There was little agreement between the 
correlating T-RFs obtained from the plank-
tonic communities of the in- and out-
flowing effluents from the five experimen-
tal wetlands in September 2003 (Fig. 1A 
and B). The highest percentage of cor-
relation that was observed, compared to 
the in-flowing planktonic community, was 
that of the soil biofilm community near the 
inlet of the 45 m long soil wetland (43%; 
Fig. 1B). No correlation between RT and 
community profiles was observed when 
the effluents of the five experimental wet-
lands were compared. These results 
imply that various biotic and abiotic fac-
tors influence microbial community com-
position in wetlands, and that unique 
micro-environments are established in 
response to the factors (e.g. the optimum 
RT, pH etc.) that facilitate microbial deg-
radative processes. 

Planktonic communities differed mark-
edly from attached communities within 
the same region of the wetland - e.g. 
there was only 17% and 18% correlation 

between the T-RFs obtained from the 
wastewater at the outlet, and in biofilm 
communities growing on the gravel and 
roots, respectively, at the 45 m long 
gravel wetland outlet (Fig. 1A). Also, 
planktonic microbial communities in the 
wastewater at the outlet of the 45 m long 
soil wetland showed only 26% and 22% 
similarity with biofilms from soil and roots 
in the corresponding zones of the wetland 
(Fig. 1B). The attached communities on 
different surfaces within the same region 
of the wetland also varied markedly from 
each other, with the 45 m gravel wetland 
showing the highest similarity (45%) 
between microbial communities on plant 
roots and gravel support near the outflow 
(Fig. 1A). The overall highest level of cor-
respondence (87%) occurred between 
attached communities on the soil in the 
inflow and outflow zones of the soil wet-
land (Fig. 1B). The microstructure of the 
soil substrate, where pores are readily 
clogged by EPS development, thereby 
restricting water flow, may lessen the 
shock effect of effluent composition and 

thereby stabilize the attached popula-
tions. 

Vacca et al. (2005) found that the micro-
bial communities in wetland systems are 
strongly influenced by the movement of 
the wastewater through the systems, by 
the substrate used in the wetlands, as 
well as by the plants. Their study also 
revealed that fingerprinting of the rhizo-
sphere of plants grown on sand, or on 
expanded clay, exhibited many differ-
ences. This showed that different micro-
bial communities may exist depending on 
the type of soil in the systems. Chiarini et 
al. (1998) showed that the rhizosphere of 
maize plants is markedly affected by the 
type and parameters of the soil. Similar 
results were found in this study with the 
molecular fingerprint patterns of the 45 m 
long gravel wetland being completely dif-
ferent from that of the soil wetland, show-
ing the responsiveness of natural micro-
bial communities. This adaptability sug-
gests that microbial communities maintain 
metabolic function by modifying species 
composition in response to fluctuations in 
their environment. 

Retention time may play a role in the 
make-up of the microbial communities as 
the three 6 m long wetlands all had differ-
ent microbial fingerprint patterns at the 
outlets (data not shown). There were only 
21%, 26% and 8% similarity between 
T-RFs representing the planktonic micro-
bial communities present in the in-flowing 
wastewater and out-flowing wastewater 
of the three 6 m long wetlands (RTs of 
4.5, 9 and 18 days, respectively). Mayo 
and Mutamba (2004) found that improved 
nitrogen removal occurred with increase 
in hydraulic RT in a high-rate algal pond, 
as well as in a subsurface-flow gravel bed 
constructed wetland. The microbial nitri-
fication-denitrification processes are 
responsible for the bulk of nitrogen 
removal (Sikora et al., 1995). Therefore, a 
change in retention time can alter the 
microbial community present within a 
system, which in turn impacts on the 
effluent amelioration efficiency. 

CONCLUSIONS 

This study confirmed that gravel is a much 
more suitable substrate for constructed 
wetlands than soil, the soil wetland becom-
ing inefficient after 12 months of operation. 
This loss of efficiency was probably due to 
excessive plant growth, clogging of the soil 

FIGURE 1. T-RFLP fingerprint data to compare the microbial communities in different regions of the 
experimental wetlands in September 2003. Schematic diagrams of A (45 m long wetland with 
gravel support) and B (45 m long wetland with soil) show the percentage similarity, based on the 
number of corresponding T-RF’s, between microbial communities present in the in-flowing waste-
water, out-flowing wastewater, biofilms on roots near the inflow and outflow, as well as biofilms on 
the support substrate near the inflow and outflow, respectively. 
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Abstract

Microbial distribution and activity were studied in experimental systems constructed to evaluate the potential use of wetlands 
for the treatment of distillery effluent. Two 45 m, land three 6 m long wetlands, varying in retention time and support medium 
(soil and gravel), were monitored at a distillery near Worcester in the Breede River valley of the Western Cape. Of specific inter-
est were the dynamics of attached and planktonic microbial communities at various points in the wetlands, as was chemical 
oxygen demand (COD) removal efficiency. Whole-community DNA samples showed a high diversity among microbial com-
munities that were sampled at 14 locations in the 45 m long wetlands. COD removal was more efficient in gravel than in soil 
wetlands. In the gravel wetland COD removal was positively correlated with retention time. 

matrix due to biomass accumulation, slime 
production and/or insoluble biogas forma-
tion by soil microbes. The soil and gravel 
wetlands promoted the development of 
completely different microbial community 
fingerprint patterns at given sampling dates 
indicating that the substrate used in con-
structed wetlands plays a major role in 
determining the microbial composition. This 
study showed that a highly dynamic micro-
bial community exists within wetlands. 
Wetlands can efficiently remove COD even 
though a low degree of similarity exists 
between microbial communities in various 
zones of the same wetland, and even 
though low similarity exists between com-
munities sampled from the same zone over 
time. It was striking that planktonic com-
munities differed markedly from attached 
communities within the same region of the 
wetland. It would therefore, be difficult to 
determine wetland system health by means 
of microbial analysis alone. Future studies 
should be directed at identifying and moni-
toring indicator organisms that could be 
used in combination with chemical and 
visual analyses in an attempt to determine 
wetland system health. 
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INTRODUCTION

The Department of Agriculture (now the Department of Agricul-
ture, Forestry & Fisheries) was notified of the occurrence of 
Candidatus Phytoplasma asteris (Aster Yellows) in South Africa 
on grapevine in the Vredendal and Waboomsrivier areas on the 
8th of February 2008. Since then several industry meetings have 
been conducted and a preliminary action plan has been com-
piled. An action committee was established and it was decided 
that a delimiting survey must be conducted to determine as far 
as possible the boundaries of the spread of the disease. In addi-
tion during this period the sampling and diagnostic protocols 
were optimised. The delimiting surveys started in November 
2008 and were stopped in March 2009 because of the change 
in seasons (Le. the onset of autumn). Early indications were that 
the disease is extending its range, probably through an insect 
vector, the identity of which has not yet been determined. There 
are only three positive plots in the Waboomsrivier area. However, 
the Vredendal area is widely infected with Aster Yellows and 
eradication of the phytoplasma in this area seems unlikely. The 
pathogen has been found on the following wine grape varieties: 
Chardonnay (very sensitive) and also on Chenin blanc, Colombar, 
Cabernet Sauvignon, Shiraz, Merlot, Sauvignon blanc, Ruby 
Cabernet, and Semillon. It has also been found on the following 
table and drying grape varieties: Regal, Datal, Sultanina and 
Kaapse Korente. Legislation regarding the movement of plant 
material from infected plots to uninfected plots is in a draft format 
to be put forward for consideration and approval for publica-
tion.

It is extremely important to ensure that this disease does not 
spread further. All industry members, researchers, government 
officials and producers need to cooperate and assist one 
another to stop the spread of the pathogen. Means of preventing 
its further spread include not moving infected plant material, 
controlling the disease on site by mechanical means and follow-
ing general good agricultural practices as suggested below.

WEED CONTROL AND INTERCROPPING

Aster Yellows phytoplasma has a host range of more than 200 
plant species covering several plant families. It has only been 
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found on grapevine material in South Africa, because it may be 
a host specific strain. In most countries where this disease 
occurs, insect vectors are the main cause of its spread. Several 
leafhopper species have been identified as having persistent 
vector properties for phytoplasmas. It is likely, therefore, that 
during the South African winter Aster Yellows inoculums could 
build up in weeds of various species found in and around vine-
yards, as leafhoppers will feed on other when there are no fresh 
leaves on the vines to feed on.

A full surface weed coverage control program should be imple-
mented where the disease occurs and where it is suspected to 
occur, throughout the year. Precautionary measures should be 
taken not to exceed the maximum herbicide levels for vineyards. 
This is in order to prevent the build up of resistance and to pre-
vent herbicide damage to the vines. Other crops should not be 
cultivated between rows as they may be a source of Aster Yel-
lows. Mechanical methods for weed control should be used 
outside and between the vineyards.

VINEYARD SANITATION

Aster Yellows is a disease that will cause a gradual increase in 
infection and eventually spread throughout a vineyard. Symp-
toms can only be seen on new growth, which makes it impos-
sible to detect during winter periods. Vineyards should be 
scouted at weekly intervals during the active growing season to 
detect symptomatic plants. Where vines are showing symptoms, 
the whole cordon should be removed in order to keep the 
inoculum low. Heavily infected plants should also be removed 
entirely and destroyed. Young plants less than 3 years in age 
should also be removed entirely and destroyed.

PROPAGATION MATERIAL

Hot water treatment, carried out according to a specific tem-
perature and time schedule, can reduce the risk of spreading the 
phytoplasma by propagation material, but should not be applied 
as the only control measure.

As Aster Yellows has been detected in the Waboomsrivier and 
Vredendal areas, no propagation material should be moved from 
these two areas unless the material or the mother units have 
been verified as being free from this pathogen.

If yellows symptoms have been seen in any vineyard in South 
Africa a test must first be conducted in order to establish wheth-
er the plant material is infected. If the plant material tests positive 
for Aster Yellows this must be reported to the Department of 
Agriculture, Forestry & Fisheries which will officially restrict move-
ment of plant from that farm. Only in cases where the tests are 
negative may plant material be moved to other premises.

Nurseries

Nurseries should be inspected regularly during the growing sea-
son for symptoms of Aster Yellows. When symptoms are noticed 
on grafted vines, the mother units of that plant material need to 
be inspected.
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Abstract

Microbial distribution and activity were studied in experimental systems constructed to evaluate the potential use of wetlands 
for the treatment of distillery effluent. Two 45 m, land three 6 m long wetlands, varying in retention time and support medium 
(soil and gravel), were monitored at a distillery near Worcester in the Breede River valley of the Western Cape. Of specific inter-
est were the dynamics of attached and planktonic microbial communities at various points in the wetlands, as was chemical 
oxygen demand (COD) removal efficiency. Whole-community DNA samples showed a high diversity among microbial com-
munities that were sampled at 14 locations in the 45 m long wetlands. COD removal was more efficient in gravel than in soil 
wetlands. In the gravel wetland COD removal was positively correlated with retention time. 

matrix due to biomass accumulation, slime 
production and/or insoluble biogas forma-
tion by soil microbes. The soil and gravel 
wetlands promoted the development of 
completely different microbial community 
fingerprint patterns at given sampling dates 
indicating that the substrate used in con-
structed wetlands plays a major role in 
determining the microbial composition. This 
study showed that a highly dynamic micro-
bial community exists within wetlands. 
Wetlands can efficiently remove COD even 
though a low degree of similarity exists 
between microbial communities in various 
zones of the same wetland, and even 
though low similarity exists between com-
munities sampled from the same zone over 
time. It was striking that planktonic com-
munities differed markedly from attached 
communities within the same region of the 
wetland. It would therefore, be difficult to 
determine wetland system health by means 
of microbial analysis alone. Future studies 
should be directed at identifying and moni-
toring indicator organisms that could be 
used in combination with chemical and 
visual analyses in an attempt to determine 
wetland system health. 
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INTRODUCTION

The Department of Agriculture (now the Department of Agricul-
ture, Forestry & Fisheries) was notified of the occurrence of 
Candidatus Phytoplasma asteris (Aster Yellows) in South Africa 
on grapevine in the Vredendal and Waboomsrivier areas on the 
8th of February 2008. Since then several industry meetings have 
been conducted and a preliminary action plan has been com-
piled. An action committee was established and it was decided 
that a delimiting survey must be conducted to determine as far 
as possible the boundaries of the spread of the disease. In addi-
tion during this period the sampling and diagnostic protocols 
were optimised. The delimiting surveys started in November 
2008 and were stopped in March 2009 because of the change 
in seasons (Le. the onset of autumn). Early indications were that 
the disease is extending its range, probably through an insect 
vector, the identity of which has not yet been determined. There 
are only three positive plots in the Waboomsrivier area. However, 
the Vredendal area is widely infected with Aster Yellows and 
eradication of the phytoplasma in this area seems unlikely. The 
pathogen has been found on the following wine grape varieties: 
Chardonnay (very sensitive) and also on Chenin blanc, Colombar, 
Cabernet Sauvignon, Shiraz, Merlot, Sauvignon blanc, Ruby 
Cabernet, and Semillon. It has also been found on the following 
table and drying grape varieties: Regal, Datal, Sultanina and 
Kaapse Korente. Legislation regarding the movement of plant 
material from infected plots to uninfected plots is in a draft format 
to be put forward for consideration and approval for publica-
tion.

It is extremely important to ensure that this disease does not 
spread further. All industry members, researchers, government 
officials and producers need to cooperate and assist one 
another to stop the spread of the pathogen. Means of preventing 
its further spread include not moving infected plant material, 
controlling the disease on site by mechanical means and follow-
ing general good agricultural practices as suggested below.

WEED CONTROL AND INTERCROPPING

Aster Yellows phytoplasma has a host range of more than 200 
plant species covering several plant families. It has only been 
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found on grapevine material in South Africa, because it may be 
a host specific strain. In most countries where this disease 
occurs, insect vectors are the main cause of its spread. Several 
leafhopper species have been identified as having persistent 
vector properties for phytoplasmas. It is likely, therefore, that 
during the South African winter Aster Yellows inoculums could 
build up in weeds of various species found in and around vine-
yards, as leafhoppers will feed on other when there are no fresh 
leaves on the vines to feed on.

A full surface weed coverage control program should be imple-
mented where the disease occurs and where it is suspected to 
occur, throughout the year. Precautionary measures should be 
taken not to exceed the maximum herbicide levels for vineyards. 
This is in order to prevent the build up of resistance and to pre-
vent herbicide damage to the vines. Other crops should not be 
cultivated between rows as they may be a source of Aster Yel-
lows. Mechanical methods for weed control should be used 
outside and between the vineyards.

VINEYARD SANITATION

Aster Yellows is a disease that will cause a gradual increase in 
infection and eventually spread throughout a vineyard. Symp-
toms can only be seen on new growth, which makes it impos-
sible to detect during winter periods. Vineyards should be 
scouted at weekly intervals during the active growing season to 
detect symptomatic plants. Where vines are showing symptoms, 
the whole cordon should be removed in order to keep the 
inoculum low. Heavily infected plants should also be removed 
entirely and destroyed. Young plants less than 3 years in age 
should also be removed entirely and destroyed.

PROPAGATION MATERIAL

Hot water treatment, carried out according to a specific tem-
perature and time schedule, can reduce the risk of spreading the 
phytoplasma by propagation material, but should not be applied 
as the only control measure.

As Aster Yellows has been detected in the Waboomsrivier and 
Vredendal areas, no propagation material should be moved from 
these two areas unless the material or the mother units have 
been verified as being free from this pathogen.

If yellows symptoms have been seen in any vineyard in South 
Africa a test must first be conducted in order to establish wheth-
er the plant material is infected. If the plant material tests positive 
for Aster Yellows this must be reported to the Department of 
Agriculture, Forestry & Fisheries which will officially restrict move-
ment of plant from that farm. Only in cases where the tests are 
negative may plant material be moved to other premises.

Nurseries

Nurseries should be inspected regularly during the growing sea-
son for symptoms of Aster Yellows. When symptoms are noticed 
on grafted vines, the mother units of that plant material need to 
be inspected.
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a) When the mother units are found to be positive for Aster 
Yellows, the grafted vines with visual symptoms in the nurs-
ery must be removed and destroyed. The rest of the grafted 
vines from those mother units cannot be sold unless the 
grafted vines have been treated under supervision of the 
authority with an appropriate hot water treatment suitable 
against phytoplasma infections.

b) When no symptoms are observed in the mother units, the 
grafted vines with visual symptoms in the nurseries must be 
removed and destroyed. Grafted vines of the rest of the 
respective infected combinations cannot be sold unless the 
grafted vines have been treated under supervision of the 
authority with an appropriate hot water treatment suitable 
against phytoplasma infections.

c) When visual symptoms are observed in a nursery inside a 
risk area or in a nursery close to a known infected area but 
not in the mother units from where the material originates, 
the grafted vines with visual symptoms in the nursery must 
be removed and destroyed. The rest of the grafted vines 
from that nursery cannot be sold unless the grafted vines 
have been treated under supervision of the authority with an 
appropriate hot water treatment suitable against phyto-
plasma infections.

Nurseries inside risk areas need to be treated on a precautionary 
basis according to the protocol, which will be reviewed annually 
regarding the control of possible

insect vectors and weed control around nurseries.

Mother units and foundation units

Both scion and rootstock units need to be monitored on a 
yearly basis and all plants with positive symptoms for Aster Yel-
lows phytoplasma should be removed. Those units should not 
be utilised for the two subsequent years. Sourcing of plant mate-
rial for propagation purposes from these units should only be 
allowed after two years and where no additional development of 
symptoms was observed.

Units inside risk areas need to be treated on a precautionary 
basis according to the protocol, which will be reviewed annually 
regarding the control of possible insect vectors and weed control 
around units.

MARKING OF BLOCKS

All infected individual vines in vineyards and all vineyards with 
Aster Yellows present need to be marked in a way that is easily 
visible to farm workers and official personnel.

For more information contact J.H. Venter, e-mail: JanHendrikV@nda.aQric.za 
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Organic matter and carbon in vineyard soils
John Wooldridge, ARC Infruitec-Nietvoorbij, Stellenbosch

Soils rich in organic matter (OM) have long 
been regarded as better for agricultural 
purposes than those of low organic con-
tent. Soil OM and soil health are linked, the 
management of soil OM being synonymous 
with that of soil health (Gugino et al., 2007). 
Recognition of the role of atmospheric 
carbon in climate change, and the fact that 
carbon in the form of OM can be seques-
tered in soils, or released by mismanage-
ment, has given impetus to the need to 
maximize soil OM content, thereby contrib-
uting to carbon neutrality and soil health.

Total soil organic matter (OM) is a com-
plex material composed of living organ-
isms and the remains of once-living 
organisms. These remains are capable of 
decay or are products of decay. The term 
‘organic’ originally applied to anything 
produced by living things, although many 
such compounds are now produced by 
inorganic processes. Compounds associ-
ated with life processes generally contain 
carbon. Linked carbon atoms form the 
backbone of the long or branched-chain 
molecules that are used by plants for 
structural and energy storage purposes.

The OM contents of soils are easy to 
determine. It is therefore possible to main-
tain a record from which changes in OM 
content can be deduced for carbon audit 
purposes, or even for the trading of car-
bon offsets. The method described by 
Gugino et al. (2007) entails oven drying 
the bulk soil sample to constant mass at 
105ºC, then heating a weighed sample to 
500ºC for two hours in a furnace. Mass 
loss in the furnace is determined by 
weighing the cooled sample, and is 
expressed as a percentage of dry sample 
mass before heating. Percentage mass 
loss may be converted to OM% by the 
relationship: OM% = (% mass loss x 0.7) 
- 0.23. This analysis is usually performed 
on material that has been passed through 
a 2.0 mm sieve. Note that OM content is 
not the same as carbon content. Carbon 
is only one of the constituents of OM.

Soil OM varies in terms of its availability to 
micro organisms. Fresh plant residues are 
better sources of carbon and energy than 
bacterial cell walls. A measure of avail-
ability is the active carbon content. This 
varies faster in response to changes in 
crop or cultivation practice than soil OM, 
and is a leading indicator of soil health 
(Gugino et al., 2007). Determination of 
active carbon relies on the fact that soil 
OM exists in a chemically reduced state 
and will react with an oxidizing agent such 
as potassium permanganate. The method 
of Gugino et al. (2007) involves shaking a 
soil sample in a dilute potassium perman-
ganate solution. Oxidation of the active 
carbon by the potassium permanganate 
causes the deep purple colour of the 
solution to fade. The extent of this fading, 
which is measured with a spectropho-
tometer at 550 nm, varies with the oxidis-
able carbon content of the sample and is 
expressed in mg of carbon per kg of 
soil.

Few vineyard soils in the Western Cape 
contain more than 1% OM. The rest of 
the soil consists of mineral grains, stone 
fragments, and open spaces (pores). The 
importance of OM is greater than its low 
abundance may suggest. This is because, 
relative to soil minerals, OM has a very 
large surface area on which reactions can 
take place, and a higher density of chem-
ical reaction sites. Some OM fractions 
have specific surface areas up to 800 - 
900 m2/g, and cation exchange capaci-
ties (CEC) of 150 - 300 cmol(+)/kg, which 
is roughly double that of vermiculite (100 
- 150 cmol(+)/kg) and many times that of 
kaolinite (3 - 15 cmol(+)/kg) (Fitzpat-
rick1971), which is probably the most 
abundant clay mineral in Western Cape 
soils. Soil OM is therefore a powerful 
exchange medium for macro and micro-
nutrients and contributes a high percent-
age of the CEC of the soil. Nutrient ele-
ments held by OM are usually readily 
exchangeable by plant roots. Soil OM is 

able to adsorb metals, which is why cop-
per from sprays is often present in high 
concentrations in the top few millimetres 
of soil. Since the stabilities of OM (fulvic 
acid)/metal complexes follow a sequence 
(Fe3+ > Al3+ > Cu2+ >…>Ca2+.> Zn2+ Mn2+.> 
Mg2+; Sparks, 2003), the reactions of OM/
metal complexes can, to some extent, be 
predicted.

Herbicides and pesticides bind to soil 
OM, which may hold them in inactive 
form long enough for degradation to take 
place. Retention is probably due to 
adsorption into internal voids in the sieve-
like humus molecule (Sparks, 2003). The 
practical significance of retention of her-
bicides and pesticides is that the required 
application rate may be affected. Soil OM 
is characterised by a high water holding 
capacity, is closely associated with metal 
oxides and hydroxides, and with clay 
minerals, on the surfaces of which OM 
has a range of catalytic functions.

Perhaps the most important property of 
OM is its ability to act as a cement, or 
binding agent. This holds mineral grains 
together, facilitating the formation of 
micro-aggregates. These aggregates, 
which remain stable in water, increase soil 
stability and pore volume. An abundance 
of interconnecting pore spaces is neces-
sary for the infiltration and drainage of 
water, and for the exchange of gasses 
between soil and the overlying atmo-
sphere. Aggregation also reduces soil 
strength and compaction, thereby increas-
ing ease of root penetration and of soil 
faunal activity. Note, however, that even in 
the presence of root exudates from which 
the grain-binding materials are synthe-
sised, the formation of water stable aggre-
gates requires the mechanical kneading 
action of root growth. Ideally, aggregates 
form at a rate that, for a time at least, 
equals or exceeds that at which they are 
broken down by micro-organisms. Though 
stable until the cementing material 
degrades, such aggregates are fragile and 

John Wooldridge
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a) When the mother units are found to be positive for Aster 
Yellows, the grafted vines with visual symptoms in the nurs-
ery must be removed and destroyed. The rest of the grafted 
vines from those mother units cannot be sold unless the 
grafted vines have been treated under supervision of the 
authority with an appropriate hot water treatment suitable 
against phytoplasma infections.

b) When no symptoms are observed in the mother units, the 
grafted vines with visual symptoms in the nurseries must be 
removed and destroyed. Grafted vines of the rest of the 
respective infected combinations cannot be sold unless the 
grafted vines have been treated under supervision of the 
authority with an appropriate hot water treatment suitable 
against phytoplasma infections.

c) When visual symptoms are observed in a nursery inside a 
risk area or in a nursery close to a known infected area but 
not in the mother units from where the material originates, 
the grafted vines with visual symptoms in the nursery must 
be removed and destroyed. The rest of the grafted vines 
from that nursery cannot be sold unless the grafted vines 
have been treated under supervision of the authority with an 
appropriate hot water treatment suitable against phyto-
plasma infections.

Nurseries inside risk areas need to be treated on a precautionary 
basis according to the protocol, which will be reviewed annually 
regarding the control of possible

insect vectors and weed control around nurseries.

Mother units and foundation units

Both scion and rootstock units need to be monitored on a 
yearly basis and all plants with positive symptoms for Aster Yel-
lows phytoplasma should be removed. Those units should not 
be utilised for the two subsequent years. Sourcing of plant mate-
rial for propagation purposes from these units should only be 
allowed after two years and where no additional development of 
symptoms was observed.

Units inside risk areas need to be treated on a precautionary 
basis according to the protocol, which will be reviewed annually 
regarding the control of possible insect vectors and weed control 
around units.

MARKING OF BLOCKS

All infected individual vines in vineyards and all vineyards with 
Aster Yellows present need to be marked in a way that is easily 
visible to farm workers and official personnel.

For more information contact J.H. Venter, e-mail: JanHendrikV@nda.aQric.za 
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Organic matter and carbon in vineyard soils
John Wooldridge, ARC Infruitec-Nietvoorbij, Stellenbosch

Soils rich in organic matter (OM) have long 
been regarded as better for agricultural 
purposes than those of low organic con-
tent. Soil OM and soil health are linked, the 
management of soil OM being synonymous 
with that of soil health (Gugino et al., 2007). 
Recognition of the role of atmospheric 
carbon in climate change, and the fact that 
carbon in the form of OM can be seques-
tered in soils, or released by mismanage-
ment, has given impetus to the need to 
maximize soil OM content, thereby contrib-
uting to carbon neutrality and soil health.

Total soil organic matter (OM) is a com-
plex material composed of living organ-
isms and the remains of once-living 
organisms. These remains are capable of 
decay or are products of decay. The term 
‘organic’ originally applied to anything 
produced by living things, although many 
such compounds are now produced by 
inorganic processes. Compounds associ-
ated with life processes generally contain 
carbon. Linked carbon atoms form the 
backbone of the long or branched-chain 
molecules that are used by plants for 
structural and energy storage purposes.

The OM contents of soils are easy to 
determine. It is therefore possible to main-
tain a record from which changes in OM 
content can be deduced for carbon audit 
purposes, or even for the trading of car-
bon offsets. The method described by 
Gugino et al. (2007) entails oven drying 
the bulk soil sample to constant mass at 
105ºC, then heating a weighed sample to 
500ºC for two hours in a furnace. Mass 
loss in the furnace is determined by 
weighing the cooled sample, and is 
expressed as a percentage of dry sample 
mass before heating. Percentage mass 
loss may be converted to OM% by the 
relationship: OM% = (% mass loss x 0.7) 
- 0.23. This analysis is usually performed 
on material that has been passed through 
a 2.0 mm sieve. Note that OM content is 
not the same as carbon content. Carbon 
is only one of the constituents of OM.

Soil OM varies in terms of its availability to 
micro organisms. Fresh plant residues are 
better sources of carbon and energy than 
bacterial cell walls. A measure of avail-
ability is the active carbon content. This 
varies faster in response to changes in 
crop or cultivation practice than soil OM, 
and is a leading indicator of soil health 
(Gugino et al., 2007). Determination of 
active carbon relies on the fact that soil 
OM exists in a chemically reduced state 
and will react with an oxidizing agent such 
as potassium permanganate. The method 
of Gugino et al. (2007) involves shaking a 
soil sample in a dilute potassium perman-
ganate solution. Oxidation of the active 
carbon by the potassium permanganate 
causes the deep purple colour of the 
solution to fade. The extent of this fading, 
which is measured with a spectropho-
tometer at 550 nm, varies with the oxidis-
able carbon content of the sample and is 
expressed in mg of carbon per kg of 
soil.

Few vineyard soils in the Western Cape 
contain more than 1% OM. The rest of 
the soil consists of mineral grains, stone 
fragments, and open spaces (pores). The 
importance of OM is greater than its low 
abundance may suggest. This is because, 
relative to soil minerals, OM has a very 
large surface area on which reactions can 
take place, and a higher density of chem-
ical reaction sites. Some OM fractions 
have specific surface areas up to 800 - 
900 m2/g, and cation exchange capaci-
ties (CEC) of 150 - 300 cmol(+)/kg, which 
is roughly double that of vermiculite (100 
- 150 cmol(+)/kg) and many times that of 
kaolinite (3 - 15 cmol(+)/kg) (Fitzpat-
rick1971), which is probably the most 
abundant clay mineral in Western Cape 
soils. Soil OM is therefore a powerful 
exchange medium for macro and micro-
nutrients and contributes a high percent-
age of the CEC of the soil. Nutrient ele-
ments held by OM are usually readily 
exchangeable by plant roots. Soil OM is 

able to adsorb metals, which is why cop-
per from sprays is often present in high 
concentrations in the top few millimetres 
of soil. Since the stabilities of OM (fulvic 
acid)/metal complexes follow a sequence 
(Fe3+ > Al3+ > Cu2+ >…>Ca2+.> Zn2+ Mn2+.> 
Mg2+; Sparks, 2003), the reactions of OM/
metal complexes can, to some extent, be 
predicted.

Herbicides and pesticides bind to soil 
OM, which may hold them in inactive 
form long enough for degradation to take 
place. Retention is probably due to 
adsorption into internal voids in the sieve-
like humus molecule (Sparks, 2003). The 
practical significance of retention of her-
bicides and pesticides is that the required 
application rate may be affected. Soil OM 
is characterised by a high water holding 
capacity, is closely associated with metal 
oxides and hydroxides, and with clay 
minerals, on the surfaces of which OM 
has a range of catalytic functions.

Perhaps the most important property of 
OM is its ability to act as a cement, or 
binding agent. This holds mineral grains 
together, facilitating the formation of 
micro-aggregates. These aggregates, 
which remain stable in water, increase soil 
stability and pore volume. An abundance 
of interconnecting pore spaces is neces-
sary for the infiltration and drainage of 
water, and for the exchange of gasses 
between soil and the overlying atmo-
sphere. Aggregation also reduces soil 
strength and compaction, thereby increas-
ing ease of root penetration and of soil 
faunal activity. Note, however, that even in 
the presence of root exudates from which 
the grain-binding materials are synthe-
sised, the formation of water stable aggre-
gates requires the mechanical kneading 
action of root growth. Ideally, aggregates 
form at a rate that, for a time at least, 
equals or exceeds that at which they are 
broken down by micro-organisms. Though 
stable until the cementing material 
degrades, such aggregates are fragile and 
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are rapidly broken down by cultivation 
which increases aeration and oxidation 
rate. Tillage-induced OM loss is a power-
ful argument in favour of zero tillage in 
well-aggregated soils, and of the use of 
cover crops which increase soil OM.

Organic matter is a product of the natural 
cycle of growth and decay. This process 
entails the breakdown of complex materi-
als and the formation of materials that are 
progressively simpler and more resistant 
to further breakdown. Life processes 
utilize energy, ultimately solar, to tempo-
rarily reverse this process, creating com-
plex tissues and structures from simpler 
ingredients. These materials, which are 
rich in nitrogen as well as carbon, are 
capable of releasing a great deal of ener-
gy. Following the death of the producer 
organism its’ structures and compounds 
are broken down, initially by the soil fauna, 
then by hydrolysis and enzymatic oxida-
tion. This breakdown is associated with 
the release of gases such as nitrogen, 
carbon dioxide and methane, and facili-
tated by soil micro organisms. These 
release the contained energy in a pro-
gressive, multi-stage process during 
which energy and breakdown products 
are used to generate new compounds in 
hierarchies of soil micro organisms which 
themselves break down and are recycled 
at the ends of their life cycles. Eventually, 
residues reach the stage where no further 
microbial attack occurs. Providing that 
conditions do not change, as through 
tillage, these stable products of decay 
may persist in the soil for centuries (Berg 
& McClaugherty, 2003).

A consequence of the diversity of forms 
which OM may take, and of the ability of 
OM to complex with soil mineral material, 
is that the chemistry of soil OM is not 
fully understood. As a result the organic 
constituents of soils are only broadly cat-
egorized. As described earlier, total soil 
organic matter is a general term that 
includes everything within the soil that is 
living (biomass), plus the no-longer-living 
products of life processes. This latter 
group includes a mixture of plant and 
animal residues in various stages of 
decomposition, substances synthesised 
chemically or biologically from the break-
down products, and tissues and products 
from the hierarchy of micro organisms 
that successively derived their energy and 
materials from earlier forms. Collectively, 

the heavily decayed, amorphous materi-
als (humus) represent a complex system 
having non-humic and humic compo-
nents (Sparks, 2003). Of these, humic 
compounds are the most abundant.

1. Non-humic materials consist of resi-
dues which may retain recognisable 
tissue structures, and which contain 
carbohydrates, proteins, fats and 
waxes in identifiable, little-altered 
form. Non-humic substances are 
rapidly attacked by microbes and 
persist in soils for only a short time.

2. Humic substances resist microbial 
degradation and are dark coloured 
and amorphous, with molecular 
weights between a few hundred and 
several thousand. They are classified 
according to their solubility.

• Humic acid is soluble in dilute 
alkali but not in acid, precipitat-
ing when reacidified.

• Fulvic acid is soluble in both 
alkaline and acidic solutions.

• Humin can not be extracted 
from soils with acidic or alkaline 
solutions.

All three humic substances have similar 
structures, but fulvic acid has a lower 
molecular weight and more oxygen-con-
taining functional groups per unit weight 
than humic acid and humin. Due to the 
presence of these functional groups, 
humic substances are powerful chelating 
agents able to form stable complexes 
with metals and hydrous oxides, and to 
react with clays, particularly where poly-
valent metal cations such as Al3+, Fe3+ 
and Ca2+ are present on the negatively 
charged clay (Schnitzer & Kodama, 1977; 
Sparks, 2003). Clays therefore have a 
stabilizing effect on soil OM. The effect of 
OM on exchangeable Al3+ is marked, is 
greatest at low pH’s and increases with 
OM content up to about 2.5%. Thus, 
small increases in OM may result in reduc-
tions in exchangeable Al3+, and on Al3+ 
activity in the soil solution. Complexation 
of Al3+ with soil OM explains why plants 
may not be affected by Al3+ even in acid 
soils (Sparks, 2003).

Fulvic acid and the lower molecular 
weight humic acids attack soil minerals 
by complexing metals, hastening rock 
breakdown. This mechanism is used by 
lichen to obtain nutrients from rock sur-
faces.

Humic compounds are easily transported 
in drainage water. This is notably the case 
in fynbos areas where streams and dams 
fed by organic-rich soil water have a 
characteristic reddish brown colouration 
(Wooldridge & Bothma, 1993). There are 
three main practical considerations.

• Nutrient elements complexed 
with the organic acids are lost 
from the soil.

• Adding commercial fulvic acid to 
sprays made up with water that 
is naturally rich in this material is 
pointless.

• Water that contains organic 
acids invariably contains iron 
and other elements, often in 
reduced state. Sprays made up 
with this water may cause dis-
colouration of fruit.

The maintenance of reasonably high lev-
els of soil OM is clearly desirable from the 
carbon sequestration and soil health 
viewpoints. At any given time the abun-
dance of organic material in the soil will 
reflect the relative rates of biomass pro-
duction and breakdown. Within limits, the 
rates of both these processes increase 
with temperature, but proceed only where 
oxygen and moisture are available in 
adequate quantities. In waterlogged, 
oxygen-deficient soils breakdown is slow 
and OM may accumulate. This is why 
poorly drained valley bottom soils are 
richer in OM than those on slopes. 
Although breakdown of OM on valley bot-
tom sites can contribute nitrogen to vines, 
these sites may be difficult to drain effec-
tively and are therefore unsuitable for 
viticulture.

Soil OM content and management are 
linked. Even where management is poor, 
elevated soil OM contents are reasonably 
easy to achieve at high latitudes where 
soil temperatures remain low, and where 
rainfall is adequate. This is not the case 
under Western Cape conditions where 
summers are long, warm and dry. How-
ever, even under these conditions soil OM 
content may be increased by repeatedly 
adding compost or green manures. These 
materials stimulate microbial activity and 
the generation of reasonably stable 
organic compounds, but do not neces-
sarily lead to improved structure. A disad-
vantage of incorporating OM into the soil 
is that unless the soil and OM are deeply 
and thoroughly mixed, tree and vine roots 
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may become concentrated in the OM-
enriched layer and never penetrate into 
the subsoil. Such root systems are unable 
to utilize the full potential rooting depth 
and are, in consequence, intolerant of 
drought and of long irrigation cycles. 
Greater benefits can usually be gained by 
using OM as a mulch. Organic material 
that has been composted and has lost 
most of its easily decomposable compo-
nents in the process lasts longer than 
fresh OM. Mulches reduce peak summer 
soil temperatures, a pertinent factor in 
view of the global warming trend. Mulch-
ing also prevents crusting, thereby facili-
tating infiltration, gas exchange and soil 
faunal activity, as well as conserving 
water, which is an increasingly scarce 
resource. These water savings can be 
considerable. In a field trial, mulching 
increased irrigation cycle length from 11.6 
to 26.0 days, representing a seasonal 
water saving of 55% (Wooldridge, 1992). 
Further, organic residues from surface-
applied mulches are rapidly transported 
down into the soil by the soil fauna, 
greatly increasing OM content, cation 
exchange capacity and water retention in 
the root zone. Disadvantages are that 

mulches may hold excess water in winter, 
reduce the rate of soil warming in spring 
and serve as an above ground growth 
medium for roots.

A factor that may be critical for vine 
growth is the carbon to nitrogen (C:N) 
ratio of the OM. Organic residues that 
have high C:N ratios, such as wood chips 
and straw, need extra nitrogen for decom-
position. This N demand renders applied 
nitrogen less available to the crop. Insuf-
ficient nitrogen is one reason why high 
C:N mulches decay slowly. Slow decay 
rates are desirable where the objective is 
to keep the soil surface cool and moist, 
but this advantage may be offset by the 
higher nitrogen requirement. Conversely, 
mulches that are high in nitrogen may 
cause excessive vigour and loss of con-
trol over yields and fruit quality. There is 
also a tendency for mats of fine roots to 
develop at the base of long lasting or 
frequently renewed mulches. These roots 
are prone to mechanical damage and 
drought.

Increasing soil OM contents has potential 
growth and environmental advantages, 
and should be regarded as a prime man-

agement objective. Reducing tillage, 
mulching and the use of cover crops are 
probably the most effective ways of con-
serving soil OM.
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are rapidly broken down by cultivation 
which increases aeration and oxidation 
rate. Tillage-induced OM loss is a power-
ful argument in favour of zero tillage in 
well-aggregated soils, and of the use of 
cover crops which increase soil OM.

Organic matter is a product of the natural 
cycle of growth and decay. This process 
entails the breakdown of complex materi-
als and the formation of materials that are 
progressively simpler and more resistant 
to further breakdown. Life processes 
utilize energy, ultimately solar, to tempo-
rarily reverse this process, creating com-
plex tissues and structures from simpler 
ingredients. These materials, which are 
rich in nitrogen as well as carbon, are 
capable of releasing a great deal of ener-
gy. Following the death of the producer 
organism its’ structures and compounds 
are broken down, initially by the soil fauna, 
then by hydrolysis and enzymatic oxida-
tion. This breakdown is associated with 
the release of gases such as nitrogen, 
carbon dioxide and methane, and facili-
tated by soil micro organisms. These 
release the contained energy in a pro-
gressive, multi-stage process during 
which energy and breakdown products 
are used to generate new compounds in 
hierarchies of soil micro organisms which 
themselves break down and are recycled 
at the ends of their life cycles. Eventually, 
residues reach the stage where no further 
microbial attack occurs. Providing that 
conditions do not change, as through 
tillage, these stable products of decay 
may persist in the soil for centuries (Berg 
& McClaugherty, 2003).

A consequence of the diversity of forms 
which OM may take, and of the ability of 
OM to complex with soil mineral material, 
is that the chemistry of soil OM is not 
fully understood. As a result the organic 
constituents of soils are only broadly cat-
egorized. As described earlier, total soil 
organic matter is a general term that 
includes everything within the soil that is 
living (biomass), plus the no-longer-living 
products of life processes. This latter 
group includes a mixture of plant and 
animal residues in various stages of 
decomposition, substances synthesised 
chemically or biologically from the break-
down products, and tissues and products 
from the hierarchy of micro organisms 
that successively derived their energy and 
materials from earlier forms. Collectively, 

the heavily decayed, amorphous materi-
als (humus) represent a complex system 
having non-humic and humic compo-
nents (Sparks, 2003). Of these, humic 
compounds are the most abundant.

1. Non-humic materials consist of resi-
dues which may retain recognisable 
tissue structures, and which contain 
carbohydrates, proteins, fats and 
waxes in identifiable, little-altered 
form. Non-humic substances are 
rapidly attacked by microbes and 
persist in soils for only a short time.

2. Humic substances resist microbial 
degradation and are dark coloured 
and amorphous, with molecular 
weights between a few hundred and 
several thousand. They are classified 
according to their solubility.

• Humic acid is soluble in dilute 
alkali but not in acid, precipitat-
ing when reacidified.

• Fulvic acid is soluble in both 
alkaline and acidic solutions.

• Humin can not be extracted 
from soils with acidic or alkaline 
solutions.

All three humic substances have similar 
structures, but fulvic acid has a lower 
molecular weight and more oxygen-con-
taining functional groups per unit weight 
than humic acid and humin. Due to the 
presence of these functional groups, 
humic substances are powerful chelating 
agents able to form stable complexes 
with metals and hydrous oxides, and to 
react with clays, particularly where poly-
valent metal cations such as Al3+, Fe3+ 
and Ca2+ are present on the negatively 
charged clay (Schnitzer & Kodama, 1977; 
Sparks, 2003). Clays therefore have a 
stabilizing effect on soil OM. The effect of 
OM on exchangeable Al3+ is marked, is 
greatest at low pH’s and increases with 
OM content up to about 2.5%. Thus, 
small increases in OM may result in reduc-
tions in exchangeable Al3+, and on Al3+ 
activity in the soil solution. Complexation 
of Al3+ with soil OM explains why plants 
may not be affected by Al3+ even in acid 
soils (Sparks, 2003).

Fulvic acid and the lower molecular 
weight humic acids attack soil minerals 
by complexing metals, hastening rock 
breakdown. This mechanism is used by 
lichen to obtain nutrients from rock sur-
faces.

Humic compounds are easily transported 
in drainage water. This is notably the case 
in fynbos areas where streams and dams 
fed by organic-rich soil water have a 
characteristic reddish brown colouration 
(Wooldridge & Bothma, 1993). There are 
three main practical considerations.

• Nutrient elements complexed 
with the organic acids are lost 
from the soil.

• Adding commercial fulvic acid to 
sprays made up with water that 
is naturally rich in this material is 
pointless.

• Water that contains organic 
acids invariably contains iron 
and other elements, often in 
reduced state. Sprays made up 
with this water may cause dis-
colouration of fruit.

The maintenance of reasonably high lev-
els of soil OM is clearly desirable from the 
carbon sequestration and soil health 
viewpoints. At any given time the abun-
dance of organic material in the soil will 
reflect the relative rates of biomass pro-
duction and breakdown. Within limits, the 
rates of both these processes increase 
with temperature, but proceed only where 
oxygen and moisture are available in 
adequate quantities. In waterlogged, 
oxygen-deficient soils breakdown is slow 
and OM may accumulate. This is why 
poorly drained valley bottom soils are 
richer in OM than those on slopes. 
Although breakdown of OM on valley bot-
tom sites can contribute nitrogen to vines, 
these sites may be difficult to drain effec-
tively and are therefore unsuitable for 
viticulture.

Soil OM content and management are 
linked. Even where management is poor, 
elevated soil OM contents are reasonably 
easy to achieve at high latitudes where 
soil temperatures remain low, and where 
rainfall is adequate. This is not the case 
under Western Cape conditions where 
summers are long, warm and dry. How-
ever, even under these conditions soil OM 
content may be increased by repeatedly 
adding compost or green manures. These 
materials stimulate microbial activity and 
the generation of reasonably stable 
organic compounds, but do not neces-
sarily lead to improved structure. A disad-
vantage of incorporating OM into the soil 
is that unless the soil and OM are deeply 
and thoroughly mixed, tree and vine roots 
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may become concentrated in the OM-
enriched layer and never penetrate into 
the subsoil. Such root systems are unable 
to utilize the full potential rooting depth 
and are, in consequence, intolerant of 
drought and of long irrigation cycles. 
Greater benefits can usually be gained by 
using OM as a mulch. Organic material 
that has been composted and has lost 
most of its easily decomposable compo-
nents in the process lasts longer than 
fresh OM. Mulches reduce peak summer 
soil temperatures, a pertinent factor in 
view of the global warming trend. Mulch-
ing also prevents crusting, thereby facili-
tating infiltration, gas exchange and soil 
faunal activity, as well as conserving 
water, which is an increasingly scarce 
resource. These water savings can be 
considerable. In a field trial, mulching 
increased irrigation cycle length from 11.6 
to 26.0 days, representing a seasonal 
water saving of 55% (Wooldridge, 1992). 
Further, organic residues from surface-
applied mulches are rapidly transported 
down into the soil by the soil fauna, 
greatly increasing OM content, cation 
exchange capacity and water retention in 
the root zone. Disadvantages are that 

mulches may hold excess water in winter, 
reduce the rate of soil warming in spring 
and serve as an above ground growth 
medium for roots.

A factor that may be critical for vine 
growth is the carbon to nitrogen (C:N) 
ratio of the OM. Organic residues that 
have high C:N ratios, such as wood chips 
and straw, need extra nitrogen for decom-
position. This N demand renders applied 
nitrogen less available to the crop. Insuf-
ficient nitrogen is one reason why high 
C:N mulches decay slowly. Slow decay 
rates are desirable where the objective is 
to keep the soil surface cool and moist, 
but this advantage may be offset by the 
higher nitrogen requirement. Conversely, 
mulches that are high in nitrogen may 
cause excessive vigour and loss of con-
trol over yields and fruit quality. There is 
also a tendency for mats of fine roots to 
develop at the base of long lasting or 
frequently renewed mulches. These roots 
are prone to mechanical damage and 
drought.

Increasing soil OM contents has potential 
growth and environmental advantages, 
and should be regarded as a prime man-

agement objective. Reducing tillage, 
mulching and the use of cover crops are 
probably the most effective ways of con-
serving soil OM.
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Reckson Mulidzi

INTRODUCTION 

During the 2000 vintage season studies were conducted at a 
number of wineries to gain information concerning the nature and 
magnitude of risks associated with possible pollution hazards at 
South African wineries. Several papers outlining the legal require-
ments for wastewater disposal and the potential pollution hazards 
of winery wastewaters have been published in Wineland maga-
zine; notably by Hayward et al. (2000) and Van Schoor (2000, 
2001). These papers described measures that wineries could take 
to ensure compliance with the legal requirements concerning efflu-
ent disposal. Aspects of these early studies were further reported 
upon by Bezuidenhout et al. (2002) and Mulidzi et al. (2002). 

This paper presents data on effluent composition at ten wineries 
in the Western and Northern Cape Provinces, aspects of which 
have been reported by Mulidzi (2001) and Van Schoor & Mulidzi 
(2001). The data presented here should be read in conjunction 
with the companion article, which concerns the environmental 
impacts of these effluents.

MATERIALS AND METHODS 

Regions represented by the ten participating wineries were Paarl, 
Stellenbosch, Worcester, Robertson and the Olifants and Orange 
Rivers. A Berg River winery was also included. Effluent samples 
were collected at 4-week intervals from ten wineries over the period 
December 1999 to April 2000. Samples were also collected from 
some of these wineries during June and July 2000. Sampling and 
analysis were carried out as described by Mulidzi (2001). Parame-
ters determined were chemical oxygen demand (COD), pH, sodium 
(Na), chloride (Cl) and potassium (K) concentrations, sodium adsorp-
tion ratio (SAR) and electrical conductivity (EC). 

RESULTS AND DISCUSSION 

COD levels 
A characteristic of winery wastewaters is that they contain organ-
ic material. The amount of organic material present is most use-
fully expressed in terms of the amount of oxygen required to oxi-
dise (break down) the organic material in a given volume of the 
waste water. The results are usually expressed in mg O2 per litre 
(mg/l). 

In the winery waste waters sampled by Van Schoor & Mulidzi 
(2001), the lowest COD values tended to occur in the pre- 
(December, January) and post harvest (June, July) periods (Table 
1). In the intervening period, COD values commonly exceeded the 

maximum acceptable value of 5 000 mg/l, sometimes on two or 
three consecutive sampling dates. Effluent volumes were not 
measured during the sampling program described here. Neverthe-
less, Van Schoor (2000) has shown that peak harvest periods tend 
to coincide with periods of peak COD, and also with peak periods 
of waste water generation. That COD and wastewater production 
both reach their maximum at the same time has serious implica-
tions. This is because the acceptable COD limit of 5 000 mg/l is 
only valid where less than 50 m3 of wastewater is produced each 
day. Where more than 50 m3 of waste water is produced per day 
the maximum level of permissible COD decreases to 400 mg/l 
(Bezuidenhout et al., 2002). A further restriction is that the 400 
mg/l limit applies where no more that 500 m3 of effluent are gen-
erated per day. Rates of effluent production greater than 500 m3 
per day would probably meet with even more stringent restrictions. 
Variation in the period of high COD values reflected local differ-
ences in harvest period in the individual areas concerned. A 
sequence obtained by deducting the average of the two lowest 
COD values from the two highest COD values for each winery 
suggests that whereas high COD’s are not commonly observed 
at Paarl 1 and Robertson 2, the problem is greater at Paarl 2, Paarl 
3, and Berg River, greater still at Stellenbosch, Worcester and 
Robertson 1, very high at the Orange River winery and critical at 
Olifants River. Both the COD values reported here, and the mag-
nitudes of the differences between wineries, are in agreement with 
observations reported by Bezuidenhout et al. (2002). Since only a 
small number of wineries were sampled in each region, these 
results must be regarded as tentative. 

It is improbable that the organic matter in the higher COD effluents 
can be broken down by aerobic decomposition in the soil, espe-
cially at the high rates of application that are likely. Where aerobic 
decomposition does not take place at a sufficiently rapid rate, the 
largely undecomposed residues are likely to move into the subsoil 
where anaerobic processes predominate. These generate unpleas-
ant odours and a variety of incomplete breakdown products, all of 
which have the potential to severely pollute groundwater and any 
watercourses into which they may seep (Mulidzi, 2001). 

Few wineries have management systems capable of addressing 
the problems posed by high levels of COD, probably because 
early literature created the false impression that aerobic decom-
position in the soil is able to break down organic matter applied 
in effluents. Nevertheless, Bezuidenhout et al. (2002) reported 
progress at the wineries which they studied in 2000 and 2002.
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pH 
pH is a measure of the acidity or alkalinity of a solution. Aqueous 
solutions with pH’s below seven are considered acidic, while those 
with pH’s greater than seven are basic (alkaline). Since the mini-
mum pH allowed by the South African Water Act (Act No.36 of 
1998) is 6.0, whereas winery effluents are usually characterized by 
pH values below 5.5 (Levay, 1995, Mulidzi, 2001; Van Schoor & 
Mulidzi, 2001), it is apparent that low pH’s in winery waste water 
is a perennial problem. In the present study, although some pH’s 
were above 5.5, notably during the pre-harvest period (December 
and January), the main winemaking period was characterized by 
effluent pH’s that were frequently below 4.0 (Table 2). However, 
with the exception of a few isolated cases of minor reductions in 
soil pH levels below those of the control sites, there was little 
evidence of acidification of the soils at effluent disposal sites 
(Mulidzi, 2001). Indeed, some soil pH’s were higher at the effluent 
disposal sites than at the control sites. This suggests that amelio-
ration was being carried out effectively. According to Hazell (1997) 
the most effective method of amelioration is to add calcium 
hydroxide slurry at the point where the effluent leaves the storage 
dam and enters the irrigation system. 

Sodium adsorption ratio (SAR) and sodium concentration 
Effluents containing high concentrations of sodium (Na) may lead 
to dispersion and physical degradation of soils. This is because 
the cations that occupy the charge sites on the exchange complex 
rapidly come to resemble, in terms of species and of their relative 

proportions, those of the equilibrating solution (the effluent). In 
normal agricultural soils the exchange complex is dominated by 
the divalent cations calcium (Ca) and magnesium (Mg). These, with 
their ability to bond soil particles together, particularly where finely 
divided organic material is abundant, have a stabilizing effect on 
soil structure. However, where the divalent cations are replaced 
by Na, the stability is lost, mainly because sodium ions acquire 
thick hydration shells and have a mutually repulsive effect. This 
causes inter-particle linkages to break down, enabling the soil 
particles to separate and move freely and independently, a pro-
cess known as deflocculation. However, when the soil dries, 
surface tension draws the particles back together. In the absence 
of the stabilizing effects of divalent cations and organic material, 
the particles are able to rotate, ultimately achieving a state where 
porosity is minimized and bulk density maximized. In the dry state 
such soils are characterized by low infiltration rates, poor gas 
exchange, high soil strengths and extreme resistance to root 
penetration. On wetting, strength may be retained until a threshold 
is reached, beyond which the soil suddenly flows like a viscous 
fluid. In general, the higher the percentage of exchangeable base 
cations constituted by Na, the greater the negative effect. Where 
effluent is applied to the land by an irrigation system, South African 
legislation stipulates that SAR values must not exceed 5.0. 

With the exception of Paarl 2, where SAR values exceeded 5.0 
on all sampling dates, and by Robertson 1, where very high SAR 
values were observed in the pre-harvest period (December and 
January, Table 3), the effluents were characterized by SAR values 

TABLE 1. Chemical oxygen demand (mg/l) of effluents from different wineries (Van Schoor & Mulidzi, 2001).

Month
Paarl

1
Paarl

2
Paarl

3
Stell. Worcs.

Rob.
1

Rob.
2

Berg
R.

Olifants
R.

Orange
R.

Dec 2299 364 582 3321 2595 2241 1517 1494 37739 1176
Jan 5296 233 3676 2372 4545 3399 6561 14229 1462 3043
Feb 2700 8520 996 14160 18044 5788 1174 10120 23872 4000

March 3373 6190 7262 8175 6627 11270 3770 6389 47024 23571
April 7802 2257 7802 12238 1117 10614 448 2805 58812 24752
June 4458 3514 859 3394 – – – 1205 – 574
July – 1968 – – – – – – – 980

Av..
Low 2500 299 721 2847 1856 2820 811 1350 1462 w 777

Av..
High 6549 7355 7532 13199 12336 10942 5166 12175 52918 24162

RangeX 4049 7056 6811 10352 10480 8122 4355 10825 51456 23385

Z average of the two lowest values
Y average of the two highest values
X average of the two highest values minus the average of the two lowest values
w one value only

TABLE 2. pH of effluents from different wineries (Van Schoor & Mulidzi, 2001).

Month
Paarl  

1
Paarl  

2
Paarl  

3
Stell. Worcs.

Rob.
1

Rob.
2

Berg
R.

Olifants
R.

Orange
R.

Dec 6.4 7.6 5.6 5.3 2.8 6.1 4.4 5.6 4.6 6.6
Jan 2.7 7.4 4.4 6.6 4.7 7.0 5.7 3.5 7.1 4.1
Feb 5.1 4.4 4.8 4.3 4.1 3.7 4.9 4.3 4.0 5.1

March 5.1 4.6 4.5 5.0 3.6 3.7 4.6 3.8 4.0 4.0
April 5.0 4.8 5.3 3.1 5.4 4.3 6.1 5.1 4.5 4.4
June 4.5 5.3 3.7 4.4 – – – 3.6 4.8 5.8

July – 6.0 – – – – – – – 5.7
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INTRODUCTION 

During the 2000 vintage season studies were conducted at a 
number of wineries to gain information concerning the nature and 
magnitude of risks associated with possible pollution hazards at 
South African wineries. Several papers outlining the legal require-
ments for wastewater disposal and the potential pollution hazards 
of winery wastewaters have been published in Wineland maga-
zine; notably by Hayward et al. (2000) and Van Schoor (2000, 
2001). These papers described measures that wineries could take 
to ensure compliance with the legal requirements concerning efflu-
ent disposal. Aspects of these early studies were further reported 
upon by Bezuidenhout et al. (2002) and Mulidzi et al. (2002). 

This paper presents data on effluent composition at ten wineries 
in the Western and Northern Cape Provinces, aspects of which 
have been reported by Mulidzi (2001) and Van Schoor & Mulidzi 
(2001). The data presented here should be read in conjunction 
with the companion article, which concerns the environmental 
impacts of these effluents.

MATERIALS AND METHODS 

Regions represented by the ten participating wineries were Paarl, 
Stellenbosch, Worcester, Robertson and the Olifants and Orange 
Rivers. A Berg River winery was also included. Effluent samples 
were collected at 4-week intervals from ten wineries over the period 
December 1999 to April 2000. Samples were also collected from 
some of these wineries during June and July 2000. Sampling and 
analysis were carried out as described by Mulidzi (2001). Parame-
ters determined were chemical oxygen demand (COD), pH, sodium 
(Na), chloride (Cl) and potassium (K) concentrations, sodium adsorp-
tion ratio (SAR) and electrical conductivity (EC). 

RESULTS AND DISCUSSION 

COD levels 
A characteristic of winery wastewaters is that they contain organ-
ic material. The amount of organic material present is most use-
fully expressed in terms of the amount of oxygen required to oxi-
dise (break down) the organic material in a given volume of the 
waste water. The results are usually expressed in mg O2 per litre 
(mg/l). 

In the winery waste waters sampled by Van Schoor & Mulidzi 
(2001), the lowest COD values tended to occur in the pre- 
(December, January) and post harvest (June, July) periods (Table 
1). In the intervening period, COD values commonly exceeded the 

maximum acceptable value of 5 000 mg/l, sometimes on two or 
three consecutive sampling dates. Effluent volumes were not 
measured during the sampling program described here. Neverthe-
less, Van Schoor (2000) has shown that peak harvest periods tend 
to coincide with periods of peak COD, and also with peak periods 
of waste water generation. That COD and wastewater production 
both reach their maximum at the same time has serious implica-
tions. This is because the acceptable COD limit of 5 000 mg/l is 
only valid where less than 50 m3 of wastewater is produced each 
day. Where more than 50 m3 of waste water is produced per day 
the maximum level of permissible COD decreases to 400 mg/l 
(Bezuidenhout et al., 2002). A further restriction is that the 400 
mg/l limit applies where no more that 500 m3 of effluent are gen-
erated per day. Rates of effluent production greater than 500 m3 
per day would probably meet with even more stringent restrictions. 
Variation in the period of high COD values reflected local differ-
ences in harvest period in the individual areas concerned. A 
sequence obtained by deducting the average of the two lowest 
COD values from the two highest COD values for each winery 
suggests that whereas high COD’s are not commonly observed 
at Paarl 1 and Robertson 2, the problem is greater at Paarl 2, Paarl 
3, and Berg River, greater still at Stellenbosch, Worcester and 
Robertson 1, very high at the Orange River winery and critical at 
Olifants River. Both the COD values reported here, and the mag-
nitudes of the differences between wineries, are in agreement with 
observations reported by Bezuidenhout et al. (2002). Since only a 
small number of wineries were sampled in each region, these 
results must be regarded as tentative. 

It is improbable that the organic matter in the higher COD effluents 
can be broken down by aerobic decomposition in the soil, espe-
cially at the high rates of application that are likely. Where aerobic 
decomposition does not take place at a sufficiently rapid rate, the 
largely undecomposed residues are likely to move into the subsoil 
where anaerobic processes predominate. These generate unpleas-
ant odours and a variety of incomplete breakdown products, all of 
which have the potential to severely pollute groundwater and any 
watercourses into which they may seep (Mulidzi, 2001). 

Few wineries have management systems capable of addressing 
the problems posed by high levels of COD, probably because 
early literature created the false impression that aerobic decom-
position in the soil is able to break down organic matter applied 
in effluents. Nevertheless, Bezuidenhout et al. (2002) reported 
progress at the wineries which they studied in 2000 and 2002.
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pH 
pH is a measure of the acidity or alkalinity of a solution. Aqueous 
solutions with pH’s below seven are considered acidic, while those 
with pH’s greater than seven are basic (alkaline). Since the mini-
mum pH allowed by the South African Water Act (Act No.36 of 
1998) is 6.0, whereas winery effluents are usually characterized by 
pH values below 5.5 (Levay, 1995, Mulidzi, 2001; Van Schoor & 
Mulidzi, 2001), it is apparent that low pH’s in winery waste water 
is a perennial problem. In the present study, although some pH’s 
were above 5.5, notably during the pre-harvest period (December 
and January), the main winemaking period was characterized by 
effluent pH’s that were frequently below 4.0 (Table 2). However, 
with the exception of a few isolated cases of minor reductions in 
soil pH levels below those of the control sites, there was little 
evidence of acidification of the soils at effluent disposal sites 
(Mulidzi, 2001). Indeed, some soil pH’s were higher at the effluent 
disposal sites than at the control sites. This suggests that amelio-
ration was being carried out effectively. According to Hazell (1997) 
the most effective method of amelioration is to add calcium 
hydroxide slurry at the point where the effluent leaves the storage 
dam and enters the irrigation system. 

Sodium adsorption ratio (SAR) and sodium concentration 
Effluents containing high concentrations of sodium (Na) may lead 
to dispersion and physical degradation of soils. This is because 
the cations that occupy the charge sites on the exchange complex 
rapidly come to resemble, in terms of species and of their relative 

proportions, those of the equilibrating solution (the effluent). In 
normal agricultural soils the exchange complex is dominated by 
the divalent cations calcium (Ca) and magnesium (Mg). These, with 
their ability to bond soil particles together, particularly where finely 
divided organic material is abundant, have a stabilizing effect on 
soil structure. However, where the divalent cations are replaced 
by Na, the stability is lost, mainly because sodium ions acquire 
thick hydration shells and have a mutually repulsive effect. This 
causes inter-particle linkages to break down, enabling the soil 
particles to separate and move freely and independently, a pro-
cess known as deflocculation. However, when the soil dries, 
surface tension draws the particles back together. In the absence 
of the stabilizing effects of divalent cations and organic material, 
the particles are able to rotate, ultimately achieving a state where 
porosity is minimized and bulk density maximized. In the dry state 
such soils are characterized by low infiltration rates, poor gas 
exchange, high soil strengths and extreme resistance to root 
penetration. On wetting, strength may be retained until a threshold 
is reached, beyond which the soil suddenly flows like a viscous 
fluid. In general, the higher the percentage of exchangeable base 
cations constituted by Na, the greater the negative effect. Where 
effluent is applied to the land by an irrigation system, South African 
legislation stipulates that SAR values must not exceed 5.0. 

With the exception of Paarl 2, where SAR values exceeded 5.0 
on all sampling dates, and by Robertson 1, where very high SAR 
values were observed in the pre-harvest period (December and 
January, Table 3), the effluents were characterized by SAR values 

TABLE 1. Chemical oxygen demand (mg/l) of effluents from different wineries (Van Schoor & Mulidzi, 2001).

Month
Paarl

1
Paarl

2
Paarl

3
Stell. Worcs.

Rob.
1

Rob.
2

Berg
R.

Olifants
R.

Orange
R.

Dec 2299 364 582 3321 2595 2241 1517 1494 37739 1176
Jan 5296 233 3676 2372 4545 3399 6561 14229 1462 3043
Feb 2700 8520 996 14160 18044 5788 1174 10120 23872 4000

March 3373 6190 7262 8175 6627 11270 3770 6389 47024 23571
April 7802 2257 7802 12238 1117 10614 448 2805 58812 24752
June 4458 3514 859 3394 – – – 1205 – 574
July – 1968 – – – – – – – 980

Av..
Low 2500 299 721 2847 1856 2820 811 1350 1462 w 777

Av..
High 6549 7355 7532 13199 12336 10942 5166 12175 52918 24162

RangeX 4049 7056 6811 10352 10480 8122 4355 10825 51456 23385

Z average of the two lowest values
Y average of the two highest values
X average of the two highest values minus the average of the two lowest values
w one value only

TABLE 2. pH of effluents from different wineries (Van Schoor & Mulidzi, 2001).

Month
Paarl  

1
Paarl  

2
Paarl  

3
Stell. Worcs.

Rob.
1

Rob.
2

Berg
R.

Olifants
R.

Orange
R.

Dec 6.4 7.6 5.6 5.3 2.8 6.1 4.4 5.6 4.6 6.6
Jan 2.7 7.4 4.4 6.6 4.7 7.0 5.7 3.5 7.1 4.1
Feb 5.1 4.4 4.8 4.3 4.1 3.7 4.9 4.3 4.0 5.1

March 5.1 4.6 4.5 5.0 3.6 3.7 4.6 3.8 4.0 4.0
April 5.0 4.8 5.3 3.1 5.4 4.3 6.1 5.1 4.5 4.4
June 4.5 5.3 3.7 4.4 – – – 3.6 4.8 5.8

July – 6.0 – – – – – – – 5.7
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TABLE 3. SAR values of effluents from different wineries (Van Schoor & Mulidzi, 2001).

Month
Paarl  

1
Paarl  

2
Paarl  

3
Stell. Worcs.

Rob.
1

Rob.
2

Berg
R.

Olifants
R.

Orange
R.

Dec 5.7 7.5 0.6 2.4 0.7 29.0 1.9 1.2 5.8 1.2
Jan 1.8 7.8 0.5 4.9 7.1 33.1 1.8 0.5 10.8 1.7
Feb 1.2 6.3 3.2 4.4 3.5 1.9 2.0 0.6 1.5 1.7

March 4.4 7.1 0.8 9.1 6.5 4.5 2.1 0.5 2.3 9.5
April 1.6 10.0 0.8 2.1 2.3 1.7 2.4 0.3 2.8 0.9
June 1.8 12.0 0.9 3.6 – – – 0.4 1.0 1.0
July – 11.2 – – – – – – – 1.4

TABLE 4. Electrical conductivity values (mS/m) of effluents from different wineries (Van Schoor & Mulidzi, 2001).

Month
Paarl  

1
Paarl  

2
Paarl  

3
Stell. Worcs.

Rob.
1

Rob.
2

Berg
R.

Olifants
R.

Orange
R.

Feb 82 269 60 150 65 60 544 95 524 88
March 109 311 137 170 66 144 92 76 1008 253
April 386 448 175 143 44 90 177 184 2340 125
June 170 513 52 74 – – – 110 2570 67
July – 313 – – – – – – – 62

that were below 5.0 on most of the sampling dates. High pre-
harvest SAR values in effluent can be related to the cleaning of 
tanks before the harvest starts. According to Glaetzer (1995) 
sodium mainly enters the wastewater stream via the use of 
cleaning chemicals such as caustic soda (sodium hydroxide) and 
sodium hypochlorite. These chemicals may also be used during 
the harvest period. SAR values at Paarl 3, Robertson 2 and Berg 
River were consistently low. In the case of Paarl 2, which was the 
only winery where the effluent SAR values were high at all sam-
pling dates, it is possible that the high SAR values were due to 
the use of poor quality borehole water in the cellar. 

As anticipated, incidences of raised sodium concentrations in the 
effluents (data not shown) corresponded with the raised SAR val-
ues shown in Table 3, sodium concentration tending to increase 
with SAR. The main concern associated with high-sodium effluents 
is the risk that sodium will leach from the disposal site, causing 
wide-spread sodicity. As will be shown in the companion article, 
evidence of negative soil effects induced by excessively high soil 
sodium concentrations was apparent at all of the disposal sites. 
Whereas the wineries seemed to manage and control the potential 
soil acidity problems well, the management of sodium at the dis-
posal sites continues to be a major problem. 

Electrical conductivity (EC) 

Since the ease with which a solution conducts an electrical current 
is related to its electrolyte content, and since salts are the most 
common electrolytes in soils and effluents, it is convenient to use 
EC as an indication of the amount of dissolved salt that is present. 
Clearly, at any given application rate, the rate at which salt will accu-
mulate in a soil (the rate of salinization) will increase with the salt 
content of the effluent. Low and high salinity waters have EC’s of 
<25, >75 mS/m, respectively. The maximum acceptable EC for 
disposal purposes is 200 mS/m (Bezuidenhout et al., 2002). EC 
values in excess of 200 ms/m were observed at five wineries (Table 
4). At Paarl 2 and Olifants River, high EC values were observed at 
all sampling dates. These wineries were also characterized by high 
SAR values. The effluents from these wineries must be regarded as 
hazardous from a salinization viewpoint, both on and off the dis-
posal site. Whilst the high EC from Paarl 2 can be attributed to low 
quality borehole water, the source of the salinity at Olifants River is 

not known. Isolated occurrences of high EC values were also 
observed at Paarl 1, Robertson 2 and the Orange River. At five of 
the wineries, the EC values were below 200 mS/m at all sample 
dates. Excessively high effluent electrolyte concentrations were 
therefore not a major problem at half of the participating wineries, 
although all samples fell in the medium to high salinity brackets. In 
the study reported here, EC was not determined on the pre-wine-
making effluent samples (December, January), when the use of 
sodium-containing cleaning materials might have been expected to 
lead to high EC values at most wineries. This will need to be studied 
further. 

Chloride 

Like sodium, chloride is phytotoxic, even at fairly low concentra-
tions. From Table 5 it is apparent that the effluents from seven of 
the ten participating wineries contained acceptable concentra-
tions of chloride (i.e. below 200 mg/l) throughout the study 
period. However, in addition to having high SAR, ER and sodium 
concentrations, chloride was high at Paarl 2 at all sampling 
dates, probably because chloride was abundant in the borehole 
water. At Stellenbosch and Olifants River, very high chloride 
concentrations were observed, but at one date only. These were 
attributed to the use of cleaning materials.

