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Performance of certain lesser-known
European wine grape cultivars under 
South African conditions
D van Schalkwyk & A Schmidt, ARC Infruitec-Nietvoorbij, Stellenbosch

This article is an abridged version of a more comprehensive report available from: SAWIS Industry Library, PO Box 238, Paarl 7629; Tel: (021) 807-5756; 
Fax: (021) 872-2354; library@sawis.co.za 

Key words: lesser-known cultivars, wine quality, production, Vitis vinefera 

Introduction
According to the 2001 South African wine
industry statistics 105 566 ha of all vine plant-
ings in South Africa were under wine grapes
(SAWIS, 2001). These plantings were largely
made up of nine red wine and 12 white wine
cultivars, with a few other cultivars making a
small contribution. Approximately 59,6% of all
these plantings were made up of the top six cul-

tivars, namely Chardonnay (5,7%), Sauvignon
blanc (5,1%), Cabernet Sauvignon (8,1%), Mer-
lot (14,0%), Pinotage (13,0%) and Shiraz
(13,7%). Consequently there was not a big vari-
ety of cultivars that were used for winemaking in
South Africa and the potential of other culti-
vars was being studied on an ongoing basis to
determine whether they were not perhaps able
to make a significant contribution to the expan-
sion of the South African wine spectrum or to the
flavour profiles of wine blends.

Research procedure
In the quest for promising cultivars for South
African viticultural conditions, ARC Infruitec-
Nietvoorbij investigated the viticultural and
oenological performance of nine red and 17
white promising European wine grape culti-
vars at Nietvoorbij, Stellenbosch from 1993 to
2000 (Table 1). According to available litera-
ture, these cultivars produce high quality wines,
while some have unique colour characteristics

and others good disease resistance. 
Five vines of each cultivar were grafted onto

Richter 99 RY 13 and evaluated for viticultur-
al and oenological performance over eight con-
secutive years. The vines were planted 3 m x
1,5 m on Glencoe-type soil (sandy loam with
respectively 16% and 24% clay in the top and
subsoil) and trellised on five-wire extended
Perold. The resistance of the soil was above 
2 000 ohm and the pH was adjusted during soil
preparation to the norm of 6,0. Three supple-
mentary irrigations (before budding, before
véraison and post-harvest) were applied by
means of micro-irrigation. In order to evaluate
all the cultivars on a homogeneous viticultural
level, all the vines were pruned to 12 two-bud
bearers (six on each side of the cordon) and the
bearers were spaced approximately 12,5 cm
apart to ensure a good canopy microclimate.
Standard canopy management practices such as
tipping, topping and suckering were applied
during each treatment and leaves were
removed as required. Phenotype and viticultural
data were collected and an attempt was made
to harvest white cultivars at a sugar content of
21 - 22°B and red cultivars at 23 - 24°B to
eliminate differences in degree of ripeness.
However, this was not always practical. Wine
was made according to standard Nietvoorbij
experimental vinification methods. Red wines
were fermented dry on the skins. Wines were
evaluated for aroma and wine quality six
months after bottling. Grape and skin colour of
the red cultivars were determined at two
absorbance levels, namely 420 nm and 520

nm. Chenin blanc 4/24 was included as a ref-
erence for the white cultivars and Blauer Spät-
burgunder (Pinot noir) for the red cultivars. 

Results and discussion
Viticultural
Monitoring over eight seasons revealed that
Chenin blanc was the first to bud (3 August)
and Fontanara the last (15 September). Based
on the average of the eight seasons, however,
Chenin blanc (25 August) was the first and
Deckrot (8 September) the last to bud. A fair-
ly large variation in flowering, leaf drop and
harvest dates occurred among the cultivars.

Aris ripened first (25 January). The exact ripen-
ing date could seldom be determined, howev-
er, due to serious damage by birds. Most cul-
tivars ripened before Chenin blanc (19 Febru-
ary), the earliest overall being Aris (25 Jan-
uary), Kanzler (27 January), Ortega (20 January)
and Osiris (31 January). The red cultivars
ripened more or less at the same time or slight-
ly later than Chenin blanc, but all were later
than Blauer Spätburgunder (11 February) and
earlier than Cabernet Sauvignon. Ripening
ranged from 7 January in 1998 to 13 March in
1997. The 1994 and 1998 seasons were par-

Faberebe

Kanzler

Ortega

appeared JANUARY 2004

Danie van Schalkwyk
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ticularly early, while 1997 was rather late.
None of the cultivars had difficulty ripening
under Western Cape weather conditions, but
some ripened prior to cellars in the Stellen-
bosch vicinity being ready for the intake of
grapes.

The evaluation of the general physical con-
dition of the grapes during harvest showed
that Optima, Forta, Osiris, Perlé and Blauer
Spätburgunder are a lot more susceptible to dry

Botrytis rot and sour rot than Chenin blanc.
Aris, Comtessa, Forta, GM 6495-4, Ortega
and Perlé generally suffered severely from bird
damage as a result of their early ripening and
Aris was subject to as much as 80% bird dam-
age. Cultivars such as GM 6495-4, Ortega
Osiris, Perlé, Blauer Spätburgunder, Deckrot,
Kolor and Müllerrebe WE 293 were the most
susceptible to sunburn. 

Among the red cultivars there were often
shrunken berries, but this was not necessarily
detrimental to vinification. Of all the cultivars Aris
had the highest percentage of free-run and
millerandage (7,6% and 14,5% respectively),
which contributely largely to the low bunch,
berry and crop mass of this cultivar (26,0 g,
43,9 g/100 berries and 1,2 t/ha respectively). 

On the whole all the cultivars had lower
productions than Chenin blanc (11,6 t/ha).
Optima and Perlé were the only cultivars with
19,6 and 18,0 t/ha respectively, which pro-
duced crop masses equal to that of Chenin
blanc 4/24 (19,8 t/ha) in 1994, whereafter
their productions decreased drastically. In gen-
eral Comtessa (9,2 t/ha), GM 7116-26 (8,8
t/ha), Ortega (8,7 t/ha), Regner (8,6 t/ha),
Chenanson (8,4 t/ha) and Domina (8,6 t/ha)
had consistently high productions, while the
crop masses of Aris were considerably lower.
Portan was the only cultivar with a higher
bunch mass (208,9 g) than Chenin blanc 4/24,
while Aris (26,0 g), Optima (83,5 g) and Blauer
Spätburgunder (82,3 g) had the smallest bunch-
es. Bunch mass and size varied considerably
from season to season and therefore also stalk
mass. Differences in bunch compactness and
berry mass from season to season therefore

resulted in the heavest bunches not always
having the highest stalk mass. In general, the
stalk mass of Portan (9,26 g) was the highest,
while Aris (1,83 g), as could be expected in the
light of its small bunches, produced the lowest
stalk mass. On average, Comtessa had the
most berries per bunch (166) and Optima the
least (71). The bunch mass of Aris (43,9 g/100
berries) was the lowest. Ortega (217,8 g/100
berries) and Helfensteiner (216,2 g/100 berries)
had the heaviest berries. 

There was also a lot of variation in the vigour
of the cultivars. Comtessa was the most vig-
orous grower with a shoot mass of 1,1 kg/vine
and Aris the weakest with 0,1 kg/vine. Other
cultivars such as Faberebe, Forta, GM 6495-4,
Mariensteiner, Regner, Blauer Spätburgunder,
Chenanson and Domina also displayed rela-
tively poor vigour. The vigour of the other cul-
tivars was more or less equal to that of Chenin
blanc 4/24.

Grape and must quality
Although an attempt was made to harvest the
white cultivars at 21 - 22°B and the red cultivars
at 23 - 24°B, the acid concentration was also
taken into account and grapes were harvested
before the acid dropped too much. As a result,
the degree of ripeness of the cultivars differed
considerably. Aris produced good quality must
despite low production and poor viticultural
performance. The seasons did not all produce
sufficient grapes for vinification, consequently
this cultivar’s oenological potential could not be
evaluated properly. Of the white cultivars Forta
and GM 6495-3 produced the best quality
must. With regard to the red cultivars, Deckrot
stood out above the other cultivars owing to its
high total acid concentration (9,1 g/l). The total
acid concentrations of Perlé and Portan were the
lowest (4,5 g/l and 5,1g/l). Other cultivars such
as Ortega, Osiris, Regner, Septimer and Domi-
na also produced relatively low total acid con-
centrations. The must of some cultivars, such as
Ortega, Perle, Blauer Saint Laurent and Domina,
also tended to have relatively high pHs. 

Wine quality
Differences in must quality were apparent in the
wine analyses. The average alcohol percentage
by volume ranged from 11,7% to 15,7%. Of
the white cultivars Perlé, and of the red,
Chenanson, had the lowest average alcohol
per volume (12,0% and 11,7% respectively).
The low alcohol in the “lowest volume” column
may be ascribed to season-specific develop-
ment of shrunken berries and the grapes were
therefore harvested before reaching the full
ripe stage. Among the red cultivars Deckrot,
Kolor and Müllerrebe WE 293 produced good
extract (35, 36, and 34 g/l respectively). The
exceptionally high extract in Optima was due to
the wine not being filtered as a result of insuf-
ficient clear juice. Among the white cultivars
only Forta (26 g/l) had higher extract than
Chenin blanc 4/24 (24 g/l). Several of the cul-
tivar’s wines had extremely low acid concen-
trations in some years as a result of the dis-
charge of tartaric acid. The wines of the red cul-
tivars Blauer Saint Laurent, Domina and Portan
in particular, and the white cultivars Marien-
steiner and Perlé sometimes had extremely
low acid concentrations which often resulted in
thin wines with little aroma. Consequently
these cultivars, and some of the others, did
not have the potential to produce good quali-

ty wines with good lasting ability each sea-
son. 
The volatile acid concentrations were relative-
ly high in some years, as much as 0,82 mg/l in
Regner. Among the white cultivars the Perlé
wines generally tended to have a high pH
(3,72), while the pH of Deckrot (3,48) in the red
cultivars was fairly low compared to those of
the other red cultivars. Deckrot and Kolor have
an especially intense colour, which makes these

Deckrot Kolor

Domina

Regner
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cultivars ideal for blending with cultivars that do
not provide satisfactory wine colour. The wine
hue of Deckrot is so intense that the colour
remains acceptable for red wine, even when the
wine is diluted up to five times with water.
The good acid concentration of these two cul-
tivars improves the lasting ability of blended
wines and in Germany they are used for this
purpose. 

None of the white cultivars evaluated pro-
duced better wine quality over the evaluation
period than Chenin blanc 4/24 (Table 2). Aris,
Kanzler, Mariensteiner, Ortega and Regner
showed similar cultivar intensity in a few sea-
sons, while Faberebe produced considerably
higher wine quality in a single season (73,3%).
A number of cultivars did produce comparable
wine quality in individual seasons. If the aver-
age wine quality over the seasons is taken
into account, a number of cultivars produced
wines of a higher quality than Chenin blanc
4/24 and they have the potential to be used in
blended wines. On the whole, Kanzler showed
the most promise and could possibly also be
used as a cultivar wine. Must and wine analy-
ses at which a number of cultivars produced the

best wine quality, showed that several of the
cultivars had the potential to produce good
quality wine in a specific season. 

Among the red cultivars Deckrot and Kolor
produced good quality wines throughout, while
Domina, with an overall wine quality score of
73,1%, displayed the best wine quality, togeth-
er with Kolor, in the 2000 season. Both the skin
and wine colour of Domina were considerably
less intense than that of the other two cultivars,
but equal to the wine colour of Cabernet
Sauvignon. Both Deckrot and Kolor produced
complex wines with prominent berry character
supplemented by slight vegetal character. These
two cultivars have a dark red juice, which
results in the vinification of deep, dark wines.
Both cultivars have good acid concentration
which should endow the wines with a good
shelf life. Although the two cultivars are able to
make their mark as cultivar wines, their
extremely dark colour makes them more suit-
able for use in blended wines. The wine char-
acter of Domina is more like that of Cabernet
Sauvignon, but the cultivar tends towards low
acid. The results from eight seasons have
shown that cultivars must be harvested at dif-

ferent degrees of ripeness to ensure optimum
wine quality. The optimum sugar:acid ratio
among the red cultivars ranged from 3,0 to 4,5.

Summary
Some of the white cultivars, particularly
Faberebe, Kanzler, Ortega and Regner, are
probably able to make a contribution to the
South African white wine spectrum as blending
cultivars (Photos 1, 2, 3 and 4). Kanzler and
Regner ripen very early in January, which may
enable cellars to start pressing earlier and have
their wines on the market sooner. Other culti-
vars, such as Forta and GM 6495-3, have bet-
ter acid concentrations than Chenin blanc 4/24
and should also fare well in blends. However,
most of these white cultivars have more or
less the same sub-tropical character as Chenin
blanc. 

Of the red cultivars Deckrot, Domina and
Kolor were the most promising and could be a
good addition to red blends (Photos 5, 6 and
7). Deckrot and Kolor in particular may be
used in instances where problems with wine
colour are experienced, since both are red juice

Cultivar Origin Species Cross  

White type 

Aris Germany Vitis vinifera (Oberlin 716)F1 (Riparia x Gamay) x Riesling 91  
Chenin blanc 4/24 France Vitis vinifera 
Comtessa Germany Vitis vinifera (Madeleine Angevine X Traminer)F2  
Faberebe Germany Vitis vinifera Pinot blanc X Mueller Thurgau  
Fontanara Germany Vitis vinifera Rieslaner X Mueller Thurgau  
Forta Germany Vitis vinifera (Madeleine Angevine X Silvaner)F2  
GM 6495-4 Germany Saperavi Servenji (Früher Malingre x Vitis amurensis) x (Fosters White Seedling x
Prachttraube (Boskokwic x Madeline Royal)  
GM 6495-3 Germany Saperavi Servenji (Früher Malingre x Vitis amurensis) x (Fosters White Seedling x
Prachttraube (Boskokwic x Madeline Royal)  
GM 7116-26 Germany Geisenheim 3258 x Ehrenfelser  
Kanzler Germany Vitis vinifera Mueller Thurgau X Silvaner  
Mariensteiner Germany Vitis vinifera Silvaner X Rieslaner  
Optima Germany Vitis vinifera (Silvaner X Riesling) X Mueller Thurgau  
Ortega Germany Vitis vinifera Mueller Thurgau X Siegerrebe  
Osiris Germany Vitis vinifera Riesling X Rieslaner  
Perlé Germany Vitis vinifera Traminer Rot X Mueller Thurgau  
Regner Germany Vitis vinifera Luglienca Bianca X Gamay Precoce  
Septimer Germany Vitis vinifera Traminer Rot X Mueller Thurgau  

Red type 

Blauer Saint Laurent Germany Vitis vinifera 
Blauer Spätburgunder Germany Vitis vinifera 
Chenanson France Vitis vinifera Grenache X Jurancon  
Deckrot Germany Vitis vinifera Ruländer (Pinot gris) X Faberebe (Teinturier)  
Domina Germany Vitis vinifera Portugieser X Spaetburgunder  
Helfensteiner Germany Vitis vinifera Pinot Precoce noir X Schiava Grossa  
Kolor Germany Vitis vinifera Spätburgunder (Pinot noir) X Fäbertraube (Teinturier)   
Müllerrebe Germany Vitis vinifera 
Portan France Vitis vinifera Grenache noir X Portugieser Blau  

TABLE 1: Cultivar information.
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TABLE 2: Average wine quality of select promising cultivars from 1992 - 2000. 

Cultivar Intensity of Wine quality (%) Commentary about wine
cultivar character (%) 

Highest Lowest Ave Highest Lowest Ave
White type
Aris 72.2 * 72.2 50.0 * 50.0 Prominent sub-tropical, citrus and vegetative character. Spicy and flowery

character to a lesser extent.
Chenin blanc 4/24 74.0 58.3 67.0 64.4 36.7 52.6 Mostly a strong sub-tropical to fruit character, but may tend to vegetative in

some years.
Comtessa 69.4 61.1 64.2 63.8 55.6 60.1 Very prominent vegetative character (asparagus and grassy). The wine also

has a sub-tropic and citrus aroma.
Faberebe 69.9 63.2 66.7 73.3 54.6 62.9 Strong flower character enhanced by prominent a musky, sub-tropical 

character. Fruity on taste.
Fontanara 64.8 57.4 61.1 59.9 47.8 55.8 Prominent citrus character, somewhat vegatative.
Forta 65.7 61.1 63.4 62.0 57.8 60.3 Mostly sub-tropical, musky, guava and also somewhat vegetative.
GM 6495-3 67.7 61.1 64.4 64.4 52.7 58.6 Mostly sub-tropical, enhanched by flowery and vegatative character.
GM 5495-4 69.7 57.4 64.0 60.1 42.6 54.4 Mostly citrus to sub-tropical, enhanced by vegatative.
GM 7116-26 66.7 54.7 59.4 57.1 46.3 53.6 Citrus, sub-tropical character with some vegatative and spice.
Kanzler 71.7 58.3 64.6 64.4 60.2 62.5 Prominent vegatative, sub-tropical character and sometimes citrus and flowers.
Mariensteiner 74.1 58.8 62.6 64.8 47.2 56.4 Prominent sub-tropical, sometimes citrus and flowers.
Optima 69.9 63.8 66.9 58.3 53.3 55.8 Sometimes little character, but mostly sub-tropical, citrus.
Ortega 73.1 56.3 65.3 64.8 53.7 59.3 Mostly vegatative to sub-tropical.
Osiris 61.1 49.1 56.2 57.7 47.2 52.2 Moderately prominent vegatative to sub-tropical character.
Perlé 66.6 60.1 62.2 54.4 41.6 50.8 Thinish wine with a flowery, musky to vegatative character.
Regner 72.2 53.7 62.1 64.9 53.7 58.0 Mostly moderately prominent sub-tropical character with some flower, musk

and vegatative.
Septimer 68.5 59.2 62.8 60.1 53.3 56.8 Vegatative, sub-tropical character, sometimes some citrus.
Red type
Blauer Saint Laurent 67.7 58.9 63.2 65.1 50.4 58.2 Very prominent berry character with some vegatative character.
Blauer Spätburgunder 73.1 57.4 65.1 64.8 51.8 56.5 Prominent berry to vegatative character. Prominent tannins, some smoke on

taste. Wine colour sometimes somewhat light.
Chenanson 71.3 49.5 58.6 52.7 45.3 50.5 Prominent berry character, enhanched with vegatative. Thin wines.
Deckrot 75.9 62.9 70.4 69.9 58.8 63.6 Very prominent berry character enhanced with vegatatives. Full, complex

wines, very deep dark colour and good acid.
Domina 73.3 55.6 65.4 73.1 50.9 62.6 Prominent berry to vegatative grassy character, somewhat smoky. Good dark

colour, acids somewhat low.
Helfensteiner 66.6 60.3 63.4 54.8 47.7 53.0 Berry to spicy character. Wines too light.
Kolor 75.9 59.8 66.5 73.1 58.8 64.0 Very prominent berry character with some vegatative. Intense dark red to red

colour.
Müllerrebe WE 293 67.7 60.2 63.0 58.8 49.1 54.5 Berry to vegatative colour. Wines too light.
Portan 75.5 49.5 63.9 62.1 48.7 58.8 Prominent berry to vegatative character. Reasonably soft wines.

* There was only enough grapes for wine-making in year one.

cultivars and make wines with an intense dark
red colour, even darker than that from the
locally-developed red wine cultivar, Roober-
net. Both cultivars also have high acid con-
centrations which may promote the maturation
potential of red blends. Deckrot, Domina and
Kolor have the ability to produce wine quality
equal to Cabernet Sauvignon. Of the red culti-
vars Domina had the highest average produc-
tion with 8,6 t/ha. These three red cultivars are
also resistant to rot and all ripen earlier than
Cabernet Sauvignon. It is recommended that
the most promising cultivars be established on
a semi-commercial basis to determine their
true potential. 

If the right wine style for each cultivar could
be applied, more of these cultivars will proba-
bly make a positive contribution to the South
African wine spectrum. The potential of other
promising foreign white and red wine culti-
vars will be investigated further in an attempt

to find cultivars that are able to make a positive
contribution to the expansion of the wine spec-
trum in South Africa. 

For more information contact Danie van
Schalkwyk on 021 – 809 3156 or e-mail:
danie@infruit.agric.za. Complete tables about
the performance of the cultivars, as well as
photographs of the cultivars are available from
the SAWIS web library: www.sawis.co.za.
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Winetech programme: Optimal grape
composition for specific wine styles
E Archer, Lusan Premium Wines (Pty) Ltd, P O Box 104 Stellenbosch, 7599

Introduction
Winetech recently initiated a research programme into the complicated field
of determining optimal grape composition at ripeness for the production of
different wine styles. This programme comprises all current and future
research projects with the common goal of monitoring the ripening processes
of wine grapes. It is a multi-disciplinary approach encompassing hundreds of
grape components; therefore, researchers from different disciplines are
included in this programme. This allows for vital expertise to be pooled
and to be able to work together to solve this complicated problem. Results
obtained under this programme will, without doubt, contribute to enhance
the diversity of South African terroir and thus increase the international
competitiveness of our wines.

The programme focuses on the quantitative and qualitative development
of all grape components and to use them as single or combined indices as a
basis to determine the point of optimal ripeness for producing wine in all prod-
uct categories.

Aims of the programme
1. To ensure maximum information from the existing research infrastructure

by eliminating overlapping of manpower and apparatus. This will increase
the affordability of research projects in this field.

2. To increase the scientific bases of all related projects. A large pool of
experts, regularly discussing all related research, will ensure that the best
research protocol is followed in every research project.

3. To monitor and use all grape components (sugar, acid, pH, phenolics,
flavour substances and many more) in an index of optimal ripeness for var-
ious cultivars. These indices, together with vineyard condition, will be used
to determine the correct harvesting time per wine style.

4. To build and sustain a pool of experts who will be recognized interna-
tionally as world leaders in the field of optimal ripeness. Young researchers
will be encouraged to specialise and participate in this programme.

5. To continuously identify gaps in existing knowledge of optimal ripeness
as a basis to adjust existing research projects or to establish new inves-
tigations.

6. To modulate results into an image description of an ideal vineyard in which
optimal grape composition can be managed. This will serve as a basis for
recommendations concerning vineyard design.

Current composition of the programme
The following diagram clearly shows that this programme is not isolated from
other research projects or programmes of Winetech.

All projects currently being run under the research fields of soil, climate, ter-
roir, cultivation practices and physiology of ripening, impact directly or indirectly
on grape composition and thus optimal ripeness. The eventual establishment of
the indices of optimal ripeness also incorporates indications of how wines for spe-
cific wine styles should be made.

1. WW 12/23: Determining the optimal grape and wine quality of
Shiraz/Richter 99 as affected by microclimate as well as sea-
sonal variation in leaf and berry metabolism. 
Project leader: Prof J J Hunter

2. Distell 1: The development of parameters to establish optimal ripeness
of Cabernet Sauvignon berries.
Project leader: Prof M G Lambrechts

3. WW 08/25: Determining the phenolic composition of South African red
grapes and wine and the application thereof to produce
optimum quality wines. 
Project leader: Mr P Minnaar

4. WW 10/14: The role of micro-organisms in forming bitterness in wines.
Project leader: Dr M du Toit

5. 2700/28: Evaluation of the anti-oxidant potential of the main South
African red and white wine types. 
Project leader: Dr L Joubert

6. WW 08/19: Investigation into the effect of wine-making techniques on the
style and quality of Pinotage wine and the development of pro-
cedures to produce optimum quality wines.
Project leader: Dr J Marais

7. WW 08/22: Investigation into the effect of viticultural and oenological fac-
tors affecting the quality of Chenin blanc wine and the devel-
opment of techniques to produce optimum quality wines.
Project leader: Dr J Marais

8. WW 12/20: Effect of row direction on the physiological, viticultural and
oenological performance of Shiraz/Richter 110.
Project leader: Prof J J Hunter

9. WW 12/22: Temperature thresholds for key physiological processes in
different climatic regions.
Project leader: Prof J J Hunter

During the past financial year, Winetech spent approximately R1, 5 million to fund
the abovementioned research projects.

The programme committee
Prof E Archer (Programme Co-ordinator), Prof J J Hunter, Prof M G Lambrechts,
Dr J Marais, Dr L Joubert, Dr O P H Augustyn, Dr M du Toit, Ms A Oberholzer,
Mr P Minnaar, Ms D de Beer, Mr G Baumgarten, Mr W Joubert, Mr F de Villiers,
Mr R Tredoux, Mr M P Botes, Mr E le Roux (Chairman: Viticulture Committee),
Mr D Saayman (Chairman: Cultivation Committee), Mr J H van der West-
huizen, Mr F Naudé, Mr J H Booysen (Executive Director: Winetech)

Functioning of the programme
The programme committee will meet once a year during October to discuss
the results of the previous season and, if necessary, to amend research
procedures for the following season. During these meetings the protocol for
technology transfer will also be determined so that the industry will regularly
receive the latest information regarding optimal ripeness.

SOIL CLIMATE TERROIR CULTIVATION PRACTICES

GRAPE COMPOSITIONAL COMPONENTS

INDEX OF OPTIMAL RIPENESS FOR SPECIFIC WINE STYLES

WINE-MAKING TECHNIQUES

PHYSIOLOGY OF RIPENING
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Weather stations: 
Applications for viticulture
Bonnardot V1, Carey VA2 & Strydom J1

1. ARC Institute for Soil, Climate and Water, Stellenbosch.
2. Department of Viticulture and Oenology, Stellenbosch University.

Keywords: Weather station, climate, temperature, relative humidity, viticulture

Almost any discussion about grapes or wine will lead
to a discussion of the weather, be it of the vintage,
the region or the vineyard. It is impossible to sepa-
rate climate from viticulture, and the significance for
viticultural viability and wine style and quality has
been well documented – temperature generally
being accepted as the parameter having the great-
est effect on the functioning of the grapevine and
specific reactions that occur during berry maturation
(Jackson, 2000), and thus final berry composition.

Understanding climate
In order to discuss climate – or weather stations –
and viticulture, it is necessary to understand the dif-
ferent levels of climate monitoring and description.
There are generally three scales at which climate is
described and these are related to differences in the
scales of area (or surface) and time (Fig. 1). 

The macroclimate describes the climate of a
region, extending over hundreds of kilometres (e.g.
the South Western Cape) and is studied over a
long time (usually 30 years or more), using annual,
seasonal or monthly data. The macroclimate is
influenced by the geographic location (latitude)
and proximity to large, climate-moderating bodies
of water. The weather may differ from year to year,
but the climatic situation over a long period is rel-
atively stable in terms of temperature and rainfall
patterns. For example, in the Western Cape
Province, Cape Town has a Mediterranean-type
climate with winter rainfall and moderate temper-
atures (Fig. 2a), while Robertson has a semi-arid cli-
mate (Fig. 2b) with higher temperatures in summer

and cooler temperatures in winter than measured in
Cape Town.

Various indices, combining various climatic com-
ponents (mainly temperature, be it minimum, max-
imum or mean, but also rainfall, humidity, sun-
shine duration etc.), may be used to describe the viti-
cultural potential of a macro-region. Some use
monthly data or daily data only, while others are a
combination of different scales (daily with monthly
data). They are usually summed for different periods
(growth season or whole year), but can also use a
single month. They are established for a specific
country or region, and then may be adapted to
other regions or used for a systematic global clas-
sification of the climate.

The concept of thermal-time (growing degree-
days – GDD) involves heat summation above the
physiological minimum of 50°F or 10°C during the
growing period of the grapevine (Winkler et al.,
1974). The minimum acceptable level of growing
season heat accumulation for a vineyard site is
1093 GDD (°C). The
closer the macroclimate
of a region approaches
this threshold value, the
more significant the
mesoclimatic charac-
teristics of the vineyards
become.

The mesoclimate
describes the climate
within smaller areas,
extending from less
than a kilometer to

many hectometres (e.g. vineyards or districts) and
over shorter periods (using hourly data). It is influ-
enced by the topographic factors of elevation or alti-
tude, slope inclination and aspect, and proximity to
bodies of water.
• Elevation

Air temperature generally decreases with an
increase in elevation at a mean lapse rate of
approximately 0.65°C per 100 m increase in
altitude. 

• Aspect
The direct effect of slope aspect on tempera-
ture is related to the solar radiation angle.
Northerly (southerly in the Northern Hemisphere)
and westerly aspects are warmer because they
receive more direct radiation during the middle
and latter part of the day. In a warm region 
(> 2220°C GDD), southerly (northerly in the
Northern Hemisphere) and easterly aspects are
desirable as cooler locations. Interception of
local winds (e.g. sea breezes) may, however,

FIGURE 1: Climatic scales related to surface and time.
FIGURE 2: Monthly temperature and rainfall (1961-1990 period) recorded at (a) Cape
Town International Airport and (b) Robertson.

a) CAPE TOWN

b) ROBERTSON
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also have an impact on slope temperature.
• Proximity to large bodies of water

The proximity of a site to large bodies of water
leads to temperate moderation. It reduces heat
accumulation in coastal regions during the grow-
ing season. In addition to this, the differences in
energy balances and properties between the
water and the land create temperature differences
and corresponding pressure differences, which
result in local thermal circulations between the
land and the sea (sea breeze during the day and
land breeze at night) (Bonnardot et al., 2001). 
The microclimate is the climate immediately

within or surrounding a plant canopy and differences
occur within a few metres/centimetres and min-
utes or seconds. It is influenced by the growth
vigour of the grapevine and cultural practices
(canopy management, row orientation, row spacing,
etc.).

Why do we monitor climate?
Climate monitoring enables us to better under-
stand our natural resources. But what does this
mean for a viticulturist? Firstly it helps us to estimate
the viticultural potential of a region and to select cor-
rect cultivars for a specific situation. It also enables
us to estimate timing of growth stages that may be
critical for certain viticultural practices (e.g. know-
ledge of time of budburst for optimum time of
pruning, timing of application of fungicides or pes-
ticides, etc.) and assists irrigation scheduling. Know-
ledge of seasonal and spatial climatic variation will
aid harvest planning. Adverse climatic factors can
also be determined. These can be used to develop
early-warning systems for disease incidence (downy
or powdery mildew) (Fig. 3) or climatic incidents (late
spring frosts) that will lead to increased sustainability
of practices and reduced yield loss. 

Climate is also an integral part of the terroir
concept and climatic monitoring is necessary for ter-
roir studies (Carey, 2001; Carey, Archer & Saayman,
2002; Conradie et al., 2002; Hunter & Bonnardot,
2002). These have value in their own right, as bet-
ter understanding of the terroir/vine/wine system will
enable us to produce outstanding and unique wines,
improve sustainability of viticultural practices and
produce wines to meet consumer preferences. 

From the economic point of view, consumers
have an increased interest in environmental issues
and the origin of the product. Both these issues are
addressed by terroir studies and they may therefore
also be marketing tools. 

The optimum scale for climate monitoring is at
the mesoclimatic level. It is at this scale that one is
able to compare the climate across a landscape
for disease and frost forecasting and for optimal cul-
tivar choice for specific sites.

How is climate monitored?
Climate is monitored by means of automatic and
mechanical weather stations. Since 1940, the Insti-

tute for Soil, Climate and Water (ISCW) of the Agri-
cultural Research Council (ARC) has installed a
countrywide network of weather stations aimed
at monitoring the climate and satisfying the cli-
matic information requirements of agriculture. This
network has grown to the stage where there are
300 mechanical weather stations, 256 automatic
weather stations and 800 rainfall stations. In the
Western Cape, there are 84 automatic weather
stations, mostly situated in a vine row (Fig. 4a) or on
open ground next to a vineyard (Fig. 4b).

Landscape strongly affects weather station posi-
tioning. The more mountainous the area, the more
difficult it is to have a detailed account of the climate
and the greater the number of weather stations that
are therefore required to characterise the climate of
the area. The position of each weather station
within the landscape is also of utmost importance.
The station surrounds must generally be clear, with
an angle of no more than 30° to the horizon. One
must ensure that there are no objects (man-made or
natural) in any direction likely to affect the wind and
radiation records. For example, a weather station sit-
uated near a workshed or cellar may be protected
from winds from a certain direction and may be in
shadow in the early morning or late evening. This
will affect the daily weather measurements and
give a false indication of the mesoclimate. Another
example is a weather station situated in a natural
hollow; drainage of cold air may result in night
temperatures being recorded as colder than is true

for the general locality, as well as affecting the
recorded sunlight duration.

ARC-ISCW only uses weather instruments that
are required for agricultural purposes but each
weather station still has to conform to certain mini-
mum standards set by the World Meteorological
Organization (WMO) (Fig. 5 and Table 1). As there
are many factors influencing the performance of
automatic weather stations (Estie, 1986), these
strict standards ensure that data from all weather
stations are comparable. The instruments have to
maintain a certain level of accuracy and must be
placed in the correct position to measure the weath-
er accurately in the short term and to give an accu-
rate account of the climatic parameters in the long
term (Table 1).

The importance of standardised conditions can be
seen when comparing the data measured by tem-
perature and relative humidity sensors in a WMO
standard Stevenson screen and a Gill screen (Fig. 6).
The sensors had been previously compared within
the same shelter (WMO standard Stevenson screen)
over a five-day period at five-minute intervals. The
average differences were 0,3°C and 2,1% for tem-
perature and relative humidity respectively (Table 2).
These differences were insignificant.

This picture changed when data from the same
sensors, but now within different screens, were
compared. Although the average differences seem
low (Table 3), the differences were significant for
temperature. The differences were also not constant,
the maximum differences of 2,4°C and 13% for

FIGURE 3: Example of a disease warning report for downy mildew developed by the Agricultural Research Council.

FIGURE 4: Automatic weather station located (a) in a vine row and (b) on open ground next to a vineyard in the South
Western Cape.

a) b)
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temperature and relative humidity, respectively,
suggest pronounced variation. The Gill screen result-
ed in lower temperature and higher relative humid-
ity data than the measurements obtained in the
standard Stevenson screen (Fig. 7). Further analysis
of the results (frequency analysis) showed that
49,4% of the measurements resulted in temperature
differences above 0,5°C and 13% above 1°C,
occurring both by night and by day. With respect to
relative humidity, 26,7% of the records showed a

difference in relative humidity above 5%, although
these differences were mainly at night.
These differences may have
• Economic implications: 

If used in a disease-warning programme, for
example, secondary infection by downy mildew
may be predicted more often with the set of
data having the higher relative humidity values at
night time. The additional sprays may not be
needed, resulting in unnecessarily high disease

Sensor Installation
Rain gauge The top edge of the rain gauge must be level and 1,2 m above the

ground.
Temperature/Relative humidity Temperature is measured inside a Stevenson screen which is a

white box with louvers. These screens maintain a through-flow of
air, but prevent direct sunlight or radiation from the ground sur-
face from affecting the readings.
The base of the screen must be 1,2 m above the ground and the
sensors 1,4 m above the ground.

Wind speed and direction These are the only sensors that deviate from WMO standards 
(10 m for synoptic weather stations). A cup anemometer is
mounted on a levelled pole 2,0 m above ground level in an
exposed position for agricultural purposes.

Solar radiation A pyranometer is mounted on a levelled pole 2,0 m above ground
level in an exposed position.

TABLE 1: World Meteorological Organization standards for weather stations (WMO, 1997) used for the ARC-ISCW
automatic weather station network.

FIGURE 5: Automatic weather station of the ARC-ISCW
network in the South Western Cape.

FIGURE 6: Examples of the standard Stevenson screen
and Gill screen for housing of climate sensors.

control costs. 
• Research implications

The measured differences could also result, over
a long term, in significant mesoclimate differ-
ences. It is therefore recommended that the
WMO standard Stevenson screen should be used
for any climate research, especially for interna-
tional comparisons. 

The above-mentioned tests started in December
2002. Studies will continue to ascertain the degree
of difference between the measurements made
under the different screens and whether these dif-

TABLE 2: Comparison between two temperature and relative humidity sensors in a standard Stevenson screen.
(25/11/2002 - 29/12/2002)

Temperature (°C) Relative Humidity (%)
Minimum difference 0,2 0,8
Maximum difference 0,4 3,1
Mean difference 0,3 2,1

Temperature (°C) Relative Humidity (%)
Minimum difference 0 0
Maximum difference 2,4 13
Mean difference 0,6 4

TABLE 3: Temperature and relative humidity data: comparison between a Stevenson screen and a Gill screen
(29/11/2002 - 3/12/2002).

ferences remain throughout the year, across seasons,
as well as their significance.

Address further enquiries to Frans Koch, ARC
ISCW, e-mail frans@iscw.agric.za and Dudley
Rowswell, ARC ISCW, e-mail Dudley@
infruit1.agric.za.
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The South African vineyard and wine
landscapes: Heritage and development
Dawid Saayman, Extention Specialist, DISTELL, South Africa
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Ever since the Dutch settlers at the Cape planted
the first vines more than 340 years ago, South
African vitiviniculture had strong ties with Euro-
pean traditions, the French and German influ-
ences being especially strong. Vitiviniculture start-
ed to take form in 1688 with the arrival of the
French Huguenots, the Dutch settlers not being
traditional vintners. Further expansion was encour-
aged by successive governors and later greatly
stimulated by the British occupation of the Cape
in 1806, because of the inaccessibility of Europe
to Britain at that stage. Vitiviniculture rapidly
became a distinctive part of the Western Cape
agricultural landscape, usually associated with
the unique Cape-Dutch architecture. The ability of
South African producers to achieve world-
renowned wine quality standards was demon-
strated in the 19th century by the famed Con-
stantia wines. Although heritage (tradition) is
principally of human origin, and occupies a very
prominent place in vineyard landscapes, South
African vineyards also boast unique and very
diverse landform and soil landscapes, a natural
heritage of geological processes and time, great-
ly impacting on mesoclimate and vine perfor-
mance. This enables the production of a wide
diversity of quality wines, mainly in the relatively
small, Mediterranean climate coastal zone, anot-
her typical characteristic of South African vineyards
and wine landscapes.

Initially, viticulture was practiced and home-
steads built in valley-floor landscape positions,
close to available water. In inland regions, several
irrigation schemes were developed, also com-
prising the use of fertile alluvial soils, a factor
not favouring wine quality. Research and improved
soil and water management technologies led the
way to quality-orientated vineyard developments
on mountain foothill and ridge positions. A fairly
recent phenomenon is the development of new
zones at high altitudes and along the coast, main-
ly in order to benefit from the cooling effect of sea
breezes. These developments were made possible
by the lifting of a former quota system that in
effect prohibited the development of promising
new areas and also tended to protect less efficient
vitiviniculture. Research on terroir identification
and terroir effects on wine character is con-
tributing to the upgrading of existing and develo-
ping new areas. The industry also realised that
sustainability is an integral part of vineyard land-

scapes and legislation of an Integrated Production
of Wine (IPW) scheme was introduced in 1998,
which evaluates the environmental impact of cul-
tural and industrial actions and sets minimum
standards in order for grapes and wine to be
acceptable to serious buyers. Wine routes were
also developed, Stellenbosch being the first in
1971. It developed into a very special feature of
South African vineyard and wine landscapes and
is currently regarded as one of the biggest tourist
attractions in the Western Cape, greatly con-
tributing to the marketing of local wines.

Introduction
South African viticulture originated in the vicinity
of Cape Town at the south-western extremity of
the African continent, about 34 degrees southern
latitude, and enjoys a Mediterranean climate. It
spread fairly rapidly inland in the higher rainfall
zones along the mountain ranges that roughly fol-
low the coast. Still further inland and northwards,
vineyards were later established in irrigation
schemes along the Breede, Elephants and later
also the Orange rivers, mainly dedicated to the
production of standard and distilling wines (Fig. 1).
In this presentation the focus will be on the clas-
sical vineyard and wine landscapes of the West-

ern coastal zone, recognised as the region pri-
marily focused on the production of high quality
wines.

Natural heritage
Geology: Although viticulture in the Western
Cape is young, the geology is quite old. What can
presently be discerned in the landscape is late Pre-
cambrian Malmesbury Group shale and shists,
deposited c. 1 000-550 million years ago in a
marine basin (Theron et al., 1992), presently
occurring at 20-200 m altitudes. This deposit
was folded and uplifted due to tectonic movement
of the Pan African event, which ended c. 550
million years ago, and eroded into rolling hills.
Subsequently, intrusions of Cape Granite Suite
plutons occurred 600 million and 500 million
years ago (Truswell, 1977) during the separa-
tion of Gondwanaland into present day Africa,
South America, India, Australia and Antarctica. A
period of erosion and planation of c. 50 million
years followed. The surface then subsided and was
covered from the north by deep deposits of the
Cape Supergroup (400-300 million years ago)
and later by the Karoo Supergroup. About 250
million years ago, intensive folding and uplifting
occurred, creating the distinctive folded sand-

FIGURE 1: The Western Cape Geographical Unit, with indications of major climatic regions and viticultural centres.
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stone mountain ranges and valleys of the Cape.
Erosion removed large areas of the Cape Super-
group deposits, leaving sandstone remnants like

Table Mountain and Simonsberg (1 000-1 300 m
altitude), resting on granitic foothills and associ-
ated with exposed granite plutons, presently vis-

ible as distinctive solitary mountains (Paarl Moun-
tain, Paardeberg: 500-700 m altitude) or ranges
of hills (Bottelary, Malmesbury, Darling Hills; 
200-400 m altitude), usually surrounded by
Malmesbury shale landscapes.

Soils: Various weather cycles and several peri-
ods of inundation by the sea, together with the
pronounced and varied geography of the Western
Cape, gave rise to great soil diversity over short
distances. The highly regarded reddish and yel-
lowish brown soils are usually associated with
granitic hills (Bottelary, Malmesbury and Darling
Hills; Paarl Mountain and Paardeberg) and the
granitic footslopes of the sandstone mountains
(Table, Hottentots-Holland, Helderberg, Stellen-
bosch, Simonsberg, Groot and Klein Drakenstein,
Limietberg mountains; 1 000-1500 m). These
soils, at altitudes of 150-400 m, often on steep
slopes, are relics of a past, high rainfall, tropical
era. They are highly weathered and acidic, very
stabile and well-drained, with a good water hold-
ing capacity.

Other soils that formed on granite, occur on
gently undulating hills between the mountains and
the sea at altitudes of 20-150 m. This zone was
invaded several times by the sea due to land
recession and uplifting. The soils are generally
duplex in character, consisting of coarse, bleached
sand, yellow-brown gravel or ferricrete on wet
(gleyed) clay. Extremes in wetness and drought in
these soils curtail vigour, but the general consis-
tent performance of vines on these soils over
seasons and good exposure to prevailing cool
sea breezes ensure good quality wines.