Potassium 

Unlike sodium, potassium is not toxic to plants. Neither do high 
potassium concentrations have negative impacts on soil physical 
conditions. Although potassium is one of the three major plant 
nutrients, it is not usually regarded as hazardous from a eutrophica-
tion viewpoint (unlike phosphorus and nitrogen) unless rapid leach-
ing leads to its entry into streams. For these reasons potassium is 
not usually regarded as an important factor from an environmental 
monitoring viewpoint. Nevertheless, excessive K concentrations 
can lead to nutritional imbalances in a variety of fruiting plants. For 
this reason, and for the purposes of this study, effluent K concen-
trations above 200 mg/l were tentatively classified as high. Relative 
to this figure, the potassium concentrations in eight of the ten 
participating wineries (the exceptions being Worcester and Rob-
ertson 2), were high for all or part of the sampling period (Table 6). 
The origin of the potassium is uncertain. Potassium is abundant in 
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TABLE 5. Chloride concentrations (mg/l) in effluents from different wineries (Van Schoor & Mulidzi, 2001).

Month
Paarl  

1
Paarl  

2
Paarl  

3
Stell. Worcs.

Rob.
1

Rob.
2

Berg
R.

Olifants
R.

Orange
R.

Jan 98 286 98 633 50 55 77 127 48 127
Feb 173 869 96 133 19 86 66 63 158 105

March 130 760 54 42 27 166 87 43 86 456
April 132 470 58 66 73 141 45 28 134 46
June 116 704 27 55 – – – 27 0 46

grape juice, and could conceivable become concentrated in the 
bottom of tanks through settling, from whence it could be flushed 
as effluent. Potassium is also a component of certain detergents. 
The concentrations of potassium at Olifants River at the February 
to June sampling dates nevertheless appear to be too high for 
these explanations to be viable. 

GENERAL

The study reported here was incomplete in that it did not include 
the full list of environmentally important parameters which Van 
Schoor (2000) considers necessary for a complete environmental 
audit. Parameters that were omitted included Total Dissolved Solids 
(TDS), Suspended Solids (SS), Biological Oxygen Demand (BOD), 
nitrogen, phosphate and sulphur. Bezuidenhout et al. (2002) 
included TDS and SS in their survey and report average values for 
these for several cellars. Soil analysis data from the present study 
(not shown) indicates that trace metals, like manganese, copper 
and zinc, should also be determined in winery effluents. 

CONCLUSIONS AND RECOMMENDATIONS 

None of the ten participating wineries produced effluents that com-
plied with the required environmental standards on all of the sam-
pling dates. High COD values are a perennial problem particularly 
where effluent volumes are large. Further research on the reduction 
of COD in winery effluent is urgently needed. High effluent acidity 
(low pH) is also common, but appears to be well managed during 
disposal at the majority of the wineries. High sodium and potassium 
levels are found periodically at most wineries. Salinity (high EC) and 
chloride problems was observed at a minority of the wineries. 

As is to be expected from the wine making process, most of the 
effluent parameters show seasonal trends. These must be taken 
into consideration when effluent sampling and management strat-
egies are developed. In general, COD and potassium concentra-
tions may be expected to peak during harvesting and pressing. 
High sodium concentrations, on the other hand, are more likely to 
occur during the pre-harvest period, or in association with cleaning 
operations during the season. Effluent pH’s are also most likely to 
be close to neutrality in the pre-harvest period. EC and chloride 
did not show clear seasonal trends. 

Wineries differ markedly in terms of effluent quality, and with regard 
to the nature and severity of the problems encountered in the han-
dling and disposal of effluents. There is no single solution that can 
be applied in all cases. For this reason it is recommended that all 
wineries should commission environmental audits so that their 
specific problems can be identified and addressed in the most 
economical and effective manner. Mulidzi (2001) suggested that 
monitoring should be carried out on a monthly basis for the first year, 
whereas Van Schoor (2000) is of the opinion that an intensive 
monitoring programme should be followed for the first 2 or more 
years’, followed by routine monitoring thereafter. Regardless of the 
strategy followed, the data obtained from the samples will be easi-
er to interpret if accurate records are kept so that the winery activi-
ties which correspond to each sampling date are known. 
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TABLE 6. Potassium concentrations (mg/l) in effluents from different wineries (Van Schoor & Mulidzi, 2001).

Month
Paarl  

1
Paarl  

2
Paarl  

3
Stell. Worcs.

Rob.
1

Rob.
2

Berg
R.

Olifants
R.

Orange
R.

Jan 32 163 40 62 101 107 138 265 389 49
Feb 125 268 15 357 127 93 95 280 1449 75

March 65 314 334 333 125 299 90 243 4119 296
April 336 114 291 97 20 80 49 312 5578 104
June 211 245 85 65 – – – 280 6896 19

For further information contact Reckson Mulidzi, e-mail: mulidzir@arc.agric.za 
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TABLE 3. SAR values of effluents from different wineries (Van Schoor & Mulidzi, 2001).

Month
Paarl  

1
Paarl  

2
Paarl  

3
Stell. Worcs.

Rob.
1

Rob.
2

Berg
R.

Olifants
R.

Orange
R.

Dec 5.7 7.5 0.6 2.4 0.7 29.0 1.9 1.2 5.8 1.2
Jan 1.8 7.8 0.5 4.9 7.1 33.1 1.8 0.5 10.8 1.7
Feb 1.2 6.3 3.2 4.4 3.5 1.9 2.0 0.6 1.5 1.7

March 4.4 7.1 0.8 9.1 6.5 4.5 2.1 0.5 2.3 9.5
April 1.6 10.0 0.8 2.1 2.3 1.7 2.4 0.3 2.8 0.9
June 1.8 12.0 0.9 3.6 – – – 0.4 1.0 1.0
July – 11.2 – – – – – – – 1.4

TABLE 4. Electrical conductivity values (mS/m) of effluents from different wineries (Van Schoor & Mulidzi, 2001).

Month
Paarl  

1
Paarl  

2
Paarl  

3
Stell. Worcs.

Rob.
1

Rob.
2

Berg
R.

Olifants
R.

Orange
R.

Feb 82 269 60 150 65 60 544 95 524 88
March 109 311 137 170 66 144 92 76 1008 253
April 386 448 175 143 44 90 177 184 2340 125
June 170 513 52 74 – – – 110 2570 67
July – 313 – – – – – – – 62

that were below 5.0 on most of the sampling dates. High pre-
harvest SAR values in effluent can be related to the cleaning of 
tanks before the harvest starts. According to Glaetzer (1995) 
sodium mainly enters the wastewater stream via the use of 
cleaning chemicals such as caustic soda (sodium hydroxide) and 
sodium hypochlorite. These chemicals may also be used during 
the harvest period. SAR values at Paarl 3, Robertson 2 and Berg 
River were consistently low. In the case of Paarl 2, which was the 
only winery where the effluent SAR values were high at all sam-
pling dates, it is possible that the high SAR values were due to 
the use of poor quality borehole water in the cellar. 

As anticipated, incidences of raised sodium concentrations in the 
effluents (data not shown) corresponded with the raised SAR val-
ues shown in Table 3, sodium concentration tending to increase 
with SAR. The main concern associated with high-sodium effluents 
is the risk that sodium will leach from the disposal site, causing 
wide-spread sodicity. As will be shown in the companion article, 
evidence of negative soil effects induced by excessively high soil 
sodium concentrations was apparent at all of the disposal sites. 
Whereas the wineries seemed to manage and control the potential 
soil acidity problems well, the management of sodium at the dis-
posal sites continues to be a major problem. 

Electrical conductivity (EC) 

Since the ease with which a solution conducts an electrical current 
is related to its electrolyte content, and since salts are the most 
common electrolytes in soils and effluents, it is convenient to use 
EC as an indication of the amount of dissolved salt that is present. 
Clearly, at any given application rate, the rate at which salt will accu-
mulate in a soil (the rate of salinization) will increase with the salt 
content of the effluent. Low and high salinity waters have EC’s of 
<25, >75 mS/m, respectively. The maximum acceptable EC for 
disposal purposes is 200 mS/m (Bezuidenhout et al., 2002). EC 
values in excess of 200 ms/m were observed at five wineries (Table 
4). At Paarl 2 and Olifants River, high EC values were observed at 
all sampling dates. These wineries were also characterized by high 
SAR values. The effluents from these wineries must be regarded as 
hazardous from a salinization viewpoint, both on and off the dis-
posal site. Whilst the high EC from Paarl 2 can be attributed to low 
quality borehole water, the source of the salinity at Olifants River is 

not known. Isolated occurrences of high EC values were also 
observed at Paarl 1, Robertson 2 and the Orange River. At five of 
the wineries, the EC values were below 200 mS/m at all sample 
dates. Excessively high effluent electrolyte concentrations were 
therefore not a major problem at half of the participating wineries, 
although all samples fell in the medium to high salinity brackets. In 
the study reported here, EC was not determined on the pre-wine-
making effluent samples (December, January), when the use of 
sodium-containing cleaning materials might have been expected to 
lead to high EC values at most wineries. This will need to be studied 
further. 

Chloride 

Like sodium, chloride is phytotoxic, even at fairly low concentra-
tions. From Table 5 it is apparent that the effluents from seven of 
the ten participating wineries contained acceptable concentra-
tions of chloride (i.e. below 200 mg/l) throughout the study 
period. However, in addition to having high SAR, ER and sodium 
concentrations, chloride was high at Paarl 2 at all sampling 
dates, probably because chloride was abundant in the borehole 
water. At Stellenbosch and Olifants River, very high chloride 
concentrations were observed, but at one date only. These were 
attributed to the use of cleaning materials.

Potassium 

Unlike sodium, potassium is not toxic to plants. Neither do high 
potassium concentrations have negative impacts on soil physical 
conditions. Although potassium is one of the three major plant 
nutrients, it is not usually regarded as hazardous from a eutrophica-
tion viewpoint (unlike phosphorus and nitrogen) unless rapid leach-
ing leads to its entry into streams. For these reasons potassium is 
not usually regarded as an important factor from an environmental 
monitoring viewpoint. Nevertheless, excessive K concentrations 
can lead to nutritional imbalances in a variety of fruiting plants. For 
this reason, and for the purposes of this study, effluent K concen-
trations above 200 mg/l were tentatively classified as high. Relative 
to this figure, the potassium concentrations in eight of the ten 
participating wineries (the exceptions being Worcester and Rob-
ertson 2), were high for all or part of the sampling period (Table 6). 
The origin of the potassium is uncertain. Potassium is abundant in 

CELLAR

technical yearbook 2009 61

TABLE 5. Chloride concentrations (mg/l) in effluents from different wineries (Van Schoor & Mulidzi, 2001).

Month
Paarl  

1
Paarl  

2
Paarl  

3
Stell. Worcs.

Rob.
1

Rob.
2

Berg
R.

Olifants
R.

Orange
R.

Jan 98 286 98 633 50 55 77 127 48 127
Feb 173 869 96 133 19 86 66 63 158 105

March 130 760 54 42 27 166 87 43 86 456
April 132 470 58 66 73 141 45 28 134 46
June 116 704 27 55 – – – 27 0 46

grape juice, and could conceivable become concentrated in the 
bottom of tanks through settling, from whence it could be flushed 
as effluent. Potassium is also a component of certain detergents. 
The concentrations of potassium at Olifants River at the February 
to June sampling dates nevertheless appear to be too high for 
these explanations to be viable. 

GENERAL

The study reported here was incomplete in that it did not include 
the full list of environmentally important parameters which Van 
Schoor (2000) considers necessary for a complete environmental 
audit. Parameters that were omitted included Total Dissolved Solids 
(TDS), Suspended Solids (SS), Biological Oxygen Demand (BOD), 
nitrogen, phosphate and sulphur. Bezuidenhout et al. (2002) 
included TDS and SS in their survey and report average values for 
these for several cellars. Soil analysis data from the present study 
(not shown) indicates that trace metals, like manganese, copper 
and zinc, should also be determined in winery effluents. 

CONCLUSIONS AND RECOMMENDATIONS 

None of the ten participating wineries produced effluents that com-
plied with the required environmental standards on all of the sam-
pling dates. High COD values are a perennial problem particularly 
where effluent volumes are large. Further research on the reduction 
of COD in winery effluent is urgently needed. High effluent acidity 
(low pH) is also common, but appears to be well managed during 
disposal at the majority of the wineries. High sodium and potassium 
levels are found periodically at most wineries. Salinity (high EC) and 
chloride problems was observed at a minority of the wineries. 

As is to be expected from the wine making process, most of the 
effluent parameters show seasonal trends. These must be taken 
into consideration when effluent sampling and management strat-
egies are developed. In general, COD and potassium concentra-
tions may be expected to peak during harvesting and pressing. 
High sodium concentrations, on the other hand, are more likely to 
occur during the pre-harvest period, or in association with cleaning 
operations during the season. Effluent pH’s are also most likely to 
be close to neutrality in the pre-harvest period. EC and chloride 
did not show clear seasonal trends. 

Wineries differ markedly in terms of effluent quality, and with regard 
to the nature and severity of the problems encountered in the han-
dling and disposal of effluents. There is no single solution that can 
be applied in all cases. For this reason it is recommended that all 
wineries should commission environmental audits so that their 
specific problems can be identified and addressed in the most 
economical and effective manner. Mulidzi (2001) suggested that 
monitoring should be carried out on a monthly basis for the first year, 
whereas Van Schoor (2000) is of the opinion that an intensive 
monitoring programme should be followed for the first 2 or more 
years’, followed by routine monitoring thereafter. Regardless of the 
strategy followed, the data obtained from the samples will be easi-
er to interpret if accurate records are kept so that the winery activi-
ties which correspond to each sampling date are known. 
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TABLE 6. Potassium concentrations (mg/l) in effluents from different wineries (Van Schoor & Mulidzi, 2001).

Month
Paarl  

1
Paarl  

2
Paarl  

3
Stell. Worcs.

Rob.
1

Rob.
2

Berg
R.

Olifants
R.

Orange
R.

Jan 32 163 40 62 101 107 138 265 389 49
Feb 125 268 15 357 127 93 95 280 1449 75

March 65 314 334 333 125 299 90 243 4119 296
April 336 114 291 97 20 80 49 312 5578 104
June 211 245 85 65 – – – 280 6896 19

For further information contact Reckson Mulidzi, e-mail: mulidzir@arc.agric.za 
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Western and Northern Cape provinces (Part 2): 
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INTRODUCTION 

This is the second of two articles concern-
ing winery waste waters (effluents). The 
first article (Mulidzi et al., 2008) showed 
that winery effluent composition differs 
between wineries, and also with time dur-
ing the annual wine making cycle. The 
potential of winery effluents to pollute soils 
and the general environment therefore var-
ies between wineries and over time, 
depending on the nature of the processes 
that led to the generation of the effluent. 
Many of the less desirable inorganic con-
stituents of the effluents were introduced 
during cleaning and other winery opera-
tions. This being the case, it is clear that 
the first stage in managing winery effluent 
involves control over the use of products 
which have undesirable components, and 
the substitution of more environmentally 
friendly products wherever possible (Van 
Schoor, 2004). There is, however, a sec-
ond stage, or aspect, of effluent manage-
ment; that which concerns the effluent 
disposal process itself (Van Schoor, 2000, 
2001, 2004). 

Regardless of any pre-treatment that may 
take place, the ultimate repository of win-
ery effluents is the soil. How the effluent 
reaches the soil differs. Either the effluent 
is discharged onto a (usually) grass-cov-
ered soil surface through an overhead 
sprinkler irrigation system, or it is pumped 
into a dam or pond. In both cases the 
desired outcome is that the soil will 
remove contaminants from effluents pass-
ing through it, so that the water that 
reaches streams, or which joins the body 
of ground water, will be clean and pollut-
ant-free. This is not always the case 
(Mulidzi (2001). Much depends on the 
products used in the winery, and on the 
nature of the disposal site. Factors which 
must be considered when selecting a 
disposal site, and which have been 

detailed by Van Schoor (2004), include 
position in the landscape, proximity to 
water courses and the properties, char-
acteristics and qualities of the soil, all of 
which will affect not only the on-site 
impact of the effluent, but also the poten-
tial for off-site pollution. 

This article concerns the effects of the 
effluents described in the companion 
article (Mulidzi et al., 2008) on the soils of 
the disposal sites attached to the partici-
pating wineries, and the associated envi-
ronmental hazards. For further details of 
these investigations refer to the M.Sc. 
thesis of Mulidzi (2001) and the Ph.D. 
dissertation of Van Schoor (2003).

MATERIALS AND METHODS 

At six of the ten participating wineries 
(Paarl 1 and 2, Stellenbosch, Robertson 
1, Worcester and Berg River, effluent was 
distributed through overhead irrigation 
(sprinkler) systems onto kikuyu grass 
pasture. At the remaining four wineries 
(Paarl 3, Robertson 2 and the Olifants 
and Orange rivers), the effluents were 
pumped into ponds from which evapora-
tion and seepage could occur. At each 
site, soil samples were collected from the 
0-30 cm, 30-60 cm and, where possible, 
60-90 cm depth intervals on the same 
days that the effluent samples were taken. 
Soil samples from deeper in the profile 
were also collected, where soil depth 
permitted (Peters, 1981). At Robertson 2, 
where the soil beneath the pond was 
stony and shallow, samples could only be 
obtained from the 0-30 cm depth interval. 
Control samples were taken from loca-
tions at each disposal site where the soils 
were similar to, but apparently unaffected 
by, the disposal process. At each dis-
posal site the soil profiles were investi-
gated and classified in accordance with 
the Taxonomic System (Soil Classification 

Working Group, 1991) during May 2000. 
Preparation and analysis of the soil sam-
ples was carried out using standard labo-
ratory procedures (Mulidzi, 2001). Extract-
able P was determined by the method of 
Bray No. 1. In view of the serial sampling 
procedure employed, the data were con-
sidered to reflect changes over time at 
the localities from which they were 
derived. No statistical treatments were 
therefore employed. 

RESULTS AND DISCUSSION 

Soil characteristics 

Soils at the disposal sites varied in form, 
texture and stone content (Table 1). At three 
of the sites the soil cover had been largely 
removed during excavation of the ponds, 
locally revealing weathered, fractured rock 
(Paarl 3, Robertson 2) or fragmented dor-
bank (Oliphants River) beneath a disturbed 
and rocky cover of variable depth. In con-
trast, the fourth pond (Orange River) was 
underlain by sandy soil to the full sampled 
depth, with an increased stone content 
below 60 cm. Of the irrigated sites, that at 
Worcester was situated on stratified sandy 
alluvium. Robertson 1 was also sandy and 
low in clay and silt at all sampled depths, 
without stratification. The Berg River and 
Paarl 1 sites were characterized by high 
(relative to the rest of the soil population) 
clay and silt contents in the 0-30 and 30-60 
cm horizons, whereas at Paarl 2 the clay 
contents of the 0-30 and 30-60 cm hori-
zons were appreciably lower than in the 
underlying material. At Stellenbosch, the 
clay content of the 30-60 cm horizon was 
double that of the 0-30 cm layer. 

Phosphorus 

Few plants require soil P concentrations 
above about 50 mg/kg (Bingham, 1966). 
Higher P concentrations may be associ-
ated with such problems as reduced 
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nodulation in legumes, zinc (Zn) and cop-
per (Cu) deficiencies and interference with 
sugar metabolism (Rossiter, 1955; Silber 
et al., 2002). It was therefore of concern 
that the P concentrations in the topsoil 
and subsoil, but rarely the deeper soil 
horizons, commonly exceeded 100 mg  
P/kg before wine making commenced in 
December or January (Table 2). These 
high soil P concentrations could have 
been residues from the previous season, 
or recent deposits from preparatory 
washing and sterilizing. Since the efflu-
ents were not analysed for P, this matter 
could not be investigated further. Mid- 
(February, March) and late-season (April, 
May) soil P concentrations were apprecia-
bly lower than the December/January 
values at most wineries, commonly 
approaching the control values. Where 
high end-season P concentrations were 
observed, as at Stellenbosch in April and 
May, and the Berg, Olifants and Orange 
River sites in April, these were specula-
tively attributed to the use of high-P 
washing materials. If this proves to be the 
case, then it will be evident that such 
products constitute far more of a P haz-

ard than does the winemaking process 
itself. 

At four of the six irrigated disposal sites, 
seasonal average soil P concentrations and 
control P concentrations decreased pro-
gressively with increasing horizon depth. At 
each sampled horizon the seasonal aver-
age P concentrations were, with one excep-
tion (Berg River, 60-90 cm), greater than the 
control. Lack of consistency in the P con-
centrations in successively deeper horizons 
at individual sites over time suggests that 
the rate of downward movement of P varied 
between profiles. 

Where the effluent was pumped into 
dams, seasonal average P concentrations 
in the 60-90 cm horizon were not lower 
than in the 30-60 cm horizon at Paarl 3 
and Orange River, perhaps implying that 
ponding alters the pattern of P retention 
in the lower soil material, perhaps as a 
consequence of permanent saturation. At 
the Orange River site, seasonal average 
P concentrations at all three sampled 
depths exceeded those in the controls. 

The highest P concentrations were 
observed in the soil material underlying 
the pond at Olifants River. As at the irri-

gated sites the P concentrations varied 
from month to month in all horizons, low 
values following high values as in the 
extreme case of the shift from 3173 mg 
p/kg in February to 138 mg P/kg in March 
in the 30-60 cm horizon. 

That soil P concentrations in the individu-
al horizons commonly fluctuated between 
high and low values as the season pro-
gressed, and did not show a progressive 
increase over time, suggests that little P 
absorption took place in the profiles at 
either the irrigated or ponded sites. This 
implies that a large proportion of the P in 
the effluent remained in solution where it 
could potentially reach free water, per-
haps contributing to eutrophication.

Potassium 

Potassium (K) is both an enzyme co-factor 
and the agent responsible for maintaining 
osmotic relations. Absorption of K is rapid 
and, where K is abundant, tissue K con-
centrations may greatly exceed require-
ments. Although the plant may show no 
apparent ill effects, luxury K consumption 
may lead to cation imbalances, which can 
detrimentally affect quality in deciduous 

TABLE 1. Soil forms at the disposal sites, and textural composition (%) of sampled horizons.

Texture

Paarl 
1

Paarl 
2 Stellenbosch Robertson  

1 Worcester Berg R. Paarl  
3

Robertson  
2

Olifants.
R.

Orange
R.

Overhead sprinkler irrigation Dispersal pond

Sterk-
spruit

Long 
lands Fernwood Fernwood Dundee Swart-

land Excavated Excavated Man 
made

Fern-
wood

0 - 30 cm

Clay 18.4 9.2 9.8 5.8 2.8 29.2 Saprolite and 
rock  

fragments

Saprolite and 
rock  

fragments

6.0 4.3
Slit 19.6 5.8 11.2 4.0 3.6 26.4 5.8 2.3
Fine sand 23.6 21.2 21.6 24.5 30.9 20.8 62.2 42.9

Med. Sand 16.2 20.4 17.0 48.1 47.3 8.2 19.8 25.8

Course sand 22.2 43.4 40.4 17.6 15.4 15.4 6.2 24.7
Stone 15.5 41.6 35.6 13.0 2.6 59.2 2.3 17.1

30 - 60 cm

Clay 25.4 10.8 22.0 3.9 3.1 37.4 - - 5.6 6.7
Slit 19.2 4.1 7.6 3.6 5.1 22.4 5.8 1.8

Fine sand 24.2 11.8 16.6 29.1 31.8 17.0 52.6 35.2
Med. Sand 14.4 16.1 12.8 48.6 45.6 7.0 22.8 25.9
Course sand 16.8 57.2 41.0 14.8 14.4 16.2 13.2 30.4
Stone 17.5 17.4 52.9 6.1 4.3 64.2 14.2 18.6

60 - 90 cm

Clay 17.2 32.8 19.2 2.6 3.6 19.6 - - - 5.6
Slit 9.8 3.4 6.2 3.0 5.3 19.0 2.1

Fine sand 29.0 12.4 17.4 39.5 19.7 17.0 28.9
Med. Sand 17.2 11.2 13.6 47.3 52.6 12.2 27.0

Course sand 26.8 40.2 43.6 7.6 18.8 32.2 36.4
Stone 11.3 28.8 57.9 0.3 2.3 68.7 48.6
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INTRODUCTION 

This is the second of two articles concern-
ing winery waste waters (effluents). The 
first article (Mulidzi et al., 2008) showed 
that winery effluent composition differs 
between wineries, and also with time dur-
ing the annual wine making cycle. The 
potential of winery effluents to pollute soils 
and the general environment therefore var-
ies between wineries and over time, 
depending on the nature of the processes 
that led to the generation of the effluent. 
Many of the less desirable inorganic con-
stituents of the effluents were introduced 
during cleaning and other winery opera-
tions. This being the case, it is clear that 
the first stage in managing winery effluent 
involves control over the use of products 
which have undesirable components, and 
the substitution of more environmentally 
friendly products wherever possible (Van 
Schoor, 2004). There is, however, a sec-
ond stage, or aspect, of effluent manage-
ment; that which concerns the effluent 
disposal process itself (Van Schoor, 2000, 
2001, 2004). 

Regardless of any pre-treatment that may 
take place, the ultimate repository of win-
ery effluents is the soil. How the effluent 
reaches the soil differs. Either the effluent 
is discharged onto a (usually) grass-cov-
ered soil surface through an overhead 
sprinkler irrigation system, or it is pumped 
into a dam or pond. In both cases the 
desired outcome is that the soil will 
remove contaminants from effluents pass-
ing through it, so that the water that 
reaches streams, or which joins the body 
of ground water, will be clean and pollut-
ant-free. This is not always the case 
(Mulidzi (2001). Much depends on the 
products used in the winery, and on the 
nature of the disposal site. Factors which 
must be considered when selecting a 
disposal site, and which have been 

detailed by Van Schoor (2004), include 
position in the landscape, proximity to 
water courses and the properties, char-
acteristics and qualities of the soil, all of 
which will affect not only the on-site 
impact of the effluent, but also the poten-
tial for off-site pollution. 

This article concerns the effects of the 
effluents described in the companion 
article (Mulidzi et al., 2008) on the soils of 
the disposal sites attached to the partici-
pating wineries, and the associated envi-
ronmental hazards. For further details of 
these investigations refer to the M.Sc. 
thesis of Mulidzi (2001) and the Ph.D. 
dissertation of Van Schoor (2003).

MATERIALS AND METHODS 

At six of the ten participating wineries 
(Paarl 1 and 2, Stellenbosch, Robertson 
1, Worcester and Berg River, effluent was 
distributed through overhead irrigation 
(sprinkler) systems onto kikuyu grass 
pasture. At the remaining four wineries 
(Paarl 3, Robertson 2 and the Olifants 
and Orange rivers), the effluents were 
pumped into ponds from which evapora-
tion and seepage could occur. At each 
site, soil samples were collected from the 
0-30 cm, 30-60 cm and, where possible, 
60-90 cm depth intervals on the same 
days that the effluent samples were taken. 
Soil samples from deeper in the profile 
were also collected, where soil depth 
permitted (Peters, 1981). At Robertson 2, 
where the soil beneath the pond was 
stony and shallow, samples could only be 
obtained from the 0-30 cm depth interval. 
Control samples were taken from loca-
tions at each disposal site where the soils 
were similar to, but apparently unaffected 
by, the disposal process. At each dis-
posal site the soil profiles were investi-
gated and classified in accordance with 
the Taxonomic System (Soil Classification 

Working Group, 1991) during May 2000. 
Preparation and analysis of the soil sam-
ples was carried out using standard labo-
ratory procedures (Mulidzi, 2001). Extract-
able P was determined by the method of 
Bray No. 1. In view of the serial sampling 
procedure employed, the data were con-
sidered to reflect changes over time at 
the localities from which they were 
derived. No statistical treatments were 
therefore employed. 

RESULTS AND DISCUSSION 

Soil characteristics 

Soils at the disposal sites varied in form, 
texture and stone content (Table 1). At three 
of the sites the soil cover had been largely 
removed during excavation of the ponds, 
locally revealing weathered, fractured rock 
(Paarl 3, Robertson 2) or fragmented dor-
bank (Oliphants River) beneath a disturbed 
and rocky cover of variable depth. In con-
trast, the fourth pond (Orange River) was 
underlain by sandy soil to the full sampled 
depth, with an increased stone content 
below 60 cm. Of the irrigated sites, that at 
Worcester was situated on stratified sandy 
alluvium. Robertson 1 was also sandy and 
low in clay and silt at all sampled depths, 
without stratification. The Berg River and 
Paarl 1 sites were characterized by high 
(relative to the rest of the soil population) 
clay and silt contents in the 0-30 and 30-60 
cm horizons, whereas at Paarl 2 the clay 
contents of the 0-30 and 30-60 cm hori-
zons were appreciably lower than in the 
underlying material. At Stellenbosch, the 
clay content of the 30-60 cm horizon was 
double that of the 0-30 cm layer. 

Phosphorus 

Few plants require soil P concentrations 
above about 50 mg/kg (Bingham, 1966). 
Higher P concentrations may be associ-
ated with such problems as reduced 
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nodulation in legumes, zinc (Zn) and cop-
per (Cu) deficiencies and interference with 
sugar metabolism (Rossiter, 1955; Silber 
et al., 2002). It was therefore of concern 
that the P concentrations in the topsoil 
and subsoil, but rarely the deeper soil 
horizons, commonly exceeded 100 mg  
P/kg before wine making commenced in 
December or January (Table 2). These 
high soil P concentrations could have 
been residues from the previous season, 
or recent deposits from preparatory 
washing and sterilizing. Since the efflu-
ents were not analysed for P, this matter 
could not be investigated further. Mid- 
(February, March) and late-season (April, 
May) soil P concentrations were apprecia-
bly lower than the December/January 
values at most wineries, commonly 
approaching the control values. Where 
high end-season P concentrations were 
observed, as at Stellenbosch in April and 
May, and the Berg, Olifants and Orange 
River sites in April, these were specula-
tively attributed to the use of high-P 
washing materials. If this proves to be the 
case, then it will be evident that such 
products constitute far more of a P haz-

ard than does the winemaking process 
itself. 

At four of the six irrigated disposal sites, 
seasonal average soil P concentrations and 
control P concentrations decreased pro-
gressively with increasing horizon depth. At 
each sampled horizon the seasonal aver-
age P concentrations were, with one excep-
tion (Berg River, 60-90 cm), greater than the 
control. Lack of consistency in the P con-
centrations in successively deeper horizons 
at individual sites over time suggests that 
the rate of downward movement of P varied 
between profiles. 

Where the effluent was pumped into 
dams, seasonal average P concentrations 
in the 60-90 cm horizon were not lower 
than in the 30-60 cm horizon at Paarl 3 
and Orange River, perhaps implying that 
ponding alters the pattern of P retention 
in the lower soil material, perhaps as a 
consequence of permanent saturation. At 
the Orange River site, seasonal average 
P concentrations at all three sampled 
depths exceeded those in the controls. 

The highest P concentrations were 
observed in the soil material underlying 
the pond at Olifants River. As at the irri-

gated sites the P concentrations varied 
from month to month in all horizons, low 
values following high values as in the 
extreme case of the shift from 3173 mg 
p/kg in February to 138 mg P/kg in March 
in the 30-60 cm horizon. 

That soil P concentrations in the individu-
al horizons commonly fluctuated between 
high and low values as the season pro-
gressed, and did not show a progressive 
increase over time, suggests that little P 
absorption took place in the profiles at 
either the irrigated or ponded sites. This 
implies that a large proportion of the P in 
the effluent remained in solution where it 
could potentially reach free water, per-
haps contributing to eutrophication.

Potassium 

Potassium (K) is both an enzyme co-factor 
and the agent responsible for maintaining 
osmotic relations. Absorption of K is rapid 
and, where K is abundant, tissue K con-
centrations may greatly exceed require-
ments. Although the plant may show no 
apparent ill effects, luxury K consumption 
may lead to cation imbalances, which can 
detrimentally affect quality in deciduous 

TABLE 1. Soil forms at the disposal sites, and textural composition (%) of sampled horizons.

Texture

Paarl 
1

Paarl 
2 Stellenbosch Robertson  

1 Worcester Berg R. Paarl  
3

Robertson  
2

Olifants.
R.

Orange
R.

Overhead sprinkler irrigation Dispersal pond

Sterk-
spruit

Long 
lands Fernwood Fernwood Dundee Swart-

land Excavated Excavated Man 
made

Fern-
wood

0 - 30 cm

Clay 18.4 9.2 9.8 5.8 2.8 29.2 Saprolite and 
rock  

fragments

Saprolite and 
rock  

fragments

6.0 4.3
Slit 19.6 5.8 11.2 4.0 3.6 26.4 5.8 2.3
Fine sand 23.6 21.2 21.6 24.5 30.9 20.8 62.2 42.9

Med. Sand 16.2 20.4 17.0 48.1 47.3 8.2 19.8 25.8

Course sand 22.2 43.4 40.4 17.6 15.4 15.4 6.2 24.7
Stone 15.5 41.6 35.6 13.0 2.6 59.2 2.3 17.1

30 - 60 cm

Clay 25.4 10.8 22.0 3.9 3.1 37.4 - - 5.6 6.7
Slit 19.2 4.1 7.6 3.6 5.1 22.4 5.8 1.8

Fine sand 24.2 11.8 16.6 29.1 31.8 17.0 52.6 35.2
Med. Sand 14.4 16.1 12.8 48.6 45.6 7.0 22.8 25.9
Course sand 16.8 57.2 41.0 14.8 14.4 16.2 13.2 30.4
Stone 17.5 17.4 52.9 6.1 4.3 64.2 14.2 18.6

60 - 90 cm

Clay 17.2 32.8 19.2 2.6 3.6 19.6 - - - 5.6
Slit 9.8 3.4 6.2 3.0 5.3 19.0 2.1

Fine sand 29.0 12.4 17.4 39.5 19.7 17.0 28.9
Med. Sand 17.2 11.2 13.6 47.3 52.6 12.2 27.0

Course sand 26.8 40.2 43.6 7.6 18.8 32.2 36.4
Stone 11.3 28.8 57.9 0.3 2.3 68.7 48.6
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fruit, and the vinification of grapes. Situa-
tions where exchangeable K exceeds 
about 4% of the sum of exchangeable 
base cations are usually undesirable, as 
are soil solution K concentrations high 
enough to promote K concentrations 
above 4%. Since K is usually more mobile 
in soils than P, the likelihood of K leaching 
into, and polluting, ground or surface water 
is relatively great. Seasonal average soil K 
levels in all horizons tended to be appre-
ciably higher than the average P levels. 
However, seasonal peaks in K were not 
necessarily coincident with peaks in P. At 
the Worcester site, for example, high P 
values were occasionally observed despite 
the fact that K concentrations were low in 
all seasons and at all depths (Mulidzi, 
2001; Van Schoor, 2003). This indicates 
that not all of the P and K derives from the 
same source, and highlights the fact that 
not all wineries have the same effluent-
related problems. As was the case for P, 
seasonal average soil K concentrations at 
the irrigated sites decreased progressively 
with increasing profile depth, but did so at 
only four of the six sites. That these sites 

did not all coincide with those that showed 
progressive decreases in P probably 
reflects differences in the soil factors that 
affect the movement of P and K through 
soil profiles. At only one site (Paarl 2) was 
there an increase in K content with depth. 
Also like P, soil K concentrations varied 
strongly with season in all horizons. That 
low values followed high values implies 
that little K was retained in extractable 
form. At those sampling dates where low 
K values were observed these values 
were, on occasion, lower than the con-
trols. Where several such low values 
occurred during a season the seasonal 
average soil K concentrations were also 
lower than the controls. In most cases, 
however, the seasonal averages were 
higher than the controls. Much the same 
K distribution patterns were observed at 
the ponded as at the irrigated disposal 
sites. As for P, the Olifants River site was 
characterized by exceptionally high K lev-
els at most sampling dates. 

Comparison between the effluent K values 
cited in the companion article (Mulidzi et al., 
2008) and in Table 3 show that the inci-

dences of high and low K concentration in 
the effluent do not consistently coincide 
with those in the soil, as at Stellenbosch, 
where high effluent K concentrations in 
February and March were associated with 
low soil K levels throughout the depth of the 
profile at those sampling dates. That the soil 
K concentrations at all depths were rela-
tively high in April and May suggests that a 
measure of lag time may be involved. 

Exchangeable sodium percentage 
(ESP) 

As its name suggests ESP is the percent-
age of the cation exchange capacity of 
the soil that is occupied by sodium. At 
high ESP’s, clays readily disperse on wet-
ting, forming a puddled layer. This dries to 
form a hard, impermeable crust which 
reduces infiltration and gas exchange 
(Mulidzi, 2001). In effluents, high ESP’s 
have the added disadvantage of contrib-
uting to dispersion of the organic fraction, 
facilitating leaching into the deeper sub-
soil (Mulidzi et al., 2002). Whereas it was 
once believed that problems are only 
experienced at ESP’s of 15 and higher, 

TABLE 2. Soil phosphorus (mg/kg).

Sample 
date

Paarl 
1

Paarl 
2 Stellen bosch Worcester Robertson  

1 Berg R. Paarl 
3

Robertson  
2

Olifants
R. Orange R.

0 - 30 cm
Dec 104 53 185 164 116 137 33 - 692 103
Jan 131 93 143 121 39 130 25 - 227 136
Feb 46 14 69 57 27 22 2 38 457 64
March 55 24 84 39 16 27 41 25 313 83
Apr 73 49 275 54 36 85 61 31 549 230
May 76 9 259 35 33 16 - - 133 70
Avg. 81 40 169 78 45 70 32 31 395 114
Control 62 5 50 40 33 1 94 - 23 45

30 - 60 cm
Dec 50 54 119 142 46 - 14 - 872 84
Jan 122 31 63 125 25 62 6 - 395 70
Feb 22 12 53 30 120 47 2 - 3173 64
March 28 3 18 72 16 3 3 - 138 62
Apr 33 23 41 101 56 8 13 - 858 90
May 5 1 97 44 21 32 - - 626 55
Avg. 43 21 65 86 47 30 8 - 1010 71
Control 26 2 27 11 23 0 74 - 33 31

60 - 90 cm
Dec 23 6 25 60 81 - 24 - 572 145
Jan 66 - 53 68 17 - 4 - - 49
Feb 8 37 96 4 81 - 93 - - 42
March 6 3 62 76 44 2 2 - 126 45
Apr 9 19 22 191 170 - 16 - - 81
May 5 1 24 19 24 - - - 124 61
Avg. 20 13 43 70 70 2 28 - 274 71
Control 7 2 14 6 23 4 25 - - 10
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some dispersion-susceptible soils in 
South Africa, Zimbabwe and Australia are 
now known to begin breaking down at 
ESP values just above 2. On the other 
hand, some red soils on the South African 
Highveld may remain stable at ESP values 
over 40. The effect of ESP is therefore 
strongly dependent on soil type and its 
inherent stability. 

At the disposal sites, ESP’s ranged from 
<1 to >60 (Table 4). As with P and K, the 
higher ESP’s tended to be observed in 
December or January, sometimes with a 
secondary peak later in the season, pre-
sumably reflecting activities in the winery 
at the time. There was no consistent rela-
tionship between ESP and sodium absorp-
tion ratio (SAR) or electrical conductivity in 
the effluent, although the high December 
and January ESP’s observed at Robertson 
1 were probably directly linked to the high 
SAR’s (29.0-33.1) of the effluents passing 
through the profile at that stage. Normally 
the main source of sodium in winery efflu-
ents is sodium hydroxide (caustic soda), 
which is diluted to 5% and used for tank 
cleaning purposes (Van Schoor, 2000). 

The seasonal average ESP’s were not 
always greater than the controls. At Paarl 
2, ESP’s were high, relative to the con-
trols, at all sampling dates and at all soil 
depths. The SAR’s, electrical conductivi-
ties and chloride concentrations in the 
Paarl 2 effluents were also consistently 
high, and were ascribed to the use of 
poor quality borehole water (Mulidzi et al., 
2002; Mulidzi et al., 2008). Although the 
kikuyu grass cover crop at Paarl 2 was 
apparently unaffected by the high electro-
lyte concentrations, the potential off-site 
pollution hazard due to lateral leaching is 
great. That leaching of salts was in fact 
taking place was confirmed when exami-
nation of a drainage ditch below the dis-
posal site in early May, at the end of the 
dry period, revealed the abundant pres-
ence of white sodium chloride deposits 
on the ditch wall closest to the disposal 
site. At Paarl 3, subsoil ESP’s were also 
high throughout the study period, espe-
cially in December, despite the low SAR 
(0.5-3.2) values in the effluents through-
out the entire study period (according to 
Van Schoor (2004) the maximum permit-

ted SAR is 5). At Worcester, ESP’s were 
high at all soil depths during December, 
despite a very low effluent SAR (0.7) dur-
ing that month. Conceivably, the high 
early-season ESP’s at these sites may 
have been residual deposits from tank 
washing at the end of the previous sea-
son. 

Indications of clay dispersion and resultant 
soil physical problems, such as crusting 
and low infiltration rates were absent at 
most sites, mainly because the soils were 
reasonably sandy and open. The excep-
tion was Paarl 1, where, although the soil 
ESP and effluent SAR levels were not 
exceptionally high, the irrigated kikuyu 
pasture was established on a Sterkspruit 
soil with its diagnostic, strongly structured 
prismacutanic subsoil. Such soils are high-
ly dispersive, particularly in waters which 
have low electrolyte contents. Ponding 
might have been a better disposal option 
than irrigation at this particular site. In gen-
eral, sandy soils are unsuitable for ponding 
because of their high infiltration rates, low 
water storage capacities and excessive 
leaching. Very sandy soils may be too 

TABLE 3. Soil potassium (mg/kg).

Sample 
date

Paarl  
1

Paarl  
2 Stellenbosch Worcester Robertson  

1 Berg R. Paarl  
3

Robertson  
2

Olifants
R.

Orange
R.

0 - 30 cm
Dec 199 156 387 59 414 1028 325 - 6100 23
Jan 289 207 524 63 469 1685 168 - 3648 266
Feb 27 23 39 12 20 129 16 70 716 47
March 47 20 63 4 35 117 39 82 485 27
Apr 223 94 551 47 66 598 184 555 9548 289
May 196 74 242 70 16 301 - - 297 184
Avg. 164 96 301 43 170 643 146 236 3466 139
Control 145 129 78 47 235 160 199 - 821 364

30 - 60 cm
Dec 106 481 207 55 168 - 180 - 6983 23
Jan 106 82 301 51 364 981 164 - 4145 242
Feb 8 12 27 20 8 109 31 - 454 66
March 20 12 47 0 20 176 23 - 297 23
Apr 215 55 239 31 0 520 59 - 5353 192
May 235 590 109 27 70 348 - - 1310 192
Avg. 115 205 155 31 100 449 91 - 3090 123
Control 66 90 74 27 242 102 109 - 751 266

60 - 90 cm
Dec 47 555 422 31 145 - 20 - 2057 35
Jan 70 - 348 27 184 - 35 - - 192
Feb 4 16 27 16 16 - 4 - - 63
March 8 8 59 12 20 94 0 - 282 16
Apr 211 55 141 31 86 - 465 - - 203
May 235 895 66 8 55 - - - 649 227
Avg. 96 306 177 21 84 94 105 - 998 123
Control 35 258 125 35 145 59 51 - - 141
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fruit, and the vinification of grapes. Situa-
tions where exchangeable K exceeds 
about 4% of the sum of exchangeable 
base cations are usually undesirable, as 
are soil solution K concentrations high 
enough to promote K concentrations 
above 4%. Since K is usually more mobile 
in soils than P, the likelihood of K leaching 
into, and polluting, ground or surface water 
is relatively great. Seasonal average soil K 
levels in all horizons tended to be appre-
ciably higher than the average P levels. 
However, seasonal peaks in K were not 
necessarily coincident with peaks in P. At 
the Worcester site, for example, high P 
values were occasionally observed despite 
the fact that K concentrations were low in 
all seasons and at all depths (Mulidzi, 
2001; Van Schoor, 2003). This indicates 
that not all of the P and K derives from the 
same source, and highlights the fact that 
not all wineries have the same effluent-
related problems. As was the case for P, 
seasonal average soil K concentrations at 
the irrigated sites decreased progressively 
with increasing profile depth, but did so at 
only four of the six sites. That these sites 

did not all coincide with those that showed 
progressive decreases in P probably 
reflects differences in the soil factors that 
affect the movement of P and K through 
soil profiles. At only one site (Paarl 2) was 
there an increase in K content with depth. 
Also like P, soil K concentrations varied 
strongly with season in all horizons. That 
low values followed high values implies 
that little K was retained in extractable 
form. At those sampling dates where low 
K values were observed these values 
were, on occasion, lower than the con-
trols. Where several such low values 
occurred during a season the seasonal 
average soil K concentrations were also 
lower than the controls. In most cases, 
however, the seasonal averages were 
higher than the controls. Much the same 
K distribution patterns were observed at 
the ponded as at the irrigated disposal 
sites. As for P, the Olifants River site was 
characterized by exceptionally high K lev-
els at most sampling dates. 

Comparison between the effluent K values 
cited in the companion article (Mulidzi et al., 
2008) and in Table 3 show that the inci-

dences of high and low K concentration in 
the effluent do not consistently coincide 
with those in the soil, as at Stellenbosch, 
where high effluent K concentrations in 
February and March were associated with 
low soil K levels throughout the depth of the 
profile at those sampling dates. That the soil 
K concentrations at all depths were rela-
tively high in April and May suggests that a 
measure of lag time may be involved. 

Exchangeable sodium percentage 
(ESP) 

As its name suggests ESP is the percent-
age of the cation exchange capacity of 
the soil that is occupied by sodium. At 
high ESP’s, clays readily disperse on wet-
ting, forming a puddled layer. This dries to 
form a hard, impermeable crust which 
reduces infiltration and gas exchange 
(Mulidzi, 2001). In effluents, high ESP’s 
have the added disadvantage of contrib-
uting to dispersion of the organic fraction, 
facilitating leaching into the deeper sub-
soil (Mulidzi et al., 2002). Whereas it was 
once believed that problems are only 
experienced at ESP’s of 15 and higher, 

TABLE 2. Soil phosphorus (mg/kg).

Sample 
date

Paarl 
1

Paarl 
2 Stellen bosch Worcester Robertson  

1 Berg R. Paarl 
3

Robertson  
2

Olifants
R. Orange R.

0 - 30 cm
Dec 104 53 185 164 116 137 33 - 692 103
Jan 131 93 143 121 39 130 25 - 227 136
Feb 46 14 69 57 27 22 2 38 457 64
March 55 24 84 39 16 27 41 25 313 83
Apr 73 49 275 54 36 85 61 31 549 230
May 76 9 259 35 33 16 - - 133 70
Avg. 81 40 169 78 45 70 32 31 395 114
Control 62 5 50 40 33 1 94 - 23 45

30 - 60 cm
Dec 50 54 119 142 46 - 14 - 872 84
Jan 122 31 63 125 25 62 6 - 395 70
Feb 22 12 53 30 120 47 2 - 3173 64
March 28 3 18 72 16 3 3 - 138 62
Apr 33 23 41 101 56 8 13 - 858 90
May 5 1 97 44 21 32 - - 626 55
Avg. 43 21 65 86 47 30 8 - 1010 71
Control 26 2 27 11 23 0 74 - 33 31

60 - 90 cm
Dec 23 6 25 60 81 - 24 - 572 145
Jan 66 - 53 68 17 - 4 - - 49
Feb 8 37 96 4 81 - 93 - - 42
March 6 3 62 76 44 2 2 - 126 45
Apr 9 19 22 191 170 - 16 - - 81
May 5 1 24 19 24 - - - 124 61
Avg. 20 13 43 70 70 2 28 - 274 71
Control 7 2 14 6 23 4 25 - - 10
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some dispersion-susceptible soils in 
South Africa, Zimbabwe and Australia are 
now known to begin breaking down at 
ESP values just above 2. On the other 
hand, some red soils on the South African 
Highveld may remain stable at ESP values 
over 40. The effect of ESP is therefore 
strongly dependent on soil type and its 
inherent stability. 

At the disposal sites, ESP’s ranged from 
<1 to >60 (Table 4). As with P and K, the 
higher ESP’s tended to be observed in 
December or January, sometimes with a 
secondary peak later in the season, pre-
sumably reflecting activities in the winery 
at the time. There was no consistent rela-
tionship between ESP and sodium absorp-
tion ratio (SAR) or electrical conductivity in 
the effluent, although the high December 
and January ESP’s observed at Robertson 
1 were probably directly linked to the high 
SAR’s (29.0-33.1) of the effluents passing 
through the profile at that stage. Normally 
the main source of sodium in winery efflu-
ents is sodium hydroxide (caustic soda), 
which is diluted to 5% and used for tank 
cleaning purposes (Van Schoor, 2000). 

The seasonal average ESP’s were not 
always greater than the controls. At Paarl 
2, ESP’s were high, relative to the con-
trols, at all sampling dates and at all soil 
depths. The SAR’s, electrical conductivi-
ties and chloride concentrations in the 
Paarl 2 effluents were also consistently 
high, and were ascribed to the use of 
poor quality borehole water (Mulidzi et al., 
2002; Mulidzi et al., 2008). Although the 
kikuyu grass cover crop at Paarl 2 was 
apparently unaffected by the high electro-
lyte concentrations, the potential off-site 
pollution hazard due to lateral leaching is 
great. That leaching of salts was in fact 
taking place was confirmed when exami-
nation of a drainage ditch below the dis-
posal site in early May, at the end of the 
dry period, revealed the abundant pres-
ence of white sodium chloride deposits 
on the ditch wall closest to the disposal 
site. At Paarl 3, subsoil ESP’s were also 
high throughout the study period, espe-
cially in December, despite the low SAR 
(0.5-3.2) values in the effluents through-
out the entire study period (according to 
Van Schoor (2004) the maximum permit-

ted SAR is 5). At Worcester, ESP’s were 
high at all soil depths during December, 
despite a very low effluent SAR (0.7) dur-
ing that month. Conceivably, the high 
early-season ESP’s at these sites may 
have been residual deposits from tank 
washing at the end of the previous sea-
son. 

Indications of clay dispersion and resultant 
soil physical problems, such as crusting 
and low infiltration rates were absent at 
most sites, mainly because the soils were 
reasonably sandy and open. The excep-
tion was Paarl 1, where, although the soil 
ESP and effluent SAR levels were not 
exceptionally high, the irrigated kikuyu 
pasture was established on a Sterkspruit 
soil with its diagnostic, strongly structured 
prismacutanic subsoil. Such soils are high-
ly dispersive, particularly in waters which 
have low electrolyte contents. Ponding 
might have been a better disposal option 
than irrigation at this particular site. In gen-
eral, sandy soils are unsuitable for ponding 
because of their high infiltration rates, low 
water storage capacities and excessive 
leaching. Very sandy soils may be too 

TABLE 3. Soil potassium (mg/kg).

Sample 
date

Paarl  
1

Paarl  
2 Stellenbosch Worcester Robertson  

1 Berg R. Paarl  
3

Robertson  
2

Olifants
R.

Orange
R.

0 - 30 cm
Dec 199 156 387 59 414 1028 325 - 6100 23
Jan 289 207 524 63 469 1685 168 - 3648 266
Feb 27 23 39 12 20 129 16 70 716 47
March 47 20 63 4 35 117 39 82 485 27
Apr 223 94 551 47 66 598 184 555 9548 289
May 196 74 242 70 16 301 - - 297 184
Avg. 164 96 301 43 170 643 146 236 3466 139
Control 145 129 78 47 235 160 199 - 821 364

30 - 60 cm
Dec 106 481 207 55 168 - 180 - 6983 23
Jan 106 82 301 51 364 981 164 - 4145 242
Feb 8 12 27 20 8 109 31 - 454 66
March 20 12 47 0 20 176 23 - 297 23
Apr 215 55 239 31 0 520 59 - 5353 192
May 235 590 109 27 70 348 - - 1310 192
Avg. 115 205 155 31 100 449 91 - 3090 123
Control 66 90 74 27 242 102 109 - 751 266

60 - 90 cm
Dec 47 555 422 31 145 - 20 - 2057 35
Jan 70 - 348 27 184 - 35 - - 192
Feb 4 16 27 16 16 - 4 - - 63
March 8 8 59 12 20 94 0 - 282 16
Apr 211 55 141 31 86 - 465 - - 203
May 235 895 66 8 55 - - - 649 227
Avg. 96 306 177 21 84 94 105 - 998 123
Control 35 258 125 35 145 59 51 - - 141
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permeable to be used as disposal sites 
even where they are grass covered and 
overhead irrigation is em  ployed. 

Trace elements 

Many South African soils are deficient in 
trace elements. It is nevertheless not always 
possible to accurately define the limits of 
those concentration ranges that lead to 
deficiencies or toxicities. For the present 
purpose it will be assumed that Cu, Zn, 
manganese (Mn) and boron (B) concentra-
tions of 2.5, 15, 10 (EDTA) and 1.5 (hot 
water) mg/kg, respectively, are adequate for 
deciduous fruit and vines. Within individual 
seasons and sites, the observed concen-
trations of these elements tended to be 
strongly skewed toward low values with 
infrequent high values (full data not shown), 
giving a wide min.-max. range (Table 5). 
That the range of trace element concentra-
tions varied from site to site (Cu and Zn 
ranged particularly widely at Stellenbosch, 
Mn and B at Olifants River; Cu, Zn and Mn 
ranges were least at Paarl 2) emphasises 
that effluent management problems, and 
their solutions, vary from winery to winery. 
Averaged over the season, (Table 5), Cu 
and Zn concentrations in the disposal site 

soils consistently tended to diminish with 
increasing depth as, with less consistency, 
did the Cu and Zn concentrations in the 
control soils. Seasonal average Cu and Zn 
concentrations in the control soil horizons 
were mostly, but not always, higher than in 
the corresponding horizons in the controls. 
Differences were greatest in the topsoils, 
implying that both Cu and Zn move through 
the soil at a slow rate. 

At most wineries the seasonal average 
concentrations of Mn and B also tended 
to decrease with depth at the irrigated 
and control sites. There were however, 
more exceptions to this generality for Mn 
and B than for Cu and Zn, perhaps indi-
cating greater mobility under the locally-
prevailing conditions. The Orange River 
control site subsoil Mn concentration was 
appreciably greater than in the overlying 
horizon. This was attributed to subsurface 
transfer from the disposal site. 

CONCLUSIONS 

Collectively, the results obtained from this 
project, as reported by Mulidzi (2001), 
Mulidzi et al. (2002, 2008), Van Schoor 
(2003), and in the present paper, enable 
the following conclusions to be drawn. 

• Wineries differ greatly in terms of the 
potential environmental hazards 
posed by their effluents. These differ-
ences reflect both the compositions 
of the effluents, the effectiveness of 
the effluent disposal practices fol-
lowed and the suitability of the dis-
posal site for the purpose. 

• At all the participating wineries the 
composition of the effluent exceeded 
acceptable limits, at least for some 
parameter (e.g. chemical oxygen 
demand; COD) at some stages of 
the season. The extent of the prob-
lem posed by these excesses dif-
fered between wineries. 

• Variation in effluent parameters tend-
ed to be seasonal, presumably 
reflecting changing winery activities 
over time. The occurrence of regular 
trends based on patterns of activities 
and product usage greatly facilitates 
the implementation of corrective 
measures. 

• High COD levels may be the greatest 
overall effluent-related problem faced 
by wineries, and therefore the highest 
priority for rectification. 

TABLE 4. Exchangeable sodium percentage (%).

Sample 
date

Paarl  
1

Paarl 
2 Stellenbosch Worcester Robertson  

1 Berg R. Paarl 
3

Robertson  
2 Olifants R. Orange R.

Dec 8.52 25.5 10.4 13.1 24.6 5.52 3.03 - 18.4 7.55
Jan 3.46 17.3 5.23 1.49 25.2 2.39 1.48 - 20.5 2.86
Feb 3.73 19.3 5.50 12.0 6.42 5.63 11.8 6.57 5.40 11.4
March 6.38 16.7 7.14 0.97 2.03 2.13 3.03 5.78 4.10 3.23
Apr 5.38 14.2 8.22 1.21 4.09 3.44 2.56 6.05 29.2 5.45
May 7.90 19.9 12.8 2.06 10.1 2.83 - - 14.1 5.41
Avg. 5.90 18.8 8.21 5.14 12.1 2.44 4.37 6.13 15.3 5.99
Control 2.53 4.19 0.78 1.81 2.28 7.51 1.90 - 17.4 2.12

30 - 60 cm
Dec 7.05 17.2 17.5 19.5 30.5 - 50.4 - 18.2 11.0
Jan 4.68 12.5 6.22 1.54 25.2 1.93 29.2 - 14.2 4.14
Feb 3.17 22.9 12.5 6.86 21.2 7.00 22.6 - 7.61 8.51
March 3.26 21.1 11.4 0.00 9.09 1.82 20.5 - 1.75 4.26
Apr 6.29 22.2 9.06 1.06 6.04 3.80 22.2 - 24.4 5.37
May 7.54 16.8 10.4 1.75 10.5 3.31 - - 4.71 1.82
Avg. 5.33 18.8 11.2 5.12 17.1 3.57 29.0 - 11.8 5.85
Control 2.22 6.47 0.95 1.38 1.73 3.16 2.07 - 40.3 3.0

60 - 90 cm
Dec 7.29 17.7 16.9 29.8 7.80 - 66.8 - 9.27 13.4
Jan 5.50 - 7.56 1.78 22.4 - 38.5 - - 3.99
Feb 4.17 21.7 15.3 8.75 12.1 - 23.6 - - 5.76
March 2.30 19.1 7.69 0.00 8.70 6.25 18.6 - 2.04 4.88
Apr 4.90 23.7 12.6 1.07 1.73 - 39.3 - - 5.25
May 9.24 15.5 10.2 1.39 14.1 - - - 2.35 1.82
Avg. 5.57 16.3 11.7 7.13 10.8 6.25 37.4 - 4.55 5.87
Control 4.96 6.11 1.49 1.56 1.9 2.34 2.34 - - 3.43
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• High effluent acidity (low pH) seems 
to be well managed through pre-
disposal intervention measures at the 
majority of wineries, though not all. 

• Some wineries appear to manage 
their effluents well yet still have prob-
lems. As in the case of Paarl 2, the 
problem (high sodicity and salinity 
levels) apparently arises from the use 
of very poor quality borehole water. 
In these cases, the only way to avoid 
environmental damage is to locate an 
acceptable alternative water source. 

• In general, effluent disposal is poorly 

planned and managed, and disposal 
sites rarely seem to have been 
selected because their soil properties 
are appropriate for effluent disposal. 
In particular, deep sandy soils, as at 
Orange River, are unsuitable for dis-
posal by ponding, mainly because of 
their high infiltration rates, high per-
meabilities and low water storage 
capacities. In this case, the actual 
ponding takes place at the water 
table around two metres below the 
soil surface. 

• Many disposal sites are too limited in 

area to permit the large volumes of 
effluent to be absorbed without sur-
face runoff. This problem invariably 
persists despite the presence of a 
kikuyu sward and a sandy subsoil (E 
horizon). 

RECOMMENDATIONS 

• Because practices and usages differ 
widely between cellars, every cellar 
should urgently initiate an environ-
mental monitoring/auditing program 
extending over at least one, and pref-

TABLE 5. Effect of effluent disposal site on seasonal average concentrations of copper, zinc, manganese and boron in the top, middle and lower soil 
horizons (broadly 0-30, 30-60 and 60-90 cm, respectively), and on the concentrations of these elements at the control sites (mg/kg).

Horizon sampled Paarl 
1

Paarl 
2 Stellenbosch Worcester Robertson  

1 Berg R. Paarl 
3

Robertson  
2

Olifants 
R.

Orange 
R.

Copper

Min. 0.14 0.11 0.23 0.20 1.28 2.13 0.06 - 0.00 0.00

Max 2.92 1.29 81.0 1.75 19.1 38.6 8.97 - 10.7 38.6

Avg.

Top 1.84 0.37 23.6 1.64 6.13 22.4 3.83 1.34 5.51 14.1

Mid. 1.31 0.23 7.22 0.72 2.48 6.83 0.66 - 5.33 6.28

Lower 0.36 0.21 5.52 0.27 1.82 2.13 0.50 - 2.01 5.51

Control

Top 1.73 1.29 1.44 1.49 2.50 1.15 0.71 - 0.26 0.38

Mid. 0.59 0.16 0.23 0.31 5.41 0.88 0.45 - 0.25 0.30

Lower 0.14 0.19 0.28 0.24 2.51 0.42 0.20 - - 0.28

Zinc

Min. 0.10 0.10 3.80 0.20 0.40 1.70 0.40 - 0.00 0.30

Max 44.6 2.00 130 3.80 17.7 65.5 27.2 - 35.9 55.5

Avg.

Top 12.6 1.40 57.9 2.62 7.05 33.0 12.1 1.60 14.4 22.2

Mid. 4.18 0.40 25.3 1.15 2.25 6.86 2.18 - 15.2 4.77

Lower 2.27 0.30 14.9 0.35 0.82 1.70 1.60 - 4.77 2.63

Control

Top 1.20 1.40 4.60 3.60 2.50 0.40 4.00 - 0.60 0.60

Mid. 0.40 0.10 0.80 1.70 3.90 0.20 7.00 - 0.30 0.10

Lower 0.10 0.10 0.60 0.20 2.30 0.30 3.30 - - 0.30

Manganese

Min. 0.10 1.10 0.20 0.00 0.00 50.9 0.00 - 3.30 0.00

Max 16.7 6.80 17.8 7.10 24.4 97.4 21.8 - 265 48.0

Avg.

Top 11.6 2.62 6.33 4.75 2.10 65.0 11.8 134 82.0 11.7

Mid. 6.87 2.20 2.08 1.20 1.20 69.2 1.66 - 50.0 11.5

Lower 2.75 2.92 0.93 0.37 6.55 51.4 0.44 - 37.1 17.9

Control

Top 16.7 4.30 10.8 1.70 1.50 13.5 6.40 - 27.7 6.80

Mid. 4.30 0.00 1.20 0.10 1.30 4.50 2.80 - 14.4 3.30

Lower 0.10 0.00 1.00 0.20 0.70 7.60 0.10 - - 14.1

Boron

Min. 0.04 1.10 0.20 0.02 1.14 0.31 0.20 - 0.30 0.09

Max 0.42 1.21 1.54 0.21 0.56 2.08 0.74 - 9.75 4.49

Avg.

Top 0.28 0.25 0.96 0.10 0.43 1.04 0.43 0.54 6.23 0.68

Mid. 0.25 0.30 0.59 0.06 0.23 0.52 0.50 - 3.01 0.47

Lower 0.13 0.49 0.75 0.05 0.20 0.37 0.36 - 2.29 0.36

Control

Top 0.42 0.53 1.01 0.17 0.29 0.36 0.40 - 2.48 0.54

Mid. 0.27 0.38 0.88 0.09 0.25 0.46 0.33 - 13.20 0.65

Lower 0.12 0.58 0.92 0.10 0.19 0.33 0.44 - - 0.41
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permeable to be used as disposal sites 
even where they are grass covered and 
overhead irrigation is em  ployed. 

Trace elements 

Many South African soils are deficient in 
trace elements. It is nevertheless not always 
possible to accurately define the limits of 
those concentration ranges that lead to 
deficiencies or toxicities. For the present 
purpose it will be assumed that Cu, Zn, 
manganese (Mn) and boron (B) concentra-
tions of 2.5, 15, 10 (EDTA) and 1.5 (hot 
water) mg/kg, respectively, are adequate for 
deciduous fruit and vines. Within individual 
seasons and sites, the observed concen-
trations of these elements tended to be 
strongly skewed toward low values with 
infrequent high values (full data not shown), 
giving a wide min.-max. range (Table 5). 
That the range of trace element concentra-
tions varied from site to site (Cu and Zn 
ranged particularly widely at Stellenbosch, 
Mn and B at Olifants River; Cu, Zn and Mn 
ranges were least at Paarl 2) emphasises 
that effluent management problems, and 
their solutions, vary from winery to winery. 
Averaged over the season, (Table 5), Cu 
and Zn concentrations in the disposal site 

soils consistently tended to diminish with 
increasing depth as, with less consistency, 
did the Cu and Zn concentrations in the 
control soils. Seasonal average Cu and Zn 
concentrations in the control soil horizons 
were mostly, but not always, higher than in 
the corresponding horizons in the controls. 
Differences were greatest in the topsoils, 
implying that both Cu and Zn move through 
the soil at a slow rate. 

At most wineries the seasonal average 
concentrations of Mn and B also tended 
to decrease with depth at the irrigated 
and control sites. There were however, 
more exceptions to this generality for Mn 
and B than for Cu and Zn, perhaps indi-
cating greater mobility under the locally-
prevailing conditions. The Orange River 
control site subsoil Mn concentration was 
appreciably greater than in the overlying 
horizon. This was attributed to subsurface 
transfer from the disposal site. 

CONCLUSIONS 

Collectively, the results obtained from this 
project, as reported by Mulidzi (2001), 
Mulidzi et al. (2002, 2008), Van Schoor 
(2003), and in the present paper, enable 
the following conclusions to be drawn. 

• Wineries differ greatly in terms of the 
potential environmental hazards 
posed by their effluents. These differ-
ences reflect both the compositions 
of the effluents, the effectiveness of 
the effluent disposal practices fol-
lowed and the suitability of the dis-
posal site for the purpose. 

• At all the participating wineries the 
composition of the effluent exceeded 
acceptable limits, at least for some 
parameter (e.g. chemical oxygen 
demand; COD) at some stages of 
the season. The extent of the prob-
lem posed by these excesses dif-
fered between wineries. 

• Variation in effluent parameters tend-
ed to be seasonal, presumably 
reflecting changing winery activities 
over time. The occurrence of regular 
trends based on patterns of activities 
and product usage greatly facilitates 
the implementation of corrective 
measures. 

• High COD levels may be the greatest 
overall effluent-related problem faced 
by wineries, and therefore the highest 
priority for rectification. 

TABLE 4. Exchangeable sodium percentage (%).

Sample 
date

Paarl  
1

Paarl 
2 Stellenbosch Worcester Robertson  

1 Berg R. Paarl 
3

Robertson  
2 Olifants R. Orange R.

Dec 8.52 25.5 10.4 13.1 24.6 5.52 3.03 - 18.4 7.55
Jan 3.46 17.3 5.23 1.49 25.2 2.39 1.48 - 20.5 2.86
Feb 3.73 19.3 5.50 12.0 6.42 5.63 11.8 6.57 5.40 11.4
March 6.38 16.7 7.14 0.97 2.03 2.13 3.03 5.78 4.10 3.23
Apr 5.38 14.2 8.22 1.21 4.09 3.44 2.56 6.05 29.2 5.45
May 7.90 19.9 12.8 2.06 10.1 2.83 - - 14.1 5.41
Avg. 5.90 18.8 8.21 5.14 12.1 2.44 4.37 6.13 15.3 5.99
Control 2.53 4.19 0.78 1.81 2.28 7.51 1.90 - 17.4 2.12

30 - 60 cm
Dec 7.05 17.2 17.5 19.5 30.5 - 50.4 - 18.2 11.0
Jan 4.68 12.5 6.22 1.54 25.2 1.93 29.2 - 14.2 4.14
Feb 3.17 22.9 12.5 6.86 21.2 7.00 22.6 - 7.61 8.51
March 3.26 21.1 11.4 0.00 9.09 1.82 20.5 - 1.75 4.26
Apr 6.29 22.2 9.06 1.06 6.04 3.80 22.2 - 24.4 5.37
May 7.54 16.8 10.4 1.75 10.5 3.31 - - 4.71 1.82
Avg. 5.33 18.8 11.2 5.12 17.1 3.57 29.0 - 11.8 5.85
Control 2.22 6.47 0.95 1.38 1.73 3.16 2.07 - 40.3 3.0

60 - 90 cm
Dec 7.29 17.7 16.9 29.8 7.80 - 66.8 - 9.27 13.4
Jan 5.50 - 7.56 1.78 22.4 - 38.5 - - 3.99
Feb 4.17 21.7 15.3 8.75 12.1 - 23.6 - - 5.76
March 2.30 19.1 7.69 0.00 8.70 6.25 18.6 - 2.04 4.88
Apr 4.90 23.7 12.6 1.07 1.73 - 39.3 - - 5.25
May 9.24 15.5 10.2 1.39 14.1 - - - 2.35 1.82
Avg. 5.57 16.3 11.7 7.13 10.8 6.25 37.4 - 4.55 5.87
Control 4.96 6.11 1.49 1.56 1.9 2.34 2.34 - - 3.43
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• High effluent acidity (low pH) seems 
to be well managed through pre-
disposal intervention measures at the 
majority of wineries, though not all. 

• Some wineries appear to manage 
their effluents well yet still have prob-
lems. As in the case of Paarl 2, the 
problem (high sodicity and salinity 
levels) apparently arises from the use 
of very poor quality borehole water. 
In these cases, the only way to avoid 
environmental damage is to locate an 
acceptable alternative water source. 

• In general, effluent disposal is poorly 

planned and managed, and disposal 
sites rarely seem to have been 
selected because their soil properties 
are appropriate for effluent disposal. 
In particular, deep sandy soils, as at 
Orange River, are unsuitable for dis-
posal by ponding, mainly because of 
their high infiltration rates, high per-
meabilities and low water storage 
capacities. In this case, the actual 
ponding takes place at the water 
table around two metres below the 
soil surface. 

• Many disposal sites are too limited in 

area to permit the large volumes of 
effluent to be absorbed without sur-
face runoff. This problem invariably 
persists despite the presence of a 
kikuyu sward and a sandy subsoil (E 
horizon). 

RECOMMENDATIONS 

• Because practices and usages differ 
widely between cellars, every cellar 
should urgently initiate an environ-
mental monitoring/auditing program 
extending over at least one, and pref-

TABLE 5. Effect of effluent disposal site on seasonal average concentrations of copper, zinc, manganese and boron in the top, middle and lower soil 
horizons (broadly 0-30, 30-60 and 60-90 cm, respectively), and on the concentrations of these elements at the control sites (mg/kg).

Horizon sampled Paarl 
1

Paarl 
2 Stellenbosch Worcester Robertson  

1 Berg R. Paarl 
3

Robertson  
2

Olifants 
R.

Orange 
R.

Copper

Min. 0.14 0.11 0.23 0.20 1.28 2.13 0.06 - 0.00 0.00

Max 2.92 1.29 81.0 1.75 19.1 38.6 8.97 - 10.7 38.6

Avg.

Top 1.84 0.37 23.6 1.64 6.13 22.4 3.83 1.34 5.51 14.1

Mid. 1.31 0.23 7.22 0.72 2.48 6.83 0.66 - 5.33 6.28

Lower 0.36 0.21 5.52 0.27 1.82 2.13 0.50 - 2.01 5.51

Control

Top 1.73 1.29 1.44 1.49 2.50 1.15 0.71 - 0.26 0.38

Mid. 0.59 0.16 0.23 0.31 5.41 0.88 0.45 - 0.25 0.30

Lower 0.14 0.19 0.28 0.24 2.51 0.42 0.20 - - 0.28

Zinc

Min. 0.10 0.10 3.80 0.20 0.40 1.70 0.40 - 0.00 0.30

Max 44.6 2.00 130 3.80 17.7 65.5 27.2 - 35.9 55.5

Avg.

Top 12.6 1.40 57.9 2.62 7.05 33.0 12.1 1.60 14.4 22.2

Mid. 4.18 0.40 25.3 1.15 2.25 6.86 2.18 - 15.2 4.77

Lower 2.27 0.30 14.9 0.35 0.82 1.70 1.60 - 4.77 2.63

Control

Top 1.20 1.40 4.60 3.60 2.50 0.40 4.00 - 0.60 0.60

Mid. 0.40 0.10 0.80 1.70 3.90 0.20 7.00 - 0.30 0.10

Lower 0.10 0.10 0.60 0.20 2.30 0.30 3.30 - - 0.30

Manganese

Min. 0.10 1.10 0.20 0.00 0.00 50.9 0.00 - 3.30 0.00

Max 16.7 6.80 17.8 7.10 24.4 97.4 21.8 - 265 48.0

Avg.

Top 11.6 2.62 6.33 4.75 2.10 65.0 11.8 134 82.0 11.7

Mid. 6.87 2.20 2.08 1.20 1.20 69.2 1.66 - 50.0 11.5

Lower 2.75 2.92 0.93 0.37 6.55 51.4 0.44 - 37.1 17.9

Control

Top 16.7 4.30 10.8 1.70 1.50 13.5 6.40 - 27.7 6.80

Mid. 4.30 0.00 1.20 0.10 1.30 4.50 2.80 - 14.4 3.30

Lower 0.10 0.00 1.00 0.20 0.70 7.60 0.10 - - 14.1

Boron

Min. 0.04 1.10 0.20 0.02 1.14 0.31 0.20 - 0.30 0.09

Max 0.42 1.21 1.54 0.21 0.56 2.08 0.74 - 9.75 4.49

Avg.

Top 0.28 0.25 0.96 0.10 0.43 1.04 0.43 0.54 6.23 0.68

Mid. 0.25 0.30 0.59 0.06 0.23 0.52 0.50 - 3.01 0.47

Lower 0.13 0.49 0.75 0.05 0.20 0.37 0.36 - 2.29 0.36

Control

Top 0.42 0.53 1.01 0.17 0.29 0.36 0.40 - 2.48 0.54

Mid. 0.27 0.38 0.88 0.09 0.25 0.46 0.33 - 13.20 0.65

Lower 0.12 0.58 0.92 0.10 0.19 0.33 0.44 - - 0.41
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erably two annual cycles of activity. 
The information that is generated dur-
ing this process is vital if a cost-effec-
tive effluent management system is to 
be devised for any specific winery. 

• Monitoring/auditing should not be 
restricted to effluent composition and 
effluent management in the cellar, but 
should also include on-site soil mon-
itoring at disposal sites, as well as 
off-site monitoring in drainage ditch-
es, streams and water bodies that 
are or could be affected by effluent 
disposal. Routine effluent sampling 
should be carried out at roughly 
4-week intervals, commencing before 
the season begins and ending after 
the completion of all major winery 
activities. Soil samples, representa-
tive of the 0-30 cm, 30-60 cm and 
60-90 cm depths intervals should 
also be taken at 4-week intervals. 
Where the soils at the disposal site 
are deep, it is desirable that samples 
should also be taken from even 
greater depths, possibly to depths of 
three metres. This should be done 
once every six months during the 
initial intensive monitoring period. 

• On-site and off-site monitoring at and 
around effluent disposal sites enables 
information to be collected regarding 
the suitability and, even more impor-
tantly, non-suitability of different types 
of terrain and of soil, for specific 
types of effluent disposal. Such infor-
mation is urgently required so that 
land suitability criteria may be identi-
fied which will, in turn, allow soils and 

terrains to be classified in terms of 
their suitability for effluent disposal, 
whether by irrigation or ponding, 
wherever new disposal sites are 
being evaluated. 

• Many of the cellars which currently 
use excessively small or otherwise 
unsuitable disposal sites do not have 
viable alternative sites, or lack access 
to the land necessary to expand their 
existing effluent disposal operations. 
In these cases alternative methods of 
disposal methods must be identified. 
Alternatively, the pre-disposal quality 
of the effluent must be improved, to 
the point where any run-off will not 
create an environmental hazard. 

Where larger or more suitable disposal 
sites are not available, the only feasible 
option may be to utilize reed beds or 
other types of wetland to purify effluent 
before discharge (Van Schoor, 2002). 
Wetland technologies are currently being 
intensively investigated at ARC Infruitec-
Nietvoorbij, the objective being to develop 
improved, more cost effective, and more 
environmentally friendly methods of dis-
posal for winery effluents. 
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The effect of molecular sulphur dioxide on the 
growth, acetic and gluconic acid production of 
selected South African acetic acid bacterial 
strains 
Wessel du Toit & Mia Pengilly, Department of Viticulture and Oenology, Stellenbosch University 

Wessel du Toit

INTRODUCTION

Micro-organisms causing the spoilage of 
wine are a problem yet to be solved in the 
wine industry. The metabolic activity of 
these spoilage micro-organisms before, 
during or after fermentation can alter the 
chemical composition of wine. This can 
adversely affect the sensory properties 
(appearance, aroma and flavour) of the 
end-product (Du Toit et al., 2005). One of 
the micro-organisms frequently associated 
with the spoilage of wine is acetic acid 
bacteria (Bartowsky et al., 2003). Although 
knowledge of their occurrence, metabo-
lism, interactions with other micro-organ-
isms, and methods of inhibition in the 
winemaking process are limited, the ability 
of acetic acid bacteria to affect wine qual-
ity has been the subject of renewed inter-
est in recent years (Du Toit & Lambrechts, 
2002; Du Toit et al., 2005).

Acetic acid bacteria are Gram-negative, 
catalase-positive rods that belong to the 
family Acetobacteraceaea (Du Toit & Preto-
rius, 2002). The best-known characteristic 
of acetic acid bacteria is their ability to oxi-
dize ethanol to acetic acid. Acetic acid is 
the major volatile acid found in wine and is 
considered to be detrimental to wine qual-
ity at concentrations ranging from 0.7 to 1.2 
g l-1 and higher, depending on the type of 
wine. Acetic acid bacteria are also able to 
produce SO2-binding compounds such as 
gluconic acid (Du Toit et al., 2005).

To produce quality wine, sound winemak-
ing practices were considered to be suffi-
cient to inhibit the development of these 
aerobic micro-organisms. Some of these 
practices include the maintenance of 
anaerobic conditions by filling containers 
completely or blanketing the wine with an 
inert gas, as well as the correct use of 
sulphur dioxide (SO2) (Amerine & Kunkee, 
1968). It has, however, become increas-
ingly evident that, in some cases, acetic 
acid bacteria can survive and even multiply 

under the anaerobic or semi-anaerobic 
conditions found during the winemaking 
process (Du Toit & Pretorius, 2002). Due to 
the relatively anaerobic conditions in a 
bottle, it was believed that the number of 
acetic acid bacteria normally decreases 
rapidly after bottling. However, it has been 
shown that the excessive addition of oxy-
gen during the bottling process can lead 
to an increase in the number of acetic acid 
bacteria (Millet & Lonvaud-Funel, 2000).

The risk of wine spoilage by acetic acid 
bacteria is greatest during bulk storage of 
wines in the cellar prior to bottling, but is 
managed by avoiding exposure of wines to 
oxygen and by addition of sulphur dioxide 
to wines (Bartowsky et al., 2003). In wine, 
SO2 consists of the free and the bonded 
form of which the free form consists of 
molecular SO2, bisulphate and sulphite 
ions. The molecular form is the most active 
anti-microbial form, although only 0.1-5% 
of the free SO2 occurs in the molecular form 
at normal wine pH. It has been found that 
the levels of SO2 used in wine are not 
always adequate to inhibit these bacteria, 
since it has been shown that acetic acid 
bacteria can grow in wine containing 20 mg 
l-1 of free SO2 (Du Toit & Pretorius, 2002). 
Strain differences, however, could exist and 
according to our knowledge, has not yet 
been investigated in detail before. Over 
recent decades, the maximum level of sul-
phur dioxide permitted in wine has progres-
sively been decreased, and some wine 
makers have significantly decreased the 
use of this preservative. Whereas levels of 
approximately 300 mg l-1 were once com-
mon in French white wines, an average 
concentration of 74 mg l-1 of total sulphur 
dioxide is now found. Consequently, the 
risk of unwanted microbial growth has 
greatly increased for some wines (Bar-
towsky et al., 2003). Acetic acid bacteria 
can be enumerated from must and wine 
with traditional plating methods, as well as 

epifluorescent microscopy (Millet & Lon-
vaud-Funel, 2000).

The purpose of this study was thus to 
investigate the effect molecular SO2 has on 
the growth, survival, acetic acid and glu-
conic acid production of certain South 
African acetic acid bacteria strains in an 
artificial grape juice media, which has not 
been done before.

MATERIALS AND METHODS

Isolation, identification and culturing 
conditions of bacterial strains

Three acetic acid bacterial strains, desig-
nated F14, CI27 and CI40, were used 
during this study. Strains CI27 and CI40 
were isolated from two different South 
African fermenting red wines and strain 
F14 from a rebate wine (collection of IWBT, 
Stellenbosch University). These three ace-
tic acid bacterial isolates were identified as 
Acetobacter pasteurianus (Du Toit & Lam-
brechts, 2002).

Freeze cultures of these three strains were 
streaked on a culture medium which con-
sisted of 57 g l-1 Man Rogosa Sharp (MRS) 
medium (pH 5 with HCl, 20 g l-1 agar) to 
which 2% v/v ethanol was added after 
autoclaving. Single colonies from these 
plates were inoculated into 10 ml liquid 
MRS medium containing 2% v/v ethanol. 
This pre-culture was then grown aerobi-
cally at 30ºC for 2 to 3 days until an optical 
density (O.D. at 600 nm) of 1 was obtained 
and used to inoculate the MS300 media. 
This procedure was followed for all exper-
iments.

Procedure for SO2 experiment

Three molecular SO2 concentrations were 
chosen: A control with no SO2 addition, as 
well as 0.5 mg l-1 and 1.0 mg l-1 molecular 
SO2 additions. A synthetic grape media, 
MS300 (Bely et al., 1990), was used in 
these experiments, but the pH was adjust-
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erably two annual cycles of activity. 
The information that is generated dur-
ing this process is vital if a cost-effec-
tive effluent management system is to 
be devised for any specific winery. 

• Monitoring/auditing should not be 
restricted to effluent composition and 
effluent management in the cellar, but 
should also include on-site soil mon-
itoring at disposal sites, as well as 
off-site monitoring in drainage ditch-
es, streams and water bodies that 
are or could be affected by effluent 
disposal. Routine effluent sampling 
should be carried out at roughly 
4-week intervals, commencing before 
the season begins and ending after 
the completion of all major winery 
activities. Soil samples, representa-
tive of the 0-30 cm, 30-60 cm and 
60-90 cm depths intervals should 
also be taken at 4-week intervals. 
Where the soils at the disposal site 
are deep, it is desirable that samples 
should also be taken from even 
greater depths, possibly to depths of 
three metres. This should be done 
once every six months during the 
initial intensive monitoring period. 

• On-site and off-site monitoring at and 
around effluent disposal sites enables 
information to be collected regarding 
the suitability and, even more impor-
tantly, non-suitability of different types 
of terrain and of soil, for specific 
types of effluent disposal. Such infor-
mation is urgently required so that 
land suitability criteria may be identi-
fied which will, in turn, allow soils and 

terrains to be classified in terms of 
their suitability for effluent disposal, 
whether by irrigation or ponding, 
wherever new disposal sites are 
being evaluated. 

• Many of the cellars which currently 
use excessively small or otherwise 
unsuitable disposal sites do not have 
viable alternative sites, or lack access 
to the land necessary to expand their 
existing effluent disposal operations. 
In these cases alternative methods of 
disposal methods must be identified. 
Alternatively, the pre-disposal quality 
of the effluent must be improved, to 
the point where any run-off will not 
create an environmental hazard. 

Where larger or more suitable disposal 
sites are not available, the only feasible 
option may be to utilize reed beds or 
other types of wetland to purify effluent 
before discharge (Van Schoor, 2002). 
Wetland technologies are currently being 
intensively investigated at ARC Infruitec-
Nietvoorbij, the objective being to develop 
improved, more cost effective, and more 
environmentally friendly methods of dis-
posal for winery effluents. 
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INTRODUCTION

Micro-organisms causing the spoilage of 
wine are a problem yet to be solved in the 
wine industry. The metabolic activity of 
these spoilage micro-organisms before, 
during or after fermentation can alter the 
chemical composition of wine. This can 
adversely affect the sensory properties 
(appearance, aroma and flavour) of the 
end-product (Du Toit et al., 2005). One of 
the micro-organisms frequently associated 
with the spoilage of wine is acetic acid 
bacteria (Bartowsky et al., 2003). Although 
knowledge of their occurrence, metabo-
lism, interactions with other micro-organ-
isms, and methods of inhibition in the 
winemaking process are limited, the ability 
of acetic acid bacteria to affect wine qual-
ity has been the subject of renewed inter-
est in recent years (Du Toit & Lambrechts, 
2002; Du Toit et al., 2005).

Acetic acid bacteria are Gram-negative, 
catalase-positive rods that belong to the 
family Acetobacteraceaea (Du Toit & Preto-
rius, 2002). The best-known characteristic 
of acetic acid bacteria is their ability to oxi-
dize ethanol to acetic acid. Acetic acid is 
the major volatile acid found in wine and is 
considered to be detrimental to wine qual-
ity at concentrations ranging from 0.7 to 1.2 
g l-1 and higher, depending on the type of 
wine. Acetic acid bacteria are also able to 
produce SO2-binding compounds such as 
gluconic acid (Du Toit et al., 2005).

To produce quality wine, sound winemak-
ing practices were considered to be suffi-
cient to inhibit the development of these 
aerobic micro-organisms. Some of these 
practices include the maintenance of 
anaerobic conditions by filling containers 
completely or blanketing the wine with an 
inert gas, as well as the correct use of 
sulphur dioxide (SO2) (Amerine & Kunkee, 
1968). It has, however, become increas-
ingly evident that, in some cases, acetic 
acid bacteria can survive and even multiply 

under the anaerobic or semi-anaerobic 
conditions found during the winemaking 
process (Du Toit & Pretorius, 2002). Due to 
the relatively anaerobic conditions in a 
bottle, it was believed that the number of 
acetic acid bacteria normally decreases 
rapidly after bottling. However, it has been 
shown that the excessive addition of oxy-
gen during the bottling process can lead 
to an increase in the number of acetic acid 
bacteria (Millet & Lonvaud-Funel, 2000).

The risk of wine spoilage by acetic acid 
bacteria is greatest during bulk storage of 
wines in the cellar prior to bottling, but is 
managed by avoiding exposure of wines to 
oxygen and by addition of sulphur dioxide 
to wines (Bartowsky et al., 2003). In wine, 
SO2 consists of the free and the bonded 
form of which the free form consists of 
molecular SO2, bisulphate and sulphite 
ions. The molecular form is the most active 
anti-microbial form, although only 0.1-5% 
of the free SO2 occurs in the molecular form 
at normal wine pH. It has been found that 
the levels of SO2 used in wine are not 
always adequate to inhibit these bacteria, 
since it has been shown that acetic acid 
bacteria can grow in wine containing 20 mg 
l-1 of free SO2 (Du Toit & Pretorius, 2002). 
Strain differences, however, could exist and 
according to our knowledge, has not yet 
been investigated in detail before. Over 
recent decades, the maximum level of sul-
phur dioxide permitted in wine has progres-
sively been decreased, and some wine 
makers have significantly decreased the 
use of this preservative. Whereas levels of 
approximately 300 mg l-1 were once com-
mon in French white wines, an average 
concentration of 74 mg l-1 of total sulphur 
dioxide is now found. Consequently, the 
risk of unwanted microbial growth has 
greatly increased for some wines (Bar-
towsky et al., 2003). Acetic acid bacteria 
can be enumerated from must and wine 
with traditional plating methods, as well as 

epifluorescent microscopy (Millet & Lon-
vaud-Funel, 2000).

The purpose of this study was thus to 
investigate the effect molecular SO2 has on 
the growth, survival, acetic acid and glu-
conic acid production of certain South 
African acetic acid bacteria strains in an 
artificial grape juice media, which has not 
been done before.

MATERIALS AND METHODS

Isolation, identification and culturing 
conditions of bacterial strains

Three acetic acid bacterial strains, desig-
nated F14, CI27 and CI40, were used 
during this study. Strains CI27 and CI40 
were isolated from two different South 
African fermenting red wines and strain 
F14 from a rebate wine (collection of IWBT, 
Stellenbosch University). These three ace-
tic acid bacterial isolates were identified as 
Acetobacter pasteurianus (Du Toit & Lam-
brechts, 2002).

Freeze cultures of these three strains were 
streaked on a culture medium which con-
sisted of 57 g l-1 Man Rogosa Sharp (MRS) 
medium (pH 5 with HCl, 20 g l-1 agar) to 
which 2% v/v ethanol was added after 
autoclaving. Single colonies from these 
plates were inoculated into 10 ml liquid 
MRS medium containing 2% v/v ethanol. 
This pre-culture was then grown aerobi-
cally at 30ºC for 2 to 3 days until an optical 
density (O.D. at 600 nm) of 1 was obtained 
and used to inoculate the MS300 media. 
This procedure was followed for all exper-
iments.

Procedure for SO2 experiment

Three molecular SO2 concentrations were 
chosen: A control with no SO2 addition, as 
well as 0.5 mg l-1 and 1.0 mg l-1 molecular 
SO2 additions. A synthetic grape media, 
MS300 (Bely et al., 1990), was used in 
these experiments, but the pH was adjust-
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ed to 3.8 (KOH) in order to simulate that of 
red wine pH levels. One hundred millilitres 
of sterile filtered MS300 was placed in three 
sterile 120 ml glass bottles, one for each 
molecular SO2 concentration, and hermeti-
cally sealed with a rubber cap. The MS300 
in each bottle was then vigorously sparged 
with sterile nitrogen to remove excess oxy-
gen. This was done by inserting a sterile 
syringe through the rubber cap to the bot-
tom of the glass bottle. This served as an 
inflow for the nitrogen gas, while a second 
sterile syringe, inserted through the rubber 
cap without making contact with the media, 
served as an outflow for the oxygen and 
nitrogen. Sterile high purity nitrogen gas 
(Afrox, SA, filtered through a 0.22 µm filter) 
was used to vigorously sparge the medium 
in each glass bottle for 20 min (at 20ºC). A 
1% SO2 solution was used to adjust the 
SO2 content of the artificial must (MS300). 
The medium was left for one hour after the 
addition of SO2 and the free SO2 concentra-
tion measured with Metrohm titration unit 
(Metrohm Ltd., Switzerland). This was then 
used to calculate the molecular SO2 con-
centration (Du Toit et al., 2005).

Three test tubes containing 8 ml MS300 
media of each molecular SO2 level were 
prepared for each bacterial strain and inoc-
ulated at 80 µl from the preculture of OD 1 
(600 nm) and left to stand for 45 min. This 
was done to ensure that SO2 uptake took 
place before aeration and possible oxida-
tion of the SO2 on the wheel could occur. 
One set of dilution series was prepared for 
each bacterial strain and plated out for 
colony counts. All test tubes were then 
incubated on a spinning wheel at 30ºC. At 
regular intervals, a dilution series of each 
sample was prepared and plated out. Each 
dilution was plated out in duplicate and the 
plates incubated at 30ºC for seven days 
before enumeration.

Samples were also taken at Day 6 and Day 
10 to determine the amount of acetic acid 
as well as gluconic acid that was produced 
by each bacterial strain at different molecular 
SO2 concentrations. This was done by filter-
ing 2 ml of the media through a 0.22 µm filter 
and freezing it at -20ºC before the analyses 
were conducted. Samples were analysed 
using the acetic acid and D-gluconic acid 
assay kits for enzymatic analysis of acetic 
acid D-gluconic acid respectively in food-
stuffs and other materials (Boehringer 
Mannheim/R-Biopharm, Roche). Results 
given show the average of quadruplicates.

Percentage survival of acetic bacteria 
using fluorescent microscopy

The percentage survival of the three acetic 
acid bacterial strains with molecular SO2 

additions was determined using the fluo-
rescent LIVE/DEAD BacLight bacterial 
viability kit for microscopy (Molecular 
Probes, Inc.). The kit consists of two dyes: 
SYTO 9® is a green fluorescent nucleic 
acid stain, which stains the nucleic acids 
of both living and dead bacteria, and the 
traditional red fluorescent nucleic acid stain 
propium iodide, which only stains bacteria 
that have damaged and leaky membranes. 
The live bacteria will thus fluoresce in green 
while the dead bacteria will fluoresce in 
red. The number of live cells is then deter-
mined by subtracting the red from the 
green number of cells. Equal volumes (2 µl) 
of each stain were added to 1 ml Milli-Q 
dH2O and thoroughly mixed.

Samples were taken as previously 
described for the plate counting method. 
To an undiluted 30 µl bacterial sample 
was then added in equal volume the dye 
mixture and incubated in the dark for 30 
min at room temperature. After incuba-
tion, 10 µl of the suspension was sampled 
and trapped between a slide and a cover 
slip for observation under a Nikon Eclipse 
E400 microscope. For each sample, 20 
microscopic fields (each field containing 
at least 10 cells) were analysed after 
which the percentage live cells (green) 
versus dead cells (red) were determined. 
All experiments were conducted in tripli-
cate and results given show the average 
of the triplicates.

In all experiments, cell counting was per-
formed simultaneously by both plate 
counting and epifluorescence microscopy 
on the same samples.

RESULTS

All three acetic acid bacterial isolates 
were identified as Acetobacter pasteur-
ianus according to the biochemical and 
physiological tests described in the Mate-
rials and Methods.

The cell number and percentage survival as 
determined with plate counting and epifluo-
rescence microscopy of the three different 
acetic acid strains after the addition of sul-
phur dioxide were monitored for 10 days. 
As can clearly be seen from Fig. 1, strain 
F14 was very sensitive to the addition of 
molecular SO

2, with even a concentration 
of 0.5 mg l-1 killing it after 72 h. This was 
even faster where 1 mg l-1 molecular SO2 
was added, with the control exhibiting good 
growth in the MS300 media. Strain CI27 
however, exhibited much more resistance 
towards SO2 as can be seen from Fig. 2. 
Strain CI27 also grew slower than strain 
F14 as growth only occurred after 48 h, but 
after 240 h the initial addition of 1 mg l-1 
molecular SO2 lowered cell numbers as 
determined with plating. A different growth 
pattern was observed with strain CI40 
where the addition of molecular SO2 inhib-
ited growth, but only for 144 h in the case 
of the 0.5 mg l-1 addition, with cell numbers 
increasing (Fig. 3). In this strain, high molec-
ular SO2 additions thus seemed to prevent 
growth to a certain extent, but did not lead 
to complete cell death as in strain F14. It is  
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FIGURE 1. Growth curves of strain F14 at three different molecular SO2 concentrations monitored 
for 240 hours. The relative standard deviation (average of three repeats) of data reported here did 
not differ with more than 5% from the mean.
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FIGURE 3. Growth curves of strain CI40 at three different molecular SO2 concentrations monitored 
for 240 hours. The relative standard deviation (average of three repeats) of data reported here did 
not differ with more than 5% from the mean.

FIGURE 4. Percentage survival of strain F14 over 8 days as obtained with epifluorescence micros-
copy at different concentrations of molecular SO2. The relative standard deviation (average of three 
repeats) of data reported here did not differ with more than 5% from the mean.

FIGURE 2. Growth curves of strain CI 27 at three different molecular SO2 concentrations monitored 
for 240 hours. The relative standard deviation (average of three repeats) of data reported here did 
not differ with more than 5% from the mean.

clear from Fig. 4, that the percentage sur-
vival of strain F14 with molecular SO2 addi-
tions decreased very quickly over time. The 
same tendency was also observed for 
strains CI27 and CI40 (results not shown).

From Table 1 it can be seen that strain CI40 
produced the highest amount of acetic acid 
at all three molecular SO2 concentrations for 
both Day 6 and Day 10, except in the 0 mg 
l-1 molecular SO2 additions after ten days 
where strain F14 produced 4.51 g l-1. The 
addition of 1 mg l-1 molecular SO2 led to 
almost no or very little acetic acid being 
produced in all three strains. Strain CI27, 
however, produced the highest amount of 
D-gluconic acid at all three molecular SO2 
concentrations after both Day 6 and Day 
10. Substantial differences could be 
observed between the different strains 
within each molecular SO2 concentration 
regarding gluconic acid production, but 
even 1 mg l-1 molecular SO2 could not pre-
vent high gluconic acid concentration being 
formed by strain CI27.

DISCUSSION

Only a few spoilage organisms are able to 
survive the strong selective pressures in 
fermenting grape must and in wine (Du Toit 
& Pretorius, 2000). It has been a long-term 
goal of the wine industry to reduce the 
occurrence of microbial spoiled wine, which 
alters the chemical composition of wine, 
thereby affecting the sensory properties 
(volatile acidic and phenolic aromas) of the 
end-product (Du Toit et al., 2005). Due to 
their aerobic nature, acetic acid bacteria 
have for long been considered to play no 
major role during winemaking operations, 
since winemaking in general is a relative 
anaerobic process and the growth and 
survival of these bacteria under this and 
other unfavourable conditions found in wine 
seems unlikely (Du Toit & Lambrechts, 
2002). However, some studies have shown 
that acetic acid bacteria can survive during 
fermentation, producing high amounts of 
acetic acid as well as contributing signifi-
cantly to volatile acidity in must and wine 
(Joyeux et al., 1984; Drysdale and Fleet, 
1989).

Since SO2 addition is one of the wine-
maker’s most efficient tools to eliminate 
or inhibit the growth of acetic acid bacte-
ria, the present study focused on the 
effects of different molecular SO2 concen-
trations on the growth, acetic and glu-
conic acid production of three different 
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ed to 3.8 (KOH) in order to simulate that of 
red wine pH levels. One hundred millilitres 
of sterile filtered MS300 was placed in three 
sterile 120 ml glass bottles, one for each 
molecular SO2 concentration, and hermeti-
cally sealed with a rubber cap. The MS300 
in each bottle was then vigorously sparged 
with sterile nitrogen to remove excess oxy-
gen. This was done by inserting a sterile 
syringe through the rubber cap to the bot-
tom of the glass bottle. This served as an 
inflow for the nitrogen gas, while a second 
sterile syringe, inserted through the rubber 
cap without making contact with the media, 
served as an outflow for the oxygen and 
nitrogen. Sterile high purity nitrogen gas 
(Afrox, SA, filtered through a 0.22 µm filter) 
was used to vigorously sparge the medium 
in each glass bottle for 20 min (at 20ºC). A 
1% SO2 solution was used to adjust the 
SO2 content of the artificial must (MS300). 
The medium was left for one hour after the 
addition of SO2 and the free SO2 concentra-
tion measured with Metrohm titration unit 
(Metrohm Ltd., Switzerland). This was then 
used to calculate the molecular SO2 con-
centration (Du Toit et al., 2005).

Three test tubes containing 8 ml MS300 
media of each molecular SO2 level were 
prepared for each bacterial strain and inoc-
ulated at 80 µl from the preculture of OD 1 
(600 nm) and left to stand for 45 min. This 
was done to ensure that SO2 uptake took 
place before aeration and possible oxida-
tion of the SO2 on the wheel could occur. 
One set of dilution series was prepared for 
each bacterial strain and plated out for 
colony counts. All test tubes were then 
incubated on a spinning wheel at 30ºC. At 
regular intervals, a dilution series of each 
sample was prepared and plated out. Each 
dilution was plated out in duplicate and the 
plates incubated at 30ºC for seven days 
before enumeration.

Samples were also taken at Day 6 and Day 
10 to determine the amount of acetic acid 
as well as gluconic acid that was produced 
by each bacterial strain at different molecular 
SO2 concentrations. This was done by filter-
ing 2 ml of the media through a 0.22 µm filter 
and freezing it at -20ºC before the analyses 
were conducted. Samples were analysed 
using the acetic acid and D-gluconic acid 
assay kits for enzymatic analysis of acetic 
acid D-gluconic acid respectively in food-
stuffs and other materials (Boehringer 
Mannheim/R-Biopharm, Roche). Results 
given show the average of quadruplicates.

Percentage survival of acetic bacteria 
using fluorescent microscopy

The percentage survival of the three acetic 
acid bacterial strains with molecular SO2 

additions was determined using the fluo-
rescent LIVE/DEAD BacLight bacterial 
viability kit for microscopy (Molecular 
Probes, Inc.). The kit consists of two dyes: 
SYTO 9® is a green fluorescent nucleic 
acid stain, which stains the nucleic acids 
of both living and dead bacteria, and the 
traditional red fluorescent nucleic acid stain 
propium iodide, which only stains bacteria 
that have damaged and leaky membranes. 
The live bacteria will thus fluoresce in green 
while the dead bacteria will fluoresce in 
red. The number of live cells is then deter-
mined by subtracting the red from the 
green number of cells. Equal volumes (2 µl) 
of each stain were added to 1 ml Milli-Q 
dH2O and thoroughly mixed.

Samples were taken as previously 
described for the plate counting method. 
To an undiluted 30 µl bacterial sample 
was then added in equal volume the dye 
mixture and incubated in the dark for 30 
min at room temperature. After incuba-
tion, 10 µl of the suspension was sampled 
and trapped between a slide and a cover 
slip for observation under a Nikon Eclipse 
E400 microscope. For each sample, 20 
microscopic fields (each field containing 
at least 10 cells) were analysed after 
which the percentage live cells (green) 
versus dead cells (red) were determined. 
All experiments were conducted in tripli-
cate and results given show the average 
of the triplicates.

In all experiments, cell counting was per-
formed simultaneously by both plate 
counting and epifluorescence microscopy 
on the same samples.

RESULTS

All three acetic acid bacterial isolates 
were identified as Acetobacter pasteur-
ianus according to the biochemical and 
physiological tests described in the Mate-
rials and Methods.

The cell number and percentage survival as 
determined with plate counting and epifluo-
rescence microscopy of the three different 
acetic acid strains after the addition of sul-
phur dioxide were monitored for 10 days. 
As can clearly be seen from Fig. 1, strain 
F14 was very sensitive to the addition of 
molecular SO

2, with even a concentration 
of 0.5 mg l-1 killing it after 72 h. This was 
even faster where 1 mg l-1 molecular SO2 
was added, with the control exhibiting good 
growth in the MS300 media. Strain CI27 
however, exhibited much more resistance 
towards SO2 as can be seen from Fig. 2. 
Strain CI27 also grew slower than strain 
F14 as growth only occurred after 48 h, but 
after 240 h the initial addition of 1 mg l-1 
molecular SO2 lowered cell numbers as 
determined with plating. A different growth 
pattern was observed with strain CI40 
where the addition of molecular SO2 inhib-
ited growth, but only for 144 h in the case 
of the 0.5 mg l-1 addition, with cell numbers 
increasing (Fig. 3). In this strain, high molec-
ular SO2 additions thus seemed to prevent 
growth to a certain extent, but did not lead 
to complete cell death as in strain F14. It is  
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FIGUUR 1. Groei urwes van ras  by drie vers illende mole ul re 2 
onsentrasies wat 2  uur lan  gemonitor is. ie relatiewe standaard afwy ing 

(gemiddelde van drie herhalings) van data waaroor hier verslag gedoen word  het nie 
meer as 5  van die gemiddelde vers il nie. 
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FIGURE 1. Growth curves of strain F14 at three different molecular SO2 concentrations monitored 
for 240 hours. The relative standard deviation (average of three repeats) of data reported here did 
not differ with more than 5% from the mean.
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FIGURE 3. Growth curves of strain CI40 at three different molecular SO2 concentrations monitored 
for 240 hours. The relative standard deviation (average of three repeats) of data reported here did 
not differ with more than 5% from the mean.

FIGURE 4. Percentage survival of strain F14 over 8 days as obtained with epifluorescence micros-
copy at different concentrations of molecular SO2. The relative standard deviation (average of three 
repeats) of data reported here did not differ with more than 5% from the mean.

FIGURE 2. Growth curves of strain CI 27 at three different molecular SO2 concentrations monitored 
for 240 hours. The relative standard deviation (average of three repeats) of data reported here did 
not differ with more than 5% from the mean.

clear from Fig. 4, that the percentage sur-
vival of strain F14 with molecular SO2 addi-
tions decreased very quickly over time. The 
same tendency was also observed for 
strains CI27 and CI40 (results not shown).

From Table 1 it can be seen that strain CI40 
produced the highest amount of acetic acid 
at all three molecular SO2 concentrations for 
both Day 6 and Day 10, except in the 0 mg 
l-1 molecular SO2 additions after ten days 
where strain F14 produced 4.51 g l-1. The 
addition of 1 mg l-1 molecular SO2 led to 
almost no or very little acetic acid being 
produced in all three strains. Strain CI27, 
however, produced the highest amount of 
D-gluconic acid at all three molecular SO2 
concentrations after both Day 6 and Day 
10. Substantial differences could be 
observed between the different strains 
within each molecular SO2 concentration 
regarding gluconic acid production, but 
even 1 mg l-1 molecular SO2 could not pre-
vent high gluconic acid concentration being 
formed by strain CI27.

DISCUSSION

Only a few spoilage organisms are able to 
survive the strong selective pressures in 
fermenting grape must and in wine (Du Toit 
& Pretorius, 2000). It has been a long-term 
goal of the wine industry to reduce the 
occurrence of microbial spoiled wine, which 
alters the chemical composition of wine, 
thereby affecting the sensory properties 
(volatile acidic and phenolic aromas) of the 
end-product (Du Toit et al., 2005). Due to 
their aerobic nature, acetic acid bacteria 
have for long been considered to play no 
major role during winemaking operations, 
since winemaking in general is a relative 
anaerobic process and the growth and 
survival of these bacteria under this and 
other unfavourable conditions found in wine 
seems unlikely (Du Toit & Lambrechts, 
2002). However, some studies have shown 
that acetic acid bacteria can survive during 
fermentation, producing high amounts of 
acetic acid as well as contributing signifi-
cantly to volatile acidity in must and wine 
(Joyeux et al., 1984; Drysdale and Fleet, 
1989).

Since SO2 addition is one of the wine-
maker’s most efficient tools to eliminate 
or inhibit the growth of acetic acid bacte-
ria, the present study focused on the 
effects of different molecular SO2 concen-
trations on the growth, acetic and glu-
conic acid production of three different 
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TABLE 1. Amount acetic and D-gluconic acid produced [g l-1] by the acetic acid bacteria strains F14, CI27 and CI40 at different molecular SO2 
concentrations in MS300 media. The relative standard deviation (average of three repeats) of data reported here did not differ with more than 5% from 
the mean.

acetic acid bacterial strains, namely F14, 
CI27 and CI40. Results showed that 
although molecular SO2 addition seemed 
to inhibit the growth of acetic acid bacte-
rial strains to some extent it did not lead 
to complete cell death in two of the three 
strains tested. Even at high molecular 
SO2 levels (1 mg l-1), the growth of strains 
CI27 and CI40 were not inhibited although 
the growth of strain F14 was completely 
inhibited after 24 h, suggesting that strain 
variability can also play a role. Watanabe 
and Iino (1984) found that up to 100 mg 
l-1 of molecular SO2 was needed to inhib-
it the growth of an Acetobacter specie in 
grape must. Du Toit et al. (2005) found an 
acetic acid bacterial strain isolated from 
French wine to be viable under relative 
high concentrations of molecular SO2. 
Strain F14 used in this study was the 
most sensitive towards molecular SO2 
addition. This strain was isolated from 
rebate wine, where the SO2 level has to 
be kept much lower than in other types of 
wine. This could have resulted in this 
strain being less resistant to SO2 than 
strains CI27 and CI40, both which were 
isolated from red wines with higher 
molecular SO2 levels. Gonzàlez et al. 
(2005) indicated that yeast inoculation 
could also influence diversity of acetic 
acid bacteria in wine.

Acetic acid bacteria are well-known to be 
able to oxidize ethanol in wine first to acet-
aldehyde and then to acetic acid, which is 
catalysed by an alcohol dehydrogenase 

and an aldehyde dehydrogenase (Saeki et 
al., 1997). Du Toit (2000) however, found 
certain acetic acid bacterial strains being 
able to produce high amounts of acetic 
acid when grown in grape juice. Barbe et al. 
(2001), found certain acetic acid bacterial 
strains being able to produce up to 51 g l-1 
gluconic acid in grape juice. Gluconic acid 
can bind SO2 very effectively; thereby limit-
ing its anti-microbial and anti-oxidative 
capacities drastically.

Our results indicated that strain differ-
ences also exist regarding acetic and 
gluconic acid production of South African 
acetic acid bacteria. The two strains that 
exhibited the best growth in the MS300 
media without SO2, F14 and CI40, also 
produced the highest concentration of 
acetic acid. The 1 mg l-1 molecular SO2 
addition prevented high concentrations of 
acetic acid being formed. The production 
of gluconic acid was also inhibited by 
molecular SO2 additions in all the strains, 
but to a much lesser extent in strain CI27, 
which also produced the most gluconic 
acid without molecular SO2 addition.

The results obtained during this study, 
suggests that wine producers can sup-
press the unwanted growth of acetic acid 
bacteria in wine by maintaining a rela-
tively high concentration of molecular SO2 
throughout the process of winemaking, 
although no complete inhibition were 
obtained with some strains. Therefore it is 
advisable to always use SO2 in conjunc-
tion with other best winemaking proce-

dures to limit the risk of inducing bacte-
rial growth in wine. These include the 
maintenance of lower pH levels, tempera-
ture control and the exclusion of oxygen 
in wine to a large extent (Du Toit & Preto-
rius, 2001). There is a worldwide trend to 
use less SO2 in wine, due to mounting 
consumer complaints, but this should not 
prevent the winemaker from using this 
preservative in a responsible manner at 
appropriate levels (Du Toit & Pretorius, 
2002). The information generated in this 
study will assist winemakers to eliminate 
the problem of acetic acid bacteria caus-
ing spoilage in wine, thus improving the 
quality of South African produced wines.
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TABLE 1. Amount acetic and D-gluconic acid produced [g l-1] by the acetic acid bacteria strains F14, CI27 and CI40 at different molecular SO2 
concentrations in MS300 media. The relative standard deviation (average of three repeats) of data reported here did not differ with more than 5% from 
the mean.

acetic acid bacterial strains, namely F14, 
CI27 and CI40. Results showed that 
although molecular SO2 addition seemed 
to inhibit the growth of acetic acid bacte-
rial strains to some extent it did not lead 
to complete cell death in two of the three 
strains tested. Even at high molecular 
SO2 levels (1 mg l-1), the growth of strains 
CI27 and CI40 were not inhibited although 
the growth of strain F14 was completely 
inhibited after 24 h, suggesting that strain 
variability can also play a role. Watanabe 
and Iino (1984) found that up to 100 mg 
l-1 of molecular SO2 was needed to inhib-
it the growth of an Acetobacter specie in 
grape must. Du Toit et al. (2005) found an 
acetic acid bacterial strain isolated from 
French wine to be viable under relative 
high concentrations of molecular SO2. 
Strain F14 used in this study was the 
most sensitive towards molecular SO2 
addition. This strain was isolated from 
rebate wine, where the SO2 level has to 
be kept much lower than in other types of 
wine. This could have resulted in this 
strain being less resistant to SO2 than 
strains CI27 and CI40, both which were 
isolated from red wines with higher 
molecular SO2 levels. Gonzàlez et al. 
(2005) indicated that yeast inoculation 
could also influence diversity of acetic 
acid bacteria in wine.

Acetic acid bacteria are well-known to be 
able to oxidize ethanol in wine first to acet-
aldehyde and then to acetic acid, which is 
catalysed by an alcohol dehydrogenase 

and an aldehyde dehydrogenase (Saeki et 
al., 1997). Du Toit (2000) however, found 
certain acetic acid bacterial strains being 
able to produce high amounts of acetic 
acid when grown in grape juice. Barbe et al. 
(2001), found certain acetic acid bacterial 
strains being able to produce up to 51 g l-1 
gluconic acid in grape juice. Gluconic acid 
can bind SO2 very effectively; thereby limit-
ing its anti-microbial and anti-oxidative 
capacities drastically.

Our results indicated that strain differ-
ences also exist regarding acetic and 
gluconic acid production of South African 
acetic acid bacteria. The two strains that 
exhibited the best growth in the MS300 
media without SO2, F14 and CI40, also 
produced the highest concentration of 
acetic acid. The 1 mg l-1 molecular SO2 
addition prevented high concentrations of 
acetic acid being formed. The production 
of gluconic acid was also inhibited by 
molecular SO2 additions in all the strains, 
but to a much lesser extent in strain CI27, 
which also produced the most gluconic 
acid without molecular SO2 addition.

The results obtained during this study, 
suggests that wine producers can sup-
press the unwanted growth of acetic acid 
bacteria in wine by maintaining a rela-
tively high concentration of molecular SO2 
throughout the process of winemaking, 
although no complete inhibition were 
obtained with some strains. Therefore it is 
advisable to always use SO2 in conjunc-
tion with other best winemaking proce-

dures to limit the risk of inducing bacte-
rial growth in wine. These include the 
maintenance of lower pH levels, tempera-
ture control and the exclusion of oxygen 
in wine to a large extent (Du Toit & Preto-
rius, 2001). There is a worldwide trend to 
use less SO2 in wine, due to mounting 
consumer complaints, but this should not 
prevent the winemaker from using this 
preservative in a responsible manner at 
appropriate levels (Du Toit & Pretorius, 
2002). The information generated in this 
study will assist winemakers to eliminate 
the problem of acetic acid bacteria caus-
ing spoilage in wine, thus improving the 
quality of South African produced wines.
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Mouth-feel of different white wine treatments
Anita Oberholster, Department of Viticulture and Oenology, Stellenbosch University 

The article below is a shortened extract from an article published in the Australian Journal of Grape 
and Wine Research 15, 59 - 69, 2009. 

Anita Oberholster

INTRODUCTION 

White grapes fermented like a typical red wine in the presence 
of skins and seeds result in wines with quite different astringent 
sensory profiles to those of red wines: they tend to be coarser 
and lower in astringency. The only apparent difference between 
the phenolic composition of pomace-fermented white wines and 
red wine is the anthocyanin content. Anthocyanins have been 
said to have only a mild indistinct taste , while it has been 
reported to possibly increase the astringency of seed and skin 
extracts . However, this does not explain the complex mouth-feel 
differences between red and white wines. The present study was 
conducted to further investigate the contribution of anthocyanins 

or tannin-anthocyanin reaction products to the mouth-feel prop-
erties of red wine. Anthocyanins were isolated and added to 
different white wine ferments to investigate the contribution of 
anthocyanins and their fermentation and aging products to sen-
sory characteristics of wine. 

MATERIALS AND METHODS 

Chardonnay grapes (23.5 °Brix, pH 3.81, titratable acidity (TA) 
5.2 g/L as tartaric acid) from the Adelaide Hills (Lenswood, South 
Australia) and Shiraz grapes (24.5 °Brix, pH 3.94, TA 4.3 g/L) 
from Nuriootpa Research Station (Barossa Valley, South Austra-
lia) were used. The anthocyanin extract was prepared from a 
portion of the Shiraz grapes (37.3kg), while the rest of the grapes 

TABLE 1. Composition of the different winemaking treatments.

Treatment Code Treatment Description

W White free run juice (1.8 L)
WA White free run juice (1.8 L) with added anthocyanins (1.44 g/L)
WS White free run juice (1.67 L) with added white skins and seeds (0.635 kg/L)
WSA White free run juice (1.67 L) with added white skins and seeds (0.635 kg/L) and anthocyanins (1.44 g/L)
WRS White free run juice (1.8 L) with added red skins and seeds (0.494 kg/L)
RS Red free run juice (1.8 L) with red skins and seeds (0.494 kg/L)

TABLE 2. Definitions and reference standards for the sensory attributes.

Attribute Description Standard

Fine grain
Feeling of minute rough granules/particulate matter against the mouth surfaces through the 
movement of the wine

–

Medium grain Bentonite powder (touch) †

Coarse grain Celite S45 filterf aid (touch) ‡

Silk

Texture felt on the mouth surfaces when different surfaces come in contact with each other

Silk material (touch)

Velvet Velvet material (touch)

Fine emery Sand paper grade No. 1000 (touch)

Dry Lack of lubrication or moistness resulting in increased friction between oral surfaces Aluminium sulphide0.5 g/L

Grippy
Drawing or tightening sensation felt in the mouth, lips and/or cheeks, lack of slip between mouth 
surfaces resulting in the inability to easily move mouth surfaces across each other

–

Overall astringency Complex of drying, surface texture and dynamic sensations in the mouth –

Viscosity
Degree to which wine resists flow under an applied force in the mouth, amount of force 
required to manipulate the fluid in the mouth

Carboxmethyl/cellulose 4 g/L

Bitter Quinine sulphate 7 mg/L

† Bentonite Volclay Pty Ltd., L-9913 powder, mean particle size 7.6 µm (min 65% passing).
‡ Celite 545, mean particle size 36.2 µm.
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were stored at 0°C. Pressed grape skins were extracted with 
isoamyl alcohol and purified by five re-crystallisations . Grapes 
were crushed and pressed and the isolated red and white skins 
and seeds were respectively back added where needed in ratio 
of the free run juice and skins and seeds produced during press-
ing of the respective grapes (see Table 1). 

Phenolic composition of the wines was determined by reverse 
phase high performance liquid chromatography (RP-HPLC) 
analyses . Descriptive analysis was carried out using ten judges. 
Eleven mouth-feel terms (‘fine grain’, ‘medium grain’, ‘coarse 
grain’, ‘silk’, ‘velvet’, ‘fine emery’, ‘dry’, ‘grippy’, ‘overall astrin-
gency’, ‘viscosity’ and ‘bitter’) were generated with reference to 
the developed mouth-feel wheel . See Table 2 for description of 
attributes and reference standards used. 

RESULTS AND DISCUSSION 

Phenolic composition 

The different wine treatments were analysed for phenolic com-
position after six months of bottle aging by RP-HPLC (Table 2). 
After six months of bottle aging the main differences between 
the treatment white free run juice (W) and the treatment with 
added white skins and seeds (WS) were expected to be due to 
skin and seed phenolic compounds extracted into the juice dur-
ing fermentation and their subsequent reaction products during 
aging. Larger differences between the control W and treatment 
WS were anticipated according to HPLC analysis, but it were 
apparent that the control contained a higher concentration of 
phenolics then expected for a free run lightly pressed white wine 
. This is most likely due to the extended storage at 0ºC of the 
grapes prior to winemaking, allowing partial breakdown and 
extraction of skin phenolics into the berry. Wines from treatments 
RS and WRS had significantly higher concentrations of epicat-
echin, proanthocyanidins and anthocyanins than all the other 
treatments. The higher phenolic concentration of treatment RS 
compared to WRS may be related to a higher concentration of 

phenols released from the red skins into the free run juice com-
pared to the white skins during pressing. Treatments WSA and 
RS were expected to be comparable, but as a result of some of 
the anthocyanins of the added anthocyanin extract being 
absorbed by grape skin components, precipitated or otherwise 
lost during fermentation, this was not true. In a future study it 
may be better to calculate the addition of anthocyanins accord-
ing to the concentration of anthocyanins present in the red skins 
and not the extractable amount. When the treatments with 
added anthocyanins (WA and WSA) are compared with their 
non-pigmented counterparts (W and WS), the main differences 
were the presence of monomeric and polymeric pigments, as 
well as the fact that their concentration of polymeric phenols is 
at least double the amount (although WSA was not significantly 
different to WS). 

Sensory analysis 

An analysis of variance (ANOVA) of the descriptive data assess-
ing the treatment effects was performed. All the attributes except 
‘silk’ was significantly different across treatments. There were no 
significant differences between treatment replicates except for 
‘velvet’. Data for these two attributes will not be discussed fur-
ther. To facilitate the interpretation of the differences and simi-
larities of the samples, principal component analysis (PCA) was 
applied to the data. The first two components accounted for 
95% of the variance. The first principal component (PC1) differ-
entiated the samples according to the relative intensity of ‘bitter’, 
‘dry’, ‘viscosity’, ‘astringency’, ‘grippy’, ‘medium grain’, ‘coarse 
grain’ and ‘fine emery’ (Figure 1). All of these attributes were 
correlated. The second principal component (PC2) separated the 
samples on the basis of the ‘fine grain’ attribute. 

The presence of white skins and seeds (WA versus WSA and W 
versus WS) mainly increased the rating of ‘fine grain’, and only 
slightly increased astringency attributes such as ‘drying’ (Figure 1). 
It must be noted that the free run juice in the current study contained 

TABLE 3. The phenolic profile of the different wine treatments after 6 months aging determined by HPLC. Each value is the mean of triplicates (except 
for Control W, where n=2) with standard deviation (SD) shown in brackets.

Analysis W WA WS WSA WRS RS

Catechin 11.4 (2.2)a 13.3 (1.5)a 37.2 (1.5)b 33.6 (8.2)b 19.8 (4.0)a,b 23.2 (6.8)c

Epicatechin 8.9 (0.6)a 11.6 (1.1)a 36.9 (2.2)b 34.2 (5.3)b 82.0 (9.9)c 47.6 (12.0)c

Proanthocyanidins  * 125.5 (11.2)a 122.8 (6.0)a 188.6 (16.6)a 194.9 (16.6)a 452.9 (122.0)b 470.6 (80.0)b

Polymeric phenols  * 56.0 (0.8)a 198.1 (44.5)a,b 34.7 (9.1)a 103.1 (6.0)a 344.3 (57.8)b 669.0 (239.4)c

Anthocyanins  ** nba 527.8 (94.0)b nba 395.4 (16.2)a 1576.4 (51.3)c 1410.5 (538.9)c

Vitisin A ** nba 22.5 (3.4)b nba 4.9 (0.6)a 28.3 (9.6)b 42.8 (0.7)c

Other pigments ** nba 70.5 (3.6)a nba 40.4 (3.3)a 550.6 (185.0)b 753.7 (275.0)b

Polymeric pigments  ** nba 85.0 (30.6)a,b nba 24.0 (2.2)a,b 137.5 (13.3)b 282.8 (108.9)c

a, b, c and d represent different groups. Values in the same row with the same superscript letter were not significantly different at the 5% level.
* Quantitated as catechin equivalents (mg/L).
** Quantitated as malvidin-3-O-glucoside equivalents (mg/L).
nd = not detected.
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Anita Oberholster, Department of Viticulture and Oenology, Stellenbosch University 

The article below is a shortened extract from an article published in the Australian Journal of Grape 
and Wine Research 15, 59 - 69, 2009. 

Anita Oberholster

INTRODUCTION 

White grapes fermented like a typical red wine in the presence 
of skins and seeds result in wines with quite different astringent 
sensory profiles to those of red wines: they tend to be coarser 
and lower in astringency. The only apparent difference between 
the phenolic composition of pomace-fermented white wines and 
red wine is the anthocyanin content. Anthocyanins have been 
said to have only a mild indistinct taste , while it has been 
reported to possibly increase the astringency of seed and skin 
extracts . However, this does not explain the complex mouth-feel 
differences between red and white wines. The present study was 
conducted to further investigate the contribution of anthocyanins 

or tannin-anthocyanin reaction products to the mouth-feel prop-
erties of red wine. Anthocyanins were isolated and added to 
different white wine ferments to investigate the contribution of 
anthocyanins and their fermentation and aging products to sen-
sory characteristics of wine. 

MATERIALS AND METHODS 

Chardonnay grapes (23.5 °Brix, pH 3.81, titratable acidity (TA) 
5.2 g/L as tartaric acid) from the Adelaide Hills (Lenswood, South 
Australia) and Shiraz grapes (24.5 °Brix, pH 3.94, TA 4.3 g/L) 
from Nuriootpa Research Station (Barossa Valley, South Austra-
lia) were used. The anthocyanin extract was prepared from a 
portion of the Shiraz grapes (37.3kg), while the rest of the grapes 

TABLE 1. Composition of the different winemaking treatments.

Treatment Code Treatment Description

W White free run juice (1.8 L)
WA White free run juice (1.8 L) with added anthocyanins (1.44 g/L)
WS White free run juice (1.67 L) with added white skins and seeds (0.635 kg/L)
WSA White free run juice (1.67 L) with added white skins and seeds (0.635 kg/L) and anthocyanins (1.44 g/L)
WRS White free run juice (1.8 L) with added red skins and seeds (0.494 kg/L)
RS Red free run juice (1.8 L) with red skins and seeds (0.494 kg/L)

TABLE 2. Definitions and reference standards for the sensory attributes.

Attribute Description Standard

Fine grain
Feeling of minute rough granules/particulate matter against the mouth surfaces through the 
movement of the wine

–

Medium grain Bentonite powder (touch) †

Coarse grain Celite S45 filterf aid (touch) ‡

Silk

Texture felt on the mouth surfaces when different surfaces come in contact with each other

Silk material (touch)

Velvet Velvet material (touch)

Fine emery Sand paper grade No. 1000 (touch)

Dry Lack of lubrication or moistness resulting in increased friction between oral surfaces Aluminium sulphide0.5 g/L

Grippy
Drawing or tightening sensation felt in the mouth, lips and/or cheeks, lack of slip between mouth 
surfaces resulting in the inability to easily move mouth surfaces across each other

–

Overall astringency Complex of drying, surface texture and dynamic sensations in the mouth –

Viscosity
Degree to which wine resists flow under an applied force in the mouth, amount of force 
required to manipulate the fluid in the mouth

Carboxmethyl/cellulose 4 g/L

Bitter Quinine sulphate 7 mg/L

† Bentonite Volclay Pty Ltd., L-9913 powder, mean particle size 7.6 µm (min 65% passing).
‡ Celite 545, mean particle size 36.2 µm.
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were stored at 0°C. Pressed grape skins were extracted with 
isoamyl alcohol and purified by five re-crystallisations . Grapes 
were crushed and pressed and the isolated red and white skins 
and seeds were respectively back added where needed in ratio 
of the free run juice and skins and seeds produced during press-
ing of the respective grapes (see Table 1). 

Phenolic composition of the wines was determined by reverse 
phase high performance liquid chromatography (RP-HPLC) 
analyses . Descriptive analysis was carried out using ten judges. 
Eleven mouth-feel terms (‘fine grain’, ‘medium grain’, ‘coarse 
grain’, ‘silk’, ‘velvet’, ‘fine emery’, ‘dry’, ‘grippy’, ‘overall astrin-
gency’, ‘viscosity’ and ‘bitter’) were generated with reference to 
the developed mouth-feel wheel . See Table 2 for description of 
attributes and reference standards used. 

RESULTS AND DISCUSSION 

Phenolic composition 

The different wine treatments were analysed for phenolic com-
position after six months of bottle aging by RP-HPLC (Table 2). 
After six months of bottle aging the main differences between 
the treatment white free run juice (W) and the treatment with 
added white skins and seeds (WS) were expected to be due to 
skin and seed phenolic compounds extracted into the juice dur-
ing fermentation and their subsequent reaction products during 
aging. Larger differences between the control W and treatment 
WS were anticipated according to HPLC analysis, but it were 
apparent that the control contained a higher concentration of 
phenolics then expected for a free run lightly pressed white wine 
. This is most likely due to the extended storage at 0ºC of the 
grapes prior to winemaking, allowing partial breakdown and 
extraction of skin phenolics into the berry. Wines from treatments 
RS and WRS had significantly higher concentrations of epicat-
echin, proanthocyanidins and anthocyanins than all the other 
treatments. The higher phenolic concentration of treatment RS 
compared to WRS may be related to a higher concentration of 

phenols released from the red skins into the free run juice com-
pared to the white skins during pressing. Treatments WSA and 
RS were expected to be comparable, but as a result of some of 
the anthocyanins of the added anthocyanin extract being 
absorbed by grape skin components, precipitated or otherwise 
lost during fermentation, this was not true. In a future study it 
may be better to calculate the addition of anthocyanins accord-
ing to the concentration of anthocyanins present in the red skins 
and not the extractable amount. When the treatments with 
added anthocyanins (WA and WSA) are compared with their 
non-pigmented counterparts (W and WS), the main differences 
were the presence of monomeric and polymeric pigments, as 
well as the fact that their concentration of polymeric phenols is 
at least double the amount (although WSA was not significantly 
different to WS). 

Sensory analysis 

An analysis of variance (ANOVA) of the descriptive data assess-
ing the treatment effects was performed. All the attributes except 
‘silk’ was significantly different across treatments. There were no 
significant differences between treatment replicates except for 
‘velvet’. Data for these two attributes will not be discussed fur-
ther. To facilitate the interpretation of the differences and simi-
larities of the samples, principal component analysis (PCA) was 
applied to the data. The first two components accounted for 
95% of the variance. The first principal component (PC1) differ-
entiated the samples according to the relative intensity of ‘bitter’, 
‘dry’, ‘viscosity’, ‘astringency’, ‘grippy’, ‘medium grain’, ‘coarse 
grain’ and ‘fine emery’ (Figure 1). All of these attributes were 
correlated. The second principal component (PC2) separated the 
samples on the basis of the ‘fine grain’ attribute. 

The presence of white skins and seeds (WA versus WSA and W 
versus WS) mainly increased the rating of ‘fine grain’, and only 
slightly increased astringency attributes such as ‘drying’ (Figure 1). 
It must be noted that the free run juice in the current study contained 

TABLE 3. The phenolic profile of the different wine treatments after 6 months aging determined by HPLC. Each value is the mean of triplicates (except 
for Control W, where n=2) with standard deviation (SD) shown in brackets.

Analysis W WA WS WSA WRS RS

Catechin 11.4 (2.2)a 13.3 (1.5)a 37.2 (1.5)b 33.6 (8.2)b 19.8 (4.0)a,b 23.2 (6.8)c

Epicatechin 8.9 (0.6)a 11.6 (1.1)a 36.9 (2.2)b 34.2 (5.3)b 82.0 (9.9)c 47.6 (12.0)c

Proanthocyanidins  * 125.5 (11.2)a 122.8 (6.0)a 188.6 (16.6)a 194.9 (16.6)a 452.9 (122.0)b 470.6 (80.0)b

Polymeric phenols  * 56.0 (0.8)a 198.1 (44.5)a,b 34.7 (9.1)a 103.1 (6.0)a 344.3 (57.8)b 669.0 (239.4)c

Anthocyanins  ** nba 527.8 (94.0)b nba 395.4 (16.2)a 1576.4 (51.3)c 1410.5 (538.9)c

Vitisin A ** nba 22.5 (3.4)b nba 4.9 (0.6)a 28.3 (9.6)b 42.8 (0.7)c

Other pigments ** nba 70.5 (3.6)a nba 40.4 (3.3)a 550.6 (185.0)b 753.7 (275.0)b

Polymeric pigments  ** nba 85.0 (30.6)a,b nba 24.0 (2.2)a,b 137.5 (13.3)b 282.8 (108.9)c
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FIGURE 1. Principal component analysis (PCA) of the sensory profile of the six wine 
treatments. For details of sample codes see Table 1. 
 
The presence of white skins and seeds (WA versus WSA and W versus WS) mainly 
increased the rating of ‘fine grain’, and only slightly increased astringency attributes 
such as ‘drying’ (Figure 1). It must be noted that the free run juice in the current study 
contained larger quantities of phenols than usual (Hernanz et al. 2007) and the small 
effect of skin contact during fermentation may be due to an already astringent white 
wine control. However, the amount of flavan-3-ols extracted into WS were up to four 
times more than what was extracted in 24 hr in studies investigating the effect of 
prefermentative maceration (Gomez-Miguez et al. 2007; Hernanz et al. 2007). 
 
It was clear that the presence of anthocyanins increased astringency, specifically the 
attributes ‘dry’ and ‘grippy’ and to a lesser extent resulted in an increase in ‘viscosity’ 
and ‘fine emery’. This increase in astringency may have been related to low level 
phenolic impurities (Vidal et al. 2004) or by the formation of new polymeric pigments. 
Pigments other than monomeric anthocyanins made a 15 to 26% contribution to wine 
colour after six months of bottle aging in treatments WSA and WA, respectively. The 
treatments with added anthocyanin (WA and WSA) were rated as being more fine 
grained compared to the treatments with no added anthocyanin (W and WS). Vidal and 
co-workers determined that polymeric pigments isolated from grape marc contributed to 
the fine grain attribute (Vidal et al. 2004). The treatments with added red skins and 
seeds (WRS and RS) contained the highest concentration of pigments and monomeric 
and polymeric phenols and were scored the highest in attributes ‘dry’, ‘astringency’, 
‘viscosity’, ‘grippy’, ‘medium grain’ and ‘fine emery’. 
 
In this study, a white wine made like a red wine did not exhibit the same mouth-feel 
sensory attributes of a red wine: it was lower in viscosity, less particulate in nature and 
lower in astringency. It was found that differences in ratings of mouth-feel attributes 
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larger quantities of phenols than usual and the small effect of skin 
contact during fermentation may be due to an already astringent 
white wine control. However, the amount of flavan-3-ols extracted 
into WS were up to four times more than what was extracted in 24 
hr in studies investigating the effect of prefermentative maceration . 

It was clear that the presence of anthocyanins increased astrin-
gency, specifically the attributes ‘dry’ and ‘grippy’ and to a 
lesser extent resulted in an increase in ‘viscosity’ and ‘fine 
emery’. This increase in astringency may have been related to 
low level phenolic impurities or by the formation of new poly-
meric pigments. Pigments other than monomeric anthocyanins 
made a 15 to 26% contribution to wine colour after six months 
of bottle aging in treatments WSA and WA, respectively. The 
treatments with added anthocyanin (WA and WSA) were rated 
as being more fine grained compared to the treatments with no 
added anthocyanin (W and WS). Vidal and co-workers deter-
mined that polymeric pigments isolated from grape marc con-
tributed to the fine grain attribute . The treatments with added 
red skins and seeds (WRS and RS) contained the highest con-
centration of pigments and monomeric and polymeric phenols 

and were scored the highest in attributes ‘dry’, ‘astringency’, 
‘viscosity’, ‘grippy’, ‘medium grain’ and ‘fine emery’. 

In this study, a white wine made like a red wine did not exhibit 
the same mouth-feel sensory attributes of a red wine: it was 
lower in viscosity, less particulate in nature and lower in astrin-
gency. It was found that differences in ratings of mouth-feel 
attributes could not be related closely to phenolic composition 
or structure. The reason for this was probably the relatively low 
concentration of phenolics in the wines investigated. It may have 
been possible to observe correlations with more phenolic red 
grapes and wines. Longer bottle-aging of the wine, might also 
have allowed larger differences in phenolic composition to be 
observed. The presence of anthocyanins during fermentation 
increases the intensity of astringency related terms and can 
partly explain the differences perceived between the mouth-feel 
properties of a white and a red wine. The addition of anthocya-
nins mainly contributed to the ‘fine grain’ sub-attribute of astrin-
gency. Further investigation of young versus aged wine treat-
ments to determine the effect of anthocyanin polymerisation 
products, should be undertaken. 

For further information contact Anita Oberholster, e-mail: anita@sun.ac.za
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Alternative oak treatments in South Africa  
(Part 1): Establishing a correct stave dosage 
Wessel du Toit, Department of Viticulture & Oenology, Stellenbosch University

Wessel du Toit

The cost of oak wood barrels has increased the past few years 
and now forms one of the main production costs of many red 
wines. Oak barrels can normally only be used three to four times 
due to the leaching of flavour compounds from the wood to the 
wine during the ageing process. The use of alternative oak treat-
ments, such as oak chips, blocks and staves are thus becoming 
more popular. A previous study by Du Toit et al., 2006 con-
cluded that micro-oxygenation can be used in conjunction with 
oak staves to simulate an oak barrel, but the type of wood used 
is very important. 

These two articles will focus on some experiments performed 
recently at the Department of Viticulture and Oenology, Stellen-
bosch University on using oak staves as an alternative oak age-
ing method. The first article will look at establishing appropriate 
dosages which will simulate to certain extend the extraction 
obtained with a new oak barrel. These experiments were per-
formed in conjunction with micro-oxygenation to further simulate 
conditions normally to be found in an oak barrel. 

MATERIALS AND METHODS 

A 2006 Cabernet Sauvignon wine from the Paarl area, prepared 
with standard winemaking were used for this experiment and the 
treatment started just after the completion of malolactic fermen-
tation. American oak wood, each time from the same batch, was 
used in this experiment for both staves used as alternative oak 
treatments and to produce barrels from. We used a toasting 
method, in conjunction with a major SA cooper (Radoux), to 
toast oak wood destined for oak barrels or as staves in roughly 
the same manner. This entailed toasting the staves on both sides 
as opposed to that used for a barrel, where it is only toasted on 
one side. This is due to the wine being in contact with both sides 
when staves are used as alternative oak treatments. 

We used a 225 L oak barrel as a standard to calculate oak treat-
ments. The internal surface of a 225 L oak barrel is around 1.92 
m2. To two 1 000 L tanks staves at 40% of the equivalent of the 
internal surface area of a 225 L barrel was added to, while to two 
other 1 000 L tanks this dosage was increased to 100% of the 
internal surface area of a 225 L barrel. To one each of the 40% 
and 100% stave treatments micro-oxygenation was also applied 
at 4 mg O2/L/month, with a Parsec micro-oxygenation appara-
tus from Reines trading. The same wine was also matured in an 
old third fill 225 L barrel. 

During the course of the experiment a wide array of colour and 
phenolic characteristics were monitored with a spectrophotom-
eter, as well as HPLC. These included colour density, modified 
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of the 40% oak treatment was roughly the same as that of a new 
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modified colour densities (MCD) were also higher in the wines 
receiving oxygen and stored in barrels. In the MCD measurement 
acetaldehyde is added to a small sample of the wine before 
measurement. This is done to negate the bleaching effect of SO2 
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FIGURE 1. Colour density after 120 days of treatment. 100% and 40%: 
oak staves were added to the wine at 100% or 40% of the internal sur-
face of a 225 L barrel. Mox: micro-oxygenation at 4 mg O2/L/month, C: 
control, no O2 addition.
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FIGURE 1. Principal component analysis (PCA) of the sensory profile of the six wine 
treatments. For details of sample codes see Table 1. 
 
The presence of white skins and seeds (WA versus WSA and W versus WS) mainly 
increased the rating of ‘fine grain’, and only slightly increased astringency attributes 
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larger quantities of phenols than usual and the small effect of skin 
contact during fermentation may be due to an already astringent 
white wine control. However, the amount of flavan-3-ols extracted 
into WS were up to four times more than what was extracted in 24 
hr in studies investigating the effect of prefermentative maceration . 

It was clear that the presence of anthocyanins increased astrin-
gency, specifically the attributes ‘dry’ and ‘grippy’ and to a 
lesser extent resulted in an increase in ‘viscosity’ and ‘fine 
emery’. This increase in astringency may have been related to 
low level phenolic impurities or by the formation of new poly-
meric pigments. Pigments other than monomeric anthocyanins 
made a 15 to 26% contribution to wine colour after six months 
of bottle aging in treatments WSA and WA, respectively. The 
treatments with added anthocyanin (WA and WSA) were rated 
as being more fine grained compared to the treatments with no 
added anthocyanin (W and WS). Vidal and co-workers deter-
mined that polymeric pigments isolated from grape marc con-
tributed to the fine grain attribute . The treatments with added 
red skins and seeds (WRS and RS) contained the highest con-
centration of pigments and monomeric and polymeric phenols 

and were scored the highest in attributes ‘dry’, ‘astringency’, 
‘viscosity’, ‘grippy’, ‘medium grain’ and ‘fine emery’. 

In this study, a white wine made like a red wine did not exhibit 
the same mouth-feel sensory attributes of a red wine: it was 
lower in viscosity, less particulate in nature and lower in astrin-
gency. It was found that differences in ratings of mouth-feel 
attributes could not be related closely to phenolic composition 
or structure. The reason for this was probably the relatively low 
concentration of phenolics in the wines investigated. It may have 
been possible to observe correlations with more phenolic red 
grapes and wines. Longer bottle-aging of the wine, might also 
have allowed larger differences in phenolic composition to be 
observed. The presence of anthocyanins during fermentation 
increases the intensity of astringency related terms and can 
partly explain the differences perceived between the mouth-feel 
properties of a white and a red wine. The addition of anthocya-
nins mainly contributed to the ‘fine grain’ sub-attribute of astrin-
gency. Further investigation of young versus aged wine treat-
ments to determine the effect of anthocyanin polymerisation 
products, should be undertaken. 

For further information contact Anita Oberholster, e-mail: anita@sun.ac.za
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Alternative oak treatments in South Africa  
(Part 1): Establishing a correct stave dosage 
Wessel du Toit, Department of Viticulture & Oenology, Stellenbosch University

Wessel du Toit

The cost of oak wood barrels has increased the past few years 
and now forms one of the main production costs of many red 
wines. Oak barrels can normally only be used three to four times 
due to the leaching of flavour compounds from the wood to the 
wine during the ageing process. The use of alternative oak treat-
ments, such as oak chips, blocks and staves are thus becoming 
more popular. A previous study by Du Toit et al., 2006 con-
cluded that micro-oxygenation can be used in conjunction with 
oak staves to simulate an oak barrel, but the type of wood used 
is very important. 