The gently undulating Malmesbury shale land-
scapes usually surround the granite plutons and
are adjacent to the sandstone on granite moun-
tain ranges. Here, soil types typically vary from
stony, weathered rock residual soils on hill crests,
to strongly structured soils on mid- and foot-
slopes, but with the weathered shale substrata
usually still within reach and to be exploited by
vine roots. A notable exception is the Durbanville
range of greywacke and phyllitic shale hills (some-
times baked to Hornfels by granite intrusion), at
150-450 m altitude. Here, soils are typically red-
dish-brown, deep, well-drained, with a good
water holding capacity, but are not acid like their
granite derived peers and are excellent for dry-land
wine production. Together with these soil prop-
erties, the elevated hills, exposed to sea breezes
from two directions, are a highly coveted vineyard
landscape, known for high quality grapes.

Another unique landscape, recognised as hav-
ing high wine quality potential, but presently pre-
dominantly utilised for apple production, is the
Elgin mountain basin. This basin is Bokkeveld
shale, youngest deposit (350-400 million years
ago) of the Cape Supergoup, generally at more
than 200 m altitude, 10-20 km from the sea and
surrounded by tilted sandstone mountain ridges

FIGURE 2: Schematic transection of typical Western Cape coastal zone geology and topography.

FIGURE 3: (a) Reddish-brown, highly weathered, well-drained soils on high hills and mountain foot slopes, usually
from granitic origin. (b) Duplex soils from granitic origin, consisting of sand on gravel and wet clay on lower land-
scape positions. (c) Moderately and (d) strongly structured soils on weathered shale on undulating hills.
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(600-1 000 m). Soils here are generally gravelly
topsoil on relatively thin, structured clay layers, on
soft, highly weathered shale.

Marine effects: The traditional wine regions
along the coastal zone are seldom further than
50 km from the sea, the more reputable areas
being 12-15 km distant (Darling, Durbanville and
Bottelary Hills; Constantia, Helderberg and
Simonsberg footslopes). The beneficial effect of
prevailing local and synoptic summer breezes
and winds, blowing from the sea, is increasingly
recognised. An old saying, “a vineyard that can
see the sea, is a good vineyard” appears to be evi-
dence in support.

These then are the natural heritage factors
that dominated the shaping of the present vine-
yard and wine landscapes along the coastal
regions of the Western Cape. But viticultural ter-
roirs are there to be discovered and developed to
their full potential. This started with the Euro-
pean settlement of the Cape, adding the human
factors of the present vineyard and wine land-
scapes.

Human heritage
The Cape of Storms, later the Cape of Good
Hope, was settled in 1652 by the Dutch to serve
as a half-way station, supplying fresh produce
to their East India trading fleet. The comman-
der, Jan van Riebeeck, imported vines in 1655 and
the first wine was produced in 1658 from gardens
around the fort (Perold, 1936). What can rightly
be called the first terroir selection, occurred when
the Governor of the Cape Colony, Simon van der
Stel, selected the cool and sheltered Constantia
area for his vineyards and imported German cul-
tivars in 1705. Wines from this area gained inter-
national fame during 1780-1890. However, the
Dutch settlers-turned-farmers were not over enthu-

siastic about viticulture and it needed the arrival
of French Huguenots refugees in 1688, to stimu-
late the young wine industry (Perold, 1936).
These immigrants were mainly settled in the Stel-
lenbosch, Franschhoek and Paarl areas and their
cultural heritage is still evident here, mainly in the
names given to farms. Later, German settlers
also made a valuable contribution.

Willem Adriaan van der Stel, successor to his
father Simon, was an innovative farmer who
greatly believed in the development of a wine
industry and made notable contributions, inter alia
the development of Vergelegen, where 100 000-
25 000 vines were planted (Perold, 1936). Like
Constantia, Vergelegen and environs are today still
reputable wine areas and tourist attractions. 

The mid-eighteenth century marked the con-
struction of manor houses on various wine farms,
boasting a unique Cape-Dutch architecture. Of
these the still existing manor houses of Constan-
tia, Vergelegen, Neethlingshof, Schoongezicht,
Boschendal, Plaisir de Merle, Nederburg, and
various others, are fine examples. This proud
architectural heritage is a distinctive part of the
classical South African vineyard and wine land-
scapes.

Developments
Vineyards: During the eighteenth century, South
African viticulture expanded slowly, without reach-
ing significant heights (Burger, 1977). In 1806,
England took the Cape from the Dutch, with a
resultant increase in demand for wine. When
preference tariffs were introduced in 1813, wine
exports increased dramatically and for about 15
years viticulture was greatly stimulated. But the
protected English market also created an oppor-
tunity for unscrupulous merchants to export infe-

FIGURE 4: The beneficial cooling effect of prevailing local and synoptic summer sea breezes and winds is well known
and currently scientifically modelled (Bonnardot et al., 2002).

FIGURE 5: (Above) The “Cape of Storms”, later “Cape
of Good Hope”, that saw the first European settlement
in 1652, commanded by (below) Jan van Riebeeck,
with his wife Maria de la Queillerie.

FIGURE 6: (Above) Franschhoek, the valley allotted to the
French Huguenots (1688), and (below) the monument
that commemorates inter alia their significant contri-
bution to the development of vitiviniculture at the Cape.
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rior quality wine, with a resultant drop in prices,
a bad reputation for South African wines and a
low point in exports in the early 1850’s. Exports
picked up again because of an oïdium epidemic in
Europe, but crashed completely during the rest of
the nineteenth century when England cancelled
preference tariffs (Burger, 1977). On top of this,
phylloxera hit the South African vineyards in
1886, and although readily overcome by building
on European experience and imports of American
rootstock (Perold, 1936), this disaster compelled
many wine farmers to change to deciduous fruit
production (Burger, 1977). Nevertheless, the
industry picked up again to such an extent that
over-production occurred towards the end of the
nineteenth century, compelling the formation of
co-operative cellars, culminating in 1918 in the
establishment of a central Co-operative Wine
Farmers Association (KWV). This organisation
controlled production by granting quotas, fixing
minimum prices and selling surpluses in the form
of distilled products on the overseas markets.
This guided the industry through the troubled
early twentieth century and stimulated growth
from 500 000 hl wine in 1918 to 5 million hl in
1975 (Burger, 1977). However, the quota system
also prevented the development of new areas
with high wine quality potential, until 1992, when
quotas and the regulatory functions of the KWV
were abolished. The nineties and beginning of the
21st century saw tremendous improvements in
vineyard and wine quality, with exciting new
regions being developed, such as areas along
the west- and south-western coasts, and the
mountain basin of Elgin.

Research: Vitivinicultural research was consol-
idated and greatly boosted with the inauguration
in 1969 of the national Oenological and Viticul-
tural Research Institute (OVRI) on the experi-
mental farm, Nietvoorbij, just outside Stellen-
bosch. Research was undertaken on virtually all
problems in the fields of cultivar evaluation, cul-
tural practices, soil amelioration and nutrition,
pathology, entomology, microbiology, wine chem-
istry and cellar technology (Burger, 1977; Deist,
1997). This placed South Africa amongst the
world leaders in research on trellising systems,
plant density and foliage management, irriga-
tion, nutrition and soil effects on wine character,
and was greatly instrumental to the general

increase in vineyard and wine quality experienced
towards the end of the twentieth century. It also
led inter alia to the publication of a scientific but
practical handbook on viticulture in South Africa
(Burger & Deist, 1981). In 1994 the OVRI merged
with the then Fruit- & Fruit Technology Research
Institute (FFTRI) and is currently known as the ARC
(Agricultural Research Council) Infruitec-Nietvoor-
bij Research Institute. Present research at the
Institute is mainly focused on environmental
effects and vineyard zonation (Carey, 2001; Bon-
nardot et al., 2002; Conradie et al., 2002; Wool-
ridge& Beukes, 2003), vine physiology and canopy
architecture (Hunter, 2000), optimum ripeness
and virus control.

Zonation: The pronounced diversity in South
African vineyard and wine landscapes is consid-
ered an asset. The effects of different terroirs on

wine character have been scientifically verified
(Saayman, 1977; Conradie et al., 2002). The
importance of zonation and demarcation of areas
of origin is accepted by the industry. Zonation is
already well-developed (Saayman, 1998) and
strongly supported by ongoing research (Carey,
2001; Bonnardot et al., 2002; Carey, Archer &
Saayman, 2002). The South African “Wine of
Origin Scheme” was instituted in 1973 and pro-
tects wines of origin and wines made of specific
cultivars and/or vintages (Theron, 1998). This
scheme complies with EU regulations and address-
es principles such as business honesty, factual
terms, titles, marketing truths and free participa-
tion. The Wine and Spirits Board is responsible for
the upkeep, administration and running of the
Scheme. The practical aspects of viticultural zon-
ing in South Africa was presented at the 4th
International Symposium on Viticultural Zoning in
Avignon (Saayman, 2002). 

Sustainability: Mounting awareness of man’s
responsibility concerning sustainable practices,
led to the development of environmentally friend-
ly practices. The first guidelines for producers
were published in 1993. Later, winemaking and
packaging were included and the process for-
malised by legislation in 1998 of an Integrated
Production of Wine (IPW) scheme
(www.ipw.co.za). What makes this scheme unique

FIGURE 7: Examples of typical Cape-Dutch architecture manor houses, with associated oak trees.

FIGURE 8: Wine routes are well-developed and clearly
marked, and considered amongst the biggest tourist
attractions in the Western Cape.
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is that it is totally inclusive, comprising processes
from the establishment of a vineyard, such as
soil preparation, all production actions, the wine
making process, up to the recyclability of pack-
aging material. A manager was appointed by the
Wine and Spirit Board and the Scheme intro-
duced in 2000. It is self-controlled by means of
evaluation forms, with spot-check auditing on
farms and in cellars by ARC Infruitec-Nietvoorbij
officers. Wine and grape buyers can also demand
access to documents. More than 99% of all wine
grape production is encompassed by the scheme
and from the onset it was also supported by
chemical firms. Presently, reputed wine cellars
and companies refuse to accept any grapes from
producers not conforming to IPW standards.

Wine Routes: Wine routes are considered one
of the biggest tourist attractions in the Western
Cape (http://www.routes.wine.co.za/stellen-
bosch/welcome.HTM) and form a very distinctive
feature of the South African vineyard and wine
landscape. The original Stellenbosch Wine Route
was founded in 1971 and today represents more
than 300 wine and grape producers within the
Stellenbosch District of origin. Along the routes,
entrances to cellars are clearly indicated with
signposts bearing the name of the property and
the Wine Route logo. Tastings, cellar tours, wine
sales and local and international deliveries are
offered. Many of the cellars also have restaurant
and/or picnic facilities, allowing relaxation in a tra-
ditional Cape wine farm environment, often char-
acterised by a typical Cape-Dutch manor house
shaded by oak trees. Although not indigenous,
oak trees were already planted in the late 1600’s
by Cape Governor Simon van der Stel and have
been accepted as traditional. Today they are still
very much a distinctive landscape feature in wine
villages and on wine farms.

Conclusions
One of the outstanding natural components of the
South African vineyard and wine landscape, is
its distinctive and diverse topography, charac-
terised by magnificent sandstone mountains on
granitic foothill bases, that merge into undulating,
shale substrata hills. This diverse topography,
together with the geology, gave rise to diverse soil
types. These soils are again associated with diverse
mesoclimates, the latter created by altitude and

the effects of topography on sunlight interception
and exposure to prevailing winds, culminating
into unique and diverse terroirs. Although the
effects of these natural factors on wine character
have only fairly recently been scientifically proven,
their importance was already realised at the estab-
lishment of vitiviniculture at the Cape, the early
selection of areas like Constantia, Stellenbosch
and Vergelegen serving as examples. Coupled
to this, a distinctive human heritage component,
with distinctive Dutch agricultural and architectural
elements and strong European vitivinicultural
influences, developed. This then constitutes the
present vineyard and wine landscapes of the
Western Cape, which today benefit from a rep-
utable control system that protects defined areas
of origin and sets minimum wine quality stan-
dards.

These natural and human heritages were fur-
ther developed by high-standing past and ongo-
ing research and, together with the abolishment
of measures restricting the development of new,
high wine quality areas, were instrumental to
the vastly improved South African vitiviniculture
landscapes over the last two to three decades. The
Integrated Production of Wine (IPW) scheme is a
product of local concern over proper protection of
these landscapes. It introduced and is continuously
developing environmentally friendly practices that
will assure sustained vitiviniculture.

The impact of well-managed vineyard and wine
landscapes on tourism and marketing is also
realised and finds expression in well-developed
and advertised wine routes, with associated recre-
ational and culinary facilities.
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Database on farming activities of
emerging wine grape producers 
established
E. Lotz, T. Hart & J.M. Mudzunga, ARC Infruitec-Nietvoorbij, Stellenbosch

Keywords:  emerging farmers, small-scale farmers, black economic empowerment

TABLE 1: An example of information that can be selected from the database.

Project Province Number of Area under Cultivars
number beneficiaries wine grapes 

production (ha)

1 Western 8 7.3 Shiraz, Cabernet Sauvignon
Cape

2 Western 4 5 Shiraz, Merlot  
Cape      

3 Northern       6 5 Colombar  
Cape

4 Western 43 13.9 Chardonnay, Chenin blanc, 
Cape Emerald Riesling, Muscadel, 

Shiraz, Colombar, Hanepoot, 
Alicante Bouchet, Frans, 
Muscat blanc

5 Western 40 5 Colombar, Chenin blanc 
Cape 

6 Western 42 0 Buys grapes to make wine 
Cape

7 Western 27 32 Sauvignon blanc, Chenin blanc 
Cape

8 Western 56 17 Sauvignon blanc, Chardonnay, 
Cape Shiraz, Colombar, Merlot

9 Free 7 1.5 Ruby Cabernet, Chenel 
State

10 Northern 14 1 Ruby Cabernet        
Cape

11 Northern 1 10 Cabernet Sauvignon 
Cape

12 Western 147 28 Cabernet Sauvignon, 
Cape Pinot noir

13 Western 16 12 Cinsaut, Palomino,   
Cape Pinotage, Cabernet Sauvignon

14 Western 52 35 Chardonnay, Colombar, 
Cape Chenin blanc, Pinot gris,

Cabernet Sauvignon, Chenel

15 Northern Individuals 12 Colombar   
Cape

16 Western Farm workers 208.1 Sauvignon blanc, Chardonnay, 
Cape and Pinot noir, Chenin blanc,  

community Cinsaut, Cabernet Sauvignon, 
Shiraz, Pinotage, Sangiovese, 
Viognier

17 Northern 42 5.6 Sauvignon blanc, 
Cape Chardonnay, Pinot noir

The lack of information about emerging
farmers, their production practices and
problems is a serious constraint for
researchers and other role-players in order
to adequately assist this growing sector of
agriculture. To help alleviate this problem,
a database focusing exclusively on infor-
mation about the farming activities of
emerging wine grape producers was cre-
ated by researchers at ARC Infruitec-
Nietvoorbij. Winetech funded a portion of
this project during a two-year period. Ques-
tionnaires were designed and data were
collected over a two-year period. Seventeen
projects in the Western Cape, Northern
Cape and Free State Provinces were sur-
veyed (see Table 1). The increasing number
of new enterprises indicates that as the
land-reform process progresses, emerging
farmers will become increasingly involved in
the wine industry. 

A Microsoft Access™ database was cre-
ated which contains general information
about the farm/project, geographical infor-
mation, cultivars, cultivation practices and
crop management, harvesting and post-
harvest logistics, infrastructure, transport,
marketing, training requirements and prob-
lems experienced. Personal information
regarding age, language, education and
training, involvement in enterprise / project
and household information was also cap-
tured in the database. The identity of indi-
viduals will remain confidential.

The results of the survey indicate that a
distinction can be made between equity
schemes, where there is support from a
commercial farm or company, and emerg-
ing farmers farming on their own land.
The latter group often farms without ade-
quate resources, support and guidance.
They need greater support than equity
scheme enterprises – especially in terms

appeared JUNE 2004

Ester Lotz
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Western Cape

Northern Cape and Free State

MAPS: ARC Institute for Soil, Climate and Water (ARC ISCW)

FIGURE 1: The location
of emerging wine grape
farms/projects surveyed.
Global Positioning Sys-
tem (GPS) technology
was used to assist in
mapping the various
farms/projects.

of access to resources and experienced management – and this pre-
sents a serious challenge to the wine industry. 

Emerging farmers identified the need for training in all technical
aspects of wine grape farming, as well as the development of
financial, farm management and marketing skills as immediate
priorities. Technical interventions should be well timed, because cer-
tain critical actions, which can determine the success or failure of
the farming venture, need to be taken during the production cycle. 

The emerging farmers require bridging capital to start and sus-
tain their venture for a number of seasons until the enterprises
realise a sustainable income and profit. Land-reform grants usually
only cover the costs of the purchase of the land and not all the oth-
er necessary inputs and infrastructure. Many of these farmers do not
have a source of income to support their families for the first three
to four years and are subsequently unable to commit themselves to
full-time involvement in the ventures. This prevents the farms from
realising their true potential. Although various organisations assist
emerging farmers, efforts are often uncoordinated and not as
effective as required. Co-ordinated efforts involving all role-players
involved in assisting emerging farmers are needed to ensure sus-
tainable wine grape producing enterprises and projects. 

The information in the database will provide researchers with
some baseline information about the various farming ventures
(see Table 1 for example). This can help to ensure that appropriate
and meaningful research projects are formulated in future. Winetech
has committed itself to partially funding the feasibility of three
emerging farmer enterprises in the Western Cape during 2004
and 2005. These projects were identified from the database. The
feasibility assessment will be conducted by researchers from the ARC
and will concentrate on identifying what assistance is required to
ensure that these projects are viable and sustainable.
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Most important wine cultivars in
South Africa
Natalie Davids, Sawis (SA)

*Data from vines as on 30 November 2003. (Further information available from Sawis, Paarl.)

Vines planted and uprooted
(1998 – 2003)
In 2003  there was a net increase of 882 hectares
vineyards, compared to the 707 hectare decrease
in 2002. As shown in Table 1, the biggest
decrease was in the Stellenbosch district with
decline of 156 hectares. The Worcester district
showed the biggest increase of 373 hectares.

1. Most important cultivars 
according to number 

Chenin Blanc, with 18,5% (19,4% in 2002) of
total planted vines, is still the most important
variety in the South African wine industry if we
look at numbers. In Table 2, the ten most impor-
tant wine cultivars are given according to number.
The shift in position is also shown since 2000.

Also the so-called “noble” varieties (big six),
namely Cabernet Sauvignon (second with 12,2%),
Shiraz (fourth with 7,6%), Chardonnay (fifth with
6,8%), Merlot (sixth with 6,5%), Sauvignon blanc
(seventh with 6,4%) and Pinotage (eighth with
6,3%) are still shown under the first ten varieties. 

2. Most important cultivars planted
according to strength in numbers
– 1 December 2002 to 
30 November 2003

Cabernet Sauvignon is the variety of which the
most and Chardonnay the second most vines
were planted during 2003. Chenin Blanc’s posi-
tion strenghthened from fifth position in 2002 to
third position in 2003. Colombar’s position
remained unchanged in sixth position. Table 3
shows the ten most important cultivars planted in
2003, according to numbers.

All the “noble” varieties, namely Chardonnay,
Cabernet Sauvignon, Merlot, Shiraz and Sauvig-
non Blanc, except Pinotage, resorted under the ten
most planted varieties in 2003.

Figure 1 shows the total status of wine vine-
yards per area in hectares from 2001 to 2003 for
the eight districts, given as a percentage of the
total status of wine vines in South Africa.

Figure 2 shows the total plantings of white
and red varieties in hectares, given as a percent-
age of the total plantings for the period 1996 to
2003. It shows clearly how the percentage of
plantings of red varieties as a percentage of total
plantings increased annually from 34% in 1996 to
82% in 2001. In 2002 we see a decrease to
65% and a further decrease to 51% in 2003 in

red variety plantings as a percentage of total
plantings. The annual decrease in percentage
plantings of white varieties from 66% in 1996 to
35% in 2002 can be noted at the same time. In
2003, we note an increase to 49% in the plant-
ings of white varieties as a percentage of total
plantings.

In 2003, white varieties account for three of the
five varietes that was pulled out most, with Chenin
Blanc removed most, with a percentage of
30,45% (2001 – 28,3%) of all vines pulled out.

3. Age spread of all red and white
varieties – 1 December 2003 to
30 November 2003

Figure 3 shows that 35,8% of all white varieties
is ten years and younger, while 36,9% are older
than ten years but younger than 20 and 27,4% is
older than 20 years. The picture for red varieties
differs somewhat from that for white varieties,
with 76,4% being younger than ten years, 15,5%
older than ten years but younger than 20, and
only 7,9% older than 20 years.This is a reflection
of the fact that more red varieties than white
have been planted over the past few years. The
age spread of selected red and white varieties fol-
low in figures 4 to 12.

Under the selected red varieties, Shiraz shows
the biggest percentage under ten year old vines of
92,7%, followed by Merlot (80,6%), Pinotage
(78,8%), Cabernet Sauvignon (73,8%) amd Cin-
saut (Noir), (36,9%).

Of the selected white varieties, Chardonnay
shows the biggest percentage under ten year old
vines of 66,5%, followed by Sauvignon blanc
(53,6%), Colombar (43,5%) and Chenin blanc
(24,7%).

4. Analysis of cultivars planted in
the various districts – 
1 December 2002 to 
30 November 2003

Table 4 shows an analysis of wine grape cultivars
planted according to numbers in the different
districts from 1 December 2002 to 30 November
2003. Only the five most important plantings
within a given district is shown. The table shows
that:

Cabernet Sauvignon is the variety planted the
most in Malmesbury (25,2%), Stellenbosch
(27,9%), Paarl (22,7%) and Worcester (17,2%)
and the second most in the Olifants River.

After a sharp increase to 5 615 ha in 1998, the

total status of Cabernet further increased to 6 963
ha in 1999, 8 824 ha in 2000, 10 390 ha in
2001 and 13 160 ha in 2003 (Figure 13).

Chardonnay is the variety planted most in
Robertson in 2003 (33,6%) and second most in
Worcester (16,2%).

Since 1986 (379 ha) to 2000 (6 067 ha) how-
ever, there was an annual increase in the total sta-
tus of Chardonnay due to little or no uprooting.
The planting of 610 hectares in 2003 represents
an increase of 186,4% in plantings, against plant-
ings in 2002. The total status of Chardonnay in
2003 was 6 689 hectares (Figure 14).

Chenin blanc is the variety planted most in
the Little Karoo (32,1%), second-most in Paarl
(16,6%) and Malmesbury (22,7%), third-most
in the Orange River (16,9%) and Worcester
(14,5%). It is also the fourth-most planted in
Robertson (9,1%).

In 2003 there was a decrease of 2,7% in the
total status of Chenin Blanc (19 325 ha) against
the 2002 status. Since 1990, except for 1994
(581 ha) and 1997 (524 ha), after the yearly
plantings stabilised between 340 and 500 ha, it
decreased sharply in 2000 to 191 ha. Plantings
increased, however, in 2002 to 385 ha and in
2003 to 666 ha (Figure 15).

Colombar is most planted variety in the Orange
River (43,8%) and second most in the Little Karoo
(22,9%). Colombar shows constant growth since
1990, and a negative trend from 2002 to 2002
pertaining to total status, with a decline from 11
673 ha in 1999 to 11 013 ha in 2002, and an
increase to 11 026 in 2003. Colombar plantings
decreased from 624 ha in 1997 to 257 ha in
2002, followed by a 47,1% increase to 378 ha in
2003 (Figure 16).

Merlot is in fifth position in Stellenbosch
(9,8%), Paarl (10,5%) and Malmesbury (7,6%)
when looking at plantings. Plantings show a
descending trend for the second consecutive year
(Figure 17).

Pinotage is not under the top five variety-plant-
ings in any of the districts.

The descending trend in the total status of
Pinotage since 1986 was overturned in 1993
with rising plantings in the years to follow. How-
ever, since 1999, Pinotages plantings show
descent again, with a sharp decrease to only
42,1 ha planted in 2003. (Figure 18).

Viognier is not in the top five variety-plant-
ings in any of the districts.

Ruby Cabernet is the variety planted fifth most
in the Little Karoo (6,9%). Sauvignon blanc is

appeared SEPTEMBER 2004
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FIGURE 1: Vines per wine district – hectare

FIGURE 2: Total plantings of white and red varieties as % of total plantings

FIGURE 3: Age spread of all red and white varieties – 1 December 2002 to 30 November 2003

the variety planted second-most in Robertson
(16,8%), the third most in Stellenbosch (14,6%)
and Olifants River (13,3%), and the fifth-most in
Worcester (9,9%).

Since 1986 (2 619 ha) to 2003 ( 6 844 ha),
there has been an annual growth in the total
status of Sauvignon blanc, representing a 161%
increase over this period (Figure 19).

In 2003, Shiraz was planted the second-most
in Stellenbosch (16,6%), third-most in Malmesbury
(10,0%) and Paarl (14,4%). It is also the variety
planted most in the Olifants River (9,6%).

Annual plantings show a sharp increase since
1997 (282 ha), with plantings reaching a peak in
2000 (1 536 ha) before dropping to 455 ha in
2003. The total status shows a yearly increase
since 1991, with a sharp increase since 1997 
(1 329 ha) to 2003 (8 724 ha) (Figure 20).

Sultana features under the top five most plant-
ed varieties only in the Orange River district,
where it lies in second position (23,3%).

The planting patterns show that there
were more white varieties such as Sauvig-
non blanc, Chenin Blanc and Chardonnay
planted in 2003 in comparison with the
trend since 1999. Planting patterns of red
varieties such as Pinotage, Merlot, Shiraz
and Cabernet Sauvignon decreased against
previous years, but Cabernet Sauvignon
and Shiraz remain under the top five plant-
ed varieties.
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TABLE 2: The most important cultivars according to strength in numbers (total status)

VARIETY 2000 2001 2002 2003

% of total Ranking % of total Ranking % of total Ranking % of total Ranking

1. Chenin blanc 22.5% 1 20.9% 1 19.4% 1 18.5% 1
2. Cabernet Sauvignon 8.8% 3 10.0% 3 11.3% 2 12.2% 2
3. Colombar 11.0% 2 10.5% 2 10.3% 3 10.2% 3
4. Shiraz 5.2% 7 6.4% 5 7.2% 4 7.6% 4
5. Chardonnay 6.4% 4 6.3% 6 6.4% 6 6.8% 5
6. Merlot 4.9% 8 5.7% 8 6.2% 7 6.5% 6
7. Sauvignon blanc 5.6% 6 5.9% 7 6.2% 7 6.4% 7
8. Pinotage 6.2% 5 6.6% 4 6.5% 5 6.3% 8
9. Hanepoot (White) 4.4% 9 3.9% 9 3.5% 9 3.2% 9
10. Cinsaut Noir 3.5% 10 3.4% 10 3.2% 10 3.0% 10

* Sultana not brought into consideration

TABLE 3: Most important varieties in terms of total stand.

VARIETY 2000 2001 2002 2003

% of total Ranking % of total Ranking % of total Ranking % of total Ranking

1. Cabernet Sauvignon 24.3% 2 26.7% 1 24.4% 1 20.1% 1
2. Chardonnay 0.8% 13 1.0% 14 5.7% 7 14.3% 2
3. Chenin blanc 3.3% 7 4.1% 7 8.9% 5 13.3% 3
4. Sauvignon blanc 2.7% 8 7.3% 5 10.4% 3 9.5% 4
5. Shiraz 25.1% 1 20.2% 2 13.8% 2 9.0% 5
6. Colombar 2.5% 9 2.3% 9 5.7% 6 7.8% 6
7. Merlot 15.2% 3 13.2% 3 9.6% 4 6.5% 7
8. Cinsaut Noir 2.1% 10 1.1% 13 1.6% 12 4.1% 8
9. Ruby Cabernet 5.5% 5 4.5% 6 3.1% 9 3.0% 9
10. Cabernet Franc 1.4% 11 1.9% 12 3.8% 8 2.5% 10

* Sultana not brought into consideration
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FIGURE 4: Cabernet Sauvignon age spread.
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FIGURE 5: Merlot age spread.
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FIGURE 6: Pinotage age spread.
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FIGURE 7: Shiraz age spread.
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FIGURE 8: Cinsaut (Noir) age spread.
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FIGURE 9: Chenin Blanc age spread.
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FIGURE 10: Colombar age spread.

FIGURE 11: Chardonnay age spread.
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FIGURE 12: Sauvignon blanc age spread.
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FIGURE 13: Total status and plantings of Cabernet Sauvignon.

FIGURE 14: Total status and plantings of Chardonnay.

FIGURE 15: Total status and plantings of Chenin blanc.

FIGURE 16: Total status and plantings of Colombar.
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FIGURE 17: Total status and plantings of Merlot.

FIGURE 18: Total status and plantings of Pinotage.
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FIGURE 20: Total status and plantings of Shiraz.
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Pinotage Aroma Wheel
Johann Marais and Neil Jolly 
ARC Infruitec-Nietvoorbij, Stellenbosch

Key words: Pinotage, aroma wheel, aroma terminology, sensory evaluation

Introduction

Vitis vinifera L. cv. Pinotage (Pinot noir x Cin-
saut noir) was developed in South Africa in 1924
by Prof. Abraham Izak Perold. In 1995 the Pino-
tage Association was established to ensure the
continued interest and development of this unique
variety. The Association, as well as consumers
of Pinotage, worked hard through the years to
enhance Pinotage grape and wine quality, to
develop specific wine styles and to market Pino-

tage wines locally as well as abroad. One of the
most recent initiatives was the development of a
Pinotage Aroma Wheel. Such an aroma wheel will
not only be of value to wine judges/connoisseurs
during wine evaluations, but also to ordinary
wine drinkers who want to learn more about
Pinotage wine aromas. 

Development of the aroma
wheel
To collect suitable aroma terminology for typical

Pinotage wines (young as well as aged), a ques-
tionnaire was sent to Pinotage producers, wine
writers and other interested parties. Fifty persons
responded. The aroma terms or descriptors were
grouped and condensed and synonyms were con-
solidated. The final group of terms was evaluat-
ed and arranged by a panel of Pinotage connois-
seurs in order to compile an effective aroma ter-
minology system. 

The aroma wheel is shown in Figure 1 and
the Afrikaans version in Figure 2.

Figure 1: Pinotage Aroma Wheel 
(©Copyright J. Marais & N. P. Jolly) 

appeared SEPTEMBER 2004
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The use of the aroma wheel
The Pinotage aroma wheel was compiled to
include all the characteristic aromas of wines
produced from this unique variety. These aromas
are derived from the grape, are formed during fer-
mentation and are extracted from wood during
storage. The focus was on positive aromas only
and faults such as oxidation and over-aged
flavours, which may generally occur in all varietal
wines, were not taken into account. The aroma
terms were arranged in two tiers. The inner tier

contains more general and the outer tier more
specific descriptors. Tasters of Pinotage wine may
either use the inner tier and work outwards to
identify the more precise descriptor, or match
his/her sensory perception with the outer tier
descriptors and make the connection with the
main umbrella aroma terms in the inner tier.

Orders
The Pinotage Aroma Wheel can be ordered
from: The Manager, Pinotage Association, P. O.

Box 204, Stellenbosch 7599, South Africa or by
e-mail: info@pinotage.co.za

Acknowledgements
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2-Methoxy-3-isobutylpyrazine levels 
in a spectrum of South African 
Sauvignon blanc wines
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johannm@infruit.agric.za, tel (021) 809-3096
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TABLE 1: 2-Methoxy-3-isobutylpyrazine (iBMP) concentrations in a representative spectrum of Sauvignon blanc wines
from different regions and seasons. 

Cool regions 1 II 2 <1 11 2,18 3 11 3,70
(<1,0 - 3,96) 4 (<1,0 - 14,13)

Durbanville III <1 5 5,50 6 0,95
(<1,0 - 11,59) (<1,0 - 1,19)

Stellenbosch III 35 30 3,67 35 2,08
(1,48 - 9,08) (<1,0 - 9,41)

Paarl IV 18 12 2,86 21 2,87
(<1,0 - 8,10) (<1,0 - 7,71)

Robertson IV 15 13 1,75 17 1,47
(<1,0 - 4,16) (<1,0 - 3,02)

Worcester IV 11 11 1,54 11 1,84
(<1,0 - 3,78) (<1,0 - 5,82)

Swartland 5 IV 15  3 3,26 10 1,47
(1,18 - 6,46) (<1,0 - 3,21)

Olifants River V 5 3 2,84 4 1,96
(<1,0 - 4,27) (<1,0 - 1,17)

1 = Includes Constantia, Elgin and Hermanus.
2 = Classification according to Le Roux, 1974.
3 = Average concentrations.
4 = Lowest and highest concentrations.
5 = Includes Darling, Perdeberg and Porterville.

2003 Season2002 Season

Nr. of
wines iBMP (ng/l) Nr. of

wines iBMP (ng/l)

% of total
plantings

Region

Introduction
Sauvignon blanc is one of the most important
white wine cultivars in South Africa. The cultivar’s
total plantings increased by 146% from 1986 
(2 618 ha) to 2002 (6 450 ha) (Martin, 2003).
Typical Sauvignon blanc wines have a character-
istic cultivar character. This complex character
consists of various nuances that are described,
inter alia, as green, grassy, greenpepper-like,
asparagus-like, herbaceous, fig, gooseberry, litchi
and tropical fruit. It is well-known that certain
methoxypyrazines are responsible for the typical
green pepper/herbaceous nuances in Sauvignon
blanc, Sémillon and Cabernet Sauvignon grapes
and wines. 2-Methoxy-3-isobutylpyrazine (iBMP)
is by far the most important because it occurs in
much higher concentrations than the other
methoxypyrazines. The particularly low thresh-
old value of iBMP, namely 2 ng/l in water (Buttery
et al.,1969) and 1 ng/l in white wine (Allen et al.,
1988), indicates that this component can have a
huge impact on wine quality. 

The above nuances and the complexity of the
aroma differ depending on the climatic condi-
tions under which the grapes are cultivated. In
local investigations the highest iBMP levels
occurred, together with the accompanying high-
est wine quality, in wine from cool areas such as
Elgin, in cool seasons such as 1997, and in shady
conditions (Marais et al. 1999). The temperature
and light sensitivity of methoxypyrazines often
result in South African Sauvignon blanc wines
having hardly any or no cultivar character what-
soever as far as the typical grassy/greenpepper
aroma is concerned. This obviously poses a prob-
lem, seeing that South Africa must compete on
overseas markets with countries with cooler cli-
mates, such as New Zealand. Typical iBMP con-
centration levels, as determined in a number of
overseas Sauvignon blanc wines, ranged from 5 to
40 ng/l in France, from 10 to 35 ng/l in New
Zealand and from approximately 2 to 15 ng/l in
Australia (Lacey et al., 1991). Seeing that the
Australian viticultural areas are similar to the
South African areas from a climatological point of
view, the same order of iBMP levels might be
expected locally. 

Methoxypyrazines are obviously not the only
flavour components that play a role in Sauvignon

blanc aroma. Certain mercapto compounds that
are formed during fermentation are responsible for
the characteristic tropical flavours of Sauvignon
blanc, while numerous other chemical compo-
nents also play a lesser or more important role.
Given the complexity of wine aroma, high levels
of iBMP should therefore not necessarily be asso-
ciated with high wine quality. Nevertheless, iBMP
is considered as important measure of quality. The
purpose of this investigation was therefore to
compile a blueprint or profile of typical iBMP lev-
els in South African Sauvignon blanc wines. 

Trial procedure
A spectrum of Sauvignon blanc wines, their origin
and number being as far as possible representa-
tive of the plantings in the South African wine
industry, were obtained from the entries in the
2002 and 2003 Veritas Wine Show (Table 1). In
the case of the 2003 season six wines were also

obtained from the Young Wine Show to supple-
ment the number of wines in two regions. If there
were still no sufficient wines from a region, wines
were obtained from adjacent regions with com-
patible climates. Altogether 88 wines were
obtained from the 2002 vintage and 115 from the
2003 vintage. iBMP was extracted from the wines
and analysed using gas chromatography/mass
spectrometry according to the technique of Kot-
seridis et al. (1998). 

Results and discussion

� 2002 Season
The iBMP concentrations in 88 Sauvignon blanc
wines from the 2002 season are presented in
Table 1. Based on the average iBMP concentra-
tions it was only the Durbanville region, consid-
ered to be a cool area, that showed relatively
high values. However, a few wines with iBMP
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Summary
2-Methoxy-3-Isobutylpyrazine levels in a spectrum of South African Sauvignon blanc wines

Sauvignon blanc is one of the most important white varieties in South Africa. Its typical varietal aroma is characterised by different nuances,
described as grassy, greenpepper-like, asparagus-like, herbaceous, fig, gooseberry and tropical fruits. Methoxypyrazines are responsible for the typ-
ical grassy and greenpepper nuances. The most important methoxypyrazine in Sauvignon blanc grapes and wines is 2-methoxy-3-isobutylpyrazine (iBMP),
because it appears in much higher concentrations than the other methoxypyrazines. A spectrum of Sauvignon blanc wines, of which the origin and num-
ber were as far as possible representative of the plantings in the South African wine industry, was obtained from the 2002 and 2003 Veritas Wine Show.
In total, 88 wines from the 2002 vintage and 115 wines from the 2003 vintage were obtained. IBMP was extracted from the wines and analysed by
gas chromatography/mass spectrometry. The results of this survey displayed typical iBMP concentrations in Sauvignon blanc wines, produced in dif-
ferent regions over two seasons. The average and highest values gave an indication of what can be expected in terms of iBMP levels in the various cli-
matic regions. Average values in each region were in general relatively low (1 to 3 ng/l), although a few values between 10 and 14 ng/l were obtained
in the cooler regions, such as Elgin, Constantia and Durbanville.

concentrations that are considerably higher than
the threshold value also occurred in the Stellen-
bosch, Paarl and Swartland regions. The three
wines from the Swartland region were all from the
Darling area, which is also considered to be fair-
ly cool. There is no explanation for the relatively
low average value in the other “cool regions”
(Constantia, Elgin and Hermanus). On the other
hand, the 2002 season was a particularly warm
season which could definitely have played a role
with regard to the overall iBMP levels.

� 2003 Season
The iBMP concentrations in 115 Sauvignon blanc
wines of the 2003 season are also shown in
Table 1. Indications are that the 2003 season
was cooler than the 2002 season. The percentage
of gold medals earned by Sauvignon blanc at the
2003 Veritas Wine Show also exceeded that of the
previous year (10% compared to 5%), although
one cannot simply ascribe this to the “cooler
season”. However, this state of affairs was not
reflected in the average iBMP concentrations.
For example, the Durbanville area showed a dras-
tically lower average than the previous year. The
cooler regions (Constantia, Elgin and Hermanus)
nevertheless had the highest iBMP levels, with rel-
atively high values also to be found in a few Stel-
lenbosch and Paarl wines.

� General
A variation in averages from one vintage to the
next occurred within a region and may possibly be
ascribed, inter alia, to the fact that the wines did
not come from the same producers throughout.
For the two seasons the highest iBMP concen-
trations (between 10 and 14 ng/l) occurred in
the wines from the cool regions, namely Elgin,
Constantia and Durbanville. Relatively high values
were also observed in the Stellenbosch and Paarl
regions. The lowest average iBMP values occurred
in the warmer Robertson, Worcester and Olifants
River regions. The trends above are to be expect-
ed, both theoretically and judging from experience.
The data of the Olifants River (2002 season) and
Durbanville (2003 season) regions are exceptions

for which there is no simple explanation. 
It should be borne in mind that some of the

wines in this investigation might have contained
a percentage of other cultivar wines, as allowed
by the South African certification system. One
nevertheless assumes that blends would have
been the exception and in instances where they
did occur, that the percentage of other cultivars
would have been very low, in order to prevent a
possible lack of Sauvignon blanc character.

Although methoxypyrazines are not the only
role players, they are important grape quality
parameters and it is necessary for viticultural and
oenological practices to be optimised so as to
produce maximum quality Sauvignon blanc wines
(Marais, 1998; Marais et al., 1999; Marais, 2001).
The choice of optimal terrain for the cultivation of
Sauvignon blanc is of cardinal importance in a
warm country such as South Africa, and it goes
without saying that the coolest localities must
be selected.

Summary
The results of this investigation show iBMP con-
centrations in a representative spectrum of Sauvig-
non blanc wines, produced in South Africa over
two seasons (2002 and 2003). The average and
highest values give some indication of what may
be expected in the respective climatic regions. It
is clear that on the whole, the average iBMP lev-
els were particularly low in both seasons. This indi-
cates that Sauvignon blanc is being cultivated in
the wrong localities and/or that viticultural and
oenological practices were not optimal. There
were a few exceptions from certain cool localities,
however, indicating that Sauvignon blanc shows
potential in these areas. In certain instances iBMP
averages varied from vintage to vintage within a
region, therefore the highest averages should be
taken as the potential of that particular region.
Although the wines used in this study were as rep-
resentative as possible, it could be that specific ter-
roirs with potentially high levels of iBMP were not
taken into account. Further investigations will be
required in this regard.
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Familiarise Yourself With Malolactic
Fermentation 
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Introduction
Malolactic fermentation is generally considered to be
a simple breakdown of malic acid in red wines,
and in some white wines, with the accompanying
release of CO2, the formation of lactic acid and a
reduction in the total acid content of the wine in
question. This is in fact exactly what happens,
although the above could be an oversimplification
of the process on the whole if it is deemed to be all
that occurs. 

The breakdown of malic acid to lactic acid imparts
microbiological stability, while the formation of
various components also has a sensorial impact. It
is possible that the overall reduction in acid, togeth-
er with the accompanying increase in pH, could
also result in better and “softer” wines with more
body. Commercial bacterial cultures that are used to
induce MLF, are able to function under extremely
limiting conditions, and have a positive impact on
the sensory profile of wine, while also contributing
to aspects such as better mouthfeel.

Well-known factors that 
influence MLF
The best-known limiting factors that restrict suc-
cessful malolactic fermentation include: SO2, pH,
alcohol and temperature. For the MLF to be suc-
cessful, winemakers should make their wines in
such a way that the analyses of these wines that
have to undergo MLF fall within the desired param-
eters for the chosen bacterial cultures to function
successfully. This remains the best approach to
ensure successful MLF. It nevertheless happens
sometimes that while all factors fall within the
desired parameters, the course of MLF could still be
problematic (refer to “lesser known factors that
influence MLF” below).

Lesser known factors that
influence MLF 
A number of lesser known factors influence the
course of MLF. That they are lesser known does not
mean that their impact is less significant. These
factors include the following:

The effect of tannins
Recent research has shown that certain grape tan-
nins can have a negative influence on malolactic
bacteria, and consequently also on the course of
MLF as a whole. For this reason it is clear that cer-
tain red cultivars, such as Merlot, can have great dif-
ficulty undergoing a successful MLF. A nutrient to

support the course of MLF under these circum-
stances might be considered (see elsewhere for
more details regarding the importance of nutri-
tion).