These two articles will focus on some experiments performed 
recently at the Department of Viticulture and Oenology, Stellen-
bosch University on using oak staves as an alternative oak age-
ing method. The first article will look at establishing appropriate 
dosages which will simulate to certain extend the extraction 
obtained with a new oak barrel. These experiments were per-
formed in conjunction with micro-oxygenation to further simulate 
conditions normally to be found in an oak barrel. 

MATERIALS AND METHODS 

A 2006 Cabernet Sauvignon wine from the Paarl area, prepared 
with standard winemaking were used for this experiment and the 
treatment started just after the completion of malolactic fermen-
tation. American oak wood, each time from the same batch, was 
used in this experiment for both staves used as alternative oak 
treatments and to produce barrels from. We used a toasting 
method, in conjunction with a major SA cooper (Radoux), to 
toast oak wood destined for oak barrels or as staves in roughly 
the same manner. This entailed toasting the staves on both sides 
as opposed to that used for a barrel, where it is only toasted on 
one side. This is due to the wine being in contact with both sides 
when staves are used as alternative oak treatments. 

We used a 225 L oak barrel as a standard to calculate oak treat-
ments. The internal surface of a 225 L oak barrel is around 1.92 
m2. To two 1 000 L tanks staves at 40% of the equivalent of the 
internal surface area of a 225 L barrel was added to, while to two 
other 1 000 L tanks this dosage was increased to 100% of the 
internal surface area of a 225 L barrel. To one each of the 40% 
and 100% stave treatments micro-oxygenation was also applied 
at 4 mg O2/L/month, with a Parsec micro-oxygenation appara-
tus from Reines trading. The same wine was also matured in an 
old third fill 225 L barrel. 

During the course of the experiment a wide array of colour and 
phenolic characteristics were monitored with a spectrophotom-
eter, as well as HPLC. These included colour density, modified 
colour density (where the bleaching effect of SO2 is negated by 
acetaldehyde addition), total red pigment, SO2 resistant pig-

ments total tannins, total anthocyanins, total phenolics, catechin, 
cinnamic acid derivates, individual anthocyanins, dimers B1 and 
B2, polymeric pigments, polymeric phenolics etc. Certain volatile 
oak compounds, such as eugenol, lactones, furfural etc. were 
also analysed with GC-MS, as well as standard wine analyses 
such as SO2, alcohol, VA etc. 

RESULTS AND DISCUSSION 

The colour density (CD) of the wine after 4 months can be seen 
in Fig. 1. It is clear that only after 4 months of ageing with oak 
staves and micro-oxygenation an increase in the CD was 
observed. Wines matured in older barrels 2nd fill and 3rd fill bar-
rels showed lower CD, probably due to less oxygen diffusing into 
the wine and less hydrolysable tannins being available for indirect 
acetaldehyde induced polymerization. 

After 6 months this difference was even more pronounced, as 
can be seen in Fig. 2. Again the wine exposed to micro-oxygen-
ation and higher oak staves dosage had the highest CD. The CD 
of the 40% oak treatment was roughly the same as that of a new 
barrel after 180 days of treatment. Surprisingly enough the 
modified colour densities (MCD) were also higher in the wines 
receiving oxygen and stored in barrels. In the MCD measurement 
acetaldehyde is added to a small sample of the wine before 
measurement. This is done to negate the bleaching effect of SO2 
on the colour. The difference in the CD and MCD was smaller in 
the wines receiving oxygen and in the new barrels, due to the 
oxygen addition and higher concentrations of hydrolysable tan-
nins being released into the wine, which catalyses pigment for-
mation. These pigments are normally more resistant towards the 
bleaching effect of SO2. Polymerisation reactions between free 
anthocyanins and catechin moieties form these pigments, which 

FIGURE 1. Colour density after 120 days of treatment. 100% and 40%: oak 
staves were added to the wine at 100% or 40% of the internal surface of a 225 L 
barrel. Mox: micro-oxygenation at 4 mg O2/L/month, C: control, no O2 addition. 
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FIGURE 2. Colour density (CD) and modified colour density (MCD) after 180 
days of treatments. 100% and 40%: oak staves were added to the wine at 100% 
or 40% of the internal surface of a 225 L barrel. Mox: micro-oxygenation at 4 mg 
O2/L/month, C: control, no O2 addition. NB: new barrel, OB: old barrel. 
 

10
11
12
13
14
15
16
17
18
19
20

10
0%

C
40

%C

10
0%

mox

40
%mox

NB1
NB2

OB1
OB2

Treatment

O
D

CD
MCD

 
 
 
 
 
 
 
 
 
 

FIGURE 1. Colour density after 120 days of treatment. 100% and 40%: 
oak staves were added to the wine at 100% or 40% of the internal sur-
face of a 225 L barrel. Mox: micro-oxygenation at 4 mg O2/L/month, C: 
control, no O2 addition.

CELLAR



technical yearbook 200978

FIGURE 1. Colour density after 120 days of treatment. 100% and 40%: oak 
staves were added to the wine at 100% or 40% of the internal surface of a 225 L 
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FIGURE 2. Colour density (CD) and modified colour density (MCD) after 180 
days of treatments. 100% and 40%: oak staves were added to the wine at 100% 
or 40% of the internal surface of a 225 L barrel. Mox: micro-oxygenation at 4 mg 
O2/L/month, C: control, no O2 addition. NB: new barrel, OB: old barrel. 
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FIGURE 3. Free anthocyanin concentrations during the course of the treatment. 
100% and 40%: oak staves were added to the wine at 100% or 40% of the 
internal surface of a 225 L barrel. Mox: micro-oxygenation at 4 mg O2/L/month, 
C: control, no O2 addition. NB: new barrel, OB: old barrel. 
 

0

100

200

300

400

500

600

700

800

900

30 150 180

Time in days

A
nt

hc
 c

on
c 

(m
g/

L) Initial
40%mox
100%mox
40%C
100%C
NB
OB

 
 
 
 
FIGURE 4. Different colour fractions of the wines with different treatments after 
180 days of treatment. 100% and 40%: oak staves were added to the wine at 
100% or 40% of the internal surface of a 225 L barrel. Mox: micro-oxygenation at 
4 mg O2/L/month, C: control, no O2 addition. NB: new barrel, OB: old barrel, PP: 
polymeric pigment, FA: free anthocyanins, CP: co-pigment. 
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180 days of treatment. 100% and 40%: oak staves were added to the wine at 
100% or 40% of the internal surface of a 225 L barrel. Mox: micro-oxygenation at 
4 mg O2/L/month, C: control, no O2 addition. NB: new barrel, OB: old barrel, PP: 
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FIGURE 2. Colour density (CD) and modified colour density (MCD) after 
180 days of treatments. 100% and 40%: oak staves were added to the 
wine at 100% or 40% of the internal surface of a 225 L barrel. Mox: 
micro-oxygenation at 4 mg O2/L/month, C: control, no O2 addition. NB: 
new barrel, OB: old barrel.

FIGURE 3. Free anthocyanin concentrations during the course of the 
treatment. 100% and 40%: oak staves were added to the wine at 100% 
or 40% of the internal surface of a 225 L barrel. Mox: micro-oxygenation 
at 4 mg O2/L/month, C: control, no O2 addition. NB: new barrel, OB: 
old barrel.

FIGURE 4. Different colour fractions of the wines with different treatments 
after 180 days of treatment. 100% and 40%: oak staves were added to 
the wine at 100% or 40% of the internal surface of a 225 L barrel. Mox: 
micro-oxygenation at 4 mg O2/L/month, C: control, no O2 addition. NB: 
new barrel, OB: old barrel, PP: polymeric pigment, FA: free anthocyanins, 
CP: co-pigment.

obviously leads to a decrease in free anthocyanin concentration. 
This was also reflected in the anthocyanin concentration of the 
wines (Fig. 3), where the wines receiving higher concentrations 
of oak contact and especially oxygen, had a lower value of 
anthocyanins, with the old barrel having the highest concentra-
tion of anthocyanins. The so-called Boulton analyses also 
reflected this, with wines receiving higher oxygen added and 
higher concentrations of staves having lower free anthocyanins 
and higher polymeric pigments and co-pigments (Fig. 4) after 
180 days. 

The total red pigments were also lower in the stave and new 
barrel treated wines compared to that stored in an old barrel, but 
the parentage of pigments in the red form were higher in these 
wines (Table 1), explaining the higher CD of these wines. This is 
typical of what happens with red wine in a new barrel, where 
colourless anthocyanins are incorporated into coloured pig-
ments. However, some of these pigments can precipitate over 
time, but these wines CD is normally still higher due to the 
higher % of colour in the red-brown form. The addition of oak 
staves and oxygen thus not only leads to polymerisation, but also 
to the transformation of previously colourless compounds into 
red-brown pigments. This percentage was however higher in the 
oxygen treated wines than in the wines matured in the oak barrel, 

TABLE 1. Percentage of colour in the red form and total red pigments of 
the wines with different treatments after 180 days. 100% and 40%: oak 
staves were added to the wine at 100% or 40% of the internal surface 
of a 225 L barrel. Mox: micro-oxygenation at 4 mg O2/L/month, C: 
control, no O2 addition. NB: new barrel, OB: old barrel.

Treatment % of colour in the red form Total red pigments

100% K 71 23.6

40% K 69 23.5

100% mox 82 22.9

40% mox 80 22

NV1 76 23.6

NV2 71 24.4

OV1 65 26.6

OV2 62 27.8

which could be due to slightly too high oxygen addition added 
to this wine. This highlights the need for further research regard-
ing the role and addition of oxygen in wine. 

Colour hue did not differ significantly between all the treatments 
(results not shown). This was due to a parallel increase in 420 
and 520 nm (colour hue is measured by 420 nm/520 nm). 

In Table 2 the HPLC analyses of certain individual phenolic com-
pounds can be seen. Micro-oxygenation and higher oak stave 
additions seems to have led to lower levels of the dimmers B1 
and B2 and certain anthocyanins such as malvidin-3-glucoside 
and delphinidin-3-glucoside. Micro-oxygenation increased the 
polymeric pigment and phenol content, which can be explained 
by the Bayer reaction, where oxygen addition to phenolics leads 
to the production of small amounts of acetaldehyde, which can 
form a bridge between phenolic compounds. However, it was 
surprisingly the lowest in this case in the wine matured in the new 
barrel. It is believed that aldehydes originating from oak can also 
have this polymerisation induced function, explaining why the 
same happened to certain extend in the control wines with a 
100% oak contact receiving no oxygen. 

Free SO2 concentrations in the 2006 Cabernet Sauvignon can 
also be seen in Table 3. It is clear that free SO2 levels dropped 
quicker where higher stave dosages and oxygen was added. 
Oxygen coming into contact with wine leads to the oxidation of 
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TABLE 2. Concentrations of different phenolic compounds (mg/L) after 
200 days of treatment. (00% and 40%: oak staves were added to the 
wine at 100% or 40% of the internal surface of a 225 L barrel. Mox: 
micro-oxygenation at 4 mg O2/L/month, C: control, no O2 addition. NB: 
new barrel, OB: old barrel.

Compound* 40% K 40%  
mox

100% 
K

100% 
mox NV

Gallic acid 43.8 42.7 45.6 43.5 49.0

Gallocatechin 14.1 15.2 4.7 12.5 15.0

Epigallocatechin 6.6 9.5 5.8 8.5 10.6

Delph-3-gluc 19.6 14.8 14.0 10.8 12.5

Cya-3-gluc 1.4 1.1 0.8 0.8 1.0

Catechin 61.3 58.5 48.6 54.7 60.0

B1 71.1 66.5 56.9 55.9 67.2

Pet-3-gluc 15.5 12.2 12.1 9.0 10.4

Epicatechin 72.9 68.8 61.6 30.1 45.0

Peo-3-gluc 11.4 9.3 8.7 7.4 8.0

Malv-3-gluc 106.6 86.3 86.6 65.8 76.4

B2 64.9 56.6 57.9 50.8 77.2

Delph-3-acetgluc 1.3 1.2 0.4 0.9 0.3

Pet-3-acetgluc 2.4 1.8 0.5 1.0 1.1

Peo-3-acetgluc 2.7 1.9 0.6 1.3 1.3

Quer-galactoside 59.8 51.7 49.0 44.9 33.4

Malv-3-acetgluc 19.2 10.6 10.2 7.4 13.3

Quer-3-glucoside 1.6 1.2 0.7 1.0 0.7

Epicatechingallate 6.9 7.3 6.5 21.7 6.3

Delph-3-p-coumgluc 5.3 3.7 0.3 1.6 1.6

Pet-3-p-coumgluc 5.9 4.8 1.5 3.3 1.9

Peo-3-p-coumgluc 2.1 1.8 0.6 1.5 0.7

Malv-3-p-coumgluc 13.1 10.2 8.1 7.5 6.5

Myrecitin 2.5 2.2 1.7 1.1 1.8

Polymeric pigments 73.3 85.1 70.6 99.0 35.2

Polymeric phenols 1757.3 1801.8 1478.2 1913.4 746.0

phenolic compounds, originating from both the grapes and oak. 
This leads to the formation of H2O2, which can further oxidise 
ethanol to form acetaldehyde. The latter can form a bridge 
between anthocyanin and catechin moieties to form pigments, 
as mentioned before. SO2 reacts with the H2O2, thus preventing 
further oxidation by this potent oxidant. One can thus ask the 
question how oxidation still occurs when SO2 is present in the 
wine. The reason for this is that SO2 occurs at much lower con-
centrations in wine than ethanol, so part of the H2O2 can still 
react with the latter if the SO2 concentration is not too high. 
Resent research showed that when total SO2 levels during micro-
oxygenation exceed 100 mg/L a large part of the oxygen treat-
ment is negated. We tried to keep the free SO2 levels at about 
20 mg/L during the treatment. 

In Table 4 the concentration of some oak derived volatiles after 
200 days can be seen. Guaiacol, which contributes to the smoky 
flavour of red wines, was higher in the wines treated with staves 
than with the barrel, which could be due to slight differences in 
toasting. The concentration of guaiacol was also higher than the 
odour threshold value (OTV, the minimum concentration where 
people normally start to perceive it) of 10 µg/L. Trans oak lactone 
was much lower than the OTV, which was also often found by 
other researchers. However, the cis-oak lactone, one of the most 

important flavours compounds deriving from oak showed inter-
esting results. Those in the wine matured in the barrel was on 
par with those receiving 40% oak wood contact, which was also 
the case with eugenol, which contributes to the spiciness of red 
wine. Both these compounds occurred at levels higher than their 
respective OTV. The two Brettanomyces derived compounds; 
4-ethylguaiacol and 4-ethylphenol showed similar values and 
were both lower than their OTVs. 

Standard wine analyses, such as alcohol, TA, pH and VA did not 
show any significant differences between the wines. 

A tasting panel could distinguish in general between the 100% 
oak contact and that of the barrel treatments after 180 days, but 
not between the 40% oak contact and the new barrel, giving 
another indication that 40% is closer to the dosage simulating 
the barrel to the largest degree. The panel also in general pre-
ferred the barrel and 40% oak contact wines over the 100% oak 
contact wines, stating that the latter wines were over wooded. 

These results give preliminary indications that 40% oak wood 
stave contact with micro-oxygenation gives much closer results 
to a new barrel than a 100% oak wood contact. The reasons for 
this are not clear, but could be due to a larger extraction at the end 
of staves. It is thus important that winemakers rather use area/hL 
than mass/hL when deciding on how much staves to add to a 
tank. A rough recommendation can be that if an intense oak fla-
vour is required about 30 - 40% of the internal surface of a barrel 
be added to the wine, while if a more subdued oak flavour is 
required only 10 - 15% should be added. However, this should be 
done in conjunction with a reliable cooper, as products can also 
change from supplier to supplier. One should also keep in mind 
that staves are not always produced from the same quality wood 
as barrels and the next article will address this aspect further. 
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FIGURE 1. Colour density after 120 days of treatment. 100% and 40%: oak 
staves were added to the wine at 100% or 40% of the internal surface of a 225 L 
barrel. Mox: micro-oxygenation at 4 mg O2/L/month, C: control, no O2 addition. 
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FIGURE 2. Colour density (CD) and modified colour density (MCD) after 180 
days of treatments. 100% and 40%: oak staves were added to the wine at 100% 
or 40% of the internal surface of a 225 L barrel. Mox: micro-oxygenation at 4 mg 
O2/L/month, C: control, no O2 addition. NB: new barrel, OB: old barrel. 
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FIGURE 3. Free anthocyanin concentrations during the course of the treatment. 
100% and 40%: oak staves were added to the wine at 100% or 40% of the 
internal surface of a 225 L barrel. Mox: micro-oxygenation at 4 mg O2/L/month, 
C: control, no O2 addition. NB: new barrel, OB: old barrel. 
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FIGURE 4. Different colour fractions of the wines with different treatments after 
180 days of treatment. 100% and 40%: oak staves were added to the wine at 
100% or 40% of the internal surface of a 225 L barrel. Mox: micro-oxygenation at 
4 mg O2/L/month, C: control, no O2 addition. NB: new barrel, OB: old barrel, PP: 
polymeric pigment, FA: free anthocyanins, CP: co-pigment. 
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FIGURE 4. Different colour fractions of the wines with different treatments after 
180 days of treatment. 100% and 40%: oak staves were added to the wine at 
100% or 40% of the internal surface of a 225 L barrel. Mox: micro-oxygenation at 
4 mg O2/L/month, C: control, no O2 addition. NB: new barrel, OB: old barrel, PP: 
polymeric pigment, FA: free anthocyanins, CP: co-pigment. 
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FIGURE 2. Colour density (CD) and modified colour density (MCD) after 
180 days of treatments. 100% and 40%: oak staves were added to the 
wine at 100% or 40% of the internal surface of a 225 L barrel. Mox: 
micro-oxygenation at 4 mg O2/L/month, C: control, no O2 addition. NB: 
new barrel, OB: old barrel.

FIGURE 3. Free anthocyanin concentrations during the course of the 
treatment. 100% and 40%: oak staves were added to the wine at 100% 
or 40% of the internal surface of a 225 L barrel. Mox: micro-oxygenation 
at 4 mg O2/L/month, C: control, no O2 addition. NB: new barrel, OB: 
old barrel.

FIGURE 4. Different colour fractions of the wines with different treatments 
after 180 days of treatment. 100% and 40%: oak staves were added to 
the wine at 100% or 40% of the internal surface of a 225 L barrel. Mox: 
micro-oxygenation at 4 mg O2/L/month, C: control, no O2 addition. NB: 
new barrel, OB: old barrel, PP: polymeric pigment, FA: free anthocyanins, 
CP: co-pigment.

obviously leads to a decrease in free anthocyanin concentration. 
This was also reflected in the anthocyanin concentration of the 
wines (Fig. 3), where the wines receiving higher concentrations 
of oak contact and especially oxygen, had a lower value of 
anthocyanins, with the old barrel having the highest concentra-
tion of anthocyanins. The so-called Boulton analyses also 
reflected this, with wines receiving higher oxygen added and 
higher concentrations of staves having lower free anthocyanins 
and higher polymeric pigments and co-pigments (Fig. 4) after 
180 days. 

The total red pigments were also lower in the stave and new 
barrel treated wines compared to that stored in an old barrel, but 
the parentage of pigments in the red form were higher in these 
wines (Table 1), explaining the higher CD of these wines. This is 
typical of what happens with red wine in a new barrel, where 
colourless anthocyanins are incorporated into coloured pig-
ments. However, some of these pigments can precipitate over 
time, but these wines CD is normally still higher due to the 
higher % of colour in the red-brown form. The addition of oak 
staves and oxygen thus not only leads to polymerisation, but also 
to the transformation of previously colourless compounds into 
red-brown pigments. This percentage was however higher in the 
oxygen treated wines than in the wines matured in the oak barrel, 

TABLE 1. Percentage of colour in the red form and total red pigments of 
the wines with different treatments after 180 days. 100% and 40%: oak 
staves were added to the wine at 100% or 40% of the internal surface 
of a 225 L barrel. Mox: micro-oxygenation at 4 mg O2/L/month, C: 
control, no O2 addition. NB: new barrel, OB: old barrel.

Treatment % of colour in the red form Total red pigments

100% K 71 23.6

40% K 69 23.5

100% mox 82 22.9

40% mox 80 22

NV1 76 23.6

NV2 71 24.4

OV1 65 26.6

OV2 62 27.8

which could be due to slightly too high oxygen addition added 
to this wine. This highlights the need for further research regard-
ing the role and addition of oxygen in wine. 

Colour hue did not differ significantly between all the treatments 
(results not shown). This was due to a parallel increase in 420 
and 520 nm (colour hue is measured by 420 nm/520 nm). 

In Table 2 the HPLC analyses of certain individual phenolic com-
pounds can be seen. Micro-oxygenation and higher oak stave 
additions seems to have led to lower levels of the dimmers B1 
and B2 and certain anthocyanins such as malvidin-3-glucoside 
and delphinidin-3-glucoside. Micro-oxygenation increased the 
polymeric pigment and phenol content, which can be explained 
by the Bayer reaction, where oxygen addition to phenolics leads 
to the production of small amounts of acetaldehyde, which can 
form a bridge between phenolic compounds. However, it was 
surprisingly the lowest in this case in the wine matured in the new 
barrel. It is believed that aldehydes originating from oak can also 
have this polymerisation induced function, explaining why the 
same happened to certain extend in the control wines with a 
100% oak contact receiving no oxygen. 

Free SO2 concentrations in the 2006 Cabernet Sauvignon can 
also be seen in Table 3. It is clear that free SO2 levels dropped 
quicker where higher stave dosages and oxygen was added. 
Oxygen coming into contact with wine leads to the oxidation of 
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TABLE 2. Concentrations of different phenolic compounds (mg/L) after 
200 days of treatment. (00% and 40%: oak staves were added to the 
wine at 100% or 40% of the internal surface of a 225 L barrel. Mox: 
micro-oxygenation at 4 mg O2/L/month, C: control, no O2 addition. NB: 
new barrel, OB: old barrel.

Compound* 40% K 40%  
mox

100% 
K

100% 
mox NV

Gallic acid 43.8 42.7 45.6 43.5 49.0

Gallocatechin 14.1 15.2 4.7 12.5 15.0

Epigallocatechin 6.6 9.5 5.8 8.5 10.6

Delph-3-gluc 19.6 14.8 14.0 10.8 12.5

Cya-3-gluc 1.4 1.1 0.8 0.8 1.0

Catechin 61.3 58.5 48.6 54.7 60.0

B1 71.1 66.5 56.9 55.9 67.2

Pet-3-gluc 15.5 12.2 12.1 9.0 10.4

Epicatechin 72.9 68.8 61.6 30.1 45.0

Peo-3-gluc 11.4 9.3 8.7 7.4 8.0

Malv-3-gluc 106.6 86.3 86.6 65.8 76.4

B2 64.9 56.6 57.9 50.8 77.2

Delph-3-acetgluc 1.3 1.2 0.4 0.9 0.3

Pet-3-acetgluc 2.4 1.8 0.5 1.0 1.1

Peo-3-acetgluc 2.7 1.9 0.6 1.3 1.3

Quer-galactoside 59.8 51.7 49.0 44.9 33.4

Malv-3-acetgluc 19.2 10.6 10.2 7.4 13.3

Quer-3-glucoside 1.6 1.2 0.7 1.0 0.7

Epicatechingallate 6.9 7.3 6.5 21.7 6.3

Delph-3-p-coumgluc 5.3 3.7 0.3 1.6 1.6

Pet-3-p-coumgluc 5.9 4.8 1.5 3.3 1.9

Peo-3-p-coumgluc 2.1 1.8 0.6 1.5 0.7

Malv-3-p-coumgluc 13.1 10.2 8.1 7.5 6.5

Myrecitin 2.5 2.2 1.7 1.1 1.8

Polymeric pigments 73.3 85.1 70.6 99.0 35.2

Polymeric phenols 1757.3 1801.8 1478.2 1913.4 746.0

phenolic compounds, originating from both the grapes and oak. 
This leads to the formation of H2O2, which can further oxidise 
ethanol to form acetaldehyde. The latter can form a bridge 
between anthocyanin and catechin moieties to form pigments, 
as mentioned before. SO2 reacts with the H2O2, thus preventing 
further oxidation by this potent oxidant. One can thus ask the 
question how oxidation still occurs when SO2 is present in the 
wine. The reason for this is that SO2 occurs at much lower con-
centrations in wine than ethanol, so part of the H2O2 can still 
react with the latter if the SO2 concentration is not too high. 
Resent research showed that when total SO2 levels during micro-
oxygenation exceed 100 mg/L a large part of the oxygen treat-
ment is negated. We tried to keep the free SO2 levels at about 
20 mg/L during the treatment. 

In Table 4 the concentration of some oak derived volatiles after 
200 days can be seen. Guaiacol, which contributes to the smoky 
flavour of red wines, was higher in the wines treated with staves 
than with the barrel, which could be due to slight differences in 
toasting. The concentration of guaiacol was also higher than the 
odour threshold value (OTV, the minimum concentration where 
people normally start to perceive it) of 10 µg/L. Trans oak lactone 
was much lower than the OTV, which was also often found by 
other researchers. However, the cis-oak lactone, one of the most 

important flavours compounds deriving from oak showed inter-
esting results. Those in the wine matured in the barrel was on 
par with those receiving 40% oak wood contact, which was also 
the case with eugenol, which contributes to the spiciness of red 
wine. Both these compounds occurred at levels higher than their 
respective OTV. The two Brettanomyces derived compounds; 
4-ethylguaiacol and 4-ethylphenol showed similar values and 
were both lower than their OTVs. 

Standard wine analyses, such as alcohol, TA, pH and VA did not 
show any significant differences between the wines. 

A tasting panel could distinguish in general between the 100% 
oak contact and that of the barrel treatments after 180 days, but 
not between the 40% oak contact and the new barrel, giving 
another indication that 40% is closer to the dosage simulating 
the barrel to the largest degree. The panel also in general pre-
ferred the barrel and 40% oak contact wines over the 100% oak 
contact wines, stating that the latter wines were over wooded. 

These results give preliminary indications that 40% oak wood 
stave contact with micro-oxygenation gives much closer results 
to a new barrel than a 100% oak wood contact. The reasons for 
this are not clear, but could be due to a larger extraction at the end 
of staves. It is thus important that winemakers rather use area/hL 
than mass/hL when deciding on how much staves to add to a 
tank. A rough recommendation can be that if an intense oak fla-
vour is required about 30 - 40% of the internal surface of a barrel 
be added to the wine, while if a more subdued oak flavour is 
required only 10 - 15% should be added. However, this should be 
done in conjunction with a reliable cooper, as products can also 
change from supplier to supplier. One should also keep in mind 
that staves are not always produced from the same quality wood 
as barrels and the next article will address this aspect further. 

ACKNOWLEDGEMENTS 

Winetech and Thrip for funding of this project, Reines Trading for 
supplying the micro-oxygenation equipment, Radoux for toasting 
the staves and KWV for the oak volatile analyses. 

REFERENCES 

Cano-López, M., Pardo-Minguez, F., López-Roca, J.M., Gómez-Plaza, 
E. (2006). Effect of micro-oxygenation on anthocyanin and derived pig-

TABLE 3. Free SO2 concentrations (mg/L) during the course of the 
experiment, values in brackets SO2 indicate additions made. 100% and 
40%: oak staves were added to the wine at 100% or 40% of the internal 
surface of a 225 L barrel. Mox: micro-oxygenation at 4 mg O2/L/month, 
C: control, no O2 addition. NB: new barrel, OB: old barrel.

Time in days 30 50 75 100 130 160

100% mox 26 21 17 (10) 17 (10) 17 (10) 20

40% mox 27 24 22 (10) 21 (10) 21 (10) 25

100% K 35 35 28 24 (10) 25 (10) 33

40% K 35 35 28 24 25 (10) 33

NV 31 29 25 29 25 (10) 28

OV 39 40 37 36 34 30

CELLAR



technical yearbook 200980

TABLE 4. Concentrations of oak derived compounds (µg/L) in the wine after 200 days of treatment. 100% and 40%: oak staves were added to the 
wine at 100% or 40% of the internal surface of a 225 L barrel. Mox: micro-oxygenation at 4 mg O2/L/month, C: control, no O2 addition. NB: new 
barrel, OTV: odour threshold value.

Treatment

Compound concentration 
(µg/L)

Flavour
RDW
µg/L

40% K 100% K 40% mox 100% mox NV

Furfural Caramel 5800 77.6 131.4 78.4 102.6 55.8

5-Methylfurfural Caramel 6 10 9 39.6 4.8

Guaiacol Smoky 10 144.8 250 150.2 205.6 109.6

Trans oak lactone Oak, coconut 380 149.6 223 98.8 229.2 179.2

Cis oak lactone Oak, coconut 67 102.2 226.6 108.8 250.4 136.4

4-Ethylguaiacol
Horse sweat,  

barnyard
33 17.2 22.6 19.2 26.6 16.6

4-Ethylphenol Medicinal, barnyard 440 100.2 88 108.4 100.8 86

Eugenol Clove, spicy 5 19.2 37 17.2 26.6 18.2
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The previous article in this series looked 
at establishing a stave dosage which 
could simulate the extraction from an oak 
barrel. We established using the staves of 
a major South African cooper that around 
40% staves contact of a 225L barrel 
gives similar results to a new barrel. We 
thus also decided to investigate the effect 
of using different staves in combination 
and ascertain its effect on red wine com-
pared to the same wine matured in new 
oak barrels. The aim was thus to ascer-
tain the effect of staves produced from 
wood normally destined for barrel pro-
duction, as well as those normally used 
for alternative oak product production.

MATERIALS AND METHODS

A 2007 Pinotage was used for this exper-
iment. The wine was prepared from stan-
dard practices and treatments started 
soon after the completion of malolactic 
fermentation. American oak wood was 
used in this experiment. The Department 
of Viticulture and Oenology, Stellenbosch 
University developed a method, in con-
junction with a major SA cooper (Radoux), 
to toast oak wood destined for oak bar-
rels or as staves with roughly the same 

manner. This entailed toasting the staves 
made from oak wood normally used for 
barrel production on both sides with an 
open fire, as the wine in a barrel are in 
contact with the toasted sides of the bar-
rel staves. Staves (B) were thus produced 
from oak wood normally used for barrel 
production and toasted in roughly a simi-
lar manner as new barrels (NB) made 
from the same batch of wood. Staves (N) 
produced from wood normally used for 
alternative oak products were also toast-
ed with an oven. All oak used in these 
experiments were American oak.

In this experiment four 1000L tanks had 
a stave dosage of 40%. The internal sur-
face area of a 225L barrel was used as a 
standard to determine what surface area 
of oak staves be added to the wine (refer 
to the previous article). To two of the 
tanks microoxygenation was applied at 4 
mg O

2/L/month and to two none. One 
microoxygenation tank and one control 
tank received staves produced and toast-
ed from wood normally used to produce 
alternative oak products. The other two 
tanks received staves made from the 
same batch of wood used to produce the 
new oak barrel used in the experiment. 

During the treatment of the wine its colour 
and other phenolic characteristics were 
analysed with a spectrophotometer. These 
included colour density, modified colour 
density (where the bleaching effect of SO2 
is negated by acetaldehyde addition), total 
red pigment, SO2 resistant pigments total 
tannins, total anthocyanins and total phe-
nolics. Certain volatile oak compounds, 
such as eugenol, lactones, furfural etc. 
were also analysed with GC-MS, as well 
as standard wine analyses such as SO2, 
alcohol, VA etc. A blind tasting was also 
performed with a triangular and preference 
tasting after 180 days of storage.

RESULTS AND DISCUSSION

Different colour analyses on this wine 
revealed that wines made with the B 
treatment and receiving microoxygen-
ation, yielded slightly higher colour char-
acteristics, but these differences were 
very small (Table 1). Microoxygenation per 
se led to slightly higher colour density, but 
it was very small in general winemaking 
terms, which correlates with work previ-
ous findings that it generally lead to small 
increases in colour density when micro-
oxygenation is used on a wine with an 

Alternative oak treatments in South Africa,  
(Part 2): investigating the effect of different  
staves in simulating an oak barrel
Wessel du Toit, Department of Viticulture & Oenology, Stellenbosch University

TABLE 1. Different colour characteristics of the 2007 Pinotage during the course of the experiment. N refers to staves added to the wine made from 
wood normally used for alternative oak products and B to staves made from wood normally used to produce barrels. Mox refers to microoxygenation 
applied at 4 mg O2/L/month and c to the control tanks receiving no O2. NB: wine matured in new barrel, OB: wine matured in old barrel.

Treatment
Colour density (AU) Modified Colour Density (AU)

45 days 120 days 180 days 45 days 120 days 180 days
N mox 19.4 21.6 21.2 23.2 21.7 21.1
B mox 19.1 21.7 21.2 22.9 22.3 22.1
N c 18.5 20.6 20.3 22.8 22.6 21.5
B c 18.5 20.6 20.3 22.7 22.3 22.2
NB 19.3 22.2 21.9 22.8 22.3 22.6
OB 18.4 20.2 19.8 22.1 22.6 22.6

Treatment
SO2 resistant pigments (AU) Total red pigments (AU)

45 days 120 days 180 days 45 days 120 days 180 days
N mox 11.6 12.7 13.5 26.4 22.6 24.0
B mox 12.4 12.9 13.7 25.6 22.5 24.8
N c 11.9 12.6 12.2 26.5 23.0 25.5
B c 11.9 12.6 13.1 27.2 22.7 23.6
NB 12.3 12.6 13.3 25.8 21.7 23.8
OB 11.4 12.8 12.7 28.2 24.2 24.9
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TABLE 4. Concentrations of oak derived compounds (µg/L) in the wine after 200 days of treatment. 100% and 40%: oak staves were added to the 
wine at 100% or 40% of the internal surface of a 225 L barrel. Mox: micro-oxygenation at 4 mg O2/L/month, C: control, no O2 addition. NB: new 
barrel, OTV: odour threshold value.

Treatment

Compound concentration 
(µg/L)

Flavour
RDW
µg/L

40% K 100% K 40% mox 100% mox NV

Furfural Caramel 5800 77.6 131.4 78.4 102.6 55.8

5-Methylfurfural Caramel 6 10 9 39.6 4.8

Guaiacol Smoky 10 144.8 250 150.2 205.6 109.6

Trans oak lactone Oak, coconut 380 149.6 223 98.8 229.2 179.2

Cis oak lactone Oak, coconut 67 102.2 226.6 108.8 250.4 136.4

4-Ethylguaiacol
Horse sweat,  

barnyard
33 17.2 22.6 19.2 26.6 16.6
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The previous article in this series looked 
at establishing a stave dosage which 
could simulate the extraction from an oak 
barrel. We established using the staves of 
a major South African cooper that around 
40% staves contact of a 225L barrel 
gives similar results to a new barrel. We 
thus also decided to investigate the effect 
of using different staves in combination 
and ascertain its effect on red wine com-
pared to the same wine matured in new 
oak barrels. The aim was thus to ascer-
tain the effect of staves produced from 
wood normally destined for barrel pro-
duction, as well as those normally used 
for alternative oak product production.

MATERIALS AND METHODS

A 2007 Pinotage was used for this exper-
iment. The wine was prepared from stan-
dard practices and treatments started 
soon after the completion of malolactic 
fermentation. American oak wood was 
used in this experiment. The Department 
of Viticulture and Oenology, Stellenbosch 
University developed a method, in con-
junction with a major SA cooper (Radoux), 
to toast oak wood destined for oak bar-
rels or as staves with roughly the same 

manner. This entailed toasting the staves 
made from oak wood normally used for 
barrel production on both sides with an 
open fire, as the wine in a barrel are in 
contact with the toasted sides of the bar-
rel staves. Staves (B) were thus produced 
from oak wood normally used for barrel 
production and toasted in roughly a simi-
lar manner as new barrels (NB) made 
from the same batch of wood. Staves (N) 
produced from wood normally used for 
alternative oak products were also toast-
ed with an oven. All oak used in these 
experiments were American oak.

In this experiment four 1000L tanks had 
a stave dosage of 40%. The internal sur-
face area of a 225L barrel was used as a 
standard to determine what surface area 
of oak staves be added to the wine (refer 
to the previous article). To two of the 
tanks microoxygenation was applied at 4 
mg O

2/L/month and to two none. One 
microoxygenation tank and one control 
tank received staves produced and toast-
ed from wood normally used to produce 
alternative oak products. The other two 
tanks received staves made from the 
same batch of wood used to produce the 
new oak barrel used in the experiment. 

During the treatment of the wine its colour 
and other phenolic characteristics were 
analysed with a spectrophotometer. These 
included colour density, modified colour 
density (where the bleaching effect of SO2 
is negated by acetaldehyde addition), total 
red pigment, SO2 resistant pigments total 
tannins, total anthocyanins and total phe-
nolics. Certain volatile oak compounds, 
such as eugenol, lactones, furfural etc. 
were also analysed with GC-MS, as well 
as standard wine analyses such as SO2, 
alcohol, VA etc. A blind tasting was also 
performed with a triangular and preference 
tasting after 180 days of storage.

RESULTS AND DISCUSSION

Different colour analyses on this wine 
revealed that wines made with the B 
treatment and receiving microoxygen-
ation, yielded slightly higher colour char-
acteristics, but these differences were 
very small (Table 1). Microoxygenation per 
se led to slightly higher colour density, but 
it was very small in general winemaking 
terms, which correlates with work previ-
ous findings that it generally lead to small 
increases in colour density when micro-
oxygenation is used on a wine with an 

Alternative oak treatments in South Africa,  
(Part 2): investigating the effect of different  
staves in simulating an oak barrel
Wessel du Toit, Department of Viticulture & Oenology, Stellenbosch University

TABLE 1. Different colour characteristics of the 2007 Pinotage during the course of the experiment. N refers to staves added to the wine made from 
wood normally used for alternative oak products and B to staves made from wood normally used to produce barrels. Mox refers to microoxygenation 
applied at 4 mg O2/L/month and c to the control tanks receiving no O2. NB: wine matured in new barrel, OB: wine matured in old barrel.

Treatment
Colour density (AU) Modified Colour Density (AU)

45 days 120 days 180 days 45 days 120 days 180 days
N mox 19.4 21.6 21.2 23.2 21.7 21.1
B mox 19.1 21.7 21.2 22.9 22.3 22.1
N c 18.5 20.6 20.3 22.8 22.6 21.5
B c 18.5 20.6 20.3 22.7 22.3 22.2
NB 19.3 22.2 21.9 22.8 22.3 22.6
OB 18.4 20.2 19.8 22.1 22.6 22.6

Treatment
SO2 resistant pigments (AU) Total red pigments (AU)

45 days 120 days 180 days 45 days 120 days 180 days
N mox 11.6 12.7 13.5 26.4 22.6 24.0
B mox 12.4 12.9 13.7 25.6 22.5 24.8
N c 11.9 12.6 12.2 26.5 23.0 25.5
B c 11.9 12.6 13.1 27.2 22.7 23.6
NB 12.3 12.6 13.3 25.8 21.7 23.8
OB 11.4 12.8 12.7 28.2 24.2 24.9
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already high colour density (>18). Colour 
densities between the different oak treat-
ments also did not differ dramatically. 

These small differences were also reflected 
in the SO2 resistant pigments, total red 
pigments and % of colour in the red form 
(Table 1 and 2). Total red pigments did not 
differ dramatically between the different 
treatments and very little difference was 
observed in the degree of red colour 
between the different treatments, although 
it increased from 25% to around 45% from 
day 45 to 180 in all the treatments. This is 
due to colourless anthocyanin-tannin com-
plexes being transformed into coloured 
pigmented complexes. Colour hue did not 
differ significantly between the treatments 
(results not shown). In Fig 1 the evolution 
of anthocyanins during the course of the 
treatments can be seen. It is clear that 
microoxygenation led to some lower 

anthocyanins levels, probably due to 
polymerisation between anthocyanins and 
other phenolic compounds induced by the 
production of acetaldehyde. Again little 
difference was observed between the dif-
ferent oak treatments, but the new barrel 
treatment’s anthocyanins concentration 
was slightly higher than that of the 
microoxygenation treated wines. The Pino-
tage was also analysed after 180 days for 
phenolic compounds with HPLC, but no 
clear tendency could be observed, except 
for the microoxygenation and oak treat-
ments leading to lower anthocyanin and 
gallic acid levels (Table 3).

In table 4 the free SO2 concentrations of 
the 2007 Pinotage can be seen.  As 
expected, microoxygenation led to lower 
SO2 levels in the wine. At day 115 the free 
SO2 level in the N mox, B mox and NB 
treatments were all below 20 mg/L and 

TABLE 2. % of colour in the red form of the 2007 Pinotage during the course of the experiment. N 
refers to staves added to the wine made from wood normally used for alternative oak products 
and B to staves made from wood normally used to produce barrels. Mox refers to microoxygen-
ation applied at 4 mg O2/L/month and c to the control tanks receiving no O2. NB: wine matured in 
new barrel, OB: wine matured in old barrel.

Treatment 45 days 180 days

N mox 24 46

B mox 25 46

N c 26 44

B c 24 50

NB 24 49

OB 25 48

FIGURE 1. Anthocyanin concentrations (mg/L) of the 2007 Pinotage during the course of the exper-
iment. N refers to staves added to the wine made from wood normally used for alternative oak 
products and B to staves made from wood normally used to produce barrels. Mox refers to microox-
ygenation applied at 4 mg O2/L/month and c to the control tanks receiving no O2. NB: wine matured 
in new barrel.

were adjusted to 25 mg/L free. In a new 
barrel more O2 comes into contact with the 
wine, compared to an old barrel, which 
was also reflected in these lower SO2 val-
ues. This is due to the pores in new barrels 
being less blocked as well as more hydro-
lysable tannins being released into the 
wine, which induces polymerisation. This 
could all lead to lower free SO2 levels. It 
was thus clear that in this specific experi-
ment the addition of different oak staves 
and oxygen did not lead to large differ-
ences in colour and other phenolic char-
acteristics. However, the colour in the 
wines treated with oxygen was slightly 
more which was also reflected in them 
having lower anthocyanin concentrations 
and higher SO2 resistant pigments.

In tables 5 and 6 the concentrations of 
some important oak volatiles can be seen 
in the 2007 Pinotage after 60 and 180 
days of ageing can be seen. It is clear 
that the concentration of these com-
pounds increased over time. The concen-
trations of furfural stayed below the odour 
threshold value (the minimum concentra-
tion where people start to perceive it in 
wine) of 5800 µg/L. Guaiacol, which gives 
the typical smoky flavour to certain red 
wines were roughly the same after 60 
days, but after 180 days were similar in 
the B and NB treated wines. Trans-oak 
lactone values were also lower than the 
ODV throughout the experiment. This was 
probably due to its relative high OTV of 
380 µg/L, when compared to that of the 
cis-oak lactone. Cis-oak lactone is a 
potent oak volatile, which is responsible 
for the typical oak wood or coconut fla-
vour of red wines. It is clear that the 
concentration of this compound were 
closest to that of the wine matured in the 
new barrel (NB) when staves normally 
used for barrel production (B) were used 
in the experiment. Microoxygenation did 
not seem had a definitely effect on the 
concentrations of these compounds. 
Eugenol (spicy, clove like flavour) levels 
were similar in all the stave treated wines, 
but higher than the ODV. Low levels of 
4-ethylphenol and 4-ethylguaiacol indi-
cated little or no Brettanomyces activity in 
these wines. 

These differences can be explained due to 
the fact that not the same wood are used 
for alternative oak products (such as staves) 
and barrel production. Although we also 
tried to toast the staves in the B treatment 

 

Table 2: Percentage of colour in the red form of the 2007 Pinotage during the course of 

the experiment. N refers to staves added to the wine made from wood normally used for 

alternative oak products and B to staves made from wood normally used to produce 

barrels. Mox refers to microoxygenation applied at 4 mg O2/L/month and c to the control 

tanks receiving no O2. NB: wine matured in new barrel, OB: wine matured in old barrel. 
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TABLE 3. Concentrations of different phenolic compounds (mg/L) of the 2007 Pinotage after 180 days of treatment. N refers to staves added to the 
wine made from wood normally used for alternative oak products and B to staves made from wood normally used to produce barrels. Mox refers to 
microoxygenation applied at 4 mg O2/L/month and c to the control tanks receiving no O2. NB: wine matured in new barrel, OB: wine matured in old 
barrel.

Compounds
Treatment

N c N mox B c B mox NB OB

Gallic acid 8.3 3.6 9.9 4.6 10.1 25.1

Gallocatechin 2.7 7.5 2.6 3.6 9.5 7.1

Epigallocatechin 10.2 10.7 7.7 7.2 10.7 7.6

Catechin 38.2 39.2 32.4 29.0 43.3 50.3

B1 46.8 62.4 47.5 97.0 76.3 51.1

Epicatechin 35.3 0.0 33.9 31.5 12.0 10.7

B2 7.3 3.3 5.8 11.8 2.0 11.2

Total anthocyanins 121.6 93.5 116.5 97.0 88.9 176.9

Malvidin-3-gluc 58.4 44.4 55.5 46.6 41.8 86.1

Vitisin A 3.6 3.6 3.5 3.6 3.7 3.9
Polymeric  
pigments 128.7 124.2 128.2 132.5 124.9 125.5

Polymeric phenols 1183.5 1101.2 1227.9 1198.9 1113.9 1018.5

TABLE 4. Free SO2 concentrations (mg/L) of the 2007 Pinotage during the course of the experiment. N refers to staves added to the wine made from 
wood normally used for alternative oak products and B to staves made from wood normally used to produce barrels. Mox refers to microoxygenation 
applied at 4 mg O2/L/month and c to the control tanks receiving no O2. NB: wine matured in new barrel, OB: wine matured in old barrel.

Treatment 0 days 45 days 70 days 115 days

N mox 39 32 28 18

N c 39 35 38 34

B mox 39 30 29 12

B c 39 35 36 32

NB 39 29 24 14

OB 39 41 36 35

TABLE 5. Concentrations of certain oak volatiles (µg/L) of different treatments in the 2007 Pinotage after 60 days. N refers to staves added to the wine 
made from wood normally used for alternative oak products, B to staves made from wood normally used to produce barrels and NB and OB to new 
and old barrel respectively. Mox refers to microoxygenation applied at 4 mg O2/L/month and c to the control tanks receiving no O2NB: New barrel) 
OTV= odour threshold value.

Compound RDW µg/L N mox B mox N c B c NB OB

Furfural 5800 157.2 142.6 182.6 145.2 100.2 59.0

5-methylfurfural 13.6 12.0 16.6 14.0 11.0 6.2

Guaiacol 10 29.4 39.2 25.8 29.4 31.0 21.2

Trans-oak lactone 380 21.6 26.0 45.4 35.8 36.6 15.0

Cis-oak lactone 67 69.8 202.8 79.8 196.0 212.4 76.8

O-cresol 9.6 10.8 5.2 7.0 8.0 7.2

4-ethylguaiacol 33 6.8 5.6 5.0 5.6 7.0 6.2

P-cresol 13.2 16.8 7.0 10.0 11.2 8.8

Eugenol 5 15.4 20.4 16.4 17.8 42.2 19.8

4-ethylphenol 440 4.8 4.8 4.2 3.4 3.0 14.0

in the same manner as those used for new 
barrel (NB) production, small differences in 
toasting intensities could also contribute to 
the differences observed. The staves used 
in the N treatment were toasted in an oven, 

which can lead to differences from wood 
staves toasted over a fire. 

The same wine was also tasted after 180 
days. A tasting panel could significantly 
distinguish the N treated wines from the 

B and NB treated wines. However, they 
could not distinguish the B and NB treat-
ed wines from each other, irrespective if 
microoxygenation was applied or not. The 
panel also preferred the wines matured in 
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already high colour density (>18). Colour 
densities between the different oak treat-
ments also did not differ dramatically. 

These small differences were also reflected 
in the SO2 resistant pigments, total red 
pigments and % of colour in the red form 
(Table 1 and 2). Total red pigments did not 
differ dramatically between the different 
treatments and very little difference was 
observed in the degree of red colour 
between the different treatments, although 
it increased from 25% to around 45% from 
day 45 to 180 in all the treatments. This is 
due to colourless anthocyanin-tannin com-
plexes being transformed into coloured 
pigmented complexes. Colour hue did not 
differ significantly between the treatments 
(results not shown). In Fig 1 the evolution 
of anthocyanins during the course of the 
treatments can be seen. It is clear that 
microoxygenation led to some lower 

anthocyanins levels, probably due to 
polymerisation between anthocyanins and 
other phenolic compounds induced by the 
production of acetaldehyde. Again little 
difference was observed between the dif-
ferent oak treatments, but the new barrel 
treatment’s anthocyanins concentration 
was slightly higher than that of the 
microoxygenation treated wines. The Pino-
tage was also analysed after 180 days for 
phenolic compounds with HPLC, but no 
clear tendency could be observed, except 
for the microoxygenation and oak treat-
ments leading to lower anthocyanin and 
gallic acid levels (Table 3).

In table 4 the free SO2 concentrations of 
the 2007 Pinotage can be seen.  As 
expected, microoxygenation led to lower 
SO2 levels in the wine. At day 115 the free 
SO2 level in the N mox, B mox and NB 
treatments were all below 20 mg/L and 

TABLE 2. % of colour in the red form of the 2007 Pinotage during the course of the experiment. N 
refers to staves added to the wine made from wood normally used for alternative oak products 
and B to staves made from wood normally used to produce barrels. Mox refers to microoxygen-
ation applied at 4 mg O2/L/month and c to the control tanks receiving no O2. NB: wine matured in 
new barrel, OB: wine matured in old barrel.

Treatment 45 days 180 days

N mox 24 46

B mox 25 46

N c 26 44

B c 24 50

NB 24 49

OB 25 48

FIGURE 1. Anthocyanin concentrations (mg/L) of the 2007 Pinotage during the course of the exper-
iment. N refers to staves added to the wine made from wood normally used for alternative oak 
products and B to staves made from wood normally used to produce barrels. Mox refers to microox-
ygenation applied at 4 mg O2/L/month and c to the control tanks receiving no O2. NB: wine matured 
in new barrel.

were adjusted to 25 mg/L free. In a new 
barrel more O2 comes into contact with the 
wine, compared to an old barrel, which 
was also reflected in these lower SO2 val-
ues. This is due to the pores in new barrels 
being less blocked as well as more hydro-
lysable tannins being released into the 
wine, which induces polymerisation. This 
could all lead to lower free SO2 levels. It 
was thus clear that in this specific experi-
ment the addition of different oak staves 
and oxygen did not lead to large differ-
ences in colour and other phenolic char-
acteristics. However, the colour in the 
wines treated with oxygen was slightly 
more which was also reflected in them 
having lower anthocyanin concentrations 
and higher SO2 resistant pigments.

In tables 5 and 6 the concentrations of 
some important oak volatiles can be seen 
in the 2007 Pinotage after 60 and 180 
days of ageing can be seen. It is clear 
that the concentration of these com-
pounds increased over time. The concen-
trations of furfural stayed below the odour 
threshold value (the minimum concentra-
tion where people start to perceive it in 
wine) of 5800 µg/L. Guaiacol, which gives 
the typical smoky flavour to certain red 
wines were roughly the same after 60 
days, but after 180 days were similar in 
the B and NB treated wines. Trans-oak 
lactone values were also lower than the 
ODV throughout the experiment. This was 
probably due to its relative high OTV of 
380 µg/L, when compared to that of the 
cis-oak lactone. Cis-oak lactone is a 
potent oak volatile, which is responsible 
for the typical oak wood or coconut fla-
vour of red wines. It is clear that the 
concentration of this compound were 
closest to that of the wine matured in the 
new barrel (NB) when staves normally 
used for barrel production (B) were used 
in the experiment. Microoxygenation did 
not seem had a definitely effect on the 
concentrations of these compounds. 
Eugenol (spicy, clove like flavour) levels 
were similar in all the stave treated wines, 
but higher than the ODV. Low levels of 
4-ethylphenol and 4-ethylguaiacol indi-
cated little or no Brettanomyces activity in 
these wines. 

These differences can be explained due to 
the fact that not the same wood are used 
for alternative oak products (such as staves) 
and barrel production. Although we also 
tried to toast the staves in the B treatment 

 

Table 2: Percentage of colour in the red form of the 2007 Pinotage during the course of 

the experiment. N refers to staves added to the wine made from wood normally used for 

alternative oak products and B to staves made from wood normally used to produce 

barrels. Mox refers to microoxygenation applied at 4 mg O2/L/month and c to the control 

tanks receiving no O2. NB: wine matured in new barrel, OB: wine matured in old barrel. 
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TABLE 3. Concentrations of different phenolic compounds (mg/L) of the 2007 Pinotage after 180 days of treatment. N refers to staves added to the 
wine made from wood normally used for alternative oak products and B to staves made from wood normally used to produce barrels. Mox refers to 
microoxygenation applied at 4 mg O2/L/month and c to the control tanks receiving no O2. NB: wine matured in new barrel, OB: wine matured in old 
barrel.

Compounds
Treatment

N c N mox B c B mox NB OB

Gallic acid 8.3 3.6 9.9 4.6 10.1 25.1

Gallocatechin 2.7 7.5 2.6 3.6 9.5 7.1

Epigallocatechin 10.2 10.7 7.7 7.2 10.7 7.6

Catechin 38.2 39.2 32.4 29.0 43.3 50.3

B1 46.8 62.4 47.5 97.0 76.3 51.1

Epicatechin 35.3 0.0 33.9 31.5 12.0 10.7

B2 7.3 3.3 5.8 11.8 2.0 11.2

Total anthocyanins 121.6 93.5 116.5 97.0 88.9 176.9

Malvidin-3-gluc 58.4 44.4 55.5 46.6 41.8 86.1

Vitisin A 3.6 3.6 3.5 3.6 3.7 3.9
Polymeric  
pigments 128.7 124.2 128.2 132.5 124.9 125.5

Polymeric phenols 1183.5 1101.2 1227.9 1198.9 1113.9 1018.5

TABLE 4. Free SO2 concentrations (mg/L) of the 2007 Pinotage during the course of the experiment. N refers to staves added to the wine made from 
wood normally used for alternative oak products and B to staves made from wood normally used to produce barrels. Mox refers to microoxygenation 
applied at 4 mg O2/L/month and c to the control tanks receiving no O2. NB: wine matured in new barrel, OB: wine matured in old barrel.

Treatment 0 days 45 days 70 days 115 days

N mox 39 32 28 18

N c 39 35 38 34

B mox 39 30 29 12

B c 39 35 36 32

NB 39 29 24 14

OB 39 41 36 35

TABLE 5. Concentrations of certain oak volatiles (µg/L) of different treatments in the 2007 Pinotage after 60 days. N refers to staves added to the wine 
made from wood normally used for alternative oak products, B to staves made from wood normally used to produce barrels and NB and OB to new 
and old barrel respectively. Mox refers to microoxygenation applied at 4 mg O2/L/month and c to the control tanks receiving no O2NB: New barrel) 
OTV= odour threshold value.

Compound RDW µg/L N mox B mox N c B c NB OB

Furfural 5800 157.2 142.6 182.6 145.2 100.2 59.0

5-methylfurfural 13.6 12.0 16.6 14.0 11.0 6.2

Guaiacol 10 29.4 39.2 25.8 29.4 31.0 21.2

Trans-oak lactone 380 21.6 26.0 45.4 35.8 36.6 15.0

Cis-oak lactone 67 69.8 202.8 79.8 196.0 212.4 76.8

O-cresol 9.6 10.8 5.2 7.0 8.0 7.2

4-ethylguaiacol 33 6.8 5.6 5.0 5.6 7.0 6.2

P-cresol 13.2 16.8 7.0 10.0 11.2 8.8

Eugenol 5 15.4 20.4 16.4 17.8 42.2 19.8

4-ethylphenol 440 4.8 4.8 4.2 3.4 3.0 14.0

in the same manner as those used for new 
barrel (NB) production, small differences in 
toasting intensities could also contribute to 
the differences observed. The staves used 
in the N treatment were toasted in an oven, 

which can lead to differences from wood 
staves toasted over a fire. 

The same wine was also tasted after 180 
days. A tasting panel could significantly 
distinguish the N treated wines from the 

B and NB treated wines. However, they 
could not distinguish the B and NB treat-
ed wines from each other, irrespective if 
microoxygenation was applied or not. The 
panel also preferred the wines matured in 
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TABLE 6. Concentrations of certain oak volatiles (µg/L) of different treatments in the 2007 Pinotage after 180 days. .  N refers to staves added to the 
wine made from wood normally used for alternative oak products, B to staves made from wood normally used to produce barrels and NB and OB 
to new and old barrel respectively. Mox refers to microoxygenation applied at 4 mg O2/L/month and c to the control tanks receiving no O2NB: New 
barrel) OTV= odour threshold value.

Compound RDW µg/L N mox B mox N c B c NB OB

Furfural 5800 253.6 257.6 328.6 261.8 149.2 77.0

5-methylfurfural 22.2 28.0 48.8 41.0 15.4 5.0

Guaiacol 10 38.6 61.0 37.6 48.4 52.4 20.8

Trans-oak lactone 380 45.2 51.0 95.4 60.8 75.4 114.8

Cis-oak lactone 67 153.0 493.2 180.4 414.2 558.0 95.2

O-cresol 10.4 11.8 7.0 7.4 8.6 5.6

4-etiel-guajakol 33 8.8 9.6 5.8 5.2 6.8 5.4

P-cresol 14.8 18.6 13.8 11.2 13.8 10.0

Eugenol 5 27.4 37.6 37.0 32.0 75.8 21.8

4-ethylphenol 440 4.4 5.8 4.4 3.6 5.8 4.6

the B and NB treatment over that matured 
in the N treatment. 

These results indicate the importance of 
using a good quality stave when a barrel 
needs to be simulated with stave addition 
and microoxygenation applications. It 
thus seems that combining good quality 
staves at the right dosage with controlled 
microoxygenation can simulate, but prob-
ably not completely replace, a barrel. 
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Brettanomyces,  
Wine & Control
Adriaan Oelofse, Thales Wine Cellar Services

Adriaan Oelofse

Several factors throughout the winemaking process can influ-
ence wine quality: viticultural practices, harvest conditions, cellar 
hygiene, barrel ageing and bottling. The microbiology behind the 
wine is also crucial because this is one of the parameters often 
neglected as a quality control constraint. The presence of many 
wild yeasts, fungi and bacteria is complex and can be detrimen-

tal to the sensorial quality of wine under uncontrolled conditions. 
Spoilage yeasts, such as Brettanomyces, have been and still are 
regarded as a global concern, especially regarding phenolic off-
flavours. With increasing consumer awareness worldwide about 
wine defects, wine producers are forced to give specific attention 
on how to control Brettanomyces incidences. 

BRETTANOMYCES OCCURRENCE

The detection of this yeast is typically associated with stages after alcoholic fermentation, especially during malolactic fermenta-
tion (MLF) and barrel ageing, although they have been isolated from stages throughout the winemaking process.

BRETTANOMYCES-SPOILAGE

The survival and growth of these yeasts in wine have been associated with various forms of spoilage. It is specifically the volatile 
phenol production by Brettanomyces that is the largest concern. The grape derived hydroxycinnamic acid precursors is metab-
olised in a two-step method. It is the ethyl derivatives that are typically associated with “Bretty character”, as the vinyl derivatives 
can be produced by many other wine microbes. Brettanomyces spoilage include: 

 – volatile phenols e.g. 4-ethylphenol (4–EP), 4-ethylguaiacol, 4-ethylcatechol 
   (typically barnyard, spicy-cloves, medicinal aromas) 

– tetrahydropyridines (reminiscent of mouse-urine  / bitter metallic aftertaste)

– acetic acid (contributing to wine’s volatile acidity)

– isovaleric acid (a rancid cheesy aroma)
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Brettanomyces occurrence 
The detection of this yeast is typically associated with stages after alcoholic fermentation, especially 
during malolactic fermentation (MLF) and barrel ageing, although they have been isolated from stages 
throughout the winemaking process. 
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Brettanomyces Spoilage 
The survival and growth of these yeasts in wine have been associated with various forms of spoilage. 
It is specifically the volatile phenol production by Brettanomyces that is the largest concern. The grape 
derived hydroxycinnamic acid precursors is metabolised in a two-step method. It is the ethyl derivatives 
that are typically associated with “Bretty character”, as the vinyl derivatives can be produced by many 
other wine microbes. Brettanomyces spoilage include:

- volatile phenols e.g. 4-ethylphenol (4–EP), 4-ethylguaiacol, 4-ethylcatechol  
  (typically barnyard, spicy-cloves, medicinal aromas)
- tetrahydropyridines (reminiscent of mouse-urine  / bitter metallic aftertaste) 
- acetic acid (contributing to wine’s volatile acidity)  - isovaleric acid (a rancid cheesy aroma) 
 

SOUTH AFRICAN RESEARCH FINDINGS  

Volatile phenol production by Brettanomyces strains 

Genetically different Brettanomyces strains have been isolated and 
evaluated for volatile phenol production and compared. It was found 
that all the strains could produce high levels of 4-ethylphenol 
(ranging from *5000-8000 µg/L) within three weeks. The 
Brettanomyces strains were tested in a Shiraz wine after MLF and all 
were originally isolated from various red wines and from different 
stages of the winemaking process. The control wine without any Brett 
didn’t contain any 4-ethylphenol. 
* Sensory threshold range of 4-EP (450-625 µg/L) 
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Brettanomyces detection in barrels 
Used barrels that are infected with Brettanomyces can be a major source 
of wine contamination or spoilage. Therefore, methods for Brettanomyces 
detection in barrels are required. For this purpose, shavings from barrels 
are investigated and this approach shows great potential for Brett 
identification. 
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of wine contamination or spoilage. Therefore, methods for Brettanomyces 
detection in barrels are required. For this purpose, shavings from barrels 
are investigated and this approach shows great potential for Brett 
identification. 
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that all the strains could produce high levels of 4-ethylphenol 
(ranging from *5000-8000 µg/L) within three weeks. The 
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Brettanomyces detection in barrels 
Used barrels that are infected with Brettanomyces can be a major source 
of wine contamination or spoilage. Therefore, methods for Brettanomyces 
detection in barrels are required. For this purpose, shavings from barrels 
are investigated and this approach shows great potential for Brett 
identification. 
 

BRETTANOMYCES CONTROL

As the first step to control Brettanomyces problems, it is important to have good winemaking practices, but a holistic approach is 
required as wine parameters such as grape quality, sulphur dioxide (SO2), pH, wine temperature, residual nutrients, O2, barrel con-
dition and oenological practices are interdependent. 

Good cellar hygiene along with correct SO2 usage greatly minimises the risk of microbial spoilage problems from the onset of alco-
holic fermentation. So the question is: 
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TABLE 6. Concentrations of certain oak volatiles (µg/L) of different treatments in the 2007 Pinotage after 180 days. .  N refers to staves added to the 
wine made from wood normally used for alternative oak products, B to staves made from wood normally used to produce barrels and NB and OB 
to new and old barrel respectively. Mox refers to microoxygenation applied at 4 mg O2/L/month and c to the control tanks receiving no O2NB: New 
barrel) OTV= odour threshold value.

Compound RDW µg/L N mox B mox N c B c NB OB

Furfural 5800 253.6 257.6 328.6 261.8 149.2 77.0

5-methylfurfural 22.2 28.0 48.8 41.0 15.4 5.0

Guaiacol 10 38.6 61.0 37.6 48.4 52.4 20.8

Trans-oak lactone 380 45.2 51.0 95.4 60.8 75.4 114.8

Cis-oak lactone 67 153.0 493.2 180.4 414.2 558.0 95.2

O-cresol 10.4 11.8 7.0 7.4 8.6 5.6

4-etiel-guajakol 33 8.8 9.6 5.8 5.2 6.8 5.4

P-cresol 14.8 18.6 13.8 11.2 13.8 10.0

Eugenol 5 27.4 37.6 37.0 32.0 75.8 21.8

4-ethylphenol 440 4.4 5.8 4.4 3.6 5.8 4.6

the B and NB treatment over that matured 
in the N treatment. 

These results indicate the importance of 
using a good quality stave when a barrel 
needs to be simulated with stave addition 
and microoxygenation applications. It 
thus seems that combining good quality 
staves at the right dosage with controlled 
microoxygenation can simulate, but prob-
ably not completely replace, a barrel. 
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Brettanomyces,  
Wine & Control
Adriaan Oelofse, Thales Wine Cellar Services

Adriaan Oelofse

Several factors throughout the winemaking process can influ-
ence wine quality: viticultural practices, harvest conditions, cellar 
hygiene, barrel ageing and bottling. The microbiology behind the 
wine is also crucial because this is one of the parameters often 
neglected as a quality control constraint. The presence of many 
wild yeasts, fungi and bacteria is complex and can be detrimen-

tal to the sensorial quality of wine under uncontrolled conditions. 
Spoilage yeasts, such as Brettanomyces, have been and still are 
regarded as a global concern, especially regarding phenolic off-
flavours. With increasing consumer awareness worldwide about 
wine defects, wine producers are forced to give specific attention 
on how to control Brettanomyces incidences. 

BRETTANOMYCES OCCURRENCE

The detection of this yeast is typically associated with stages after alcoholic fermentation, especially during malolactic fermenta-
tion (MLF) and barrel ageing, although they have been isolated from stages throughout the winemaking process.

BRETTANOMYCES-SPOILAGE

The survival and growth of these yeasts in wine have been associated with various forms of spoilage. It is specifically the volatile 
phenol production by Brettanomyces that is the largest concern. The grape derived hydroxycinnamic acid precursors is metab-
olised in a two-step method. It is the ethyl derivatives that are typically associated with “Bretty character”, as the vinyl derivatives 
can be produced by many other wine microbes. Brettanomyces spoilage include: 

 – volatile phenols e.g. 4-ethylphenol (4–EP), 4-ethylguaiacol, 4-ethylcatechol 
   (typically barnyard, spicy-cloves, medicinal aromas) 

– tetrahydropyridines (reminiscent of mouse-urine  / bitter metallic aftertaste)

– acetic acid (contributing to wine’s volatile acidity)

– isovaleric acid (a rancid cheesy aroma)
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Brettanomyces occurrence 
The detection of this yeast is typically associated with stages after alcoholic fermentation, especially 
during malolactic fermentation (MLF) and barrel ageing, although they have been isolated from stages 
throughout the winemaking process. 
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Brettanomyces Spoilage 
The survival and growth of these yeasts in wine have been associated with various forms of spoilage. 
It is specifically the volatile phenol production by Brettanomyces that is the largest concern. The grape 
derived hydroxycinnamic acid precursors is metabolised in a two-step method. It is the ethyl derivatives 
that are typically associated with “Bretty character”, as the vinyl derivatives can be produced by many 
other wine microbes. Brettanomyces spoilage include:

- volatile phenols e.g. 4-ethylphenol (4–EP), 4-ethylguaiacol, 4-ethylcatechol  
  (typically barnyard, spicy-cloves, medicinal aromas)
- tetrahydropyridines (reminiscent of mouse-urine  / bitter metallic aftertaste) 
- acetic acid (contributing to wine’s volatile acidity)  - isovaleric acid (a rancid cheesy aroma) 
 

SOUTH AFRICAN RESEARCH FINDINGS  

Volatile phenol production by Brettanomyces strains 

Genetically different Brettanomyces strains have been isolated and 
evaluated for volatile phenol production and compared. It was found 
that all the strains could produce high levels of 4-ethylphenol 
(ranging from *5000-8000 µg/L) within three weeks. The 
Brettanomyces strains were tested in a Shiraz wine after MLF and all 
were originally isolated from various red wines and from different 
stages of the winemaking process. The control wine without any Brett 
didn’t contain any 4-ethylphenol. 
* Sensory threshold range of 4-EP (450-625 µg/L) 
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Brettanomyces detection in barrels 
Used barrels that are infected with Brettanomyces can be a major source 
of wine contamination or spoilage. Therefore, methods for Brettanomyces 
detection in barrels are required. For this purpose, shavings from barrels 
are investigated and this approach shows great potential for Brett 
identification. 
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(ranging from *5000-8000 µg/L) within three weeks. The 
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didn’t contain any 4-ethylphenol. 
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of wine contamination or spoilage. Therefore, methods for Brettanomyces 
detection in barrels are required. For this purpose, shavings from barrels 
are investigated and this approach shows great potential for Brett 
identification. 
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Brettanomyces detection in barrels 
Used barrels that are infected with Brettanomyces can be a major source 
of wine contamination or spoilage. Therefore, methods for Brettanomyces 
detection in barrels are required. For this purpose, shavings from barrels 
are investigated and this approach shows great potential for Brett 
identification. 
 

BRETTANOMYCES CONTROL

As the first step to control Brettanomyces problems, it is important to have good winemaking practices, but a holistic approach is 
required as wine parameters such as grape quality, sulphur dioxide (SO2), pH, wine temperature, residual nutrients, O2, barrel con-
dition and oenological practices are interdependent. 

Good cellar hygiene along with correct SO2 usage greatly minimises the risk of microbial spoilage problems from the onset of alco-
holic fermentation. So the question is: 
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Q: What can the winemaker do to limit Brettanomyces yeast spoilage?
 A: Control the primary factors involved (numbers 1, 2 and 3 below)

PRIMARY FACTORS:  Result
1)  Precursors for volatile phenols  
          + = Spoiled wine
2)  Brettanomyces-yeast growth  Volatile phenols
          +  (4-EP, 4-EG)
3)  Favourable conditions

Brettanomyces wat in vate aangetref word 
Gebruikte vate wat met Brettanomyces besmet is, kan ’n groot bron 
van wynbederf of kontaminasie wees. Gevolglik word metodes 
benodig om Brettanomyces in vate op te spoor. Skaafsels van vate 
word om hierdie rede ondersoek en hierdie benadering toon groot 
potensiaal vir die identifikasie van Brett. 
 

Brett cells

 
DIE BEHEER VAN BRETTANOMYCES 
As ’n eerste stap by die beheer van Brettanomyces-probleme is dit belangrik om goeie 
wynmaakpraktyke te implementeer, maar ’n holistiese benadering word vereis aangesien 
wynparameters soos druifgehalte, swawel (SO2), pH, wyntemperatuur, residuele voedingstowwe, 
suurstof (O2), vatkondisie en wynmaakpraktyke interafhanklik is. 
Goeie kelderhigiëne tesame met die korrekte gebruik van SO2 sal grootliks die risiko van 
mikrobiologiese bederf vanaf die begin van alkoholiese gisting verminder. Die vraag is dus: 
 
 Vraag: Wat kan die wynmaker doen om Brettanomyces-gisbederf te beheer? 
 Antwoord: Beheer die primêre faktore wat betrokke is (nommer 1, 2 en 3). 
  
 

 

 
 

UPrimêre faktore 
1) Voorlopers van vlugtige fenole 

+ 
2) Brettanomyces-gis groei 

+ 
3) Gunstige toestande 

                  UResultaat
 

=             Wynbederf 
                   Vlugtige fenole 

              (4-EP, 4-EG) 

 
Punte by die beheer van Brettanomyces 
Die aspekte wat gelys word, is slegs ’n paar van die belangrike faktore wat versigtig oorweeg moet 
word ten einde Brettanomyces-bederf te minimaliseer: 
 
Faktor Probleem Risiko 
Wynsoort en styl 
(rooiwyn vs. 
witwyn) 

Hoofsaaklik rooiwyn Brettanomyces word hoofsaaklik met rooiwyn 
geassosieer, alhoewel dit ook by sommige witwyne 
voorkom. 
Hoofsaaklik weens hoër SO2-vlakke, laer pH en 
minder voorlopers in witwyn. 
Ligter styl wyne (minder kompleks, minder eikehout) 
kan fenoliese wangeure by laer konsentrasievlakke 
vertoon. 

Wingerd Ongesonde druiwe 
(hoër mikrobiologiese 
lading) 

Voorlopers kan vanaf ’n baie vroeë stadium in die 
wynmaakproses in vlugtige fenole omskep word. 
Moenie onnodige risiko’s loop deur lae SO2-vlakke en 
spontane gistings in sulke gevalle te gebruik nie. 

Swak kelderhigiëne Onvoldoende 
skoonmaak van 
keldertoerusting 

Brettanomyces kan een van die dominante 
bederfmikrobes in die kelder wees en probleme is 
duur om te behandel en reg te stel. 

Maserasiestyl Uitgebrei en lank Dit kan tot verhoogde hoeveelhede substrate en 
voorlopers van Brettanomyces se wangeure lei. 

Swawel & pH Swak bestuur en 
aanwending 

Anti-mikrobiese eienskappe van SO2 lê in die 
molekulêre vorm daarvan – meer is by laer pH-
waardes beskikbaar. 
Handhaaf molekulêre SO2 > 0.5 ppm en lae pH ~ 3.6 
(rooiwyn). 
Die verhouding van 0.4 vry tot totale SO2 is ook meer 
ideaal om algemene mikrobiologiese stabiliteit te 

POINTS FOR BRETTANOMYCES CONTROL
The aspects listed are only some of the very important factors that should be carefully considered to minimise the Brettanomyces 
spoilage:

Practices Problem Risk

Wine type and style 

(Red wine vs. White wine)
Mainly Red wine

Brettanomyces problem mainly associated with red wine, although it does occur in 
some white wine.
Largely due to higher levels of SO2, lower pH and fewer pre-cursors in white wine. 
Lighter style wines (less complex, less oak) can exhibit phenolic off-flavours at lower 
concentration levels.

Vineyard
Damaged Grapes

(higher microbial load)

Precursors can already be transformed to volatile phenols from a very early stage of 
winemaking. 
Do not take unnecessary risks by using low SO2 levels and spontaneous fermenta-
tions in such cases.

Poor cellar hygiene
Improper cleaning of 
winery equipment

Brettanomyces can be one of the dominant spoilage microbes in the cellar and can 
be costly to treat and rectify problems.

Maceration style Extensive and long This can lead to increased amounts of substrates and precursors available for Bret-
tanomyces off-flavours.

Sulphur dioxide & pH
Poor management and 
application

Anti-microbial properties of SO2 lie in the molecular form - more is available at  
lower pH values
Maintain molecular SO2 > 0.5 ppm and low pH ~ 3.6 (red wine)
Also, the ratio of 0.4 of free to bound/total SO2 is more ideal to ensure general 
microbial stability 

Malolactic fermentation 
(MLF)

Excessive amounts of oxygen will enhance the growth and consequent acetic acid 
production by Brett.
Keep containers topped and full.

Oxygen Oxidative conditions
Wine is at its highest risk of Brett spoilage from the beginning of MLF and ageing. 
Free available SO2 is very low, the anti-microbial potential of the wine is also low. 

Racking Delayed racking
During this time the levels of free SO2 is very low. 
Add SO2 and clarify the wine soon after MLF.

Barrel hygiene
Poor management
Contaminated wine

Improper sanitation 
Contamination of entire batches
Shorten barrel life-time

VOLATILE PHENOL PRODUCTION BY BRETTANOMYCES STRAINS

Genetically different Brettanomyces strains have been isolated and 
evaluated for volatile phenol production and compared. It was found that 
all the strains could produce high levels of 4-ethylphenol (ranging from 
*5000-8000 µg/L) within three weeks. The Brettanomyces strains were 
tested in a Shiraz wine after MLF and all were originally isolated from 
various red wines and from different stages of the winemaking process. 
The control wine without any Brett didn’t contain any 4-ethylphenol.

* Sensory threshold range of 4-EP (450-625 µg/L)
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The survival and growth of these yeasts in wine have been associated with various forms of spoilage. 
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Brettanomyces detection in barrels 
Used barrels that are infected with Brettanomyces can be a major source 
of wine contamination or spoilage. Therefore, methods for Brettanomyces 
detection in barrels are required. For this purpose, shavings from barrels 
are investigated and this approach shows great potential for Brett 
identification. 
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Thalès provides a specialised  
Brettanomyces-consultation:
– Brett specific Audit,
– Problem identification,
– Recommendations.

  

Tel: (021) 887-1235

BRETTANOMYCES DETECTION IN BARRELS

Used barrels that are infected with Brettanomyces can be a major source of wine 
contamination or spoilage. Therefore, methods for Brettanomyces detection in bar-
rels are required. For this purpose, shavings from barrels are investigated and this 
approach shows great potential for Brett identification.

Brettanomyces wat in vate aangetref word 
Gebruikte vate wat met Brettanomyces besmet is, kan ’n groot bron 
van wynbederf of kontaminasie wees. Gevolglik word metodes 
benodig om Brettanomyces in vate op te spoor. Skaafsels van vate 
word om hierdie rede ondersoek en hierdie benadering toon groot 
potensiaal vir die identifikasie van Brett. 
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mikrobiologiese bederf vanaf die begin van alkoholiese gisting verminder. Die vraag is dus: 
 
 Vraag: Wat kan die wynmaker doen om Brettanomyces-gisbederf te beheer? 
 Antwoord: Beheer die primêre faktore wat betrokke is (nommer 1, 2 en 3). 
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Punte by die beheer van Brettanomyces 
Die aspekte wat gelys word, is slegs ’n paar van die belangrike faktore wat versigtig oorweeg moet 
word ten einde Brettanomyces-bederf te minimaliseer: 
 
Faktor Probleem Risiko 
Wynsoort en styl 
(rooiwyn vs. 
witwyn) 

Hoofsaaklik rooiwyn Brettanomyces word hoofsaaklik met rooiwyn 
geassosieer, alhoewel dit ook by sommige witwyne 
voorkom. 
Hoofsaaklik weens hoër SO2-vlakke, laer pH en 
minder voorlopers in witwyn. 
Ligter styl wyne (minder kompleks, minder eikehout) 
kan fenoliese wangeure by laer konsentrasievlakke 
vertoon. 

Wingerd Ongesonde druiwe 
(hoër mikrobiologiese 
lading) 

Voorlopers kan vanaf ’n baie vroeë stadium in die 
wynmaakproses in vlugtige fenole omskep word. 
Moenie onnodige risiko’s loop deur lae SO2-vlakke en 
spontane gistings in sulke gevalle te gebruik nie. 

Swak kelderhigiëne Onvoldoende 
skoonmaak van 
keldertoerusting 

Brettanomyces kan een van die dominante 
bederfmikrobes in die kelder wees en probleme is 
duur om te behandel en reg te stel. 

Maserasiestyl Uitgebrei en lank Dit kan tot verhoogde hoeveelhede substrate en 
voorlopers van Brettanomyces se wangeure lei. 

Swawel & pH Swak bestuur en 
aanwending 

Anti-mikrobiese eienskappe van SO2 lê in die 
molekulêre vorm daarvan – meer is by laer pH-
waardes beskikbaar. 
Handhaaf molekulêre SO2 > 0.5 ppm en lae pH ~ 3.6 
(rooiwyn). 
Die verhouding van 0.4 vry tot totale SO2 is ook meer 
ideaal om algemene mikrobiologiese stabiliteit te 

CONCLUDING REMARK
There is no better control for 
Brettanomyces spoilage than ensuring 
GOOD WINEMAKING PRACTICES!
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Q: What can the winemaker do to limit Brettanomyces yeast spoilage?
 A: Control the primary factors involved (numbers 1, 2 and 3 below)

PRIMARY FACTORS:  Result
1)  Precursors for volatile phenols  
          + = Spoiled wine
2)  Brettanomyces-yeast growth  Volatile phenols
          +  (4-EP, 4-EG)
3)  Favourable conditions

Brettanomyces wat in vate aangetref word 
Gebruikte vate wat met Brettanomyces besmet is, kan ’n groot bron 
van wynbederf of kontaminasie wees. Gevolglik word metodes 
benodig om Brettanomyces in vate op te spoor. Skaafsels van vate 
word om hierdie rede ondersoek en hierdie benadering toon groot 
potensiaal vir die identifikasie van Brett. 
 

Brett cells

 
DIE BEHEER VAN BRETTANOMYCES 
As ’n eerste stap by die beheer van Brettanomyces-probleme is dit belangrik om goeie 
wynmaakpraktyke te implementeer, maar ’n holistiese benadering word vereis aangesien 
wynparameters soos druifgehalte, swawel (SO2), pH, wyntemperatuur, residuele voedingstowwe, 
suurstof (O2), vatkondisie en wynmaakpraktyke interafhanklik is. 
Goeie kelderhigiëne tesame met die korrekte gebruik van SO2 sal grootliks die risiko van 
mikrobiologiese bederf vanaf die begin van alkoholiese gisting verminder. Die vraag is dus: 
 
 Vraag: Wat kan die wynmaker doen om Brettanomyces-gisbederf te beheer? 
 Antwoord: Beheer die primêre faktore wat betrokke is (nommer 1, 2 en 3). 
  
 

 

 
 

UPrimêre faktore 
1) Voorlopers van vlugtige fenole 

+ 
2) Brettanomyces-gis groei 

+ 
3) Gunstige toestande 

                  UResultaat
 

=             Wynbederf 
                   Vlugtige fenole 

              (4-EP, 4-EG) 

 
Punte by die beheer van Brettanomyces 
Die aspekte wat gelys word, is slegs ’n paar van die belangrike faktore wat versigtig oorweeg moet 
word ten einde Brettanomyces-bederf te minimaliseer: 
 
Faktor Probleem Risiko 
Wynsoort en styl 
(rooiwyn vs. 
witwyn) 

Hoofsaaklik rooiwyn Brettanomyces word hoofsaaklik met rooiwyn 
geassosieer, alhoewel dit ook by sommige witwyne 
voorkom. 
Hoofsaaklik weens hoër SO2-vlakke, laer pH en 
minder voorlopers in witwyn. 
Ligter styl wyne (minder kompleks, minder eikehout) 
kan fenoliese wangeure by laer konsentrasievlakke 
vertoon. 

Wingerd Ongesonde druiwe 
(hoër mikrobiologiese 
lading) 

Voorlopers kan vanaf ’n baie vroeë stadium in die 
wynmaakproses in vlugtige fenole omskep word. 
Moenie onnodige risiko’s loop deur lae SO2-vlakke en 
spontane gistings in sulke gevalle te gebruik nie. 

Swak kelderhigiëne Onvoldoende 
skoonmaak van 
keldertoerusting 

Brettanomyces kan een van die dominante 
bederfmikrobes in die kelder wees en probleme is 
duur om te behandel en reg te stel. 

Maserasiestyl Uitgebrei en lank Dit kan tot verhoogde hoeveelhede substrate en 
voorlopers van Brettanomyces se wangeure lei. 

Swawel & pH Swak bestuur en 
aanwending 

Anti-mikrobiese eienskappe van SO2 lê in die 
molekulêre vorm daarvan – meer is by laer pH-
waardes beskikbaar. 
Handhaaf molekulêre SO2 > 0.5 ppm en lae pH ~ 3.6 
(rooiwyn). 
Die verhouding van 0.4 vry tot totale SO2 is ook meer 
ideaal om algemene mikrobiologiese stabiliteit te 

POINTS FOR BRETTANOMYCES CONTROL
The aspects listed are only some of the very important factors that should be carefully considered to minimise the Brettanomyces 
spoilage:

Practices Problem Risk

Wine type and style 

(Red wine vs. White wine)
Mainly Red wine

Brettanomyces problem mainly associated with red wine, although it does occur in 
some white wine.
Largely due to higher levels of SO2, lower pH and fewer pre-cursors in white wine. 
Lighter style wines (less complex, less oak) can exhibit phenolic off-flavours at lower 
concentration levels.

Vineyard
Damaged Grapes

(higher microbial load)

Precursors can already be transformed to volatile phenols from a very early stage of 
winemaking. 
Do not take unnecessary risks by using low SO2 levels and spontaneous fermenta-
tions in such cases.

Poor cellar hygiene
Improper cleaning of 
winery equipment

Brettanomyces can be one of the dominant spoilage microbes in the cellar and can 
be costly to treat and rectify problems.

Maceration style Extensive and long This can lead to increased amounts of substrates and precursors available for Bret-
tanomyces off-flavours.

Sulphur dioxide & pH
Poor management and 
application

Anti-microbial properties of SO2 lie in the molecular form - more is available at  
lower pH values
Maintain molecular SO2 > 0.5 ppm and low pH ~ 3.6 (red wine)
Also, the ratio of 0.4 of free to bound/total SO2 is more ideal to ensure general 
microbial stability 

Malolactic fermentation 
(MLF)

Excessive amounts of oxygen will enhance the growth and consequent acetic acid 
production by Brett.
Keep containers topped and full.

Oxygen Oxidative conditions
Wine is at its highest risk of Brett spoilage from the beginning of MLF and ageing. 
Free available SO2 is very low, the anti-microbial potential of the wine is also low. 

Racking Delayed racking
During this time the levels of free SO2 is very low. 
Add SO2 and clarify the wine soon after MLF.

Barrel hygiene
Poor management
Contaminated wine

Improper sanitation 
Contamination of entire batches
Shorten barrel life-time

VOLATILE PHENOL PRODUCTION BY BRETTANOMYCES STRAINS

Genetically different Brettanomyces strains have been isolated and 
evaluated for volatile phenol production and compared. It was found that 
all the strains could produce high levels of 4-ethylphenol (ranging from 
*5000-8000 µg/L) within three weeks. The Brettanomyces strains were 
tested in a Shiraz wine after MLF and all were originally isolated from 
various red wines and from different stages of the winemaking process. 
The control wine without any Brett didn’t contain any 4-ethylphenol.

* Sensory threshold range of 4-EP (450-625 µg/L)

SOUTH AFRICAN RESEARCH FINDINGS 

Brettanomyces, Wine & Control 
 
Dr Adriaan Oelofse, Thalès Wine Cellar Services 
 
Several factors throughout the winemaking process can influence wine quality: viticultural practices, 
harvest conditions, cellar hygiene, barrel ageing and bottling. The microbiology behind the wine is also 
crucial because this is one of the parameters often neglected as a quality control constraint. The 
presence of many wild yeasts, fungi and bacteria is complex and can be detrimental to the sensorial 
quality of wine under uncontrolled conditions. Spoilage yeasts, such as Brettanomyces, have been and 
still are regarded as a global concern, especially regarding phenolic off-flavours. With increasing 
consumer awareness worldwide about wine defects, wine producers are forced to give specific 
attention on how to control Brettanomyces incidences.  
 
Brettanomyces occurrence 
The detection of this yeast is typically associated with stages after alcoholic fermentation, especially 
during malolactic fermentation (MLF) and barrel ageing, although they have been isolated from stages 
throughout the winemaking process. 
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Brettanomyces Spoilage 
The survival and growth of these yeasts in wine have been associated with various forms of spoilage. 
It is specifically the volatile phenol production by Brettanomyces that is the largest concern. The grape 
derived hydroxycinnamic acid precursors is metabolised in a two-step method. It is the ethyl derivatives 
that are typically associated with “Bretty character”, as the vinyl derivatives can be produced by many 
other wine microbes. Brettanomyces spoilage include:

- volatile phenols e.g. 4-ethylphenol (4–EP), 4-ethylguaiacol, 4-ethylcatechol  
  (typically barnyard, spicy-cloves, medicinal aromas)
- tetrahydropyridines (reminiscent of mouse-urine  / bitter metallic aftertaste) 
- acetic acid (contributing to wine’s volatile acidity)  - isovaleric acid (a rancid cheesy aroma) 
 

SOUTH AFRICAN RESEARCH FINDINGS  

Volatile phenol production by Brettanomyces strains 

Genetically different Brettanomyces strains have been isolated and 
evaluated for volatile phenol production and compared. It was found 
that all the strains could produce high levels of 4-ethylphenol 
(ranging from *5000-8000 µg/L) within three weeks. The 
Brettanomyces strains were tested in a Shiraz wine after MLF and all 
were originally isolated from various red wines and from different 
stages of the winemaking process. The control wine without any Brett 
didn’t contain any 4-ethylphenol. 
* Sensory threshold range of 4-EP (450-625 µg/L) 
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Brettanomyces detection in barrels 
Used barrels that are infected with Brettanomyces can be a major source 
of wine contamination or spoilage. Therefore, methods for Brettanomyces 
detection in barrels are required. For this purpose, shavings from barrels 
are investigated and this approach shows great potential for Brett 
identification. 
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Thalès provides a specialised  
Brettanomyces-consultation:
– Brett specific Audit,
– Problem identification,
– Recommendations.

  

Tel: (021) 887-1235

BRETTANOMYCES DETECTION IN BARRELS

Used barrels that are infected with Brettanomyces can be a major source of wine 
contamination or spoilage. Therefore, methods for Brettanomyces detection in bar-
rels are required. For this purpose, shavings from barrels are investigated and this 
approach shows great potential for Brett identification.

Brettanomyces wat in vate aangetref word 
Gebruikte vate wat met Brettanomyces besmet is, kan ’n groot bron 
van wynbederf of kontaminasie wees. Gevolglik word metodes 
benodig om Brettanomyces in vate op te spoor. Skaafsels van vate 
word om hierdie rede ondersoek en hierdie benadering toon groot 
potensiaal vir die identifikasie van Brett. 
 

Brett cells

 
DIE BEHEER VAN BRETTANOMYCES 
As ’n eerste stap by die beheer van Brettanomyces-probleme is dit belangrik om goeie 
wynmaakpraktyke te implementeer, maar ’n holistiese benadering word vereis aangesien 
wynparameters soos druifgehalte, swawel (SO2), pH, wyntemperatuur, residuele voedingstowwe, 
suurstof (O2), vatkondisie en wynmaakpraktyke interafhanklik is. 
Goeie kelderhigiëne tesame met die korrekte gebruik van SO2 sal grootliks die risiko van 
mikrobiologiese bederf vanaf die begin van alkoholiese gisting verminder. Die vraag is dus: 
 
 Vraag: Wat kan die wynmaker doen om Brettanomyces-gisbederf te beheer? 
 Antwoord: Beheer die primêre faktore wat betrokke is (nommer 1, 2 en 3). 
  
 

 

 
 

UPrimêre faktore 
1) Voorlopers van vlugtige fenole 

+ 
2) Brettanomyces-gis groei 

+ 
3) Gunstige toestande 

                  UResultaat
 

=             Wynbederf 
                   Vlugtige fenole 

              (4-EP, 4-EG) 

 
Punte by die beheer van Brettanomyces 
Die aspekte wat gelys word, is slegs ’n paar van die belangrike faktore wat versigtig oorweeg moet 
word ten einde Brettanomyces-bederf te minimaliseer: 
 
Faktor Probleem Risiko 
Wynsoort en styl 
(rooiwyn vs. 
witwyn) 

Hoofsaaklik rooiwyn Brettanomyces word hoofsaaklik met rooiwyn 
geassosieer, alhoewel dit ook by sommige witwyne 
voorkom. 
Hoofsaaklik weens hoër SO2-vlakke, laer pH en 
minder voorlopers in witwyn. 
Ligter styl wyne (minder kompleks, minder eikehout) 
kan fenoliese wangeure by laer konsentrasievlakke 
vertoon. 

Wingerd Ongesonde druiwe 
(hoër mikrobiologiese 
lading) 

Voorlopers kan vanaf ’n baie vroeë stadium in die 
wynmaakproses in vlugtige fenole omskep word. 
Moenie onnodige risiko’s loop deur lae SO2-vlakke en 
spontane gistings in sulke gevalle te gebruik nie. 

Swak kelderhigiëne Onvoldoende 
skoonmaak van 
keldertoerusting 

Brettanomyces kan een van die dominante 
bederfmikrobes in die kelder wees en probleme is 
duur om te behandel en reg te stel. 

Maserasiestyl Uitgebrei en lank Dit kan tot verhoogde hoeveelhede substrate en 
voorlopers van Brettanomyces se wangeure lei. 

Swawel & pH Swak bestuur en 
aanwending 

Anti-mikrobiese eienskappe van SO2 lê in die 
molekulêre vorm daarvan – meer is by laer pH-
waardes beskikbaar. 
Handhaaf molekulêre SO2 > 0.5 ppm en lae pH ~ 3.6 
(rooiwyn). 
Die verhouding van 0.4 vry tot totale SO2 is ook meer 
ideaal om algemene mikrobiologiese stabiliteit te 

CONCLUDING REMARK
There is no better control for 
Brettanomyces spoilage than ensuring 
GOOD WINEMAKING PRACTICES!
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IPW guidelines for handling, storage and 
disposal of agrochemicals (Part 1): Legislation 
and storage of agrochemicals 
Elleunorah Allsopp & Keith du Plessis, ARC Infruitec-Nietvoorbij, Stellenbosch

Elleunorah Allsopp

LEGISLATION 

The handling, storage and disposal of 
agrochemicals and empty containers are 
regulated by South African legislation. 
Just like GLOBALGAP (www.globalgap.
org) and other similar schemes, the 
Scheme for Integrated Production of 
Wine (IPW) requires that producers 
adhere to national legislation with regard 
to the storage, handling and disposal of 
agrochemicals and empty containers. 

Various acts pertaining to the handling 
and storage of agrochemicals on farms 
confuse producers attempting to comply 
with legislation. For this reason the SABS 
was charged by the authorities to compile 
a code or national standard, viz. SANS 
10206, which summarises all the stipula-
tions of the relevant acts. These regula-
tions apply to all kinds of farming, includ-
ing fruit, grain, vegetable and stock farm-
ing. The latest edition (2007) of this docu-
ment may be purchased at any regional 
office of the SABS. A useful summary of 
the regulations applicable to farms, viz. 
the Guidelines for handling, storage and 
disposal of agrochemicals in the South 
African wine industry is available on the 
Winetech website (www.winetech.co.za). 
At the back of the IPW Manual for Farms 
is a checklist which producers may use to 
check whether they comply with these 
requirements. 

An agrochemical is any product registered 
in terms of Act 36 of 1947 and includes 
herbicides, nematicides, insecticides and 
pesticides. Contravention of legislation 
pertaining to agrochemicals is a criminal 
offence and being found guilty of such an 
offence will result in a criminal record for 
the perpetrator. 

Legislation stipulates that the buyer (i.e. 
the producer) is held responsible for each 
gram or millilitre of the product, as well as 
for the empty container, as soon as he/
she takes possession of a container with 
any agrochemical. If any of the product 

falls into unauthorised hands, or is used 
in an unauthorised manner, the buyer 
(producer) is held responsible. The same 
applies if anybody who has not been 
trained to understand the risk of agro-
chemicals, uses a contaminated, empty 
container and is poisoned by residue in 
the container. For this reason strict adher-
ence to all regulations pertaining to the 
storage of agrochemicals and the dis-
posal of empty containers is extremely 
important. 

The purpose of this article is not to list or 
discuss all the applicable regulations in 
SANS 10206, but to make producers 
aware of certain important principles. 

STOREROOM FOR  
AGROCHEMICALS 

Producers do not have to build a new 
store - it is often possible to adapt exist-
ing stores or structures to comply with 
the legislation. 

The main objective of these regulations is to 
ensure that products that are potentially 
hazardous to people and the environment 
are stored in a place to which unauthorised 
persons do not have access and where 
they do not create a pollution hazard. The 
structure of the store therefore has to be 
sturdy, lockable, non-flammable and wind- 
and weather-proof. Sufficient isolation, 
especially for corrugated and asbestos 
roofs, ensures that the store does not over-
heat, thereby limiting the formation of nox-
ious fumes in the store and protecting the 
effectiveness of products. Most labels rec-
ommend that products be stored in a ‘cool, 
dry, well-ventilated place away from direct 
sunlight’. The registration holder does not 
guarantee effectiveness under all condi-
tions, because factors such as abnormal 
climatic and storage conditions may impact 
negatively on the functioning and effect of 
the product. 

If a new store is erected for agrochemi-
cals, building plans have to be approved 

by the local authority. An occupation cer-
tificate must be issued after the necessary 
inspection to ensure that the building 
complies with the National Building Regu-
lations. If an existing building is adapted 
to serve as a storeroom for agrochemi-
cals, a sketch plan of the building must 
be submitted to the local authority, so 
that an inspection may be arranged and 
an occupation certificate issued. This 
ensures that dangerous substances are 
not kept in derelict structures. 

The floor should be made of concrete, 
without any cracks, impermeable and 
smooth so that spilt chemicals can be 
cleaned up easily. Doors should preferably 
be of steel and not wood, as locks may 
be chiselled out of wooden doors. If the 
storeroom has a wooden door, a steel 
security gate must be fixed outside the 
door. A small retaining wall, 20 cm high, 
must be built in front of the door, to pre-
vent spilt or leaking agrochemicals from 
seeping out of the store and polluting the 
environment. 

Windows are only installed to let in light 
and are not intended for ventilation, which 
is why they may not open. Frames should 
be steel, window panes may not exceed 
450 mm x 450 mm and all windows must 
have burglar bars. Good ventilation is 
extremely important, seeing that noxious 
fumes may build up in the store, espe-
cially where isolation is not very good and 
the store gets very hot. Ventilation bricks 
(covered with gauze) or extractor fans 
should be able to exchange the air vol-
ume in the store five times an hour. It is, 
in fact, easier to eliminate windows alto-
gether in the store and rather to install an 
extractor fan and electric lights. 

The recommendation on the checklist 
that herbicides be kept apart from the 
other agrochemicals is not a legal regula-
tion, but it is a Good Agricultural Practice 
(GAP). By placing herbicides in a separate 
room or in a separate compartment/divi-
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sion inside the store, there is less risk of 
confusing herbicides with fungicides or 
insecticides and accidentally spraying 
them onto the vines. 

Containers should not be placed directly 
on the floor, as this complicates cleaning 
up if concentrated chemicals are spilt. 
Shelves and wooden pallets should be 
covered in plastic, because products may 
penetrate the wood and react with other 
residues, which may cause the formation 
of noxious fumes. Liquid formulations 
should not be stored directly above pow-
der formulations. 

Prescriptions regarding the provision of 
telephone numbers of emergency services, 
emergency procedures and first aid facilities 
(Annexure B in SANS10206), fire extin-
guishers and warning signs affixed outside 
and inside the store, as stipulated in SANS 
10206, must be strictly adhered to. 

It is important to note that SANS 10206 
stipulates that a separate area with run-
ning water must be provided where prod-
ucts are weighed and measured. Run-off 
should be handled together with the run-
off of the laundry for overalls, showers for 
spray operators and filling stations for 
spray equipment. This aspect will be 
addressed in a subsequent article. Mea-
suring equipment cannot simply be rinsed 
and the water poured onto the ground. 

The law also requires producers to keep a 
comprehensive, updated inventory of all 
purchases and applications of agrochem-
icals. At any given moment it should be 
possible to account for exactly what and 
how much has been purchased, used and 
remains in stock in the store. This inven-
tory should be kept away from the store, 
although a copy may be kept in situ. 

What risk does the producer run if the 

store does not comply with legal require-
ments? If somebody is poisoned by lost 
or stolen agrochemicals, the producer 
may be accused of negligence if the store 
does not comply with the requirements. 

RECOMMENDATION 

Producers should, at the very least, have 
a copy of the Guidelines for handling, 
storage and disposal of agrochemicals in 
the South African wine industry, which is 
available on the Winetech website, in their 
possession. Each consultant, advisor and 
controller should have a copy of the latest 
edition of SANS 10206, as well as a copy 
of the guideline document mentioned 
above. The purpose of the legislation is to 
protect people (including the producer) 
and the environment against pollution by 
agrochemicals and no concessions can 
be made in this regard. 

For more information contact Elleunorah Allsopp, e-mail: allsoppe@arc.agric.za
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tions of the relevant acts. These regula-
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for the empty container, as soon as he/
she takes possession of a container with 
any agrochemical. If any of the product 

falls into unauthorised hands, or is used 
in an unauthorised manner, the buyer 
(producer) is held responsible. The same 
applies if anybody who has not been 
trained to understand the risk of agro-
chemicals, uses a contaminated, empty 
container and is poisoned by residue in 
the container. For this reason strict adher-
ence to all regulations pertaining to the 
storage of agrochemicals and the dis-
posal of empty containers is extremely 
important. 

The purpose of this article is not to list or 
discuss all the applicable regulations in 
SANS 10206, but to make producers 
aware of certain important principles. 

STOREROOM FOR  
AGROCHEMICALS 

Producers do not have to build a new 
store - it is often possible to adapt exist-
ing stores or structures to comply with 
the legislation. 

The main objective of these regulations is to 
ensure that products that are potentially 
hazardous to people and the environment 
are stored in a place to which unauthorised 
persons do not have access and where 
they do not create a pollution hazard. The 
structure of the store therefore has to be 
sturdy, lockable, non-flammable and wind- 
and weather-proof. Sufficient isolation, 
especially for corrugated and asbestos 
roofs, ensures that the store does not over-
heat, thereby limiting the formation of nox-
ious fumes in the store and protecting the 
effectiveness of products. Most labels rec-
ommend that products be stored in a ‘cool, 
dry, well-ventilated place away from direct 
sunlight’. The registration holder does not 
guarantee effectiveness under all condi-
tions, because factors such as abnormal 
climatic and storage conditions may impact 
negatively on the functioning and effect of 
the product. 

If a new store is erected for agrochemi-
cals, building plans have to be approved 

by the local authority. An occupation cer-
tificate must be issued after the necessary 
inspection to ensure that the building 
complies with the National Building Regu-
lations. If an existing building is adapted 
to serve as a storeroom for agrochemi-
cals, a sketch plan of the building must 
be submitted to the local authority, so 
that an inspection may be arranged and 
an occupation certificate issued. This 
ensures that dangerous substances are 
not kept in derelict structures. 

The floor should be made of concrete, 
without any cracks, impermeable and 
smooth so that spilt chemicals can be 
cleaned up easily. Doors should preferably 
be of steel and not wood, as locks may 
be chiselled out of wooden doors. If the 
storeroom has a wooden door, a steel 
security gate must be fixed outside the 
door. A small retaining wall, 20 cm high, 
must be built in front of the door, to pre-
vent spilt or leaking agrochemicals from 
seeping out of the store and polluting the 
environment. 

Windows are only installed to let in light 
and are not intended for ventilation, which 
is why they may not open. Frames should 
be steel, window panes may not exceed 
450 mm x 450 mm and all windows must 
have burglar bars. Good ventilation is 
extremely important, seeing that noxious 
fumes may build up in the store, espe-
cially where isolation is not very good and 
the store gets very hot. Ventilation bricks 
(covered with gauze) or extractor fans 
should be able to exchange the air vol-
ume in the store five times an hour. It is, 
in fact, easier to eliminate windows alto-
gether in the store and rather to install an 
extractor fan and electric lights. 

The recommendation on the checklist 
that herbicides be kept apart from the 
other agrochemicals is not a legal regula-
tion, but it is a Good Agricultural Practice 
(GAP). By placing herbicides in a separate 
room or in a separate compartment/divi-
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sion inside the store, there is less risk of 
confusing herbicides with fungicides or 
insecticides and accidentally spraying 
them onto the vines. 

Containers should not be placed directly 
on the floor, as this complicates cleaning 
up if concentrated chemicals are spilt. 
Shelves and wooden pallets should be 
covered in plastic, because products may 
penetrate the wood and react with other 
residues, which may cause the formation 
of noxious fumes. Liquid formulations 
should not be stored directly above pow-
der formulations. 

Prescriptions regarding the provision of 
telephone numbers of emergency services, 
emergency procedures and first aid facilities 
(Annexure B in SANS10206), fire extin-
guishers and warning signs affixed outside 
and inside the store, as stipulated in SANS 
10206, must be strictly adhered to. 

It is important to note that SANS 10206 
stipulates that a separate area with run-
ning water must be provided where prod-
ucts are weighed and measured. Run-off 
should be handled together with the run-
off of the laundry for overalls, showers for 
spray operators and filling stations for 
spray equipment. This aspect will be 
addressed in a subsequent article. Mea-
suring equipment cannot simply be rinsed 
and the water poured onto the ground. 

The law also requires producers to keep a 
comprehensive, updated inventory of all 
purchases and applications of agrochem-
icals. At any given moment it should be 
possible to account for exactly what and 
how much has been purchased, used and 
remains in stock in the store. This inven-
tory should be kept away from the store, 
although a copy may be kept in situ. 

What risk does the producer run if the 

store does not comply with legal require-
ments? If somebody is poisoned by lost 
or stolen agrochemicals, the producer 
may be accused of negligence if the store 
does not comply with the requirements. 

RECOMMENDATION 

Producers should, at the very least, have 
a copy of the Guidelines for handling, 
storage and disposal of agrochemicals in 
the South African wine industry, which is 
available on the Winetech website, in their 
possession. Each consultant, advisor and 
controller should have a copy of the latest 
edition of SANS 10206, as well as a copy 
of the guideline document mentioned 
above. The purpose of the legislation is to 
protect people (including the producer) 
and the environment against pollution by 
agrochemicals and no concessions can 
be made in this regard. 

For more information contact Elleunorah Allsopp, e-mail: allsoppe@arc.agric.za
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IPW guidelines for handling, storage and 
disposal of agrochemicals (Part 2):  
Filling points for spray equipment and disposal 
of empty containers 
Elleunorah Allsopp & Keith du Plessis, ARC Infruitec-Nietvoorbij, Stellenbosch

The handling, storage and disposal of agrochemicals and their 
empty containers are regulated by South African legislation. The 
Scheme for Integrated Production of Wine (IPW) requires producers 
to comply with national legislation in this regard. This article, the 
second in a series of three about the above-mentioned legislation, 
takes a closer look at the regulations pertinent to filling points for 
spray equipment and the disposal of empty containers. 

FILLING POINTS FOR SPRAY EQUIPMENT 
The concentration of herbicides, pesticides and fungicides in water 
used to rinse and wash measuring cups and spray equipment is 
usually so low that it is no longer considered lethal to people and 
mammals. This does not imply that these low concentrations of 
agrochemicals will not have harmful effects on the environment. 
Extremely low concentrations of certain products in water sources 
have been shown to disrupt reproduction of aquatic organisms, 
since these compounds have a chemical structure similar to that 
of reproductive hormones in certain organisms. Some of these 
compounds also act as endocrine disruptors in humans when they 
are exposed to low concentrations of such products in water. All 
waste water contaminated with agrochemicals should therefore 
be handled with extreme care. 

SANS 10206 stipulates that the place where spray equipment is 
filled and washed should have an impermeable cement slab, sur-
rounded by a small retaining wall, to ensure that soil and water 
resources are not contaminated. It stipulates furthermore that con-
taminated waste water must be collected in a tank and removed to 
a registered hazardous waste disposal site. For most farmers, 
especially those in remote regions, this is not a practical option. 

Numerous producers have been advised to build so-called stone 
drains or sumps to get rid of waste water. This practice is not 
mentioned as an alternative in SANS 10206. Upon enquiry the 
Department of Water Affairs and Forestry (DWAF) replied that this 
is not acceptable, because there is no guarantee that products 
will have broken down sufficiently before draining into the ground 
water or other water sources such as rivers and wetlands. 

With input from local representatives of Croplife/AVCASA and 
ACDASA, an alternative was proposed to DWAF by IPW, which 
they approved in writing. This entails that producers build a shal-
low evaporation pit in which contaminated waste water is col-
lected. This cement pit has to be sealed with waterproofing and 
covered with a metal grid so that birds and animals do not have 
access to the contaminated water. A little lime should also be 
added to the waste water, each time spraying takes place. High 
pH (alkaline) and UV light from the sun accelerates the breakdown 
of hazardous active ingredients, while sun and wind facilitate 
evaporation of the water. When it rains the evaporation pit must 
be closed so that it does not fill up with rain water. Any sediment 
that builds up in the pit over time may be collected periodically and 

dispatched to a registered disposal site for hazardous substances. 
The volume of the evaporation pit will depend on how much spray-
ing takes place on a farm and how much waste water is gener-
ated. It is also recommended that an ordinary garden hose with a 
high pressure nozzle (the kind being used in home gardens) be 
supplied at the filling point. Spray equipment can then be cleaned 
using less water (finer spray with high pressure), which results in 
water savings. If there is more than one filling point on a farm, an 
evaporation pit should be built at each filling point. 

DISPOSAL OF EMPTY CONTAINERS 
Incineration of empty plastic or other combustible agrochemical 
containers is illegal in South Africa. According to SANS 10206 
containers should be triple rinsed and the rinse water poured into 
the spray tank. A hole or holes should be made at the bottom of 
empty containers or the containers should be cut up or flattened so 
that they cannot be used for other purposes. The containers must 
then be sent to a registered hazardous waste disposal site. Remem-
ber, in terms of the law the producer is liable if somebody who is not 
trained to understand the risks associated with agrochemicals 
should use a contaminated, empty container and be poisoned by 
the residue in the container. Plastic containers (rinsed and with holes 
at the bottom or cut up) may otherwise be sent for recycling of 
plastic to a recycler who is registered to recycle plastic agrochemi-
cal containers. The IPW website (www.ipw.co.za) contains contact 
details of companies that collect plastic containers on farms for 
recycling. Empty containers (with holes) that will be collected for 
recycling, must be stored in such a way that they do not pollute the 
environment (lock them up somewhere under cover). 

According to SANS 10206 other empty containers, such as 
metal drums, which cannot be recycled, must also be sent to a 
registered hazardous waste disposal site or be returned to the 
suppliers of agrochemicals, especially in remote areas where 
companies that handle hazardous waste do not offer a service. 

Unused agrochemicals that are past their “use by” date may not 
be dumped in the environment and may not be taken to an 
ordinary municipal waste disposal site either. These products 
must also be sent to a registered hazardous waste disposal site 
or returned to the suppliers. 

It is and remains the responsibility of the buyer (producer) to dis-
pose of all expired products and empty containers in accordance 
with the law. 

Particulars about the regulations for filling points and the disposal 
of agrochemicals and empty containers may be found in the 
Guidelines for handling, storage and disposal of agrochemicals in 
the South African wine industry which is available on the Winetech 
website (www.winetech.co.za). 

For more information contact Elleunorah Allsopp, e-mail: allsoppe@arc.agric.za
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IPW guidelines for handling, storage and 
disposal of agrochemicals (part 3): Training of 
spray operators, protective gear and prescribed 
medical examinations 
Elleunorah Allsopp, ARC Infruitec-Nietvoorbij, Stellenbosch

The handling, storage and disposal of agrochemicals and their 
empty containers are regulated by South African legislation. The 
Scheme for Integrated Production of Wine (IPW) requires produc-
ers to comply with national legislation in this regard. In this article, 
the last in a series of three about the above-mentioned legislation, 
a closer look is taken at the regulations that pertain to the training 
of spray operators, protective gear and medical examinations. 

No herbicide, pesticide or insecticide is completely harmless to 
humans. All products, including blue and green band products 
(toxicity class III & IV), hold potential risks for humans and the envi-
ronment. Many products are not acutely toxic to people, i.e. you will 
not die if you ingest it, but long term exposure to low dosages may 
cause a gradual accumulation of residue in human tissue or organs. 
Low dosages of many products may damage the nervous system 
or other organs and some compounds are carcinogenic - these are 
often referred to as “sub-lethal effects”. For this reason manufactur-
ers recommend the use of protective gear such as gloves even 
when working with green band products. 

TRAINING OF SPRAY OPERATORS 

SANS 10206 stipulates that all workers who handle agrochemi-
cals have to receive sufficient formal training in the safe handling 
and application thereof. The organisation or person who presents 
the training has to issue each worker with a certificate confirming 
that training has been received. Spray operators have to under-
stand the potential risks of handling agrochemicals, and must be 
able to read and understand the safety measures for handling 
and application as stated on the labels. They also have to know 
how to prevent environmental pollution when measuring out 
formulations, filling and cleaning spray equipment. 

At least two members of each team of spray operators have to 
receive formal training in basic first aid, especially with regard to the 
handling of emergencies related to agrochemicals and as stipulated 
in Annexure B of SANS 10206. This annexure also indicates the 
basic emergency procedures that have to be followed. The “Mate-
rial Safety Data Sheet” or MSDS of each product in the storeroom 
has to be on hand so that it may be handed to medical personnel 
in the event of contamination or poisoning. These documents con-
tain inter alia all the necessary information regarding medical treat-
ment in the event of exposure or poisoning. If this information 
appears on the comprehensive product label, it is not necessary to 
keep a separate MSDS for the product in the storeroom. 

Copies of all training certificates have to be filed in the farm office 
and be available for auditing purposes. 

PROTECTIVE GEAR 

SANS 10206 contains very specific guidelines for protective gear. 

These prescriptions are also summarised in the Guidelines for han-
dling, storage and disposal of agrochemicals in the South African 
wine industry (www.winetech.co.za) and the IPW checklist (IPW 
Guidelines for Farms). Protective clothing that does not comply with 
the prescriptions, e.g. gloves that are too short, do not offer suffi-
cient protection against contamination and expose both the person 
handling the product as well as the producer to unnecessary 
risks. 

Protective overalls should be kept in the store and washed on 
site - overalls may not be washed at home with other laundry, as 
the latter may also be contaminated by toxins. Overalls for spray-
ing and clean clothes have to be kept separately in the storeroom 
and ablution facilities must be available for spray operators to 
wash at the end of the day and go home wearing clothes without 
spray residue. 

Protective gear can be very uncomfortable when spraying in 
warm conditions. Tractors with enclosed cabins, especially the 
kind with air-conditioning, offer excellent protection and largely 
eliminate the problem of uncomfortable, hot overalls. 

PRESCRIBED MEDICAL EXAMINATIONS 

Legislation (inter alia the Occupational Health and Safety Act, Nr 85 
of 1993) stipulates that only workers who have undergone a medi-
cal examination and been declared fit for the purpose, are allowed 
to handle and apply agrochemicals. Prospective spray operators 
have to be examined by an occupational health practitioner, i.e. a 
doctor with a post-graduate diploma in occupational medicine, and 
declared fit to work with agrochemicals. This examination may not 
be done by a clinic sister or ordinary general practitioner. Doctors 
may contact the Occupational Medicine Department at the US 
Medical School at the Tygerberg campus, for information about 
courses in occupational medicine. Certificates issued after this 
examination have to be filed and made available for auditing pur-
poses. 

All employees who work with agrochemicals, or are regularly 
exposed to them, should be examined annually and undergo blood 
tests to determine whether there are any signs of exposure or poi-
soning. Reports of medical examinations and blood tests have to 
be filed at the farm office for auditing purposes, as well as to protect 
the producer against wrongful claims for purported health problems 
allegedly caused by exposure to agrochemicals on the farm. 

Details about the prescriptions for training of spray operators and 
medical examinations may also be found in the Guidelines for 
handling, storage and disposal of agrochemicals in the South 
African wine industry which is available on the Winetech website 
(www.winetech.co.za). 

For more information contact Elleunorah Allsopp, e-mail: allsoppe@arc.agric.za
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IPW guidelines for handling, storage and 
disposal of agrochemicals (Part 2):  
Filling points for spray equipment and disposal 
of empty containers 
Elleunorah Allsopp & Keith du Plessis, ARC Infruitec-Nietvoorbij, Stellenbosch

The handling, storage and disposal of agrochemicals and their 
empty containers are regulated by South African legislation. The 
Scheme for Integrated Production of Wine (IPW) requires producers 
to comply with national legislation in this regard. This article, the 
second in a series of three about the above-mentioned legislation, 
takes a closer look at the regulations pertinent to filling points for 
spray equipment and the disposal of empty containers. 

FILLING POINTS FOR SPRAY EQUIPMENT 
The concentration of herbicides, pesticides and fungicides in water 
used to rinse and wash measuring cups and spray equipment is 
usually so low that it is no longer considered lethal to people and 
mammals. This does not imply that these low concentrations of 
agrochemicals will not have harmful effects on the environment. 
Extremely low concentrations of certain products in water sources 
have been shown to disrupt reproduction of aquatic organisms, 
since these compounds have a chemical structure similar to that 
of reproductive hormones in certain organisms. Some of these 
compounds also act as endocrine disruptors in humans when they 
are exposed to low concentrations of such products in water. All 
waste water contaminated with agrochemicals should therefore 
be handled with extreme care. 

SANS 10206 stipulates that the place where spray equipment is 
filled and washed should have an impermeable cement slab, sur-
rounded by a small retaining wall, to ensure that soil and water 
resources are not contaminated. It stipulates furthermore that con-
taminated waste water must be collected in a tank and removed to 
a registered hazardous waste disposal site. For most farmers, 
especially those in remote regions, this is not a practical option. 

Numerous producers have been advised to build so-called stone 
drains or sumps to get rid of waste water. This practice is not 
mentioned as an alternative in SANS 10206. Upon enquiry the 
Department of Water Affairs and Forestry (DWAF) replied that this 
is not acceptable, because there is no guarantee that products 
will have broken down sufficiently before draining into the ground 
water or other water sources such as rivers and wetlands. 

With input from local representatives of Croplife/AVCASA and 
ACDASA, an alternative was proposed to DWAF by IPW, which 
they approved in writing. This entails that producers build a shal-
low evaporation pit in which contaminated waste water is col-
lected. This cement pit has to be sealed with waterproofing and 
covered with a metal grid so that birds and animals do not have 
access to the contaminated water. A little lime should also be 
added to the waste water, each time spraying takes place. High 
pH (alkaline) and UV light from the sun accelerates the breakdown 
of hazardous active ingredients, while sun and wind facilitate 
evaporation of the water. When it rains the evaporation pit must 
be closed so that it does not fill up with rain water. Any sediment 
that builds up in the pit over time may be collected periodically and 

dispatched to a registered disposal site for hazardous substances. 
The volume of the evaporation pit will depend on how much spray-
ing takes place on a farm and how much waste water is gener-
ated. It is also recommended that an ordinary garden hose with a 
high pressure nozzle (the kind being used in home gardens) be 
supplied at the filling point. Spray equipment can then be cleaned 
using less water (finer spray with high pressure), which results in 
water savings. If there is more than one filling point on a farm, an 
evaporation pit should be built at each filling point. 

DISPOSAL OF EMPTY CONTAINERS 
Incineration of empty plastic or other combustible agrochemical 
containers is illegal in South Africa. According to SANS 10206 
containers should be triple rinsed and the rinse water poured into 
the spray tank. A hole or holes should be made at the bottom of 
empty containers or the containers should be cut up or flattened so 
that they cannot be used for other purposes. The containers must 
then be sent to a registered hazardous waste disposal site. Remem-
ber, in terms of the law the producer is liable if somebody who is not 
trained to understand the risks associated with agrochemicals 
should use a contaminated, empty container and be poisoned by 
the residue in the container. Plastic containers (rinsed and with holes 
at the bottom or cut up) may otherwise be sent for recycling of 
plastic to a recycler who is registered to recycle plastic agrochemi-
cal containers. The IPW website (www.ipw.co.za) contains contact 
details of companies that collect plastic containers on farms for 
recycling. Empty containers (with holes) that will be collected for 
recycling, must be stored in such a way that they do not pollute the 
environment (lock them up somewhere under cover). 

According to SANS 10206 other empty containers, such as 
metal drums, which cannot be recycled, must also be sent to a 
registered hazardous waste disposal site or be returned to the 
suppliers of agrochemicals, especially in remote areas where 
companies that handle hazardous waste do not offer a service. 

Unused agrochemicals that are past their “use by” date may not 
be dumped in the environment and may not be taken to an 
ordinary municipal waste disposal site either. These products 
must also be sent to a registered hazardous waste disposal site 
or returned to the suppliers. 

It is and remains the responsibility of the buyer (producer) to dis-
pose of all expired products and empty containers in accordance 
with the law. 

Particulars about the regulations for filling points and the disposal 
of agrochemicals and empty containers may be found in the 
Guidelines for handling, storage and disposal of agrochemicals in 
the South African wine industry which is available on the Winetech 
website (www.winetech.co.za). 

For more information contact Elleunorah Allsopp, e-mail: allsoppe@arc.agric.za
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IPW guidelines for handling, storage and 
disposal of agrochemicals (part 3): Training of 
spray operators, protective gear and prescribed 
medical examinations 
Elleunorah Allsopp, ARC Infruitec-Nietvoorbij, Stellenbosch

The handling, storage and disposal of agrochemicals and their 
empty containers are regulated by South African legislation. The 
Scheme for Integrated Production of Wine (IPW) requires produc-
ers to comply with national legislation in this regard. In this article, 
the last in a series of three about the above-mentioned legislation, 
a closer look is taken at the regulations that pertain to the training 
of spray operators, protective gear and medical examinations. 

No herbicide, pesticide or insecticide is completely harmless to 
humans. All products, including blue and green band products 
(toxicity class III & IV), hold potential risks for humans and the envi-
ronment. Many products are not acutely toxic to people, i.e. you will 
not die if you ingest it, but long term exposure to low dosages may 
cause a gradual accumulation of residue in human tissue or organs. 
Low dosages of many products may damage the nervous system 
or other organs and some compounds are carcinogenic - these are 
often referred to as “sub-lethal effects”. For this reason manufactur-
ers recommend the use of protective gear such as gloves even 
when working with green band products. 

TRAINING OF SPRAY OPERATORS 

SANS 10206 stipulates that all workers who handle agrochemi-
cals have to receive sufficient formal training in the safe handling 
and application thereof. The organisation or person who presents 
the training has to issue each worker with a certificate confirming 
that training has been received. Spray operators have to under-
stand the potential risks of handling agrochemicals, and must be 
able to read and understand the safety measures for handling 
and application as stated on the labels. They also have to know 
how to prevent environmental pollution when measuring out 
formulations, filling and cleaning spray equipment. 

At least two members of each team of spray operators have to 
receive formal training in basic first aid, especially with regard to the 
handling of emergencies related to agrochemicals and as stipulated 
in Annexure B of SANS 10206. This annexure also indicates the 
basic emergency procedures that have to be followed. The “Mate-
rial Safety Data Sheet” or MSDS of each product in the storeroom 
has to be on hand so that it may be handed to medical personnel 
in the event of contamination or poisoning. These documents con-
tain inter alia all the necessary information regarding medical treat-
ment in the event of exposure or poisoning. If this information 
appears on the comprehensive product label, it is not necessary to 
keep a separate MSDS for the product in the storeroom. 

Copies of all training certificates have to be filed in the farm office 
and be available for auditing purposes. 

PROTECTIVE GEAR 

SANS 10206 contains very specific guidelines for protective gear. 

These prescriptions are also summarised in the Guidelines for han-
dling, storage and disposal of agrochemicals in the South African 
wine industry (www.winetech.co.za) and the IPW checklist (IPW 
Guidelines for Farms). Protective clothing that does not comply with 
the prescriptions, e.g. gloves that are too short, do not offer suffi-
cient protection against contamination and expose both the person 
handling the product as well as the producer to unnecessary 
risks. 

Protective overalls should be kept in the store and washed on 
site - overalls may not be washed at home with other laundry, as 
the latter may also be contaminated by toxins. Overalls for spray-
ing and clean clothes have to be kept separately in the storeroom 
and ablution facilities must be available for spray operators to 
wash at the end of the day and go home wearing clothes without 
spray residue. 

Protective gear can be very uncomfortable when spraying in 
warm conditions. Tractors with enclosed cabins, especially the 
kind with air-conditioning, offer excellent protection and largely 
eliminate the problem of uncomfortable, hot overalls. 

PRESCRIBED MEDICAL EXAMINATIONS 

Legislation (inter alia the Occupational Health and Safety Act, Nr 85 
of 1993) stipulates that only workers who have undergone a medi-
cal examination and been declared fit for the purpose, are allowed 
to handle and apply agrochemicals. Prospective spray operators 
have to be examined by an occupational health practitioner, i.e. a 
doctor with a post-graduate diploma in occupational medicine, and 
declared fit to work with agrochemicals. This examination may not 
be done by a clinic sister or ordinary general practitioner. Doctors 
may contact the Occupational Medicine Department at the US 
Medical School at the Tygerberg campus, for information about 
courses in occupational medicine. Certificates issued after this 
examination have to be filed and made available for auditing pur-
poses. 

All employees who work with agrochemicals, or are regularly 
exposed to them, should be examined annually and undergo blood 
tests to determine whether there are any signs of exposure or poi-
soning. Reports of medical examinations and blood tests have to 
be filed at the farm office for auditing purposes, as well as to protect 
the producer against wrongful claims for purported health problems 
allegedly caused by exposure to agrochemicals on the farm. 

Details about the prescriptions for training of spray operators and 
medical examinations may also be found in the Guidelines for 
handling, storage and disposal of agrochemicals in the South 
African wine industry which is available on the Winetech website 
(www.winetech.co.za). 

For more information contact Elleunorah Allsopp, e-mail: allsoppe@arc.agric.za
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The impact on health of heavy metals in wine
Dee Blackhurst & Dave Marais, Faculty of Health Sciences, University of Cape Town

It is accepted that moderate consumption 
of alcoholic beverages, particularly wine, 
and more especially red wine, has certain 
health benefits, as reviewed by Black-
hurst. It therefore caused some concern 
when it was found that wine from certain 
European countries such as Slovakia and 
Hungary, contained high concentrations 
of heavy metals. The same authors found 
a variety of metal ions at relatively high 
concentrations in red wine, compared 
with stout and apple juice. Several poten-
tially toxic metal ions that were not found 
in the stout and apple juice (for example 
vanadium, nickel and cadmium), were 
found in the red wine, although all three 
beverages contained many other metals 
such as chromium and lead. The authors 
expressed concern over the potentially 
toxic effects for those who consume at 
least 250 mL red wine daily over a long 
period of exposure. 

Heavy metals may thus become a public 
health issue that affects foodstuffs as well 
as alcoholic beverages. Before public 
health recommendations can be made 
about the inclusion of wine in lifestyles, 
there needs to be clear evidence that the 
benefits of wine consumption outweigh 
any possible health disadvantages. 
Informed decisions by consumers can 
only be made by declaring the possible 
harmful constituents in wine and food-
stuffs, as well as daily limits. 

The definition of ‘heavy metals’ is some-
times inconsistent, but refers to a group 
of metals associated with ecotoxicity. In a 
broad sense, those metal ions that can 
be considered ‘heavy metals’ are: arse-
nic, cadmium, chromium, copper, iron, 
lead, manganese, mercury, molybdenum, 
nickel, strontium, vanadium, and zinc. 
Heavy metals may loosely be assigned to 
four functional classes: class A metals are 
essential for life in relatively high amounts 
(for example iron), class B includes metals 
that have no known biological function 
but are not particularly toxic at low con-

centrations (for example strontium), class 
C includes metals that are essential in 
very low concentrations (copper, molyb-
denum, nickel, manganese, and zinc), but 
which at higher than certain threshold 
concentrations may become toxic, and 
finally class D, which includes metals that 
are toxic even at low levels and their bio-
logical function is unclear (cadmium, 
mercury, and lead). 

In humans, several of the heavy metals 
are important trace elements obtained in 
the diet. They can generate reactive oxy-
gen and nitrogen species, which may 
have beneficial effects. The beneficial 
effects include the defence against infec-
tion, normal dilatation of blood vessels 
and signalling inside cells. They may also 
neutralise certain free radicals when they 
are part of enzymes such as superoxide 
dismutase (copper, zinc, and manga-
nese). Furthermore, cellular respiration 
requires iron whilst maintenance of cell 
membranes also requires some heavy 
metals. In these ways heavy metals may 
protect against ageing and certain can-
cers. 

Heavy metals may originate from a num-
ber of different sources, both natural and 
anthropogenic. Through agricultural use 
of heavy metals (pesticides, fungicides 
and fertilisers), mining, coal and oil com-
bustion, stormwater runoff may discharge 
heavy metals into oceans. Crops may 
become contaminated, and thus foods 
and beverages may become a significant 
source of these metals. It has been estab-
lished that of the heavy metals, arsenic, 
cadmium, chromium, mercury, and lead 
are particularly ecotoxic and detrimental 
to human health . 

Mercury is a very toxic heavy metal, and 
because its vapour can be inhaled or it 
can be transported as a salt or organic 
compound in water and fat, it is consid-
ered a global pollutant. Every year anthro-
pogenic sources produce approximately 
2 500 tonnes of mercury, and efforts are 

being made to secure a global network 
whose aim is to monitor mercury pollu-
tion. Several countries, including South 
Africa, have expressed interest in this. 

The use of lead by man dates back to at 
least 3500 B.C. Human skeletons dating 
to prehistoric times contain less than one 
percent of lead recorded during present 
times. The Romans used lead exten-
sively: in their plumbing, their aqueducts, 
and in many of their cooking utensils. 
Lead was also used in wine-making, to 
preserve and even to improve the taste of 
the wine. The large scale use of lead 
caused health problems amongst the 
Romans. The sequelae included severe 
abdominal pain, and paralysis. Gout was 
also associated with the chronic lead 
poisoning. Adults absorb less lead from 
the diet than infants (5 - 15% compared 
with 30 - 40%), raising the concern for 
childhood nutrition. Excessive lead expo-
sure is associated with carcinogenesis, 
birth defects and hypertension . Until the 
1990s, lead concentrations in wine were 
often greater than 150 µg/L, but these are 
gradually decreasing owing to measures 
taken to reduce total lead emissions, and 
also the replacement of old equipment in 
the wine-making process . 

Arsenic and chromium bind to proteins, 
altering their structure and function, there-
by promoting cancer. An excess of cop-
per, molybdenum, and zinc may be asso-
ciated with vague manifestations such as 
fever, nausea, vomiting, diarrhoea, and 
anaemia , but harm may already occur at 
lesser exposure. Intake of several heavy 
metals has been associated with different 
neurodegenerative diseases, for example 
employees in the heavy metal industry 
exposed for more than twenty years to 
metals such as copper, manganese, and 
lead, were found to suffer more frequent-
ly from Parkinson’s disease. A recent 
study found an approximate doubling in 
the risk of Parkinson’s disease in people 
who supplemented their diet with iron and 
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manganese. Lead and cadmium were 
found to inhibit memory and learning . 

In certain regions affected by contamina-
tion of local food produce by heavy met-
als, populations can be at high risk if their 
food consumption is not diluted by food 
from non-contaminated areas . 

Wine is a complex solution of water, alco-
hols, phenolic compounds, organic acids 
and residual sugars. Wine also contains 
varying concentrations of metal ions such 
as sodium, potassium, calcium, magne-
sium, nickel, chromium, zinc, manganese, 
cobalt, copper, iron, and lead. White wine 
generally has lower concentrations of 
these metals (except possibly cadmium 
and lead) than red wines, due mostly to 
the white wine-making process which 
uses fermentation without skins, and 
grape skins contain higher concentrations 
of metal than pulp. The metals in wine 
also vary at different stages of the wine-
making process. During fermentation, 
metal concentrations decrease due to 
precipitation. Yeasts also consume metals 
such as copper, iron, and zinc. Clarifica-
tion of wine may also lead to a decrease 
in concentration of heavy metals. Increas-
es in heavy metals in wine may result from 

long maceration times, and long contact 
times with metal-containing equipment. 

South Africa has set limits for some heavy 
metals in wine (Table 1). The European 
Union has no laws stipulating upper limits 
of concentrations of undesired substanc-
es in wine, though guidance is given by 
the OIV (Organisation Internationale de la 
Vigne et du Vin). 

The source of heavy metals in wine could 
be the grapes, the processing of the 
grapes to wine, bottling, and storage. The 
variety and age of the grapes also play a 
role in the heavy metal content of wines. 
Grapes may become contaminated with 
heavy metals through the soil in which the 
vines are grown. This is a major source of 
heavy metals in wine, originating from, for 
example, weathering of rocks, or from 
environmental pollution. Wine is also in 
contact with various metals such as alu-
minium, steel (chromium, iron, manga-
nese, and nickel) and brass (copper, zinc, 
lead, and nickel) during the wine-making 
process. Various metals contribute to 
particular characteristics in wine such as 
colour, flavour and aroma. The fermenta-
tion process is influenced by copper, iron, 
manganese, and zinc. With the exception 

of zinc, these metals are also part of an 
important antioxidant process that pre-
vents spoilage in wine. There is little doubt 
that concerted efforts to minimise prac-
tices that may contribute to exposure of 
heavy metals, such as the use of mercury 
in dental amalgam, result in a decreased 
intake of these metals. A study in Sweden 
found annual decreases in lead and mer-
cury between 1990 and 1999 of approx-
imately five percent. The higher concen-
trations of heavy metals in wines from 
some countries may shift the consump-
tion to wine emanating from countries 
which record lower values. 

Moderate wine consumption may thus 
provide essential metals that contribute to 
health. As long as the wine consumption 
does not result in excessive exposure to 
these or other heavy metals, the regular 
consumption may not only promote 
health but also reduce cardiovascular 
disease. In order that this is the case, 
limits have been set for the heavy metal 
contents of wine (Table 1). Although the 
costs would have to be taken into 
account, the testing and labelling of South 
African wines for their heavy metal con-
tent could improve the consumption of 
our wines internationally. 

TABLE 1. The recommended limits of concentrations of some heavy metals in wine in South Africa (20).

Name of substance Maximum extent to which substance may be contained (mg/L) 

arsenic 0.2

cadmium 0.01

copper 1.0

iron 10.0

lead 0.20 (in wine produced after 31 December 1997)

mercury 0.05

zinc 5.0

For more information contact Dee Blackhurst, e-mail: dee.blackhurst@uct.co.za. 

GENERAL



technical yearbook 200992

The impact on health of heavy metals in wine
Dee Blackhurst & Dave Marais, Faculty of Health Sciences, University of Cape Town

It is accepted that moderate consumption 
of alcoholic beverages, particularly wine, 
and more especially red wine, has certain 
health benefits, as reviewed by Black-
hurst. It therefore caused some concern 
when it was found that wine from certain 
European countries such as Slovakia and 
Hungary, contained high concentrations 
of heavy metals. The same authors found 
a variety of metal ions at relatively high 
concentrations in red wine, compared 
with stout and apple juice. Several poten-
tially toxic metal ions that were not found 
in the stout and apple juice (for example 
vanadium, nickel and cadmium), were 
found in the red wine, although all three 
beverages contained many other metals 
such as chromium and lead. The authors 
expressed concern over the potentially 
toxic effects for those who consume at 
least 250 mL red wine daily over a long 
period of exposure. 

Heavy metals may thus become a public 
health issue that affects foodstuffs as well 
as alcoholic beverages. Before public 
health recommendations can be made 
about the inclusion of wine in lifestyles, 
there needs to be clear evidence that the 
benefits of wine consumption outweigh 
any possible health disadvantages. 
Informed decisions by consumers can 
only be made by declaring the possible 
harmful constituents in wine and food-
stuffs, as well as daily limits. 

The definition of ‘heavy metals’ is some-
times inconsistent, but refers to a group 
of metals associated with ecotoxicity. In a 
broad sense, those metal ions that can 
be considered ‘heavy metals’ are: arse-
nic, cadmium, chromium, copper, iron, 
lead, manganese, mercury, molybdenum, 
nickel, strontium, vanadium, and zinc. 
Heavy metals may loosely be assigned to 
four functional classes: class A metals are 
essential for life in relatively high amounts 
(for example iron), class B includes metals 
that have no known biological function 
but are not particularly toxic at low con-

centrations (for example strontium), class 
C includes metals that are essential in 
very low concentrations (copper, molyb-
denum, nickel, manganese, and zinc), but 
which at higher than certain threshold 
concentrations may become toxic, and 
finally class D, which includes metals that 
are toxic even at low levels and their bio-
logical function is unclear (cadmium, 
mercury, and lead). 

In humans, several of the heavy metals 
are important trace elements obtained in 
the diet. They can generate reactive oxy-
gen and nitrogen species, which may 
have beneficial effects. The beneficial 
effects include the defence against infec-
tion, normal dilatation of blood vessels 
and signalling inside cells. They may also 
neutralise certain free radicals when they 
are part of enzymes such as superoxide 
dismutase (copper, zinc, and manga-
nese). Furthermore, cellular respiration 
requires iron whilst maintenance of cell 
membranes also requires some heavy 
metals. In these ways heavy metals may 
protect against ageing and certain can-
cers. 

Heavy metals may originate from a num-
ber of different sources, both natural and 
anthropogenic. Through agricultural use 
of heavy metals (pesticides, fungicides 
and fertilisers), mining, coal and oil com-
bustion, stormwater runoff may discharge 
heavy metals into oceans. Crops may 
become contaminated, and thus foods 
and beverages may become a significant 
source of these metals. It has been estab-
lished that of the heavy metals, arsenic, 
cadmium, chromium, mercury, and lead 
are particularly ecotoxic and detrimental 
to human health . 

Mercury is a very toxic heavy metal, and 
because its vapour can be inhaled or it 
can be transported as a salt or organic 
compound in water and fat, it is consid-
ered a global pollutant. Every year anthro-
pogenic sources produce approximately 
2 500 tonnes of mercury, and efforts are 

being made to secure a global network 
whose aim is to monitor mercury pollu-
tion. Several countries, including South 
Africa, have expressed interest in this. 

The use of lead by man dates back to at 
least 3500 B.C. Human skeletons dating 
to prehistoric times contain less than one 
percent of lead recorded during present 
times. The Romans used lead exten-
sively: in their plumbing, their aqueducts, 
and in many of their cooking utensils. 
Lead was also used in wine-making, to 
preserve and even to improve the taste of 
the wine. The large scale use of lead 
caused health problems amongst the 
Romans. The sequelae included severe 
abdominal pain, and paralysis. Gout was 
also associated with the chronic lead 
poisoning. Adults absorb less lead from 
the diet than infants (5 - 15% compared 
with 30 - 40%), raising the concern for 
childhood nutrition. Excessive lead expo-
sure is associated with carcinogenesis, 
birth defects and hypertension . Until the 
1990s, lead concentrations in wine were 
often greater than 150 µg/L, but these are 
gradually decreasing owing to measures 
taken to reduce total lead emissions, and 
also the replacement of old equipment in 
the wine-making process . 

Arsenic and chromium bind to proteins, 
altering their structure and function, there-
by promoting cancer. An excess of cop-
per, molybdenum, and zinc may be asso-
ciated with vague manifestations such as 
fever, nausea, vomiting, diarrhoea, and 
anaemia , but harm may already occur at 
lesser exposure. Intake of several heavy 
metals has been associated with different 
neurodegenerative diseases, for example 
employees in the heavy metal industry 
exposed for more than twenty years to 
metals such as copper, manganese, and 
lead, were found to suffer more frequent-
ly from Parkinson’s disease. A recent 
study found an approximate doubling in 
the risk of Parkinson’s disease in people 
who supplemented their diet with iron and 
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manganese. Lead and cadmium were 
found to inhibit memory and learning . 

In certain regions affected by contamina-
tion of local food produce by heavy met-
als, populations can be at high risk if their 
food consumption is not diluted by food 
from non-contaminated areas . 

Wine is a complex solution of water, alco-
hols, phenolic compounds, organic acids 
and residual sugars. Wine also contains 
varying concentrations of metal ions such 
as sodium, potassium, calcium, magne-
sium, nickel, chromium, zinc, manganese, 
cobalt, copper, iron, and lead. White wine 
generally has lower concentrations of 
these metals (except possibly cadmium 
and lead) than red wines, due mostly to 
the white wine-making process which 
uses fermentation without skins, and 
grape skins contain higher concentrations 
of metal than pulp. The metals in wine 
also vary at different stages of the wine-
making process. During fermentation, 
metal concentrations decrease due to 
precipitation. Yeasts also consume metals 
such as copper, iron, and zinc. Clarifica-
tion of wine may also lead to a decrease 
in concentration of heavy metals. Increas-
es in heavy metals in wine may result from 

long maceration times, and long contact 
times with metal-containing equipment. 

South Africa has set limits for some heavy 
metals in wine (Table 1). The European 
Union has no laws stipulating upper limits 
of concentrations of undesired substanc-
es in wine, though guidance is given by 
the OIV (Organisation Internationale de la 
Vigne et du Vin). 

The source of heavy metals in wine could 
be the grapes, the processing of the 
grapes to wine, bottling, and storage. The 
variety and age of the grapes also play a 
role in the heavy metal content of wines. 
Grapes may become contaminated with 
heavy metals through the soil in which the 
vines are grown. This is a major source of 
heavy metals in wine, originating from, for 
example, weathering of rocks, or from 
environmental pollution. Wine is also in 
contact with various metals such as alu-
minium, steel (chromium, iron, manga-
nese, and nickel) and brass (copper, zinc, 
lead, and nickel) during the wine-making 
process. Various metals contribute to 
particular characteristics in wine such as 
colour, flavour and aroma. The fermenta-
tion process is influenced by copper, iron, 
manganese, and zinc. With the exception 

of zinc, these metals are also part of an 
important antioxidant process that pre-
vents spoilage in wine. There is little doubt 
that concerted efforts to minimise prac-
tices that may contribute to exposure of 
heavy metals, such as the use of mercury 
in dental amalgam, result in a decreased 
intake of these metals. A study in Sweden 
found annual decreases in lead and mer-
cury between 1990 and 1999 of approx-
imately five percent. The higher concen-
trations of heavy metals in wines from 
some countries may shift the consump-
tion to wine emanating from countries 
which record lower values. 