The selection of yeast strain 
It has been known for some time that certain yeasts
(used to conduct the alcoholic fermentation) com-
bine better with certain bacteria for the successful
achievement of malolactic fermentation. Under
specific conditions certain yeast strains may for
example produce high concentrations of SO2 which
then obviously have a negative influence on the bac-
terial activity. 

Yeast strains that also have a great need for
nutrients could exhaust the medium to such an
extent that no reserve nutrients are available for the
bacteria. This problem can largely be surmounted by
implementing a specific nutrition strategy for the par-
ticular yeast in the early stages of alcoholic fer-
mentation.

Hydrostatic pressure 
As a result of hydrostatic pressure, the lees found at
the bottom of a tank can be compacted to such an
extent that bacteria and nutrients are “captured”
and cannot function properly. The recommendation
is for the lees to be stirred regularly (at least week-
ly) to ensure that bacteria and nutrients are kept in
suspension. 

Residual lysosyme activity 
If lysosyme is used during the production of wine, it
could be that residual lysosyme impacts on the
successful course of the subsequent MLF. Care
must therefore be taken to follow the supplier’s pre-
scriptions carefully with regard to the time one
should wait after the application of lysosyme, before
inoculating the particular wine with a commercial
MLF culture. 

Excessive amounts of oxygen 
Malolactic bacteria are sensitive to excessive
amounts of oxygen and for this reason too much
oxygen after the completion of alcoholic fermenta-
tion should preferably be avoided.

Fungicide residues 
Certain fungicide and pesticide residues, especially
the former, may have a detrimental effect on the
functioning of malolactic bacteria. Winemakers
must therefore be familiar with the spraying pro-
grammes and products used by their producers
and on their farms. Furthermore they must adhere
to withholding periods, as prescribed for the various
spraying products.

Initial malic acid concentrations 
Malic acid concentrations differ from one cultivar to
the next and may also differ from year to year in the
same variety. For this reason it could happen that,
together with other factors, the duration (mea-
sured in days) of a MLF might differ from one par-
ticular year to the next.

Guidelines for a successful MLF
Guidelines that winemakers may follow in order to
ensure a successful MLF, and to obtain a better
understanding of the process as a whole, include:

– Following the manufacturer’s prescriptions for
the correct preparation and inoculation proce-
dure, as well as correct dosages (usually 1 g/hl). 

– Ensuring that the limiting factors, as discussed
above, fall within the required parameters. 

– Making sure that any other factors, as discussed
above under “lesser known factors”, do not pos-
sibly play a role. 

– Using commercial cultures to inoculate and there-
by ensuring sufficient number of cells/ml (at least
106) to initiate and successfully complete a MLF. 

– If the approach is followed whereby MLF is
induced after alcoholic fermentation, it is recom-
mended that the temperature that was built up
during the fermentation process be used to give
the MLF a good kick-start. 

– Using the necessary nutrients should circum-
stances require you to do so (refer to the impor-
tance of nutrition for more detail in this regard). 

– Inoculation of MLF on the skins must be a calcu-
lated approach, seeing that a large number of the
bacteria may be lost if the skins are removed
shortly afterwards. Ensure proper stirring if this
practice is followed. 

– Avoiding cold areas in the cellar when inducing
MLF, specifically where white wines are fer-
menting at temperatures of 15°C or even 
lower. 

– Avoiding the use of mother tanks at all cost. By
following this approach, the actual number of
cells present may not be sufficient to initiate
and complete the MLF successfully. The oppor-
tunity is also created for the indigenous bacteri-
al population to emerge in greater force if the cell
count of the commercial culture is too low, and
could therefore be dominated or even take over. 

– Making the right choice with regard to the spe-
cific bacterial culture that is to be used. (See
examples below of a culture that was specifically
selected for use on wines with a particularly
high alcohol).

Example 1 – A 2003 Pinotage with an alcohol of
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15,5% was inoculated with Lalvin VP41 after alco-
holic fermentation. After just one month the MLF
was completed successfully. Table 1 gives an indi-
cation of the analyses of this specific wine before
and after the completion of the MLF. 
Example 2 – Step 1 – Inoculate a 2003 Pinotage
(see Table 2 for complete analysis) with Lalvin VP41
culture. Initial temperature just after completion of
alcoholic fermentation was approximately 23°C in
order to best support the initiation of MLF. The
wines were pumped to barrels where the temper-
ature decreased gradually to about 17°C. 
Step 2 – On day 2 OptiMalo© bacterial nutrient was
added at 20 g/hl. 
Step 3 – The course of MLF was monitored on a reg-
ular basis. After approximately 15 days 30% of
the MLF was completed. 
Step 4 – The MLF was approximately 60% com-
pleted after 42 days. 
Step 5 – After only 56 days the MLF was complet-
ed successfully. Under these extremely prohibitive
conditions this is indeed an exceptional achievement. 

Lalvin VP41 has the advantage of functioning
successfully under very high alcohol concentrations
and contributes to a full-bodied, complex wine
with good mouthfeel. 

The importance of nutrition
during MLF
For a malolactic fermentation to complete its course
successfully under specific limiting conditions, suf-
ficient nutrition for the bacteria is of the utmost
importance. 

The critical role that nutrition is able to play dur-
ing MLF is explained in the light of the following
example.
Step 1 – A 2003 Pinotage was inoculated with a
commercial malolactic culture on 27/02/03 follow-
ing the completion of alcoholic fermentation. 
Step 2 – On 17/06/03, in other words, about 110
days later, still only 40% of the MLF was complet-
ed. A comprehensive microscopic analysis of the
wine was done. 
Step 3 – OptiMalo©, a nutrient, was added on
27/06/03, and the MLF was completed on
08/07/03, only 11 days after the addition.

It is obviously important to ensure that the process
is undertaken under hygienic conditions right from
the start, and that the necessary additions of suffi-
cient amounts of SO2 take place to limit the numbers
of undesirable micro-organisms. Furthermore it is
important to ensure that the specific wine is indeed
inoculated with a commercial culture, so that suffi-
cient “good” bacteria are present for the MLF to be
completed successfully when the nutrient is added. 

The importance of inoculating
for MLF
The importance of using commercial cultures for the
inoculation of malolactic fermentation cannot be
emphasised enough. The occurrence of biogenic
amines in wines is a reality, and wines that do not
comply with the prescribed standards and mini-
mum quantities will not be purchased by the specific
supermarket groups or wine buyers. Several overseas

Analysis Before MLF After MLF 
Alcohol (%) 15,5  15,5  
Total acid (g/l) 7,4  5,1   
Volatile acid (g/l) 0,25 0,31   
pH 3,6 3,74  
Malic acid (g/l) >3,0 0,1 (MLF completed)

TABLE 1. Analyses of 2003 Pinotage (example 1) before and after completion of MLF

Analysis Before MLF After MLF 
Alcohol (%) 15,62  15,62  
Total acid (g/l) 7,5  5,62   
Volatile acid (g/l) 0,49 0,59   
pH 3,7 3,73  (after acid adjustment)
Malic acid (g/l) 2,13 0,1 (MLF completed)

TABLE 2: Analyses of 2003 Pinotage (example 2) before and after completion of MLF

Wine Cultivar Country of origin Histamine concentration (mg/l)

1 Unkown South Africa 21,25  
2 Unkown South Africa 9,33  
3 Unkown South Africa 16,59  
4 Unkown South Africa 21,42  
5 Pinotage South Africa 23,7  
6 Merlot South Africa 13,1  
7 Cab. Sauvignon South Africa 7,9  
8 Cab. Sauvignon Chile 9,07  
9 Shiraz France 14,44  

10 Shiraz France 10,82

TABLE 3: Histamine analyses of various local and overseas wines*

*Analytical data provided by Distell

countries, including Switzerland, have already estab-
lished certain maximum acceptable levels (10 mg/l
histamine). Experts are of the opinion, that several
European countries will soon follow this example.

A number of South African wines were referred
back from overseas destinations in the course of
2003 as a result of biogenic amine levels being
too high. These excessive levels of histamine in
particular, which could possibly cause certain aller-
gies, may largely be ascribed to spontaneous MLF
that occurred in the wines. For this reason the use
of commercial MLF cultures is strongly recom-
mended. This approach will also ensure that bio-
genic amine levels remain low and within acceptable
norms. Please refer to Table 3 for more details. 

From the table above it is clear that various
wines had histamine levels in excess of the accept-
able guideline of 10 mg/l. What is more, this table
only provides the picture regarding the histamine lev-
els. There are several other biogenic amines such as
e.g. tyramine, putrasine and cadavarine that each
may have a detrimental effect on wine quality indi-
vidually, but may also have an influence in con-
junction with others.

Conclusion
Many winemakers are not yet familiar with the
process of malolactic fermentation, and for this
very reason the process remains a mystery and
quite often a problem. However, as soon as the pro-
cess of MLF is understood in its entirety, as well as
the wonderful contribution that it makes to overall
stability, complexity and better wine quality, wine-
makers will be more comfortable with the process.
What is more, winemakers will also have a better
understanding of why MLFs differ so distinctly from
each other from year to year, and possibly be more
patient with its overall progress. 

For more information, contact Piet Loubser on:
Tel: (021) 906 6688; Fax: (021) 906 1790 or e-mail:
ploubser@mweb.co.za
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Introduction
Vinification includes two important fermentation
processes, namely alcoholic fermentation, which
is conducted by yeast, and malolactic fermentation
(MLF), which is performed by lactic acid bacteria
(LAB). During MLF l-malic acid is converted to l-
lactic acid and CO2 (Lonvaud-Funel 1995). MLF in
wine is desirable for three reasons: (1) to decrease
the acidity, (2) for the production of flavour com-
pounds, and (3) to increase microbiological sta-
bility. LAB occur naturally on grapes and in juice
(Wibowo et al. 1985). The LAB associated with
the vinification process include species of the
genera Lactobacillus, Leuconostoc, Oenococcus
and Pediococcus (Stiles & Holzapfel 1997; Lon-
vaud-Funel 1999). The growth of LAB is influenced
by factors such as pH, temperature, SO2, ethanol
concentration and the presence of nutrients
(Wibowo et al. 1985; Britz & Tracey 1990). 

Rebate wine is the base wine that is used in the
production of brandy. During the production of
brandy very little, or hardly any, SO2 is used (Leaute
1990). Sulphur dioxide is the winemaker’s most
important antimicrobial aid and it is also an effec-
tive anti-oxidant. Rebate wines also have a lower
alcohol content (10-11%) and are fermented at
18°C. Rebate wines are consequently more sus-
ceptible to microbial spoilage than table wines.
Many rebate wines might therefore be susceptible
to MLF, due to the favourable growth conditions for
the natural LAB that are present after the alcoholic
fermentation.

The aims of these studies were to determine
the extent of MLF in South African rebate wine, as
well as the influence on the quality of the rebate
wine and the resulting distillate, and to identify
the LAB species responsible for the occurrence of
spontaneous MLF (Du Plessis et al. 2002, 2004). 

Experimental procedure
The complete layout of the experimental proce-
dures can be found in Du Plessis et al. 2002 and
2004. Aroma profiles of the brandy distillates
were compiled, using the brandy aroma wheel
(Jolly & Hattingh 2001). LAB were isolated from
the juice and wine, and identified. 

Results and discussion
Presence of lactic acid bacteria
LAB numbers in grape juice from the 1998, 1999
and 2000 vintages varied from 7 x 104 to 8 x 105
cells/ml, 2 x 102 to 4 x 103 cells/ml and 2 to 9 x
104 cells/ml, respectively. There were fewer LAB
in the juice and wine of 1999 than in 1998 and
2000 (Fig. 1). A difference in climate could pos-
sibly explain the lower cell count. The lower LAB
counts caused MLF to take longer in 1999 than in
1998 and 2000. In rebate wines having under-
gone MLF, the LAB count was higher than 1 x 106
cells/ml, while wines that did not undergo MLF,
had a lower count. This trend was observed in
experimental and commercial rebate wine sam-
ples. 

Lactobacillus plantarum was the dominant
species in the grape juice, but the viability of this
species was drastically reduced in the course of the
alcoholic fermentation. Oenococcus oeni was the
dominant species in rebate wines having under-
gone spontaneous MLF. In three commercial rebate
wines spontaneous MLF was induced by Lacto-
bacillus hilgardii and Lactobacillus paracasei. In cer-
tain rebate wines Lactobacillus brevis, Lactobacil-
lus vermiforme and Lactobacillus paracasei devel-
oped once MLF was completed. The Lactobacillus
species were identified during all the stages of
rebate wine production, but the counts were usu-

ally low. There is a direct correlation between the
presence of lactobacilli and a reduction in the
rebate wine and distillate quality. The evaluation
panel showed a preference for rebate wine sam-
ples in which only O. oeni occurred. No Pedio-
coccus species were isolated or identified in any
rebate wine.

Monitoring of commercial
rebate wines
In 1998 14% of the commercial rebate wines
monitored underwent complete MLF before dis-
tillation. A further 50% of these commercial
wines underwent partial MLF. In 1999 3% of
the commercial wines underwent complete MLF
before distillation and 39% partial MLF. In 2000
10% of the commercial wines underwent com-
plete MLF before distillation and 45% partial
MLF. Results clearly indicate that spontaneous
MLF does indeed occur, but that the extent may
differ from year to year.

Sensorial evaluation of rebate
wines and distillates
A triangular test was done to determine whether
the evaluation panel could distinguish between

FIGURE 1: Development of lactic acid bacteria (LAB) population in rebate wine during various stages of the vinification
process, i.e. in the juice and during malolactic fermentation (MLF). ( � Juice; � AF; � End AF; � MLF)
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FIGURE 2: A comparison of the aroma profiles for 70% brandy distillates that had undergone malolactic fermenta-
tion (MLF) and those that did not undergo MLF. 
(  MLF; no MLF)

Summary
The occurrence of malolactic fermentation in South African rebate wine

Lactic acid bacteria occur in high numbers in grape juice and rebate wine. Little or no SO2 is used in rebate wine production, allowing these bacteria to
develop and conduct the malolactic fermentation (MLF). For this study grape juice and rebate wine samples were collected from commercial cellars from
1998 to 2000. Lactic acid bacteria were isolated from juice and wine, and identified. Results showed that Oenococcus oeni was the species responsible
for the occurrence of most spontaneous MLF, however, Lactobacillus brevis, Lactobacillus hilgardii, Lactobacillus paracasei and Lactobacillus vermiforme
were also isolated. In addition, small-scale rebate wines were produced and distilled. Aroma profiles of the distillates were composed, using the brandy
aroma wheel. Sensory evaluations showed that rebate wine having undergone MLF could be distinguished from wine not having undergone MLF. “Smooth
associated”, “herbaceous” and “fruity” aromas were more intense in samples in which no MLF occurred, while “sweet associated” and “negative” aro-
mas were more prominent in samples having undergone MLF. This study therefore shows that spontaneous MLF occurs in South African rebate wines and
that is does have an influence on the subsequent quality of the rebate wine and the brandy distillate.

rebate wines and distillates having undergone
MLF and those that did not undergo MLF. The
panel could indeed distinguish between these
two treatments, which indicates that the two
treatments differed significantly from each other.
In most instances the panel preferred those that
had not undergone MLF, mainly because many
rebate wines that had undergone MLF displayed
a lack of aroma and freshness. 

There were more groups among the distillates,
however, where it was not possible to distin-
guish between the two treatments. The aroma
profiles of distillates that had undergone MLF
and those that did not undergo MLF, are indicated
in Fig. 2. Smooth associated, herbaceous and
fruity aromas were more prominent in distillates
that had not undergone MLF, while sweet asso-
ciated aromas, such as chocolate and caramel,
were more clearly noticeable in the samples that
had undergone MLF. Negative aromas, such as
solvent or chemical, were also more prominent in
distillates that had undergone MLF. Malolactic fer-
mentation did not influence all aroma compo-
nents in rebate wine, but did have a significant
influence on the fruity and negative aroma com-
ponents.

Conclusion
This study indicated that LAB occur in high numbers
in juice and rebate wine and are able to conduct
MLF. In the majority of instances O. oeni was the
species responsible for the occurrence of sponta-
neous MLF, but Lb. brevis, Lb. hilgardii, Lb. paracasei
and Lb. vermiforme were also found in rebate
wines. There is a direct correlation between the
presence of Lactobacillus species and the reduction
in quality of the rebate wine and distillate. It was
also found that spontaneous MLF occurs in South
African rebate wine and that this definitely has an
influence on the sensorial quality of the rebate
wine and the brandy distillate. 

Recommendations
Winemakers should inhibit the growth of the nat-
ural LAB population by storing rebate wine at
low temperatures (10°C) as soon as the alco-
holic fermentation is completed or by adding
lysozyme at the beginning or after the alcoholic
fermentation.

Acknowledgements
We would like to express our gratitude to the
following persons and organisations: Distell for
conducting trials on a commercial scale and the
analyses, as well as their participation in the sen-
sorial evaluations; ARC Infruitec-Nietvoorbij for the
use of their distillation apparatus and for deter-
mining the aroma profiles of the distillates; the
winemakers and the various cellars for their col-
laboration; the National Research Foundation
and Winetech for financial support. 
Contact person: Heinrich du Plessis
Tel: (021) 809-3063, Fax: (021) 809-3002
e-mail: heinrich@infruit.agric.za 

References
Britz, T.J. & Tracey, R.P. (1990) The combination effect
of pH, SO2, ethanol and temperature on the growth of
Leuconostoc oenos. Journal of Applied Bacteriology
68, 23-31. 

Du Plessis, H.W., Steger, C.L.C., du Toit, M. & Lam-
brechts, M.G. (2002) The occurrence of malolactic fer-
mentation in brandy base wine and its influence on

brandy quality. Journal of Applied Microbiology 92,
1005-1013. 

Du Plessi, H.W., Dicks, L.M.T., Lambrechts, M.G., Pre-
torius, I.S. and du Toit, M. (2004) Identification of lac-
tic acid bacteria isolated from South African brandy
base wines. International Journal of Food Microbiology
91, 19-29. 

Jolly, N.P. & Hattingh, S. (2001) A brandy aroma wheel
for South African brandy. South African Journal of Enol-
ogy and Viticulture 22, 16-21. 

Leaute, R. (1990) Distillation in Alambic. American
Journal of Enology and Viticulture 41, 90-103. 

Lonvaud-Funel, A. (1995) Microbiology of the malolactic
fermentation: Molecular aspects. FEMS Microbiology
Letters 126, 209-214. 

Lonvaud-Funel, A. (1999) Lactic acid bacteria in the
quality improvement and depreciation of wine. Antonie
van Leeuwenhoek 76, 317-331. 

Stiles, M.E. & Holzapfel, W.H. (1997) Lactic acid bacteria
of foods and their current taxonomy. International Jour-
nal of Food Microbiology 36, 1-29. 

Wibowo, D., Eschenbruch, R., Davis, C.R., Fleet, G.H. &
Lee. T.H. (1985) Occurrence and growth of lactic acid
bacteria in wine. A Review. American Journal of Enology
and Viticulture 36, 302-313. 

Smooth associated

Herbaceous

Fruity

FloralSweet associated

Positives

Negatives



t e c h n i c a l  y e a r b o o k  2 0 0 4 / 536

Let the yeast do the work and 
lessen the alcohol in the bottle
Danie Malherbe and Pierre van Rensburg
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danie@sun.ac.za
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“Bottled sunshine”
The winemaking process constitutes a unique
ecological niche that involves the interaction of
yeasts, lactic acid bacteria (LAB) and acetic acid
bacteria (AAB). Saccharomyces cerevisiae has
established its importance as a wine yeast and
also proven itself as a reliable starter culture
organism. Its primary role is to convert the grape
sugar into alcohol and, secondly, its metabolic
activities result in the production of higher alco-
hols, fatty acids and esters – important flavour and
aroma compounds that are essential for consistent
and predictable wine quality. 

In an effort to “bottle sunshine”, grape must is
prepared from fully matured grapes. This approach
not only gives the high flavour intensity required
but also occasionally results in a more than ade-
quate concentration of sugar. This high concen-
tration of sugar, however, invariably leads to the
production of wines that contain high levels of
alcohol.

This has several implications: first, a high
ethanol concentration can affect the sensory prop-
erties of the wine. Furthermore, the high alcohol
content can mask the overall aroma and flavour
of the wine. Second, health consciousness and

increasingly strict road traffic laws pertaining to
“drinking and driving” seem to be the main rea-
sons for a worldwide decline in the consumption
of alcohol. This has increased the demand for
wines containing lower alcohol, putting great
pressure on wine producers, particularly those in
warm climate wine-producing regions, as well
as countries that export wine to Europe, such as
South Africa and Australia, where grape sugar lev-
els can become high. 

A demand for wines 
containing less alcohol
As there is a growing consumer demand world-
wide for wines containing lower levels of alcohol
as well as lower levels of chemical preservatives,
it is important to create a fast, reliable and inex-
pensive method to reduce the alcohol in wine.

Several physical processes are used for the
removal or reduction of alcohol in wine and some
of these are sometimes used in combination.
These processes tend to involve expensive equip-
ment and can be intensive from a processing
point of view.

The enzyme Glucose oxidase (GOX) has

received considerable research interest regard-
ing its potential application in the wine industry to
reduce alcohol levels and as a bio-control agent.
An alternative approach was introduced with the
concept of treating grape must with GOX to
reduce the glucose content of the must (the
enzyme converts glucose to gluconic acid before
the yeast cells are able to metabolise the glucose
to ethanol), thereby producing a wine with a
reduced alcohol content after fermentation. This
method met with success, but is still labour inten-
sive, as the winemaker has to add the enzyme to
the must at a specific time.

Due to the demanding nature of modern wine-
making practices and sophisticated wine mar-
kets, there is an ever-growing quest for spe-
cialised wine yeast strains possessing a wide
range of optimised, improved or novel oenologi-
cal properties. Thus the idea was born to develop
a wine yeast that is able to reduce alcohol during
fermentation.

Developing a reduced-alcohol
wine yeast 
This project forms part of important research on

FIGURE 1: Accumulated weight loss of Chardonnay juice over a period of 14 days, fermented with; , S. cerevisiae (control) and , the genetically enhanced S. cerevisiae strain.
The bars on the graph represent the levels of alcohol (vol/vol) measured at day 14. , % alcohol produced by control yeast; , % alcohol produced by genetically enhanced yeast.
The standard deviation for this experiment was less than 1%. 
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reduced alcohol wines by the Institute for Wine
Biotechnology and is also funded by Winetech
(Wine Industry Network of Expertise and Tech-
nology). During this ongoing study, we have
attempted to genetically enhance a yeast strain
from Saccharomyces cerevisiae to reach this goal.
The possibility of controlling wine spoilage bac-
teria, such as lactic acid bacteria and acetic acid
bacteria, was also investigated. 

Using molecular biology techniques, the
Aspergillus niger glucose oxidase gene was suc-
cessfully integrated into a Saccharomyces cere-
visiae (laboratory strain) genome. Results obtained
indicated the production of biologically active
glucose oxidase and showed that it was secreted
into the medium. 

Microvinifications were performed with
Chardonnay grapes inoculated with a S. cerevisi-
ae strain (control), as well as a genetically
enhanced S. cerevisiae strain. After 14 days the
sugar concentrations were determined. The sug-
ar concentration for both microvinifications was
reduced from 230 g l-1 to 64 g l-1. The alcohol
concentration of the genetically enhanced yeast
was 10,1% (vol/vol), while the control yeast pro-
duced wine with an alcohol concentration of
11,9% (vol/vol). Thus the genetically enhanced
yeast producing the glucose oxidase enzyme pro-
duced about1,8 % vol/vol less ethanol than the
control yeast.

Stopping wine spoilage 
Using plate assays, it was also noted that the
genetically enhanced yeasts producing glucose
oxidase seem to inhibit the growth of acetic acid
bacteria (AAB) and lactic acid bacteria (LAB),
which are the major bacterial spoilage organ-
isms in wine. 

Inhibition is linked to the presence of hydrogen
peroxide (H2O2) in the medium; it is the final
product of the glucose oxidase enzymatic reaction
and is a known antimicrobial agent. The hydrogen
peroxide produced leads to hyperbaric oxygen
toxicity – a result of the peroxidation of the mem-
brane lipid – and a strong oxidising effect on the
bacterial cell, which is the cause of the destruction
of basic molecular structures, such as nucleic
acids and cell proteins. Varying degrees of inhi-
bition for lactic acid bacteria (LAB) was observed.
The inhibitory activity is dependent on the con-
centrations of the enzyme and the glucose in the
medium. 

Fermenting the New 
Millennium
In this exciting age of molecular yeast genetics and
modern biotechnology, this study could pave the
way for the development of wine yeast starter cul-

ture strains for the production of wines with low-
er alcohol and reduced levels of chemical preser-
vatives, such as sulphur dioxide. The use of genet-
ically modified organisms (GMOs) by the wine
industry is a limiting factor at present and credi-
ble means must be found to effectively address the
concerns of traditionalists within the wine indus-
try and the negative overreaction by some con-
sumer groups. There is a vast potential benefit to
the wine consumer and industry alike. The first
recombinant wine products should therefore
unmistakably demonstrate safe products free of
potentially harmful compounds, and have
organoleptic, hygienic and economic advantages
for wine producer and consumer. 

It is also very important to realise the danger of
unrealistic expectations about rapid commercial-
isation and short-term benefits for recombinant
DNA technology in the wine industry. The suc-
cessful application, as well as the commerciali-
sation of transgenic wine yeasts, should not affect
the wine’s most enchanting and fascinating
aspects, namely the way it differs in style, flavour
and aroma.
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Leafroll transmission and characterisation 
of infected vines (Cabernet 
Sauvignon/Richter 99) at Welgevallen 
experimental farm – A case study*

PG Goussard & JP Underhay, Department of Viticulture- and Oenology, Stellenbosch University, Private Bag X1, Matieland, 7602

*Based on a Winetech-funded Honours project of JP Underhay (2002)
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FIGURE 1: The first leafroll symptoms were noticed three years after establishment in the southernmost row (left), adja-
cent to the severely infected leafroll vineyard on the right. 

Introduction
Reinfection of grapevines with leafroll associated
viruses (hereafter leafroll) after establishment,
even though material may be free of harmful
viruses, is a well-known and serious problem in
the SA viticultural industry (Carstens, 2001). The
transmission of leafroll after reinfection in certain
blocks does not always follow a set pattern. In
addition to the direct involvement of acknowl-
edged vectors such as mealybug (Engelbrecht &
Kasdorf, 1990; Cabaleiro & Segura, 1997) the
transmission rate of is influenced by various fac-
tors. 

The vineyard block in question, measuring 1,5
ha, was established in 1988 using certified mate-
rial of Cabernet Sauvignon/Richter 99 on high
potential soil that was previously planted to leafroll
vines, and on its southern border (at a distance of
approximately 7 m) was a severely infected block
of Cabernet Sauvignon. In the preceding 18
months (January 1987 - August 1988) the soil
was allowed to “rest”, except for the cultivation of
triticale as a cover crop. Vines are spaced at 2,7 m
x 1,2 m, the vineyard is trellised (five strand hedge
with moveable foliage wires) and was not sub-
jected to any supplementary irrigation during the
entire cultivation period (1988 - 2002). Row direc-
tion is east-west, with a prevailing wind from the
southwest. Ever since its establishment the vine-
yard has been charted on an annual basis as far as
visual leafroll symptoms is concerned. A record was
kept of (i) when and in which vines the first visu-
al indications of reinfection occured, (ii) transmis-
sion tempo and pattern and (iii) which vines cur-
rently (2002) appeared “most seriously ill” or
“healthy”, judging from their appearance.

With the above as background, the aims of the
project (duration one year) were to characterise
vines in the particular block in two categories, viz.
(i) visually severely and (ii) visually lightly infected.
In addition to judging general performance, an
investigation was undertaken into the anatomical,
morphological and physiological changes/reac-
tions brought about by leafroll at various degrees
of visual symptom expression. Globally the inten-
tion was to formulate explanations for general
vineyard performance as influenced by the above-

mentioned changes/reactions.

Material and methods
• Reinfection and transmission
Characterisation of vines with regard to reinfection
and transmission was based on the visual occur-
rence of leafroll during the cultivation period
1988 - 2002 (see background scenario as
described in the Introduction). 
• Anatomical, morphological and physio-

logical reactions/changes
Altogether 30 vines in this block were visually
examined. Of this group 15 vines were classified as
lightly infected and 15 vines as severely infected.
Morphological reactions/changes with regard to
vine size, leaf characteristics, bunch size, berry
colour, root system characteristics and growth reac-
tions vis a vis leaf surfaces and shoot masses were
studied in both categories. The anatomical study was
based on changes/reactions that were induced in the
petioles (directly above the bunches). Physiological
changes/reactions, combined with leafroll infec-
tion, included the determination of sugar and acid
concentrations, pH and anthocyanin concentra-
tions in grapes. All examinations/analyses were

done according to standard procedures. As a result
of the short duration of the project no statistical
interpretation of applicable data could be under-
taken.

Results
• Reinfection and transmission
The first visual leafroll symptoms were observed in
1991 (three years after establishment) in the south-
ernmost row (adjacent to the existing leafroll-
infected, mealybug-infected Cabernet Sauvignon
block) (Fig. 1). At this stage the reinfection occurred
in vines that were not necessarily adjacent to each
other. In the same year the presence of mealybug
was also noted in the three-year-old block. Despite
regular and thorough input to control mealybug
effectively in the new block, this goal could not be
achieved in the course of the total cultivation peri-
od (1988 - 2002). After 1991 leafroll spread sys-
tematically throughout the block (based on visual
observations), at a rate of approximately 0,5% -
1% per annum until 1996. With the exception of
the first three southernmost rows, it was noticeable
that transmission in the northerly direction (across
rows) occurred faster than inside the rows (east-
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FIGURE 2: In the period of 12 years leading up to 2000, the total block (in the back-
ground) was subject to reinfection. In marked contrast with the vines in the foreground
(Merlot noir) this reinfection was characterised by delayed leaf drop (as is generally the
case with leafroll infected vines). 

FIGURE 3: Despite overall reinfection, the two categories (visually lightly and severe-
ly infected) are clearly visible on the picture, taken during the early autumn of 2002.

FIGURE 4: Vine size and leaf characteristics in a visually lightly infected vine.

FIGURE 5: Vine size and leaf characteristics in a visually severely infected vine. 

west). After 1996 the rate of transmission increased
considerably (> 20% per annum). Within the 12
years leading up to 2000, the total vineyard was
reinfected (Fig. 2) with typical spots where vines
could be seen to be either sligthly or severely
infected. The same situation occured in 2002 when
the project was in progress (Fig. 3).

• Morphological reactions
∞ Vine size and leaf characteristics
The morphological appearance of severely infect-
ed as opposed to lightly infected vines is repre-
sented in figures 4 and 5. Although vines in
the former category appeared smaller than light-
ly infected vines, no drastic differences could
be observed. By contrast, obvious differences
could be noted in leaf characteristics in the two
categories. Leaf discolouration, with the accom-
panying curling of leaf edges, was more promi-
nent and occurred earlier in severely infected
than in lightly infected vines. During ripening,
leaves of lightly infected vines also started to dis-
colour, but the curling of leaf edges was delayed
until the harvest. The occurrence of higher num-
bers of green leaves (more chlorophyll) was
characteristic of visualy lightly infected vines.

∞ Bunch size and berry colour
Smaller and looser bunches characterised visu-
ally heavily infected vines (Fig. 6) in contrast
with bigger and fuller bunches (Fig. 7) on light-
ly infected vines. In both categories bunches
were subject, however, to suboptimal dis-
colouration. 

∞ Rootsystems
Root distribution and density in the two cate-
gories are represented in Figures 8 and 9.
Although there is no direct correlation between
leafroll infection and root distribution and den-
sity, and although it should be borne in mind
that growth balance above and below the sur-
face is usually maintained, smaller root sys-
tems with fewer active root tips were noticeable
in severely infected vines. 
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FIGURE 6: Smaller and looser bunches were characteristic of visually severely infected vines. FIGURE 7: Bigger and fuller bunches in visually lightly infected vines.

TABLE 1: The influence of various categories of leafroll infection on growth reactions (leaf surface and shoot mass).

Growth reactions Visually lightly infected Visually severely infected

Leaf surface* 3 891,65 cm2 2 305,91 cm2

Shoot mass** 1 649 g 737 g

*   Average of leaves deriving from 15 shoots (1 shoot/vine/category).
** Average of total shoot numbers of 15 vines/category.

TABLE 2: The influence of various categories of leafroll infection of grape composition during the harvest.*

Grape composition Visually lightly infected Visually severely infected
(Average of 15 vines) (Average of 15 vines)

Sugar concentration 22,3°B 21,4°B

Concentration titratable 
acid 6,79 g/l 6,43 g/l

pH 3,61 3,67

Anthocyanin concentration 92 mg/l 74 mg/l

* All values are based on two representative bunches that were gathered during the harvest from each vine/category and then mixed
to determine averages/category.

∞ Leaf surface and shoot mass
The two categories of infection displayed dras-
tic differences in leaf surface (as determined
at the time of the harvest) and shoot mass (as
determined before winter pruning) (Table 1),
despite the fact that no drastic differences in
vine size could be observed.

• Anatomical reactions
Phloem degeneration (petioles) was observed in
both categories (Figure 10). Anatomical changes
were characterised particularly by a wavy occur-
rence of the cambium and obliteration (com-
pression), deformation and necrosis of sieve-cells.
This situation was more intense in the petioles of
visually severely infected vines. 
• Physiological reactions
Physiological reactions with regard to grape com-
position are indicated in Table 2. As far as aver-
age sugar and acid concentrations, pH and in
particular anthocyanin concentrations are con-
cerned, the differences between the two cate-
gories were obvious. 

Discussion and conclusions
Optimal grape quality and quantity are inextricably
bound to the phytosanitary quality of the vine mate-
rial. At the same time it is of cardinal importance
that vineyard management practices be specifical-
ly directed at the creation of conditions under which
vines can operate physiologically at optimum levels
to achieve the desired vine performance. This inves-
tigation once again highlighted the importance of
the phytosanitary quality of the material. Initially the
block performed optimally, but reinfection caused
gradual deterioration, despite correct and applica-
ble industry management practices. Of particular
importance was the rapid reinfection and the sub-
sequent high transmission rate, which means that
the particular block will have to be uprooted in
only 14 years due to its poor performance. In this
instance mealybug, deriving from a neighbouring
leafroll vineyard, was almost certainly the main
cause of the above situation, despite the fact that
the soil was rested for 18 months. 

Anatomical, morphological and physiological
changes/reactions as induced by leafroll in vines, cor-

respond with the available literature (Esau, 1948;
Goheen & Cook, 1959; Goheen, 1965, 1988; Over
de Linden & Chamberlain, 1970; Weber et al.,
1993). Information from the investigation made it
possible to draw a parallel between the above
responses and eventual unacceptable grape and
wine quality. In global terms the cause of the prob-
lems should probably be sought in anatomical reac-
tions/changes, which in turn had a negative effect
on the necessary physiological processes and to
find expression in abnormal morphological charac-
teristics of infected vines. In a nutshell, these reac-
tions can be explained as follows:
• Vine size
Phloem degeneration limits/impedes the translo-
cation of photosynthetic products, such as carbo-
hydrates, to important storage organs such as
roots, trunks and cordons. These reserves play a car-
dinal role in the initial growth in the following
year. Additionally the photosynthetic capacity of
leaves is impeded (loss of chlorophyll) which results
in a similar situation. Smaller vines are further-
more associated with smaller root systems which
are characterised by lower root tip numbers in
particular.
• Leaf characteristics
Due to phloem degeneration in petioles, products
of photosynthesis such as sucrose cannot make
sufficient progress to the bunches, resulting in low-
er sugar concentrations in particular. Precursors of
colourants in grapes are also present in leaves and
are similarly exposed to hampered translocation.
These and other products of photosynthesis accu-
mulate in leaf blades, petioles, bunch stems and
berry stems and are the cause, inter alia, of brit-
tleness and the curling of leaves and suboptimal
discolouration of bunches.
• Bunches
It is known that, cytokinins, gibberellins and auxins
in particular are closely involved in berry set and the
subsequent growth and development. These hor-
mones do not act separately; there is a very delicate
balance and interaction to eventually ensure optimal
grape quality and quantity. It may be argued that as
a result of the smaller number of root tips in leafroll
vines, fewer cytokinins are produced, causing the
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FIGURE 8: Root systems in visually lightly infected vines. FIGURE 9: Root systems in visually severely infected vines.

FIGURE 10: Phloem degeneration (petioles) in visually lightly infected vines. A = dead sieve-cells; B = obliterated sieve-
cells.

Summary
Investigations were carried out on anatomical, morphological and physiological responses of

grapevines (Cabernet Sauvignon/Richter 99) as induced by long-term exposure to potential reinfection

with leafroll-associated viruses. Although the entire vineyard (1,5 ha) appeared visually reinfected

after only 14 years, a clear distinction could be drawn between (i) lightly and (ii) severely infected

vines regarding visual appearance and general performance. Anatomical investigations confirmed

the existence of phloem degeneration to a greater extent within lightly infected compared to severe-

ly infected vines. In both categories important physiological processes were hampered as a result

of these anatomical changes/responses, eventually leading to abnormal morphological character-

istics of visually infected vines. 

balance to be disturbed. This, together with insuf-
ficient reserves, may result in smaller and looser
bunches.
• Leaf surface and shoot mass
It is well known that leafroll results in smaller vines
and shorter shoots with fewer and smaller leaves.
Vines are less vigorous, which in turn may be
ascribed to lower reserves, less cytokinin and
lower photosynthetic capacity. 

Conclusion
Viewed against the background above, phloem
degeneration may be singled out as an important,
if not the most important, cause of insufficient and
disturbed physiological activities, that in turn give rise
to abnormal morphological characteristics. In order
to manage a leafroll-infected vineyard, some of
the most important proposed practices are to sub-
ject vines to the least amount of stress and to
retain green leaves on the vines for as long as pos-
sible. On the whole, the most important message
from this investigation is the extremely short period
in which clean, certified plant material may be rein-
fected - a situation which cannot be allowed, both
from an economic point of view and otherwise. 
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Spread of grapevine leafroll disease
in South Africa - a difficult but not
insurmountable problem
Prof Gerhard Pietersen, Citrus Research International, Pretoria  

Summary
Grapevine leafroll disease (leafroll) is an important
disease of grapevines affecting both yield and qual-
ity of grapes. It is the most important disease of
grapevines in South Africa where spread of the
disease is common. While a number of viruses are
associated with this disease, Grapevine Leafroll-
associated Virus type 3 (GLRaV-3) is the main
causative agent in South Africa. Control of this dis-
ease has relied mainly on virus elimination within the
SA certification scheme for wine grapes. This scheme
has been very effective in virus-elimination, but,
as these virus-free vines are still susceptible to virus,
they become infected again, once planted in the
field. This is because the vine mealybug, a very
efficient vector of GLRaV-3, occurs commonly in
South African vineyards. A control strategy to pre-
vent the spread of grapevine leafroll disease to
virus-free material is therefore required. This is most
effectively achieved by preventing, or reducing, the
most prevalent means of dispersal of virus-carrying
mealybugs to healthy vines. To determine what
these are, a survey has been conducted locally
where leafroll spread spatial patterns and dynamics
have been monitored and analyzed. This showed
that secondary spread from infected vines to adjoin-
ing vines along a row is the most prevalent means
of spread. Control of leafroll foci by rouging and the
use of systemic insecticides are recommended under
specific conditions. The second-most common
means of leafroll spread appears to be from adjacent
infected vineyards, and a number of recommenda-
tions to reduce this are made. In the survey, one
vineyard showed a spatial pattern suggestive of
infection by leafroll-infected planting material while
another one yielded a spread pattern suggestive of
leafroll-infection from a previous vineyard on that
site. While the relative importance of the last two
means of spread could not be ascertained, recom-
mendations to prevent spread by these means are
discussed. The study illustrated the complexity of
spread of the disease, but has also highlighted a
number of means to reduce or prevent it.

The problem
Grapevine leafroll disease is an important disease of
grapevines worldwide, and causes reduction in
yield as well as a deterioration of quality in both
wine and table grapes. Symptoms are most obvious
in autumn on red wine cultivars, where leaves

become red, while the midrib and main veins remain
green or turn yellow. Leaf margins will often also roll
downwards, hence the name of the disease (Figure
1). In white wine cultivars the symptoms are not as
obvious as the leaves do not turn red, and the
extent of leaf roll varies from severe curling in some
cultivars such as Chardonnay, to very mild curling in
some other green-berried cultivars such as Chenin
blanc. Rootstocks do not display any apparent
leafroll symptoms. The symptoms are caused by a
degeneration of the vascular system of the vine,
resulting in reduced berry yield, delayed maturity,
and poor pigmentation of the berries. All these
have negative influences on the wine. 

Grapevine leafroll disease (hereafter referred to
as leafroll) is the most important disease of
grapevines in South Africa and is widespread in
all the grape-producing areas of the country. Spread
to healthy vines is common (Figure 2). A number of
phloem-limited viruses called Grapevine Leafroll-
associated Virus types -1 to -9 (GLRaV-1 to GLRaV-
9) have been associated with the disease. A recent
survey by the ARC-Plant Protection Research Insti-
tute (Pietersen and Kasdorf, unpublished) in the

Western Cape, South Africa, showed that GLRaV-
3 (Figure 3) was present in all surveyed vines when-
ever leafroll symptoms were observed. In about
25% of vines with leafroll symptoms, GLRaV-3
was accompanied by grapevine virus A (a virus not
normally associated with leafroll), or, more rarely, by
GLRaV-1, GLRaV-2, or by unidentified spherical
viruses. GLRaV-3, present whenever leafroll symp-
toms are present, is therefore the most important
virus associated with leafroll locally. Most efforts
should therefore focus on the control of spread of
this virus, as the other associated viruses are rarely
found.

GLRaV-3 is not known to infect any plant genus
other than Vitis, and spread is always considered to
have occurred from infected Vitis plants. The virus
itself cannot be transmitted by mechanical means,
for example in the sap of an infected plant during
pruning. However, the virus can be spread by the
grafting of infected plant material or by vegetative
propagation of infected planting material. The virus
can also be transmitted from vine to vine by a
number of mealybug and scale insect species. The
most common one of these in South Africa is the
vine mealybug, Planococcus ficus, a very efficient
vector of GLRaV-3 (Figure 4).

Control strategies for Leafroll
To control plant diseases, some strategy targeted
at one or more components of the disease triangle
consisting of the plant, the vector and the virus, is
usually applied. These interventions, in relation to
leafroll are discussed below.
• The plant:
Changes to the plant as a means of controlling
leafroll are hampered by the fact that natural

FIG 1: Typical Grapevine Leafroll during autumn on
black fruit cultivars. Leaf margins roll down and the areas
between veins turn red. On green cultivars the symptoms
are less visible.

FIG 3: Particles of Grapevine Leafroll-associated virus –
(GLRaV-3), as seen through an electron microscope
after immuno-electron-microscopy (IEM). Photo with
compliments of GGF Kasdorp (LNR-NIPB)

FIG 2: Spots of grapevine leafroll visible in a South
African vineyard, with the seriously infected areas in the
background.

appeared JUNE 2004
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resistance to GLRaV-3 in Vitis vinifera has not
yet been demonstrated. Various transgenic
approaches are therefore being assessed world-
wide and also in South Africa (Prof J Burger, Stel-
lenbosch University). These are unlikely to be
available for field use within the near future

though, due to a number of technical hurdles, long
efficiency-assessment times, as well as the low
acceptance of this technology by the public.
• The virus:
Unlike those for bacteria or fungi, there are no
agro-chemicals applicable to the field situation that
can kill the virus selectively in an infected plant. The
virus can however be eliminated from plants on lab-
oratory-scale by means of specialized techniques.
Valuable clone material is subjected to either heat
therapy and meristem tip culture or somatic embryo-
genesis to eliminate leafroll-associated and other
viruses. This takes place under the auspices of the
SA Certification Scheme for Wine Grapes, in accor-
dance with the Plant Improvement Act (Act no. 53
of 1976). Vines derived by this process, the so-
called nuclear material, are still susceptible to virus
infection. They are therefore maintained under strict
vector-free conditions and regularly screened for
specific viruses by the most effective techniques
available. Virus elimination, isolation and screening
of nuclear material have been very successful in
eliminating GLRaV-3. No examples have been found
of vines either being infected with any of the leafroll-
associated viruses, or showing symptoms of leafroll
while kept in the nuclear-blocks of the two major
plant improvement organizations, which supplied
more than 90% of certified material in South Africa
during the last decade. However, the small amount
of planting material obtainable from nuclear-block
vines is insufficient to meet the needs of the indus-
try. Therefore, mass production of material from
these vines is done within the Certification Scheme,
first in foundation-blocks and then in mother-blocks,
from where certified material is purchased by com-
mercial nurseries. Any one, or all of these phases are
conducted in the field to gain a sufficient amount of
planting material. Most mother-blocks and nurseries
are currently within commercial production areas
where certified vines often become infected with
GLRaV-3, despite control measure requirements

such as isolation distances and virus indexing.
Material from foundation-blocks are screened for
GLRaV-3 by virologists using sensitive virus-spe-
cific detection methods (ELISA or PCR), whereas
mother-blocks and nurseries are visually screened for
leafroll symptoms by well-trained, experienced
industry inspectors. A number of infected plants
however escape detection due to a lag period
between the time when a virus infects a vine until
the virus becomes detectable by virus detection
techniques. This situation is not limited to the
grapevine. Even with HIV/AIDS, where PCR is also
used, being the most sensitive virus detection tech-
nique available to virologists, such a lag period
exists. Certified material from the scheme does
therefore not guarantee that all material is virus-free.
It does however ensure that the planting material is
substantially healthy, and represents the best plant-
ing material available to producers. Various improve-
ments to the standard operating procedures of the
scheme, aimed at greater leafroll control in foun-
dation- and mother-blocks, are discussed, evaluat-
ed and implemented annually as new information
on the epidemiology of the disease emerges.
• The vector:
Given the limitations of the control strategies based
on the plant and the virus discussed above, it is
clear that the certification scheme must be sup-
plemented by effective control of the vector(s) of
GLRaV-3, both within the scheme itself as well as
by producers using certified vines. To gain insight
into virus-spread by the vectors, the following
studies, all funded by Winetech, have been or are
currently being conducted:

1. Epidemiology of Grapevine Leafroll Disease
(Prof G Pietersen, Citrus Research Interna-
tional, formerly at ARC-PPRI), 

2. Studies on the biology of Pl. ficus, (Dr V Wal-
ton, Stellenbosch University, formerly ARC-
Infruitec/Nietvoorbij). 

3. Biological control of Pl. ficus (Dr V Walton,
Stellenbosch University), 

4. Control of Pl ficus by degree-day and
pheromone trap monitoring (Dr V Walton,
Stellenbosch University),. 

5. Transmission properties of GLRaV-3 by Pl.
ficus (Dr K Krüger, University of Pretoria, for-
merly ARC-PPRI), 

6. Identification of local vectors of GLRaV-3 
(Dr K Krüger, University of Pretoria), and 

7. Control of ants in vineyards (Me P Addis-
son, ARC- Infruitec/Nietvoorbij). 

8. Detection of grapevine leafroll in rootstocks
(Mr GGF Kasdorf, ARC-PPRI) 

The adult vine mealybug stage is relatively sessile
and even the mobile crawlers (first instars) can only
move relatively short distances using their own
motility. However, viruliferous (virus-carrying) mealy-
bugs may be dispersed over longer distances by
wind, implements, laborers, birds and ants. While
the relative importance of the different dispersal
mechanisms in transmitting leafroll disease is not
known, some studies have yielded indirect evi-
dence for some dispersal mechanisms in vineyards

in Spain, Australia, New Zealand and the USA.
This is crucial for the control of the disease, as dif-
ferent dispersal mechanisms require different meth-
ods of control. For example, if dispersal of virulifer-
ous mealybugs by wind is important, then estab-
lishing effective wind barriers between infected
and healthy vineyards will have a significant effect
in preventing the spread of the disease.

Mechanisms of leafroll spread
in South Africa
In order to address the mechanisms of leafroll
spread the ARC-Plant Protection Research Institute,
initiated, and has been conducting a research
project, funded by Winetech, on the spatial dis-
tribution and spatial dynamics (changes in the
patterns) of leafroll disease in mother-blocks of the
South African Certification Scheme for the past
three years (2001 to 2003). Initially studies were
performed to confirm the correlation between
leafroll symptoms and the presence of GLRaV-3 in
selected red wine cultivars. Then 70 mother-blocks
between four and seven years old in the Stellen-
bosch-, Paarl-, Wellington-, Worcester-, and Som-
erset West grape producing areas were selected for
analysis. During autumn of each year the relative
position of vines showing leafroll symptoms were
recorded and plotted in a XY-matrix using the
row number and vine position as co-ordinates.
To assess the spatial pattern of infected plants,
data was analyzed statistically (ordinary runs anal-
ysis) to test the significance of infected plants
being adjacent to one another within individual
rows and vine positions over rows, as well as
over the whole vineyard. Where the number of
infected plants was sufficiently high, mathemati-
cal models were used to describe the distribution
and to determine the presence of gradients. Ran-
domness, regularity or clumping of infected plants
were also tested using statistical techniques wide-
ly used by epidemiologists (e.g. Morisita’s Index of
dispersal).

This study has not yet been concluded, and
some results need further analysis and verifica-
tion before being reported. However, in view of the
need to implement control strategies as rapidly as
possible to control leafroll spread in South Africa,
preliminary data on the most common spatial dis-
tribution patterns of leafroll, and their potential
underlying mechanisms of spread, are presented
here, along with some possible means of control.
Spatial patterns were interpreted based on cur-
rent understanding of the transmission of leafroll
and the dispersal of mealybugs, and may need to
be modified and refined as more epidemiological
information is generated. 

The most common pattern observed, in the
majority of the vineyards analyzed, is the statistically
significant occurrence of two or more leafroll infect-
ed vines directly adjacent to each other in the
same row (Figure 5). Newly infected vines typi-
cally spread from these vines along the rows in
either direction, before spreading to adjacent plants

FIGURE 4: Different stadia of mealybug (Planococcus
ficus) under the bark of vines as typically found during
an early South African summer. These insects are vectors
of GLRaV-3 and carry the virus from infected to healthy
plants.
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across rows. This means of spread from an infection
focus in a vineyard, is termed secondary spread by
epidemiologists as it takes place within a vine-
yard. It may be caused by non-vector spread, for
example by adjacent root graft union, but is more
likely due to the movement of the virus-carrying
(viruliferous) mealybug crawlers 1) by their own
motility, 2) on implements, 3) on laborers moving
along rows, or 4) by combinations of these. Exper-
iments to identify the precise methods of sec-
ondary spread are being planned. The spread from
these foci is relatively slow (in plant pathology
terms) and is clearly the consequence of having an
initial infected plant at a specific position in the vine-
yard. Removal of infected vines (rouging) is there-
fore likely to be a successful means of control of
secondary spread, irrespective of the mechanism of
spread, as this removes the source of the virus. This
control method has been attempted in four moth-
er-blocks where infected vines were removed annu-
ally after a positive ELISA test for GLRaV-1, or -2 or
-3 (by KWV-Vititec). In these blocks the number of
new vines which became infected was dramatically
reduced compared to mother-blocks in which roug-
ing was not applied. Some new infections in the
rouged blocks did occur however, and were often

one or two vines away from where infected vines
had formerly been. This suggests that, in this exam-
ple, although the rouging dramatically reduced
the secondary spread of leafroll it did not completely
eliminate it. Spread may have occurred 1) from
the infected vines shortly before the virus testing
was done, resulting in still sub-detectable concen-
trations of the virus in these newly infected vines,
or 2) by viruliferous mealybugs left behind after
removal of the infected vine that moved to adjoin-
ing vines where they transmitted the disease, or 3)
because the vine was not completely removed,
and viruliferous mealybugs survived on remaining
roots and then moved to adjacent vines which
were then infected. 

Rouging is not expected to be effective under all
conditions. It is only feasible to apply rouging in vine-
yards where primary infection (that which brings the
disease into the vineyard) is low, where the incidence

of (secondarily) infected plants is relatively low,
and where latent infections (no symptoms visible or
negative virus test results but plants are infected
already) are not excessive. Rouging may also not be
effective in cultivars with long latent infection peri-
ods (e.g. green-berried cultivars if using visual
assessments). Under these conditions rouging may
need to be supplemented by application of a sys-
temic insecticide to make it more effective. Treat-
ment of infected vines with a systemic insecticide pri-
or to removing them will kill viruliferous mealy-
bugs still feeding on the vine and prevent their
movement to adjacent plants. Latent infections
have been shown during a survey by ARC-PPRI, to
occur mainly at vines directly adjacent to infected
vines in rows. Therefore, treating potentially infect-
ed plants adjoining infected vines with a systemic
insecticide at the time of rouging, will allow any virus
present in them to replicate to detectable amounts
without the vine serving as a source of further
infection, as mealybugs will not survive on them.
Subsequent removal of such vines can then be
done to eradicate the virus from those foci. If total
physical removal of vines is not possible, the use of
a systemic herbicide to kill all parts of the infected
vine may be required, as re-growth of the infected
vine (after the effective insecticide period has passed)
can serve as a source from where the virus can
again be acquired and spread by mealybugs. The
number of adjoining vines that need to be treated
with the systemic insecticide can be gauged by 1)
the amount of secondary spread (clumps of infect-
ed plants) already detectable, 2) the age of the
vines (older vines are likely to have a longer latent
period, allowing a longer period in which sub-
detectable spread of the virus can occur) and 3) by
the number of mealybugs present. 

A second common spatial distribution pattern
observed is a preponderance of leafroll-infected
vines at the edges of a vineyard with a diminishing
gradient of infected plants towards the middle or
other side of the vineyard (Figure 6). This spatial pat-
tern suggests that the leafroll has been introduced
to the vineyard after its establishment from a source
external to it and from a specific direction. In most
instances the number of infected vines in these
gradients increases in the direction of infected, old-
er proximal vineyards. These probably serve as the
sources of leafroll from where mealybugs acquire the
virus and spread it to neighboring vineyards by
their own motility, by wind, by laborers or imple-
ments, or once again, by combinations of these. It
is envisaged that studies on the epidemiology of
leafroll will be expanded to correlate these gradients
with the potential mechanisms through which they
arise (e.g. wind dispersal of mealybugs, dispersal of
mealybugs on implements, own motility of mealy-
bugs). The possibility also exists that gradients and
edge effects detected are not solely due to virulif-
erous mealybugs being introduced from external
sources but that non-viruliferous mealybugs may be
introduced or present at higher levels at the edges
of vineyards, from where spread of existing leafroll
disease foci would be more rapid. In the absence of

direct evidence for the causes of the gradients
found some control strategies are proposed:
1. Plant as far away from old, infected vine-

yards as practical, 
2. Plant upwind (prevailing summer winds) of

old infected vineyards where possible (wind
dispersal of vector not quantified on vines), 

3. Establish large blocks (as close to a square
shape as possible) rather than small blocks
with high edge/inside vine ratios, 

4. Consider wind-rows between vineyards, and 
5. Ensure that all activities involving laborers

and implements are done in the youngest,
least infected blocks first, and then only in
older, infected blocks (especially during sum-
mer months, when mealybug crawlers are
present). 

Failing this, take steps to remove viruliferous
mealybugs on laborers and implements between
working in infected vineyards and moving to
healthy vineyards must be taken such as change
of clothing and washing down with detergents. 

In applying the above strategies, make the
assumption that older green-berried cultivar vine-
yards are leafroll infected (since one cannot eas-
ily distinguish between Infected/healthy vines
based on symptoms only). 

A third spatial pattern observed during the
study is the presence of randomly distributed
leafroll-infected vines (or foci of vines) within
young vineyards. This suggests primary spread
due to the establishment of infected planting
material. In view of the lag phase between virus
infection and the ability to detect the virus it can
be expected that, while leafroll infection occurs at
the foundation-, mother-block, and nursery stages,
some plant material from the Certification Scheme
will be infected. However, primary infection can
only be ascribed with certainty to infected plant-
ing material when found in newly established
vineyards in instances where these vineyards were
established in virgin soils and where the pres-
ence of these random foci of infection can be
correlated with a specific clone/rootstock combi-
nation at that site (i.e. one has to discount the
possibility of the infection being due to an external
factor at the site). Only one mother-block analyzed
during the survey met these criteria (Figure 7).
Therefore, while showing that this mechanism of
spread of leafroll does exists, its relative impor-
tance in South Africa remains unknown. In order to
control this method of spread in red cultivars it is
important that nurseries selling vines also improve
their control of leafroll spread at the nursery. It is rec-
ommended that only certified planting material be
purchased from reputable nurseries, and that this
planting material be pre-treated at the nursery with
a systemic insecticide effective against mealybugs.
Failing this, newly established vineyards should be
treated with such systemic insecticides at the time
of planting. The systemic insecticide may need to be
re-applied in such a manner that it protects the
young vine for at least the first two seasons. In
this way, if such a vine was latently infected with

FIGURE 5: Aerial photos of the occurrence and spread-
ing of leafroll-infected vines in a piece of land monitored
in 2001, 2002 and 2003. Healthy vines are not shown.
Note the statistically meaningful (P<0.05; ordinary runs
analysis) secondary spread from infected plants from the
previous season, primarily to adjacent vines along the
rows.
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GLRaV-3, time is given for either the virus concen-
tration to rise to detectable levels or for symptoms
to develop, without serving as a source for sec-
ondary spread by mealybugs to adjoining healthy
vines. Diseased vines must then be rouged during
the first two or three seasons.

An unusual distribution of leafroll-infected vines
detected at one vineyard is suggestive of a further
means of spread of leafroll. This vineyard, planted
in 2000 to a homogeneous source of Cabernet
Sauvignon on a 101-14 rootstock, was found to
have significantly (P <0.01) greater number of
leafroll-infected vines, randomly distributed, in
one half of a young vineyard (Figure 8). No obvi-
ous adjoining source of infection could be identi-
fied and the distribution within the affected half
did not have a significant disease gradient. How-
ever, the distribution correlated spatially with an
earlier vineyard that had a high incidence of
leafroll-infected plants, whereas the less-affected
half was spatially correlated with an area that had
lain fallow for a season. This provides some cir-
cumstantial evidence that the new vineyard may
have become infected with leafroll from the pre-
viously highly infected vineyard at that site. This
has major implications for the South African Wine
industry, as vineyards are regularly re-established
on sites previously planted to grapevines. How-
ever, the relative importance of this mode of
spread in the South African context could also not
be ascertained from the survey as this can only be
concluded at sites where a new vineyard planted
to a single, homogeneous clone/rootstock only
partially overlaps a preceding infected vineyard,
and only one vineyard met these criteria during the
survey. This mode of spread could occur due to the
survival of viruliferous mealybugs between removal
of the old vineyard and establishment of the new
one at that site, possibly on some residual vine
roots. Trials to confirm this means of leafroll-
spread and an assessment of control methods
to reduce this have recently been initiated. The-
oretically, this mode of leafroll-spread could be

controlled 1) by eliminating mealybugs (by treat-
ing vines with a systemic insecticide) in the old
vineyard prior to removal, 2) lengthening the
period that the site lies fallow between plant-
ings, 3) the very thorough removal of old, infect-
ed vines and their roots, or herbicide treatment of
them, also killing and removing volunteer vines,
4) and then establishing the new block with cer-
tified planting material treated with a systemic
insecticide, followed by rouging for the first two
or three seasons (as for the control of spread of
infected planting material). 

Conclusions
The information obtained from the survey of spa-
tial patterns induced by leafroll-spread has con-
firmed the complexity of spread of leafroll-disease.
While a number of spread patterns now found
confirmed, spread patterns detected in other
grape- producing countries, circumstantial evi-
dence of additional means of spread of GLRaV-3
viruliferous mealybugs have been obtained. These
insights allow for more efficient control of this dis-
ease. Producers are however urged to analyze
the local spread patterns in their vineyards, inci-
dence of disease, and risk of further infection
from surrounding vineyards before applying either
mass rouging (which will not always effectively
control spread), or large-scale systemic insecticide
applications. This, if used injudiciously, may lead
to a build-up of resistance of the mealybugs to the
insecticide which will severely hamper control
strategies in future. 

For more information contact: Prof Gerhard
Pietersen, Citrus Research International/
University of Pretoria gp@cri.co.za.

FIGURE 7: Aerial photos of the occurrence and spread of
leafroll-infected vines (red diamonds) that tested posi-
tive for GLRaV-3 by ELISA. Tests were conducted one
year after establishment of the four cultivar/clone com-
binations. Healthy vines aren’t shown. The arbitrary
occurrence of infection focus points, within one year after
planting and the total absence of GLRaV-3, in one of the
four combinations, show that the area was planted
with infected material, after which there was a small
degree of secondary spread to neighbouring vines in the
first season.

FIGURE 8: Aerial photo of the occurrence and spread of
leafroll-infected vines, monitored during 2002 (purple
dots) and 2003 (pink dots). Healthy vines aren’t shown.
Note the higher number (P<0.01) of infected plants in
the upper half of the 2000 vineyard in comparison with
the lower half. The upper half correlates spatially with
a previously highly infected Cabernet franc vineyard,
while the lower half correlates spatially with an area that
lay arid for a year. This shows that leafroll was carried
from the previous vineyard.
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PROTOCOL 
for control of mealybug in vineyards
(production blocks)

ROWS

ROWS

ROWS

Diagrammes for distribution of plots (”vakkies”) for vine inspections:
PLOTS/VAKKIES (inspect 5 vines per plot).

PLOTS/VAKKIES (inspect 5 vines per plot).

PLOTS/VAKKIES (inspect 5 vines per plot).

Introduction
Mealybug is the most important vector of the leafroll virus, therefore effective
mealybug control is a prerequisite for containing the spread of leafroll-infection.

Vineyard material
Mealybugs can survive on all live grapevine material on or under the soil surface.
Where new vines are being established on old vineyard soil, all live old vines and
roots must be removed so that no mealybugs can survive. Old vines should be
treated with herbicide directly after the last harvest to kill all roots. Allow at least
6-8 weeks after herbicide application before vines are removed. Always use cer-
tified planting material when establishing new vineyards.

Cultivation practices
Implements can spread mealybug, therefore implements coming from infested
vineyards should be sprayed clean before entering uninfested vineyards. Try to
do cultivation in newly planted, uninfested blocks first and then move on to the
older, infested blocks. Limit movement of workers in new plantings to a minimum.
If workers need to move from infested to uninfested blocks, ensure that no mealy-
bugs or egg sacks are clinging to workers’ clothing or shoes.

Natural enemies
Try to avoid formation of dust, because dust is detrimental to natural enemies.
The absence of natural enemies that can control mealybug effectively can lead
to the establishment of new mealybug colonies which, in turn, can aid the
spread of leafroll.

Ant control
Ants feed on the honeydew excreted by mealybugs and protect them against
their natural enemies. Ant control is therefore of critical importance to ensure
that biological control agents function effectively. Good ant control can
enable natural enemies to suppress outbreaks of mealybug populations suc-
cessfully. Ants can be controlled by applying sticky trunk barriers or chemically
impregnated trunk barriers around vine stems, trellising posts and anchor wires
or by applying stem sprays with registered pesticides.

Weeds
Control weeds, particularly on the ridges. Several mealybug species, includ-
ing those that transmit leafroll viruses, occur on weeds. Weeds growing
into the vine canopy also serve as access routes to ants, which is detrimen-
tal to biological control of mealybug.

Monitoring of mealybug
Mealybug can be monitored by two methods, namely regular vine inspec-
tions alone or by using pheromone traps in conjunction with vine inspections.

Physical monitoring by means of vine inspection
If pheromone traps are not used, monitoring by means of vine inspections every
two weeks should commence at the beginning of October. 
• Draw a plan of the vineyard, indicating the rows and number of plots

(“vakkies”) in each row. 
• Choose twenty plots of five vines each evenly distributed through the block

(see attached diagrammes for examples). Larger blocks should be sub-
divided into units of 2 ha maximum. Ensure that areas with a history of
mealybug infestation are included in the monitoring regime. 

• Inspect each of the five vines, especially the new growth. 
• Note only the presence or absence of mealybug females (crawlers,

nymphs and/or adult females) on each vine, i.e. whether the vine is infest-
ed or not. Even if there is only one mealybug female on a vine, the vine
is noted as infested. The presence of ants is also a good indicator that
mealybug is present. 

• The total number of infested vines out of the hundred monitored, will indi-
cate the estimated percentage mealybug infestation for that block or unit
of a block. For example, if eight vines out of the 100 are infested, the esti-
mated percentage mealybug infestation for that hectare or unit of the block
is 8%. 

Monitoring with pheromone traps
Start monitoring mealybug males every two weeks from October. The optimum
distance of efficiency for a pheromone trap is 50 m (i.e. covers an area of 1
hectare). 
• Sub-divide large vineyard blocks into units of approximately 1 ha each. 
• Place one trap or monitoring unit (yellow delta trap with sticky bottom

and pheromone capsule) per hectare at the beginning of October. Con-
tinue monitoring until the end of March. 

appeared SEPTEMBER 2004
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Photo 1: Pheromone capsule suspended above sticky
bottom sheet.

Photo 2: Hang trap in the cordon area. Ensure that
open ends are not obscured by shoots or leaves.

Photo 3: Tie the trap securely so it does not swing
around in the wind. Ensure that open ends are not
obscured by shoots or leaves.

Photo 4. Parasitized mealybugs or mummies (1,5 - 2 mm).

• Where more than one trap is placed in a block larger than 1 ha, traps in
the sub-units should be 100 m apart so that they do not interfere with
each other. 

• Use a piece of wire or an opened-up paper clip inserted through the roof
of the trap to suspend the pheromone capsule just above the sticky bot-
tom (Photo 1). If the capsule is covered with glue, pheromone-release is
affected and the capsule may not remain effective as long as it should. 

• Place the trap in or above the cordon region (Photo 2). In vineyards sub-
jected to strong wind, traps should be firmly attached with thicker wire
just above the roof of the trap so that it cannot swing in the wind, oth-
erwise the wind may snap the wire (Photo 3). 

• The open ends of the trap should be kept open and unimpeded (remove
leaves or shoots if required) in order to allow for unimpeded pheromone
release. 

• Replace sticky bottom sheets every two weeks. 
• Remove sticky bottom from yellow delta trap. 
• Mark bottom clearly (date and block) and fold. 
• Marked sticky bottom sheets should be handed in at the laboratory so

that males can be counted under a stereo-microscope. 
• Note two-weekly counts of each monitoring unit or trap. 
• Remember to change the pheromone capsule after 8 weeks (= 2

months).

Threshold values for action 
These are based on the premise that 2 % mealybug infestation is equivalent
to 65 males/trap over a period of two weeks. 
A. If a trap count is under 65 males/trap over a period of two weeks: No con-

trol is required. 
B. If a trap count is more than 65 males/trap over a period of two weeks: 

– Physical monitoring (vine inspection) must be done immediately in
the hectare or sub-unit of the block covered by that particular trap
(20 plots/ha, 5 vines/plot). 

– If infestation exceeds 2%, control should be applied in that part of
the block. 

– If infestation in the block is less than 2%, but there is a spot with
heavily infested vines, a spot treatment can be applied to prevent
infestation from spreading further. 

C. If a trap registers high counts (45-64 per trap) twice in a row: 
– Physical monitoring (vine inspection) must be done immediately

(20 plots/ha, 5 vines/plot). 
– If infestation exceeds 2%, control should be applied.

Chemical control
The key to effective chemical control of mealybug is timely action, but deci-
sion-making must be based on monitoring. 
• Blocks or areas in blocks where high levels of mealybug infestation (2% and

more) occurred during the previous season, must be treated during dormancy
(after leaf drop and before budding). Treat problem areas during winter
according to product registration. Use hand lances to achieve thorough
wetting. 

• Dormancy sprays are recommended to protect natural enemies as much as
possible. 

• Wet vines thoroughly [2 - 3 l spray mixture/vine] with hand lances at high pres-
sure. 

• If monitoring during the growing season shows that infestation already
exceeds 2% before the end of November, infested vines as well as the two
adjacent vines should be treated, or spray only the infested spots in the block. 

• If outbreaks of more than 2% infestation occur later in the growing season,
use a chemical with a short withholding period that breaks down rapidly, so
that natural enemies have enough time during the remainder of the growing
season to re-establish themselves. 

• Sprays after harvest should preferably be limited to instances where infesta-
tion is so severe that vines lose their leaves prematurely and vines may not be
able to ripen the canes properly or may die. 

• Post-harvest sprays are allowed only if monitoring records indicate that the
infestation early in the season did not exceed 2% and that the outbreak real-
ly only occurred later. These applications may be made with hand lances only.
Spot applications must be made, unless monitoring indicates that the infes-
tation is so widespread throughout the block that spot sprays are not feasi-
ble. 

• If 75% or more of mealybugs are parasitized after harvest (Photo 4), spray-
ing is not required, since most mealybugs will be dying anyway. Consult your
advisor to help determine percentage parasitism. 

• Soil application of systemic products can be considered as an alternative to
cover sprays. 

Biological control
Under optimal conditions biological control can suppress mealybug populations
to infestation levels of less than 1%. Encourage biological control by creating opti-
mal conditions for natural enemies. These include absence of dust and ants, and
judicious use of chemical products. Beneficial insects can also be encouraged by
planting a cover crop that flowers early in the season (many natural enemies use
pollen as an alternative food source). 

Biological control by means of augmentative releases of commercially avail-
able natural enemies can be applied if mealybug populations are low enough
(infestation level <2%). Biological control alone is not effective under out-
break conditions.

Conclusion
Note that mealybug control in foundation and mother blocks are handled
according to specific Winetech/VIA Protocols for these plantings. Contact the Pest
Management Division of ARC Infruitec-Nietvoorbij (tel: (021) 809-3458, 
fax (021) 809-3584) for further information on mealybug control.
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New and future early-warning
models for downy mildew
1. Pieter Haasbroek, ARC - Institute for Soil, Climate and Water, e-mail haasbroekp@arc.agric.za
2. Abraham Vermeulen, ARC - Infruitec-Nietvoorbij, e-mail vermeulena@arc.agric.za

FIGURE 1: Vine leaves with symptoms of downy mildew on the underside. FIGURE 2: An inflorescence that has been infected with downy mildew.

The Metos downy mildew early-warning model currently being used at
Nietvoorbij previously had certain shortcomings in terms of accuracy and reli-
ability, but has now been improved. At the same time the model has also been
made more user-friendly and a new downy mildew early-warning model
(DMEW) model has been developed. Future warnings or prediction models
can be further improved thanks to rapid technological progress. 

Disease warning models for downy mildew, powdery mildew and to a less-
er extent Botrytis have been intensively used in most viticultural regions of the
Western Cape over the past few years. Downy mildew (Plasmopara viticola)
is probably the most devastating disease to afflict vines (Vitis vinifera) and is
dependent on the presence of water for its survival (Figures 1 and 2). All vine
varieties are susceptible to downy mildew, but the resistance to the pathogen
differs considerably (Perold & Phil, 1926). Very serious infections can even
cause total crop loss, especially if it occurs during the flowering phase when
the vineyard is at its most susceptible (Magarey, Wachtel & Emmet, 1994).
The disease does not occur every year, but due to the epidemic proportions
in which it may occur, it is considered to be one of the most important dis-
eases to be controlled. Each year approximately 1 500 tons of chemicals, val-
ued at R136 million, are sprayed to control downy mildew. 

To effectively control downy mildew in the Western Cape, most producers
make use of a preventative spraying programme, while others also use a pre-
infection and/or a post-infection spraying programme (Fourie, 2002). Apart from
the various chemical spraying programmes followed by producers, the early-
warning models for downy mildew play a critical role. ARC Infruitec-Nietvoor-
bij, in collaboration with ARC Institute for Soil, Climate and Water (ARC
ISCW), has been making information available to the industry in recent years
regarding possible downy mildew infection periods, and of actual outbreaks.
The model which calculates the infection times derives from the overseas Metos
model (Pessl, 2000), which has been adapted to South African weather sta-
tions and conditions. Certain shortcomings of this model have been observed
in due course and have been corrected by a new downy mildew early-warn-
ing model (DMEW). In future the new (DMEW model) downy mildew early-
warning model will be expanded and improved. This means that producers in
the Western Cape will then be able to access the calculated infection times of
downy mildew quickly and easily and act accordingly.

Shortcomings of the adapted Metos model
In some years the adapted Metos model did not entirely live up to expecta-
tion. The model firstly makes use of measured leaf wetness values. Up to now
the sensor that creates the leaf wetness figures has not been able to realis-
tically simulate the wetness of a vine leaf and consequently, from time to time,
the measured figures are far from the truth. There is no furthermore prede-
termined standard for setting up the leaf moistness sensor. The height
above the ground, aspect, slope and whether the sensor must be placed in
or near the vineyard, are consequently still being determined by each
researcher. 

Probably one of the biggest shortcoming of the adapted model is that it
does not give a sufficiently sensitive indication of infections. For example, out-
breaks of downy mildew are reported, but in that period no infection periods
are calculated by the model itself. Lastly, the current adapted model only pro-
vides a qualitative “yes or no” warning, which indicates whether primary
and/or secondary infection has occurred or not. Consequently the model does
not indicate the infection as a percentage of possibility, which would have
been much more useful. Therefore producers  have no indication of whether
the disease pressure which may come about will be low, medium or high and
confidence in the model still varies. Many producers prefer to use a preven-
tative spraying programme, which requires regular spraying, rather than
relying on a model that only indicates infections at certain times, whereafter
control should be applied.

New downy mildew early-warning model
(DMEW model)
The shortcomings of the adapted model were adressed firstly by replacing the
leaf wetness values being measured by a mathematical regression, which
makes use of relative humidity and temperature. Research done up to now
has achieved good results with the new technique. To increase the sensitiv-
ity of the new model, the variables of the adapted model were increased and
reduced in the DMEW model, in order to obtain more infection periods for the
calculation of both the primary and the secondary infection. 

appeared OCTOBER 2004
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FIGURE 3: Calculation of possible favorable downy mildew infection conditions for the
period 8 - 28 December 2003 at Nietvoorbij, using the adapted Metos model.

FIGURE 4: Calculation of possible favorable downy mildew infection conditions for the
period 8 - 28 December 2003 at Nietvoorbij, using the DMEW model.

Treatment Number of sprayings Infection (%) 

1. Control – 69  

2. Preventative 7 15  

3. Adapted model 4 19  

4. DMEW-model 5 11 

TABLE 1: Percentage occurrence of downy mildew by 1 February 2004 at Nietvoorbij after spraying according to the various treatments.

The “yes or no” infection warnings of the adapted model have also been
replaced by a percentage of possible infection. To this end values were
allocated to each weather element used in the DMEW model. The closer the
given weather element to the optimum for downy mildew infection conditions,
the bigger the weight allocated to the particular element, culminating in a big-
ger calculated weight in the end. For the weather data of each day that the
model ran, the weights of the individual weather elements were added and
the sum total expressed as a percentage of downy mildew infection that may
occur. 

Once the percentage of possible downy mildew infection was known, dis-
ease infection was divided into four classes that could indicate the degree of
infection. Four classes of infection were compiled for both the primary and the
secondary infections and consisted of a zero-, low-, medium- and a high
degree of possible infection. The zero class was 0%, the percentage of the
low infection ranged from 0% - 35% (green colour), the medium infection
from 35% - 75% (yellow colour) and the high infection from 75% - 100%
(red colour). The model was developed so that low calculated infections usu-
ally go hand in hand with a low disease pressure, medium infections with a
moderate disease pressure and if a high infection is calculated, it is as a result
of a high disease pressure that reigned for some time in the vineyard. Sim-
ilar to the “yes or no” line of the adapted model, each of the lines of the
DMEW model indicates one hour, in which the conditions were sufficiently
favorable for downy mildew infection. For increased thoroughness the hourly
wind speed was also made part of the new DMEW model, seeing that wind
speed plays a big role in evaporation and drying of foliage. Figures 3 and 4
indicate the differences and similarities between the adapted model and the
DMEW model.

Testing of adapted Metos and DMEW model
with historical weather data
For both models Nietvoorbij’s hourly weather data for 8 - 28 December 2003
was taken and applied to the models. Figure 3 indicates the visual repre-
sentation of calculated downy mildew infections of the adapted model for the
period 8 - 28 December 2003, while Figure 4 indicates the representation of
the calculations of the DMEW model for the same period. In the latter two
figures it is clear that the adapted model indicated far fewer infections for both

primary and secondary infections. The DMEW model also very clearly shows,
in contrast to the adapted model (Figure 3), the degree of infections by means
of the three colours mentioned above. More calculated leaf wetness values
occur in the DMEW model (Figure 4), and give rise to the many secondary
infections, compared to the few of the adapted model.

Testing of adapted and DMEW models with
actual disease occurence data
A block of SA Riesling at Nietvoorbij in Stellenbosch was used to determine
actual disease occurrence. The vineyard block was visited on a weekly basis
from October 2003 to January 2004. During these visits the vineyard was mon-
itored for the presence of downy mildew. The disease occurrence was deter-
mined by evaluating 100 leaves and visually estimating the percentage of
infected leaf surface. The percentage of the disease occurrence obtained in
this way, was then divided according to the following scale: 0% - 35%, 35%
- 75% and 75% - 100%. This represents a low, medium and high degree of
disease occurrence respectively. 

Four different treatments against downy mildew were applied in the trial:
1) Untreated control - no spraying against downy mildew, 2) Two-weekly pre-
ventative spraying, 3) Spraying according to the adapted model and 4)
Spraying according to the DMEW model. Disease warnings of both models
were calculated on a daily basis and used during the visits to determine
whether spraying against downy mildew should take place or not. After each
spraying a fourteen day period was considered to be a protected period. This
means that after each spraying no applications were given for fourteen
days, even if one or more warnings were calculated in this period by the two
models. Applications were only given if rainfall of >10mm occurred in the four-
teen day period, given that rainfall of >10mm was reckoned to be sufficient
to rinse off the fungicide. 

Table 1 indicates the four treatments, the number of applications and the
percentage occurrence of downy mildew. The control sites with no applica-
tions had the most downy mildew, namely 69%. The latter percentage is con-
sidered to be a medium occurrence of downy mildew. For the three remain-
ing treatments the percentage occurrence of downy mildew was considerably
less and ranged from 10% to 20%. The difference came about in the num-
ber of applications given to each. By February the preventative treatment, in
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SUMMARY
NEW AND FUTURE EARLY-WARNING MODELS OF DOWNY MILDEW

The accuracy and reliability of the Metos downy mildew early-warning model currently being used by Nietvoorbij has been improved.
The model was also made more user-friendly and a new DSVW-model was developed. Future warning or prediction models may be
improved as a result of rapid advances in technology.

which altogether seven applications were given, showed the second least
amount of disease occurrence (15%). According to the DMEW model an addi-
tional infection warning was noted and consequently an additional applica-
tion was required (Table 1), compared to the adapted model for the same peri-
od. Despite the one additional application for the DMEW model, the disease
occurrence by 1 February 2004 was eight per cent less for the DMEW mod-
el (11%) as opposed to the treatment of the adapted model (19%). The low-
er occurrence of downy mildew as a result of the warnings by the DMEW mod-
el might justify the one extra application that had to be made to treatment
number four. 

Despite the improvements to the DMEW model, there are still other prob-
lems that have to be addressed by future research. The biggest of these is sure-
ly the fact that the DMEW model, just like the adapted model, is still based
on point weather station information. The early warnings of favourable
infection conditions for downy mildew are still being done according to
weather station and the error of the models’ calculations becomes increas-
ingly bigger the further away they are from the particular weather station.
Future model/s should therefore be able to give early warnings for an entire
area or region, together with increased accuracy for any section within an area
that has few or no weather stations. 

Further research that is currently being undertaken investigates a Geo-
graphic Information System (GIS) as a solution to address the above problem.
The DMEW model can, for example, be programmed with GIS software. The
parameters of the model can remain unchanged, while simulated weather data
will be used for areas between existing weather stations with no weather data.
Results of the DMEW model can then be represented in colour charts of
favourable infection conditions for a relatively small or bigger area. Colour
charts can be compiled by using all the measured weather data from weath-
er stations in an area, as well as the simulated weater data between the sta-
tions, to run the model. In future the producer will then be able to obtain an
early-warning risk chart which indicates infections for a specific area for the
previous few days.

True prediciton models
At the moment downy mildew early-warning disease models in the Western
Cape only make use of historic and contemporary weather data to give
warnings of downy mildew infections. Contemporary weather data is weath-
er data from the aforegoing hours and any warnings/predictions based on this
type of data cannot in fact be considered a true prediction. Furthermore the
present method of an early-warning service using the warnings of existing
models has limitations in the sense that sometimes it leaves the producer too
little time for quick and effective control of downy mildew, if producers rely
simply on the infections of the warning model to combat the disease. 

The South African Weather Bureau Service (SAWS) can play a significant
role in this regard if its forecasts of weather data may be used. The SAWS has
three and five day forecasts of inter alia rainfall and temperatures which may
be used in a GIS model. The only real disadvantage of this weather data is
that the figures are daily and unfortunately the amount of rainfall per region
cannot be predicted. A GIS model will have to be adapted so as to make use
of predicted as well as of measured historical weather data. The biggest
advantage of this is surely that potential disease infections may then be pre-

dicted up to two weeks in advance, compared to the adapted Metos and
DMEW models. This GIS model will therefore give the producer maximum
opportunity to apply effective disease control in good time, as soon as con-
ditions favourable for downy mildew infection are predicted.

Summary
Downy mildew is an extremely destructive and consequently a very important
disease all over the world. The disease rears its head annually, but fortunately
the occurrence thereof is not always extremely severe and it may be fairly well
controlled by means of good management, so that large scale and serious out-
breaks seldom occur. The disease will never be eradicated. Improved control
measures, combined with aids such as mathematical models, are essential and
should play an increasingly significant role in future. 

The DMEW model is the first step in positioning existing chemical appli-
cations in such a way as to obtain better and more effective control. In the
light of other in-depth research that has already been undertaken, it looks as
if the new model is more reliable, accurate and user-friendly. This enables the
producer to form a better seasonal picture of the actual downy mildew dis-
ease conditions that are present in the vineyards. 

The three classes of possible infection (low, medium and high) also assist
the producer in taking more sensible decisions with regard to the control of
downy mildew, versus a simple “yes or no” warning given by the adapted
model. Reliable mathematical models using automatic weather stations
(hourly weather data) to calculate downy mildew infection periods, are
undoubtedly the best instruments to be used in the optimal management of
spraying against downy mildew.
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Degree-day estimates as a warning
tool for vine mealybug infestation 
in vineyards  
Vaughn Walton, Department of Entomology & Centre for Agricultural Biodiversity
vaughn@sun.ac.za, tel (021) 808-2694

Key words: degree days, Planococcus ficus, warning tool, pheromone trap monitoring, physical monitoring 

The table for the seven weather stations in five viticultural areas will be available on the IPW website, www.ipw.co.za and updated on a weekly basis with
cumulative degree days. When the value approaches 235°D a possible outbreak of the disease is indicated. Producers should use it in conjunction with
monitoring data (pheromone traps and physical monitoring) to determine whether they should take action. 

Viticulture- Weatherstation Current First Second Third
area °D degree-day degree-day degree-day

cycle cycle cycle
(235 °D) (470 °D) (705 °D) 

Nietvoorbij

Constantia

Swartland Windmeul

Berg River Backsberg

Slanghoek

Goree

Olifants River Lutzville

TABLE 1. Calculated degree-days (°D) for seven weatherstations in five viticulture areas.

Coastal area

Breë River

Heat accumulation is widely used by economic
entomologists to predict the outbreak of pest
populations. It is expressed in degree-days (°D),
and is determined by the rate of development of
the insect at different temperatures. Information
resulting from the use of °D models can be used
as additional inputs in a pest management system
for a key pest such as Planococcus ficus (Sig-
noret). 

The number of degree-days required for P.
ficus to complete one generation was 235 °D. In
many cases this number of °D coincided with the
visible increase of P. ficus in vineyards. The num-
ber of °D for the development of P. ficus accu-

mulated rapidly from early October in all areas.
This was also the period during which P. ficus pop-
ulations increased rapidly in trial sites. There fur-
ther appeared to be an indirect qualitative rela-
tionship between bunch infestation and cumula-
tive °D. 

°D can be used as an additional tool for P. ficus
management in vineyards. The completion of an
estimated one P. ficus generation (235 °D) in a
specific grape-growing area should serve as a
warning tool for pending P. ficus infestation. This
benchmark (235 °D), together with monitoring
with pheromone traps and physical monitoring,
should aid producers in their decision regarding

timely P. ficus management. 
Five grape-growing areas were initially select-

ed and cumulative degree days are calculated
for each of these on a weekly basis. The approach
of 235 °D should serve as an early-warning sign
to producers. It should be noted that this infor-
mation is supplied on an experimental basis and
not be used as a stand-alone method for P. ficus
management. It should be stressed that this tool
cannot be used as a stand-alone. Male vine
mealybug pheromone trapping, and physical mon-
itoring (as highlighted in the vine mealybug con-
trol protocol) should be done before control is
planned. 