Moderate wine consumption may thus 
provide essential metals that contribute to 
health. As long as the wine consumption 
does not result in excessive exposure to 
these or other heavy metals, the regular 
consumption may not only promote 
health but also reduce cardiovascular 
disease. In order that this is the case, 
limits have been set for the heavy metal 
contents of wine (Table 1). Although the 
costs would have to be taken into 
account, the testing and labelling of South 
African wines for their heavy metal con-
tent could improve the consumption of 
our wines internationally. 

TABLE 1. The recommended limits of concentrations of some heavy metals in wine in South Africa (20).

Name of substance Maximum extent to which substance may be contained (mg/L) 

arsenic 0.2

cadmium 0.01

copper 1.0

iron 10.0

lead 0.20 (in wine produced after 31 December 1997)

mercury 0.05

zinc 5.0

For more information contact Dee Blackhurst, e-mail: dee.blackhurst@uct.co.za. 
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Health benefits of wines with reduced alcohol
Dee Blackhurst & Dave Marais, Faculty of Health Sciences, University of Cape Town

It is generally accepted that moderate 
consumption of wine is beneficial to 
health, but it is still not clear how much 
the alcohol and the non-alcoholic com-
pounds in the wine contribute to these 
benefits. Owing to the obvious concerns 
of excessive alcohol intake, it is attractive 
to explore the production of wine from 
which alcohol is removed, either partially 
or completely. The solution might thus lie 
in low-and reduced-alcohol wines, but 
their marketing for health benefit requires 
research and evidence that proves similar 
or better outcomes on health compared 
with the standard wines. Some obvious 
advantages include reduced risk from 
alcohol-related diseases, reduced calorie 
intake, benefits for pregnant women, and 
advantages for consumers who, for reli-
gious or health reasons, cannot consume 
much alcohol.

Although earlier harvesting, and cooler 
climates can limit the alcoholic content of 
wine(1), consumers have become increas-
ingly concerned about health, spawning 
some interest in low-alcohol wines. The 
decrease in the annual per capita wine 
consumption in the French, from 120L in 
1959 to 43L in 2008(2), may thus be 
reversed if palatable, healthier beverages 
are available. South African consumers 
have displayed a demand for lower-alco-
hol wines(3), but there continues to be 
some resistance to alcohol-modified 
wines, with the idea that their palatability 
is inferior to standard wines, even though 
advances in production methods have 
lead to a general improvement in quality(4). 
Low-alcohol wines have been described 
as ‘thin and watery’, but this may be due 
to prejudice and ‘snobbery’. A study in 
France found that a thousand consumers 
were not able to differentiate between the 
taste of standard wines with 13-14% 
alcohol and those with a moderate reduc-
tion of alcohol to 10-11%(2). The alcohol 
content in French, Italian, and Spanish 
wines has increased by an average 3% 

over the past 15 years. This is attributed 
mainly to global warming, vineyards plant-
ing grape varieties that produce sweeter 
wines, and later harvesting of grapes(2). 

Attempts to lower the alcohol content in 
wine range from altered techniques in 
wine production, to deliberate removal of 
part or all the alcohol. This begs for a 
proper definition of a low-alcohol bever-
age. The definition varies in viticulture and 
between countries. The content for con-
sumers is declared as volume of alcohol 
per volume of beverage. According to the 
European Commission(5), drinks are 
described as ‘low-alcohol’ if they contain 
less than 0.5% alcohol, and ‘alcohol-free’ 
if they contain less than 0.05% alcohol. In 
contrast, the South African Wine and 
Spirits Board, advises that a ‘light’ wine 
should have an alcohol level of less than 
10%(3). In the US, a low-alcohol wine 
contains 6-7% alcohol. According to the 
Australian Food Standards Code, a ‘low-
alcohol’ beverage must contain no more 
than 1.15% alcohol by volume(6). Accord-
ing to European Union (EU) regulations, a 
‘wine’ needs to contain at least 9% alco-
hol, and if less than this, the beverage 
needs to be referred to as a ‘wine-based 
drink’(7). European Union legislation pre-
cludes the use of the term wine for the 
alcohol-modified beverage, even with the 
use of recognised oenological practices 
such as reverse osmosis, distillation, 
nano-filtration, or centrifugation. These 
practices are allowed in South Africa, 
Australia, and California, but wines then 
may not be exported to the EU. Recently 
in the UK, the Wine Standards branch of 
the Food Standards Agency banned an 
8%-alcohol wine because an unauthor-
ised alcohol-lowering process was used(8). 
Paradoxically, similar beverages made in 
the US using these practices may be sold 
in the EU owing to an EU/US bilateral 
agreement(9). Reverse osmosis is allowed 
in France, and the spinning cone tech-
nique is licensed in Spain, but both are 

currently on an experimental basis. To 
produce natural low-alcohol wines in 
countries with colder climates is relatively 
easy, but this may not be so easy in 
countries with hotter climates. Theoreti-
cally, winemakers could harvest their 
grapes earlier, leaving them immature and 
lower in sugar content, to produce wines 
that are lower in alcohol. Such products 
may differ from the original, and a percep-
tion that they are ‘undrinkable’ could 
make them unpopular in many EU coun-
tries. This is especially so when wines 
with higher alcohol content (some con-
taining alcohol concentrations of as high 
as 16%) are highly acclaimed by crit-
ics(10).

The most abundant alcohol in wine is 
ethanol, which is important in the stability 
and ageing of the wine, as well as impart-
ing certain sensory characteristics to the 
wines. Ethanol may also be a solvent for 
certain tannins and pigments, and may 
influence the concentration of certain 
antioxidants (flavonoids) extracted during 
the winemaking process(11).

Worldwide, disorders associated with 
alcohol abuse, such as liver cirrhosis, 
certain cancers, and cardiovascular dis-
ease (CVD), contribute to a large burden 
of disease(12). Cardiovascular disease is 
rising(13) but has been found to be amelio-
rated by regular consumption of moder-
ate amounts of standard alcoholic bever-
ages, mostly wine(14). There is indirect 
evidence that wine offers greater protec-
tion against heart attacks and strokes 
compared with other alcoholic beverag-
es(15; 16).  This seems to suggest that there 
are compounds in wine in relatively high 
concentrations, which confer protection.  
However, this theory is refuted by studies 
which suggest that all alcoholic bever-
ages are associated with lower risk(17). 
The French paradox may be an example 
of the cardio protection that wine confers 
in a population that consumes wine as 
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part of a diet high in saturated fat. There 
is a paucity of information on health ben-
efits of low-alcohol wines. There are how-
ever, a few scientific studies on alcohol-
free beverages derived from grapes.

Many of the studies on the health benefits 
of de-alcoholised wine and grape juice 
focus on the protection of low density 
lipoproteins (LDL) against oxidation pro-
moted by free radicals. Oxidised LDL is 
thought to play a role in the progression 
of CVD. Red wine antioxidant polyphe-
nols, and not ethanol, bind to LDL and 
protect it from oxidation(18). Studies have 
shown that ethanol alone was not able to 
protect LDL from being oxidised, and that 
grape juice was able to(19). Furthermore, 
ethanol did not significantly increase plas-
ma antioxidant potential, but grape juice 
did(20).  Consumption of de-alcoholised 
red wine was found to increase antioxi-
dant capacity in healthy people, whereas 
de-alcoholised white wine (with an 
approximate ten times lower polyphenol 
concentration) had no such effect(21). De-
alcoholised red wine, and not ethanol, 
significantly reduced radiation-induced 
DNA damage in healthy adults(22). These 
suggest that it is compounds other than 
the ethanol that are responsible for the 
antioxidant function. 

Ethanol alone may confer some benefits 
for CVD by significantly reducing monocyte 
migration (a process that contributes to 
the progression of atherosclerosis)(23), but 
this may result in an increased susceptibil-
ity to infection(24). Certain phenolic com-
pounds in wine, for example resveratrol, 
have anti-cancer properties(25). Grape juice 
has also been found to improve endothe-
lial function (a marker of risk for CVD)(26). 
Consumption of de-alcoholised red wine 
by smokers resulted in a significant 
decrease in plasma and urinary F2-isopros-
tanes, a marker of lipid peroxidation, asso-
ciated with cardiovascular risk(27).

The current balance of evidence thus sug-
gests that ethanol is not vital for providing 
the health benefits in moderate wine drink-
ing. It is thus expected that reducing the 

ethanol in wine would in all likelihood not 
diminish the potential health benefits while 
enabling safer consumption.
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It is generally accepted that moderate 
consumption of wine is beneficial to 
health, but it is still not clear how much 
the alcohol and the non-alcoholic com-
pounds in the wine contribute to these 
benefits. Owing to the obvious concerns 
of excessive alcohol intake, it is attractive 
to explore the production of wine from 
which alcohol is removed, either partially 
or completely. The solution might thus lie 
in low-and reduced-alcohol wines, but 
their marketing for health benefit requires 
research and evidence that proves similar 
or better outcomes on health compared 
with the standard wines. Some obvious 
advantages include reduced risk from 
alcohol-related diseases, reduced calorie 
intake, benefits for pregnant women, and 
advantages for consumers who, for reli-
gious or health reasons, cannot consume 
much alcohol.

Although earlier harvesting, and cooler 
climates can limit the alcoholic content of 
wine(1), consumers have become increas-
ingly concerned about health, spawning 
some interest in low-alcohol wines. The 
decrease in the annual per capita wine 
consumption in the French, from 120L in 
1959 to 43L in 2008(2), may thus be 
reversed if palatable, healthier beverages 
are available. South African consumers 
have displayed a demand for lower-alco-
hol wines(3), but there continues to be 
some resistance to alcohol-modified 
wines, with the idea that their palatability 
is inferior to standard wines, even though 
advances in production methods have 
lead to a general improvement in quality(4). 
Low-alcohol wines have been described 
as ‘thin and watery’, but this may be due 
to prejudice and ‘snobbery’. A study in 
France found that a thousand consumers 
were not able to differentiate between the 
taste of standard wines with 13-14% 
alcohol and those with a moderate reduc-
tion of alcohol to 10-11%(2). The alcohol 
content in French, Italian, and Spanish 
wines has increased by an average 3% 

over the past 15 years. This is attributed 
mainly to global warming, vineyards plant-
ing grape varieties that produce sweeter 
wines, and later harvesting of grapes(2). 

Attempts to lower the alcohol content in 
wine range from altered techniques in 
wine production, to deliberate removal of 
part or all the alcohol. This begs for a 
proper definition of a low-alcohol bever-
age. The definition varies in viticulture and 
between countries. The content for con-
sumers is declared as volume of alcohol 
per volume of beverage. According to the 
European Commission(5), drinks are 
described as ‘low-alcohol’ if they contain 
less than 0.5% alcohol, and ‘alcohol-free’ 
if they contain less than 0.05% alcohol. In 
contrast, the South African Wine and 
Spirits Board, advises that a ‘light’ wine 
should have an alcohol level of less than 
10%(3). In the US, a low-alcohol wine 
contains 6-7% alcohol. According to the 
Australian Food Standards Code, a ‘low-
alcohol’ beverage must contain no more 
than 1.15% alcohol by volume(6). Accord-
ing to European Union (EU) regulations, a 
‘wine’ needs to contain at least 9% alco-
hol, and if less than this, the beverage 
needs to be referred to as a ‘wine-based 
drink’(7). European Union legislation pre-
cludes the use of the term wine for the 
alcohol-modified beverage, even with the 
use of recognised oenological practices 
such as reverse osmosis, distillation, 
nano-filtration, or centrifugation. These 
practices are allowed in South Africa, 
Australia, and California, but wines then 
may not be exported to the EU. Recently 
in the UK, the Wine Standards branch of 
the Food Standards Agency banned an 
8%-alcohol wine because an unauthor-
ised alcohol-lowering process was used(8). 
Paradoxically, similar beverages made in 
the US using these practices may be sold 
in the EU owing to an EU/US bilateral 
agreement(9). Reverse osmosis is allowed 
in France, and the spinning cone tech-
nique is licensed in Spain, but both are 

currently on an experimental basis. To 
produce natural low-alcohol wines in 
countries with colder climates is relatively 
easy, but this may not be so easy in 
countries with hotter climates. Theoreti-
cally, winemakers could harvest their 
grapes earlier, leaving them immature and 
lower in sugar content, to produce wines 
that are lower in alcohol. Such products 
may differ from the original, and a percep-
tion that they are ‘undrinkable’ could 
make them unpopular in many EU coun-
tries. This is especially so when wines 
with higher alcohol content (some con-
taining alcohol concentrations of as high 
as 16%) are highly acclaimed by crit-
ics(10).

The most abundant alcohol in wine is 
ethanol, which is important in the stability 
and ageing of the wine, as well as impart-
ing certain sensory characteristics to the 
wines. Ethanol may also be a solvent for 
certain tannins and pigments, and may 
influence the concentration of certain 
antioxidants (flavonoids) extracted during 
the winemaking process(11).

Worldwide, disorders associated with 
alcohol abuse, such as liver cirrhosis, 
certain cancers, and cardiovascular dis-
ease (CVD), contribute to a large burden 
of disease(12). Cardiovascular disease is 
rising(13) but has been found to be amelio-
rated by regular consumption of moder-
ate amounts of standard alcoholic bever-
ages, mostly wine(14). There is indirect 
evidence that wine offers greater protec-
tion against heart attacks and strokes 
compared with other alcoholic beverag-
es(15; 16).  This seems to suggest that there 
are compounds in wine in relatively high 
concentrations, which confer protection.  
However, this theory is refuted by studies 
which suggest that all alcoholic bever-
ages are associated with lower risk(17). 
The French paradox may be an example 
of the cardio protection that wine confers 
in a population that consumes wine as 
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part of a diet high in saturated fat. There 
is a paucity of information on health ben-
efits of low-alcohol wines. There are how-
ever, a few scientific studies on alcohol-
free beverages derived from grapes.

Many of the studies on the health benefits 
of de-alcoholised wine and grape juice 
focus on the protection of low density 
lipoproteins (LDL) against oxidation pro-
moted by free radicals. Oxidised LDL is 
thought to play a role in the progression 
of CVD. Red wine antioxidant polyphe-
nols, and not ethanol, bind to LDL and 
protect it from oxidation(18). Studies have 
shown that ethanol alone was not able to 
protect LDL from being oxidised, and that 
grape juice was able to(19). Furthermore, 
ethanol did not significantly increase plas-
ma antioxidant potential, but grape juice 
did(20).  Consumption of de-alcoholised 
red wine was found to increase antioxi-
dant capacity in healthy people, whereas 
de-alcoholised white wine (with an 
approximate ten times lower polyphenol 
concentration) had no such effect(21). De-
alcoholised red wine, and not ethanol, 
significantly reduced radiation-induced 
DNA damage in healthy adults(22). These 
suggest that it is compounds other than 
the ethanol that are responsible for the 
antioxidant function. 

Ethanol alone may confer some benefits 
for CVD by significantly reducing monocyte 
migration (a process that contributes to 
the progression of atherosclerosis)(23), but 
this may result in an increased susceptibil-
ity to infection(24). Certain phenolic com-
pounds in wine, for example resveratrol, 
have anti-cancer properties(25). Grape juice 
has also been found to improve endothe-
lial function (a marker of risk for CVD)(26). 
Consumption of de-alcoholised red wine 
by smokers resulted in a significant 
decrease in plasma and urinary F2-isopros-
tanes, a marker of lipid peroxidation, asso-
ciated with cardiovascular risk(27).

The current balance of evidence thus sug-
gests that ethanol is not vital for providing 
the health benefits in moderate wine drink-
ing. It is thus expected that reducing the 

ethanol in wine would in all likelihood not 
diminish the potential health benefits while 
enabling safer consumption.
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Introduction:
Climate change is predicted to directly impact South Africa’s mean 
annual temperature and rainfall ranges, influencing pest & disease 
distribution, flowering and fruiting seasons, and ground water resourc-
es. Climate change also impacts indirectly, through the growing 
awareness among consumers and the corresponding demand for 
carbon-efficient business processes. The agricultural sector is a large 
source of greenhouse gases (GHGs) through activities such as land-
use change, agrochemical application and fossil fuel use. Through 
conservative energy technologies and sustainable farming practices, 
substantial emission reduction opportunities exist which can improve 
efficiency and reduce costs throughout the supply chain.

How to get involved:
The success of this project relies on the active involve-
ment of the industry producers and exporters. Please log 
on to the website: www.climatefruitandwine.co.za 
or contact the project team, or your industry representa-
tive for more information.
Project Co-ordinator: Hugh Campbell  
Tel: 021 882 8470, email: hugh@dfptresearch.co.za
Project Manager: Shelly Fuller Tel: 021 461 1610, 
email: shellyf@genesis-analytics.com
Wine Industry Representative: Jacques Rossouw 
Tel: 021 809 7570, email: jrossouw@distell.co.za

 

 

what?
• an information source on climate change and agriculture issues, 
• a carbon calculator tool for South African fruit and wine producers and exporters, 
• a data capturing resource able to provide valuable benchmarking statistics and trends for the indus-

try.

why?
• to understand the risks and opportunities that exist in the current and future market place, 
• to evaluate your current production systems in terms of GHG emissions and energy usage,
• to change where necessary, to improve on efficiency and reduce emissions and financial costs, 
• to learn how you compare with your fellow growers, producers and exporters. 

how?
• use the information provided on the website to understand the impact of climate change on your 

business, 
• use the easy and quick step-by-step Carbon Calculator to determine your carbon status, 
• use the results and information to better manage your operational systems to reduce financial and 

physical risks going forward. 

This industry project is a joint initiative supported by the local fruit and wine industries,  
government (NAMC & PHI) and ComMark Trust (DFID funding)

Log on to www.climatefruitandwine.co.za & see for yourself.

The calculator:
Step-by-step guidance is offered in the Protocol document – download it and familiarise yourself with the process involved. 
The development of the calculator and relevant protocol is in line with leading international GHG accounting standards, such as 
the GHG Protocol and the PAS 2050, and has been calibrated to South African conditions where possible.
Depending on how you define your carbon footprint boundaries (i.e. what section of the supply chain you are accounting for) some 
of the information required to complete the audit may include:
- Fuel usage based on type of fuel, quantity used, type of vehicle consumed in, and which activity within the supply chain it is 

relevant for (for example the different transport legs or specific farm production machinery).
- Electricity consumption broken down, where possible, into different units (for example winery processes, farm housing, offices, 

irrigation pumps etc.). 
- Production activities which mainly includes fertiliser and other agro-chemical usage (herbicides, insecticides, fungicides and 

pesticides).
- Post-production and packaging activities which include activities within fruit and wine processing, storage and packaging.
- And finally the distribution (i.e. sea or air freight transportation) of the produce to the local or international port.
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AXILLARY BUDS

A compound of buds is situated at each 
node of a primary shoot, at the axil of the 
leaf (Figures 1a, b & c). The portion of the 
stem which is situated between two no -
des is called the internode.

The bud compound comprises:
1. A bud called prompt, or anticipated 

or sylleptical bud. This is not a true 
bud but a vegetative axil which is not 
protected by scales. Its initiation is 
systematic, but usually its develop-
ment is limited to a few millimetres 
only. In the year of its formation it may, 
however, develop into a lateral shoot, 
called secondary shoot or laterals. Its 
fertility is usually very weak to zero, 
depending on the growth conditions 
and the cultivar. Its phyllotaxic plane is 
perpendicular to that of the principal 
shoot. The first axillary meristem pro-
duced by the prompt bud which 
appears at the axil of the leaf precursor 
evolves into a latent bud. The laterals 
could be used to form a cordon. The 
length of the lateral’s internodes is 
more regular, which contributes to a 
more regular distance between two 
spurs when laterals are used to form a 
cordon.

2. The latent bud is a compound of veg-
etative miniaturised axils protected by 
scales. The principal axil of this com-
pound is called the latent primary axil. 
The development of these structures 
is inhibited by the growth of the shoot 
on which it is differentiated (year n) and 
by the prompt bud. This nascent 
structure differentiates itself for 2 to 4 
months during the growth of the bear-
er shoot before becoming dormant 
again. Its phyllotaxic plane is perpen-
dicular to that of the prompt bud and 
consequently becomes parallel again 
to that of the bearer shoot. It is the 
bearer of the primary shoot’s primor-
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FIGURE 1A, B & C:
a) Morphology of the latent bud at the completion of its differentiation. 
b) Transverse section of the latent vine bud. 
c) Longitudinal section of the latent bud.
At the end of its vegetative cycle, in the northern hemisphere in August and in the southern hemi-
sphere in February, the differentiation of the primordia from the leaves and inflorescences is com-
plete. At this stage the future flowers are not yet differentiated. Their differentiation starts at the 
beginning of the following spring through the formation of floral meristems (sources A. Deloire, 
1982; Carolus, 1970). Fertility is generally considered to be the average number of inflorescenses 
per bud. NB: Latent secondary and tertiary axils are represented on the same longitudinal plane, 
to facilitate understanding of the architecture of the latent bud; this is not actually the case.   

dium of the following year (year n+1), 
qualified by the proleptic axil. The pri-
mary shoot’s primordium bears the 
incipient inflorescences (Figure 2a, b & 
c) to the origin of the future grapes. 
De  pending on the level of differentia-
tion reached by the compound, the 
principal axil may comprise 4 to 12 

preformed metameres (Huglin, 1986). 
The average number of incipient inflo-
rescences that are present at the time 
when the differentiation ceases is 
called potential fertility* (on average 1 
to 3 per latent bud). This fertility 
depends on the cultivar, and on the 
climatic and trophic conditions of the 

Buds of the grape vine 
primary shoot
Alain Deloire, Department of Viticulture and Oenology, 
University of Stellenbosch
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AXILLARY BUDS

A compound of buds is situated at each 
node of a primary shoot, at the axil of the 
leaf (Figures 1a, b & c). The portion of the 
stem which is situated between two no -
des is called the internode.

The bud compound comprises:
1. A bud called prompt, or anticipated 

or sylleptical bud. This is not a true 
bud but a vegetative axil which is not 
protected by scales. Its initiation is 
systematic, but usually its develop-
ment is limited to a few millimetres 
only. In the year of its formation it may, 
however, develop into a lateral shoot, 
called secondary shoot or laterals. Its 
fertility is usually very weak to zero, 
depending on the growth conditions 
and the cultivar. Its phyllotaxic plane is 
perpendicular to that of the principal 
shoot. The first axillary meristem pro-
duced by the prompt bud which 
appears at the axil of the leaf precursor 
evolves into a latent bud. The laterals 
could be used to form a cordon. The 
length of the lateral’s internodes is 
more regular, which contributes to a 
more regular distance between two 
spurs when laterals are used to form a 
cordon.

2. The latent bud is a compound of veg-
etative miniaturised axils protected by 
scales. The principal axil of this com-
pound is called the latent primary axil. 
The development of these structures 
is inhibited by the growth of the shoot 
on which it is differentiated (year n) and 
by the prompt bud. This nascent 
structure differentiates itself for 2 to 4 
months during the growth of the bear-
er shoot before becoming dormant 
again. Its phyllotaxic plane is perpen-
dicular to that of the prompt bud and 
consequently becomes parallel again 
to that of the bearer shoot. It is the 
bearer of the primary shoot’s primor-
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FIGURE 1A, B & C:
a) Morphology of the latent bud at the completion of its differentiation. 
b) Transverse section of the latent vine bud. 
c) Longitudinal section of the latent bud.
At the end of its vegetative cycle, in the northern hemisphere in August and in the southern hemi-
sphere in February, the differentiation of the primordia from the leaves and inflorescences is com-
plete. At this stage the future flowers are not yet differentiated. Their differentiation starts at the 
beginning of the following spring through the formation of floral meristems (sources A. Deloire, 
1982; Carolus, 1970). Fertility is generally considered to be the average number of inflorescenses 
per bud. NB: Latent secondary and tertiary axils are represented on the same longitudinal plane, 
to facilitate understanding of the architecture of the latent bud; this is not actually the case.   

dium of the following year (year n+1), 
qualified by the proleptic axil. The pri-
mary shoot’s primordium bears the 
incipient inflorescences (Figure 2a, b & 
c) to the origin of the future grapes. 
De  pending on the level of differentia-
tion reached by the compound, the 
principal axil may comprise 4 to 12 

preformed metameres (Huglin, 1986). 
The average number of incipient inflo-
rescences that are present at the time 
when the differentiation ceases is 
called potential fertility* (on average 1 
to 3 per latent bud). This fertility 
depends on the cultivar, and on the 
climatic and trophic conditions of the 
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FIGURE 2: Longitudinal section of a latent bud showing the nascent of the future primary shoot 
(from Carolus, 1970).  
Growth and differentiation of the latent bud are arrested in February (southern hemisphere) 
and in August (northern hemisphere). In this example, the primordium of inflorescence 1 is 
placed opposite the leaf primordium 4; the primordium of inflorescence 2 is placed opposite the 
leaf primordium 5. The future primary shoot will bear 2 bunches in position 4 and 5 from the 
bottom. 
LP: leaf primordium; Pi: primordium of inflorescence.

Pi. 1 Pi. 2LP.1

LP.3
LP.5

LP.4

LP.2

year in which the bud is formed. Dur-
ing the subsequent vegetative cycle, 
the newly formed organs and tissues 
(incipient inflorescences, primordium 
of leaves and tendrils, preformed inter-
nodes) will develop into the precursor 
of the shoot, which will be lengthened 
by the meristem if conditions (climate 
and cultural practices) favour growth. 
So the grapevine yield depends on 
climate and on cultural practices for 
two years (versus two growth cycles).

 Inside the latent compound are the 
secondary buds (or counter buds or 
replacement buds) situated at the axil 

of the primary bud, which behave in 
similar vein as the primary bud, but do 
not grow unless conditions are excep-
tional (climatic accidents such as frost 
or hail, which could destroy the princi-
pal shoot undergoing development) or 
in instances of vegetative disequilibri-
um (excess vigour). The fertility of 
latent secondary axils is usually weak. 
The phyllotaxic planes cross one 
another: That of the principal shoot is 
perpendicular to that of the prompt 
bud, which in itself is perpendicular to 
that of the latent bud, which in turn is 
perpendicular to that of the secondary 

bud. The planes of the latent buds are 
therefore parallel to those of the prin-
cipal shoot and the planes of the sec-
ondary buds are perpendicular to 
those of the principal shoot.

* Some authors use the term fertility for the 
number of inflorescences per shoot. The 
number of flowers depends on the size 
and the number of the inflorescences, as 
well as the parameters of the particular 
cultivar. Fertility expressed as the number 
of flowers per principal shoot (instead of 
the number of inflorescences) may be 
called “floribundity”.

FIGURE 2: Longitudinal section of a latent bud showing the nascent of the future primary shoot (from Carolus, 1970).  
Growth and differentiation of the latent bud are arrested in February (southern hemisphere) and in August (northern hemisphere). In this example, the 
primordium of inflorescence 1 is placed opposite the leaf primordium 4; the primordium of inflorescence 2 is placed opposite the leaf primordium 5. 
The future primary shoot will bear 2 bunches in position 4 and 5 from the bottom. LP: leaf primordium; Pi: primordium of inflorescence.
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The primary shoot of the vine  
(called cane in winter)
Alain Deloire, Department of Viticulture and Oenology,  
University of Stellenbosch

The primary shoot (called cane in winter) is described in Figures 
3 and 4. The young green growth from the latent bud is called a 
primary shoot. The shoot consists of an apex (shoot tip), nodes, 
internodes, buds, tendrils, leaves, inflorescences or/and bunch-
es, and secondary shoots (laterals).

The rhythm of the primary shoot growth occurs according to the 
sympodial theory (Figure 5). The growth of the primary shoot 
takes place in accordance with a precise rhythm: two consecu-
tive nodes, which bear one leaf and one tendril each, are fol-
lowed by a node which has one leaf but no tendril. Two bunches 
are situated at the bottom section of a primary shoot, instead of 
tendrils. The bunch is opposite the leaf.

This sympodial rhythm has an effect on the internode length (N1-N2 
> N2-N0) (Louarn, 2005). The lateral developed from the prompt 
bud in position N2 (Figure 5) is generally longer than those situated 
in position N1 and N0. The surface of the leaf in position N2 is more 
important than those in position N1 and N0 (Carbonneau, 1976).

In practice the apical dominance principle impacts on the growth 
of laterals (Figure 6). The growth of the laterals depends mainly 
on the vigour of the vine, the choice of training system and 
canopy management. At the beginning of their development, 
laterals compete with the rest of the vine (for sucrose, minerals, 
etc.), and when they reach a certain length ( 30cm), they may 
be a source of carbohydrates and provide sucrose, and some 
other compounds, to the bunches. Laterals could be useful in 
the completion of the ripening process and could also protect 
the bunches from excessive exposure to the sun (Hunter, 2000; 
Hunter & Archer, 2001; Hunter et al., 2004).

Acrotonie is different from apical dominance in the sense that it 
concerns the winter cane. On a long winter cane, the top buds 
will develop first and their growth will inhibit the development of 
the buds situated underneath (Figure 7). This principle should be 
borne in mind when pruning canes and selecting a pruning sys-
tem that will influence the shape of the canopy.
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FIGURE 3. Description of a grapevine growing a 
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FIGURE 3. Description of a grapevine growing primary shoot.
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FIGURE 4. Organisation of a node of the primary shoot.
The phyllotaxic plane of the lateral (secondary shoot) is perpendicular to that of the primary shoot 
and to that of the latent bud. 
The phyllotaxic plane of the latent bud is parallel to that of the primary shoot.

FIGURE 4. Organisation of a node of the primary shoot. The phyllotaxic 
plane of the lateral (secondary shoot) is perpendicular to that of the pri-
mary shoot and to that of the latent bud. The phyllotaxic plane of the 
latent bud is parallel to that of the primary shoot.
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FIGURE 2: Longitudinal section of a latent bud showing the nascent of the future primary shoot 
(from Carolus, 1970).  
Growth and differentiation of the latent bud are arrested in February (southern hemisphere) 
and in August (northern hemisphere). In this example, the primordium of inflorescence 1 is 
placed opposite the leaf primordium 4; the primordium of inflorescence 2 is placed opposite the 
leaf primordium 5. The future primary shoot will bear 2 bunches in position 4 and 5 from the 
bottom. 
LP: leaf primordium; Pi: primordium of inflorescence.
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year in which the bud is formed. Dur-
ing the subsequent vegetative cycle, 
the newly formed organs and tissues 
(incipient inflorescences, primordium 
of leaves and tendrils, preformed inter-
nodes) will develop into the precursor 
of the shoot, which will be lengthened 
by the meristem if conditions (climate 
and cultural practices) favour growth. 
So the grapevine yield depends on 
climate and on cultural practices for 
two years (versus two growth cycles).

 Inside the latent compound are the 
secondary buds (or counter buds or 
replacement buds) situated at the axil 

of the primary bud, which behave in 
similar vein as the primary bud, but do 
not grow unless conditions are excep-
tional (climatic accidents such as frost 
or hail, which could destroy the princi-
pal shoot undergoing development) or 
in instances of vegetative disequilibri-
um (excess vigour). The fertility of 
latent secondary axils is usually weak. 
The phyllotaxic planes cross one 
another: That of the principal shoot is 
perpendicular to that of the prompt 
bud, which in itself is perpendicular to 
that of the latent bud, which in turn is 
perpendicular to that of the secondary 

bud. The planes of the latent buds are 
therefore parallel to those of the prin-
cipal shoot and the planes of the sec-
ondary buds are perpendicular to 
those of the principal shoot.

* Some authors use the term fertility for the 
number of inflorescences per shoot. The 
number of flowers depends on the size 
and the number of the inflorescences, as 
well as the parameters of the particular 
cultivar. Fertility expressed as the number 
of flowers per principal shoot (instead of 
the number of inflorescences) may be 
called “floribundity”.

FIGURE 2: Longitudinal section of a latent bud showing the nascent of the future primary shoot (from Carolus, 1970).  
Growth and differentiation of the latent bud are arrested in February (southern hemisphere) and in August (northern hemisphere). In this example, the 
primordium of inflorescence 1 is placed opposite the leaf primordium 4; the primordium of inflorescence 2 is placed opposite the leaf primordium 5. 
The future primary shoot will bear 2 bunches in position 4 and 5 from the bottom. LP: leaf primordium; Pi: primordium of inflorescence.
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The primary shoot of the vine  
(called cane in winter)
Alain Deloire, Department of Viticulture and Oenology,  
University of Stellenbosch

The primary shoot (called cane in winter) is described in Figures 
3 and 4. The young green growth from the latent bud is called a 
primary shoot. The shoot consists of an apex (shoot tip), nodes, 
internodes, buds, tendrils, leaves, inflorescences or/and bunch-
es, and secondary shoots (laterals).

The rhythm of the primary shoot growth occurs according to the 
sympodial theory (Figure 5). The growth of the primary shoot 
takes place in accordance with a precise rhythm: two consecu-
tive nodes, which bear one leaf and one tendril each, are fol-
lowed by a node which has one leaf but no tendril. Two bunches 
are situated at the bottom section of a primary shoot, instead of 
tendrils. The bunch is opposite the leaf.

This sympodial rhythm has an effect on the internode length (N1-N2 
> N2-N0) (Louarn, 2005). The lateral developed from the prompt 
bud in position N2 (Figure 5) is generally longer than those situated 
in position N1 and N0. The surface of the leaf in position N2 is more 
important than those in position N1 and N0 (Carbonneau, 1976).

In practice the apical dominance principle impacts on the growth 
of laterals (Figure 6). The growth of the laterals depends mainly 
on the vigour of the vine, the choice of training system and 
canopy management. At the beginning of their development, 
laterals compete with the rest of the vine (for sucrose, minerals, 
etc.), and when they reach a certain length ( 30cm), they may 
be a source of carbohydrates and provide sucrose, and some 
other compounds, to the bunches. Laterals could be useful in 
the completion of the ripening process and could also protect 
the bunches from excessive exposure to the sun (Hunter, 2000; 
Hunter & Archer, 2001; Hunter et al., 2004).

Acrotonie is different from apical dominance in the sense that it 
concerns the winter cane. On a long winter cane, the top buds 
will develop first and their growth will inhibit the development of 
the buds situated underneath (Figure 7). This principle should be 
borne in mind when pruning canes and selecting a pruning sys-
tem that will influence the shape of the canopy.
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FIGURE 4. Organisation of a node of the primary shoot. The phyllotaxic 
plane of the lateral (secondary shoot) is perpendicular to that of the pri-
mary shoot and to that of the latent bud. The phyllotaxic plane of the 
latent bud is parallel to that of the primary shoot.
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FIGURE 5. Sympodial theory (from Zimmermann, 1954 & Bouard, 1966). 
The growth of the primary shoot occurs according to a precise rhythm: 
two consecutive nodes which bear one leaf and one tendril each (see 
N1-N2) are followed by a node which bears one leaf but no tendril (see 
N0). This sympodial rhythm has an effect on the internode length (N1-N2 
> N2-N0) (Louarn, 2005). The lateral developed from the prompt bud in 
position N2 is generally longer than those situated in position N1 and N0. 
The surface of the leaf in position N2 is more important than in position N1 
and N0 (Carbonneau, 1976).

FIGURE 6. Example of apical dominance of a grapevine primary shoot. 
1) When the apex is present, the laterals from the bottom of the shoot grow first.  
2) When the apex is removed (cutting of the shoot tip), laterals which are directly under the apex 
begin to grow; the laterals situated at the bottom of the shoot continue their growth.
3) A severe shoot cutting at the flowering period will involve the development of the laterals 

situated at the bottom of the shoot according to the vine’s vigour.     

1 2 3

FIGURE 6. Example of apical dominance of a grapevine primary shoot.

1) When the apex is present, the laterals from the bottom of the shoot 
grow first.

2) When the apex is removed (cutting of the shoot tip), laterals which 
are directly under the apex begin to grow; the laterals situated at the 
bottom of the shoot continue their growth.

3) A severe shoot cutting at the flowering period will involve the develop-
ment of the laterals situated at the bottom of the shoot according to the 
vine’s vigour.

FIGURE 7. On a winter cane, growth is acrotone. In general, the top latent buds will grow first.
FIGURE 7. On a winter cane, growth is acrotone. In general, the top latent 
buds will grow first. This is why, for some pruning system, it is necessary 
to bend, or to position horizontally, the cane to prevent the acrotonie.
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Grapevine inflorescence  
and tendrils
Alain Deloire, Department of Viticulture and Oenology,  
University of Stellenbosch

THE INFLORESCENCE AND THE 
FLOWERS

The development and the morphology of 
the inflorescence and its flowers are 
described in Figures 8, 9, 10 (a & b) and 
11 (c & d) respectively.

The primordial inflorescences are formed 
in the latent bud of year « n » of the veg-
etative cycle. In the following spring they 
become differentiated during the growth 
of the primary branch on which they are 
borne (Figures 8 & 9).

At the time of bud break, when stage 5 
leaves are displayed, the inflorescences 
are visible at the far end of the primary 
shoot (Figure 8) and carry the first outlines 
of a flower. The formation of floral mer-
istems, having started at bud break, 
continues and the flowers are differenti-
ated and completely formed when the 
primary shoot has developed 16 to 20 
leaves (Figure 10a & b).

This differentiation is temperature depen-
dent (T°  12°C) (Pouget, 1963). If high 
temperatures are experienced during bud 
break and at the beginning of the growth of 
the primary shoot, the differentiation of the 
inflorescence may be disturbed and the 
latter may be transformed into a tendril. 
Morphologically, the inflorescence is a small 
modified shoot. In certain situations one of 
the axes of the inflorescence may differenti-
ate itself into a shoot with a normal growth 
pattern bearing vegetative organs.

One inflorescence may carry 200 to  
1 000 flowers depending on the cultivar 
and the climatic and trophic conditions 
during the differentiation of the flowers. 
The gender of the vine flowers depends 
on the genotype.

Flowering takes place, in other words the 
dehiscence of the floral caps (Figure 11c 
& d) fertilisation may take place.

PRUNING ON VINEYARD  
PERFORMANCE

The formation of the inflorescences and the 
vine flowers depends on the climatic condi-
tions of two consecutive years (two con-
secutive vegetative cycles), which in turn 
impacts on winter and spring pruning.

FIGURE 8. Growth of the apex  growth of preformed leaves and internodes   
and differentiation of the 2 preformed inflorescences in the latent bud during 
the preceding cycle (year n ). 
The inflorescences are visible at stage 5 opened leaves. The flowers have 
begun their differentiation. 
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FIGURE 9. chematic representation of the development of the inflorescence. The 
inflorescence ( ) develops by lengthening its principal axis. The flower primordia are 
differentiated on the two axes of the inflorescence in a grape li e structure ( )  and 
develop into flower cymes  a supplementary level of ramification on the inflorescence (2).
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FIGURE 8. Growth of apex, growth of 
preformed leaves and internodes and 
differenciation of the 2 preformed inflo-
rescences in the latent bud during the 
preceding vegetative cycle (year n-1 in 
North hemisphere). The inflorescences 
are visible at stage 5 opened leaves. The 
flowers have begun their differenciation.

FIGURE 9. Schematic representation of the development of the inflorescence. The inflorescence (1) 
develops by lengthening its principal axis. The flower primordia are differentiated on the two axes 
of the inflorescence in a grape-like structure (1), and develop into flower cymes, a supplementary 
level of ramification on the inflorescence (2).
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FIGURE 5. Sympodial theory (from Zimmermann, 1954 & Bouard, 1966). 
The growth of the primary shoot occurs according to a precise rhythm: 
two consecutive nodes which bear one leaf and one tendril each (see 
N1-N2) are followed by a node which bears one leaf but no tendril (see 
N0). This sympodial rhythm has an effect on the internode length (N1-N2 
> N2-N0) (Louarn, 2005). The lateral developed from the prompt bud in 
position N2 is generally longer than those situated in position N1 and N0. 
The surface of the leaf in position N2 is more important than in position N1 
and N0 (Carbonneau, 1976).

FIGURE 6. Example of apical dominance of a grapevine primary shoot. 
1) When the apex is present, the laterals from the bottom of the shoot grow first.  
2) When the apex is removed (cutting of the shoot tip), laterals which are directly under the apex 
begin to grow; the laterals situated at the bottom of the shoot continue their growth.
3) A severe shoot cutting at the flowering period will involve the development of the laterals 

situated at the bottom of the shoot according to the vine’s vigour.     
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FIGURE 6. Example of apical dominance of a grapevine primary shoot.

1) When the apex is present, the laterals from the bottom of the shoot 
grow first.

2) When the apex is removed (cutting of the shoot tip), laterals which 
are directly under the apex begin to grow; the laterals situated at the 
bottom of the shoot continue their growth.

3) A severe shoot cutting at the flowering period will involve the develop-
ment of the laterals situated at the bottom of the shoot according to the 
vine’s vigour.

FIGURE 7. On a winter cane, growth is acrotone. In general, the top latent buds will grow first.
FIGURE 7. On a winter cane, growth is acrotone. In general, the top latent 
buds will grow first. This is why, for some pruning system, it is necessary 
to bend, or to position horizontally, the cane to prevent the acrotonie.
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Grapevine inflorescence  
and tendrils
Alain Deloire, Department of Viticulture and Oenology,  
University of Stellenbosch

THE INFLORESCENCE AND THE 
FLOWERS

The development and the morphology of 
the inflorescence and its flowers are 
described in Figures 8, 9, 10 (a & b) and 
11 (c & d) respectively.

The primordial inflorescences are formed 
in the latent bud of year « n » of the veg-
etative cycle. In the following spring they 
become differentiated during the growth 
of the primary branch on which they are 
borne (Figures 8 & 9).

At the time of bud break, when stage 5 
leaves are displayed, the inflorescences 
are visible at the far end of the primary 
shoot (Figure 8) and carry the first outlines 
of a flower. The formation of floral mer-
istems, having started at bud break, 
continues and the flowers are differenti-
ated and completely formed when the 
primary shoot has developed 16 to 20 
leaves (Figure 10a & b).

This differentiation is temperature depen-
dent (T°  12°C) (Pouget, 1963). If high 
temperatures are experienced during bud 
break and at the beginning of the growth of 
the primary shoot, the differentiation of the 
inflorescence may be disturbed and the 
latter may be transformed into a tendril. 
Morphologically, the inflorescence is a small 
modified shoot. In certain situations one of 
the axes of the inflorescence may differenti-
ate itself into a shoot with a normal growth 
pattern bearing vegetative organs.

One inflorescence may carry 200 to  
1 000 flowers depending on the cultivar 
and the climatic and trophic conditions 
during the differentiation of the flowers. 
The gender of the vine flowers depends 
on the genotype.

Flowering takes place, in other words the 
dehiscence of the floral caps (Figure 11c 
& d) fertilisation may take place.

PRUNING ON VINEYARD  
PERFORMANCE

The formation of the inflorescences and the 
vine flowers depends on the climatic condi-
tions of two consecutive years (two con-
secutive vegetative cycles), which in turn 
impacts on winter and spring pruning.

FIGURE 8. Growth of the apex  growth of preformed leaves and internodes   
and differentiation of the 2 preformed inflorescences in the latent bud during 
the preceding cycle (year n ). 
The inflorescences are visible at stage 5 opened leaves. The flowers have 
begun their differentiation. 
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FIGURE 9. chematic representation of the development of the inflorescence. The 
inflorescence ( ) develops by lengthening its principal axis. The flower primordia are 
differentiated on the two axes of the inflorescence in a grape li e structure ( )  and 
develop into flower cymes  a supplementary level of ramification on the inflorescence (2).
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FIGURE 8. Growth of apex, growth of 
preformed leaves and internodes and 
differenciation of the 2 preformed inflo-
rescences in the latent bud during the 
preceding vegetative cycle (year n-1 in 
North hemisphere). The inflorescences 
are visible at stage 5 opened leaves. The 
flowers have begun their differenciation.

FIGURE 9. Schematic representation of the development of the inflorescence. The inflorescence (1) 
develops by lengthening its principal axis. The flower primordia are differentiated on the two axes 
of the inflorescence in a grape-like structure (1), and develop into flower cymes, a supplementary 
level of ramification on the inflorescence (2).
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FIGURE 10a & b. xamples of vine inflorescences at full 
flowering stage ( yrah cultivar).

a
b

FIGURE 11c & d. c) ine flowers arranged in a cyme. d) The dehiscence of the cap 
always ta es place from the base (corolla  closed petals). The abscission one of the 
flower is formed at the base of the pedicel.

flower cymes
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dehiscent cap
closed cap
= closed petals
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FIGURE 10a & b. Examples of vine inflorescences at full flowering stage (Syrah cultivar).

FIGURE 11c &d. c) Vine flowers arranged in a cyme. d) The dehiscence of the cap always takes place 
from the base (corolla = closed petals). The abscission zone of the flower is formed at the base of 
the pedicel.

As soon as the soil temperature is  
> 12°C, the roots develop (mainly the fine 
roots) and start functioning again, thereby 
allowing the absorption of water and 
mineral elements. The flux of xylem sap 
can be seen as tears (bleeding or exuda-
tion sap) which emanate from the pruning 
scars on the vine shoots. The growth of 
the future shoot is reactivated in the latent 
bud, before the onset of budding.

As a rule the vine should be pruned as 
soon as xylem activity recommences, 
which is beneficial to the fertility of the 
latent buds. If pruning occurs too early (for 
example directly after leaf drop) it may 
cause decreased fertility in the latent buds, 
when they become active again in spring. 
In actual fact, early pruning will lead to 
early bud burst, which may result in a dis-
turbance of the differentiation of the inflo-
rescences and the floral meristems caused 
by climatic conditions that are not optimal 
(Huglin, 1986; Archer & Champagnol, 

1979; Champagnol, 1984). This principle 
is nevertheless often contradictory to eco-
nomic constraints and manual labour 
related to the planning of pruning.

THE TENDRIL

Tendril and inflorescence are similar organ-
isms, in principle they are “oppositifoliées” 
throughout the entire Vitis genus. Both 
tendril and inflorescence have the same 
morphogenetic origin, they derive from the 
same meristem as the stem. The hor-
monal balance determines the vegetative 
or fructiferous evolution of the meristem of 
the latent bud. In the vine the gibberellines 
are inhibitors of floral differentiation. In the 
event of climatic or trophic problems at the 
time of bud break, the differentiation of the 
flowers on the inflorescence can be abort-
ed or very incomplete, and where the 
future inflorescence was meant to be, a 
tendril may be formed (Bugnon, 1949). 
The tendrils of the vinifera vine are bifur-

cated. Their size is dependent on cultivar 
(for example Chasselas which has very 
large tendrils). The tendril helps the vine, 
which is a creeper, attach itself to any kind 
of support. It becomes lignified just like the 
vine shoot. It is worth noting that in Vitis 
labrusca the succession of tendrils is con-
tinuous, whereas in the majority of cultivars 
it is regularly discontinuous (Huglin &  
Schneider, 1998). “Filage” is a French term 
to describe the transformation of an inflo-
rescence into a tendril proper (drying or 
non-differentiation of flower buds) (Rives & 
Hevin, 1966).

The transition from vegetative develop-
ment to fructiferous development in a 
plant is a major, indispensable event in its 
survival through the production of seeds. 
Reproduction of plants depends on a 
compound of genes, notably homeotic 
genes. Some of these genes were recent-
ly identified in the vine (Sreekantan et al., 
2006).

For more information contact Alain Delore, e-mail: deloire@sun.ac.za
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Grapevine flowers
Prof Alain Deloire, Department of Viticulture and Oenology,  
University of Stellenbosch

The flower of the vine, in which the differentiation of the floral 
parts is centripetal, is a pentameris (Figure 12a). It consists of 5 
aborted sepals (calyx), 5 joined petals (corolla or cap), 5 stamens 
and an ovary comprising 2 carpels each enclosing 2 ovules. The 
opening of a vine flower corresponds to the detachment of the 
petals. This phenomenon may last from a few hours to several 
days. Flowering is usually spread out over 2 to 10 days. This 
depends mainly on the cultivar and the climatic conditions. At 

the base of the pedicel of the flower is an abscission zone which 
is activated and which enables the flower to fall should it be 
disfunctional. The question remains: does this abscission zone 
pre-exist or is it formed when a problem occurs? Current bibli-
ography is still not conclusive (Bessis & Fournioux, 1992).

Vine flowers are male or hermaphrodite, the flowers having inter-
mediary morphologies (Figure 12b).

FIGURE 12a. The vine flower is a pentameris. The floral parts are formed in a centripetal
manner. The flower consists of: 5 sepals (aborted) which form the calyx;
5 joined petals which form the corolla or cap; 5 stamens and an ovary comprising 2 carpels 
each with 2 ovules.
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FIGURE 12b. Gender of vine flowers: a) male; b) hermaphrodite male; c) hermaphrodite; 
d) female with erect stamens; e) female with reflex stamens.

a b c

d e

a

b

FIGURE 12A. The vine flower is a pentameris. The floral parts are formed in a centripetal manner. The flower consists of: 5 sepals (aborted) which form 
the calyx; 5 joined petals which form the corolla or cap; 5 stamens and an ovary comprising 2 carpels each with 2 ovules.

FIGURE 12B. Gender of vine flowers: a) male; b) hermaphrodite male; c) hermaphrodite; d) female with erect stamens; e) female with reflex stamens.

FIGURE 12a. The vine flower is a pentameris. The floral parts are formed in a centripetal
manner. The flower consists of: 5 sepals (aborted) which form the calyx;
5 joined petals which form the corolla or cap; 5 stamens and an ovary comprising 2 carpels 
each with 2 ovules.
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FIGURE 12b. Gender of vine flowers: a) male; b) hermaphrodite male; c) hermaphrodite; 
d) female with erect stamens; e) female with reflex stamens.
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FIGURE 10a & b. xamples of vine inflorescences at full 
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FIGURE 11c & d. c) ine flowers arranged in a cyme. d) The dehiscence of the cap 
always ta es place from the base (corolla  closed petals). The abscission one of the 
flower is formed at the base of the pedicel.
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FIGURE 10a & b. Examples of vine inflorescences at full flowering stage (Syrah cultivar).

FIGURE 11c &d. c) Vine flowers arranged in a cyme. d) The dehiscence of the cap always takes place 
from the base (corolla = closed petals). The abscission zone of the flower is formed at the base of 
the pedicel.

As soon as the soil temperature is  
> 12°C, the roots develop (mainly the fine 
roots) and start functioning again, thereby 
allowing the absorption of water and 
mineral elements. The flux of xylem sap 
can be seen as tears (bleeding or exuda-
tion sap) which emanate from the pruning 
scars on the vine shoots. The growth of 
the future shoot is reactivated in the latent 
bud, before the onset of budding.

As a rule the vine should be pruned as 
soon as xylem activity recommences, 
which is beneficial to the fertility of the 
latent buds. If pruning occurs too early (for 
example directly after leaf drop) it may 
cause decreased fertility in the latent buds, 
when they become active again in spring. 
In actual fact, early pruning will lead to 
early bud burst, which may result in a dis-
turbance of the differentiation of the inflo-
rescences and the floral meristems caused 
by climatic conditions that are not optimal 
(Huglin, 1986; Archer & Champagnol, 

1979; Champagnol, 1984). This principle 
is nevertheless often contradictory to eco-
nomic constraints and manual labour 
related to the planning of pruning.

THE TENDRIL

Tendril and inflorescence are similar organ-
isms, in principle they are “oppositifoliées” 
throughout the entire Vitis genus. Both 
tendril and inflorescence have the same 
morphogenetic origin, they derive from the 
same meristem as the stem. The hor-
monal balance determines the vegetative 
or fructiferous evolution of the meristem of 
the latent bud. In the vine the gibberellines 
are inhibitors of floral differentiation. In the 
event of climatic or trophic problems at the 
time of bud break, the differentiation of the 
flowers on the inflorescence can be abort-
ed or very incomplete, and where the 
future inflorescence was meant to be, a 
tendril may be formed (Bugnon, 1949). 
The tendrils of the vinifera vine are bifur-

cated. Their size is dependent on cultivar 
(for example Chasselas which has very 
large tendrils). The tendril helps the vine, 
which is a creeper, attach itself to any kind 
of support. It becomes lignified just like the 
vine shoot. It is worth noting that in Vitis 
labrusca the succession of tendrils is con-
tinuous, whereas in the majority of cultivars 
it is regularly discontinuous (Huglin &  
Schneider, 1998). “Filage” is a French term 
to describe the transformation of an inflo-
rescence into a tendril proper (drying or 
non-differentiation of flower buds) (Rives & 
Hevin, 1966).

The transition from vegetative develop-
ment to fructiferous development in a 
plant is a major, indispensable event in its 
survival through the production of seeds. 
Reproduction of plants depends on a 
compound of genes, notably homeotic 
genes. Some of these genes were recent-
ly identified in the vine (Sreekantan et al., 
2006).

For more information contact Alain Delore, e-mail: deloire@sun.ac.za
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Grapevine flowers
Prof Alain Deloire, Department of Viticulture and Oenology,  
University of Stellenbosch

The flower of the vine, in which the differentiation of the floral 
parts is centripetal, is a pentameris (Figure 12a). It consists of 5 
aborted sepals (calyx), 5 joined petals (corolla or cap), 5 stamens 
and an ovary comprising 2 carpels each enclosing 2 ovules. The 
opening of a vine flower corresponds to the detachment of the 
petals. This phenomenon may last from a few hours to several 
days. Flowering is usually spread out over 2 to 10 days. This 
depends mainly on the cultivar and the climatic conditions. At 

the base of the pedicel of the flower is an abscission zone which 
is activated and which enables the flower to fall should it be 
disfunctional. The question remains: does this abscission zone 
pre-exist or is it formed when a problem occurs? Current bibli-
ography is still not conclusive (Bessis & Fournioux, 1992).

Vine flowers are male or hermaphrodite, the flowers having inter-
mediary morphologies (Figure 12b).

FIGURE 12a. The vine flower is a pentameris. The floral parts are formed in a centripetal
manner. The flower consists of: 5 sepals (aborted) which form the calyx;
5 joined petals which form the corolla or cap; 5 stamens and an ovary comprising 2 carpels 
each with 2 ovules.
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FIGURE 12b. Gender of vine flowers: a) male; b) hermaphrodite male; c) hermaphrodite; 
d) female with erect stamens; e) female with reflex stamens.
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FIGURE 12A. The vine flower is a pentameris. The floral parts are formed in a centripetal manner. The flower consists of: 5 sepals (aborted) which form 
the calyx; 5 joined petals which form the corolla or cap; 5 stamens and an ovary comprising 2 carpels each with 2 ovules.

FIGURE 12B. Gender of vine flowers: a) male; b) hermaphrodite male; c) hermaphrodite; d) female with erect stamens; e) female with reflex stamens.

FIGURE 12a. The vine flower is a pentameris. The floral parts are formed in a centripetal
manner. The flower consists of: 5 sepals (aborted) which form the calyx;
5 joined petals which form the corolla or cap; 5 stamens and an ovary comprising 2 carpels 
each with 2 ovules.
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Grapevine flower fertilisation
Alain Deloire, Department of Viticulture and Oenology,  
University of Stellenbosch

Flowering in the grapevine is the period 
during which fertilisation takes place. 

THE MANNER OF FERTILISATION

The manner in which fertilisation in culti-
vated grapevines takes place is autoga-
mous and/or heterogamous. When the 
flower cap drops, the stamens are sepa-
rated from the gynaeceum and rotate 
180° (Figure 13a). Pollen is set free by the 
opening of the slit of the dehiscence (Fig-
ure 13b).

Figure 14 shows a longitudinal section of 
an ovule. There are 4 ovules in an ovary, 
each of which, after fertilisation, is able to 
differentiate one seed. In some grapevine 
varieties, there may be as many as 7 
seeds.

The pollen grains which are deposited on 
the stigma germinate and the pollen tube 
has to reach the ovule through the style 
of the ovary. The two male gametes, 
transported to the furthest end of the pol-
len tube, will fertilise the 2 ancillary nuclei 
and the oosphère (female gamete), both 
of which are contained in the embryonic 
sac, to result in the albumen (3 n) and the 
embryo respectively (2 n).

The climatic and trophic conditions may 
impact on the formation of male and 
female gametes. This in turn could inter-
fere with the positive outcome of fertilisa-
tion. The conditions at the time of fertilisa-
tion are important. The germination of 
pollen is mainly dependent on tempera-
ture and vine nutrition. Atmospheric tem-
peratures below +15°C (Staudt, 1981) do 
not favour the growth of the pollen tube, 
thereby reducing the percentage of fer-
tilisation. Mineral elements such as boron 
or zinc may encourage germination of the 
pollen tube. The formation of the ovule 
and particularly the embryonic sac may 
be disturbed by unfavourable climatic and 
trophic conditions. These organs are 
especially sensitive to temperatures below 
+15°C (Carbonneau & Ollat, 1993).

FIGURE 13a. Fertilisation in the vine is autogamous and/or heterogamous. When the cap 
falls, the stamens separate from the gynaeceum (a: 1, 2) and rotate 180° (a: 3, 4). 
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FIGURE 13b. Freeing of the pollen occurs when the dehiscence opening opens up (b: 
transverse section of an anther). The pollen is deposited on the stigmata of the parent flower or 
borne along (wind, insects) to fertilise other flowers. When conditions are not favourable (relative 
humidity of the air or high temperature which scorches the calyptra in a hot zone) fertilisation 
may nevertheless take place under the cap that did not open at the required time.  

FIGURE 13 (a): Grapevine fecondation is autogamous (self pollinating plant: a1; a2) and/or het-
erogamous (mainly between flowers from the same inflorescence or between nearby inflores-
cences).  When the cap falls, stamens move apart from the gynoecium and do a 180° rotation: 
a3; a4) .

FIGURE 13 (b): Transverse section of an anther. Freeing of the pollen occurs when the dehiscence 
opening opens up. The pollen is mainly deposited on the stigmata of the parent flower. When 
climatic conditions are not favourable (high relative humidity of the air or low temperature) fertilisa-
tion may nevertheless take place under the cap that did not open at the required time.

FIGURE 14. Transverse section of an ovary, setting stage (x 50; from A.C. Bernard, Agro Montpel-
lier; Harris et al., 1968).

FIGURE 13a. Fertilisation in the vine is autogamous and/or heterogamous. When the cap 
falls, the stamens separate from the gynaeceum (a: 1, 2) and rotate 180° (a: 3, 4). 
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FIGURE 13b. Freeing of the pollen occurs when the dehiscence opening opens up (b: 
transverse section of an anther). The pollen is deposited on the stigmata of the parent flower or 
borne along (wind, insects) to fertilise other flowers. When conditions are not favourable (relative 
humidity of the air or high temperature which scorches the calyptra in a hot zone) fertilisation 
may nevertheless take place under the cap that did not open at the required time.  
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FIGURE 14. Transverse section of an ovary, setting stage (x 50; from A.C. Bernard, Agro 
Montpellier; Harris et al., 1968).
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For more information contact Alain Delore, e-mail: deloire@sun.ac.za

Disturbances in fertilisation cause pro blems with coulure (flower drop) and millerandage 
(inhibition of berry growth).
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Abnormalities of flower fertilisation and consequences  
on berry development
Alain Deloire, Department of Viticulture and Oenology,  
University of Stellenbosch

Coulure or flower drop is determined by an 
abnormally high number of dropped flow-
ers (Figure 15) compared to the “normal” 
rate of flower drop, taking into account that 
the inflorescence cannot possibly ripen all 
the flowers that developed (Carbonneau & 
Ollat, 1993). The drop of ovaries which 
started their growth to form a berry – in 
other words very young fruit with a diam-
eter of less than 2 mm – is possible right at 
the start of fruit set, afterwards the berry 
will no longer fall. The loss of flowers occurs 
as a result of the functioning of an induced 
or pre-existing abscission zone, situated at 
the base of the pedicel of the flower. Bessis 
and Fournioux (1992) have demonstrated 
the role played by ethylene in the function-
ing of the abscission zone. Its functioning 
is restricted to the flowering period and at 
the very start of setting. To this end, the 
application period of ethephon, which sets 
the ethylene free and provokes an “artificial 
coulure”, with a view to a chemical thinning 
in order to reduce the yield, is delicate 
because the window of application is nar-
row and flowering throughout the vineyard, 
and at the level of the plant itself, is not 
homogeneous.

The causes of coulure are:
• Climatic: Especially temperatures 

below +15°C at the time of flowering; 
rains particularly which wash out the 
pollen (possible if the cap is open, 
thus exposing the pollen). Luminosity 
has little influence on coulure as far as 
vineyard conditions are concerned 
(Deloire et al., 1995).

• Physiological: Complex disequilibrium 
between photosynthesis (vigour) 
reserves; deficiency of mineral ele-
ments such as nitrogen, boron, zinc 
(Carbonneau & Ollat, 1993).

• Defects of organogenesis: Malforma-
tion of pollen spores (microsporogen-
esis), and/or macrosporogenesis; mal-
formation of the embryonic sac (the 
latter has a reduced receptivity of 48 
hours only, which necessitates rapid 
fertilisation once flowering starts and in 
particular once pollen is set free). The 
formation of gametes starts 3 weeks 

FIGURE 15. In the vine, dropping of flowers or imperfect young fruits is called «coulure». This may 
occur naturally or accidentally. 

(a) Absence of coulure: Setting rate of about 70%. Natural dropping of flowers 30%, the plant 
knowing instinctively that the inflorescence is often unable to transform all the flowers that had 
formed into fruit.

(b) Moderate coulure: Setting rate of 20 to 50%. This setting rate impacts largely on the potential 
yield. It may be due to adverse climatic conditions or to a trophic problem (nitrogen deficiency), 
but remains acceptable.    

(c) Significant coulure: Setting rate below 30%. There would have been a serious climatic cause, 
which impacts negatively on yield. This setting rate often occurs when vines have a disease (virus, 
wood diseases, etc).  

FIGURE 15. In the vine, dropping of flowers or imperfect young fruits is called «coulure». 
This may occur naturally or accidentally. 

(a) Absence of coulure: Setting rate of about 70%. Natural dropping of flowers 30%, the 
plant knowing instinctively that the inflorescence is often unable to transform all the 
flowers that had formed into fruit.

(b) Moderate coulure: Setting rate of 20 to 50%. This setting rate impacts largely on the 
potential yield. It may be due to adverse climatic conditions or to a trophic problem 
(nitrogen deficiency), but remains acceptable.    

(c) Significant coulure: Setting rate below 30%. There would have been a serious climatic 
cause, which impacts negatively on yield. This setting rate often occurs when vines 
have a disease (virus, wood diseases, etc).  
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before flowering, which lengthens the 
period during which the inflorescence 
is sensitive to climatic conditions.

• Pathological: Viruses; wood diseas-
es; Shiraz decline, etc.

Millerandage is characterised by the 
abnormal development of berries. The cel-
lular growth of the pericarpal cells is inhib-
ited. The question of the effect that “mill-
erandage” has on the number of cells, 
therefore on the cellular multiplication of 
the setting, has not yet been studied. 
“Millerandées” berries may either mature 
normally or remain green because of inhi-
bition of cellular growth as well as their 
biochemistry. It has been shown on Merlot 
that “millerandées” berries which mature 
“normally” have a certain amount of tan-

nins and sugar compared to berries that 
are systematically inferior. Their secondary 
metabolism is therefore disturbed and 
parallels a disturbance of cellular growth 
(Cholet, 2001; Fougère-Rifot et al., 1996). 
Millerandage is linked to problems with 
fertilisation. Berries contain aborted seeds 
(transparent and soft), thus signalling that 
fertilisation was incomplete or that prema-
ture abortion of the embryonic sac 
occurred. Sufficient pollinisation has 
ne vertheless taken place to initiate the 
process of setting (the signal has not been 
identified: hormones perhaps? secondary 
messengers?) and in conjunction with it 
the partial development of the fruit, with 
different degrees of malfunctioning.

For more information contact Alain Delore, e-mail: deloire@sun.ac.za
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Grapevine flower fertilisation
Alain Deloire, Department of Viticulture and Oenology,  
University of Stellenbosch

Flowering in the grapevine is the period 
during which fertilisation takes place. 

THE MANNER OF FERTILISATION

The manner in which fertilisation in culti-
vated grapevines takes place is autoga-
mous and/or heterogamous. When the 
flower cap drops, the stamens are sepa-
rated from the gynaeceum and rotate 
180° (Figure 13a). Pollen is set free by the 
opening of the slit of the dehiscence (Fig-
ure 13b).

Figure 14 shows a longitudinal section of 
an ovule. There are 4 ovules in an ovary, 
each of which, after fertilisation, is able to 
differentiate one seed. In some grapevine 
varieties, there may be as many as 7 
seeds.

The pollen grains which are deposited on 
the stigma germinate and the pollen tube 
has to reach the ovule through the style 
of the ovary. The two male gametes, 
transported to the furthest end of the pol-
len tube, will fertilise the 2 ancillary nuclei 
and the oosphère (female gamete), both 
of which are contained in the embryonic 
sac, to result in the albumen (3 n) and the 
embryo respectively (2 n).

The climatic and trophic conditions may 
impact on the formation of male and 
female gametes. This in turn could inter-
fere with the positive outcome of fertilisa-
tion. The conditions at the time of fertilisa-
tion are important. The germination of 
pollen is mainly dependent on tempera-
ture and vine nutrition. Atmospheric tem-
peratures below +15°C (Staudt, 1981) do 
not favour the growth of the pollen tube, 
thereby reducing the percentage of fer-
tilisation. Mineral elements such as boron 
or zinc may encourage germination of the 
pollen tube. The formation of the ovule 
and particularly the embryonic sac may 
be disturbed by unfavourable climatic and 
trophic conditions. These organs are 
especially sensitive to temperatures below 
+15°C (Carbonneau & Ollat, 1993).

FIGURE 13a. Fertilisation in the vine is autogamous and/or heterogamous. When the cap 
falls, the stamens separate from the gynaeceum (a: 1, 2) and rotate 180° (a: 3, 4). 
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FIGURE 13b. Freeing of the pollen occurs when the dehiscence opening opens up (b: 
transverse section of an anther). The pollen is deposited on the stigmata of the parent flower or 
borne along (wind, insects) to fertilise other flowers. When conditions are not favourable (relative 
humidity of the air or high temperature which scorches the calyptra in a hot zone) fertilisation 
may nevertheless take place under the cap that did not open at the required time.  

FIGURE 13 (a): Grapevine fecondation is autogamous (self pollinating plant: a1; a2) and/or het-
erogamous (mainly between flowers from the same inflorescence or between nearby inflores-
cences).  When the cap falls, stamens move apart from the gynoecium and do a 180° rotation: 
a3; a4) .

FIGURE 13 (b): Transverse section of an anther. Freeing of the pollen occurs when the dehiscence 
opening opens up. The pollen is mainly deposited on the stigmata of the parent flower. When 
climatic conditions are not favourable (high relative humidity of the air or low temperature) fertilisa-
tion may nevertheless take place under the cap that did not open at the required time.

FIGURE 14. Transverse section of an ovary, setting stage (x 50; from A.C. Bernard, Agro Montpel-
lier; Harris et al., 1968).
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transverse section of an anther). The pollen is deposited on the stigmata of the parent flower or 
borne along (wind, insects) to fertilise other flowers. When conditions are not favourable (relative 
humidity of the air or high temperature which scorches the calyptra in a hot zone) fertilisation 
may nevertheless take place under the cap that did not open at the required time.  
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FIGURE 14. Transverse section of an ovary, setting stage (x 50; from A.C. Bernard, Agro 
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GRAPEVINE DEVELOPMENT

technical yearbook 2009 105

Abnormalities of flower fertilisation and consequences  
on berry development
Alain Deloire, Department of Viticulture and Oenology,  
University of Stellenbosch

Coulure or flower drop is determined by an 
abnormally high number of dropped flow-
ers (Figure 15) compared to the “normal” 
rate of flower drop, taking into account that 
the inflorescence cannot possibly ripen all 
the flowers that developed (Carbonneau & 
Ollat, 1993). The drop of ovaries which 
started their growth to form a berry – in 
other words very young fruit with a diam-
eter of less than 2 mm – is possible right at 
the start of fruit set, afterwards the berry 
will no longer fall. The loss of flowers occurs 
as a result of the functioning of an induced 
or pre-existing abscission zone, situated at 
the base of the pedicel of the flower. Bessis 
and Fournioux (1992) have demonstrated 
the role played by ethylene in the function-
ing of the abscission zone. Its functioning 
is restricted to the flowering period and at 
the very start of setting. To this end, the 
application period of ethephon, which sets 
the ethylene free and provokes an “artificial 
coulure”, with a view to a chemical thinning 
in order to reduce the yield, is delicate 
because the window of application is nar-
row and flowering throughout the vineyard, 
and at the level of the plant itself, is not 
homogeneous.

The causes of coulure are:
• Climatic: Especially temperatures 

below +15°C at the time of flowering; 
rains particularly which wash out the 
pollen (possible if the cap is open, 
thus exposing the pollen). Luminosity 
has little influence on coulure as far as 
vineyard conditions are concerned 
(Deloire et al., 1995).

• Physiological: Complex disequilibrium 
between photosynthesis (vigour) 
reserves; deficiency of mineral ele-
ments such as nitrogen, boron, zinc 
(Carbonneau & Ollat, 1993).

• Defects of organogenesis: Malforma-
tion of pollen spores (microsporogen-
esis), and/or macrosporogenesis; mal-
formation of the embryonic sac (the 
latter has a reduced receptivity of 48 
hours only, which necessitates rapid 
fertilisation once flowering starts and in 
particular once pollen is set free). The 
formation of gametes starts 3 weeks 

FIGURE 15. In the vine, dropping of flowers or imperfect young fruits is called «coulure». This may 
occur naturally or accidentally. 

(a) Absence of coulure: Setting rate of about 70%. Natural dropping of flowers 30%, the plant 
knowing instinctively that the inflorescence is often unable to transform all the flowers that had 
formed into fruit.

(b) Moderate coulure: Setting rate of 20 to 50%. This setting rate impacts largely on the potential 
yield. It may be due to adverse climatic conditions or to a trophic problem (nitrogen deficiency), 
but remains acceptable.    

(c) Significant coulure: Setting rate below 30%. There would have been a serious climatic cause, 
which impacts negatively on yield. This setting rate often occurs when vines have a disease (virus, 
wood diseases, etc).  

FIGURE 15. In the vine, dropping of flowers or imperfect young fruits is called «coulure». 
This may occur naturally or accidentally. 

(a) Absence of coulure: Setting rate of about 70%. Natural dropping of flowers 30%, the 
plant knowing instinctively that the inflorescence is often unable to transform all the 
flowers that had formed into fruit.

(b) Moderate coulure: Setting rate of 20 to 50%. This setting rate impacts largely on the 
potential yield. It may be due to adverse climatic conditions or to a trophic problem 
(nitrogen deficiency), but remains acceptable.    

(c) Significant coulure: Setting rate below 30%. There would have been a serious climatic 
cause, which impacts negatively on yield. This setting rate often occurs when vines 
have a disease (virus, wood diseases, etc).  
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• Pathological: Viruses; wood diseas-
es; Shiraz decline, etc.

Millerandage is characterised by the 
abnormal development of berries. The cel-
lular growth of the pericarpal cells is inhib-
ited. The question of the effect that “mill-
erandage” has on the number of cells, 
therefore on the cellular multiplication of 
the setting, has not yet been studied. 
“Millerandées” berries may either mature 
normally or remain green because of inhi-
bition of cellular growth as well as their 
biochemistry. It has been shown on Merlot 
that “millerandées” berries which mature 
“normally” have a certain amount of tan-

nins and sugar compared to berries that 
are systematically inferior. Their secondary 
metabolism is therefore disturbed and 
parallels a disturbance of cellular growth 
(Cholet, 2001; Fougère-Rifot et al., 1996). 
Millerandage is linked to problems with 
fertilisation. Berries contain aborted seeds 
(transparent and soft), thus signalling that 
fertilisation was incomplete or that prema-
ture abortion of the embryonic sac 
occurred. Sufficient pollinisation has 
ne vertheless taken place to initiate the 
process of setting (the signal has not been 
identified: hormones perhaps? secondary 
messengers?) and in conjunction with it 
the partial development of the fruit, with 
different degrees of malfunctioning.

For more information contact Alain Delore, e-mail: deloire@sun.ac.za
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The influence of different oak sources  
on the flavour profile of red wine

Charl Theron

The maturation of wine in oak barrels contributes to the sensorial 
characteristics and colour stability of the wine. The most important 
flavour compounds extracted from oak are the oak lactones, 
guaiacol and 4-methyl-guaiacol (which impart a smoky flavour to 
wine) and vanillin, the concentration of which is also influenced by 
the toasting process. The pleasant flavour of furfuryl compounds 
is also formed during the toasting process of the oak. The con-
centration of the various compounds in wine will be influenced by 
the origin of the oak, oak treatment and contact period with the 
oak. The threshold values for the sensorial observation of the 
various compounds differ and so does the individual tasters’ abil-
ity to recognise them.

A 2004 Mourvèdre red wine was exposed to different oak treat-
ments once alcoholic and malolactic fermentation had been 
completed. New and eighth fill 225 litre American oak barrels, 
medium toasted, were compared with medium toasted American 
oak chips in three different dimensions (powder, shavings and 
cubuses). The application dosages of the latter were calculated to 
concur with the surface-volume ratio of the barrels and amounted 
to 2.6 grams per litre for the shavings and cubuses and 1.3 grams 
per litre for the powder. The following combinations were com-
pared in the project:
• Control wine in stainless steel tank and treatments with pow-

der, shavings and cubuses in stainless steel tanks.
• Control wine in used 225 litre barrels and treatments with 

shavings and cubuses in used barrels.

• Control wine in new 225 litre barrels.

The wines were matured for 3, 6 and 9 months respectively to 
determine the influence of the maturation period, whereafter bot-
tling took place.

The analytical results together with statistical analysis thereof 
showed that significant differences in flavour occurred in wines that 
received different oak treatments of varying duration. On the whole 
the oak chips quickly released flavour compounds, whereafter the 
release stabilised and even decreased when the contact period 
exceeded 3 months. The wine in the new barrels extracted flavour 
compounds over longer periods and this is where the highest 
concentrations of most flavour compounds occurred. The wines 
in the used barrels with different chip treatments had more extrac-
tion than when barrels only were used, although the extraction 
period did not last as long as with the new barrels.

The use of wood chips by themselves or combined with used 
barrels may therefore be considered for wines with limited matura-
tion, although new barrels still produce wines with the best overall 
quality (Bautista-Ortin et al., 2008).
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Computerising the winery barrel inventory

Charl Theron

Computer software for the management of a winery’s barrel inven-
tory enables automation of one of the most labour intensive prac-
tices in the cellar. Small wineries can still get away with chalk, 
paper or a card system, but even in such instances there is merit 
in using an Excel spreadsheet or other computer databases.

The article discusses seven different products, most of which have 
been in use for quite some time. The products enable one to 
identify the barrel characteristics, details regarding current and 
previous content, and the exact placement of the barrels in the 
cellar. They are also able to write job instructions for cellar staff, 
compile the desired reports, and create theoretic blends. Most of 
these products form part of comprehensive cellar management 
software, although they may be purchased and supplemented 
separately. The purchase price of a cellar management software 
programme is about USD 7000.

Barrel details that are usually handled by the software include the 
barrel lot, oak type, cooperage, toasting level, age, purchase price, 
size and different fill particulars. The packages usually allocate 
serial numbers to the barrels and graphic representations of the 
cellars are used to indicate specific barrel placement. Empty bar-
rels may be grouped, for example, to facilitate barrel filling. Most 
packages have no restrictions regarding the number of barrels, 
data users or barrel localities.

The barrel content particulars usually comprise blend details, the 
origin of the wine, chemical analyses and any additions or treat-
ments. All the programmes enable winemakers to create trial 
blends and store the relevant data. Bar coding can be used in 
combination with manual scanners to input or extract data which 

may for example be downloaded to standard programmes such 
as Excel. Information can also be input via palmtops or by using 
the new technology of radio frequency identification (RFID). The 
latter entails the use of a pendant with an integrated current circuit 
and may contain data that is not possible with bar coding. Where-
as bar coding can be read from a distance of approximately 6 m, 
RFID pendants are only legible from 10 cm. Despite some interest 
in this procedure, most cellars still use bar coding.

Additional special functions that may be incorporated are the 
graphic layout of the barrels in the winery, which may include an 
updated activity report indicating the composition of the wine, lot 
history, analyses, etcetera.

Internet access to the systems is increasingly important, so that 
access to the site may be obtained when one is not on the actual 
cellar premises. Moreover, via the internet wineries that are too 
small to purchase their own computerised system have the oppor-
tunity to link up to a central system where they can rent space, 
time and access.

Even the most complex systems do not always succeed in com-
plying with the individual demands of wineries and sometimes 
have to be customised.

The following systems were discussed in the article:

Barrel Trak, Orion Wine Software, Winemakers Database and AMS 
Winery Software.
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Keeping record of a winery’s barrels is important for two reasons especially. The asset value, from a financial 
point of view, is determined by the original purchase price and age of the barrels, and from the winemaker’s 
point of view, barrel details such as origin, oak type, size and the particulars of the contents undergoing matu-
ration are crucially important. If the number of barrels in a cellar exceed a certain amount, it becomes a mam-
moth task to keep record of both the barrels and their contents.
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The influence of different oak sources  
on the flavour profile of red wine

Charl Theron

The maturation of wine in oak barrels contributes to the sensorial 
characteristics and colour stability of the wine. The most important 
flavour compounds extracted from oak are the oak lactones, 
guaiacol and 4-methyl-guaiacol (which impart a smoky flavour to 
wine) and vanillin, the concentration of which is also influenced by 
the toasting process. The pleasant flavour of furfuryl compounds 
is also formed during the toasting process of the oak. The con-
centration of the various compounds in wine will be influenced by 
the origin of the oak, oak treatment and contact period with the 
oak. The threshold values for the sensorial observation of the 
various compounds differ and so does the individual tasters’ abil-
ity to recognise them.

A 2004 Mourvèdre red wine was exposed to different oak treat-
ments once alcoholic and malolactic fermentation had been 
completed. New and eighth fill 225 litre American oak barrels, 
medium toasted, were compared with medium toasted American 
oak chips in three different dimensions (powder, shavings and 
cubuses). The application dosages of the latter were calculated to 
concur with the surface-volume ratio of the barrels and amounted 
to 2.6 grams per litre for the shavings and cubuses and 1.3 grams 
per litre for the powder. The following combinations were com-
pared in the project:
• Control wine in stainless steel tank and treatments with pow-

der, shavings and cubuses in stainless steel tanks.
• Control wine in used 225 litre barrels and treatments with 

shavings and cubuses in used barrels.

• Control wine in new 225 litre barrels.

The wines were matured for 3, 6 and 9 months respectively to 
determine the influence of the maturation period, whereafter bot-
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concentrations of most flavour compounds occurred. The wines 
in the used barrels with different chip treatments had more extrac-
tion than when barrels only were used, although the extraction 
period did not last as long as with the new barrels.

The use of wood chips by themselves or combined with used 
barrels may therefore be considered for wines with limited matura-
tion, although new barrels still produce wines with the best overall 
quality (Bautista-Ortin et al., 2008).
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access to the site may be obtained when one is not on the actual 
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small to purchase their own computerised system have the oppor-
tunity to link up to a central system where they can rent space, 
time and access.

Even the most complex systems do not always succeed in com-
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Charl Theron

Sulphur compounds with a low molecular weight are responsible for many undesirable flavours such as rotten 
egg and a burnt character, often referred to as reductive flavours. These are usually formed by yeasts and even 
in trace quantities they have a considerable influence on wine flavours. The reductive flavours occurring in wines 
are summarised in Table 1. 

These unpleasant compounds and their precursors are formed 
mainly by yeasts during the alcoholic fermentation. Correct fermen-
tation management is therefore extremely important to prevent such 
reductive flavours. The reductive characters in wines are also said 
to become significant after the alcoholic fermentation if sulphur 
compounds with a high flavour threshold value can be converted to 
ones with a lower flavour threshold. 

In order to prevent or remove the flavour problems, it is important 
to be able to analyse the flavour compounds and their precursors. 
The methods that are most commonly used to remove the off-
odours are fining with copper sulphate, the addition of ascorbic 
acid, sulphur dioxide and copper sulphate, or the sparging of wine 
with nitrogen. The addition of copper sulphate is the most com-
mon, but may unfortunately also remove thioles, which are asso-
ciated with cultivar characteristics. High copper values in wines 
may also result in copper turbidity in the wines. Since copper 
sulphate does not remove all layers of molecular weight sulphur 
compounds, repeated occurrence of off-odours is possible after 
treating the wine with copper sulphate. Bottle closures with a low 
oxygen permeability will also promote the occurrence of reductive 
flavours in wines (O’Brien and Colby, 2008). 

Shiraz wines often display reductive off-flavours and it is therefore 
important to pay attention to the oxygen management of such 
wines. Grape flavour compounds consist mainly of two groups, i.e. 
free flavourants such as terpenes, phenols, aldehydes, noris-
prenoids, esters, higher alcohols, pyrazine or flavour precursors that 
may represent a broad range of flavours. Shiraz has few free flavour 
compounds, but contains several flavour precursors. Shiraz is 
associated with black pepper flavours, among others. On the whole, 
however, reductive flavours are associated with the low molecular 
sulphur compounds. One that often occurs in Shiraz wines is dim-
ethyl sulphide. Its precursor, S-methyl methyonin, has also been 

shown to occur in Shiraz juice. In high concentrations dimethyl 
sulphide may impart an undesirable cabbage flavour, while lower 
concentrations may contribute to the flavour complexity of Shiraz. 

Oxygen plays a basic role in vinification and any process that occurs 
simultaneously will influence the oxygen quality of the product, 
which will then influence the flavour, colour and taste of the wine. 
Provision has to be made for the requisite oxygen during the various 
vinification phases to ensure optimal expression of the Shiraz char-
acter. Although flavour precursors constitute the biggest part of the 
Shiraz flavour pool, oxygen management thereof will be important, 
but unfortunately too little is known about the extent to which such 
flavour precursor concentrations are influenced by different oxygen 
concentrations in the wine. As Shiraz wines tend to form reductive 
sulphur compounds, these may be influenced by oxygen. Sulphur 
compounds are sensitive to oxygen, which implies that if wine is 
exposed to oxygen, the concentration of the sulphur compounds 
will be reduced. It is therefore important for Shiraz wines to be 
exposed to a moderate supply of oxygen on an ongoing basis. It is 
important to remember, however, that the interaction between tan-
nins and oxygen may result in softer tannins and increased bitter-
ness. It goes without saying, therefore, that the exposure of Shiraz 
wines to oxygen should be managed in such a way to prevent any 
negative consequences. 

Shiraz wines may even develop reductive characteristics after bot-
tling. Hermetic bottle closures should therefore not be used (Vidal 
and Aagaard, 2008). 
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Off-odours in Shiraz 

TABLE 1. Low molecular weight sulphur compounds (reductive flavours) that may occur in wines.

Compound Flavour descriptions

Nitrogen sulphide Rotten egg, sewage character

Methane thiole Rotten cabbage, burnt rubber, rotten character

Ethane thiole Onions, rubbery, burnt matches, sulphury, soil-like

Dimethyl sulphide Black berry, boiled cabbage, asparagus, canned wheat, molasses

Carbon disulphide Sweetish, ether-like, slightly greenish, rubbery, sulphury

Diethyl sulphide Garlic, rubbery

Methyl thio-accetate Sulphury, cheese, egg

Dimethyl disulphide Vegetal, cabbage

Ethyl thio-acetate Sulphury, garlic, onions

Diethyl disulphide Off-odour, onions
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Cellar sanitation is a prerequisite for the vinification of healthy, quality wines. Not surprisingly there is often a 
correlation between the visual appearance of a cellar and the quality of its wines. As with most cleaning pro-
cesses, water is the cleaning aid most used in cellars. The amount of water and cleaning aids used impacts not 
only on the cleaning process, but also plays a decisive role in the volume and quality of the cellar’s waste water. 
Different methods should therefore be compared from point of view effectiveness. 

The best time to clean tanks and barrels is immediately once they 
have been emptied and the process usually consists of the remov-
al of solids from the container, an alkaline washing process to 
remove the tartrates, followed by an acid solution to neutralise the 
alkali and eventually a rinse with water to neutralise the container 
before being used again. The solids to be removed usually include 
skins, pips, yeast and fining residue, but the tartrates can only be 
removed with the alkaline solution. The alkaline washing process 
also kills a wide range of spoilage organisms, which can also to a 
certain extent be achieved by the subsequent acid solution. 

The following equipment is required to facilitate an effective wash 
process: 
• Safety goggles. 
• Rubber gloves. 
• Rubber shoes. 
• Wet hat and – suit. 
• An eye washing facility, or portable eye wash solutions. 
• Acid and alkaline washing aids. 
• A pump for warm liquid and the washing aids in question. 
• Food grade quality pipes that are resistant to the washing 

aids. 
• pH meter. 
• Safety information for the cleaning aids being used. 
• Sufficient portable lights. 
• A spray ball if the tank is to be washed from the outside. 

The cleaning process can be divided into the following stages: 
i. The removal of all solids from the container. 
ii. Ensure that all safety clothing and equipment are in place 

before commencing the washing process. 
iii. Dismantle all container valves, fittings and attachments that 

are easily removed and rinse with water. Leave to soak in an 
alkaline solution. Remove the ports to clean all parts proper-
ly. 

iv. Clean all parts with a brush to ensure that all fixed solids are 
removed. This is particularly relevant to parts that are fixed 
with wire. 

v. Rinse the container and the parts with water to remove all 
solids. 

vi. If cleaning the container from the outside with a spray ball, 
sufficient water (approximately 5% of the container capacity) 
should be pumped into it and the water pumped from the 
bottom of the tank via the spray ball to ensure sufficient 

water distribution. Cover the opening of the tank so that the 
water does not splash out. Circulate the water and make 
sure of splash threats before using chemicals. 

vii. The strength of the alkaline washing aid that is subsequently 
used should comply with the product’s prescriptions and is 
always mixed in a bucket or barrel outside the container, 
before being used inside the tank. Ensure that the necessary 
safety precautions are taken throughout the entire process. 
Take care to avoid possible splashes during the circulation of 
the alkaline washing aid, which may take 20 to 30 minutes. 

viii. Once circulation has been completed, leave for 5 minutes to 
drip dry, before inspecting the tank to check whether all the 
tartaric acid has been removed. If not, it should be readjusted 
to the original pH through the addition of more alkaline wash-
ing aid. If the alkaline washing process has been thorough, 
disposal thereof should take place in the correct way. 

ix. An acid solution (0,6% citric acid, although from an environ-
mentally friendly point of view it is better to use anorganic 
acids, such as phosphoric acid or nitric acid) should then be 
circulated to neutralise the alkaline washing process. This 
should take approximately 5 minutes. Thereafter the wash 
water should no longer feel soapy and its pH should be 
below 5.5. If not, more citric acid should be added to the 
rinse water. Allow the wash water to drip dry and do a final 
rinse with clean water. 

x. The tank fittings that are soaked in the alkaline washing aid 
are rinsed with an acid solution and water, in the same way 
as the tank, before being replaced. 

xi. Once the washing process of a tank is completed, it should 
be indicated thus on the tank records. Containers should in 
all instances be rinsed with water, before being used again 
(Payette, 2007). 

In the case of barrels, however, other control actions besides the 
washing process should be undertaken. In the case of barrels, 
chlorinated water should never be used, as this could result in the 
formation of undesirable anisols. It is generally also better to keep 
barrels filled and monitored on a monthly basis. 

New barrels can be handled in different ways. They may be filled 
with wine immediately without any treatment, but this practice is not 
recommended because barrel leakages may occur, unless a pres-
sure test is done before filling. They may also be rinsed quickly 
before being used, but this has the same disadvantages as the 
previous method. Alternatively barrels can be filled with 50 to 75 

The cleaning of tanks  
and barrels 
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sulphide may impart an undesirable cabbage flavour, while lower 
concentrations may contribute to the flavour complexity of Shiraz. 

Oxygen plays a basic role in vinification and any process that occurs 
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which will then influence the flavour, colour and taste of the wine. 
Provision has to be made for the requisite oxygen during the various 
vinification phases to ensure optimal expression of the Shiraz char-
acter. Although flavour precursors constitute the biggest part of the 
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compounds are sensitive to oxygen, which implies that if wine is 
exposed to oxygen, the concentration of the sulphur compounds 
will be reduced. It is therefore important for Shiraz wines to be 
exposed to a moderate supply of oxygen on an ongoing basis. It is 
important to remember, however, that the interaction between tan-
nins and oxygen may result in softer tannins and increased bitter-
ness. It goes without saying, therefore, that the exposure of Shiraz 
wines to oxygen should be managed in such a way to prevent any 
negative consequences. 
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Different methods should therefore be compared from point of view effectiveness. 
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ix. An acid solution (0,6% citric acid, although from an environ-
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water should no longer feel soapy and its pH should be 
below 5.5. If not, more citric acid should be added to the 
rinse water. Allow the wash water to drip dry and do a final 
rinse with clean water. 

x. The tank fittings that are soaked in the alkaline washing aid 
are rinsed with an acid solution and water, in the same way 
as the tank, before being replaced. 

xi. Once the washing process of a tank is completed, it should 
be indicated thus on the tank records. Containers should in 
all instances be rinsed with water, before being used again 
(Payette, 2007). 

In the case of barrels, however, other control actions besides the 
washing process should be undertaken. In the case of barrels, 
chlorinated water should never be used, as this could result in the 
formation of undesirable anisols. It is generally also better to keep 
barrels filled and monitored on a monthly basis. 

New barrels can be handled in different ways. They may be filled 
with wine immediately without any treatment, but this practice is not 
recommended because barrel leakages may occur, unless a pres-
sure test is done before filling. They may also be rinsed quickly 
before being used, but this has the same disadvantages as the 
previous method. Alternatively barrels can be filled with 50 to 75 
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litres of water, before being left on the two heads for 12 to 24 hours 
to allow the wood to swell. The more cumbersome, but safest 
method, is to fill the barrels with cold or warm (50°C) water and 
leave them for 24 to 48 hours before being used. It is expedient to 
use a citric acid solution (pH 3.5 or lower) and sulphur dioxide solu-
tion (60 to 70 mg/l) to prevent the water from deteriorating. 

Barrels that have been emptied, should receive attention as 
quickly as possible, unless they are used again immediately after 
rinsing. The bung area of barrels especially should receive intensive 
attention. If barrels are not reused immediately, however, they 
should receive additional attention, besides the washing process. 
Various forms of sulphur dioxide treatment may be applied. Liquid 
sulphur dioxide (10 grams per 225 litre barrel) may be followed by 
a monthly treatment (5 grams per 225 litre barrel), but the addition 

should preferably take place in the open air. Candlewicks may also 
be burnt (most sulphur wicks contain 6 grams of sulphur dioxide) 
or sulphur dioxide tablets may be used. Barrels should preferably 
be stored at 10°C in the shade under mould-free conditions and 
not be exposed to large temperature fluctuations. 

Various rinse aids can be used for barrels. Chlorine free water with 
sufficient pressure to remove solids is preferable. Ozone is increas-
ingly popular, but should be used with circumspection and only in 
well-ventilated environments (Payette, 2008). 
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The ongoing development of analytical techniques makes the identification and quantification of wine com-
pounds easier, faster, more accurate and more specific. Even so the winemaker’s senses still play a decisive 
role and this will probably (hopefully) remain the case for a long time. Winemakers should nevertheless take care 
to ensure that their senses are used and interpreted correctly, otherwise they may reach the wrong conclusions 
with far-reaching consequences for the quality of their wine. 

Tasting in some form or other plays an important role in the logis-
tical chain from the grape to the bottle of wine purchased by the 
consumer. The grapes in the vineyard are tasted to determine the 
degree of ripeness and quality, during the alcoholic fermentation 
process the development of the young wine is constantly tasted, 
wines that have completed their fermentation are tasted before or 
after maturation to monitor quality or make up blends, the suit-
ability of various vinification aids is evaluated sensorially and the 
packaged product is finally tasted to ensure that the correct wine 
enters the market. All these actions and subsequent decisions are 
often the task of a single winemaker. The use of a single person’s 
judgment may be risky, however, due to differences among peo-
ple, personal standards, personal preconceived notions, the so-
called cellar palate and the winemaker’s decision-making role in 
the winery. 

Different tasting methods have significant practical benefits for the 
winery. The following aspects always merit consideration, how-
ever: 

1. The wine tastings should always be blind and the samples 
tasted at random. 

2. It is always preferable to use at least 2 tasters, as individuals 
differ in their sensitivity to specific compounds. It is also 
important to verify individuals’ sensitivity with standard solu-
tions of various wine compounds. Personnel from other 
departments may also be used if their tasting abilities have 
been verified. 

3. If practically possible, the same tasting should preferably be 
repeated to improve the accuracy of the result. 

4. The taster should be exposed to as few of the tasting 
preparations as possible. A constant sample size of 30 ml 
at a temperature of approximately 20°C in unmarked 
glasses, designated with 3 figures, should be presented to 
different people in different sequences and tasted within 1 
hour. 

5. Discussion and even eye contact should not take place by 
tasters during the tasting.. It is also preferable for individuals 

to make written notes of their tasting results, before any 
discussion takes place. 

6. In view of the fact that fatigue, hunger and emotional circum-
stances may impact on individuals, tastings should prefer-
ably take place in the mornings and not within 90 minutes 
of smoking, eating or drinking of any beverages. Only 6 to 
7 wines should be tasted per session. 

Different tasting methods may be used in cellars, the more useful 
being those that focus on identifying differences. To determine 
differences the most suitable tasting methods are the duo-trio, 
triangular, paired comparison and like/unlike methods. The results 
required to verify the statistical significance of the method are 
indicated in the article. 

In the duo-trio method, a reference wine is used as a basis and 
one of the other 2 wines is the same as the reference wine, which 
has to be identified by the taster. The tasting panel should consist 
of at least 7 people. This method is often used to determine 
unknown differences in 2 wines. 

The triangular test requires a panel of 5 people and consists of 3 
wines, 2 of which are the same. The tasters have to identify the 
odd sample. This is a multi-purpose method where 2 wines are 
tasted for possible differences. 

The paired comparison method also requires a panel of 7 people 
and consists of 2 samples where one contains more of a specific 
compound, which is made known to the panel and the sample in 
question has to be identified. 

The like/unlike method which requires a panel of 7 people con-
sists of 2 samples and the tasters have to indicate whether they 
are the same or different. This is similar to the paired comparison 
method, except that the compound which causes the difference 
between the wines, is unknown. 
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litres of water, before being left on the two heads for 12 to 24 hours 
to allow the wood to swell. The more cumbersome, but safest 
method, is to fill the barrels with cold or warm (50°C) water and 
leave them for 24 to 48 hours before being used. It is expedient to 
use a citric acid solution (pH 3.5 or lower) and sulphur dioxide solu-
tion (60 to 70 mg/l) to prevent the water from deteriorating. 

Barrels that have been emptied, should receive attention as 
quickly as possible, unless they are used again immediately after 
rinsing. The bung area of barrels especially should receive intensive 
attention. If barrels are not reused immediately, however, they 
should receive additional attention, besides the washing process. 
Various forms of sulphur dioxide treatment may be applied. Liquid 
sulphur dioxide (10 grams per 225 litre barrel) may be followed by 
a monthly treatment (5 grams per 225 litre barrel), but the addition 

should preferably take place in the open air. Candlewicks may also 
be burnt (most sulphur wicks contain 6 grams of sulphur dioxide) 
or sulphur dioxide tablets may be used. Barrels should preferably 
be stored at 10°C in the shade under mould-free conditions and 
not be exposed to large temperature fluctuations. 

Various rinse aids can be used for barrels. Chlorine free water with 
sufficient pressure to remove solids is preferable. Ozone is increas-
ingly popular, but should be used with circumspection and only in 
well-ventilated environments (Payette, 2008). 
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role and this will probably (hopefully) remain the case for a long time. Winemakers should nevertheless take care 
to ensure that their senses are used and interpreted correctly, otherwise they may reach the wrong conclusions 
with far-reaching consequences for the quality of their wine. 
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degree of ripeness and quality, during the alcoholic fermentation 
process the development of the young wine is constantly tasted, 
wines that have completed their fermentation are tasted before or 
after maturation to monitor quality or make up blends, the suit-
ability of various vinification aids is evaluated sensorially and the 
packaged product is finally tasted to ensure that the correct wine 
enters the market. All these actions and subsequent decisions are 
often the task of a single winemaker. The use of a single person’s 
judgment may be risky, however, due to differences among peo-
ple, personal standards, personal preconceived notions, the so-
called cellar palate and the winemaker’s decision-making role in 
the winery. 

Different tasting methods have significant practical benefits for the 
winery. The following aspects always merit consideration, how-
ever: 

1. The wine tastings should always be blind and the samples 
tasted at random. 

2. It is always preferable to use at least 2 tasters, as individuals 
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tions of various wine compounds. Personnel from other 
departments may also be used if their tasting abilities have 
been verified. 
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repeated to improve the accuracy of the result. 

4. The taster should be exposed to as few of the tasting 
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at a temperature of approximately 20°C in unmarked 
glasses, designated with 3 figures, should be presented to 
different people in different sequences and tasted within 1 
hour. 

5. Discussion and even eye contact should not take place by 
tasters during the tasting.. It is also preferable for individuals 

to make written notes of their tasting results, before any 
discussion takes place. 

6. In view of the fact that fatigue, hunger and emotional circum-
stances may impact on individuals, tastings should prefer-
ably take place in the mornings and not within 90 minutes 
of smoking, eating or drinking of any beverages. Only 6 to 
7 wines should be tasted per session. 

Different tasting methods may be used in cellars, the more useful 
being those that focus on identifying differences. To determine 
differences the most suitable tasting methods are the duo-trio, 
triangular, paired comparison and like/unlike methods. The results 
required to verify the statistical significance of the method are 
indicated in the article. 

In the duo-trio method, a reference wine is used as a basis and 
one of the other 2 wines is the same as the reference wine, which 
has to be identified by the taster. The tasting panel should consist 
of at least 7 people. This method is often used to determine 
unknown differences in 2 wines. 

The triangular test requires a panel of 5 people and consists of 3 
wines, 2 of which are the same. The tasters have to identify the 
odd sample. This is a multi-purpose method where 2 wines are 
tasted for possible differences. 

The paired comparison method also requires a panel of 7 people 
and consists of 2 samples where one contains more of a specific 
compound, which is made known to the panel and the sample in 
question has to be identified. 

The like/unlike method which requires a panel of 7 people con-
sists of 2 samples and the tasters have to indicate whether they 
are the same or different. This is similar to the paired comparison 
method, except that the compound which causes the difference 
between the wines, is unknown. 
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Winemakers agree, with good reason, that Pinot noir is one of the most difficult cultivars to vinify. The grape 
quality is influenced by various factors and vinification processes also have to be managed meticulously. Excel-
lent Pinot noir wines are encountered in limited quantities in specific regions such as Burgundy, Marlborough 
and Oregon and locally in Elgin and Hermanus. 

The style of Pinot noir wines is influenced by various factors: 

• The age of the vineyard. Young vines tend to produce more 
simplistic wines with a more prominent berry flavour, while 
older vines produce more complex wines. What this means 
is that younger vines allow the cultivar character to be more 
prominent, while older vines impart greater expression of 
origin. 

• The latitude. Rather than temperature, the decisive factor is 
the number of daylight hours to which the vines are exposed. 
Pinot noir fares better with fewer daylight hours. 

• The soil. People generally believe the soil to be more impor-
tant than the latitude. Good Pinot noir wines can derive from 
calcium-rich and acid soils. 

• The terroir. Grapes from a combination of different soil types 
and microclimates taste different, which will also find expres-
sion in the wines if sound vinification practices are imple-
mented. 

As a result of the above factors various styles of Pinot noir are 
encountered and it follows that different oak maturation practices 
should be implemented. The different styles may be divided into 
four groups, namely traditional, tannic, fruity and young nouveau 
style. Examples hail from Burgundy/Oregon/New Zealand, inter-
national winelands, Carneros/Santa Barbara and Beaujolais 
respectively. 

Traditionally made Pinot noir wines have a prominent mouth-feel 
and are usually matured in barrels for 18 to 24 months, although 
this may be extended to 36 months. Barrels are kept till at least 
third fill and consequently for six years. The percentage of new 
barrels used annually may range from 10 to 30%. 

Tannic Pinot noir wines are made to maximise the phenolic qual-
ity of the final wines. The percentage of new barrels is therefore 
higher and may even be exclusively new. Higher toasting levels are 
also used, but the maturation period is usually shorter. 

Fruity wines are usually not matured beyond nine months and are 
usually sold as soon as possible after the completion of malolactic 
fermentation. 

Beaujolais Nouveau wines are the best example of the nouveau 
style and although they are usually made from Gamay, nouveau 
wines can also be made in the same style from Pinot noir. There 
is usually no oak maturation and except for the traditional carbon 
dioxide maceration method, wines may be fermented at lower 
temperatures without allowing for malolactic fermentation. 

In addition to the different oak maturation practices that are used 
in the various wine styles, the oak characteristics also play an 
important role. The origin and oak species are usually French, 
most often Quercus robur or Quercus petraea. These species are 
also known by other synonyms. Non-French oak species, being 
too dominant, are usually not preferred for Pinot noir. The vanillin 
character in oak usually being the most potent after 12 to 18 
months of natural leaching, i.e. before the construction of barrels, 
winemakers should thus take this into account when deciding on 
the specifications for their barrels. High toasting levels in the bar-
rels may also reduce the vanillin character of the barrels and 
medium plus toasted barrels are usually recommended for Pinot 
noir. Traditionally Burgundy and Bordeaux barrels are both 225 
litres, but due to the shape of the barrel the surface/volume ratio 
of the Bordeaux barrel is slightly bigger. Although most Pinot noir 
wines are matured in Burgundy barrels, the barrel type should not 
make a substantial difference. The use of Central and Eastern 
European oak and alternative oak products should feature in 
experiments. (The article lists oak suppliers for Pinot noir.) 

To summarise, winemakers would do well to take note of the fol-
lowing before selecting specific barrels: 

• Experiments with different barrels or products should not be 
done with a few barrels only. 

• The differences between coopers are usually bigger than the 
differences between forests. 

• Different Pinot noir vineyards may benefit from different bar-
rels, even if the vines are in the same region. 
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The average drinker of sparkling wine most probably thinks that sparkling wine (erroneously called champagne 
by all and sundry) is simply a wine with lots of carbon dioxide and associates it with festivities where the popping 
of the cork contributes to the fun. Producers of traditionally made sparkling wines, otherwise called bottle fer-
mented sparkling wine, know that this opinion is far removed from the truth. 

A sparkling wine seminar was recently held in California where 
international experts gathered to discuss various aspects of mak-
ing sparkling wine. 

2,150 Million bottles of sparkling wine are produced annually, with 
approximately 25% bottled in France, 20% in Germany, 10% in 
Spain, 9% in Italy and 7% each in the USA and Russia. It is a 
rapidly growing market, especially in the segment for young 
people. Sparkling wine may be made in different ways, ranging 
from basic carbon dioxide impregnation to the traditional bottle 
fermentation method. A vinification method that falls between the 
two extremes is the Charmat method, where the role of the bottle 
in the traditional method is fulfilled by a tank; the advantages being 
the vinification of fruit-driven sparkling wines at an affordable price. 
The other alternative vinification method is a continuous process 
developed in Russia and used in Germany and Portugal. It entails 
a continuous feeding of grape juice through a series of tanks to 
convert the juice to base wine and the latter to sparkling wine 
before being bottled. The production cost of the method in ques-
tion will obviously determine the price and the place in the market 
of the end product. All vinification methods consist of two basic 
phases, viz. the vinification of the base wine and the conversion 
of the wine from a still to a sparkling wine. The following aspects 
determine the quality of the sparkling wine: 

• The cultivar used to make the base wine. Pinot noir has the 
best sparkling characteristics, for example, while Chardon-
nay is second best. Only good quality grapes may be used 
to make sparkling wine, because the sparkle emphasises 
defects in the wine, which is why it is easier to make still 
wine. 

• The ripeness of the grapes. The grapes should be picked at 
between 18 and 19,5° Balling, with all grapes being picked 
between these parameters and not ranging from 14 to 24°B 
Balling to produce an average of 19°B Balling. The grapes 
should also be picked early morning with pruning shears 
and not grape cutters. Only whole berries should be used 
and pressed as soon as possible after picking without 

crushing and destemming. The juice recovery should be as 
low as 150 to 175 litres per ton of grapes. 

• The grape selection and handling should be determined by 
the end product, be it a Brut, Rosé or Blanc de Blanc, and 
not the other way around. Likewise it should be decided in 
advance whether to make a fruity or matured sparkling wine 
and neutral cultivars should preferably not be used. If a fruity 
wine is to be made, oxidation should be prevented, fermen-
tation should take place at a low temperature and the young 
wine should be racked as soon as possible after fermenta-
tion; on the other hand lees contact in old barrels and 
malolactic fermentation should be allowed if full-bodied, 
complex wines suitable for maturation are to be made. 

• The sparkling quality of the sparkling wine. This character-
istic determines the first impression when pouring a spar-
kling wine and plays an important role in the consumer’s 
perception of sparkling wine quality. The size of the gas 
particles, the tempo of bubble release, and the sustainabil-
ity thereof are factors that come into play. Bentonite fining 
may inhibit the sparkling action and consequently it should 
be used in conjunction with a protein fining aid such as 
gelatine. 

• The additions to initiate the bottle fermentation (tirage). This 
dosage is crucial seeing that the sparkling wine bottle will be 
left on the lees for a period from months to years for bottle 
fermentation and subsequent maturation. The sugar-yeast 
mixture should not be a standard mixture, but depends on 
the yeast culture and aspects such as yeast counts and 
growth factors should also be taken into account. 

As a result of cost considerations the traditional bottle fermentation 
process, which required a fair amount of manual labour, has nec-
essarily made way for mechanisation of all stages. 
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to make sparkling wine, because the sparkle emphasises 
defects in the wine, which is why it is easier to make still 
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• The ripeness of the grapes. The grapes should be picked at 
between 18 and 19,5° Balling, with all grapes being picked 
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Balling to produce an average of 19°B Balling. The grapes 
should also be picked early morning with pruning shears 
and not grape cutters. Only whole berries should be used 
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the end product, be it a Brut, Rosé or Blanc de Blanc, and 
not the other way around. Likewise it should be decided in 
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tation should take place at a low temperature and the young 
wine should be racked as soon as possible after fermenta-
tion; on the other hand lees contact in old barrels and 
malolactic fermentation should be allowed if full-bodied, 
complex wines suitable for maturation are to be made. 

• The sparkling quality of the sparkling wine. This character-
istic determines the first impression when pouring a spar-
kling wine and plays an important role in the consumer’s 
perception of sparkling wine quality. The size of the gas 
particles, the tempo of bubble release, and the sustainabil-
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Mechanical harvesters have become a common sight in South Africa. Producers have been obliged to replace 
the traditional manual harvesting of grapes with this mechanical alternative. Indications are that the trend will 
continue, spurred by ongoing technical development of harvesters. 

Mechanical harvesters were initially used in the 1960s in the Cen-
tral Valley of California to harvest cheap grapes for vin ordinaires; 
by the following decade it had become popular in Europe, where 
many vineyards are privately owned and insufficient labour neces-
sitated alternative harvesting methods. Since then several new 
generations of harvesters have been developed. Currently there 
are two types which beat and shake the vine, either by means of 
staves beating the foliage, or the impulse harvester which beats 
the trunk and cordon. Both aim to detach the berries. The berries 
are then collected on a conveyor, which moves past a blower that 
removes the leaves, whereafter they are dumped into a bin. 

Mechanical harvesters are able to work against slopes and adjust-
ments may be made without stopping. Three basic adjustments 
may be effected, namely the width between the two sets of staves 
(“pitch”), the extent of the beating action (“amplitude”) and the 
speed of the beating action (“frequency”). Different combinations 
of these three factors may be used for various vineyards. The suc-
cess of mechanical harvesting is ascribed 35 - 40% to the har-
vester, 30% to the operator and 30% to the vineyard. If the cano-
py is not suited to mechanical harvesting, the process will not be 
successful. 

In California mechanical harvesting of grapes may be two to five 
times cheaper than manual harvesting. Mechanically harvested 
grapes may also be delivered to the cellar at lower temperatures. 
As may be expected, there are few whole berries when grapes are 
mechanically harvested, but if the grape mass can be processed 
within an hour of being harvested, oxygen exposure is minimal. If 

this period is extended to ten hours, however, one may expect 
much greater oxidative reactions. 

New generation harvesters offer several new advantages: 

• Automatic sorting takes place on the harvesters to present 
whole berries without any material other than grapes (MOG: 
Material Other than Grapes). 

• The sorting of different colour berries. 
• The sorting of the grapes according to the condition and 

ripeness of the grapes. 
The success of mechanical harvesting is largely influenced by the 
maintenance of the harvester and the training of the operator. A 
comprehensive service is essential before the harvest, likewise 
there should be daily services. These include, inter alia, an inten-
sive cleaning action after each shift. Although basic training is 
invaluable, operators will learn from experience how to obtain the 
best results from various vineyard blocks. 

The current view is that mechanical harvesting of grapes is suitable 
for average wines, but that premium wines should still be made 
from manually harvested grapes. This notion might change in view 
of the ongoing development of harvesting technology. A more 
accurate assertion might be that the decision to harvest mechan-
ically is determined by various factors such as the cultivar, viticul-
tural practices and specific vinification requirements. 

REFERENCE 
Cutler, Lance. 2008. Industry Roundtable: Winemaking with Mechani-
cally Harvested Grapes. Wine Business Monthly 15(11): 20 - 26.
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Filtration is one of the basic processes used during the vinification process and consequently an important cost 
factor in winemaking. Ever since the development of tangential filtration, also known as cross flow, filtration 
technology had not changed much until the introduction of BECOPAD late last year by a German company, 
Begerow & Kie. 

BECOPAD is a pure filtration medium that entails various benefits 
for the wine industry in respect of environmental pollution, 
improved filtration, regeneration, adsorption, effectiveness and the 
reduction of micro populations. 

THE REDUCTION OF ENVIRONMENTAL POLLUTION 

Water consumption and the removal of cellar waste are two of 
the most important factors when determining the environmental 
impact of wine cellars. The new cellulose filtration medium offers 
considerable savings in water consumption and waste. It con-
sists of pure cellulose that derives from plant cell walls and is 
therefore 100% biodegradable. What is more, it contains no 
diatomaceous earth or perlite and is free of minerals. Winemak-
ers are therefore able to obtain improved filtration in a more 
environmentally friendly manner. 

IMPROVED FILTRATION 

Because of the cost and labour factors involved in filtration, 
improved filtration effectiveness is a huge priority. Filtration trials at 
cellars have shown that BECOPAD has several advantages in this 
regard. Bigger wine volumes may be filtered without changing 
filters, consumption costs are reduced, less water is used during 
preparation, the preparation time is reduced and the wet strength 
of the filter medium is greatly increased, which considerably 
improves the washing of filtration sheets for recycling. Although 
the manufacturers contend that the volume throughput is improved 
by 20%, trials, both in Australia and locally, have shown an 
increased throughput of 20 to 38%. Trials in Sicily and Australia 
have shown that BECOPAD makes it possible to filter white wine 
after red wine, provided the correct washing and regeneration 
processes are followed. The particularly low adsorption qualities, 
pure cellulose medium, as well as improved wet strength of the 
medium makes it possible to use the same filtration sheets for 
different types of wine. In both trials the filtration sheets were 
washed after the first day’s red wine filtration, first with cold water 
and then with hot water at 70°C, and the filter was kept overnight 
in warm water. 

ADSORPTION AND PERFORMANCE 

The modus operandi of filtration media in sheet or sieve filters is 
based on mechanical separation, surface filtration or electro-
kinetic adsorption (the so-called zeta potential). Mechanical sepa-
ration is the retention of particles inside the structure of the filtration 
medium, which usually becomes more compact with increasing 
depth. Surface filtration is the retention of bigger particles on the 
surface of the filtration medium, when particles are unable to 
penetrate the structure of the filtration medium. The zeta potential 
of filtration media is dependent on the cation charge of the 
medium. As a result thereof, particles with a negative charge will 
be adsorbed into the filtration medium. The lower the zeta poten-
tial of a filtration medium, the less colourants and flavourants of 
the filtered wine will be adsorbed. BECOPAD, which consists of 
cellulose only, has a very low zeta potential and consequently does 
not remove colour from red wines. 

IMPROVED EFFECTIVENESS WITH COARSER MEDIA 

The effectiveness of a depth filtration medium is determined by the 
filterability of the wine, flow speed, capacity and mechanical stabil-
ity. Trials with BECOPAD have shown that coarser grades such as 
450 and 550, remove more micro-organisms than conventional 
coarse filtration. BECOPAD 550 (2.9 - 5.0 micron), for example, 
reduced the bacteria count of a wine from 2.55 million cells/ml to 
10 cells/ml with a differential filtration pressure of 1.5 bars (Carty, 
2009). 

The new BECOPAD technology definitely enables the environmen-
tally friendly filtration of wine in a less costly, more effective way. 

The local supplier of BECOPAD is C&F Wine Consumables. 
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Quality in wine is largely determined by balance. This applies to the various components as well as the extent 
to which various vinification techniques are used. Oxygen or air in a less pure form is generally considered det-
rimental. The correct use of micro-oxygenation may have a very positive impact on wine quality. 

The deliberate, measurable application of oxygen to wines is a 
relatively new practice, which may yet see interesting develop-
ments. Phenol compounds play a decisive role in the colour and 
mouthfeel of wines and are largely influenced by oxygen reactions. 
Red wines that are kept in barrels usually have a more intense 
colour and softer tannins than those in steel tanks. The difference 
between the two storage methods is oxygen exposure, which 
applies in the case of the barrels, the latter being porous. Limited 
oxygen exposure causes a decrease in free anthocyanin content, 
which heightens the colour intensity, while increased phenol 
polymerisation results in a softer taste. The purpose of micro-
oxygenation is consequently also to change the phenolic and 
flavour characteristics of wine by means of managed oxygen 
application. The oxygen saturation level of wine is 6.3 ml/litre wine 
at 20°C. An estimated 15 to 20 ml oxygen/litre wine/annum is 
added to the wine during barrel storage and if oxygen exposure 
during racking is added to this figure, as much as 30 ml oxygen/
litre wine may be added to the wine in the course of a year’s bar-
rel maturation. The ability of a wine to accommodate oxygen 
exposure positively is determined, inter alia, by its quantitative and 
qualitative phenol content. During normal racking of wine it is dif-
ficult to determine the amount of exposure to oxygen and the 
consequences this may have on the wine; micro-oxygenation, on 
the other hand, is a controlled process where the winemaker is 
able to determine the amount of oxygen. Although this could 
potentially be a handy vinification practice, its application demands 
discretion (Zoecklein, 2007). 

Micro-oxygenation (MOX) was developed in France in 1991 by 
Patrick Ducournau, after he found that red wine made from the 
cultivar Tannat, which is rich in tannins, became softer, more bal-
anced and richer with exposure to oxygen. In order to have more 
control over the oxygen exposure, he developed an apparatus 
with which it could be regulated. This has been used in the rest of 
Europe since 1995 and in the USA since 1998. Micro-oxygenation 
usually takes place in two phases. The initial structuring phase 
often gives the impression that the technique has negative conse-
quences and the benefits only become apparent during the sec-
ond harmonising phase. The tannins undergo different phases 
which may be described as green, hard, firm, round and soft. 
Depending on the wine in question, the influence differs; this in 

turn impacts on the decision whether and how to use it. Wines 
with high tannin and anthocyanin levels benefit most from MOX in 
which case application should take place as soon as possible after 
alcoholic fermentation and before malolactic fermentation. Wines 
to be treated should be fined thoroughly, as any murkiness or 
cloudiness will absorb some of the oxygen. If oxygen exposure is 
to imitate barrel storage, the dosage should be 1 to 2 ml oxygen/
litre wine/month. It is also possible to reduce problems such as a 
vegetative character or sulphurous flavours by using MOX. In both 
instances the process should take place as soon as possible. The 
best strategy is to supplement possible yeast nutrition deficiency 
at the alcoholic fermentation stage and to remove the sulphuric 
compounds that have formed with a high application of oxygen. 
Several trials have confirmed that the style of wines in steel tanks 
approximates that of barrel matured wines if MOX is applied and 
MOX can also be used to good effect in the case of premium wine, 
provided the winemaker does so with the necessary discretion. 
Although wines may be market ready at an earlier stage if MOX 
takes place, this does not necessarily imply that such wines have 
less bottle maturation potential (Cutler, 2009). 

Mobile MOX units may be used to apply the dosages to tanks, 
barrels and during fermentation, but the diffusing function for the 
different actions will differ. MOX equipment measures oxygen/
volume in millilitres. The micro-oxygenation tempo is consequent-
ly calculated as ml oxygen/litre wine/month. The volume of gas will 
be influenced by the pressure, however. PARSEC equipment 
consequently measures the tempo in mg oxygen/litre wine/month, 
while OENODEV VISIO 6 has equipment that is able to measure 
it in both forms. If the decision is taken to purchase MOX equip-
ment, cellars should first decide which products to treat and use 
this as a basis for determining the size of the base unit and the 
number and type of spargers to be used (Philips, 2009). 
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A previous review article dealt with the microbes that occur in wine. Bacteria constitute one group of micro-
organisms that play a role in vinification. Their widespread occurrence impacts on wine quality. This impact may 
be positive or negative, therefore it is important for winemakers to heed their presence and be able to identify 
and rectify potential problems, if required.

Wine bacteria:  
the good and the bad 

Bacteria are common in nature. One gram 
of soil contains 40 million bacterial cells,  
1 million cells occur in a millilitre of fresh 
water and they also play an important role 
in various industry processes or the pro-
duction of products such as yoghurt, 
cheese, chutney, sauerkraut, cacao, cof-
fee, vinegar and wine. Considering that a 
1 000 times magnification is required to 
see them, bacteria may be described as 
an invisible friend or foe of the wine indus-
try. Pasteur confirmed the presence of 
bacteria in fermenting grape juice 150 
years ago, but it was only in the 1960s that 
the most important bacteria responsible 
for malolactic fermentation (MLF) were 
initially classified as Leuconostoc oenos 
and later as Oenococcus oeni. The posi-
tive role of MLF is not only the conversion 
of malic acid to lactic acid, which removes 
a carbon source of possible bacterial spoil-
age, thereby creating microbiological sta-
bility in the wine, but moreover it may 
impart flavours described as buttery, fruity, 
berry-like, floral, fusel, rancid or cheesy. 
The kind of flavour and its concentration in 
the wine are determined by the particular 
bacterial strain and the stage of MLF in the 
wine. Unfortunately winemakers also have 
to contend with undesirable bacteria that 
occur in wine. Undesirable bacteria may 
occur at different stages of the vinification 
process (Bartowsky et al, 2009).

Various species of bacteria occur on grapes 
and in grape juice. Of the acetic acid bac-
teria the most prevalent on healthy grapes 
is Gluconobacter oxydans. Damaged, 
unhealthy grapes or grapes infected with 
Botrytis cinerea contain high populations of 
Acetobacter aceti and Acetobacter pasteu-
rianus. Various lactic acid bacteria may also 
occur on damaged or unhealthy grapes. To 
control the spoilage microbe numbers at 

that stage, it is recommended to keep 
grapes cool, maintain the pH-levels of the 
juice below 3.7, add approximately 50 mg/l 
SO

2 to the crush of the grapes and 100 to 
200 mg/l lysozyme, if the cellar has a his-
tory of lactic bacteria spoilage. As soon as 
alcoholic fermentation starts, the population 
of acetic acid bacteria decreases consider-
ably. Some Acetobacter species may still 
occur, but Gluconobacter species cannot 
survive. If alcoholic ferments are prolonged 
or get stuck and the formation of CO2 starts 
to decrease, making oxygen readily avail-
able again, acetic acid bacteria may grow 
again and stimulate the formation of acetic 
acid. During a typical alcoholic fermentation 
the population of lactic acid bacteria will 
decrease. The lactic acid bacteria Oeno-
coccus oeni are able to survive alcoholic 
fermentation, however, because they are 
able to resist higher alcohol contents and 
pH-values below 3.5. Although lactic acid 
bacteria are usually unable to survive the 
alcoholic fermentation, the following factors 
or practices may promote their survival and 
cause prolonged or stuck alcoholic fer-
ments:

• SO2 is added to the grape juice at 
low dosages or not at all.

• The pH of the juice is so high (above 
3.8) that free SO2 does not exist and 
consequently negates the impact of 
SO2.

• A high initial bacteria count.

When prolonged or stuck alcohol ferments 
occur, lactic acid bacteria are able to 
cause a considerable increase in the vola-
tile acid content of young wines. Following 
the completion of normal alcoholic fermen-
tations, the desirable Oenococcus oeni is 
usually the dominant bacterial species, 
although the undesirable Lactobacillus and 
Pediococcus species, which may form 

undesirable compounds such as acetic 
acid, diacethyl, acrolein and biogene 
amines, are also able to conduct the MLF 
if pH-values above 3.7 occur in the wine. 
After completion of MLF various bacterial 
species may grow and cause spoilage. 
Acetobacter species are able to multiply 
rapidly in the young wine if oxygen uptakes 
in the wine are promoted by oxidative 
racking, low humidity in barrel cellars and 
the occurrence of oxygen spaces in con-
tainers. Acetobacter pasteurianus may 
even survive for long periods under rela-
tively anaerobic conditions. After comple-
tion of the alcoholic fermentation and MLF 
the undesirable Lactobacillus and Pedio-
coccus lactic acid species may form vari-
ous spoilage components in wines. It is 
therefore essential to apply the following 
standard practices after alcoholic fermen-
tation and MLF.

• The routine monitoring of wines for 
spoilage microbes.

• The racking of wines from the thick 
lees.

• The filtration of wines if undesirable 
bacteria occur or if the cellar has a 
history of bacterial spoilage.

• Maintaining humidity levels above 
80% in the barrel cellar(s).

• Keeping containers full.
• The methodical handling of empty 

barrels by filling them with SO2 gas, a 
solution of SO2 and citric acid or 
wine.

• Maintaining oxygen levels below 1.0 
mg/l during wine storage.

• Maintaining wine storage tempera-
tures below 16°C.

• Maintaining pH-levels below 3.7 in 
wines.

• Maintaining molecular SO2 levels 
above 0.5 mg/l.

WHAT’S UP IN THE VINEYARD AND CELLAR



technical yearbook 2009116

Charl Theron

Quality in wine is largely determined by balance. This applies to the various components as well as the extent 
to which various vinification techniques are used. Oxygen or air in a less pure form is generally considered det-
rimental. The correct use of micro-oxygenation may have a very positive impact on wine quality. 

The deliberate, measurable application of oxygen to wines is a 
relatively new practice, which may yet see interesting develop-
ments. Phenol compounds play a decisive role in the colour and 
mouthfeel of wines and are largely influenced by oxygen reactions. 
Red wines that are kept in barrels usually have a more intense 
colour and softer tannins than those in steel tanks. The difference 
between the two storage methods is oxygen exposure, which 
applies in the case of the barrels, the latter being porous. Limited 
oxygen exposure causes a decrease in free anthocyanin content, 
which heightens the colour intensity, while increased phenol 
polymerisation results in a softer taste. The purpose of micro-
oxygenation is consequently also to change the phenolic and 
flavour characteristics of wine by means of managed oxygen 
application. The oxygen saturation level of wine is 6.3 ml/litre wine 
at 20°C. An estimated 15 to 20 ml oxygen/litre wine/annum is 
added to the wine during barrel storage and if oxygen exposure 
during racking is added to this figure, as much as 30 ml oxygen/
litre wine may be added to the wine in the course of a year’s bar-
rel maturation. The ability of a wine to accommodate oxygen 
exposure positively is determined, inter alia, by its quantitative and 
qualitative phenol content. During normal racking of wine it is dif-
ficult to determine the amount of exposure to oxygen and the 
consequences this may have on the wine; micro-oxygenation, on 
the other hand, is a controlled process where the winemaker is 
able to determine the amount of oxygen. Although this could 
potentially be a handy vinification practice, its application demands 
discretion (Zoecklein, 2007). 

Micro-oxygenation (MOX) was developed in France in 1991 by 
Patrick Ducournau, after he found that red wine made from the 
cultivar Tannat, which is rich in tannins, became softer, more bal-
anced and richer with exposure to oxygen. In order to have more 
control over the oxygen exposure, he developed an apparatus 
with which it could be regulated. This has been used in the rest of 
Europe since 1995 and in the USA since 1998. Micro-oxygenation 
usually takes place in two phases. The initial structuring phase 
often gives the impression that the technique has negative conse-
quences and the benefits only become apparent during the sec-
ond harmonising phase. The tannins undergo different phases 
which may be described as green, hard, firm, round and soft. 
Depending on the wine in question, the influence differs; this in 

turn impacts on the decision whether and how to use it. Wines 
with high tannin and anthocyanin levels benefit most from MOX in 
which case application should take place as soon as possible after 
alcoholic fermentation and before malolactic fermentation. Wines 
to be treated should be fined thoroughly, as any murkiness or 
cloudiness will absorb some of the oxygen. If oxygen exposure is 
to imitate barrel storage, the dosage should be 1 to 2 ml oxygen/
litre wine/month. It is also possible to reduce problems such as a 
vegetative character or sulphurous flavours by using MOX. In both 
instances the process should take place as soon as possible. The 
best strategy is to supplement possible yeast nutrition deficiency 
at the alcoholic fermentation stage and to remove the sulphuric 
compounds that have formed with a high application of oxygen. 
Several trials have confirmed that the style of wines in steel tanks 
approximates that of barrel matured wines if MOX is applied and 
MOX can also be used to good effect in the case of premium wine, 
provided the winemaker does so with the necessary discretion. 
Although wines may be market ready at an earlier stage if MOX 
takes place, this does not necessarily imply that such wines have 
less bottle maturation potential (Cutler, 2009). 

Mobile MOX units may be used to apply the dosages to tanks, 
barrels and during fermentation, but the diffusing function for the 
different actions will differ. MOX equipment measures oxygen/
volume in millilitres. The micro-oxygenation tempo is consequent-
ly calculated as ml oxygen/litre wine/month. The volume of gas will 
be influenced by the pressure, however. PARSEC equipment 
consequently measures the tempo in mg oxygen/litre wine/month, 
while OENODEV VISIO 6 has equipment that is able to measure 
it in both forms. If the decision is taken to purchase MOX equip-
ment, cellars should first decide which products to treat and use 
this as a basis for determining the size of the base unit and the 
number and type of spargers to be used (Philips, 2009). 
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A previous review article dealt with the microbes that occur in wine. Bacteria constitute one group of micro-
organisms that play a role in vinification. Their widespread occurrence impacts on wine quality. This impact may 
be positive or negative, therefore it is important for winemakers to heed their presence and be able to identify 
and rectify potential problems, if required.

Wine bacteria:  
the good and the bad 

Bacteria are common in nature. One gram 
of soil contains 40 million bacterial cells,  
1 million cells occur in a millilitre of fresh 
water and they also play an important role 
in various industry processes or the pro-
duction of products such as yoghurt, 
cheese, chutney, sauerkraut, cacao, cof-
fee, vinegar and wine. Considering that a 
1 000 times magnification is required to 
see them, bacteria may be described as 
an invisible friend or foe of the wine indus-
try. Pasteur confirmed the presence of 
bacteria in fermenting grape juice 150 
years ago, but it was only in the 1960s that 
the most important bacteria responsible 
for malolactic fermentation (MLF) were 
initially classified as Leuconostoc oenos 
and later as Oenococcus oeni. The posi-
tive role of MLF is not only the conversion 
of malic acid to lactic acid, which removes 
a carbon source of possible bacterial spoil-
age, thereby creating microbiological sta-
bility in the wine, but moreover it may 
impart flavours described as buttery, fruity, 
berry-like, floral, fusel, rancid or cheesy. 
The kind of flavour and its concentration in 
the wine are determined by the particular 
bacterial strain and the stage of MLF in the 
wine. Unfortunately winemakers also have 
to contend with undesirable bacteria that 
occur in wine. Undesirable bacteria may 
occur at different stages of the vinification 
process (Bartowsky et al, 2009).

Various species of bacteria occur on grapes 
and in grape juice. Of the acetic acid bac-
teria the most prevalent on healthy grapes 
is Gluconobacter oxydans. Damaged, 
unhealthy grapes or grapes infected with 
Botrytis cinerea contain high populations of 
Acetobacter aceti and Acetobacter pasteu-
rianus. Various lactic acid bacteria may also 
occur on damaged or unhealthy grapes. To 
control the spoilage microbe numbers at 

that stage, it is recommended to keep 
grapes cool, maintain the pH-levels of the 
juice below 3.7, add approximately 50 mg/l 
SO

2 to the crush of the grapes and 100 to 
200 mg/l lysozyme, if the cellar has a his-
tory of lactic bacteria spoilage. As soon as 
alcoholic fermentation starts, the population 
of acetic acid bacteria decreases consider-
ably. Some Acetobacter species may still 
occur, but Gluconobacter species cannot 
survive. If alcoholic ferments are prolonged 
or get stuck and the formation of CO2 starts 
to decrease, making oxygen readily avail-
able again, acetic acid bacteria may grow 
again and stimulate the formation of acetic 
acid. During a typical alcoholic fermentation 
the population of lactic acid bacteria will 
decrease. The lactic acid bacteria Oeno-
coccus oeni are able to survive alcoholic 
fermentation, however, because they are 
able to resist higher alcohol contents and 
pH-values below 3.5. Although lactic acid 
bacteria are usually unable to survive the 
alcoholic fermentation, the following factors 
or practices may promote their survival and 
cause prolonged or stuck alcoholic fer-
ments:

• SO2 is added to the grape juice at 
low dosages or not at all.

• The pH of the juice is so high (above 
3.8) that free SO2 does not exist and 
consequently negates the impact of 
SO2.

• A high initial bacteria count.

When prolonged or stuck alcohol ferments 
occur, lactic acid bacteria are able to 
cause a considerable increase in the vola-
tile acid content of young wines. Following 
the completion of normal alcoholic fermen-
tations, the desirable Oenococcus oeni is 
usually the dominant bacterial species, 
although the undesirable Lactobacillus and 
Pediococcus species, which may form 

undesirable compounds such as acetic 
acid, diacethyl, acrolein and biogene 
amines, are also able to conduct the MLF 
if pH-values above 3.7 occur in the wine. 
After completion of MLF various bacterial 
species may grow and cause spoilage. 
Acetobacter species are able to multiply 
rapidly in the young wine if oxygen uptakes 
in the wine are promoted by oxidative 
racking, low humidity in barrel cellars and 
the occurrence of oxygen spaces in con-
tainers. Acetobacter pasteurianus may 
even survive for long periods under rela-
tively anaerobic conditions. After comple-
tion of the alcoholic fermentation and MLF 
the undesirable Lactobacillus and Pedio-
coccus lactic acid species may form vari-
ous spoilage components in wines. It is 
therefore essential to apply the following 
standard practices after alcoholic fermen-
tation and MLF.

• The routine monitoring of wines for 
spoilage microbes.

• The racking of wines from the thick 
lees.

• The filtration of wines if undesirable 
bacteria occur or if the cellar has a 
history of bacterial spoilage.

• Maintaining humidity levels above 
80% in the barrel cellar(s).

• Keeping containers full.
• The methodical handling of empty 

barrels by filling them with SO2 gas, a 
solution of SO2 and citric acid or 
wine.

• Maintaining oxygen levels below 1.0 
mg/l during wine storage.

• Maintaining wine storage tempera-
tures below 16°C.

• Maintaining pH-levels below 3.7 in 
wines.

• Maintaining molecular SO2 levels 
above 0.5 mg/l.
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Bottling is the final stage in the vinification 
chain and it is essential to ensure micro-
biological stability in the bottle. The micro-
biological contamination of bottled wines 
is especially promoted by:

• Bottling unfiltered microbiologically 
unstable wine.

• Failure of the membrane filtration of a 
microbiologically unstable wine dur-
ing the bottling process.

• Insufficient application dosage of a 
preservative, if applicable, before 
bottling.

• Contamination caused by unsanitary 
bottling.

The anaerobic environment of bottled 
wines usually prevents the growth of Ace-
tobacter species, but they may survive and 
cause spoilage when the bottle is opened 
and exposed to oxygen. Lactic acid bac-
teria require very little oxygen for growth 
and may therefore survive and grow in 
bottled wines if nutrients such as sugar, 
malic acid and citric acid occur in the 
bottled wine. The spoilage that may occur 
in such instance(s), is a secondary fermen-
tation that accompanies the development 
of CO2 (Tracy, 2009).

In addition to the above-mentioned tradi-
tional standard practices that may be 
applied to prevent bacterial spoilage in 

wines, new techniques such as ultra high 
pressure, high energy ultrasound, ultravio-
let radiation and pulsating electrical fields 
are currently receiving attention (Bartowsky 
et al, 2009).
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The occurrence of any off-odour in wine is obviously unacceptable to winemakers and a source of concern. 
Mouldy character is probably the most prevalent off-odour and its causes are fairly well-known. Sulphur com-
pounds or the association thereof with the so-called reductive off-odours that occur in wines, are probably the 
second most common problem.

The practical management  
of hydrogen sulphide

Hydrogen sulphide (H2S) is widespread in 
fermentations in all cellars, regardless of 
vintage, type of wine or country, and 
although certain associations exist between 
the formation of H2S and certain vineyards 
as well as yeast strains, not enough is 
known about it to accurately predict its 
occurrence during fermentation. It may 
occur at any stage during fermentation, 
although it is mostly prevalent during the 
early phases, less so during the later stages 
and sometimes throughout fermentation. 
Wines with an H2S character are usually 
treated effectively with copper sulphate to 
remove the reductive off-odours. Although 
copper sulphate effectively removes H2S 
and mercaptans, it does not remove disul-
phides. This represents a latent form of 
sulphides in wine which may become 
noticeable again under highly reductive 
conditions or after the wine has been pack-
aged. Disulphides may also be formed if 
aeration is used to reduce H2S. This applies 
when mercaptans occur in the wine in 
conjunction with H2S. A disadvantage of 
using copper sulphate is the reaction of the 
Cu ion with other wine compounds which 
may result in flavour losses or less pro-
nounced cultivar character. The Cu ion, for 
example, is able to react with the fruity long 
chain polyfunctional thiols characteristic of 
Sauvignon blanc and related cultivars. The 
consequences of H2S during vinification are 
not always fully understood. Some wine-
makers are not overly phased by the early 
formation of H2S, as it is usually removed by 
the mobile carbon dioxide which occurs 
mainly in the early stages of fermentation. 
During the later phases of fermentation it 
will not occur to the same extent.

There are several causes for the formation 
of H2S and ways to prevent or treat it. 

Various agrochemicals contain elementary 
sulphur (S) which may be reduced to H2S 
under reductive conditions. If such prod-
ucts have to be used, the withholding 
period should be followed strictly and 
rackings of the lees should occur as quick-
ly as possible. Metal ions such as zinc and 
copper may also occur in such products, 
which may result in the formation of H2S 
through chemical reactions or yeast 
metabolism. The late application of such 
products should therefore be avoided and 
copper finings should preferably not be 
conducted during fermentation. Metals 
occurring in equipment that is not made of 
stainless steel may also play a role in the 
formation of H2S. New stainless steel tanks 
have to be rinsed with citric acid or tar-
taric acid before using it for the first time, 
in order to remove the manganic sulphide 
which occurs on the surface. It is gener-
ally accepted that the yeast nutrition status 
of juice is able to play an important role in 
the formation of H2S. The exhaustion of 
YAN (Yeast Assimilable Nitrogen) is consid-
ered to be a common cause of H2S. The 
nitrogen demand is high during the yeast 
growth which occurs at the beginning of 
fermentation and if there is a YAN defi-
ciency, yeasts have to conduct other 
metabolisms thereby resulting in the for-
mation of H2S. In many instances this may 
be prevented by using diammonium phos-
phate (DAP) or specialist yeast nutrition 
products containing vitamins and inacti-
vated yeast supplements. Sometimes the 
problem is not caused by a nitrogen defi-
ciency, however, in which case DAP sup-
plements will not solve the problem and 
the latter type of products must be used. 
Yeast strains also differ in respect of the 
extent and stage of H2S formation and of 

all the cultivars, Shiraz is the one with the 
most H2S problems. The role of wild yeasts 
in the formation of H2S is not clear. The 
traditional view was that such yeasts were 
an important cause thereof, but the 
increasing interest in the use of “natural 
fermentations” belie this belief. The man-
agement of H2S formation in such fermen-
tations is consequently the same as for 
inoculated fermentations.

Current research suggests the stage dur-
ing fermentation when H2S formation 
occurs, to be a very important determining 
factor with regard to the occurrence of 
residual H2S in the final wine. If formation 
ceases before the middle of fermentation, 
no H2S is observed in the final wine, but if 
it is formed by yeasts during the second 
half of fermentation, significant H2S is 
encountered in the final wine.

As yet there is no accurate prediction 
whether H2S will occur during fermenta-
tion. This is mainly because various factors 
come into play and different combinations 
of these may also occur. There are, how-
ever, various quick analytical methods to 
determine H2S, which facilitates monitoring 
during fermentation. At present YAN anal-
yses are still considered the most reliable 
problem indicator and values above 250 
mg/l are deemed safe for potential H2S 
formation. The choice of yeast strain 
remains one of the most important preven-
tive tools for this problem.

REFERENCE

Practical management of hydrogen sulphide 
during fermentation – an updated overview 
according to recent studies on red wine fer-
mentation (AWRI publication #1121). Technical 
Review 180, June 2009.
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Bottling is the final stage in the vinification 
chain and it is essential to ensure micro-
biological stability in the bottle. The micro-
biological contamination of bottled wines 
is especially promoted by:

• Bottling unfiltered microbiologically 
unstable wine.

• Failure of the membrane filtration of a 
microbiologically unstable wine dur-
ing the bottling process.

• Insufficient application dosage of a 
preservative, if applicable, before 
bottling.

• Contamination caused by unsanitary 
bottling.

The anaerobic environment of bottled 
wines usually prevents the growth of Ace-
tobacter species, but they may survive and 
cause spoilage when the bottle is opened 
and exposed to oxygen. Lactic acid bac-
teria require very little oxygen for growth 
and may therefore survive and grow in 
bottled wines if nutrients such as sugar, 
malic acid and citric acid occur in the 
bottled wine. The spoilage that may occur 
in such instance(s), is a secondary fermen-
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of CO2 (Tracy, 2009).
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The occurrence of any off-odour in wine is obviously unacceptable to winemakers and a source of concern. 
Mouldy character is probably the most prevalent off-odour and its causes are fairly well-known. Sulphur com-
pounds or the association thereof with the so-called reductive off-odours that occur in wines, are probably the 
second most common problem.

The practical management  
of hydrogen sulphide

Hydrogen sulphide (H2S) is widespread in 
fermentations in all cellars, regardless of 
vintage, type of wine or country, and 
although certain associations exist between 
the formation of H2S and certain vineyards 
as well as yeast strains, not enough is 
known about it to accurately predict its 
occurrence during fermentation. It may 
occur at any stage during fermentation, 
although it is mostly prevalent during the 
early phases, less so during the later stages 
and sometimes throughout fermentation. 
Wines with an H2S character are usually 
treated effectively with copper sulphate to 
remove the reductive off-odours. Although 
copper sulphate effectively removes H2S 
and mercaptans, it does not remove disul-
phides. This represents a latent form of 
sulphides in wine which may become 
noticeable again under highly reductive 
conditions or after the wine has been pack-
aged. Disulphides may also be formed if 
aeration is used to reduce H2S. This applies 
when mercaptans occur in the wine in 
conjunction with H2S. A disadvantage of 
using copper sulphate is the reaction of the 
Cu ion with other wine compounds which 
may result in flavour losses or less pro-
nounced cultivar character. The Cu ion, for 
example, is able to react with the fruity long 
chain polyfunctional thiols characteristic of 
Sauvignon blanc and related cultivars. The 
consequences of H2S during vinification are 
not always fully understood. Some wine-
makers are not overly phased by the early 
formation of H2S, as it is usually removed by 
the mobile carbon dioxide which occurs 
mainly in the early stages of fermentation. 
During the later phases of fermentation it 
will not occur to the same extent.