Vine mealybug on leaf. Female vine mealybug.

appeared DECEMBER 2004
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Coding and evaluation of
spray records for IPW
Elleunorah Allsopp, ARC Infruitec-Nietvoorbij, Stellenbosch
allsoppe@arc.agric.za, tel (021) 809-3007

Introduction
The new system for registration and certification
of Integrated Production of Wine (IPW) requires
evaluation forms for spray records to be fully
and correctly completed in order to qualify for
an IPW Certificate and an IPW Compliance
Certificate. The purpose of the coding of agro-
chemical products and the evaluation system for
spray records is to measure the impact of each
spray/application on the environment.

Coding for integrated 
production (IP)
Only herbicides, pesticides and fungicides reg-
istered in terms of Act 36 of 1947 are coded.
Coding aims to evaluate the suitability of dif-
ferent products for use in IP, based on their
potential risk to Human Health and Safety, the
Environment and Beneficial Organisms. 

At present only information from published
Technical Bulletins by manufacturers and the
“Pesticide Manual of the British Crop Protection
Council” are being used for coding. Different
formulations of each active ingredient or com-
binations of active ingredients are coded sep-
arately and linked to the brand names of prod-
ucts that have been submitted for coding. The
following parameters are used for coding:

Human health and safety
Hazard/Toxicity group classification (toxicity
and risk for humans during handling).

Environmental impact

Solubility in water, half-life in soil, KOC or
KOW values, LD50 for land and water birds,
LD50 for freshwater and saltwater fish, risk
for water organisms (Daphnia and algae) and
soil organisms (earthworms) expressed as LD50
or EC50 or IOBC classification. The latter is
based on a set of internationally accepted stan-
dard tests, compiled by the International Organ-
isation for Biological Control (IOBC), which
classifies products as follows: Class 1 = Hard-
ly any risk, Class 2 = Low risk, Class 3 = Mod-
erate risk and Class 4 = High risk.

Impact on Beneficial Organisms
Bees: IOBC classification or Topical/Oral LD50 
Predatory Mites: IOBC classification. 
Predatory Lacewings: IOBC classification 
Predatory Beetles: IOBC classification 
Parasitic Wasps: IOBC classification 

A weight (score) is allocated to each param-
eter, for example a half-life in the soil of less
than 10 days is considered to pose hardly any
risk at all and receives a weight of 1. A half-life
of 10 to 90 days is considered to pose a mod-
erate risk and receives a weight of 4. Certain
parameters also count more than others and a
formula has been devised in terms of which
these weights are added to determine the total
potential environmental risk of a product. Prod-
ucts are divided into four categories: Low risk
(IP coding = 1), Medium risk (IP coding = 2),
Medium to High risk (IP coding = 4) and High
risk (IP coding = 8).

Environmental impact of each
application
The impact of a single application of a herbicide
or plant protection remedy depends not only on
the potential impact of the product itself (i.e.
the inherent characteristics of the product). It is
also determined by the amount of the active
ingredient that is deposited in the environ-
ment, how and where it is applied (e.g. full cov-
er spray, spot spray or stem application) and at
which stage during the growing season it is
applied. The product with the lowest environ-
mental impact can, therefore, not be chosen
solely on the basis of its IP coding.

Evaluation of spray record
The evaluation of the spray records is an aid to
determine the environmental impact of the
spray programme on the environment. Spray
records for herbicides, pesticides (for insects,
mites, snails, nematodes) and disease control
remedies (mainly for fungi) are evaluated sep-
arately in Appendix 2A, 2B and 2C in the
Guidelines. Most of the natural enemies of
pests such as mealybug and mites reach peak

populations late in summer and at the start of
autumn. Applications of fungicides after harvest
to reduce the inoculum potential for the next
season are not as harmful to natural enemies as
applications of insecticides at this stage. For this
reason post-harvest fungicide applications are
less heavily weighted than applications of pest
control remedies. 

Appendix 2 is a summary of the spray records
of all the blocks on the farm. Each applica-
tion is entered on a separate line to simplify cal-
culations and also because the point weights of
applications will differ at different times of the
season and at different spray volumes.

Evaluation of Herbicide Applications
(Appendix 2A in the Guidelines)

First read the guidelines regarding cultivation
and weed control, in particular the guidelines
with regard to the use of pre-emergence her-
bicides. To complete this table accurately and
calculate points, the following information is
required for each application: 
• Active ingredient (a.i.) and/or brand name.

of product (on label or in Appendix 3E). 
• Formulation of product used (e.g. 180 SL or

100 SC). 
• Volume of the product formulation applied

per hectare. 
• IP coding of product as listed at Appendix

3A.

Examples: see Table 1. The quantity of active
(kg)/ha to be applied is determined as follows:
Suppose the 180 SL formulation of glyphosate
(Sting) was used and the recommendation was
that 4l per hectare be applied. This means that
1l of the product contains 180 g active, there-
fore 4l contain altogether 4 x 180 = 720 g or
0,72 kg active. If a product contains two active
ingredients, e.g. Preeglone 120/80 SL with
paraquat and diquat as actives, the two actives
are added together (i.e. 120 + 80 = 200 g
a.i./l) to determine how much active had been
applied per hectare. 

The percentage of vineyard area that has
been treated, is calculated by adding the total
area of all the treated blocks, regardless of
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IP 
CODING

[A]

TABLE 1: Evaluation of spray records for herbicide (Appendix 2A in the Guidelines)

NAME AND FORMULATION
OF

PRODUCT/ACTIVE

STING 180 SL (4 L/ha)
glyphosate

PREEGLONE 120/80 SL (5 L/ha)
paraquat + diquat

TOTAL FOR HERBICIDE PROGRAMME

IP 
CODING

[A]

APPLICATION  [C]

Pre-
emergence

ridge
[X2]

Pre-emergence
work row or 

full cover 
[X4]

Post-emer-
gence ridge
and/or work

row [X1]

% 
of Vineyard

area 
treated

[D] *

Outside
guidelines

X10
Inside

guidelines
X1[E]

Point per 
application

[AxBxCxDxE]

2 0,72 1

1

1

1

0,1

1

1

1

1,44

4,0

1,2

6,64

1,0

3,0 4

4

* % area expressed as decimal, i.e. 100% = 1,0 and 10% = 0,1
CUT-OFF POINTS: 0 - 10 = GOOD, I.E. 5 POINTS TRANSFERRED TO 7,2 IN APPENDIX 1                      

11 - 20 = AVERAGE, I.E. 2 - 3 POINTS
>20 = POOR, I.E. 0 POINTS

SIMAZINE 500 SC (6 L/ha)
simazine

TOTAL FOR PESTICIDE PROGRAMME (Transfer to 2C below)

Quantity 
active (kg) 
per hectare 

served
[B]

1

* % area expressed as decimal, i.e. 100% = 1,0 and 10% = 0,1 

TABLE 2: Evaluation of spray record for pesticides and nematicides (Appendix 2B in the Guidelines)

DURSBAN 750 WG (2 500 l/ha)
chlorpyrifos

TEMIK 150 GR (25 kg/ha)
aldicarb

DEDEVAP 1000 EC (1 000 l/ha)
dichlorvos

Amount of 
active (kg) 
applied per

hectare
[B]

STAGE OF SEASON APPLIED  [C]

Leaf drop to
full bloom

[X1]

Full bloom to
harvest  

[X2]

Harvest to 
leaf drop   

[X4]

% 
Vineyard

area 
treated

[D] *

Outside
guidelines

X10
Inside

guidelines
X1[E]

Point per 
application

[AxBxCxDxE]

4 2,4 1

1

0,1

0,3

0,15

1

1

1

0,96

3,75

3,6

3,125

0,75

4

8

NAME AND FORMULATION
OF

PRODUCT/ACTIVE

8,31

4

whether spraying was done on ridges only, or
in work rows or over the full surface, and it is
then expressed as a decimal of the total vine-
yard area on the farm (20% = 0,2). 

The guidelines stipulate that pre-emergence
herbicides should only be used to control spe-
cific problem weeds that cannot be controlled
by post-emergence remedies. If a pre-emer-
gence herbicide is used in areas where these
problem weeds do not appear, such usage is
considered to be outside the guidelines and the
points are multiplied by 10. 

Add the points for all the applications to
see within which cut-off points the total for the
herbicide programme falls. Cut-off points are
given at the bottom of Table 1. This point (0, 2,

3 or 5) is now transferred to item 7.2 in
Appendix 1 (Evaluation form for the Farm in the
guidelines) and multiplied by two.

Evaluation of Pest Control applications
(Appendix 2B in the Guidelines)

First read the guidelines for each applicable
pest and especially note the prescribed moni-
toring. To complete this table correctly and
calculate points, the following information is
required for each application: 

• Active ingredient (a.i.) and/or brand name.
of product (on label or in Appendix 3E). 

• Formulation of product used (e.g. 750 WG
or 500 EC).

• Volume of spray mixture applied per hectare. 

• IP coding of product as listed in Appendix
3B & D. 

• Stage of growing season at which applied.

Examples: See Table 2. The amount of active
(kg)/ha applied, is determined as follows: Sup-
pose the 750 WG formulation of chlorpyrifos
was applied as a dormant spray at 2 500l
spray mix/ha (1l per vine). In Appendix 3B it has
already been calculated that 100l of the spray
mix, made up according to the registered dose,
contains 96 g active. That means 2 500l spray
mix contains 25 x 96 = 2 400 g or 2,4 kg
active. 

The percentage of vineyard area that has
been treated, expressed as a decimal (10% =
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TABLE 3: Evaluation of spray record for fungicides (Appendix 2C in the Guidelines)

NAME AND 
FORMULATION 

OF PRODUCT/ACTIVE

DITHANE M-45 800 WP (500 l/ha)
mancozeb

MIKAL-M 440/260 WP (1 000 l/ha)
fosetiel-AL + mancozeb

IP 
CODING

[A]

APPLICATION  [C]

Leaf drop to
full bloom

[X1]

Full bloom to
harvest  

[X2]

Harvest to 
leaf drop   

[X2]

% 
Vineyard

area 
treated

[D] *

Outside
guidelines

X10
Inside

guidelines
X1[E]

Points per 
application

[AxBxCxDxE]

1 0,8 1

1

2

2

2

1

1

1

1

1

1

1

1 1

1

1

1

1

1

1

0,8

9,8

0,4

17,0

9,6

39,2

78,4

155,2

8,31

163,51

2,45

0,2

4,25

2,4

19,6

19,6

2

22

QUADRIS 500 WG (1 000 l/ha)
azoxystrobin

CUPRAVIT 850 WP (1 000 l/ha)
copper oxichloride

WETABLE SULPHER 800 WP 
(1 000 l/ha)

DUSTING SULPHER 980 DP 
(20 kg/ha)

DUSTING SULPHER 980 DP 
(20 kg/ha)

Amount of 
active (kg) 
applied per

hectare
[B]

1

2

2

2

2

TOTAL FOR FUNGICIDE PROGRAMME (Appendix 2C)

TOTAL FOR PESTICIDE PROGRAMME (Appendix 2B)

TOTAL FOR SPRAY PROGRAMME (2B + 2C) 

* % area expressed as decimal, i.e. 100% = 1,0 and 10% = 0,1
CUT-OFF POINTS: 0 - 50 = GOOD, I.E. 5 POINTS TRANSFERRED TO 13,3 IN APPENDIX 1                      

51 - 100 = AVERAGE, I.E. 2 - 3 POINTS
>100 = POOR, I.E. 0 POINTS

0,1), is calculated as for herbicides. If spot
treatments took place, the percentage area
covered by all the spots/vines together, is esti-
mated. 

If control for a pest took place, but the pre-
scribed monitoring (e.g. nematode analyses)
was not done or any of the other stipulations in
the guidelines were not complied with, the
treatment falls outside the guidelines and the
points are multiplied by 10. 

Add the points for all the applications to
calculate the total for the pest control pro-
gramme. This total is now carried over to
Appendix 2C as soon as the total for the dis-
ease control programme has also been deter-
mined.

Evaluation of Disease Control applica-
tions (Appendix 2C in the Guidelines)

First read the guidelines for each applicable
disease. To complete this table correctly and
calculate points, the following information is
required for each application:

• Active ingredient (a.i.) and/or brand name

of product (on label or in Appendix 3E).

• Formulation of product used (e.g. 750 WG
or 500 EC). 

• Volume spray mix applied per hectare. 

• IP coding of product as listed in Appendix
3C.

• Stage of growing season at which applied. 

Examples: See Table 3. The quantity of active
(kg)/ha applied, is determined as follows: Sup-
pose Dithane M-45 800 WP with mancozeb as
the active was applied at 500l spray mix/ha. In
Appendix 3C it has already been calculated
that 100l of the spray mix, made up according
to the registered dose, contains 160 g active.
This means 500l spray mix contains 5 x 160 =
800 g or 0,8 kg active. Suppose a product has
two active ingredients, e.g. Mikal-M 440/260
WP with fosetyl-AL and mancozeb as actives.
The total amount of active per kg or l formu-
lation is 440 + 260 = 700 g. In Appendix 3C it
has been calculated that 100l spray mix con-
tains altogether 245 g active. If 1000l spray mix
has been applied, the total amount of a.i./ha 10

x 245 = 2,45 kg. 

The percentage of vineyard area treated,
expressed as a decimal (10% = 0,1), is calcu-
lated as for the other spray programmes. 

If control was applied for a disease, but the
stipulations or conditions in the guidelines
were not met, the treatment falls outside the
guidelines and the points are multiplied by 10. 

Add the points for all the applications to
calculate the total for the disease control pro-
gramme. Now carry over the total for the pest
control programme (2B), add it to this total and
see within which cut-off points the total for the
spray programme falls. Cut-off points are giv-
en at the bottom of Table 3. This point (0, 2, 3
or 5) is now transferred to item 13.3 in
Appendix 1 (Evaluation form for the Farm) and
multiplied by 10.

Use of copper and sulphur

Copper is a heavy metal that does not easily
leach out of the soil, consequently there is a
danger of it building up in the soil. If copper lev-
els in soil become too high, the soil is no longer
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ABSTRACT

Coding and evaluation of spray records for IPW
Agrochemicals are coded for Integrated Production (IP) and spray records are evaluated to deter-
mine the environmental impact of each application. According to the new system of registration
and certification for Integrated Production of Wine (IPW), spray record evaluation forms must be
completed correctly to be able to qualify for an IPW Certificate and an “IPW Compliance Certifi-
cate”. Information from published “Technical Bulletins” of manufacturers and “The Pesticide Man-
ual of the British Crop Protection Council” are used to code registered weed control and crop pro-
tection remedies in one of four categories, based on their potential risk to the environment: “Low
risk” (IP coding = 1), “Medium Risk” (IP coding = 2), “Medium to High Risk” (IP coding = 4) and
“High Risk” (IP coding = 8). The impact of an application on the environment is determined by
the IP-coding, the amount of active ingredient applied per hectare, application method and the
stage of the season that it is applied. Spray records for herbicides, pest control and disease con-
trol are evaluated separately in Appendix 2A, 2B and 2C of the IPW guidelines. The evaluation form
represents a summary of all the vineyards on the farm. To complete the evaluation, the following
information is required for each application: Active ingredient and formulation of the product applied,
spray volume per hectare and IP coding of the product. Examples are given of how to complete
spray record evaluations and the use of the cut-off points to evaluate the complete spray programme
for Appendix 1 of the guidelines.

suitable for agriculture. The IP coding of copper
oxychloride is 2, but with a spray volume of 
1 000 l/ha 4,25 kg of copper is deposited.
This explains why the evaluation point for such
an application is relatively high (Table 3). Pro-
ducers are advised to alternate the use of cop-
per remedies with other contact pesticides such
as remedies with mancozeb as active ingredi-
ent for post-harvest treatment against downy
mildew. 

Sulphur is not very environment-friendly
either and dusting sulphur in particular is a
risky product to store and apply. Even the
organic movement in Europe is currently look-
ing for alternatives to sulphur and copper. The
manufacture, transport and storage of dusting
sulphur is risky, especially because it is
flammable, with the result that it is no longer
a cheap product. As a result of these risks and
the accompanying cost to manufacturers, as
well as pressure from consumers, it is possible
that dusting sulphur will not be freely available
in future. Producers who use dusting sulphur
are advised to start investing in other options. 

The examples in Table 3 show that, as in the
case of copper, the high volume of active ingre-
dient applied per hectare causes applications of
sulphur to be quite heavily weighted. Repeat-
ed use of copper and/or sulphur in the course
of the season may cause the total for the spray
programme to exceed 100, in which case it will
be evaluated as “poor”. Even if 0 points are
scored under 13.3 (Appendix 1), this in itself
will not cause the farm to fail in achieving the
IPW pass rate of 80 (50%). The fact that certain
applications have a greater impact on the envi-
ronment than others cannot, however, be
ignored or argued away. 

The evaluation of the spray programme mea-
sures the impact of the programme on the
environment and may be used as an aid to
adjust the spray programme to such an extent
that the environmental impact is kept to the
minimum. 

Examples and instructions on how to com-
plete Appendix 1 and 2 of the IPW guidelines
also appear in the Guide to the Completion of
the IPW Evaluation Forms for Farms (available
on www.ipw.co.za).
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In the vineyard
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Vine Balance: 
Its importance to successful 
cultivation
E Archer1 and JJ Hunter2

1) Department Viticulture- and Oenology, Stellenbosch University
2) ARC Infruitec-Nietvoorbij, Stellenbosch

Key words: Subterranean and above-ground growth balance, balanced root thickness, cordon balance, balanced shoot growth and yield,  balance between young and old
leaves, balanced pruning, efficient trellising

FIGURE 1: Influence of root growth on the growth of a vine above the surface. Left: Small root volume due to insuf-
ficient soil preparation. Right: Large root volume as a result of effective soil preparation. 

TABLE 1: The influence of the number of roots on the shoot mass as influenced by various rootstocks, Nietvoorbij,
1974-1981 (Southey & Archer, 1988).

Rootstock Number of roots per m2 Average shoot mass
profile wall (t/ha)

Ramsey 595 4,22

99 Richter 402 3,06

101-14 Mgt 343 2,95

143-B Mgt 340 2,41

Jacquez 293 1,96

3306 Couderc 266 1,84

Teleki 5BB 136 1,24

Introduction
The vine is a climber and as such it is genetically
inclined to favour shoot growth. As long as condi-
tions favour the vine (sufficient water and nutrients
and high temperature) it will be inclined to grow
vegetatively - often at the expense of reproductive
growth. Therein lies the challenge for viticulturists:
to manage the vine in such a way as to achieve con-
trolled growth. The only natural way for the vine to
propagate is through its seed. If the vine receives the
impulses that times are going to be tough, thus
threatening its survival, its natural reaction is to
enable its metabolism to favour seed development
in an attempt to foster high quality seed for prop-
agation. 

In the process the development of the meso-
carp (around the seed) benefits and high quality
berry development occur at the same time. By so
doing good grape composition is achieved. The
challenge for viticulturists therefore lies in manag-
ing the vine in such a way that it will promote
seed development in order to propagate, without
going into a real stress situation where normal
physiological processes are compromised. In human
terms, management actions were therefore estab-
lished to “cheat” the vine into “believing” that it
would perish, without the danger of this actually
happening. This level of vineyard management is rel-
atively simple to achieve in instances where con-
trolled growth occurs vis á vis instances where veg-
etative growth is overly vigorous. Controlled growth
occurs where the following balances occur in the
vine: (i) Balance between subterranean and above-
ground growth, (ii) Balance between fine and thick
(superficial and deep) roots, (iii) Balance between left
and right cordon, (iv) Balance between shoot growth
and yield and (v) Balance between young and old
leaves in the canopy. 

Balance between subterranean
growth and growth above the
surface
The vine strives towards a 2,5:1 ratio between
aboveground and subterranean growth (Hunter,
1998). An improvement in root growth there-
fore means a 2,5 times improvement in growth

above the surface. There is always a balance
between the number of root points (as an indi-
cation of root distribution) and the amount of
growth above the surface (Table 1). Vines with
more roots per allocated space have a bigger
shoot growth capacity than those with fewer

roots. This relationship is clearly illustrated by
Figs 1 to 3. Colonisation of the soil volume avail-
able to a vine is therefore of primary importance. 

In most instances the subterranean:above-
ground growth balance is dictated by the size of
the root system, which is why the efficiency of soil

appeared FEBRUARY 2004

Eben Archer
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FIGURE 2: Influence of root growth on the growth of a vine above the surface. Left: Small root volume due to inef-
fective establishment. Right: Large root volume as a result of effective establishment. 

FIGURE 3: Influence of root growth on the growth of a vine above the surface. Left: Small root growth supports a small
volume above the surface. Right: Large root volume supports a large volume above the surface. 

preparation is decisive in the establishment of
the balance. A root volume that enables coloni-
sation of both a fine root as well as a deeper tap
root system is a prerequisite for a sustainable
balance between growth above and below the
surface. It should be borne in mind, however,
that with an ineffective trellis system, which
results in canopy crowding and consequently in
interior canopy shade, this balance as well as
the balance between fine and tap roots may be
disturbed unilaterally, thus causing an imbalance
in the vine. 

Root growth points are important production

organs for certain growth hormones. The hor-
mone balance that exists within the vine dictates
the growth and ripening processes and if this
balance is disturbed (e.g. by a poorly developed
and -functioning root system), the internal plant
processes which are necessary for a balanced
vine, are also disturbed. Poor pruning and/or
canopy management practices, on the other hand,
are also responsible for a disturbance of the bal-
ance, thus contributing to unbalanced vineyards.
If a balance is created between the rootstock and
scion space, it must be maintained by the correct
cultivation practices (Fig 4).

Balance between fine and thick
roots
Balanced growth above the surface brings about
balanced distribution of nutrients, resulting in
the optimal functioning of all vine parts. So the
correct trellis system, plant spacing, pruning prac-
tices and canopy management as well as judicious
fertilisation and irrigation will also impact on the
composition and distribution of the root system.
In Figure 5 the effect of correct canopy manage-
ment (resulting in optimal canopy microclimate
and functioning) on the root diameter balance is
shown. Canopy management stimulates the devel-
opment of roots especially in the smaller diame-
ter classes (Hunter and Le Roux, 1992; Hunter et
al., 1995). A higher incidence of such roots
increases the uptake-ability of the root system and
results in more efficient utilisation of minerals
and water. A further very important consequence
is the production of growth hormones that regu-
late above-ground growth, bunch development
and grape composition. 

Balance between right and left
cordons
Although this balance is applicable to a split cor-
don vine shape, the principles involved are also of
vital importance to single cordon, as well as bush
vines. Vines with an unbalanced permanent struc-
ture such as a short cordon on the one side and a
long cordon on the other side, or an unbalanced
circle of bearer arms in the case of bush vines,
result in heterogeneous shoot lengths with corre-
sponding heterogeneous levels of ripeness in the
grapes. Tables 2, 3 and 4 indicate that heteroge-
neous shoot length deriving from uneven cordons
in the case of Sauvignon blanc, Merlot and Caber-
net Sauvignon results in uneven ripening. The
occurrence of green and overripe grapes in the
same vine play a role in the dilution of the poten-
tial quality and leads to yields with unpredictable
and poor wine quality. Heterogeneous shoot
lengths also result in heterogeneous bunch sizes
(Fig 6). 

The only way to obtain balanced cordons is by
ensuring that upright trunks are formed during the
vine development procedures. In this regard a
uniform cordon split with cordons that fully cov-
er the cordon wire, is a prerequisite (Fig 7). 

A balanced cordon is obtained by allowing the
same number of buds on the left and right cordon
shoots. The balancing is based not only on length
or thickness. If the balance has been created in the
adult vines it is vitally important that it be main-
tained by means of effective pruning practices.
This is achieved by allocating the same number of
buds left and right annually so that the same
number of sinks on both sides may exercise a
balanced demand for the division of the water and
nutrient pool.
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FIGURE 4: A balanced volume above the surface is maintained by the correct pruning
practices to achieve balanced shoot growth.

FIGURE 5: The influence of correct canopy management on the root diameter balance
of vines: A = no leaf removal; B = 33% leaf removal. • = < 0,5 mm; o = 0,5 - 2mm;
x = 2 - 5 mm; � = 5 - 10 mm;     = > 10 mm
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TABLE 3: Grape composition of Merlot/R99 as influenced by different shoot lengths (Archer, 2001).

Shoot lenght Sugar concentration Acid concentration pH Skin colour
(cm) (°B) (g/l) (520 nm)

± 60 23,6 4,2 4,1 1,341

± 120 24,9 7,1 3,4 2,043

> 200 21,3 10,3 3,9 0,981

TABLE 2: Grape composition of Cabernet Sauvignon/R99 as influenced by different shoot lengths (Archer, 2001).

Shoot lenght Sugar concentration Acid concentration pH Skin colour
(cm) (°B) (g/l) (520 nm)

± 60 23,4 5,2 3,8 1,203

± 120 24,5 7,4 3,3 2,761

> 200 21,9 8,9 3,2 1,078

TABLE 4: Grape composition of Sauvignon blanc/R99 as influenced by different shoot lengths (Archer 2001).

Shoot lenght Sugar concentration Acid concentration pH Fruitiness
(cm) (°B) (g/l) on taste

± 60 20,5 4,0 3,8 None

± 120 24,3 8,6 3,3 Outspoken

> 200 19,1 14,0 3,7 Traces only
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FIGURE 6: Heterogeneous shoots result in heterogeneous bunch development. 

FIGURE 7: Weakly formed cordons (A, B and C) lead to imbalance. Crossed cordons (D) give balanced development.
The correct vine development process results in balanced forks (E).

Balance between shoot growth
and yield
When primary shoot growth is naturally arrested
within three weeks after the beginning of véraison,
it is a sign that there is a good balance between
shoot growth and crop. Such a balance ensures
good ripening with balanced grape composition
and eventual good wine quality, especially once the
shoots have reached a length of 1,2 m to 1,6 m.
This shoot length is indicative of sufficient leaves
per shoot to ripen two bunches completely, but the
prerequisite is that the leaves must be efficiently
exposed to sunlight.

Cardinal prerequisites for this balance are
the following: 
(i) A spur spacing which provides each fertile

shoot with enough space in the canopy so
that it may assume its rightful place - in an
upright position - in the trellis without too
much overlapping (Fig. 8). 

(ii) An effective spur length which prevents the
building up of spurs so that each fertile shoot
may reach its rightful length for a correct
leaf surface: fruit mass ratio. This ensures
complete ripening (Fig 9). 

(iii) A trellis system that can accommodate the
shoot growth and does not limit it. This pre-
vents excessive and untimely topping and
provides sufficient space for shoots to stop
growing spontaneously after véraison. On
such a trellis system it is also easier to achieve
even shoot length (Fig 10). 

Vines with shoots that stop growing before vérai-
son are just as unbalanced as vines with shoots
that continue to grow after ripening. The occur-
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FIGURE 8: Upright shoots ensure effective use of the trellis. 

FIGURE 9: Correct shoot lenght prevents the build-up of spurs.

Correct short spur.

Long term effect of spur build-up.

Wrong short spur.

rence of both these kinds of shoots results in
grapes with heterogeneous composition and play
a role in inferior wine quality. Shoots that stop
growing before véraison have insufficient leaves to
ripen their bunches and shoots that grow active-
ly during ripening have growth points that compete
too much with ripening bunches for photosyn-
thetic products. In both instances optimal grape
composition is compromised.

Fig 11 shows a trellis system that will accom-
modate effective shoot growth under most con-
ditions. The spacing of the moveable canopy
wires is of cardinal importance. For cultivars with
shoots that grow upright (e.g. Sauvignon blanc,
Cabernet Sauvignon, Cabernet franc, Pinotage) it
is recommended that the first set of moveable
canopy wires be attached no higher than 20 cm
above the cordon wire. Further moveable canopy
wires must be spaced not more than 30 cm apart
and the entire pole must be used right to the
top. For cultivars with floppy shoots (e.g. Merlot,
Shiraz) it is recommended that the first set of
moveable canopy wires be attached no higher
than 15 cm above the cordon wire. Further move-
able canopy wires must not be spaced more than
20 cm apart and the whole pole must be used
right to the top. 
It is important for the bottom set of canopy wires
not to be moved once it has been hooked up
and it is often necessary, in instances where these
wires are not rigid enough, to draw them closer
with wire clamps. The only set of wires that
changes in position is the top set, which is moved
to the top of the pole as soon as the shoots have
grown about 15 cm past the pole height. By so
doing an extra 30 cm in the height of the canopy
is ensured. The purpose of this is to achieve
upright shoots in the canopy, all of which require
timely tipping to the same height in order to
obtain uniform shoot length. This will prevent
slanted shoots with unhindered and uncontrollable
growth in the canopy, while simultaneously ensur-
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FIGURE 10: Even shoot length obtained by means of an effective trellis system.

FIGURE 11: Seven wire hedge trellis with six movable canopy wires.

Ineffective trellis causes slanting and overhanging shoots.

Leaves and lateral shoots on slanting shoots all grow to one side.

FIGURE 12:. Trellis system and shoot positioning influence the occurrence of slanting shoots.

Effective trellis induces upright shoots.

Slack canopy wires cause slanting shoots.

ing that sufficient lateral shoots develop to carry
younger leaves (Fig. 12). 

Balance between young and old
leaves in the canopy
It is well-known that the contribution to bunch
feeding of leaves starts to decrease when they
are older than 80 - 90 days. This means that the
contribution made to sustained ripening by leaves
which unfolded in the second half of September
and the first half of October, starts to decrease as
from the second half of December and the first half
of January. These are the leaves in the bunch
zone of the canopy and this means that the leaves
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FIGURE 13: Lateral shoots ensure sufficient young leaves to support ripening.

situated higher in the canopy (younger leaves)
play a cardinal role during ripening. Obviously the
time of full ripeness plays an important role and
this means that cultivars which ripen later (e.g.
Cabernet Sauvignon, Cabernet franc, Shiraz) must
have more young leaves, percentage-wise, than
early ripening cultivars. These young leaves are sit-
uated higher up on the primary shoot (for this to
occur, the trellis system must be higher) and also
on the lateral shoots. For effective ripening the
main shoot leaf surface:lateral shoot leaf surface
must be approximately 0,7 (Hunter, 2000). This
means that at the time of final ripening the later-
al shoot surface must be approximately 30% big-
ger than the main shoot leaf surface.

Economics and mechanisation prohibit exces-
sively high trellis systems and therefore it is very
important for optimal ripening to obtain and
maintain lateral shoots (especially in late cultivars);
particularly in trellis systems that are too short to
achieve efficient shoot length. For the same rea-
son very late topping is detrimental to optimal
ripening because in most cases it removes the
most productive leaves. Therefore timely and also
more regular tipping of primary shoots is benefi-
cial because it results in the formation of lateral
shoots (more young leaves) earlier in the season
(Fig 13).

Conclusion
To obtain a balanced vineyard, a strategic approach
is required in which all practices are directed at
inducing moderate growth. This entails all long

and short term practices, but it is the former espe-
cially which requires careful planning to limit short
term input. Three of the long term practices in
particular deserve special mention in this regard, viz:
root stock choice, the choice of plant spacing and
the choice of the trellis system. The choice of a less
vigorous rootstock, narrower inter-row spacing
with a wider vine spacing in the row, together
with a trellis system that will accommodate and not
limit the vigour, play a big role in the creation of
balanced vines with homogeneous shoot length. If
the nutrition and irrigation programmes of such
vineyards are attuned to obtain moderate growth,
the battle to obtain balanced vines is halfway won. 

Soil preparation has a direct impact on the
balance between rootstock and scion growth and
the trellis system affects the way in which this bal-
ance can be accommodated and maintained.
Vine spacing and structure affect the balance
between the left and right cordon arms. The trel-
lis system and pruning influence the balance
between shoot growth and yield, while canopy
management practices, together with the trellis
system, have a direct impact on the balance
between young and old leaves in the canopy, as
well as root diameter composition of the root
system. This is why a total strategy is required to
obtain balanced vines. Balanced vines are the
key to success, irrespective of the production
goal. The only difference between vineyards that
are managed for icon and/or ultra premium wines
on the one hand, and standard and/or distilling
wine on the other hand, is that the relevant bal-
ance lies on a different level. 
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FIGURE 2: The structure of a ripe berry. (Compiled from Kennedy, 2002) 

FIGURE 1: Schematic representation of the formation of tartaric acid and malic acid in leaves and berries (compiled
from Hunter & Archer, 2002) 

Introduction
In the wine world everybody agrees that the qual-
ity of a wine is directly related to optimal ripeness.
The question to be asked at this point is: what is
optimal ripeness? In short, optimal ripeness means
that the grapes, when pressed, must have the
right sugar, good acid (high tartaric acid and low
malic acid), low pH and good colour (in the case
of red grapes) and flavour in accordance with a
specific wine goal. 

The most important factors that influence opti-
mal ripeness in the vine are: terroir (physical and
chemical characteristics of the soil and climate),
the growth pattern of the vineyard and the micro-
climate inside the canopy. The above factors will
therefore also play a big role in the formation of
tartaric acid and malic acid in the vines. 

In order to manage grape composition for opti-
mal acid development, it is therefore necessary to
manage the above factors. Seeing that soil and cli-
mate in South Africa are a given, the focus will fall
on that which is manageable, namely the growth
pattern and the canopy microclimate of the vine-
yard.

Total acid
The three most important organic acids that occur
in the grape berry, are tartaric acid (TA), malic acid
(MA) and citric acid. Tartaric acid and malic acid
constitute 90% and more of the total acid con-
centration, while citric acid only occurs in very lim-
ited quantities in the grape berry. 

Both the leaves and the berries are able to form
tartaric acid and malic acid. The young leaves in
particular play a role in the synthesis of tartaric acid
and malic acid. Photosynthesis of the green berry
may contribute up to 50% of the synthesis of tar-
taric acid and malic acid. Tartaric acid is mostly syn-
thesised from sugars and malic acid mostly from
pyrovates or phosphoenolpyrovates (Fig. 1). 

The distribution of tartaric acid and malic acid
in the berry differs during berry development. In
the developing berry tartaric acid usually occurs
towards the outside of the berry and malic acid
towards the inside, with the highest concentra-
tions of malic acid in the pulp of the berry. In the
ripe berry the acid concentration shifts, with the
highest concentration of total acids occurring
near the pips and the lowest concentration of
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FIGURE 3: Diagram to indicate berry and colour development measured at 10 day intervals from just after flowering.
The times when other components start to accumulate, as well as the flow of xyleme and phloem juice in the berry,
are indicated. (Compiled from Kennedy, 2002)

total acid occurring near the skin (Fig. 2). 
Tartaric acid already starts to accumulate dur-

ing Phase 1 of berry development and reaches a
maximum concentration shortly before véraison.
As soon as véraison occurs, as well as during
Phase 3, there is a sharp decline in tartaric acid in
all parts of the berry. Malic acid, on the other
hand, starts to accumulate before véraison and
reaches a peak even before the onset of véraison.
During véraison malic acid sometimes occurs in
higher concentrations than tartaric acid in the
berry (Fig. 3). 

Following véraison and during ripening there is
a decline in total acid which may be ascribed
mainly to the following: 
1. The dilution of acid as a result of an increase

in berry volume. 
2. The increasing progression of potassium into the

berry. The potassium shifts the hydrogen ions of
the tartaric acid and malic acid to form tar-
trates and malates and by doing so reduces
the total acid concentration with a resulting
increase in pH. 

3. The reduction in the amount of acid that will
be translocated from the leaves to the berry. 

4. Conversion of organic acids to sugars. 
5. The increase in membrane permeability which

may cause the acids in the cell vacuoles to
accumulate and be respirated. Malic acid is
less stable than tartaric acid and consequently
respirates first and very quickly. Tartaric acid on
the other hand is much more stable and respi-
rates very slowly.

The role of Phytochrome
A very important component of the grape is phy-
tochrome. It is a light receptor that intercepts
photones at two specific wavelengths (660 nm red
light and 730 nm farred light) in order to provide
energy for certain enzyme reactions to be able to
take place. This phytochrome occurs in an active
and an inactive form. In dense canopies the ratio
between red and farred light is more in favour of
red light and the phytochrome is mostly inactive.
In less dense canopies this ratio is inverse and
most of the phytochrome is active. The energy that
is thus generated is used to precipitate certain
enzyme reactions in the plant. Enzymes that play
a particular role with regard to organic acids and
pH are: 
1. Phospho-enolpyrovate carboxylase. The

enzyme carboxylates pyro-grape acid in order
to form malic acid. 

2. Tartrate synthetase is present in young leaves
and catalyses the synthesis of tartaric acid
from ascorbic acid through the insertion of
an additional carbon atom into the latter’s
carbon chain. 

3. Nitrate reductase. The enzyme reduces nitrate
to nitrite and requires sunlight energy and
potassium ions. It therefore reduces the free K
concentration in the juice. 

Dense canopies are consequently detrimental to

the function of these enzymes and the joint result
is that the acid concentration drops and the pH
increases. 

pH
pH may be defined as the negative logarithm of
the hydrogen ion concentration in a medium, in
other words the free hydrogen ions in solution.
The higher the concentration of free hydrogen
ions, the lower the pH. The most important
sources of hydrogen ions in the grape berry are
tartaric acid and malic acid which are only partially
ionised. Only the free part of the acids’ hydrogen
ions determines the pH. 

During ripening the pH of the grapes changes as
a result of the change in acid composition, acid con-
centration, dissociation of acids and formation of
salts. Initially the pH drops from just after berry
set, whereafter it remains constant for a while and
then begins to increase rapidly as dilution of the acid
takes place and/or the acids are neutralised.

Factors that play a role in the change in pH are
climate, soil, water status, cultivar, plant materi-
al and cultivation practices. Potassium also plays
an important role in the pH balance of grapes and
wine. If high potassium levels are present in the
berry, the hydrogen ions of the acids are dis-
placed by the potassium ions. Acid salts (tar-
trates and malates) are formed, which means
that the pH increases, as a result of lower con-
centrations of total acid. Cultivation practices
such as nutrition and canopy management, for
example, also play a significant role with regard
to the pH of grapes. 

pH plays a very important role in the colour,
taste and stability of wine, however. In red culti-
vars high pHs reduce the colour stability of the
wine as a result of the tannins occurring in an
insoluble form in the wine. These tannins sink
down and consequently reduce the colour of the
wine. Furthermore, anthocyanins occur in an
uncoloured form in high pHs, which contributes
even more to lower colour stability. 

The freshness and complexity of wines are also
lower when the pHs are high and the wines tend to
be “flabby”. High pH wines oxidise more readily, do
not mature as well and are microbiologically unsta-
ble as a result of the free SO2 which is less effective
when the pH is high. The effectiveness of ben-
tonite is also reduced by high pH. When the pH is
lower, proteins precipitate more readily and potas-
sium bitartrate occurs in the undissociated form,
which means that the wine is more protein and cold
stable.

The effect of growth pattern on
the acid composition and pH
When vigorous growth takes place, excessive
shadowing of the leaves occurs and the photo-
synthetic activity is therefore reduced. This results
in the accumulation of potassium ions, which are
translocated to the berry, which in turn causes the
neutralisation of the organic acids in that the
hydrogen ions are displaced by the potassium
ions. The acid concentration is therefore reduced.
Seeing that the sunlight in the canopy is not suf-
ficient, nitrate reductase does not function opti-
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FIGURE 4: An example of unbalanced development during vine development with the
left cordon arm being much stronger than the right cordon arm. 

FIGURE 5: Shoots toppling over and grapes being exposed to the sun as a result of an
insufficient trellis system.

mally and potassium is not used effectively in
the berries, which means that the hydrogen ions
of the acids are displaced by the potassium ions.
As already mentioned, overshadowing also caus-
es the suppression of phospho-enolpyrovate car-
boxylase and tartrate synthetase and consequently
sufficient synthesis of malic acid and tartaric acid
is not possible. The reduction in organic acids
then obviously results in a higher pH. 

In vineyards with poor vigour the rate of pho-
tosynthesis is normally high, there are few yellow
leaves and little potassium is translocated to the
bunches, with the result that conditions are
favourable for a high acid and a low pH. This is not
the case, however, since the leaf to fruit ratio is too
small. This causes the berries to begin respirating
as a result of insufficient active leaf surface and
high berry temperatures of grapes hanging in the
sun. Photorespiration therefore causes the nett
product of photosythesis to be considerably low-
er, with a resulting reduction in acid content and
therefore an increase in pH. During respiration it is
usually the organic acids that are first used as
substrate to form the sugars. The simplified com-
parisons for photosynthesis and respiration are
as follows:

Shoot length also plays a significant role in
the acid concentration and the pH of grapes. In
the case of short, weak shoots the organic acid
content was found to be low and the pH therefore
high. In the case of excessively long shoots it
was also found that the composition of the grapes
was not ideal, with high total titratable acid and
high pH. 

For optimal acids and pH the ideal would there-
fore be to obtain an average canopy with the
above conditions. This means that moderate
vigour should be envisaged in order to obtain
optimal use of sunlight. The most important fac-
tors influencing moderate vigour are: soil, root-
stock and scion combination, trellis system, vine

spacing, pruning policy, canopy management
practices, water housekeeping and availability of
nutrients.

Management actions for 
optimal acid and pH
South Africa is a warm winemaking country and
one should accept that the same acid concentra-
tions and pHs as in cold winemaking countries
cannot possibly be obtained. To achieve optimal
acids and pHs in the light of this fact, the goal
must be optimal canopies. This means that an
attempt should be made to obtain sufficient
exposed leaves, protected grapes and moderate
vigour. Already in the planning stages of a vine-
yard the above requirements should be borne in
mind. 

Ensure that the right cultivar stands on the
right soil and that the combination of rootstock
and scion induce moderate growth. The plant
width and trellis system must be such that it will
be able to handle the growth in order to achieve
optimal leaf exposure. Yellow leaves as a result of
excessive shadow or stress conditions must be
avoided at all times, seeing that the yellow leaves
are the source of potassium in the bunches. Dur-
ing vine development care must also be taken to
develop well-balanced vines, in other words vines
with straight trunks so that the cordon arms are
equally strong and even in length (not like those
in Fig. 4). The trellis system must keep the shoots
straight and prevent toppling over with the sub-
sequent grape exposure (Fig. 5). 

Canopy management for leaf exposure must be
applied in such a way as to obtain the biggest
possible effective leaf surface for photosynthesis
to occur optimally. This process starts with prun-
ing and already then the correct bearer spacing (±
12 cm) and the number of bearers per vine or per
metre cordon (approximately 8 bearers per metre)
must be implemented. Stringent suckering should
take place in spring, leaving sufficient shoots per
bearer for good sunlight penetration and aeration
(approximately 16-20 shoots per metre cordon -
Figs. 6 & 7). 

Shoot growth and shoot lengths may be con-
trolled through dedicated tipping actions during
the season. Stringent topping must be avoided at
all costs, since insufficient shoot lengths are
obtained and a lot of young leaves removed. As
mentioned before, the young leaves play a very
important role in the production of acids and as
many young leaves as possible (including lateral
shoot leaves) must be retained during the ripen-
ing process. Shoots must also be tucked in and
positioned regularly and in good time in order to
obtain optimal leaf exposure. To achieve opti-
mal acid and pH, all stress conditions must be
avoided. Stress conditions may include the fol-
lowing: 
1. Excessively high or low temperatures - pho-

tosynthesis occurs optimally at approximate-
ly 25 - 30 °C. The nett rate of photosynthe-
sis is reduced at temperatures above 30 °C
and are inhibited at temperatures above 
35 °C. 

2. Wind stress: vine leaves that are situated
directly in the way of winds blowing stronger
than 4 metres per second, are subject to
wind stress. 

3. Water stress: too little or too much water
may result in weak acids and pHs. Here the
following factors should be taken into
account, viz. water retention ability of the soil,
volume of stone, irrigation infrastructure,
theoretic vs actual system delivery and the
saline condition of the soil and/or water. 

4. Nutrient deficiencies. 
5. Excessive fertilisation of nitrogen and potas-

sium. 
6. Leaf and bunch infections: oidium, downy

mildew, Botrytis etc. 
7. Unbalanced root systems as a result of poor

soil preparation, wrong plant widths, etc. 
8. Excessive production - unbalanced growth

to bearing ratio. 
It is clear that there is a number of factors influ-

encing the acid composition and pH. These factors
form a complex network of management actions
that may be executed in the vineyard so as to
manage the grape composition and pH. In a nut-
shell, the right long term decisions, together with

Chloroplasts
PHOTOSYNTHISIS
CO2 + H2O Light energy Carbohydrates + O2

Carbohydrates + O2 CO2 + H2O + Energy

RESPIRATION
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FIGURES 6: Pinotage at approximately 30 cm before being suckered (above) and after being suckered (right). 

FIGURES 7: Vines which were subjected to good pruning and suckering practices. Note
that there are two shoots per bearer with a single renewal shoot where the spur is start-
ing to get a bit long.

Fig 8. An example of a homogeneous vineyard block without any differences in
vigour and/or flaws in the Oudtshoorn vicinity.

Summary
THE MANAGEMENT OF VINEYARDS FOR OPTIMAL GRAPE ACID AND pH
In the wine world everybody agrees that the quality of a wine is directly related to grapes that have the right sugar, good acid, low pH and good colour
and flavour in accordance with a specific wine goal.  

Tartaric and malic acid are the most important organic acids in grapes and can be formed by both the leaves and berries, especially the younger
leaves. Dense canopies are detrimental to the functioning of certain enzymes and the joint result is that the acid concentration drops and the pH
increases.

Vine vigour also plays a role in optimal grape acid and pH and therefore moderate vigour should be envisaged in order to obtain optimal use
of sunlight in the canopy.  To ensure optimal organic acid and pH levels in grapes, an attempt should be made to execute and plan the long- and
short-term practices and decisions with the ideal constantly in mind and to avoid all excessive stress conditions in the vine.

good and healthy canopy management practices, play a very significant role in
the acid composition and pH of grapes and an attempt should therefore be made
to execute and plan the above practices and decisions with the ideal constantly
in mind.
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Introduction
Water resources in South Africa are limited and
regarded as scarce on a global scale. The situation
is worsened by population growth and the demands
of a vibrant economy. According to current patterns
of utilisation, South Africa will reach its limits of eco-
nomically usable, land-based fresh water around the
year 2030 (Basson, 1997). Since we can no longer
rely on developing another water resource we are
compelled to re-evaluate our current strategies of
water use. Water, although renewable, is a finite
resource that is distributed unevenly both geo-
graphically and through time. Therefore, its use
and distribution will become more and more expen-
sive as the demand grows in competing sectors.
Water use in South Africa is dominated by irrigated
agriculture, representing about 54% in 1997, while
domestic and urban use of water constituted 11%,
mining 8% and afforestation 8% (Basson, 1997). By
far the dominant growth in water requirements is
foreseen in the domestic and industrial sectors,

largely driven by population growth and industrial-
isation. The total requirements for water in these
sectors are estimated to grow at roughly 3% per
annum. A survey done in July 2001 by the Depart-
ment of Water Affairs and Forestry showed that only
51% of all South Africans, about 23 million people,
have access to free basic water. Supplying more peo-
ple with free basic water and a continually growing
urban sector will undoubtedly put pressure on agri-
cultural sectors like the wine industry, dominated by
irrigation practices, to use less water. This will
become increasingly difficult as the number of
hectares under grapevines continues to increase
at the current rate (Figure 1). What is required is a
conscious and strategic change in the use and con-
servation of our most precious resource.

Increased water use efficiency 
Vineyard water use efficiency (crop produced per
unit water applied; WUE) is a critical issue for the
expansion and sustainability of irrigated viticul-
ture. Rainfall aside, WUE is an outcome of the

*I would like to acknowledge Winetech SA for financial support, as well
as the additional project support by the Australian Grape and Wine
Research Development Corporation (GWRDC) and the support and use
of facilities by the University of Adelaide and Commonwealth Scientific
& Industrial Research Organisation (CSIRO) – Plant Industry. 

FIGURE: Total hectares under wine grapes in South Africa.

efficiency with which irrigation water reaches
the grapevine and the efficiency with which water
is transpired in fixing carbon. Grapevine tran-
spiration efficiency (W) is defined as W=A/T,
where A = carbon assimilation for dry matter
production, and T = transpiration. Vineyard WUE
can therefore be improved by either cultivar
selection with an inherently higher W or the use
of irrigation water saving technology. Apart from
the obvious cost benefits, using less irrigation
water is also an environmentally sound practice.
Not only does it save water, it reduces the
amount of pollution of our rivers and under-
ground aquifers. Excessive irrigation beyond the
effective root zone causes the loss of costly fer-
tilizers and minerals that leach into our water-
ways, damaging our basic ecosystem. Over the
years this could turn a fresh, renewable water
resource into a contaminated or saline water
source. Irrigation with saline water not only
impacts negatively on plant growth, crop yield
and quality but breaks down soil structure, chang-
ing soil characteristics and pH. Excessive irrigation
on soils with layered characteristics where
drainage is a problem, may lead to the formation
of a water table within the rooting zone. When a
water table forms within the rooting zone it
leads to poorly aerated conditions for root res-
piration and function. Extended periods of satu-
ration due to a rising water table during the
growing season may cause a loss of yield and
grape quality due to the lack of oxygen and the
production of toxins in the roots. A water table
may also cause capillary movement of water and
minerals to the surface, where it causes soil
salinisation (van Zyl, 1981).

The PRD irrigation system
PRD requires the frequent irrigation of approxi-
mately half of the root system while the other half
is left to dry (Figure 2). After a certain period the
‘wet’ and ‘dry’ zones are alternated, allowing the
former ‘wet’ zone to dry while the ‘dry’ zone is

appeared APRIL 2004
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FIGURE 2: The PRD irrigation setup.

FIGURE 3: (a) Normal and (b) PRD irrigation regime (0-50cm) measured by the Enviroscan© soil moisture sensor sys-
tem (2001).

(a)

(b)

irrigated (Dry and Loveys, 1999). The adjustment of
a normal one dripper line per vine row to a two drip-
per line per vine row with offset-drippers that can be
operated independently can achieve the desired
wetting pattern. PRD irrigation can start when nor-
mal irrigation commences and depending on type of
soil and climatic conditions, the alternation of ‘wet’
and ‘dry’ zones would typically occur on a ten to fif-
teen day cycle.

The PRD system is thought to rely on hormonal
signals originating from the roots in response to low
soil water potentials within the ‘dry’ zone. Much evi-
dence has been accumulated that drying roots are
the origin of abscisic acid (ABA), which is involved
in regulating stomatal aperture (Zhang and Davies,
1990; Davies et al., 1994). Normally, the closure of
stomata in response to drying soil conditions serves
to protect leaf tissue from excessive loss of moisture,
thereby conserving water by reducing transpira-
tion. In the PRD system the vine is given a false
sense of water stress, because one root zone is
constantly exposed to low soil water potentials,
producing ABA and sending a signal to the above-
ground organs. The observed effects of ABA in
above-ground organs due to PRD are a reduction in
shoot growth and partial stomatal closure (Dry and
Loveys, 1999). Without alternating the ‘wet’ and
‘dry’ sides, i.e. wetting only one side of the vine
while the other side continues to dry out, has shown
that the hormonal signal diminishes and stomatal
conductance and shoot growth rate will start to
recover after a certain period. 

Monitoring the PRD system 
The irrigation regimes implemented during the
PRD period are shown in Figure 3 (measured by the
Enviroscan© soil moisture sensor system). Envi-
roscan © probes were installed on either side of
the vine within the wetting zones. The soil water
content of the ‘wet’ zone was never allowed to fall
below a certain soil water content (Refill point 1)
to avoid any water deficits. The PRD cycle was
achieved by switching the wetting zones as soon
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FIGURE 4: Leaf area of Shiraz vines grown in the Barossa valley, Nuriootpa (2001).

TABLE 1: Performance data on field grown Cabernet Sauvignon in Adelaide, Waite Campus.

2000/1 Season

Control PRD %  ∆

Yield (kg/vine) 3.9 3.7 -6% n.s.
Berry °Brix 24.4 25.4 4% n.s.
Berry pH 3.53 3.45 -2% n.s.
Berry weight (g) 0.98 0.87 -11% *
Shoot growth              – Main  5.3 3.0 -43% *
(cm/PRD period)          – Lateral 3.9 1.3 -67% **
Irrigation (ML/ha set to harvest) 1.07 0.53 -50%
WUE (t/ML) 7.4 13.9 89%

2001/2 Season

Control PRD %  ∆

Yield (kg/vine) 5.5 5.1 -8% n.s.
Berry °Brix 24.9 25.1 0% n.s.
Berry pH 3.2 3.3 2% n.s.
Berry weight (g) 1.1 1.0 -9% *
Shoot growth        – Main 29.1 25.0 -14% n.s.
(cm/PRD period) – Lateral 3.4 2.6 -24% n.s.
Irrigation (ML/ha set to harvest) 1.1 0.6 -50%
WUE (t/ML) 9.7 17.9 84%

n.s.= not significant, * = significant (P<0.05), ** = significant (P<0.10),

as the soil water content in the ‘dry’ zone reached
refill point 2. Refill point 2 is an arbitrary value
where the slope of the graph of the soil water con-
tent in the ‘dry’ zone flattens to indicate a low rate
of soil drying. 

As illustrated in Figure 3, the ‘wet’ zone of the
PRD system was irrigated when the soil water con-
tent reached refill point 2. Refill point 2 corre-
sponded closely to the refill point calculated in a nor-
mal irrigation regime and therefore the ‘wet’ zone
constituted a normal irrigation regime. The rate at
which a specific soil dries depends on its charac-
teristics and would therefore determine the length
of the PRD cycle. The soil type depicted in Figure 3
is a sandy loam and it is therefore expected that a
more sandy soil would have a higher rate of drying

and would need a shorter PRD cycle. Conversely a
longer PRD cycle may be possible with a heavier soil.

PRD field performance
PRD is an irrigation system developed in grapevines
with a consistent feature in the Australian envi-
ronment that there is usually no significant reduc-
tion in yield (Dry et al., 2001) even though the vol-
ume of irrigation water has been substantially
reduced in comparison to normal irrigation prac-
tices, thereby greatly increasing water use effi-
ciency (WUE). In my experiments PRD received
50% less irrigation water than conventional drip irri-
gation and increased the WUE by about 85%
(Table 1). PRD has the effect of controlling exces-

sive vegetative growth in grapevines, leading to a
reduced canopy density and better vine balance
with decreased costs of maintenance (Dry et al.,
2001). Dense canopies generated in vines with
excess vigour produce more bunch shading and dif-
ficulties in disease control due to poor spray pen-
etration. Shading experiments done by Archer &
Strauss (1989) indicate the potential negative
effects caused by dense canopies in excessively
vigorous vines. A negative correlation was found
between the degree of shading and wine quality of
Cabernet Sauvignon. Increased shading caused
an increase in potassium concentration, pH and
titratable acids, while skin colour was also consid-
erably reduced. While other irrigation manage-
ment techniques such as regulated deficit irrigation
(RDI) may reduce vigour, they are often accompa-
nied by a penalty in yield (Goodwin and Jerie,
1992; Dry et al., 2001). PRD reduces canopy den-
sity due to a reduction in total leaf area (Figure 4),
the result of an effect on both main and lateral
shoot growth (Table 1), but mostly on the latter.
This PRD effect on vegetative growth is not con-
tributed to just a reduction in irrigation water.
Similar experiments on field grown Shiraz, where
PRD grapevines received the same amount of
water as control grapevines, showed a similar
physiological response (data not shown).

PRD berry characteristics
Experiments under Australian conditions showed no
effect of PRD on berry pH and Brix of Cabernet
Sauvignon but significantly reduced berry size with
minimal effects on crop yield. Smaller berries may
have significantly positive effects on berry and wine
quality because the skin surface per unit berry
weight or volume would be increased. Singleton
(1972) found that even a 10% decrease in average
berry size without a change in berry composition
produced red wine with recognizable and therefore
important increases in aroma, colour, tannin and
quality. Over the past two years PRD treatments of
Cabernet Sauvignon showed minimal effects on
berry sugar composition (Table 2) but marked
increases in amino acid levels on a per gram fresh
weight basis (Table 3). Significant increases were
found in amino acids contributing the largest por-
tion of the total amino acid contents in mature
berries i.e. proline, arginine, valine and isoleucine.
Amino acids are the most readily available source of
nitrogen to yeast in musts and the combination of
high free amino acids and low total nitrogen content
in berries may enhance wine quality (Bena-Tzourou
et al., 1999; Hernandez-orte et al., 1999). Musts rich
in amino acids not only influence the fermentation
process positively but also enrich the volatile com-
ponents of wines. PRD has been judged to produce
wines of higher quality where bunches of PRD vines
were much better exposed than control vines (Dry
et al., 2000). Cabernet Sauvignon wine made from
PRD fruit in the 1996/7 season was rated more
highly for aroma characteristics than wine from
control fruit. Qualitative changes were found in
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TABLE 2: Sugar analyses of Cabernet Sauvignon berries under PRD treatment 

2001 Harvest

(µMol/g fresh wt) Control PRD %  ∆

Sucrose 2,8 2,5 -11% n.s.
Glucose 576,5 601,4 4% n.s.
Fructose 514,0 531,2 3% n.s.

2002 Harvest

(µMol/g fresh wt) Control PRD %  ∆

Sucrose 2,0 0,5 -73% *
Glucose 686,2 705,3 3% n.s.
Fructose 441,9 427,6 -3% n.s.

(µMol/gram fresh weight) n.s.= not significant, * = significant (P<0.05),

TABLE 3: Total amino acid content in Cabernet Sauvig-
non berry homogenate 

Control PRD %  ∆

2001 Harvest 40.3 45.1 8%
2002 Harvest 75.5 97.4 29%

(µMol per gram fresh weight).

the anthocyanin pigments of Cabernet Sauvignon
brought about by PRD treatment. The concentration
of the derivatives of delphinidin, cyanidin and petu-
nidin in berries was increased relatively more than
derivatives of malvidin and peonidin. PRD further-
more enhanced the formation of the non-coumarate
forms of anthocyanins. Although the impact on
wine colour and stability is still unclear it may be
associated with better bunch exposure due to a
change in canopy microclimate. However, in recent
experiments where the difference between rela-
tively open control canopies and PRD canopies was
less apparent, there were no apparent effects on fruit
quality.

Conclusions
In an arid environment such as South Africa where
agriculture needs to be more competitive in its
use of natural resources, PRD could be a viable
alternative. PRD experiments in the Australian
environment using half of the normal amount of irri-
gation water had no detrimental effect on crop
yield, thereby increasing the water use efficiency of
vineyards by more than 80%. PRD reduced canopy
density by reducing total leaf area with its effect on
main and lateral shoot growth, thereby producing
vines with better vigour balance and bunch expo-
sure. This was found irrespective of the amount of
irrigation water applied. Furthermore, PRD with
half the amount of irrigation water as control
grapevines significantly reduced berry size with
positive ramifications on amino acid content, which
may produce wines rated with higher quality. 
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Copper levels in South Africa nursery
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Soil depth
(mm) III

(10 - 15 mg/kg)
IV

(15 - 20 mg/kg)
II

(5 - 10 mg/kg)
I

(0 - 5 mg/kg)

Number of soils in specific class (n = 44)

22

24

18

14

2

4

2

2

0 – 150

150 – 300

TABLE 1: Copper levels in selected South African nursery soils.

Introduction
Fungicides that contain copper are commonly used
in the South African nursery industry. Ongoing use
of such products, a large portion of which lands
directly on the soil, may lead to a gradual accu-
mulation of copper levels in nursery soils. High
copper levels are known to be toxic to the root
development of plants (Reuther & Labanauskas,
1966; Mortvedt et al., 1991; Mozaffari et al.,
1996). For citrus, root development may be imped-
ed at levels above 25 mg/kg (Mozaffari et al.,
1996), with critical limits for maize and rice at 17
mg/kg and 13 mg/kg respectively (Borkert et al.,
1998). Copper toxicities have seldom been report-
ed in production vineyards, but in Spain high cop-
per levels have been found to affect the estab-
lishment of new plantings adversely (Giovannini,
1997). Copper toxicity could therefore be especially
harmful in nurseries, because poor root develop-
ment may also have a negative effect on callus for-
mation and percentage take. An investigation into
copper levels of South African nursery soils has
not been undertaken previously, but values up to 27
mg/kg have already been found in production vine-
yards (Van Huyssteen et al., 1997). In the “tradi-
tional” nursery areas, where grapevines have been
propagated on the same soils for 50 years (or
longer), high values are to be expected. The precise
level at which copper becomes toxic to root devel-
opment in vines remains unknown.

The first aim of this study was to determine the
levels of copper (Cu) that exist in nursery soils, and
to investigate the possibility of a link between cop-
per content, callus formation, root development
and percentage take. Secondly, an attempt was
made to identify the exact level at which copper
becomes toxic in nursery soils.

Material and Methods
In the first phase of the investigation (1999/2000)
44 nursery soils, randomly distributed over the
Western Cape, were sampled to a depth of 300 mm
to determine copper content. This data was used to
identify 22 representative nursery soils (high, medi-
um and low copper content). Complete chemical
analyses were done of these soils. Graftlings were
planted according to standard nursery practices,
whereafter a “trial site” containing 50 grapevines
was identified. The rootstock cultivar was either
99 Richter, or 110 Richter, or 101-14 Mgt. The
scion was usually Shiraz or Merlot, but one site
each of Colombar, Sauvignon blanc and Pinotage

was also included. Leaves were sampled for analy-
sis in February. At the end of the growing season the
50 trial vines at each site were taken out of the soil
and analysed for percentage take, shoot and root
mass. Leaves and roots were also analysed for min-
eral composition.

In the 2000/2001 season Chenin blanc (clone
SN 1061) was grafted onto 99 Richter (clone RY
13A) according to standard Nietvoorbij proce-
dures and stored in a callus room for four weeks.
The vines were subsequently planted in 8l plastic
bags in a tunnel. Organic sand with 3% clay was
used as a growth medium. The pH (KCL) of the
medium (5,6) was comparable to that of the
nursery soils used in the preliminary study, while
phosphate (30 mg/kg) and potassium (100 mg/kg)
levels were sufficient. Copper levels were adjust-
ed to 10, 20, 30, 40, 50 and 100 mg/kg respec-
tively before planting, by making use of copper
oxychloride. A concrete mixer was used to ensure
proper mixing of soil and copper oxychloride. A
control, to which no copper was added, was also
included. Each treatment was replicated five
times, with eight vines per replication (therefore
40 vines per treatment). Vines were regularly fed
with Polyfeed. The rate of shoot growth was
measured every two weeks. Leaves were sampled
twice (March and May) for analysis. Vines were
uprooted at the end of the season (June). Per-
centage take was determined, as well as shoot
and root mass. Shoots, roots and soils were anal-
ysed for mineral composition.

Results and discussion
Soil analyses for 44 nursery soils investi-
gated in the first phase: In some cases soils
that were sampled had been used to propagate
vines for more than 30 years, in other cases soils
had been used for less than five years. Producers
could not always provide exact information about
the number of years that vines had been propa-
gated on specific soils. The copper levels of the
soils were usually below 10 mg/kg, while values

of 15-20 mg/kg were only observed in two cases
(Table 1). In the latter instances vines had been
propagated on the soils in question for more
than 30 years. Values above 20 mg/kg were not
observed in any of the instances. It was obvi-
ously not possible to sample all South African
nursery soils in this study, but the values in Table
1 should be fairly representative of the existing sit-
uation. In essence it boils down to the fact that
high copper levels could occur in certain nursery
soils, but such high values should not be common.

Plant reaction to copper in 22 nursery
soils where monitoring was done: Percent-
age take (not shown) was high throughout, while
no correlation between the copper content of
soils and percentage take could be observed. On
the contrary, for the soil with the highest copper
content a very high percentage take (86%) was
observed. However, root mass tended to be
reduced when soil Cu increased. Even though
the copper content of soils used in this study
was mostly below 10 mg/kg (Table 1), it still
appeared to have an impact on root develop-
ment in certain instances. In a multiple regression,
done for soil analyses vs root mass, copper in
the 150-300 mm soil layer was identified as the
factor that could explain most (36%) of the vari-
ation in root mass. It must be emphasised, how-
ever, that root mass was nowhere reduced to
unacceptably low levels, and that the vines could
mostly be classified as Class I. Moreover, root
mass was also lower in soils with high resis-
tance/high calcium content/high magnesium con-
tent. Such soils, the clay content of which was
generally also relatively high, occurred mainly
outside the Wellington vicinity (Swellendam and
Bonnievale). Inferior root development may there-
fore also have been caused by other factors such
as soil structure, soil chemistry and/or cultivation
practices. 

Levels of leaf Cu, as well as root Cu, were rel-
atively low and seldom exceeded 25 mg/kg (Table
2). Despite the low levels, soil Cu correlated sig-
nificantly with root Cu, as well as leaf Cu. In a
multiple regression the variations in copper con-
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Number of samples in specific class (n = 22)

TABLE 2: Copper levels in roots and leaves of grapevines in South African nurseries.

Organ
I

(5 - 10 mg/kg)

5
13

9
4

4
1

3
1

1
3

II
(10 - 15 mg/kg)

III
(15 - 20 mg/kg)

IV
(20 - 25 mg/kg)

V
(> 25 mg/kg)

Roots

Leaves

Copper 
content
of soil

(mg/kg)

0.5

11.7

22.5

31.3

39.3

52.3

102.0

94 a (1)

86 a

89 a

81 a

83 a

89 a

94 a

12,2 a

14,2 a

13,5 a

19,7 a

14,4 a

12,9 a

13,4 a

26,5 a

32,7 a

32,9 a

39,4 a

28,8 a

36,6 a

34,4 a

15,6 a

37,6 ab

58,0 ab

84,4 bc

126,4 cd

139,2 d

205,0 e 

4,4 a

4,6 a

4,6 a

4,0 a

4,7 a

4,8 a

4,1 a

9,2 a

6,4 a

8,6 a

6,2 a

7,0 a

8,0 a

7,2 a

305 a

305 a

303 a

266 ab

252 ab

256 ab

208 b

60 a

55 a

51 a

49 a

51 a

49 a

29 b

Percentage take
(%)

Shoot mass
(g/stok)

Root mass
(g/stok)

Copper content
(mg/kg)

Iron content
(mg/kg)

Leaves ShootsRoots Leaves Shoots

(1) Values within the column differ meaningfully (p < 0-05) if followed by different letters.

TABLE 3: Effect of dirrerent soil Cu levels on percentage take, shoot mass, root mass, as well as on copper and iron content of nursery grapevines.

tent of leaves could largely (68%) be explained by
variations in copper content of topsoils (0-300
mm). Consequently it looked as though the cop-
per absorbed by the grapevine was not contained
in the roots only, but was also distributed to the
leaves. It is also known, however, that copper oxy-
chloride, applied as leaf sprays, may attach itself
very strongly to the leaf surface, without neces-

sarily being “absorbed”. High leaf Cu, for soils
with high copper contents, could therefore also
have been caused by spraying residues. Uptake of
copper was moreover higher in soils with higher
resistance (i.e. lower salt content) and lower for
soils with a high sodium content. Essentially it
meant that Cu uptake will be lower for brackish
soils with a high sodium content. It did not look
as if soil pH as such had a big effect on the
uptake of copper, although the uptake of phos-
phate, manganese and zinc in soils with a high-
er pH was impeded. In this regard it is important
to note that soil pH varied only from 4,7 to 6,7 in
the current investigation. Uptake of copper will
definitely be inhibited at higher pH levels (Reuther
& Labanauskas, 1966). 

On the whole the phosphate content of the
nursery soils was high, with values often exceed-
ing 100 mg/kg. In the case of 110 Richter, espe-
cially when grafted to Merlot, leaf analyses indi-
cated excessive uptake of phosphate. There was
no clear indication that the uptake of other ele-
ments, such as copper and zinc, was suppressed
by the high levels of phosphate, but in most
instances phosphate fertilisation could be down-
scaled fruitfully. 

Tunnel study: Graftlings planted in the tunnel
took well (Table 3). The rate of shoot growth, per-
centage take, shoot mass and root mass did not
differ between treatments, but root Cu correlated
with soil Cu. However, soil Cu had no effect what-
soever on copper levels in shoots and/or leaves. It
appeared, therefore, as though high levels of soil
Cu did result in an accumulation of copper in the
roots, but in this study copper apparently did not
translocate to the above-ground organs. This
result therefore stands in marked contrast to that
of the field trial, which revealed a link between soil
Cu and leaf Cu. Seeing that no copper was sprayed
in the tunnel study, the high values of the field tri-
al can probably be ascribed to spraying residues.
Fruthermore, the field trial was conducted on a

large variety of soil forms, which meant that fac-
tors such as salinity, soil acidity and texture could
also have had an effect on copper status. High lev-
els of soil Cu may also disturb existing populations
of soil microbes, which in turn could impact on root
development. Such disturbance of populations
will occur over a long period of time, suggesting
that it may not have occurred in the case of the
tunnel study (where copper levels were only adjust-
ed shortly before the start of the experiment).
Increased soil Cu reduced the iron content of
leaves and shoots, especially where copper levels
exceeded 50 mg/kg. Similar trends have been
reported in the past (Reuther & Labanauskas,
1966). Although no significant differences in
uptake of the other macro and micro-elements
could be observed (not indicated), copper levels in
excess of 50 mg/kg should thus be considered as
a potential problem.

Conclusions
Copper levels in South African nursery soils rarely
exceed 20 mg/kg. At these concentrations per-
centage take and/or callus formation are not
affected in commercial nurseries. It is possible,
however, that root development might be imped-
ed at levels as low as 10 mg/kg under certain
propagation conditions. An increase in soil pH
might limit the negative effects of high copper lev-
els. However it looks as though pH (KCL) will
have to be increased to at least 6.5 before a
positive effect might be expected, thus resulting
in the uptake of other trace elements such as
zinc being impeded. 

In a tunnel study, where soil copper was adjust-
ed to levels up to 100 mg/kg, high levels result-
ed in an increase in root copper and a reduction
in leaf Fe, but percentage take, root develop-
ment and leaf copper were not affected. A specific
level for copper toxicity, above which plant growth
will be negatively affected, was therefore not

obtained. The effect of high levels of soil copper
on populations of soil microbes deserves further
investigation.

Acknowledgement
Partial funding of this investigation by Winetech,
technical input by Isabella van Huyssteen and
the rest of the Soil Science division, as well as the
collaboration of participating producers are much
appreciated. 

References
Borkert, C.M., Cox, F.R. & Tucker, M.R., 1998. Zinc
and copper toxicity in peanut, soybean, rice, and corn in
soil mixtures. Comm. Soil Sci. Plant Anal. 29, 2991-
3005. 

Giovannini, E., 1997. Toxidez por combre em vinhedos.
Pesq. Agrop. Ga£cha 3, 115-117. 

Mortvedt, J.J., Cox, F.R., Shuman, L.M. & Welch, R.M.,
1991. SSSA Book Series 4. Micronutrients in Agriculture.
Soil Science Society of America, Madison. 760 pp. 

Mozaffari, M., Alva., A.K. & Chen, E.Q., 1996. Relation
of copper extractable from soil and pH to copper content
and growth of two citrus rootstocks. Soil Sci. 11, 786-
792. 

Reuther, W. & Labanauskas, C.K., 1966. Copper. In: H.R.
Chapman (ed.). Diagnostic criteria for plants and soils.
University of California, Division of Agricultural Sci-
ences, 157-179. 

Van Huyssteen, I., Louw, P.J.E. & Conradie, W.J., 1997.
The effect of copper sprays on the copper content of soil
and grape must - a case study. Proceedings of 21st
Congress of South African Society for Enology and Viti-
culture, 27 - 28 November, Cape Town. 1p.



t e c h n i c a l  y e a r b o o k  2 0 0 4 / 5 77

Methods to determine berry mass,
berry volume and bunch mass
Danie van Schalkwyk, ARC Infruitec-Nietvoorbij, Stellenbosch
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FIGURE 1: Use small scissors to sever the berries as
closely as possible to the berry.

FIGURE 2: Freshly cut berries; note that a small part of
the bunch stem remains intact.

FIGURE 3: Small tuft that remains when the berry is
rubbed off instead of cut off.

FIGURE 4: Determine berry mass using an electronic
scale.

Bunch mass is important to the cellar master/wine-
maker because it gives an indication of the avail-
able skin surface/juice volume and it may also be
used to calculate the skin contact period (De Vil-
liers & Theron, 1988). Bigger berries usually give
better juice recovery, due to the bigger skin:juice
ratio, while smaller berries give better colour in red
cultivars and better flavour in cultivars with a
grassy character. 

Berry mass and size are largely influenced by
factors such as genetic origin, berry set, number
of berries per bunch, position of the bunch, num-
ber of pips per berry, number of bunches per
vine (bud load), climate, water supply, fertilisation,
soil type, rootstock cultivar and degree of ripeness
(De Villiers, 1987). Bunch and berry mass in the
same cultivar can therefore differ considerably
from season to season and from one locality to the
next. Berry mass is also an indication of berry
size. 

Bunch and berry mass may be used indirectly to
predict yields. The best time to gather bunch and
berry samples for yield prediction is at véraison
(approximately 14°B). At this stage the mass of the
berries is approximately the same as at the full ripe
stage. The calculation of these masses is simple
and can easily be done by the producer himself. A
representative sample of the bunches and berries
in a vineyard block is obtained by gathering a
random number of bunches in a vineyard block.
The size of the block determines the size of the
bunch sample to be taken. In most instances one
full picking crate per hectare is sufficient to cal-
culate the average bunch mass. The bunches are
counted and weighed to determine the average
bunch mass.

Two methods may be used to
determine the berry mass:

1. Determining fresh berry mass
When the berry mass of fresh grapes is deter-
mined, the following procedure must be followed: 
• Collect a random bunch sample from a vine-

yard block (e.g. one full picking crate). 
• Select 5 - 7 bunches randomly from the big-

ger bunch sample collected from the block
and remove all the berries from the 
bunches. 

• Remove the berries from the stems using a
pair of scissors, cutting as closely as possible
between the skin and the stem thickening
(Fig. 1). Clean cutting is not always possible,
therefore a small section of the berry stem will
remain intact (Fig. 2). 

• The berries must not be rubbed off as a large
part of the berries (tuft) remain on the berry
stem. The size of the tuft may differ consid-
erably among berries and cultivars and result
in inaccurate calculation of the berry mass
(Fig. 3). 

• Berry mass is usually indicated per 100 berries
and not per bunch. One of the following two
procedures must be followed when deter-
mining berry mass: 

• One method is to count the total number of
berries that have been cut off, then to deter-
mine the mass thereof using an electronic
scale and in the light thereof to calculate
the mass for 100 berries. 

• An alternative method is to count 100 berries
randomly once the berries have been properly
mixed, then to determine their mass (Fig. 4).

2. Determining frozen berry mass
With the multiple actions that have to be con-
ducted under experimental conditions during the
harvest, it is not always possible to determine the
fresh berry mass directly after the harvest of the
grapes. In this instance the grapes may be frozen
at approximately -20°C so that the berry mass
can be calculated later and other analyses con-
ducted on the grapes. The mass of the frozen
berries must be determined before being thawed,
because at that stage there is very little differ-
ence between fresh and frozen berry mass.
• Select 5 - 7 frozen bunches randomly from the

representative bunch sample, but instead of
cutting the berries, either rub them off or
pick them (Fig. 5). 

• When frozen berries are rubbed off, a very
small part of the tuft remains on the berry
stem (Fig. 6).

3. Determining berry volume
There is a correlation of approximately 96%
between berry mass and volume, and berry mass

may therefore be used as a good measure to cal-
culate berry volume (De Villiers, 1987). 

The determination of berry volume is simple. 
• Use the same 100 berries that were used to

determine the berry mass. 
• Fill a 1 000 ml measuring cylinder with

enough water to cover 100 berries and take
a reading (e.g. 200 ml). Now add the 100
berries to the water in the measuring cylinder
and take a reading (e.g. 350 ml). 

• Subtract the first reading (e.g. 200 ml) from
the second reading (e.g. 350 ml), so as to
arrive at the volume of the 100 berries (e.g.
150 ml/100 berries) (Fig. 7). 

• Top the water up to the initial volume each
time the berries are removed from the mea-
suring cylinder (e.g. 200 ml).
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FIGURE 5: Berries are rubbed off.

FIGURE 6: Very small portions of the tufts remain on the berry stems and the berries remain almost entirely intact once
they have been rubbed off.

FIGURE 7: One hundred berries are thrown into a mea-
suring cylinder to determine the berry volume.

Summary
Berry volume, bunch- and berry mass are important parameters that can be utilised
by farmers and winemakers to predict yields or the expected volume of extractable
free-run. Berry volume can also be used by winemakers to determine the berry skin
area available during skin fermentation. These parameters differ between cultivars
and are affected by genetic origin, berry set, number of pips per berry, bud load, cli-
mate, irrigation, fertilisation, soil type, rootstock and degree of ripeness. Some
user-friendly methods to determine berry volume, bunch- and berry mass and the
application thereof are discussed in this article.  

Expected yield:
Expected production/block (t/ha)
Yield/vine = Averange number of bunches/vine x average bunch mass (g) 

= (yield/vine (g) ÷ 1 000) kg
= a kg

Yield/block = (a kg x number of vines/block) ÷ 1 000
= y ton

Yield/ha = yield/block (t) ÷ block size (ha) = z t/ha

4. Practical aplication of bunch and berry
mass yield estimate

When making yield estimates, a number of repre-
sentative bunches are randomly gathered across the
entire vineyard block (full picking crate). The bunch-
es that have been gathered are counted and the
mass of the grapes in the picking crate determined
to calculate the average bunch mass. Also count the
number of bunches of a random number of vines
across the block and calculate the average number
of bunches/ vine. The expected yield for the block
can then be calculated as shown below:

Mechanically harvested grapes
With mechanical harvesting bunch stems remain in
the vineyard and it is important for the producer to
know the percentage of these bunch stems so that
the actual production per hectare may be calculat-
ed, considering that this has implications for remune-

ration. Bunch stem mass is also important to the
winemaker to calculate expected juice recovery.
Bunch stem mass may be calculated by deducting
the berry mass from the bunch mass. Bunch stem
mass is especially influenced by the cultivar, length
of the bunch stem, thickness and differences in
density and have substantial economic implications
for mechanical harvesting and vinification. Depend-
ing on the cultivar and cultivation conditions, the
bunch stem mass may amount to between 3,0%
and 12,7% of the bunch mass (De Villiers & Theron,
1988).

Juice recovery
Expected production/block (t/ha) Produc-
tion/vine = Average number of bunces/ vine x
average bunch mass (g) = (production /vine (g) ÷
1 000) kg = a kg  Production /block = (a kg x
number of vines/block) ÷ 1 000 = y tons  

Production/ha = prodution/ block (t) ÷ block
size (ha) = z t/ha. Bunch, berry mass and berry
volume may be used by the winemaker to calculate
the expected juice recovery. Under normal conditions
approximately 600 - 650l of juice are recovered
from white cultivars and 750 - 800l from red culti-
vars from 1 000 kg of grapes, with a view to vini-
fying good wine. 

Mathematically the calculated skin surface of
100 berries with a mass of 216 g and a volume of
216 mm3 are equal to 216 mm2. This is the equiv-
alent of a skin surface to volume ratio of 1:1. Small-
er and lighter berries will therefore have a bigger
skin surface to berry/volume ratio, while bigger
and heavier berries have a smaller skin surface to
berry mass/volume. A high berry mass therefore
means that more juice may be recovered, seeing that
there is a bigger pulp to skin ratio, while less juice
may be recovered from lighter berries due to the
smaller pulp to skin ratio.
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In terms of the SA Plant Certification Scheme for
Wine Grapes all plant material must comply with
the minimum requirements as determined by the
Scheme and the certification of plant material
that does indeed comply is confirmed by affixing
the blue certification label. 

In order to realise our main goal of plant
improvement, plant material has been improved
over the years and more exact scientific tests
have been developed to test plant material. This
development has made so much progress that the
stage has been reached in which plant material is
already being handled within the Scheme that
complies with standards that exceed the minimum
requirements. 

Consequently it was decided to distinguish the
plant material which already complies with these
higher standards from that which complies with the
minimum requirements only and to indicate this
distinction on the certification labels.

This categorisation of the plant material is
based on the phytosanitary status of the nucleus
plants from which it derives and whether the unit
where the plant material is being produced, is a
low risk or a risk unit. Furthermore specific tests are
being prescribed to confirm that the plant material
has retained its status and has not become rein-
fected in the mean time. 

As a point of departure it was decided that
there would be three statuses in the case of plant
material issued to nurseries in 2004, namely: 
• THREE STAR STATUS
• TWO STAR STATUS
• ONE STAR STATUS
In the case of rootstocks the Scheme has stipu-
lated right from the start that the nucleus plants
must test free of Fanleaf using the serological
test and must test free of leafroll, stemgrooving,
corky bark, fleck and Shiraz-disease by using hard
wood indicators. Consequently this prescription
has been retained as is. 

In the case of scions the Scheme has stipulat-
ed right from the start that the nucleus plants
must test free of Fanleaf using the serological
test and must be visually free of the other virus
diseases. These requirements have been extend-
ed, however, and determine that Nucleus plants
of the scions must comply with the following
requirements:
1) THREE STAR STATUS is plant material plant-

ed in a low risk unit and deriving from a

Phytosanitary Requirements

Status Unit Requirements Plant Virus Profile 

*** Low risk with tests Category A (Registered Clones)
• Fanleaf

Sample at 5% level
once-off

• Leafroll (GLRaV1-3)
Sample Vine-by-Vine
every third year  

** Risk with tests Category A (Registered Clones)
• Fanleaf

Sample at 5% level
annually

• Leafroll (GLRaV1-3)
Sample Vine-by-Vine
annually   

* Low risk without tests but with visual inspection Category A (Registered Clones)
or Category B (Registered Clones)
Risk without tests but with visual inspection Category C (Registered Clones)

Status of Scion Plant Material

nucleus plant that tests free of Fanleaf, by
using the serological test and tests free of
leafroll, stemgrooving, corky bark, fleck and
Shiraz-disease by using hard wood indica-
tors. (CATEGORY A)
In the case of a low risk unit the require-
ments are that no vectors may occur and
that the plant material in the unit should
test free once using the serological test for
Fanleaf on a 5% sample basis and every
third year for the leafroll-associated viruses 
1, 2 and 3 on a vine-for-vine sample basis.

2) TWO STAR STATUS is plant material planted
in a risk unit and deriving from a nucleus
plant that tests free of Fanleaf by using the
serological test and tests free of leafroll,
stemgrooving, corky bark, fleck and Shiraz-
disease by using hard wood indicators. 
(CATEGORY A)
In the case of a risk unit the requirements are
that vectors may occur, but that plants in
the unit should test free annually using the
serological test for Fanleaf on a 5% sample
basis and for the leafroll-associated viruses 
1, 2 and 3 on a vine-for-vine sample basis.

3) ONE STAR STATUS is plant material planted
in a low-risk or risk unit and deriving from a
nucleus plant that tests free of Fanleaf using

the serological test and tests free of leafroll,
corky bark and Shiraz-disease by using hard
wood indicators (CATEGORY B) or using
the serological tests must test free of the
leafroll-associated viruses 1, 2 and 3. 
(CATEGORY C)
In the case of ONE STAR STATUS plant mate-
rial, the plant material may be planted in a
low-risk or risk unit without tests, but it is
subject to the annual visual inspections.

According to these definitions it is indeed possi-
ble to manage mother units in traditional viti-
cultural areas so that no vectors occur and that the
plant material tests free of viruses using the sero-
logical tests. 

Since this is the first season that these new
standards are being applied and with the ELISA
tests having only a limited application, only a
small percentage of scion- and rootstock plant
material that comply with THREE STAR STATUS
will be available this year. 

Especially in the case of the rootstocks, the
percentage of plant material that complies with
THREE STAR STATUS will be very small, seeing
that the current ELISA tests for the leafroll-asso-
ciated viruses 1, 2 and 3 only give reliable results
in the case of rootstock varieties that are hybrids
of Vitis vinifera. Consequently this test cannot

Certification of plant material 
according to status
Nico van Rensburg, Vine Improvement Association
plantpro@iafrica.com, tel (021) 872-1831, fax (021) 872-0335

appeared OCTOBER 2004



t e c h n i c a l  y e a r b o o k  2 0 0 4 / 580

Phytosanitary Requirements 

Status Unit Requirements Nucleas Plant Virus Profile  

*** Low risk with tests Category A (Registered Clones)
• Fanleaf 

Sample at 5% level
once-off

• Leafroll (GLRaV1-3) 
Sample Vine-by-Vine
Every third year
only Vinifera hybrids   

** Risk with tests Category A (Registered Clones)
• Fanleaf 

Sample at 5% level
annually

• Leafroll (GLRaV1-3) 
Sample Vine-by-Vine
annually
only Vinifera hybrids   

* Low risk without tests but with visual inspection Category A (Registered Clones)
or
Risk without tests but with visual inspection   

Status of Rootstock Plant Material

be used with certainty on most rootstock varieties
for the time being. 

Special provision has been made to indicate the
status of the plant material on the existing certifi-
cation and candidate labels. 