There are several causes for the formation 
of H2S and ways to prevent or treat it. 

Various agrochemicals contain elementary 
sulphur (S) which may be reduced to H2S 
under reductive conditions. If such prod-
ucts have to be used, the withholding 
period should be followed strictly and 
rackings of the lees should occur as quick-
ly as possible. Metal ions such as zinc and 
copper may also occur in such products, 
which may result in the formation of H2S 
through chemical reactions or yeast 
metabolism. The late application of such 
products should therefore be avoided and 
copper finings should preferably not be 
conducted during fermentation. Metals 
occurring in equipment that is not made of 
stainless steel may also play a role in the 
formation of H2S. New stainless steel tanks 
have to be rinsed with citric acid or tar-
taric acid before using it for the first time, 
in order to remove the manganic sulphide 
which occurs on the surface. It is gener-
ally accepted that the yeast nutrition status 
of juice is able to play an important role in 
the formation of H2S. The exhaustion of 
YAN (Yeast Assimilable Nitrogen) is consid-
ered to be a common cause of H2S. The 
nitrogen demand is high during the yeast 
growth which occurs at the beginning of 
fermentation and if there is a YAN defi-
ciency, yeasts have to conduct other 
metabolisms thereby resulting in the for-
mation of H2S. In many instances this may 
be prevented by using diammonium phos-
phate (DAP) or specialist yeast nutrition 
products containing vitamins and inacti-
vated yeast supplements. Sometimes the 
problem is not caused by a nitrogen defi-
ciency, however, in which case DAP sup-
plements will not solve the problem and 
the latter type of products must be used. 
Yeast strains also differ in respect of the 
extent and stage of H2S formation and of 

all the cultivars, Shiraz is the one with the 
most H2S problems. The role of wild yeasts 
in the formation of H2S is not clear. The 
traditional view was that such yeasts were 
an important cause thereof, but the 
increasing interest in the use of “natural 
fermentations” belie this belief. The man-
agement of H2S formation in such fermen-
tations is consequently the same as for 
inoculated fermentations.

Current research suggests the stage dur-
ing fermentation when H2S formation 
occurs, to be a very important determining 
factor with regard to the occurrence of 
residual H2S in the final wine. If formation 
ceases before the middle of fermentation, 
no H2S is observed in the final wine, but if 
it is formed by yeasts during the second 
half of fermentation, significant H2S is 
encountered in the final wine.

As yet there is no accurate prediction 
whether H2S will occur during fermenta-
tion. This is mainly because various factors 
come into play and different combinations 
of these may also occur. There are, how-
ever, various quick analytical methods to 
determine H2S, which facilitates monitoring 
during fermentation. At present YAN anal-
yses are still considered the most reliable 
problem indicator and values above 250 
mg/l are deemed safe for potential H2S 
formation. The choice of yeast strain 
remains one of the most important preven-
tive tools for this problem.

REFERENCE

Practical management of hydrogen sulphide 
during fermentation – an updated overview 
according to recent studies on red wine fer-
mentation (AWRI publication #1121). Technical 
Review 180, June 2009.

WHAT’S UP IN THE VINEYARD AND CELLAR

For more information contact Charl Theron, e-mail: vinofino@mweb.co.za



technical yearbook 2009120

Depending on the size of the cellar and the resultant volume of the 
cellar waste, a decision is usually taken to recycle the waste on 
site, or to supply other plants with the waste for the development 
of value added products, in which case such products may be 
used by various industries. Small cellars often use the skins as a 
top dressing or for composting the soil, or for animal fodder. If the 
application of grape skins is not properly managed, however, it 
may result in the pollution of surface and ground water, the devel-
opment of off-odours, damage to the natural vegetation and 
degradation of soils.

In addition to managing cellar waste products efficiently, cellars 
should heed sustainable consumption of water and energy. This 
being a comprehensive approach, data management thereof should 
be a priority. If a cellar does not know how much water and energy 
is consumed or waste produced, it cannot be managed properly.

The best solution is for wineries to send their waste to companies 
with the necessary technology to process cellar waste, this being 
a specialist field, so that the wineries themselves can focus on the 
vinification of their wines instead. In South Australia the most 
important waste processing company is Tarac Technologies. Their 
plants are situated strategically throughout the wine regions and 

they handle approximately two thirds of the industry’s waste. They 
process roughly 125 000 tons of grape skins and seeds, 40 million 
litres of distilling wine and lees and 5 000 tons of filtration cakes 
into grape alcohol, brandy, tartaric acid, grape seed oil, extract of 
grape skins and grape tannins. The skins and seeds are classified 
upon delivery, based on which they will be used for the production 
of red colourants, grape tannins or alcohol. The end products can 
be used by various industries. Calcium tartrate, which is used for 
the production of tartaric acid, is recycled from other residue. The 
liquid and solid waste deriving from the production processes is 
used, after treatment, for irrigation of vineyard or pastures, carbon-
rich ground cover or animal fodder. For the latter purpose the skins 
are dried once the residue, grape seeds and oil have been 
removed or extracted.

The above-mentioned actions ensure that the natural cycle is 
maintained without contaminating the environment.
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The vinification process results in various waste products such as skins, seeds, filter cakes consisting of filtration 
aids and cloudiness, lees or wine per se. During the 2008 harvest in Australia 1,65 million tons of grapes were 
crushed, producing 200 000 tons of waste from skins and seeds. As a result of international pressure on indus-
tries to become more environmentally friendly, wine industries are also compelled to recycle cellar waste prod-
ucts instead of simply dumping them in nature. Responsible recycling of cellar waste products is being pro-
moted by the local IPW system.
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The purpose of organic processing is to optimise and sustain 
product quality through minimal processing, limited refining of raw 
materials and the reduction or elimination of additives while sanita-
tion, hygiene and food safety are sustained.

The first step towards organic wines is obviously the use of 
organic grapes. If such grapes are delivered to an uncertified 
winery, however, the organic status is lost. The organic certification 
of any product supplied to a consumer requires that all stages in 
the cycle, from the cultivation of raw material, via processing and 
final packaging for presentation to the consumer, have to comply 
with organic certification standards. Unlike grape producers, win-
eries do not have to undergo a transition period from conven-
tional to organic cultivation, and only have to comply with the 
prescribed standards to qualify for certification.

Wineries applying for organic certification have to submit, for 
consideration, full particulars of the cellar, processing details, 
process flow charts, product flow charts and a site plan, where 
after an official inspection will be held. If everything is in order, the 
necessary organic certification documents will be issued. The 
processing requirements for organic certification are evaluated for 
input ingredients, transport and reception of goods and process-
ing methods.

At least 95% of all input ingredients have to comply with the 
NASAA prescriptions for local ingredients or, if imported, be certi-
fied by an officially recognised foreign body. In view of the fact that 
most wineries make and handle conventional and organic prod-
ucts, proper record keeping should be in place to ensure that the 
various products are received, stored and handled separately. 
Storage sites should be clearly demarcated to distinguish between 
the various products. The storage of organic ingredients and 
products may take place at room temperature and modified atmo-
sphere of nitrogen, oxygen or carbon dioxide, as well as refrigera-
tion, freezing and humidity control are allowed. Barrels should 
preferably be used either for conventional or organic purposes and 
if converted from conventional to organic, be cleaned under an 
inactive gas atmosphere to remove solids from the barrel.

Any additives, aids or other ingredients used during the vinification 
of organic wines have to comply with the NASAA requirements, 

according to which the following may be used: activated carbon, 
ascorbic acid, bentonite, calcium carbonate, carbon dioxide, 
casein, citric acid, diatomaceous earth, egg white, gelatine, isin-
glass, caolin, lactic acid, malic acid, asbestos-free membrane fil-
ters, organic jerepigo, nitrogen, oxygen, oak particles, pectin, 
potassium carbonate, potassium metabisulphate, potassium 
tartrate, silicon dioxide, sulphur dioxide (limited to 20 mg/l free and 
100 mg/l total), tannic acid as filtration aid, tartaric acid and yeast 
(not GMOs). The use of GM organisms for grafting or in the pro-
duction of any additives or aids is prohibited. Care should be 
taken that the use of diammonium phosphate (DAP) and ammo-
nium sulphate are prohibited. Mechanical, physical, biological, 
extraction, precipitation and filtration are usually permissible pro-
cessing techniques, but whether specific practices are in fact 
permissible should always be verified first. Blending of conven-
tional and organic wines is obviously not allowed and the organic 
status of such wines will be forfeited. Packaging material used for 
the final product should always be food grade quality, clean, pref-
erably new and purpose designed to preserve the organic integ-
rity of the product. Glass is the preferred packaging material, while 
lead and PVC are obviously undesirable.

It is standard practice for all organic products to apply pest and 
disease control through good production practices such as correct 
sanitation and hygiene, without using chemical treatment or 
radiation. The use of physical screening, sound, ultrasound, traps, 
light and ultraviolet light, temperature control, a controlled atmo-
sphere and diatomaceous earth are recommended for such 
purposes.

Thorough record keeping is essential when making organic wines, 
and is intensively evaluated during inspections. It also plays an 
important role with regard to traceability should complaints be 
received from the market (Austin, 2008).
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The NASAA standards may be accessed on the website www.nasaa.
com.au.

Although local vinification regulations do not make provision for the vinification of organic wines, several local 
wineries are requested by clients to make organic wines. The perception possibly exists that organic wine should 
differ in style from other wines as a result of different vinification methods. This perception is contradicted by the 
local cellars which succeed in making organic wines. The National Association for Sustainable Agriculture, 
Australia (NASAA) provides guidelines for the vinification of organic wines.
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Depending on the size of the cellar and the resultant volume of the 
cellar waste, a decision is usually taken to recycle the waste on 
site, or to supply other plants with the waste for the development 
of value added products, in which case such products may be 
used by various industries. Small cellars often use the skins as a 
top dressing or for composting the soil, or for animal fodder. If the 
application of grape skins is not properly managed, however, it 
may result in the pollution of surface and ground water, the devel-
opment of off-odours, damage to the natural vegetation and 
degradation of soils.

In addition to managing cellar waste products efficiently, cellars 
should heed sustainable consumption of water and energy. This 
being a comprehensive approach, data management thereof should 
be a priority. If a cellar does not know how much water and energy 
is consumed or waste produced, it cannot be managed properly.

The best solution is for wineries to send their waste to companies 
with the necessary technology to process cellar waste, this being 
a specialist field, so that the wineries themselves can focus on the 
vinification of their wines instead. In South Australia the most 
important waste processing company is Tarac Technologies. Their 
plants are situated strategically throughout the wine regions and 

they handle approximately two thirds of the industry’s waste. They 
process roughly 125 000 tons of grape skins and seeds, 40 million 
litres of distilling wine and lees and 5 000 tons of filtration cakes 
into grape alcohol, brandy, tartaric acid, grape seed oil, extract of 
grape skins and grape tannins. The skins and seeds are classified 
upon delivery, based on which they will be used for the production 
of red colourants, grape tannins or alcohol. The end products can 
be used by various industries. Calcium tartrate, which is used for 
the production of tartaric acid, is recycled from other residue. The 
liquid and solid waste deriving from the production processes is 
used, after treatment, for irrigation of vineyard or pastures, carbon-
rich ground cover or animal fodder. For the latter purpose the skins 
are dried once the residue, grape seeds and oil have been 
removed or extracted.

The above-mentioned actions ensure that the natural cycle is 
maintained without contaminating the environment.
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The vinification process results in various waste products such as skins, seeds, filter cakes consisting of filtration 
aids and cloudiness, lees or wine per se. During the 2008 harvest in Australia 1,65 million tons of grapes were 
crushed, producing 200 000 tons of waste from skins and seeds. As a result of international pressure on indus-
tries to become more environmentally friendly, wine industries are also compelled to recycle cellar waste prod-
ucts instead of simply dumping them in nature. Responsible recycling of cellar waste products is being pro-
moted by the local IPW system.

Charl Theron

Recycling  
cellar waste

A CLEAN & GREEN WINE INDUSTRY

For more information contact Charl Theron, e-mail: vinofino@mweb.co.za

technical yearbook 2009 121

The purpose of organic processing is to optimise and sustain 
product quality through minimal processing, limited refining of raw 
materials and the reduction or elimination of additives while sanita-
tion, hygiene and food safety are sustained.

The first step towards organic wines is obviously the use of 
organic grapes. If such grapes are delivered to an uncertified 
winery, however, the organic status is lost. The organic certification 
of any product supplied to a consumer requires that all stages in 
the cycle, from the cultivation of raw material, via processing and 
final packaging for presentation to the consumer, have to comply 
with organic certification standards. Unlike grape producers, win-
eries do not have to undergo a transition period from conven-
tional to organic cultivation, and only have to comply with the 
prescribed standards to qualify for certification.

Wineries applying for organic certification have to submit, for 
consideration, full particulars of the cellar, processing details, 
process flow charts, product flow charts and a site plan, where 
after an official inspection will be held. If everything is in order, the 
necessary organic certification documents will be issued. The 
processing requirements for organic certification are evaluated for 
input ingredients, transport and reception of goods and process-
ing methods.

At least 95% of all input ingredients have to comply with the 
NASAA prescriptions for local ingredients or, if imported, be certi-
fied by an officially recognised foreign body. In view of the fact that 
most wineries make and handle conventional and organic prod-
ucts, proper record keeping should be in place to ensure that the 
various products are received, stored and handled separately. 
Storage sites should be clearly demarcated to distinguish between 
the various products. The storage of organic ingredients and 
products may take place at room temperature and modified atmo-
sphere of nitrogen, oxygen or carbon dioxide, as well as refrigera-
tion, freezing and humidity control are allowed. Barrels should 
preferably be used either for conventional or organic purposes and 
if converted from conventional to organic, be cleaned under an 
inactive gas atmosphere to remove solids from the barrel.

Any additives, aids or other ingredients used during the vinification 
of organic wines have to comply with the NASAA requirements, 

according to which the following may be used: activated carbon, 
ascorbic acid, bentonite, calcium carbonate, carbon dioxide, 
casein, citric acid, diatomaceous earth, egg white, gelatine, isin-
glass, caolin, lactic acid, malic acid, asbestos-free membrane fil-
ters, organic jerepigo, nitrogen, oxygen, oak particles, pectin, 
potassium carbonate, potassium metabisulphate, potassium 
tartrate, silicon dioxide, sulphur dioxide (limited to 20 mg/l free and 
100 mg/l total), tannic acid as filtration aid, tartaric acid and yeast 
(not GMOs). The use of GM organisms for grafting or in the pro-
duction of any additives or aids is prohibited. Care should be 
taken that the use of diammonium phosphate (DAP) and ammo-
nium sulphate are prohibited. Mechanical, physical, biological, 
extraction, precipitation and filtration are usually permissible pro-
cessing techniques, but whether specific practices are in fact 
permissible should always be verified first. Blending of conven-
tional and organic wines is obviously not allowed and the organic 
status of such wines will be forfeited. Packaging material used for 
the final product should always be food grade quality, clean, pref-
erably new and purpose designed to preserve the organic integ-
rity of the product. Glass is the preferred packaging material, while 
lead and PVC are obviously undesirable.

It is standard practice for all organic products to apply pest and 
disease control through good production practices such as correct 
sanitation and hygiene, without using chemical treatment or 
radiation. The use of physical screening, sound, ultrasound, traps, 
light and ultraviolet light, temperature control, a controlled atmo-
sphere and diatomaceous earth are recommended for such 
purposes.

Thorough record keeping is essential when making organic wines, 
and is intensively evaluated during inspections. It also plays an 
important role with regard to traceability should complaints be 
received from the market (Austin, 2008).

REFERENCE

Austin, L. 2008. An introduction to organic certification for wineries. Wine 
Industry Journal 23(2): 65 - 79.

The NASAA standards may be accessed on the website www.nasaa.
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Although local vinification regulations do not make provision for the vinification of organic wines, several local 
wineries are requested by clients to make organic wines. The perception possibly exists that organic wine should 
differ in style from other wines as a result of different vinification methods. This perception is contradicted by the 
local cellars which succeed in making organic wines. The National Association for Sustainable Agriculture, 
Australia (NASAA) provides guidelines for the vinification of organic wines.
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In recent years several wine countries have formulated different 
objectives with regard to the reduction of hothouse gas emissions. 
For these to be quantified, an evaluation is done of, inter alia, the 
production of packaging material, the transportation thereof to 
cellars and the transportation of the packaged products. The Brit-
ish retail group, TESCO, decided as long ago as 2007 that prod-
ucts sold by them should have carbon gradings on the labels. 

Transportation during the various stages of the wine production and 
marketing chain has the biggest impact on the carbon footprint of 
cellars. This starts with the delivery of production means to the 
primary producer, vinification aids, barrels and packaging material 
to the cellar and eventually shipping to the final consumer. All 
aspects that come into play should therefore be reconsidered. The 
geographical location of the markets is a given that cannot actually 
be managed, unlike the means of transport, the mass to be trans-
ported and the recyclability of material. Obviously air transport 
should not be used at all and some French wineries even make use 
of sailships to transport their product to the United Kingdom. With 
regard to the shipping mass, export of bulk wine for bottling closer 
to the consumer is an option, so much so that this is no longer 
determined by the bottling and packaging cost of the locality only. 
The bottle type being used may have a huge impact on mass. The 
mass of a glass bottle may range from 400 to 1 200 grams and as 
a result of the consumer’s unfounded belief that better wine is sold 
in heavy bottles, the average mass of wine bottles sold in the USA 
has increased by 6% over the past ten years. As a result of the 

lower melting temperature of recycled glass compared to the basic 
building blocks of glass, the energy saving is 2 to 3% if 10% recy-
cled glass is used in the production process. 

Most packaging material can be recycled, but this does not nec-
essarily happen. The United Kingdom is the biggest wine import-
er, but has a problem with the recycling of green wine bottles, as 
the local requirement for this type of bottle is limited and mainly 
clear (“flint”) bottles are used to export spirits. Despite the high 
recycling potential of glass, it has the lowest recycling percentage 
(25%) in the USA compared to metal containers (cans), 63% of 
which is recycled. The recycling potential of container metal is 
therefore not the determining factor, rather whether the consumer 
has easy access to the recycling facility and indeed makes use of 
it. Corrugated carton is one of the most recyclable packaging 
materials, but the two layers on either side of it in a bottle carton 
are usually not made of recyclable carton due to colour and print-
ing preferences. The more environmentally friendly option for wine 
labels is applicable to the paper and printer’s ink being used. In 
the case of the paper fully recyclable paper is preferable, or paper 
made from fibre such as kenaf or hemp. The ink used for labels or 
other printed matter has to be discussed with the printer. Some 
inks contain unacceptably heavy metal qualities or petroleum 
based solvents and the general preference is for agribased ink, 
such as soya based products. The better paper and ink alterna-
tives are not always compliant with the requirements for potential 
label damage during transportation or chilling in cool buckets. In 

As a result of the carbon processing of vines during the photosynthesis process, the formation of carbon and 
other hothouse gases in the course of viticultural and cellar practices is largely neutralised, but the production 
of packaging material and the transportation of packaged wine play a significant role in the release of hothouse 
gases and therefore the carbon footprint of cellars that sell packaged liquor. Aspects such as the type of 
container, the recyclability thereof and distance to the markets are aspects that deserve critical evaluation. 

Type of 
container

Capacities 
available 
(ml)

Composition
Mass 
(grams)

Influ-
ence on 
wine 
quality

Con-
tainer 
closure

Shelf 
life 
(years)

Fill-
equip-
ment

Advantages 
over glass

Advantages 
over other 
containers

Oxygen 
permea-
bility

TETRA PAK
200, 250, 
750, 
1 000

6-Layer laminate of 
poli-ethilene,  
aluminium and  
carton

34 None Screw 
cap 2 - 3 Unique Mass  

Recycling

Handling of 
used  
containers

Low

Aluminium 
cans 250 - 500 Aluminium

390 for 
filled 
375 ml

None Screw 
cap 1 Unique

Mass Strenght 
Chilling  
potential

Mass
Compact
Cooling 
potential

None

Aluminium 
bottles Unknown Aluminium

30 to 
50% of 
glass

None Crown 
cap Unknown

Small 
adaption 
to glass

Breakage 
UV protection 
Recycling

Gass 
permeability
Resealable

Unknown

PET-bottles 187, 750 Poli-ethilene  
terephtalate

20% of 
glass Unknown Screw 

cap Unknown
Small 
adaption 
to glass

Unbreakable
Mass
Recycling

Glass 
appearance Limited

TABLE 1: Die vergelykende evaluasie van verskillende wynhouers.
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The extent of hothouse gas emissions that may be measured by 
the carbon footprint is enormous. In 2000 the USA emitted 6 928 
million tons in CO-equivalent, compared to the 417 tons of South 
Africa (Bonthuys, 2008). According to recent newspaper reports 
local businesses may in future be compelled to reveal their carbon 
footprint (Tempelhoff, 2008). Should this become applicable to 
wineries, it follows that the wineries will have to use a method of 
calculation to determine whether the cellar is making progress or 
not in respect of the extent of its carbon footprint. In order to calcu-
late a winery’s carbon footprint, an International Wine Carbon Cal-
culator has been developed (www.ipw.co.za, www.wfa.org.au). 

The method of calculation consists of various sections that 
address specific winery usages or activities. The most important 
of these may be summarised as follows: 

• The fuel consumption of vehicles. 
• The fuel consumption of static equipment. 
• The losses of refrigeration gases such as freon. 
• The use of carbon dioxide in the cellar. 
• The use of fertiliser. 
• The dumping of liquid and solid winery waste. 
• The consumption of electricity and other sources of energy. 
• The influence of various packaging materials such as contain-

ers, bottle closures and wood products. 
• The use of contract equipment such as contract transporta-

tion and mobile bottling. 
• The impact of the transportation of wine to the various mar-

kets. 

Last year three postgraduate students from the Viticulture and 
Oenology Department at Stellenbosch University calculated the 
carbon footprint of 3 different local wineries as a project, using the 
International Wine Carbon Calculator mentioned above. The press-
ing capacity of the cellars ranged from 170 to 11 400 tons and the 
carbon footprint from 0,1 to 1,0 tons of carbon dioxide per ton of 
grapes pressed. The bigger winery obviously had the lowest value, 
inter alia because its unit impact was higher. Other factors obvi-
ously played a role. This being such a topical issue, the observations 
of the students doing the calculations were an eye-opener. 

• The method of calculation is complex and not user friendly. If 
cellars are expected to make use of this method, it requires 
serious attention. 

• It is disconcerting to learn that some cellars do not know 
anything about the carbon footprint. 

• Many cellars do not have the basic data such as fuel and 
energy consumption figures or particulars of cellar runoff with 
which to do the calculation. 

Cellars that are interested in having their carbon footprint calcu-
lated, may contact the following students for assistance: 

Marié Bezuidenhout, marieb@elsenburg.com, Elda Lerm, elda@
sun.ac.za, Anton Nel, chardonel@absamail.co.za. 
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The importance of the so-called carbon footprint as one of the calculations that may be done to quantify the 
impact of environmental pollution, has been emphasised at international and local government level. Local 
wineries appear to be unaware of its importance. In the long term this may impact negatively on the sales of 
their wines. 
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2007 the well-known Portuguese cork company, Amorim, imple-
mented a programme for the recycling of natural wine and spar-
kling wine corks which are then used after processing for other 
cork products such as floor surfaces (Rieger, 2008). 

Alternative containers for the packaging of wine are used not only 
for environmentally friendly purposes, but also have certain market-
ing pros and cons. Different containers were evaluated in Australia 
in a survey of supplier and consumer opinions. A summary of the 

results is indicated in Table 1 (Logan, 2008). Several well-known 
Australian brands are already using these alternative containers. For 
more details visit the website www.winebiz.co.au. 
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In recent years several wine countries have formulated different 
objectives with regard to the reduction of hothouse gas emissions. 
For these to be quantified, an evaluation is done of, inter alia, the 
production of packaging material, the transportation thereof to 
cellars and the transportation of the packaged products. The Brit-
ish retail group, TESCO, decided as long ago as 2007 that prod-
ucts sold by them should have carbon gradings on the labels. 

Transportation during the various stages of the wine production and 
marketing chain has the biggest impact on the carbon footprint of 
cellars. This starts with the delivery of production means to the 
primary producer, vinification aids, barrels and packaging material 
to the cellar and eventually shipping to the final consumer. All 
aspects that come into play should therefore be reconsidered. The 
geographical location of the markets is a given that cannot actually 
be managed, unlike the means of transport, the mass to be trans-
ported and the recyclability of material. Obviously air transport 
should not be used at all and some French wineries even make use 
of sailships to transport their product to the United Kingdom. With 
regard to the shipping mass, export of bulk wine for bottling closer 
to the consumer is an option, so much so that this is no longer 
determined by the bottling and packaging cost of the locality only. 
The bottle type being used may have a huge impact on mass. The 
mass of a glass bottle may range from 400 to 1 200 grams and as 
a result of the consumer’s unfounded belief that better wine is sold 
in heavy bottles, the average mass of wine bottles sold in the USA 
has increased by 6% over the past ten years. As a result of the 

lower melting temperature of recycled glass compared to the basic 
building blocks of glass, the energy saving is 2 to 3% if 10% recy-
cled glass is used in the production process. 

Most packaging material can be recycled, but this does not nec-
essarily happen. The United Kingdom is the biggest wine import-
er, but has a problem with the recycling of green wine bottles, as 
the local requirement for this type of bottle is limited and mainly 
clear (“flint”) bottles are used to export spirits. Despite the high 
recycling potential of glass, it has the lowest recycling percentage 
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the case of the paper fully recyclable paper is preferable, or paper 
made from fibre such as kenaf or hemp. The ink used for labels or 
other printed matter has to be discussed with the printer. Some 
inks contain unacceptably heavy metal qualities or petroleum 
based solvents and the general preference is for agribased ink, 
such as soya based products. The better paper and ink alterna-
tives are not always compliant with the requirements for potential 
label damage during transportation or chilling in cool buckets. In 

As a result of the carbon processing of vines during the photosynthesis process, the formation of carbon and 
other hothouse gases in the course of viticultural and cellar practices is largely neutralised, but the production 
of packaging material and the transportation of packaged wine play a significant role in the release of hothouse 
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Type of 
container

Capacities 
available 
(ml)

Composition
Mass 
(grams)

Influ-
ence on 
wine 
quality

Con-
tainer 
closure

Shelf 
life 
(years)

Fill-
equip-
ment

Advantages 
over glass

Advantages 
over other 
containers

Oxygen 
permea-
bility

TETRA PAK
200, 250, 
750, 
1 000

6-Layer laminate of 
poli-ethilene,  
aluminium and  
carton

34 None Screw 
cap 2 - 3 Unique Mass  

Recycling

Handling of 
used  
containers

Low

Aluminium 
cans 250 - 500 Aluminium

390 for 
filled 
375 ml

None Screw 
cap 1 Unique

Mass Strenght 
Chilling  
potential

Mass
Compact
Cooling 
potential

None

Aluminium 
bottles Unknown Aluminium

30 to 
50% of 
glass

None Crown 
cap Unknown

Small 
adaption 
to glass

Breakage 
UV protection 
Recycling

Gass 
permeability
Resealable

Unknown

PET-bottles 187, 750 Poli-ethilene  
terephtalate

20% of 
glass Unknown Screw 

cap Unknown
Small 
adaption 
to glass

Unbreakable
Mass
Recycling

Glass 
appearance Limited

TABLE 1: Die vergelykende evaluasie van verskillende wynhouers.

Charl Theron

The influence of packaging material on a  
cellar’s carbon footprint

A CLEAN & GREEN WINE INDUSTRY

technical yearbook 2009 123

The extent of hothouse gas emissions that may be measured by 
the carbon footprint is enormous. In 2000 the USA emitted 6 928 
million tons in CO-equivalent, compared to the 417 tons of South 
Africa (Bonthuys, 2008). According to recent newspaper reports 
local businesses may in future be compelled to reveal their carbon 
footprint (Tempelhoff, 2008). Should this become applicable to 
wineries, it follows that the wineries will have to use a method of 
calculation to determine whether the cellar is making progress or 
not in respect of the extent of its carbon footprint. In order to calcu-
late a winery’s carbon footprint, an International Wine Carbon Cal-
culator has been developed (www.ipw.co.za, www.wfa.org.au). 

The method of calculation consists of various sections that 
address specific winery usages or activities. The most important 
of these may be summarised as follows: 

• The fuel consumption of vehicles. 
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• The losses of refrigeration gases such as freon. 
• The use of carbon dioxide in the cellar. 
• The use of fertiliser. 
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ers, bottle closures and wood products. 
• The use of contract equipment such as contract transporta-

tion and mobile bottling. 
• The impact of the transportation of wine to the various mar-

kets. 

Last year three postgraduate students from the Viticulture and 
Oenology Department at Stellenbosch University calculated the 
carbon footprint of 3 different local wineries as a project, using the 
International Wine Carbon Calculator mentioned above. The press-
ing capacity of the cellars ranged from 170 to 11 400 tons and the 
carbon footprint from 0,1 to 1,0 tons of carbon dioxide per ton of 
grapes pressed. The bigger winery obviously had the lowest value, 
inter alia because its unit impact was higher. Other factors obvi-
ously played a role. This being such a topical issue, the observations 
of the students doing the calculations were an eye-opener. 

• The method of calculation is complex and not user friendly. If 
cellars are expected to make use of this method, it requires 
serious attention. 

• It is disconcerting to learn that some cellars do not know 
anything about the carbon footprint. 

• Many cellars do not have the basic data such as fuel and 
energy consumption figures or particulars of cellar runoff with 
which to do the calculation. 

Cellars that are interested in having their carbon footprint calcu-
lated, may contact the following students for assistance: 

Marié Bezuidenhout, marieb@elsenburg.com, Elda Lerm, elda@
sun.ac.za, Anton Nel, chardonel@absamail.co.za. 
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Alternative containers for the packaging of wine are used not only 
for environmentally friendly purposes, but also have certain market-
ing pros and cons. Different containers were evaluated in Australia 
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Smoke caused by the 2003 bushfires in Victoria, some of which 
blazed to within 100 metres of vineyards, had such a detrimental 
impact on the grapes that a unique taint has been identified in 
some wines; the off-odour has been described as a campfire that 
has just been extinguished, wet burnt paper or a house that had 
been on fire, smoky, dirty, soil-like or smoked meat (Ward et al., 
2008). In some instances the aroma was reminiscent of a Bret-
tanomyces character. As with many other wine compounds tast-
ers differ markedly in their ability to detect the aroma and there are 
individual threshold values. At that stage the flavour could only be 
removed from the wine by means of a carbon treatment (White, 
2007). During the 2006-2007 season in Victoria, Australia, 657 
bushfires devastated more than 1 million hectares of veld. This 
amounts to 5,2% of the state’s total surface. Several well-known 
wine regions were threatened. The University of Adelaide and the 
Australian Wine Research Institute (AWRI) launched research 
projects to support the wineries in their attempt to solve the prob-
lem. Investigations conducted in 2003 confirmed the following: 

• The presence of atmospheric smoke may result in grape 
juice and wine with a smoky, burnt, ashtray or salami char-
acter which makes the wine unsuitable for consumption and 
consequently results in huge financial losses. 

• Guaiacol and 4-methylguaiacol have been found to be the 
most important compounds causing smoke taint. However, 
the latter is most probably not caused by these two com-
pounds exclusively. What is more, both compounds are also 
encountered in wines that have been matured in toasted oak 
and may, in certain concentrations, be beneficial to the 
wine’s aroma. 

• The two compounds seem to occur mainly in the skin and 
not in the berry flesh, more specifically in the epidermis cells 
of the skin and not in the wax layer. 

• The sensorial threshold value of guaiacol in white juice is 6 
pg/l or less, whereas it is 15 - 25 pg/l in red wines. 

• Different treatments of the wax layer on the foliage have 
been researched, without resulting in a reduction in guaiacol 
concentrations. 

• Increased skin contact results in higher guaiacol concentra-
tions, which are also higher in mechanically harvested 
grapes than in hand-picked grapes. 

• Active carbon treatment of wines reduces the guaiacol con-
tent, but at the same time removes other compounds. 

• Increases in guaiacol content are almost linear during the 
first three to four days of alcoholic fermentation, where after 
it increases only slightly. 

The Australian technology supplier Memstar has a patented mem-
brane system that reduces the methylguaiacol content of wine 
(see www.memstar.com.au for more information). Columbit is the 
South African agent for Memstar (Krstic et al., 2007). 

The stage at which vineyards are exposed to smoke, and the 
duration of such exposure, determine the impact on the chemical 
composition of the wine. Seven days after veraison is the peak 
period when key indicator compounds in wines are 4 to 22 times 
higher (Ward et al., 2008). 

Current research in Australia focuses firstly on the accumulation in 
grapes and therefore wine, of volatile components that derive from 
smoke and secondly on the analysis of smoke-based volatile 
compounds in wine. Some smoke compounds appear to be 
bound in grapevines, only to be released at a later stage during 
fermentation. Apart from guaiacol and 4-methylguaiacol, which 
are currently the best-known indicators of smoke taint, there 
appears to be several bound precursors which are released under 
specific circumstances to create smoke taint. Besides the uncer-
tainties surrounding smoke taint, very little is currently known 
about the treatment of vines damaged by fires. More research is 
currently under way (Turner et al., 2008). 
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The impact of veld fires on the environment is not only visual, but may have massive repercussions for animal 
and plant life and obviously also agriculture if fields, vineyards or orchards are threatened or destroyed. This was 
again emphasised by recent veld fires in local winelands. The quality of the wine may also be impaired if the 
grapes are exposed to smoke taint. New wine regions that have been established in South Africa are sur-
rounded by natural vegetation, which is obviously more exposed to veld fires. Australia, which is often ravaged 
by bushfires, has been doing extensive research to understand and possibly treat the impact these fires have 
on wine quality. 
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Over the years the term “green revolution” has denoted conflicting 
issues in the USA. In 1968 it was used to describe an action that 
had already been initiated in 1945 and which referred to increased 
crop production on farms. This was obtained by the development 
of new insecticides (such as organophosphates) and cheap nitro-
gen fertiliser. This movement had several negative impacts on the 
environment. Some organophosphates, the most notorious of 
which is DDT (Dichloro-Diphenyl-Trichloroethane), do not decom-
pose into non-toxic compounds and they were eventually prohi-
bited. Cheap nitrogen fertiliser was obtained by using atmosphe-
ric nitrogen as raw material, but the low price encouraged produ-
cers to fertilise excessively. Eventually the ground water of several 
areas was polluted with nitrate. 

The new “green revolution”, on the other hand, emphasises envi-
ronmentally friendly, sustainable practices, which do not cause any 
climatic changes. This approach calls for mindfulness in all 
respects from the vineyard to the bottle and aspects such as cel-
lar practices, cellar facilities, winery buildings, distribution, trans-
port, packaging and marketing are critically evaluated. 

The calculation of a winery’s carbon footprint is one of the meth-
ods used to quantify its environmental impact (refer to the article 
in the March issue of WynLand, p 127) (Greenspan, 2009). 

Wineries can be more environmentally friendly by applying simple 
principles, for example by using potash soda (potassium hydrox-
ide) instead of caustic soda (sodium hydroxide) to wash tanks and 
anorganic acids, such as phosphoric acid or sulphuric acid instead 
of citric acid, for the subsequent neutralising action. 

An American company called Wise Solutions has developed a 
sanitation product range for cellars that contains no toxic chemical 
compounds and does not leave any trace. Their first product was 

a Wine Tank, Barrel & Pipe Cleaning Solution. The product is 
based on colloid chemistry, which is not a new technology, but 
has not been applied in the wine industry before. The active ingre-
dients of colloidal chemistry are colloidal micelles, which are very 
small particles. When mixed with water, the highly active posi-
tively and negatively charged micelles will induce disintegration of 
compounds with carbon chains. As a result tartrates and proteins 
are broken down and unable to form a deposit again. This means 
they are subsequently removed in the washing water. The effec-
tiveness of the product reduces the stages of the cleaning pro-
cess, which in turn saves water and labour. It is effective at 
approximately 16°C and the product does not contain any toxic 
or corrosive ingredients. Application is most effective by means of 
high pressure, but any stirring action, even hand brushing, will 
initiate the reaction. Increased temperature, pressure and applica-
tion time accelerate the process, but are not essential. 

The Colloidal Bio-Pest Control is also a micelle colloidal product, 
but unlike other pesticides which affect the insect’s vital functions, 
this products breaks down the carbon in the insect’s structure. 
Moulds may be destroyed in the same way, by penetrating the 
root zones of the moulds. Treatment of waste water with this 
product reduces its Biological Oxygen Demand (BOD), which may 
result in algae-free catchment dams and pipes (Anonymous, 
2009). More information about these products may be obtained 
on the website www.wisesolutions.net. 
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Increasing international concern about water and energy consumption, together with pressure on wine cellars 
to display greater environmental awareness, compels wineries to consider alternative treatments. This obvi-
ously creates opportunities for the suppliers of such products. 
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Smoke caused by the 2003 bushfires in Victoria, some of which 
blazed to within 100 metres of vineyards, had such a detrimental 
impact on the grapes that a unique taint has been identified in 
some wines; the off-odour has been described as a campfire that 
has just been extinguished, wet burnt paper or a house that had 
been on fire, smoky, dirty, soil-like or smoked meat (Ward et al., 
2008). In some instances the aroma was reminiscent of a Bret-
tanomyces character. As with many other wine compounds tast-
ers differ markedly in their ability to detect the aroma and there are 
individual threshold values. At that stage the flavour could only be 
removed from the wine by means of a carbon treatment (White, 
2007). During the 2006-2007 season in Victoria, Australia, 657 
bushfires devastated more than 1 million hectares of veld. This 
amounts to 5,2% of the state’s total surface. Several well-known 
wine regions were threatened. The University of Adelaide and the 
Australian Wine Research Institute (AWRI) launched research 
projects to support the wineries in their attempt to solve the prob-
lem. Investigations conducted in 2003 confirmed the following: 

• The presence of atmospheric smoke may result in grape 
juice and wine with a smoky, burnt, ashtray or salami char-
acter which makes the wine unsuitable for consumption and 
consequently results in huge financial losses. 

• Guaiacol and 4-methylguaiacol have been found to be the 
most important compounds causing smoke taint. However, 
the latter is most probably not caused by these two com-
pounds exclusively. What is more, both compounds are also 
encountered in wines that have been matured in toasted oak 
and may, in certain concentrations, be beneficial to the 
wine’s aroma. 

• The two compounds seem to occur mainly in the skin and 
not in the berry flesh, more specifically in the epidermis cells 
of the skin and not in the wax layer. 

• The sensorial threshold value of guaiacol in white juice is 6 
pg/l or less, whereas it is 15 - 25 pg/l in red wines. 

• Different treatments of the wax layer on the foliage have 
been researched, without resulting in a reduction in guaiacol 
concentrations. 

• Increased skin contact results in higher guaiacol concentra-
tions, which are also higher in mechanically harvested 
grapes than in hand-picked grapes. 

• Active carbon treatment of wines reduces the guaiacol con-
tent, but at the same time removes other compounds. 

• Increases in guaiacol content are almost linear during the 
first three to four days of alcoholic fermentation, where after 
it increases only slightly. 

The Australian technology supplier Memstar has a patented mem-
brane system that reduces the methylguaiacol content of wine 
(see www.memstar.com.au for more information). Columbit is the 
South African agent for Memstar (Krstic et al., 2007). 

The stage at which vineyards are exposed to smoke, and the 
duration of such exposure, determine the impact on the chemical 
composition of the wine. Seven days after veraison is the peak 
period when key indicator compounds in wines are 4 to 22 times 
higher (Ward et al., 2008). 

Current research in Australia focuses firstly on the accumulation in 
grapes and therefore wine, of volatile components that derive from 
smoke and secondly on the analysis of smoke-based volatile 
compounds in wine. Some smoke compounds appear to be 
bound in grapevines, only to be released at a later stage during 
fermentation. Apart from guaiacol and 4-methylguaiacol, which 
are currently the best-known indicators of smoke taint, there 
appears to be several bound precursors which are released under 
specific circumstances to create smoke taint. Besides the uncer-
tainties surrounding smoke taint, very little is currently known 
about the treatment of vines damaged by fires. More research is 
currently under way (Turner et al., 2008). 
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Over the years the term “green revolution” has denoted conflicting 
issues in the USA. In 1968 it was used to describe an action that 
had already been initiated in 1945 and which referred to increased 
crop production on farms. This was obtained by the development 
of new insecticides (such as organophosphates) and cheap nitro-
gen fertiliser. This movement had several negative impacts on the 
environment. Some organophosphates, the most notorious of 
which is DDT (Dichloro-Diphenyl-Trichloroethane), do not decom-
pose into non-toxic compounds and they were eventually prohi-
bited. Cheap nitrogen fertiliser was obtained by using atmosphe-
ric nitrogen as raw material, but the low price encouraged produ-
cers to fertilise excessively. Eventually the ground water of several 
areas was polluted with nitrate. 

The new “green revolution”, on the other hand, emphasises envi-
ronmentally friendly, sustainable practices, which do not cause any 
climatic changes. This approach calls for mindfulness in all 
respects from the vineyard to the bottle and aspects such as cel-
lar practices, cellar facilities, winery buildings, distribution, trans-
port, packaging and marketing are critically evaluated. 

The calculation of a winery’s carbon footprint is one of the meth-
ods used to quantify its environmental impact (refer to the article 
in the March issue of WynLand, p 127) (Greenspan, 2009). 

Wineries can be more environmentally friendly by applying simple 
principles, for example by using potash soda (potassium hydrox-
ide) instead of caustic soda (sodium hydroxide) to wash tanks and 
anorganic acids, such as phosphoric acid or sulphuric acid instead 
of citric acid, for the subsequent neutralising action. 

An American company called Wise Solutions has developed a 
sanitation product range for cellars that contains no toxic chemical 
compounds and does not leave any trace. Their first product was 

a Wine Tank, Barrel & Pipe Cleaning Solution. The product is 
based on colloid chemistry, which is not a new technology, but 
has not been applied in the wine industry before. The active ingre-
dients of colloidal chemistry are colloidal micelles, which are very 
small particles. When mixed with water, the highly active posi-
tively and negatively charged micelles will induce disintegration of 
compounds with carbon chains. As a result tartrates and proteins 
are broken down and unable to form a deposit again. This means 
they are subsequently removed in the washing water. The effec-
tiveness of the product reduces the stages of the cleaning pro-
cess, which in turn saves water and labour. It is effective at 
approximately 16°C and the product does not contain any toxic 
or corrosive ingredients. Application is most effective by means of 
high pressure, but any stirring action, even hand brushing, will 
initiate the reaction. Increased temperature, pressure and applica-
tion time accelerate the process, but are not essential. 

The Colloidal Bio-Pest Control is also a micelle colloidal product, 
but unlike other pesticides which affect the insect’s vital functions, 
this products breaks down the carbon in the insect’s structure. 
Moulds may be destroyed in the same way, by penetrating the 
root zones of the moulds. Treatment of waste water with this 
product reduces its Biological Oxygen Demand (BOD), which may 
result in algae-free catchment dams and pipes (Anonymous, 
2009). More information about these products may be obtained 
on the website www.wisesolutions.net. 
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The impact of a wine laboratory on the environment may be 
reduced in various ways. This could be done mainly through the 
recycling of waste water or the reduction of input products in the 
laboratory. The amount of water that is used in a laboratory is 
mostly not visible, because it disappears down the drain. The main 
sources of water consumption in a laboratory are, in decreasing 
order, for cooling, cleaning and analytical purposes. 

All laboratories use water for cooling purposes. In the case of the 
aspiration method of determining sulphur dioxide, for example, the 
cooling water flows continuously through the system and down 
the drain. The water is uncontaminated and practically drinking 
quality. Instead of allowing it to run away, it could be redirected to 
the vineyard, cellar or even flower beds. Small water tanks may 
also be used to store such water until a more meaningful applica-
tion presents itself. Another way of limiting wastage of cooling 
water, is by using a closed water circuit. This entails the purchase 
of a recycling water bath. Laboratories use water baths for tartrate 
and heat tests and with the necessary planning a closed water 
system may be designed, to be used for all distillation cooling and 
water baths. Most laboratories no longer produce their own distill-
ing water, but the cooling water, just like any other cooling water, 
may be used to better effect. Although the volume of cleaning 
water used in laboratories is not vast, it should not be added to 

the cooling water either. The wash water usually contains toxic 
substances such as acids, solvents and dissolved metals and 
should therefore rather be added to the cellar’s waste water. 

Packaging material that occurs in a laboratory can usually be 
recycled. Glass, plastic and cardboard are the most common and 
may be dumped at the nearest municipal system, or collected 
from specific sites by certain companies. 

Although the use of chemicals cannot be eliminated altogether, it 
should be limited. If unused chemicals have to be removed, they 
should never be dumped down the drain, rather liaise with the 
companies in question to remove it themselves. 

Wine samples that remain after the necessary analyses or evalu-
ation may be a source of concern for wine laboratories. Small 
cellars may consider selling them to staff at a special price, while 
larger cellars may pool such wines for distilling purposes. As with 
chemicals, they should not merely be washed down the drain. 

The above are a few ideas that may be implemented by wine 
laboratories. Most important is to come up with innovative solu-
tions instead of pouring everything down the drain! 

REFERENCE 
Howeel, G. 2009. The Australian & New Zealand Grapegrower & Wine-
maker, January 2009: 56 - 59. 

Environmental concern is such a topical subject that hardly any activity remains unaffected. Smaller activities 
are often ignored, because they are not the biggest priority. The impact of wine laboratories, for example, is 
often neglected, the role of other cellar activities being so much greater. 
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For hundreds of years glass bottles have 
been the container of choice for wine and 
they are often associated with premium 
wines. Consumers are increasingly aware, 
however, that if wine has to be transported 
across the world, there are concomitant 
emissions of greenhouse gases. Various 
industry bodies in several countries have 
set goals to reduce such emissions over a 
certain period, inter alia through the use of 
lighter glass bottles and the recycling 
thereof. The use of plastic containers for 
wine has only recently met with a measure 
of approval, but obviously there are ques-
tions about the cost and lifespan thereof. 

Although gas emissions are mostly 
reduced by the transportation of lighter 
wine containers, less recycling of such 
containers usually takes place. In Califor-
nia, for example, the recycling percentage 
of glass bottles increased to 28.1% in 

2007 compared to 23.5% the previous 
year. In view of the fact that relatively few 
wine bottles are recycled, disposal mass 
and volume come into play. Plastic bottles 
made from PET (poli-ethylene terephtha-
late) usually weigh less than glass bottles 
(120 compared to 550 grams), have the 
same shelf appearance as glass bottles 
and may be recycled. There is an increase 
in bag-in-the-box packaging of wine (BIB); 
the outer part, made of cardboard, can be 
recycled, whereas the inner foil bag can-
not. The latter is extremely light, however, 
and contributes little to the disposal mass 
at waste disposal sites. Tetra Pak is an 
aseptic packaging container consisting of 
different layers of pressed cardboard with 
an aluminium isolation layer; both the 
inside and the outside are covered in plas-
tic. Recycling thereof differs among coun-
tries and may range from 5 to 27%. The 

From a winery point of view, new market requirements or regulatory prescriptions are often restrictive or even 
frustrating. One such example is the international perspective on carbon footprint. To pro-active wineries or 
individuals, such requirements represent opportunities to gain a market advantage. A Californian entrepreneur, 
for example, is developing yacht transport for wine, in view of the fact that conventional transport of wine is one 
of the biggest contributors to the carbon footprint of wineries. Californian Clark Beek intends to use his 40-foot 
yacht to transport wines from sustainable or biodynamic production from the Napa and Sonoma wine regions 
to the San Francisco Waterfront. Such transport, combined with his tourism activities, provides a service to 
ecologically-minded wineries and consumers. 

TABLE 1. The comparative mass of different kinds of wine packaging (grams).

Type of packaging
Con-
tainer 
mass

Closure 
mass

Secondary 
and tertiary 
packaging

Total 
mass per 
container

Total mass 
per litre

Tetra Brik (1 litre) 31.4 2.18 23.2 56.7 56.7

Tetra Prisma (1 litre) 34.5 2.18 27.2 63.9 63.9

Tetra Prisma (500 ml) 20.3 2.18 15.9 38.4 76.8

Tetra Prisma (250 ml) 12.0 Minimal 12.5 24.5 98.0

Glass bottle (750 ml) 527.0 Minimal 47.7 574 765

PET-bottle (750 ml) 54.0 4.59 28.6 87.2 116

by Charl Theron

comparative mass of various types of wine 
packaging is indicated in Table 1. 

The mass of the closures of the various 
containers is so little that it hardly impacts 
on the carbon footprint at all and only the 
disposal thereof is actually important. 
Natural corks made of cork bark are fully 
biodegradable and can also be used for 
other cork products such as floor surfaces 
and notice boards. Alternative bottle clo-
sures such as Supreme Corq use a PET 
derivative that is difficult to recycle. Stelvin 
metal closures are made of aluminium that 
can be recycled, provided such waste 
disposal sites are available. The company 
Novembal has devised a plastic screw 
closure that can be recycled with PET 
bottles. 

The success of recycling, regardless of the 
material used to make the product, can 
only be managed effectively if dumpsites 
are available and the receipt, transport and 
processing of waste take place in an 
orderly manner. Various American states 
have promulgated legislation, which has 
dramatically increased the recycling per-
centage of used material. 

South Africans are generally not very pro-
active yet when it comes to the recycling 
of domestic or industrial material. 

REFERENCE 
Colma, Tyler. 2009. How “Green” Is Alternative 
Packaging? Vineyard & Winery Management, 
May/June 2009: 44 - 48. 
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The impact of a wine laboratory on the environment may be 
reduced in various ways. This could be done mainly through the 
recycling of waste water or the reduction of input products in the 
laboratory. The amount of water that is used in a laboratory is 
mostly not visible, because it disappears down the drain. The main 
sources of water consumption in a laboratory are, in decreasing 
order, for cooling, cleaning and analytical purposes. 

All laboratories use water for cooling purposes. In the case of the 
aspiration method of determining sulphur dioxide, for example, the 
cooling water flows continuously through the system and down 
the drain. The water is uncontaminated and practically drinking 
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tion presents itself. Another way of limiting wastage of cooling 
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For hundreds of years glass bottles have 
been the container of choice for wine and 
they are often associated with premium 
wines. Consumers are increasingly aware, 
however, that if wine has to be transported 
across the world, there are concomitant 
emissions of greenhouse gases. Various 
industry bodies in several countries have 
set goals to reduce such emissions over a 
certain period, inter alia through the use of 
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wine has only recently met with a measure 
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Conventional methods to limit damage by 
birds in vineyards are not very successful 
and the use of bird netting is in fact the 
only solution. Birds apparently have the 
ability to gradually ignore sound devices, 
they understand that rubber snakes and 
kites are harmless and if they are suffi-
ciently hungry, they will even eat grapes 
that have been sprayed with an emetic. 
Biodynamic viticulturists have developed 
an unconventional biodynamic practice, 
known as peppering, whereby dead birds 
are used to deter live ones. The ashes of 
dead birds are used as a deterrent. In the 
Margaret River region in Australia white-
eyes caught in nets are cremated and an 
aqueous solution of the ashes is sprayed 
in vineyards. Ashes are also mixed with 
sand and scattered around the vineyard. 
The peppering technique can apparently 
also be used to deter rabbits, mice and 
other pests. Particulars about these prac-
tices can be obtained from the Biody-
namic Resource Manual, which is pub-

lished by Biodynamic Agriculture Austra-
lia.

In the Murray valley of Victoria white, tame 
pigeons are used to deter darker fruit-
eating birds. The tame pigeons usually 
have a fairly small habitat and if they forage 
for seeds during the day, the darker birds 
are scared off. The reason for this phe-
nomenon is not known.

Radionic pipes, known as cosmic pipes, 
containing quartz crystals and copper, 
may also be used. The ashes of dead 
birds are inserted into the pipes which then 
send a “message” to the live birds to scare 
them (Smith, 2009).

Obviously such practices cannot be cate-
gorised with exact observations and con-
clusive scientific proof. Scientific purists do 
not simply trust the specific treatments to 
be successful, but demand reasons for the 
success; Steiner supporters on the other 
hand are satisfied to find solutions to their 
problems in an intuitive, philosophical way 
and measure success through sight, feeling 

and smell. They also believe his statements 
to have been scientific, but maintain that 
these were conveyed in layman’s terms 
instead of the correct scientific protocol. 
Even in France biodynamically processed 
vineyards constantly yield good quality 
grapes for supporters of the concept. They 
contend that the biodynamic and organic 
vineyards’ treatments are 60% cheaper 
than conventional chemical treatments, but 
that 30% more labour is required for the 
sustainable implementation of these prac-
tices. To compensate for the additional 
labour costs, vineyards become more dis-
ease resistant, a richer soil microflora and 
better soil structure are created, and natural 
herbs prevent erosion and ensure better soil 
aeration and drainage (Hilliard, 2009).
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and ignored the existence of the planets Neptune and Uranus. It is obvious from these theories, together with 
the belief that local remedies such as human hairs or lion droppings can be used to prevent game from nibbling 
on budding vines, that opponents of biodynamic practices consider it a marketing gimmick that may be abused 
by sales staff or the presenters of wine tastings.
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Different factors may influence the chemical composition of oak, 
the most important being the oak species, Quercus alba, Quercus 
robur, Quercus petraea, the individual trees, wood age, grain and 
the geographical origin of the oak. Various researchers have also 
shown that the pedunculate oak, Quercus robur, contains more 
ellagic tannins than the sessile oak, Quercus petraea; on the 
other hand, the pedunculate oak contains fewer flavour compo-
nents, especially the so-called whisky lactone, than the sessile 
oak. (The terms pedunculate oak and sessile oak are used to 
distinguish between the different species and refer to the way in 
which the leaf is set.) 

The grain of the wood, or the average width of the annual rings 
is determined by the species and the growing conditions of the 
tree. Cooperages and winemakers often consider the grain to be 
an index of the chemical composition of the wood. It has been 
proven, for example, that there is a correlation between the oak 
grain and dry extract and ellagic tannin content of the oak, but 
that it correlates negatively with the volatile component content 
of the oak. 

Origin is often used by coopers as a so-called indication of qual-
ity of the oak. The influence of geographic origin has not been 
correctly established from a scientific point of view, because 
evaluated samples have usually been mono-specific. It is therefore 
difficult to separate the influence of species from ecological cir-
cumstances when comparing two sites with different species 
ratios. Oak being characterised by a wide variation in the quality 
of the volatile and phenolic compounds, it is only possible to 
understand the influence of origin by using large sample sizes. The 
influence of a tree’s age and the distribution of the ellagic tannins 
in the tissue of the wood may also complicate conclusions and 
lead to the wrong interpretations. 

The purpose of this research project was to improve understand-
ing of the influence of species and the circumstances of origin, 
respectively. The trial site, situated in western France (48.08 
degrees N and 0.17 degrees W), comprised 5 hectares with 286 
oak trees and 1 beech tree, the planting density of the trees there-
fore being 57 trees per hectare. The 286 oak trees consisted of 
158 pedunculate oaks, 118 sessile oaks and 10 trees with an 
intermediate morphology. The trees were on average 100 years 

old and grew under the same conditions. The site consisted of 
three ecological areas, namely a small valley, a plateau and a 
transitional slope. Both oak species, Quecus robur and Quercus 
petraea, occurred on the site. 

Heartwood from the various trees was chemically analysed and 
the data statistically analysed. Since it has already been shown 
that various ellagic tannins, the so-called whisky lactones (coconut 
character) and eugenol (clove character), are the most important 
compounds of untoasted oak that contribute to the sensorial 
characteristics of wine, these formed the focus of the study. The 
results of the project may be summarised as follows: 

• The sessile oak, Quercus petraea, generally contains more 
volatile components than the pedunculate oak, Quercus 
robur. The difference applies especially to the whisky lactone 
flavours that are 12 to 20 times more. In some trees the 
amount did not differ between the species. 

• The pedunculate oak, Quercus robur, contains more tannins 
than the sessile oak, Quercus petraea. 

• No significant differences with regard to the volatile compo-
nent levels of ellagic tannin content occurred among the 
various species in the different ecological zones. It is there-
fore possible to contend that different trees from different 
origins may have similar aromatic and tannic characteris-
tics. 

• No significant correlation could be found between the oak 
grain and the whisky lactone content of the oak. 

The project confirmed, therefore, that with regard to the chemical 
composition of oak, the various oak species are the most impor-
tant factor. Differences in origin may be disregarded as a factor, 
this being largely eliminated by the natural variation of oak. The 
selection of oak based on origin is in fact therefore irrelevant, 
unless the species distribution of a specific origin is dominated by 
a specific species. The natural variation of the chemical composi-
tion of oak for barrels makes it hugely problematic to produce 
barrels with identical characteristics. 
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The supply of barrels and alternative oak products to wine industries is an extremely competitive industry 
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As with oak barrels there are no standard directions for the use of 
oak alternatives, considering that circumstances and wine styles 
differ. However, certain basic guidelines apply: 

• European oak compared to American oak results in more 
ellagic tannins, but fewer methyl octalactones in the treated 
wine. 

• Increased toasting of American oak causes a marked increase 
in vanillin until a peak in concentration, whereafter it decreas-
es drastically; European oak on the other hand usually has a 
more constant vanillin quality as a result of milder toasting. 

• The toasting and source of the oak impact on the formation 
of the volatile phenols in the oak. The formation of smoky or 
spicy flavours is more intense, for example, with toasted 
American oak. 

Experiments have been conducted in which wine was respec-
tively fermented without oak, fermented and left on oak chips for 
four weeks and fermented without oak, then left in contact with 
oak chips for four weeks. In general this confirmed that fermenta-
tion in contact with oak promotes better integration of wood fla-
vours and polyphenols. The dimensions of the oak alternatives 
compared to oak barrels obviously benefit the reaction. The simul-
taneous presence of lactic acid bacteria and oak also improves 
the release of oak related flavourants. In the case of cultivars such 
as Sauvignon blanc and Riesling the oxidation influence of the oak 
products may cause a reduction in the pronounced cultivar char-
acter. In the case of oak contact during red wine fermentation this 
may result in the earlier stabilisation of the red colour. 

The type of oak alternative will also impact on the wine that is 
being treated. Untoasted oak, for example, is considered to pro-
mote the expression of fruit in the wine, because it contains more 
ellagic tannins, but fewer oak flavours than toasted oak. Due to 
the greater sensitivity of the ellagic tannins to oxidation, the flavour 
compounds in the wine are protected against oxidation. Oak with 
a high ellagic tannin content is preferred for Botrytis wines, as it 
reduces the risk of enzymatic oxidation. 

Untoasted oak is sometimes used to remove undesirable sulphur 
compounds such as hydrogen sulphide and mercaptans, although 
favourable sulphur compounds associated with certain cultivar 
wines may also be removed. The use of untoasted oak is also risky 
as it may result in undesirable characteristics in the treated wines 
such as bitterness, lignin character, green character and mould 
character. The shape and dimensions of oak alternatives also play 
a vital role. Small oak particles are preferable early in the vinification 
process, being easy to use and obviously offering greater contact 

surface. Staves on the other hand will impart a slower, less intense 
oak character, but more complexity. 

The selection of a particular oak alternative is also determined by 
the oak strategy of the winemaker. Different products will be used 
depending on whether the purpose of the addition is increased 
flavour, colour stability or greater complexity. The latter could be 
obtained for example by using a combination of American and 
French oak, since the characteristics of these two woods differ 
considerably. The character of white wines necessitates lower dos-
ages of the products and the addition of American oak chips or 
powder after maturation may enhance the fruity character of certain 
cultivars. The use of oak alternatives in unfined red wines will 
improve the integration of grape tannins and oak and lower dos-
ages are recommended for a longer contact period (Penn, 2008). 

There are different physical types of oak alternatives, some of 
which are already established on the market, but new products 
are still being developed. Oak powder is very fine and gets blown 
in all directions, which favours the choice of staves placed in tanks 
and barrels. Although oak alternatives may impart oak character 
to wines more quickly, the same preparation of the oak than with 
barrels is required. Natural open air leeching and the toasting 
process of the oak are vitally important. Toasting of the alternatives 
over an open fire, for example, imparts a toasting character which 
approximates toasted barrels more than when using convection 
heating in ovens. Winemakers who previously used barrels exclu-
sively may consider a gradual switch to oak alternatives by blend-
ing wines that were matured in barrels with wine that has been 
treated with oak alternatives (Dolan, 2008). 

More information about oak alternatives may be obtained from the 
following websites: 

www.innerstave.com 
www.stavin.com 
www.oaksolutionsgroup.com 
www.nadalie-usa.com 
www.tonnelerieradoux.com 
www.bouchardcooperages.com 
www.worldcooperage.com 
www.cantoncooperage.com 
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Several research projects have been undertaken in recent years 
to develop methods to recycle barrels. Shaving and re-toasting of 
used barrels is one such method. Barrels may be used for up to 
five different maturation cycles, provided they are used in conjunc-
tion with oak alternatives to impart new oak to the wine. 

The Australian company, AUSVAT, has adopted a different route 
by utilising the wood in used barrels that went unused before. 
The contact surface of a barrique barrel is 2 m2 per barrel, but 
by making use of the unused wood in a used barrel, 8 m2 of oak 
may be recycled. This will obviously reduce the cost of the oak 
considerably as well as make better use of resources. The 
method entails dismantling used barrels, whereafter the part of 
the staves that was penetrated by wine is removed with a belt 
saw. The remaining portion of the staves is split into two thin 
planks. These planks are then shaved to expose the fibre and 
grain on both sides, whereafter they are straightened by heat and 
pressure. Holes are drilled into one end, whereafter they may be 
hung in wine tanks from stainless steel hoops. The barrel heads 
are recycled in exactly the same way, except that chips are made 
once the recycled planks have been toasted. In this way the 
used oak is completely recycled. 

Wine will develop more quickly in new barrels and the general 
belief is that reconstituted barrels cannot replace the oak charac-
ter of new barrels. The supporters of recycled oak products nev-
ertheless contend that their products impart a softer oak charac-

ter to wine, with fewer tannins than new American oak barrels 
especially. One problem experienced with the recycled barrels is 
a caramelised flavour that may be caused by wine residues in the 
barrel after re-toasting. The burnt toffee character may tarnish the 
wine used for the first refilling of the barrels. The fact that the origin 
of recycled barrels is unknown may be a further source of possible 
problems, the Brettanomyces status of the oak, for example, 
being unknown. 

Some Australian consultants do not recommend the use of re-
shaved and re-toasted barrels, but prefer to use oak alternatives 
to replace new barrels. The benefits, apart from the price of the 
products, include more consistent wine quality and style, labour 
savings and the prevention of volatile acid development if the bar-
rels are not filled regularly. Various oak alternatives also offer a 
more comprehensive range of toasting profiles and tannin char-
acter, which facilitates the development of specific wine styles 
(Donaldson, 2009). 

More details about the AUSVAT barrel recycling technique may be 
obtained from www.ausvat.com.au. 

The original article may be viewed at www.winebiz.com.au. 
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Oak alternatives have been used in the wine industry for many years, one of the reasons being price when 
compared with traditional oak barrels. This motivation obviously inspires innovative thoughts and actions to 
adapt existing oak alternatives or develop new ones. 
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Several research projects have been undertaken in recent years 
to develop methods to recycle barrels. Shaving and re-toasting of 
used barrels is one such method. Barrels may be used for up to 
five different maturation cycles, provided they are used in conjunc-
tion with oak alternatives to impart new oak to the wine. 

The Australian company, AUSVAT, has adopted a different route 
by utilising the wood in used barrels that went unused before. 
The contact surface of a barrique barrel is 2 m2 per barrel, but 
by making use of the unused wood in a used barrel, 8 m2 of oak 
may be recycled. This will obviously reduce the cost of the oak 
considerably as well as make better use of resources. The 
method entails dismantling used barrels, whereafter the part of 
the staves that was penetrated by wine is removed with a belt 
saw. The remaining portion of the staves is split into two thin 
planks. These planks are then shaved to expose the fibre and 
grain on both sides, whereafter they are straightened by heat and 
pressure. Holes are drilled into one end, whereafter they may be 
hung in wine tanks from stainless steel hoops. The barrel heads 
are recycled in exactly the same way, except that chips are made 
once the recycled planks have been toasted. In this way the 
used oak is completely recycled. 

Wine will develop more quickly in new barrels and the general 
belief is that reconstituted barrels cannot replace the oak charac-
ter of new barrels. The supporters of recycled oak products nev-
ertheless contend that their products impart a softer oak charac-

ter to wine, with fewer tannins than new American oak barrels 
especially. One problem experienced with the recycled barrels is 
a caramelised flavour that may be caused by wine residues in the 
barrel after re-toasting. The burnt toffee character may tarnish the 
wine used for the first refilling of the barrels. The fact that the origin 
of recycled barrels is unknown may be a further source of possible 
problems, the Brettanomyces status of the oak, for example, 
being unknown. 

Some Australian consultants do not recommend the use of re-
shaved and re-toasted barrels, but prefer to use oak alternatives 
to replace new barrels. The benefits, apart from the price of the 
products, include more consistent wine quality and style, labour 
savings and the prevention of volatile acid development if the bar-
rels are not filled regularly. Various oak alternatives also offer a 
more comprehensive range of toasting profiles and tannin char-
acter, which facilitates the development of specific wine styles 
(Donaldson, 2009). 

More details about the AUSVAT barrel recycling technique may be 
obtained from www.ausvat.com.au. 

The original article may be viewed at www.winebiz.com.au. 
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The significant impact of oak purchases on a cellar’s budget is nothing new, but with increasing emphasis on 
environmental concerns and the sustainability of natural resources it has become important to consider oak 
alternatives not only from a cost point of view, but also to consider making more effective use of the oak from 
which barrels are produced. 
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A report about barrels and oak usage in North America is compiled 
annually to identify certain trends in the market. The findings of the 
2008 report may be summarised as follows: 
• Most cellars purchased the same number of or fewer barrels 

than the previous year and this pattern is also forecast for 
2009. 

• The percentage of red wine matured in barrels remains 
fairly constant and most wineries mature all their red wine in 
barrels. 

• Cellars using oak alternatives have consolidated their 
choices of different products and make increasingly less use 
thereof for low price point wines. 

• Only 16% of the cellars use micro-oxygenation and small 
cellars appear to use it hardly at all (Philips, 2008). 

Recent developments involve various new oak products and 
related technology. 

Radoux cooperage has developed an infrared system that 
instantly determines the extractable tannins in oak staves. Known 
as Radoux Oak Scan it will scan more than 50 000 French barrels 
in their French cooperage this year. The process is executed by 
moving oak staves on a conveyor belt past an infrared spectro-
scope, where the extractable tannins are determined. The tannin 
strength of each stave is documented and identified with a bar 
code, according to which similar staves can be grouped together 
for use in barrels with specific tannin potential. The technique can 
also be used to ensure a greater degree of consistency in quality 
characteristics when purchasing raw oak from plantations. Barrels 
that have been sorted using this technique are not expected to be 
more expensive. 

Rennaissance cooperage has developed an ecologically friendly 
barrel, known as Barrikit, which is easily constructed. The patent 
halves the use of quality oak in the composition of a barrel. Oak 
staves with a fine grain are used on the inside of the barrel and 
standard oak staves on the outside. The different layers are affixed 
and the shape adjusted by thermal treatment. Oak from the same 
tree may therefore be used, while oak that is usually rejected by 
coopers can be used for the outside of the barrel. Seeing that only 

3 millimetres on the inside of a barrel is penetrated by wine, the 
same effect can be achieved using the new design. Barrels of 
different shapes and sizes can be obtained and assembled by 
wineries themselves at a final cost that is approximately 40% 
cheaper than standard barrels. 

Various cooperages offer staves and oak segments that are able 
to reproduce the style of specific French wine regions. Oak Solu-
tions offer oak staves known as Latitude 44° Bordeaux, 45° Rhone 
and 46° Burgundy, that have been developed for specific cultivar 
wines and impart extra complexity to the wine within a 4 to 6 
month maturation period. Boise France on the other hand com-
bines oak segments with different degrees of toasting that imparts 
a specific French regional character to the wine. 

In recent years there has been an increase in the occurrence of a 
mouldy character in wines caused by new barrels. Excell Labora-
tory, a French company which has facilities in four winemaking 
countries, has developed the Check List Barrique method to 
determine the occurrence of trichloro anisol (TCA) and tribromo 
anisol (TBA) in barrels. This is based on the analysis of water 
samples of new barrels, first taking a random sample and then 
individual barrels, if necessary. For many years ETS Laboratories 
have offered analytical services to determine the TCA and TBA 
content in new barrels. Their analyses are based on oak samples 
that are taken from the barrels and subsequently soaked in 
acqueous solutions. 

The Californian biotechnology company, Z-Wine Co, has devel-
oped a quick method to monitor the occurrence of Brettanomyces 
in barrels. Known as Z-Brett Assay, the company claims it is the 
quickest, easiest and cheapest method for this purpose. More 
information about this method can be obtained from the website 
www.unitechscientific.com (Anonymous, 2009). 
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With the international emphasis on sustainability, the focus remains on oak barrels. The limited penetration of 
the inside of barrel staves by wine means that a very low percentage of the wood is actually utilised. The convex 
shape of the staves, which results from the heating and subsequent bending of the oak staves, gives the barrel 
its characteristic shape, but also makes it impossible to turn the unused oak inside out so that it may be used 
inside another barrel. Many flower tubs therefore contain a high percentage of unutilised oak that had been 
purchased at a high price. 
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