Seeing that candidate plant material has not
been fully evaluated, it will always fall in the lowest
category, namely ONE STAR STATUS. Certified
plant material only will therefore enjoy THREE STAR
and TWO STAR STATUS. 

Plant material will be issued to nurseries this
year according to these statuses and the nurseries
have been requested to plan their grafting pro-
grammes in order to graft the maximum amount of
THREE STAR and TWO STAR STATUS scion plant
material on THREE STAR and TWO STAR STATUS
rootstock plant material. The first limited amounts

of THREE STAR status grafted vines will therefore
only be made available to producers in 2005. 

Despite the preventative measures being taken to
protect mother units against reinfection, it is very
important for nurseries and producers to realise
that an absolute guarantee cannot be given that the
plant material will retain its virus status for the rest
of its productive life. Mainly due to reinfections
and the distribution-pattern of the leafroll in the
plant material, it is impossible to give such a guar-
antee in the light of the scientific knowledge that is
currently available. It should also be taken into
account that plant material in the units was tested
the year before being issued. 

Although it is a modest beginning, it should be
seen as a big step forward that will serve as a
basis for further upgradings in future.
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FIGURE 1: A pressure chamber used to determine leaf
water potential in the field. 

a b
FIGURE 2: Angle of second tendril from shoot apex.
An angle of 90° (a) indicates water stress while a more
acute angle (b) indicates absence of water stress. 
(Photo courtesy of E. Archer, unpublished)  

Introduction
The terroir concept forms the focus of many local
and international studies and is an aspect increas-
ingly taken into consideration to produce wine
of high quality. This concept emphasizes that
winemaking starts in the vineyard and therefore
emphasizes the central role of the natural envi-
ronment, but the human input cannot be ignored
(Seguin, 1986 & Carey et al., 2002).

Local and international research has indicated
that plant water status is the means by which the
terroir affects wine style and quality (Seguin, 1983,
Conradie, 2002). In wine production neither end of
the spectrum of water stress is optimal for desired
balances of yield and wine quality (Seguin, 1983).
Water stress, as the result of insufficient water sup-
ply, impacts on the physiology of the vine. Some of
the physiological responses of grapevines to water
deficits include reduced cell division and expan-
sion, closing of leaf stomata, reduced photosynthesis
and, in worse cases, cell desiccation and death
(Goodwin, 2002). Mild water deficits are known to
have positive effects on reducing cell size if applied
during phase I of berry development (Smart, 1974),
and can thus enhance the concentration of aroma
extracts in the berry as long as other metabolic
processes are not negatively affected. These deficits
also reduce shoot vigour, resulting in more
favourable partitioning of carbohydrates to the
bunches.

The most reliable indicators of plant water sta-
tus are measurements made on the plant itself.
The most common tool is the pressure bomb
(Scholander et al., 1965; Slavik, 1974), which is
used to determine leaf water potential (LWP).
LWP is at a maximum (least negative) pre-dawn
and starts to decline post-dawn to reach a mini-
mum (most negative) daily value near midday
(Smart & Coombe, 1983).

Water stress may have direct and indirect effects
on the aroma composition of wine grapes. The
direct effects are two-fold: 1) growth is normally
reduced – this increases the exposure of grapes to
sunlight, leading to a change in the fruity/grassy aro-
ma balance and 2) sucrose production and transport
is restricted, which reduces the availability of
metabolites such as tartaric acid which may con-
sequently lead to the production of wines and
musts with higher pH (Goodwin, 2002; J.J. Hunter,
personal communication, 2003). According to Lak-

so & Pool (2000), excessive water stress appears to
inhibit many late-season flavour development pro-
cesses and results in concentrated, but dull, less
complex and simple wines with little fruit. Con-
radie (personal communication, 2003), further-
more, observed during the 1999/2000 season that
the aging potential of wines – balance between the
cooked vegetative, fresh vegetative and tropical
aroma characteristics – from vines with lower water
stress is better than those with higher water stress
(tasting conducted eighteen months after harvest).
The study was carried out in the Stellenbosch and
Durbanville Wine of Origin producing districts and
it has to be stressed that the results depend on the
conditions present when the reviewed trials were
carried out and that the same reaction could not be
expected at all “high” and “low” water stress
regimes. Water stress can also affect berry and
wine aroma indirectly due to changes in the balance
between vegetative and reproductive growth. 

The goal of this study was to determine the
water status of commercially grown Sauvignon
blanc grapevines near harvest, together with veg-
etative and reproductive performance and aroma
characteristics. This study forms part of a larger
research project to characterize viticultural terroirs
in terms of viticultural and oenological potential
in the Stellenbosch region.

Materials and methods
Twenty-one Sauvignon blanc plots with a history of
production of wines with consistent aroma charac-
teristics over the last three years were identified in
the Stellenbosch Wine of Origin producing district

through consultation with grape buyers.

Plant water status
Leaf water potential (LWP) was determined with the
aid of a pressure chamber (Scholander et al., 1965),
as in Fig. 1, pre-dawn (04h00 until sunrise) and at
approximately solar noon (11h30 until 14h00). A
random sample of ten fully expanded, uncovered
leaves positioned in the middle of the shoot, from
both sides of the canopy, as well as leaves from the
inside and outside of the canopy, and which showed
no sign of damage, were used.

External water stress symptoms were described
as follows:
(a) Tendrils – The angle of the second tendril from

the shoot apex was described. When this ten-
dril forms an angle of ninety degrees with the
shoot (E. Archer, personal communication,
2003), it indicates that the grapevine is stressed.
Fig. 2 gives a good indication of tendril move-
ment (left side) due to water deficits.

(b) Shoot tips – The presence of active, inactive or
desiccated shoot tips at the ripening stage
(Smart & Coombe, 1983) were indicated.

(c) Leaf angle with the primary shoot – Leaf-
movements due to water stress include leaf-
folding, leaf-drooping and orientation of leaves
parallel to incoming sunlight (parahelionastic
movement) (Vaadia & Kasimatis, 1961; Begg,
1980) and these symptoms were noted if
present.

(d) Leaf chlorosis or necrosis – The presence of
yellow or dead leaves or necrotic leaf-edges
within the bunch zone (Smart & Coombe,
1983) were indicated.
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TABLE 1: Leaf water potential measurements and visual assessment of stress symptoms at ripening of selected plots
in the Stellenbosch Wine of Origin District. Values represent the means of each plot.

Plot code predawn LWP midday LWP Visual symptoms 
(-MPa) * (-MPa) * 

LB1 0,82 1,2 Shoot tips not active, tendrils wilted, 
leaves drooping and abscising, many yellow 

leaves to middle of shoot  

SK 0,69 1,4 Shoot tips not active, tendrils desiccated and 
abscised, many chlorotic and necrotic leaves  

NH 0,53 1,1 Tendrils wilted, many yellow and 
desiccated leaves  

BV 0,49 1,3 Shoot tips not active, yellow leaves, 
leaves drooping  

HG 0,46 1,0 Shoot tips not active, yellow leaves, 
tendrils at 90°

LB2 0,45 1,1 Shoot tips not active, some yellow leaves, 
tendrils at 90°

WS 0,43 1,4 Yellow leaves present, tendrils at 90°

UL 0,40 1,3 Shoot tips not active, some yellow leaves  

KB 0,39 1,0 Shoot tips not active, many yellow leaves, 
tendrils at 90°

LL 0,39 1,3 Active shoot tips  

PdM 0,37 0,80 Active shoot tips  

UE 0,34 1,2 Shoot tips not active, many yellow leaves, 
3rd tendril at 90°

ED 0,31 1,2 Yellow leaves, some active shoot tips  

LR 0,30 1,3 Active shoot tips  

S3 0,29 0,81 Yellow leaves, shoot tips not active, 
tendrils at 90°

DIDW 0,27 0,90 Shoot tips not active  

S2 0,26 0,90 Shoot tips not active, some yellow leaves 

ER 0,20 0,96 Active shoot tips, leaves yellow-green 

EL 0,18 0,69 Shoot tips not active, leaves yellow-green, 
3rd tendril at 90°

SP 0,17 0,80 Active shoot tips  

FR 0,17 1,2 Dense canopy  

Vegetative and reproductive 
parameters
Canopy quality was determined by means of a
vineyard scorecard (Smart & Robinson, 1991) with
adapted evaluation criteria for South African con-
ditions (Archer, 2002) and point quadrat analyses
(Smart & Robinson, 1991). Radiation within the
canopy (u.E.m-2.m-1) was measured over midday
with the aid of a sunfleck ceptometer (Decagon
Instruments). 

Mean cane mass (g), mean cane length (cm),
pruning mass per plot (kg) and budding percentage
of each plot were determined at the time of winter
pruning.

A twenty-kilogramme representative bunch sam-
ple of each plot was collected before harvesting.
The fresh berry mass (g per 100 berries) and berry
volume (ml per 100 berries) were determined

before crushing. The yield of each vineyard block
was obtained from the producer. Must analyses
were performed prior to and after cold maceration
and included total soluble solids (ºB) measured
with a bank refractometer (Atago model), total
titratable acidity (g/l) measured with a Metrohm
automatic titrater (702 SM Titrino) and pH mea-
sured with a pH meter (744 pH meter, Metrohm
model). The clarified juice was stored at -20 ºC until
sensorial analysis.

Sensory evaluation of clarified juice
A generic descriptive analysis technique was used
for sensorial analyses of undiluted, clarified juice
samples from each plot. Reference standards were
made available during training sessions for cali-
bration of judges to the specific attribute and
intensity. Juice samples were presented in blue

tulip-shaped tasting glasses to eliminate visual
assessment and were carried out in conventional
sensory booths.

Results and discussion 
Vegetative reaction to water stress
Deloire (2003) used the pre-dawn LWP as indicator
of water stress with values of 0 to -200 kPa as indi-
cation of absent/mild water stress, -400 to -600
kPa moderate/severe water stress and values lower
than -600 kPa as an indication of severe to drastic
water stress. According to Bogart (2000), midday
LWP values of -1000 to -1200 kPa are an indication
of light water stress, -1200 kPa to -1400 kPa medi-
um water stress, -1400 kPa to -1600 kPa high
water stress and readings lower than -1600 kPa an
indication of severe water stress.

It can be seen from Table 1 that visual water
stress symptoms correlated with leaf water poten-
tial measurements. Leaf-folding and leaf-drooping
(Fig 3a) were the most common stress symptoms
observed. Severe water stress was detected at LB1
(Fig. 3b) with dead leaves up to the middle of the
shoot. When pre-dawn LWP values approached 
-0,4 MPa and midday LWP was more negative
than -1,0 MPa, visual symptoms of water stress
were clear (i.e. chlorotic and/or necrotic leaves pre-
sent in the bunch zone, no active shoot growth, wilt-
ing of apical tendrils). It is, however, of interest to
note that no mean midday LWP measured at a
site was lower than -1,5 MPa.

Pre-dawn LWP is generally used as the best phys-
iological indication of vine water stress (Van Zyl,
1984) as it is in direct relation to soil water that is
accessible by roots (Deloire, 2003). The midday
LWP is greatly affected by environmental/weather
conditions (Scholander et al., 1965; Meyer & Green,
1980; Williams et al., 1994; Smart, 2003) and Smart
(2003) is sceptical about the use of midday LWP in
California where some growers rely on one or two
readings in the middle of the day to schedule irri-
gation (Williams & Arauja, 2002). In this study pre-
dawn LWP and midday LWP were found to be sig-
nificantly correlated, although this explained only
52% of the variation.

Higher levels of water stress at harvest correlated
with shorter shoots (cm) (p<0,05) and a lower cane
mass (g) (p<0,1). Longer mean shoot length (cm) was
associated with higher yields (p<0,1) and the high-
est yield was obtained from vineyards where the
mean length of primary shoots were 123 cm. A sim-
ilar shoot length (120 cm) has been associated with
quality grapes (colour and aroma) in a study con-
ducted in commercial vineyards in the Stellenbosch
Wine of Origin District (Archer, 2001).

Reproductive reaction to water stress
Higher water stress at ripening correlated with
reduced berry size and berry volume. According to
Deloire (2003), preferred wine came from a terroir
with a hydric stress of no more than -400 to -500
kPa (predawn LWP) and the best terroir did not have
the smallest berry size. 
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FIGURE 5: Aroma profiles determined by descriptive analysis of undiluted juice samples of Sauvignon blanc from two
adjacent sites in the Stellenbosch wine producing district using an unstructured line scale.

FIGURE 3: Visual water stress symptoms at (a) NH (predawn LWP = -0.53 MPa; midday LWP = -1.1 MPa) and (b) at LB1 (Predawn LWP = -0.82 MPa; midday LWP = -1.2 MPa). 

FIGURE 4: Differences between plots with respect to “green” aroma characteristics. Bars indicate significance at 0,95%
confidence level. 

Effect of water stress on berry 
aroma
Significant differences (p<0,05) were found
between juice samples that possessed a more
“green” character (Fig. 4) and those samples
that were characterized by more “fruity” nuances.

Floral-like (elderflower) aroma characteristics in
the juice tended to decrease with increased water
stress. Monoterpenes and C13 –norisoprenoids
are the compounds responsible for floral aromas.
These components are sensitive to light and it is
possible that the relationship between the floral-
like aroma and water stress were a result of an
increased level of exposure of the grape berries to
sunlight. Intensity of the floral aroma increased,
however, with leaf layer number (p<0,05). This is
in contradiction with literature, which states that
higher light intensity within the canopy coincided
with higher monoterpene and norisoprenoid con-
centrations and enhances fruity/floral aromas of
Sauvignon blanc (Marais et al., 1999). It therefore
appears that either one leaf layer does not provide
sufficient protection of berries and flavour devel-
opment and may have been negatively affected
due to over-exposure, or that the excessive water
stress in the post véraison period – associated with
leaf abscission and thus lower leaf layer values –
may have negatively impacted the biosynthesis of
these compounds. It is also important to note
that two to three leaf layers do not indicate exces-
sive canopy shade under South African condi-
tions, as slight wind can result in leaf-fluttering,
allowing sufficient sunlight penetration. In this
study, more leaf layers were associated with more
intense floral aromas; with the highest floral
intensity being obtained from grapes having two
to three leaf layers. 

Plots LL and LR are located adjacent to each
other with the same age, rootstock, clone, row
direction, trellis system and irrigation system and
harvested at the same degree of ripeness, but LR
is more vigorous with three leaf layers, compared
to LL with two leaf layers. When the aroma pro-
files of LL and LR are compared (Fig. 5), the dif-
ference in aroma characteristics (p<0,05) is strik-
ing. LL aroma was described as “fruity” and LR
was more “green” (Figs. 4 & 5). The vigorous
growth can possibly be attributed to a difference

in soil type as South Africa is known for variation
in soil type over short distances, or otherwise
the effect of water stress on vegetative growth.
The midday LWP of LR and LL did not differ,
namely -1,3 MPa. The pre-dawn LWP did, how-
ever, differ with values of -0,30 MPa for LR and -
0,39 MPa for LL (Table 1). LL was therefore sub-
mitted to higher levels of water stress and vege-
tative growth was more affected or reduced than
was the case with LR, which had longer shoots

(cm) and a higher average cane mass (g). This
illustrates the impact of canopy management on
berry aroma, especially for a variety such as
Sauvignon blanc, due to the sensitivity of
methoxypyrazines to light and heat.

Summary
This study clearly showed a relationship between
water stress and the vegetative and reproduc-
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tive growth patterns of the vine. Higher levels of
water stress at harvest correlated with shorter
shoots, a lower cane mass and smaller berries.
Water stress altered canopy characteristics, affect-
ing the performance of Sauvignon blanc. Water
stress could, therefore affect Sauvignon blanc
cultivar aroma both directly and indirectly since
canopy microclimate is the result of the inherent
water relationship between soil and vine and
seems to be directly linked to the terroir. It can be
manipulated by practices such as irrigation and
canopy management. Water supply during early
season should be adequate to quickly fill the trel-
lis system with active leaves but at the same time
not to induce too large berries. Moderate water
stress during phase I of berry growth will lead to
smaller berries which could be beneficial for
Sauvignon blanc aroma and overall quality.

Water stress symptoms observed at harvest
correlated largely with field measurements of leaf
water potential. Although visual water stress
symptoms are important indicators of water man-
agement, this should be aided by measurements
of water stress by means of leaf water potential.
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Wood Borers in Vines: A new pest or a
climatic phenomenon?
Elleunorah Allsopp & Muriel Knipe, ARC Infruitec-Nietvoorbij, Stellenbosch
allsoppe@arc.agric.za, tel (021) 809-3007

Hole where beetle penetrates the bud. Tunnels in dry wood.

Larvae (L) and adult beetle (V) of Xyloperthodes cf. incertus.

Wood borer tunnels in from the bud and ringbarks the
shoot.

During the past two years there have been many
enquiries concerning small holes bored in vines
and a jelly-like secretion that emanates from
these holes. In other instances, shoots, arms and
even trunks of vines have been permeated by
tunnels in which larvae, pupae and even adult
beetles have been found. 

Cause of the phenomenon
The culprit is a small wood borer called Xylop-
erthodes cf. incertus. This little beetle belongs to the
family Bostrichidae. It is an indigenous wood bor-
er which completes its entire life cycle in wood. The
larvae prefer moribund or dead wood, whereas
the adults also attack living wood. Only the adult
beetles, that can fly, leave the wood to disperse to
other hosts. The beetle tunnels in and lays its eggs.
When the larvae hatch, they tunnel in the wood
until pupation, which is completed in the wood. 

If the beetle attacks a vine that is still robust
and healthy, the vine starts to secrete the jelly-like
substance as soon as the beetle starts to bore in
the trunk or shoot. The jelly swamps the beetle
and often expels it from the hole. The jelly also
seals the hole so that wood rotting fungi are
unable to penetrate. This secretion, which appears
resinous when dry and solidified, is the vine’s
own protection mechanism and should therefore
not be rubbed off or removed. As long as the vine
still secretes this jelly, the wood borer poses no
real threat to the vine. 

If, however, the vine is stressed and unable to
produce the jelly, for example due to drought, the
beetle may succeed in tunnelling around the cir-
cumference of the shoot, effectively ringbarking it.
The distal part of the shoot dries out and creates
an ideal environment for the beetle’s larvae to
develop. 

Various other factors may cause a vine to be
stressed to such a degree that it is no longer
able to secrete the jelly when attacked. These
include soil physical problems, such as an impen-
etrable layer that results in poor root development,
nematode infection which causes the root system
to become less effective since hair-roots are
attacked, and fungi or bacteria that colonise the
vascular tissue of the vine, thus impeding water
supply to the distal parts of the vine. 

Xyloperthodes cf. incertus therefore does
not kill vines - it is, mostly, the symptom of
another, underlying problem.

Why the sudden proliferation
of this problem?
This wood borer has always been present in vine-
yards and over the years there have been sporadic
enquiries about the jelly-like secretions that are
usually noticed in autumn or winter. In our opin-
ion, the enormous increase in the occurrence of
Xyloperthodes cf. incertus is due to the unusually
warm, dry climatic conditions experienced in the
Western Cape during the past few seasons. The
summers and autumn periods have been excep-
tionally dry and warm, the winter rains arrived
very late and fell over a relatively short period.

Moreover, we have not experienced the prolonged
periods of wet, cold winter weather to which we
are accustomed. These factors benefit the sur-
vival of the wood borers, seeing that there is now
a lot of dry wood in their immediate surroundings
in which the larvae can develop. The drought
conditions, often combined with other underlying
problems, result in many stressed vines that are
unable to protect themselves against attacks from
the wood borers.

What can be done about the
situation?
• Do not remove the jelly-like exudate from the

vines. These vines are healthy and have already
protected themselves. By removing the jelly,
wood rot fungi gain access to the vine.

• In cases where the shoots have been attacked
and ringbarked, they should be pruned back to
healthy wood. Make sure there aren’t any oth-
er problems in the vineyard and try to rectify
these, where possbile. 

• Remove all prunings and old vines from vineyards
and incinerate. Do not leave dead wood lying
around in which the wood borers can multiply.
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Introduction

There are several trunk diseases that cause a
drastic decline in the productivity and health
of grapevines. Dieback of young vines is most
commonly ascribed to Petri disease (former-
ly known as Black goo). This disease can
result in huge economic losses and is of great
concern to most producers, viticulturists and
researchers. The disease is caused by the
fungus Phaeomoniella chlamydospora (Crous
and Gams, 2000) and commonly occurs on
young vines aged 1 to 5 years (Fourie et al.,
2000). As the grapevine ages, the fungus
will make the wood more susceptible to infec-
tion by other fungi and soft wood rotters in
particular, such as Fomitiporia punctata. Esca
disease (“beroerte”) develops as the vine
ages and typically occurs in vines aged 8
years and older, subsequently resulting in
sudden dieback (Mugnai et al., 1999). 

Not much is known about the epidemiol-
ogy of Petri disease, but it has been proven
that infected rootstock cuttings are one of the
most important inoculum sources. The fungus
presumably spreads from infected mother
plants to rootstock cuttings (Crous et al.,
1996; Edwards et al., 2003; Fourie and
Halleen, 2002; 2003; Mugnai et al., 1999).
Symptoms are generally not visible in one-
year-old wood (Fourie et al., 2000), but in the
past the fungus has often been isolated from
apparently healthy propagation material.
Stress conditions such as severe pruning,
drought, poor drainage, nutrition deficien-
cies and soil compaction are prerequisites
for symptom expression. (Ferreira, 1998; Fer-
reira et al., 1999). Typical symptoms of Petri
disease include stunted growth, shorter
internodes, small leaves, smaller trunks and
branches and a general decline of young
vines resulting in plant death (Bertelli et al.,
1998; Ferreira, 1998; Fourie et al., 2000;

Morton, 1995; Sidoti et al., 2000; White-
man et al., 2003). 

It has been found that the fungus is present
in apparently healthy propagation material in
a latent or endophytic form (Bertelli et al.,
1998; Edwards and Pascoe, 2002) and it is
therefore very difficult to trace the fungus. The
most commonly used method to detect infec-
tion is by isolating the fungus onto an artifi-
cial growth medium. However, Pa. chlamy-
dospora grows very slowly and it takes
approximately 3 to 4 weeks from isolation to
identification (Fig. 1). Other fungi that are iso-
lated together with Pa. chlamydospora often
surpass this fungus in growth. To speed up
and facilitate diagnosis of the disease and
research, there is a large demand for a rapid,
though sensitive and accurate detection
method. 

Serological techniques have been devel-
oped in the past for the identification of fun-
gi and bacteria. DNA (deoxyribonucleic acid)
“dot-blotting” techniques have been devel-
oped, in which specific hybridisation probes
have been used. The above technique was
not sufficiently sensitive, however, and was
very time-consuming (Schaad and Frederick,
2002). Subsequently the PCR (polymerase
chain reaction) technique was developed,
providing the researcher with the desired
sensitivity. A PCR is an in vitro method in
which specific DNA sequences are synthe-
sised and amplified by certain enzymes. Spe-
cific primers are required for initiation of the
process and the two primers bind with the tar-
get DNA and cause amplification of the spe-
cific fragment. The amplified DNA undergoes
gel-electrophoresis and depending on the
“fingerprint” it is possible to determine
whether the DNA of the specific fungus is pre-
sent or not. The accuracy of the technique,
however, depends on the specificity of the
primers, which will only initiate PCR if the spe-

cific target DNA is present in the sample. 

Primers that are Pa. chlamydospora specific
(PCL1 and PCL2), have been developed by
Groenewald et al. (2002). These researchers
succeeded in detecting Pa. chlamydospora
DNA in inoculated tissue culture plants using
a PCR reaction. However, due to the presence
of PCR inhibitors, this method will not be
suited for molecular detection from lignified
wood. Researchers in New Zealand (Ridg-
way et al., 2002) extracted DNA from
grapevine wood using a commercial kit
(Green and Thompson, 1999), whereafter
they detected Pa. chlamydospora with a
species-specific PCR. This technique was suf-
ficiently sensitive to detect as little as 1 pg Pa.
chlamydospora DNA (this is 10-12 g DNA
or as few as 2 fungal spores). However, the
commercial package is very expensive. 

Further criticism of the use of PCR detection
techniques in disease diagnosis, is that DNA
of dead pathogen tissue can also be detect-
ed. Hot water treatment (50§C for 30 min.) of
grapevine propagation material kills various
pathogens in grapevine tissue (Goheen et
al., 1973; Von Broembsen and Marias, 1978).
A drastic decline in Pa. chlamydospora levels
could be observed following hot water treat-
ment (Fourie and Halleen, 2004). The ques-
tion thus arises to which extent the hot water
treatment will influence the sensitivity of the
molecular detection technique. 

The aim of this study was therefore to
develop a cheap, though sensitive DNA
extraction protocol for the detection of Pa.
chlamydospora with a classical PCR reac-
tion. A diagnostic technique of this nature can
be used to diagnose grapevine diseases and
phytosanitary certification of propagation
material. The effect of hot water treatment on
the sensitivity of this technique should there-
fore also be determined. 
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FIGURE 1: Phaeomoniella chlamydospora on PDA medium 3 weeks after isolation from infected grapevine tissue.

FIGURE 2: Determination of the sensitivity of the species-specific PCR with primers Pch1 and Pch2. (A) 100 bp DNA ladder. (B-H) DNA extracted from grapevine wood that test-
ed negative for Pa. chlamydospora that were spiked with known quantities of Pa. chlamydospora genomic DNA (Isolates 1 + 2) (1 ng, 100 fg, 10 fg, 1 fg, 100 fg, 10 fg, 
1 fg). (I-O) 5 positive controls of Pa. chlamydospora genomic DNA, suspended in water at different concentrations (1 ng -1 fg). (X-Y) 2 negative controls: DNA extracted from
grapevine wood that tested negative for Pa. chlamydospora (X) and water (Y).

Material and Methods
For the development of the DNA extraction
protocol, grapevines that were naturally
infected with Pa. chlamydospora were used.
Various aspects of the above-mentioned DNA
extraction protocols were adapted and com-
bined in order to develop the ideal, though
cost-effective protocol. Next, the sensitivity of
the protocol was determined and the accuracy
thereof verified. To determine the sensitivity
of the PCR reaction, known quantities of Pa.
chlamydospora DNA (determined using a flu-
orometer) were added to a DNA solution,
consisting of wood extractions that previ-
ously tested negative with the Pa. chlamy-
dospora specific primers (Pch1 and Pch2)
(Tegli et al., 2000). 

For the verification of the protocol nursery

plants were taken from various grapevine
nurseries. The various rootstocks that were
used, were 101-14 Mgt, Ramsey and 99
Richter in three different combinations (18
vines per bundle). To determine the occur-
rence of Pa. chlamydospora in the standard
way (Fourie and Halleen, 2002, 2003, 2004),
isolations were made 2-5 cm from the base of
the rootstock on PDA-medium. This same
segment was then used for molecular detec-
tion. 

To determine the effect of hot water treat-
ment on molecular detection, Chardon-
nay/101-14 Mgt nursery plants were used.
The grapevines were divided into six bun-
dles of eight grapevines each. Three of the
bundles were drenched in hot water (50§C)
for 30 min, while the other three bundles
were left untreated as a control. The results of

isolations and molecular detection of Pa.
chlamydospora in the basis of rootstocks
from the respective bundles were compared.

Results
PCR with the Pa. chlamydospora specific
primers was successful in several of the sam-
ples that had been tested. The PCR tech-
nique was sensitive enough to detect as lit-
tle as 1 pg of Pa. chlamydospora genomic
DNA (Fig. 2). Pa. chlamydospora was detect-
ed in all the samples that indicated a positive
result with the isolations (Fig. 3). The
pathogen was moreover detected in various
grapevines that tested negative with isola-
tions, using the molecular technique. 

Pa. chlamydospora was isolated from 90%
of the non-hot water treated grapevines,
but could not be isolated from any of the
grapevines that had been treated with hot
water. However, the molecular detection
technique detected Pa. chlamydospora DNA
in 100% of the hot water treated and non-
hot water treated grapevines (Fig. 4). As
could be expected, dead pathogen tissue
could be detected with the molecular tech-
nique and hot water treatment did not influ-
ence the sensitivity of molecular detection.
The fact that no fungi were isolated after the
hot water treatment, once again emphasis-
es the importance of this treatment for the
proactive control of Petri disease in nurs-
eries (Fourie and Halleen, 2004).

Discussion
The successful development of this molecu-
lar detection technique creates excellent
opportunities for research on grapevine trunk
diseases. Detection of the Petri disease
pathogen, Pa. chlamydospora, in vine mate-
rial may be accelerated from the current 3-4
weeks to 1-2 days. Cost estimates have
shown, moreover, that this locally devel-
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FIGURE 4: Number of Chardonnay/101-14 Mgt vines that tested positive for Pa.
chlamydospora in hot water treated and untreated grapevines isolations and molec-
ular detection.

FIGURE 3: Detection percentage of Pa. chlamydospora in 101-14 Mgt, Ramsey and
Richter 99 rootstocks of grapevines from different nurseries (1,2,3) by means of iso-
lations and molecular detection.

oped extraction protocol is up to 20 times
cheaper than the imported kits that are avail-
able commercially. 

If specific primers for other trunk pathogen,
e.g. Eutypa lata (“tandpyn”), Botryosphaeria
spp. (“swart-arm”), Phomopsis viticola
(“streepvlek” and dead-arm) and Cylindor-
carpon spp. (“swartvoet”), are developed,
this detection technique wil l  enable
researchers to undertake cutting-edge
research on the inoculum sources, disease
cycles, host-pathogen interactions, epi-
demiology and management of these dis-
eases. This technique can moreover become
an important aid in the certification of
grapevine propagation material. Although
hot water treatment considerably reduced
the occurrence of Pa. chlamydospora in root-
stock cuttings and uprooted nursery vines, it
did not entirely kill the fungus (Fourie and
Halleen, 2004). However, the dead pathogen
tissue will still be detected by the molecular
technique. Further molecular studies could
focus on the effect of hot water treatment on
RNA (ribonucleic acid) level. Theoretically,
transcripts of RNA will have a very brief sur-
vival period after the pathogen has been
killed. RNA detection is therefore only pos-
sible from live organisms (Klein and Juneja,
1997). 

The molecular technique will shortly be
used to investigate various stages in the
nursery so as to detect possible inoculum
sources of Pa. chlamydospora. Knowledge of
the epidemiology of the pathogen is neces-
sary to formulate and conduct research on
disease management strategies. 
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Summary
Molecular detection of Phaeomoniella chlamydospora in
grapevine wood
Petri disease is a serious decline and dieback disease of young grapevines. The main causal organ-
ism, Phaeomoniella chlamydospora, is distributed through infected propagation material.
Pathogen detection and diagnosis are currently based on fungal isolation onto artificial growth
media. The fungus is, however, extremely slow-growing and cultures are often over-grown by
co-isolated fungi before it can be identified. The aim of this study was to develop a time-efficient
and cost-effective protocol for the molecular detection of Pa. chlamydospora in grapevine
wood. Since hot water treatment reduces the levels of Pa. chlamydospora in infected propagation
material, we also investigated the effect thereof on the sensitivity of molecular detection. Dif-
ferent published methods for extraction of fungal DNA were tested on grapevine wood, some
were modified and certain aspects combined. A DNA extraction protocol was developed that was
10 to 15 times cheaper than commercial DNA extraction kits. The subsequent species-specific
PCR was sensitive enough to detect as little as 1 pg genomic DNA of Pa. chlamydospora from
grapevine wood. For validation of this molecular detection protocol, different combinations of
grafted grapevines from different nurseries were sampled after uprooting. Some of the grapevines
were also subjected to a hot water treatment. Isolations were made and this same section of
grapevine was used for molecular detection. Results from isolations and molecular detection were
compared. Molecular detection was a lot more sensitive than isolations, and detected Pa.
chlamydospora from all the positive isolation samples as well as several samples that tested neg-
ative with isolations. Pa. chlamydospora was not isolated from hot water treated samples. Molec-
ular detection nonetheless detected Pa. chlamydospora DNA from all the hot water treated and
non-hot water treated samples. Molecular detection of Pa. chlamydospora will be used to
identify potential inoculum sources and critical infection stages during the various stages of
grapevine propagation. Knowledge of the disease cycle is essential for the development and eval-
uation of strategies for disease management.
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Introduction
Wineries, distilleries and other grape-processing
industries annually generate large volumes of
wastewater. This mainly originates from various
washing operations during the crushing and press-
ing of grapes, as well as rinsing of fermentation
tanks, barrels and other equipment or surfaces. In
general, regulatory bodies dictate that wastewater
should have a pH of 5,5 to 7,5 and the chemical
oxygen demand (COD) should not exceed 75 mg/l
before discharge to the environment (South African
Water Act no. 36, 1998). However, winery waste-
water typically has a pH of 3 to 4, with a COD of
800 to 12 800 mg/l. Furthermore, the COD can
increase to 25 000 mg/l depending on the harvest
load and processing activities. In general, wineries
in urban areas channel the wastewater to local
sewage treatment facilities that result in heavy
penalties due to the low acid pH and high COD. In
contrast, rural wineries often have very little or no
treatment operations for wastewater, which is
often irrigated onto grass fields.

Several criteria should be considered when
deciding on a treatment system for winery
wastewater. These include an eco-friendly process
that is flexible enough to handle various concen-
tration loads and characteristics; low capital and
operating costs; the system should require mini-
mal personal attention and not occupy too much
land, and the desired degree of degradation
should be achieved without a need for dilution
with water. 

A number of biological systems have been
evaluated for winery wastewaters, such as anaer-
obic digesters and activated sludge reactors that
are efficient in COD removal, but require long
retention times. Furthermore, the capital and run-
ning costs of these treatment systems usually put
them out of reach of smaller wineries.

The objective of this research project was to
develop an eco-friendly biological system that
would be flexible enough to handle varying con-
centration loads, keep both the capital and oper-
ation costs low, require minimal personal atten-
tion and not occupy too much land. Most impor-
tantly, it should lower the COD and increase the
pH to acceptable levels without the addition of
chemicals or dilution with water. We therefore
evaluated a Rotating Biological Contactor (RBC)

TABLE 1. Chemical composition of synthetic wastewater and the COD contribution of the respective constituents in
pure solutions at similar concentrations.

Components Concentration in COD contribution of
synthetic wastewater  pure solution (mg/l) 

Synthetic effluent 8 800 
Glucose 1,8 g/L 2100 
Fructose 1,8 g/L 2000 
Citric acid 1m g/L 1 
Tartaric acid 2m g/L 4 
Malic acid 2 mg/L 2 
Lactic acid 2 mg/L 3 
Propanol 1,24 mg/L 4 
Butanol 1 mg/L 4 
i-Amyl alcohol 3,8 mg/L 11 
Acetic acid 250 mg/L 260 
Ethanol 10 mg/L 300 
Ethyl acetate 4 mg/L  
Propionic acid 8 mg/L  
Valeric acid 1 mg/L  
Hexanoic acid 0,5 mg/L  
Octanoic acid 0,7 mg/L  
YNB 1,7 g/L  
NH4SO4 5 g/L  
pH adjusted to 4,0 with NaOH

for the biological treatment of winery wastewater,
since it is relatively easy to operate, has a short
start-up, requires little maintenance and is effec-
tively oxygenated with little sloughing of biomass.
The system is based on a microbial biofilm that
develops on the surface of discs mounted onto a
horizontal shaft with at least 40% of the discs
submerged in the wastewater. Rotation of the
shaft results in alternating contact of the discs with
wastewater and air that allows for the aerobic
growth of the micro-organisms on the surface of
the discs. Various operating parameters can be
controlled, such as disc rotation speed, recircula-
tion and hydraulic retention time. 

Chemical analysis of winery
wastewater
Chemical analyses of winery wastewater were
done during the 1999 harvest season to reflect the
composition during the peak season when large
volumes of high-acid, high-COD wastewater are
discarded. The results indicate a large variation in
COD (320 mg/l to 5670 mg/l), pH (3,9 to 4,9) and
chemical composition. The wastewater generat-

ed by the destemming and pressing operations
contained higher concentrations of glucose, fruc-
tose and malic acid that originate from the grape
berries themselves. The considerable variation in
the chemical composition of the wastewater can
be ascribed to different varieties of grapes, harvest
load, operation procedures, etc. 

The development of synthetic wastewater
(Table 1) provided a defined substrate with known
composition that could be used for comparative
analysis of different treatment variables. The COD
of pure solutions of the various synthetic effluent
constituents with concentrations corresponding to
that of the synthetic effluent, indicated that the
fermentable sugars (glucose and fructose) con-
tributed almost half of the COD (Table 1). Ethanol
and acetic acid also contributed to the COD, but
to a lesser extent than the fermentable sugars. 

Biodegradation of winery
wastewater by natural 
occurring micro-organisms
If a biofilm-based treatment system is to be con-
sidered for the treatment of winery wastewater, it
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FIGURE 1: Schematic representation of the set-up for the evaluation of the RBC.

FIGURE 2: Recovery of biofilm after different physical or chemical shocks were introduced.

is necessary to determine whether the naturally
occurring micro-organisms are able to produce
biofilms, while simultaneously reducing the COD
of the wastewater. Microscopic analysis of glass
slides suspended in wastewater streams showed
thick biofilms on the surface of the slides that con-
tained a large number of yeast and filamentous
cells. Preliminary identification of the most abun-
dant isolates indicated eight bacterial isolates
and seven yeast isolates. When evaluated in syn-
thetic wastewater, the bacterial isolates were
ineffective with only two isolates showing a
decrease in COD after 48 hours. The yeast isolates
were more effective in reducing the COD of the
wastewater, e.g. MEA5 reduced the COD by 95%
after 24 hours under aerated conditions. 

Under aerobic conditions, the mixed biofilm
communities isolated from the microscope slides
also reduced the COD of the synthetic waste-
water (up to 62% within 72 hours), whereas
very little effect was observed under anaerobic
conditions. These results suggest that the naturally
occurring micro-organisms were able to form a
stable biofilm and also reduce the COD, i.e. utilise
organic compounds that are susceptible to oxi-
dation, within an RBC for the treatment of winery
wastewater. Furthermore, the yeast isolates could
play an important role in the degradation of
organic compounds under aerobic conditions,
such as those associated with an RBC.

On-site scale evaluation of the
RBC
A small-scale RBC was designed using a stainless
steel trough of 14 260 cm3 (Fig. 1), with 16
polystyrene discs (20 cm in diameter, total surface
of 1 206 cm2) rotating at approximately 6 rpm.
The RBC was evaluated on-site at a winery during
the 2001 harvest: winery wastewater was pumped
into the RBC after the excess grape skins and
seeds had been removed and the system operat-
ed at hydraulic retention times varying between
0,35 and 1,4 hours.

Evaluation of the small-scale RBC on-site at a
local winery in 2001 indicated an average
decrease of 43% in the COD of the outflow 
(3 475 ± 1 715 mg/l), relative to the inflow (6 090
± 3 382 mg/l) with a retention time of approx. 
1 hour. Furthermore, the pH was increased by an
average of 0,70 pH units (from 4,34 ± 0,29 to
5,04 ± 0,78). Sloughing of the biofilm occurred
when the biofilm became too thick and weak
degradation was observed when the retention
time was too short (e.g. 0,6 hours), demonstrat-
ing the need to assess the operational conditions
required for optimum microbial activity. 

Since biofilm communities are dynamic and
thus constantly changing to adapt to their envi-
ronment, it is important to determine if there
were dominant species in the biofilm. The most
dominant yeast isolates in the microbial biofilms
were Saccharomyces cerevisiae, Candida inter-
media, Hanseniaspora uvarum and Pichia mem-

branifaciens. All these species are naturally asso-
ciated with grapes and/or water, and with the
exception of H. uvarum, they are able to form
either simple or elaborate pseudohyphae. Three
time intervals were used to determine a shift in the
population within the biofilm and notable changes
were observed between the different time inter-
vals for both bacteria and yeast. These results
demonstrated the responsiveness of microbial
communities to fluctuations in their environment. 

Evalution of scaled-up RBC at
winery and bottling plants
The evaluation of the scaled-up model with a
capacity of 250l containing 52 polyurethane discs
rotating at 6 rpm was done on-site at Distell,
Stellenbosch in 2002. The wastewater from the
cellar that flows into an open holding tank had the
stems and some of the skins removed. The
wastewater was pumped through a filter to a
second open holding tank (feed reservoir in Fig. 1).
The wastewater in this tank had most of the
solids removed, with the exception of a small
amount of fibres. For the first five days, an aver-
age reduction in COD of 43% was obtained,
comparable to that found with the lab-scale mod-
el. Despite technical problems with a disfunc-

tional water pump, an average decrease of 21%
and pH increase of 0,95 units were obtained over
a period of three months (average retention time
of 1 hr). The system was subsequently evaluated
at a bottling plant and resulted in an average
reduction in COD of 34% and a pH increase of
0,83 units. The system was again plagued by
variable flow rates that produced retention times
of 1 – 4 hours.

A number of shocks typical of practices that
may occur at a winery were introduced to deter-
mine their effect on the biofilm, as well as the 
ability of the biofilm to recover from the shock.
Treatment with bleach (0,35% Sodium Hypochlo-
ride) had little effect (Fig. 2), but all of the other
treatments showed a decrease in biofilm density.
The exposure to high pH (pH 12), high tempera-
ture (60°C) and 2,5% SO2 had the most dra-
matic affects on the biofilm. However, for all the
treatments, the biofilm was able to recover with-
in 11 days.

Evalution of scaled-up RBC at
distillery plant
In 2003, the prototype RBC was further evaluat-
ed for its efficacy on distillery wastewater, espe-
cially with regard to the physical parameters.
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FIGURE 3: Influence of incubation temperature on removal of % COD by planktonic microbial community.

Parameter Range 
pH 3,7 – 4,8 

COD 7 370 – 28 500 mg/l
Conductivity 140 – 400 mS/m 

Total Dissolved Solids 1 000 – 2 800 mg/l
NO3- 35 – 132 mg/l
Cl- 20 – 425 mg/l

PO43- 98 – 251 mg/l
NH4+ 68 – 378 mg/l

K+ 330 – 1 490 mg/l
Na+ 18 – 170 mg/l

Mg2+ 14 – 86 mg/l
Ca2+ 21 – 90 mg/l

TABLE 2. Wastewater composition of the distillery efflu-
ent during the evaluation period.

Sampling of the RBC and monitoring of its param-
eters were conducted regularly (every 1-2 weeks)
at the Distell distillery at Goudini and analysed for
pH, conductivity, concentrations of COD, TD solids,
nitrate, ammonium, orthophosphates, potassium,
sodium, chlorides, magnesium and calcium (Table
2).

The volume of wastewater from the distillery
varied from a maximum of 8 785 m3 in March to
a minimum of 2 000 m3 in June. The temperature
of the wastewater in the RBC was dependent on
the effluent stream from the distillery, the season,
wind speed and the hydraulic retention time. In
summer daytimes, wastewater at the RBC inlet
cooled down from ~30°C to ~20°C at the outlet
and from ~15°C to ~10°C in winter daytime.
The retention time was set at 3,2 hours, but only
2% COD removal was achieved; increasing the
retention time to 5 hours did not improve the
COD removal either. No effect on COD removal
could be observed when the disc rotational speed
was varied. This could be due to the already fila-
mentous and thickly grown yeast biofilm with a
smooth and slimy surface not being sloughed off
by the decreasing shear force. The biofilm thick-
ness on some discs reached 0,8 cm after 3 months
of operation, resulting in bridging the space
between discs by biofilm and accumulation of
sludge between discs. 

The biofilm on the discs of the RBC consisted of
a mixed population of fungi and bacteria. The
dominant fungal group was found to be yeast;
budding cells could be observed and pseudo-
hyphal to hyphal growth was remarkable. The
biofilm bottom layer consisted mainly of filamen-
tous organisms with only few yeast cell con-
glomerates. In contrast, the biofilm top layer con-
sisted mainly of hypha, single yeast cells, pseu-
dohyphal and hyphal growing yeast. Only few
bacteria could be seen with cells in the top layer
being embedded in slime. No protozoa could be
observed, which may be an indication of the
inhibiting nature of the distillery effluent as pro-
tozoa are typically associated with biofilm reactors
and may play an important role in carbon flow. 

A number of physical parameters were evalu-
ated for their effect on the efficacy of the RBC.
Flasks with distillery effluent containing a plank-

tonic microbial community were incubated at
room temperature (approx. 22°C), 30°C and
37°C. The total COD decreased within 7 days
from 25 000-27 000 mg/l to 9 000-19 000 mg/l
(Fig. 3), representing a reduction of between
30% and 60%. Raising the temperature to 30°C
or 37°C resulted in little improvement in COD
reduction.

When small cubes of porous support media
(sponge mass ca. 0.65 g) were added to support
biofilm growth, the total COD of the flasks incubated
at room temperature, 30°C and 37°C decreased
within 7 days from 14 000-17 000 mg/l to 2 000-
5 000 mg/l, representing a decomposition of total
COD of between 60 and 80% (data not shown).
The communities incubated at room temperature
decreased the COD slightly faster in the first three
days. The COD decrease was accompanied by a pH
increase, showing a pH value higher than 8,0 at the
end of every incubation period for room tempera-
ture, 30 and 37°C. However, the biodegradability
did not improve when the wastewater pH was
adjusted to 6,0 and 7,0. This could be due to an acid
adapted wastewater microbial community.

The distillery wastewater had a concentration
of nitrate and ammonium ranging from 35 to 
132 mg/l and 68-378 mg/l, respectively. This result-
ed in a COD/N ratio of 40-122 when only nitrate
and ammonia nitrogen are considered. This ratio is
much higher than the ratio of 10-20 recommended
in literature. Total nitrogen and phosphorus con-
centrations in the wastewater were adjusted accord-
ingly to yield COD/N/P = 100/10/1. The degrading
performance with supplementation of nitrogen and
phosphorus was compared with microbial perfor-
mance on wastewater without nutrients supple-
mentation, but little improvement was found.

Final Conclusions
Chemical analyses of winery wastewater indicat-
ed that the high concentration of sugars con-

tributed largely to COD, whereas the organic
acids play a more prominent role in the acidity of
the wastewater. The RBC was an effective bio-
logical system for lowering the COD of winery
wastewaters, providing sufficient aeration for the
biofilm, requiring low maintenance and being
cost-effective. The efficiency of the RBC is perhaps
not comparable to that obtained with anaerobic
digesters or activated sludge reactors, but in view
of the short retention time of 1-4 hours, the RBC
could provide an effective system to address the
peaks of high COD and acidity experienced during
the harvest season. Given the seasonal fluctua-
tions in wastewater discarded by wineries, the
RBC could therefore be an effective primary treat-
ment system to lower the COD to more acceptable
levels for secondary treatment by constructed
wetlands or other biological, chemical or physio-
chemical processes. 

Noteworthy is the large number of yeast iso-
lates within the biofilms that formed under the
harsh conditions associated with winery waste-
waters. Although bacterial biofilms are well-
known, very little information is available on the
role and dynamics of yeasts in biofilms. This study
indicated changes in the biofilm composition over
time that confirmed that the yeast population in
the biofilm was dynamic and able to adapt to their
changing environment. Furthermore, we have
shown that the biofilm is very stable and able to
recover within 11 days after harsh shocks were
introduced. 

The prototype RBC proved to be effective for
the treatment of fresh winery effluent, as well
as effluent from a bottling plant. Although thick
biofilms developed on the RBC discs, the system
seemed to be less effective for distillery effluent.
A number of parameters were evaluated, includ-
ing temperature, pH, addition of growth supple-
ments, with none providing conclusive answers for
the apparent lack in efficiency of the system for
distillery effluent. We therefore suspect that,
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although they are able to survive, the metabolic
activity of the microbial organisms is inhibited
by the high concentration of organic acids,
polyphenols, etc., in distillery effluent. This was
confirmed by the laboratory experiments where
the mixed population obtained from the RBC was
effective in lowering the COD of synthetic wastew-
ater that does not contain the potential haz-
ardous compounds in similar concentrations. Eval-
uation of the RBC is being continued at the Gou-
dini distillery in search of a solution.
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Introduction 
The following guidelines should be used to develop a winery wastewater man-
agement plan to ensure compliance with environmental legislation as well as
the requirements of Integrated Production of Wine (IPW). The purpose of such
a plan is to provide the winery with a strategic plan to ensure that their
wastewater and solid waste handling is in line with the policies of the
Department of Water Affairs and Forestry (DWAF) as well as to form the basis
for an application for an authorisation for the disposal of winery wastewa-
ter and solid waste to DWAF. The contents of the plan will be regarded as a
legal requirement when submitting the plan as part of an application for an
authorisation and once the winery, through its management, has committed
itself to implementing the plan. Although winery staff can assist in completing
such a plan, specialized input with regard to soil studies, vineyard irrigation,
environmental risk assessments and legal requirements are needed. Winery
management should ensure that only a credible consultant who preferably has
the required accreditation with the South African Council for Natural Scien-
tific Professions or the South African Council of Engineering Professions as well
as experience in the handling and/or treatment of winery wastewater is
appointed. This will ensure that the consultants would be able to provide guid-
ance of an acceptable level and develop a plan, which would be acceptable
to DWAF. The consultant should discuss the proposed plan in full with win-
ery management to ensure that all aspects are understood and accepted by
the winery. This must also serve as a “training session” before the plan is sub-
mitted to DWAF. One cannot use a generic plan for all wineries and winery
management should never consider using a plan from another winery. The
winery management should also officially approve this plan, as DWAF does
not accept a plan from consultants unless it has been clearly approved by win-
ery management, as they have to implement the contents of the plan. Cer-
tain aspects are essential to include in an acceptable report and will be dis-
cussed in this paper.

Current situation 
In this section the current practices relating to winery wastewater generation
and disposal should be given. Each winery is unique in this regard and the pur-
pose is to identify current problems that can be addressed to minimize
wastewater production and improve wastewater quality where possible.
The following are examples of information to be provided in this section: 
• The use or absence of water meters to measure the volume of water used

in the winery and the volume of wastewater generated in the winery. 
• Storm water management practices (separate or together with waste-

water).
• Predominant chemicals used in the winery.
• Current winery wastewater and solid waste collection structures. 
• Types of screens used to remove solid particles (marc and lees). 
• Current treatment practices (e.g. lime-dosing, aeration, etc.) prior to dis-

posal or re-use. 
• Current end use (e.g. irrigation of kikuyu grass) of the wastewater and

monitoring results (wastewater volume and quality to be disposed).
• Position of winery indicated on a 1:50 000 map and position of disposal

area (irrigation area) indicated on a 1:10 000 ortho-photo. 
• Description/records of soil conditions or crop factors considered prior to

end-use in case of irrigation of the wastewater.

Estimation of the quantity of wastewater 
generated and construction of wastewater
catchment dam 
Most wineries do not have a historic record of wastewater volumes. There-
fore an estimation of the quantity generated at the winery should be made
to ensure that (1) the catchment dam is large enough to contain the waste-
water and (2) the wastewater irrigation site is of adequate size to accom-
modate the wastewater volume to be disposed of or (3) the treatment facil-
ities are of adequate size to treat the effluent etc. It should also take into con-
sideration the percentage of wastewater generated in the peak harvest
period (depending on the size of the winery) as well as an estimate of the
amount of water that can be re-used during this period. 

Worldwide research has shown that wastewater production varies between
wineries and can be in the order of 2 to 14 litres of wastewater for every litre
of wine produced (this does not take into account evaporation during age-
ing or “the angels share”). If the winery measures the quantity of the
wastewater generated and if storm water (rain water) is separated from the
wastewater, the estimate is not difficult and some risk should be incorporated
into the calculation for emergency situations such as wine spills. If no mon-
itoring records are available however, the consultant must estimate the
volume generated by the winery and a very good motivation, which indicates
that there is already an awareness of water conservation, will result in
using the 4 to 5 litre wastewater/litre wine factor and no motivation approx-
imately 6-8 litres wastewater for every litre of wine produced to ensure
that the plan is acceptable. This estimate should be done conservatively as
this forms the basis of the effluent-handling plan. However, all wineries should
take urgent steps to measure at least the volume of water used in the win-
ery and to use this to calculate the volume of wastewater produced. 

The volume of the catchment dam and or wastewater holding-dam is
dependent on the area, soil, crop and rate of irrigation, as well as the need
to store wastewater during periods when no irrigation is possible. Aesthet-
ics may also play a role in sizing the dam, as it is possible that the winery pre-
fer the dam being filled throughout the year. 

Cleaner production strategies for generating
minimum quantity and optimum quality of
wastewater 
The winery should be committed to effective environmental management and
must implement cleaner production strategies in the winery to reduce the use

appeared MARCH 2004
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of chemicals and water in the winery to the absolute minimum. The consultant
must recommend types of chemicals to be used to limit them to environmen-
tally friendly products as far as possible (e.g. K-OH instead of Na-OH and phos-
phoric acid instead of citric acid) to make it possible to irrigate or re-use the
wastewater as an end-use. Recommendations on storing and usage require-
ments must be given according to statutory prescriptions regarding the handling
of chemicals. The consultant must also recommend guidelines to limit the water
usage in the winery to the absolute minimum and also give the necessary infor-
mation regarding legal use of borehole or surface water.

Water quality: vineyard irrigation
If the winery is committed to implementing cleaner production strategies, it
could be possible to irrigate vines with its wastewater. International norms
are available for vineyard irrigation with winery wastewater. If the wastewater
continuously comply with all the parameters as provided by the specialist, it
may then be used to irrigate vines (subject to authorisation by DWAF), but irri-
gation scheduling must be a direct function of the water requirements of the
specific vineyard and soil. In this manner the wastewater will be utilized as
a resource and not affect the soil and groundwater negatively.

Irrigation of crops other than vines
If the water quality does not comply continuously with all the parameters for
vineyard irrigation, the winery may consider irrigating grass and or, gardens
in the vicinity of the winery (subject to an authorisation by DWAF). The same
principles however, have to be followed to ensure that no over-irrigation
occurs. The winery must ensure that a thorough soil study is conducted pri-
or to any irrigation of these crops. Irrigation may then only occur if a soil sci-
entist indicated that it would be a viable practice. If soil conditions are not
favorable for wastewater irrigation, other alternatives will be considered in
collaboration with the DWAF and other specialists.

Alternative disposal methods
South Africa is a water-scarce country, which necessitates that all water
resources must be used efficiently, sustainably and beneficially. The Nation-
al Water Act, 1998 (Act 36 of 1998) stipulates that all wastewater must be
treated and discharged into a water resource to sustain the environment or to
be available for a potential downstream user. The management plan must
therefore also address future-required treatment systems such as constructed
wetlands and/or bioreactors, in consultation with specialists and the DWAF.
These treatment systems are normally fairly expensive and the planning sur-
rounding the construction of such facilities is very important. It is import for win-
ery management to note that the treatment systems do not guarantee an end
use. However, the wastewater must be treated to allow its re-use (1) in the win-
ery, (2) for agricultural crop irrigation or (3) discharge to a water resource.
Wineries that treat their waste water to the required legal standard to allow
its discharge into a water resource, is still very limited in South Africa and the
beneficial agricultural crop irrigation is possibly still the best use of the treat-
ed waste water. 

Sampling prior to irrigation
South African legislation requires cellars to follow a wastewater audit pro-
cedure. Since most wineries do not have historic records of wastewater
volumes or quality, an intensive monitoring programme should be followed
during the first two years. The monitoring programme should calculate, on
an annual basis, the volume of wastewater, the normal variation in volume

between peak periods of wastewater production, the normal variation in
chemical composition between peak periods of wastewater production, as well
as the potential environmental and social impacts of the recycling or disposal
activities. Once a winery has followed the initial intensive monitoring pro-
gramme for two years, a routine monitoring programme should be followed
to confirm the variation in wastewater volume and chemical composition. Fur-
thermore, the winery should monitor the impact of wastewater on soil,
water resources, vegetation and health. A successful monitoring programme
goes hand in hand with a thorough and representative soil sampling pro-
gramme and the consultant should provide a procedure to conform to the
above-mentioned aspects.

Cleaning of catchment dams and general solid
waste disposal
The consultant must provide guidelines in the plan regarding the cleaning pro-
cedure of the wastewater dam to ensure that a suitable time frame is
included and that sludge is disposed of effectively. The disposal of skins, stems,
pips, lees, diatomatious earth and bentonite clay must be in line with legal
requirements. The consultant should also include legislative requirements
(information) for composting if applicable. 

Emergency preparedness and rehabilitation
It is important that emergency preparedness procedures form part of the plan
and that soil- and watermonitoring results will serve as indicators for reha-
bilitation actions prior to environmental damage. 

Quantification of potential environmental
impact of wastewater and solid waste practices
Any client or any government department needs to know whether the imple-
mentation of the winery wastewater and solid waste plan is effective or not.
It is therefore important that an independent environmental risk assess-
ment is conducted comparing the current environmental situation with the sit-
uation after implementation of the plan. During May 2001, Van Schoor’s for-
mula for prioritizing and quantifying of potential environmental impacts in the
wine industry was published and can be used by the consultant to evaluate
the proposed plan. 

References
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Wood maturation of wine (Part I): 
Factors that influence the composition
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Introduction
The maturation of wine in barrels has been a cus-
tomary practice for many years. The wooden barrels
are responsible for certain important reactions that
occur in the wine during maturation. These reactions
cause changes in the wine’s colour, flavour, taste
and stability. If the winemaker uses the right choice
of barrel for a certain style of wine, these reac-
tions are able to improve the quality of the wine.
During the production process of wooden barrels
certain chemical changes take place in the wood
which may drastically influence the composition
and characteristics of the wood. This article dis-
cusses some of these changes and how they may
influence the wood and eventually the composition
of the wine. It is the first in a series of three articles
that will focus on wood maturation of wine.

Types and origin of wood
In the past, various types of wood have been used
and tested with a view to storing wine. Suitable
types of wood should impart flavours and tastes that
compliment the quality of the wine, rather than
imparting undesirable flavours to the wine. They
must also be durable and should not leak. Some of
the different types of wood that have been tested
include white oak, red oak, chestnut, gum, maple,
beech, ash, pine, Cape beech, redwood, acacia
and stringy-bark. The oak (Quercus sp) has been
found to be the most suitable for this purpose. In
France especially, a large industry has developed
around the production of oak for barrels. About a
quarter of France’s surface is covered with nation-
al forests, of which oak plantings comprise 30 to
40%. The species that occur in these French regions
are Quercus robur, Quercus pedonculata, Quercus
petraea and Quercus sessilis. It is possible to dis-
tinguish between some of the species. Q. petraea,
for example, has leaves with long petioles and
acorns with green stalks (the so-called sitting oak).
Q. robur has short petioles and acorns with long
stalks (the so-called stalk oak). Q. robur and Q.
pedonculata are prevalent in Limousin and Bur-
gundy. In Central France and the Vosges regions one
finds Q. petraea and Q. sessilis. French oaks are
therefore named for their region/forest of origin, e.g.
Nevers, Limousin, Alliers, Troncais, etc. 

American oak (Q. alba) is also commonly used for
the production of wooden barrels. Oak forests occur

in Missouri, Ohio, Illinois and Wisconsin. Oregon
oak, which is grown in the state of Oregon, is also
used for this purpose. Other potential sources of oak
are being explored. These include Eastern Euro-
pean and Russian oak forests. Preliminary research
indicates that there is little difference between wine
that has been matured in this wood and wine that
has been matured in French oak. 

The origin of the wood has an influence on the
qualities of the wood. Quercus robur and Quercus
pedonculata have a high polyphenol content and
lower aromatic components. Quercus petraea and
Quercus sessilis on the other hand have lower lev-
els of extractable ellagitannins and are aromatic. On
the whole, American wood has lower levels of phe-
nols and higher levels of aromatic flavourants. This
is especially so in the case of á-methyl-g-octalactone
(the so-called oak or whisky lactone), which imparts
the characteristic woody and coconut flavours to
wine. Levels of between 0,5 and 16 mg total lac-
tones per gram of dry wood from Limousin have
been found and 10,5 mg for wood from Burgundy.
For wood from the Vosges 65 mg per gram were
obtained and for Troncais 77 mg per gram. Amer-
ican wood gave levels of up to 158 mg per gram.
The cis isomer is more aromatic than the trans, so
it goes without saying that the wood with more cis
oak lactone isomer will impart a stronger wood
character to the wine. On the whole, American
wood also has more cis isomer. Vanillin (vanilla
flavour) is also more prominent in American wood
(11 vs 6 mg per gram) than in French wood.
Eugenol (with a clove character) is slightly higher in
French wood, however, especially in central France.
Other flavourants, such as vanillin acid, sinapalde-
hyde and coniferaldehyde are also higher in Amer-
ican wood. 

French oak has higher levels of non-volatile com-
ponents, especially phenolic compounds. Wood
from Limousin, in particular, has the highest extract
and extractable polyphenols. In wood from this
region, double the amount of total extract, ellagi-
tannins and catechin tannins was measured than in
wood from central France and American wood.
Wood from Limousin also contains more
hydrolysable tannins (wood tannins), such as
vescalagin and castalagin than wood from the cen-
tral and Vosges regions of France. Second-fill bar-
rels have shown, however, that wood from Limousin
did not impart much more phenolic components to
the wine than American wood. The greater measure
of extract obtained from wood from e.g. Limousin

could contribute to a greater concentration of
colour, although research at the US has shown
that there are hardly any differences in colour in Shi-
raz and Pinotage matured in French, Russian or
American barrels. 

The grain of the wood could also play a role. It is
the cambium part of the tree that gives rise to the
phloem and xyleme. In due course the xyleme hard-
ens and in the process changes to the so-called pith
wood, from which the barrel is made. The wood also
grows differently depending on the season. Spring
wood has bigger ducts than summer wood, the
latter being darker and harder. The ducts in the
spring wood make it more flexible, but also porous.
Tylosis closes off the ducts in winter, but in spring
they open again for circulation. Without the tylosis,
wine would leak from the ends of the dowels. The
grain is therefore classified according to the size and
regularity of the annual growth rings. These are
especially influenced by the growing season of the
wood and origin. 

The regions of France may be classified in the fol-
lowing order from wide to tight grain: Limousin-Vos-
ges-central France (Alliers). Wide grain wood is
richer in dry extract and ellagitannins, while wood
with a tighter grain contains more wood lactones
and eugenol; these are similarly conveyed to the
wine. Wood can also differ in its chemical compo-
sition as a result of differences in the growth rate
and age of the wood. The oldest pith wood has the
least ellagitannins, while rapidly growing summer
wood has wide annual rings (wide grain) and there-
fore more ellagitannins. 

It is therefore obvious that origin and grain are an
integral part of the wood’s composition and even-
tual characteristics imparted to the wine. It should
also be borne in mind, however, that differences
may occur in barrels from the same wood. Differ-
ences have even been found in barrels from the
same tree and it is therefore very important for the
winemaker to have a reliable cooper who will elim-
inate these differences through good coopering
practice. The cooper can also subject the wood to
different treatments that will change its character-
istics.

Influence of wood ageing
The cooper has to age the wood to obtain a mea-
sure of dessication. It is important to reduce the
humidity of the wood from 41% to between 8%
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FIGURE 1: The influence of the country of ageing on cis oak lactone levels (Swan et al., 1997). 
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and 18%. This makes the wood strong enough so
that a barrel may be manufactured from it and
also brings about certain beneficial aromatic changes
in the wood. 
Two kinds of ageing may be applied by the cooper,
namely natural drying in the open air and artifical
drying in an oven. The natural drying process usu-
ally takes from two to three years, depending on the
thickness of the staves. The artifical drying process
usually occurs at 40 - 60 °C in a well-ventilated dry-
ing oven for approximately one month. Wood sam-
ples that have been aged in these two ways appear
to differ, however. This is especially so as far as the
aromatic composition of the wood is concerned.
Wood aged in the natural way has much higher le-
vels of total lactones (89 µg/g vs 26 µg/g for wood
from central France) than wood that has been aged
artificially. This was also the case for other important
flavour compounds in which the concentrations of
vanillin and eugenol were respectively up to 50
and twice as high in wood aged the natural way
compared to wood aged the artificial way. On the
whole, ageing and drying result in a reduction in tan-
nins and bitter glycolysed coumarins that are
hydrolised to aglicones. 

The region in which the drying occurs may also
play a role. Wood aged in Australia has been found
to contain higher levels of lactones than the same
wood that was aged in France (see Fig. 1). During
ageing the eugenol concentration is also reduced
from 8 to 3 mg/kg. This, together with the reduction
in phenols, may also account for the reduction in the
“green” character of wood during maturation.
There is clearly a need to investigate the ageing of
wood under SA conditions.

The influence of toasting
After ageing the cooper toasts the wooden barrels
in accordance with the winemaker’s specifications.
This is also done, however, to enable bending of the
wooden dowels in order to assemble the barrel. In
France this process traditionally occurs over an
open fire and in America by means of steam and a
gas flame. Toasting is usually divided into three
levels, namely light, medium and heavy toasting.
Nowadays one also finds medium-plus and heavy-
plus toasting. The toasting process can drastically
alter the wood’s composition and charactistics.
This happens as a result of hydrothermolysis and
pyrolysis of cellulose and phenolic components in the
wood. During toasting the concentration of cer-
tain phenolic components is reduced. It has been
found that ellagitannins and total phenols were
reduced as a result of an increase in toasting inten-
sity. Even low levels of heating caused a reduction
of 73% and 46% of vescalagin and castalagin lev-
els in the wood surface. However, during toasting
there is an increase in furanaldehydes such as fur-
fural, methyl-5-furfural and hydroxy-5-furfural and
other components with a carbohydrate origin such
as the concentrations of maltol and cyclotene, the
highest occurring in medium to heavily toasted
wood. These components could contribute to the

caramel flavours of wine. The concentration of
volatile phenols also increases during toasting, such
as guajacol and 4-ethyl-guajacol (smokey charac-
ters). Ranging from untoasted to heavily toasted
wood, these levels in the wine may increase from 1
to 2 mg/l to 30 mg/l . The concentration of eugenol
is usually slightly reduced by light toasting, but
increases again with a further increase in toasting
intensity. The oak lactone concentration, especial-
ly in the form of cis, also increases with toasting,
although it looks like it might be reduced again by
heavy toasting. At medium toasting levels the
vanillin concentration may be up to 50 times more
than in the case of untoasted wood, but in heavily
toasted wood it is also reduced as a result of ther-
mal breakdown. Toasting consequently makes the
flavour profile of the wood more complex. Initially
more vanilla and spicy flavours are obtained with
low to medium toasting. Medium and medium-
plus toasting result in more coconut and oak lactone
flavours, while heavy toasting imparts more smokey
and burnt caramel flavours to the wine.

Other factors
The age of the barrel also plays a role. Moreover, the
number of fills determines the extractionability of the
wine, with the total number of extractable compo-
nents being reduced as the number of barrel fills
increases. Furfural, guajacol and eugenol in partic-
ular are significantly reduced from the first to the sec-
ond fill of a barrel. Lactone concentrations are not
reduced equally quickly. After the third fill there is
very little extractable volatile and ellagic acid and
gallic acid in the wood. The latter may result in
poor colour development and instability of the wine
in the barrel. It is possible to extend the life-span of
barrels by removing and shaving the dowels. The
life-span of the barrel is also extended by initial
toasting, especially if the cycle spent by the wine in
the barrel does not exceed six months. The risk of
microbiological spoilage also increases in older bar-
rels and when they do not contain any wine, barrels
should be taken care of properly. This entails the reg-
ular burning of sulphur piths in the barrels and
proper washing and rinsing of used barrels with
warm water or steam before the barrels are filled
again with wine. The size of the barrel also plays a
role, with more flavourful wood components being
more rapidly extracted in the wine when the barrels

are smaller, as a result of the smaller volume to sur-
face ratio. This difference is also reduced in older
barrels. When using wood shavings and staves this
should also be borne in mind, since here the wood
surface that comes into contact with the wine on a
mass basis is bigger than in a barrel. A Spanish study
found that vanillin and furfural in particular were
much lower in wine that had been matured in
1000l barrels than in wine that had been matured
in 220 and 500l barrels. 

It is therefore clear that various factors during the
production process of barrels may influence the
composition of the wood. This will also be reflect-
ed in the wine that is being matured in the barrel.
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Wood maturation of wine (Part II):
The effect of various wood compo-
nents on the colour, flavour and 
taste of wine
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Introduction
Oaky, coconut, smokey, coffee, caramel, spicy,
clove and vanilla. These are some of the terms
used to describe the extraction of flavour and
taste compounds during the maturation process
of wine in contact with oak. These compounds
all play a role in changing the composition
and quality of the wine. The colour and taste of
red wine also change during this process as a
result of the extraction of certain non-volatile
components from the wood. This article focus-
es on the compounds extracted from oak dur-
ing the maturation of wine and is the second in
a series of three articles about wood maturation
of wine.

Extraction of non-volatile 
compounds and their effect 
on the colour and taste of the
wine
During the maturation of red wine in wooden
barrels the colour changes in due course. Usu-
ally an increase in colour intensity may be
observed between three to nine months after
storing the wine in the barrel, as seen in Fig. 1.
Initially the modified colour intensity (where
the bleaching effect of SO2 is negated) increas-
es, but may later even decrease slightly. How-
ever, the difference between the colour inten-
sity and the modified colour intensity decreas-
es in time. This occurs due to the polymerisation
of free anthocyanins with grape tannins (con-
densed tannins), making the colour less sensi-
tive to changes in pH and SO2 decoloration.
This in turn is reflected in an increase in the red
pigment and a decrease in the free antho-
cyanin concentration during wood maturation.
This reaction is catalysed by O2, which comes
into contact with the wine and the extraction of
wood tannins (hydrolysable tannins) during
the barrel maturation period. The most impor-
tant wood tannins are vescalagin, castalagin,

granidine and roburins A to E and these consist
mainly of esters of glucose with hexahydroxy-
diphene acid. These types of molecules are
easily oxidised due to their multiple OH-groups
and form H2O2 during their oxidation, which
oxidises alcohol to form small quantities of
acetaldehyde, which form a “bridge” between
catechins (the monomers of condensed tan-
nins) and anthocyanin molecules (the so-called
Bayer reaction or acetaldehyde meditated poly-
merisation). Hydrolysable tannins and their
hydrolyse products, ellagic acid and gallic acid,
therefore protect the wine against excessive
oxydation. This polymerisation reaction that
they catalyse also plays a role in the polymeri-
sation of grape tannins, however, which makes
the wine softer and less astringent. These com-
pounds also have an astringent and bitter
taste, however, and may contribute, if the wine
is overly wooded, to the harshness and bit-
terness of the wine. They are suspected to
work synergistically with other compounds to
influence the mouthfeel of the wine. Together
with the increase in the number of barrel fills,
the concentration of these compounds decreas-
es however, therefore resulting in a decrease in
the oxidative effect of the barrel on the wine.
Small quantities of condensed tannins are also

extracted from the wood to the wine, but the
quantities are very small compared to the quan-
tities coming from the grapes. 

Various aromatic compounds are also
extracted from the wood and may have a huge
influence on the flavour of the wine. The extent
of extraction is to a large extent influenced by
the origin and the maturation and toasting
processes of these wood. The effect of this
was discussed in more detail in the previous
article. One of the most important flavour com-
ponents is the so-called oak lactone or whisky
lactone. In fact it is the trans and cis isomers of
ß-methyl-g-octalactone that impart the char-
acteristic oak, or at higher concentrations, the
coconut character to the wine. The oak lactones
are characteristic of the Quercus genus. The cis
form is more aromatic than the trans form and
also has a lower threshold value in wine. These
types of compounds also play a big role in the
character of brandy and whisky. American oak
in particular has high levels of oak lactones and
the toasting intensity could also play a role.
Vanillin (with a vanilla character) is formed by
the degradation of lignin during toasting of
the wood (Fig. 2). Maximum levels are usually
found in medium and medium+ toasted wood.
Chemical changes of vanillin may occur if the
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FIGURE 1: Colour intensity (CI) and modified colour intensity (MCI) of Pinotage matured in a French barrels for 12 months.
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FIGURE 2: Various flavours and their intensities in Chardonnay aged in different types of wood (French, Russian, USA
barrels and USA barrels with U-staves) as observed by a panel (Gawel et al., 2002). 

wine is matured for a long time and this may be
converted to vanillin acid (which is less aro-
matic) if the wine is left on the lees. It therefore
seems likely to play a more important role in the
maturation of spirits. The threshold value of
vanillin is 65 µg/l in white wine and 300 - 400
µg/l in red wine. It appears, however, that oth-
er compounds, such as oak lactones, may also
contribute to the vanilla character of wine.
Eugenol has a clove-like character and is more
often encountered in young wood. During the
maturation process this may be reduced in the
wood, but it is not only generated in wood
due to the toasting process. Toasting may
cause it to increase, especially with medium and
medium+ toasting, but this usually decreases
with heavy toasting. Eugenol may also con-
tribute to the spicy character in certain red
wines. Other volatile phenols include guajacol
and 4-methyl guajacol, which may impart a
smokey character to the wine and increase at
higher levels of toasting. There could likewise
be an increase in the 4-ethylphenol (medicinal,
horsey) and 4-ethylguajacol (smokey, medicinal)
concentrations, but these are mostly formed by
Brettanomyces spoilage. The toasting of the
wood, which results in a breakdown of cellulose
and hemicellulose, may release certain carbo-
hydrate derivates in the wine. The most impor-
tant is furfural, 5-methylfurfural and 5-hydroxy-
methylfurfural. These usually have a caramel-
type character. Cycloten and maltol can also be
formed by toasting, which may also contribute
to the caramel character. Furfuraltiol may be
formed from furfural by the yeast during alco-
holic fermentation in a barrel with toasted
dowels. Certain norisoprenoids, such as ß-
ionone, may also be released into wine from
wooden barrels, and have a violet-like charac-
ter. This was found especially in American oak
and Vosges wood, but it is not clear how it
influences the flavour of the wine, since it also

occurs naturally in certain red grape cultivars. 
Trans-2-nonenal, trans-2-octanal and 1-

decanal may contribute to plank-like or dusty
flavours in certain wines and they are thought
to contribute to the types of flavour that are
sometimes observed in wine that has been
matured on wooden chips. Acetic acid that is
not bacterial in origin may also increase in
wine that has been matured in new barrels.
This occurs due to hydrolysis of hemicullose, of
which acetic acid is a breakdown product. For-
tunately the levels of this are low compared to
the acetic acid of microbiological origin in the
wine. 

It also appears that oak flavour could hide
the fruity flavour of the wine through the so-
called masking effect. It is clear, however, that
oak can have a big influence on the colour,
flavour and taste profile of wine. The origin of
the wood, type of wood (as may be seen in Fig.
2) and other factors all play a role and should
be taken into account by the winemaker.
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Abstract
Forty wines each of Pinotage, Shiraz and Caber-
net Sauvignon were analysed for ß-damascenone
by headspace solid-phase micro extraction (SPME).
This component occurred in all the wines at lev-
els well above its sensory threshold value. Wines
of these three varieties were also spiked with ß-
damascenone and sweet-associated, fruity, berry-
like aromas were observed. It is suggested that ß-
damascenone plays an important role in the berry-
like aromas of red wine varieties, especially that
of the locally developed Pinotage.

Introduction
ß-Damascenone is considered to be an impor-
tant impact aroma component in grape juice and
wine (Naiker & Allen, 1996; Kotseridis et al.,
1999; Kotseridis & Baumes, 2000; Waldner &
Marais, 2002). It has a complex aroma which
has been described as reminiscent of exotic flow-
ers with fruit and berry undertones (Ohloff, 1978;
Naiker & Allen, 1996), and also as sweet, raisin-
like (Simpson & Millar, 1984), honey-like, ionone-
like and cooked quince-like (Kotseridis et al.,
1999). ß-Damascenone has a sensory threshold of
0,002 µg/l in water (Buttery et al., 1988). For
wine, different threshold values have been report-
ed, namely 50 µg/l (Simpson & Millar, 1984) and

4 µg/l (Kotseridis et al., 1998). Recently, a thresh-
old value of 0.05 µg/l was reported in a 10% alco-
hol solution (Guth, 1997). Although these large
differences in reported threshold values are con-
fusing, the impact of ß-damascenone should not
be underestimated.

ß-Damascenone was first identified in grapes
and wine by Schreier & Drawert (1974). Mecha-
nisms for its formation from the carotenoid neox-
anthin were proposed by Skouroumounis & Sefton
(2001). It appears that ß-damascenone concen-
tration varies considerably between wines. Values
of approximately 0,2 to 1,3 µg/l were reported in
Merlot wines (Kotseridis et al., 1998). Particular-
ly high ß-damascenone concentrations, ranging
from 66 to 170 µg/l, were found in Chardonnay
wines (Simpson & Millar, 1984) and as high as 980
µg/l in Scheurebe wines (Guth, 1997). 

In SPME/sniffing studies on Pinotage headspace
aroma, previously conducted at Nietvoorbij, ß-
damascenone was identified as one of the most
potent impact components involved. Concurrently,
iso-amyl acetate was found to exhibit a strong
banana-like aroma, which is in agreement with
the identification thereof as an impact aroma com-
ponent of Pinotage (Van Wyk et al., 1979). The aim
of the present study was to determine ß-damas-
cenone concentrations by headspace SPME in a
spectrum of South African red wines, and also to
determine the impact of this component on the

berry-like aroma of specific wines. 

Materials and methods
• SPME and GC analysis 

A SPME fibre, coated with 100µm PDMS (Poly-
dimethylsiloxane), was used. The extraction
and analysis conditions applied, were decided
on after thorough evaluation of conditions
used in similar studies (Whiton & Zoecklein,
2000; Rocha et al., 2001; Vianna & Ebeler,
2001; Hartmann et al., 2002). Wine (100 ml)
was poured into a 250 ml glass bottle and 
10 g sodium chloride was added. The fibre
was exposed for 60min to the headspace of the
wine, while the wine was kept at 30oC and
stirred continuously. Immediately after the
headspace sampling, the adsorbed aroma was
analysed by gas chromatography by keeping
the fibre in the injection port for 5 minutes.

• Quantification
Eight model wines were prepared, extracted by
SPME and analysed by gas chromatography.
Peak areas of ß-damascenone were plotted
against actual added concentrations to obtain
a standard curve and a linear regression equa-
tion. The reproducibility of the method was
determined by analysing six individual sam-
ples of a Pinotage wine (2003 vintage).
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FIGURE 1: Average ß-damascenone concentrations and standard deviations in Pinotage, Shiraz and Cabernet Sauvignon wines from different regions: 1 = Paarl, 2 = Stellenbosch, 3 =
Worcester, 4 = Robertson, 5 = Olifants River, 6 = Orange River, 7 = Swartland, 8 = Average of 40 wines (for each variety). The number of wines for each region is given in Table 1. 
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TABLE 1: Wines of Pinotage, Shiraz and Cabernet Sauvignon representative of different regions (2002 season).

Region Pinotage Shiraz Cabernet Sauvignon  
% of total  Number  % of total Number  % of total  Number  
plantings of wines plantings of wines plantings of wines

Stellenbosch III* 23 9 25 8 33 11

Paarl III 20 15 19 13 26 15

Swartland IV 26 3 16 3 17 4 

Robertson IV 7 3 12 5 10 5

Worcester IV 13 6 13 6 9 5

Olifants River V 9 4 13 4 4 0 

Orange River V 1 0 1 1 1 0 

Total 99 40 99 40 100 40

* Classification according to Le Roux, 1974.

TABLE 2: Aroma descriptions of wine to which ß-damascenone was added*.

* In each case the wine was compared to the control (no additions).
The original ß-damascenone concentrations of the Pinotage, Shiraz and Cabernet Sauvignon wines were 14,2; 26,5 and 20,5 µg/l,
respectively.

ß-Damascenone 
concentration  Aroma description 
(µg/L) added

Pinotage 

0 (control) Berry and plum-like aroma 

5 Sweet-associated, stronger plum, more rounded-off aroma 

15 Sweet-associated, more complexity, ripe plum, black currant, exotic aroma, floral 

30 Sweet-associated, black cherry, black berry, black/purple fruit, red fruit, aroma starts to
dominate 

60 Sweet-associated, red fruit, aroma dominates, character no more typical of Pinotage  

Shiraz 

0 (control) Spicy and berry-like aroma 

5 Sweet-associated, more rounded-off, balanced with pepper aroma 

15 Sweet-associated, plum-like, jammy, aroma starts to mask spiciness 

30 Sweet-associated, red fruit/berries, jammy, aroma dominates 

60 Sweet-associated, aroma overpowers typical Shiraz aroma 

Cabernet Sauvignon 

0 (control) Vegetative and berry-like aroma 

5 Sweet-associated, riper aroma, dusty, less vegetative 

15 Sweet-associated, black cherry, more like Pinotage 

30 Sweet-associated, purple fruit/berries, plum-like, riper aroma 

60 Sweet-associated, floral, perfume, black currant, aroma overpowers typical Cabernet aroma 

• Wines
Wines of Pinotage, Shiraz and Cabernet Sauvig-
non (40 of each variety) used in this study, were
collected from the entries in the 2002 National
Young Wine Show and analysed for ß-damas-
cenone. All wines were from the 2002 vintage
and were 100% of the specific variety. The
number of wines of each variety represented
as far as possible the cultivation distribution
(%) thereof in each of the main South African
regions (Table 1). These regions were classified
into seven climatic groups, where Region III
represented 1 667 to 1 943 degree days, Region
IV from 1 944 to 2 220 degree days and Region
V above 2 220 degree days (Le Roux, 1974).
Where not enough wines were available from a
region, wines from neighbouring, climatically-
comparable regions were collected. 

• Spiking of wines
Three wines from the 2003 vintage, i.e. Pino-
tage, Shiraz and Cabernet Sauvignon, were
obtained from Nietvoorbij and analysed for ß-
damascenone. This component was then added
to each wine at the following concentrations:
5, 15, 30 and 60 µg/l, respectively. 

• Sensory evaluation
A panel of six experienced judges evaluated
the spiked wines. The wines of each cultivar
were presented to the judges in sequence of
increasing concentration of the added ß-dama-
scenone. In each case, wines were compared to
the control, which had no additions. Descriptions,
such as exotic flowers and berries were men-
tioned as a guide-line. Each judge was allowed
to express his/her own opinion of the aroma
nuances of each wine perceived, but afterwards
a uniform description was agreed upon. 

Results and discussion
The SPME method showed good accuracy (stan-
dard calibration curve with a correlation coefficient
of R2 = 0,9911). The regression equation was y =
0,0062x + 0,0338 (y = concentration in µg/l, x =
peak area). Reproducibility of the determination of
ß-damascenone was found to be excellent with a

standard deviation of 2,06%.

The ß-damascenone concentrations in the red
wines are shown in Figure 1. Average concen-
trations for each variety varied between regions,
but a clear pattern could not be identified. When
all values per variety were averaged, that of Caber-
net Sauvignon was slightly higher than that of
Shiraz, and both were higher than that of Pinotage.
When the standard deviations were considered, the
highest values were again associated with Caber-
net Sauvignon and the lowest with Pinotage. This
pattern confirmed results obtained in a previous,
preliminary investigation where ß-damascenone
was determined by liquid/liquid extraction (Wald-
ner & Marais, 2002). Values were, however, high-
er in the present investigation, which may be
ascribed to the fact that a wider, more represen-
tative spectrum of wines was analysed. The fact

that ß-damascenone was determined by headspace
analysis could of course also have played a role.
The complex wine/headspace equilibrium could
result in different concentrations of this volatile
between the two phases. In all cases, the con-
centrations of ß-damascenone were well above its
sensory threshold value of 4 µg/l in wine (Kotseridis
et al., 1998), but not above 50 µg/l as reported by
Simpson & Millar (1984). 

The original ß-damascenone concentrations for
the three spiked Pinotage, Shiraz and Cabernet
Sauvignon wines, were 14,2; 26,5 and 20,5 µg/l,
respectively. Aroma descriptions for these wines,
before and after addition of ß-damascenone, are
presented in Table 2. An aroma reminiscent of
“sweetness” was continually perceived in the
wines to which ß-damascenone was added. This
was already obvious at the 5 µg/l added level.
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Nuances of purple/black fruit (plum, cherry) were
perceived at the lower ß-damascenone levels and
those of red fruit at the higher levels. At the two
highest levels it became overpowering. The sweet-
associated aromas eventually masked the vegeta-
tive and spicy aromas of Cabernet Sauvignon and
Shiraz, respectively. It was, however, interesting to
observe that the aroma nuances of ß-damascenone
apparently complemented the typical Pinotage
varietal aroma more than in the case of the other
two varieties. This is probably due to the fact that
the typical aroma of Pinotage wine also gives the
impression of “sweetness”. 

Wine aroma and quality are the culmination of
the effects of various components, and syner-
gism among components probably plays an impor-
tant role. Varietal characters are therefore normally
the result of a number of contributing compo-
nents. Nevertheless, impact components do exist
and it is suggested that ß-damascenone was the
one that contributed to the sweet-associated,
berry-like aromas of the wines in this study. It is
reasonable to deduce that it played a more impor-
tant role in Pinotage wine aroma than in that of
the other two varietal wines, even if it occurred in
lower concentrations in the former.

Conclusions
ß-Damascenone occurs in Pinotage, Shiraz and
Cabernet Sauvignon wines well above the threshold
values reported by most researchers. It is suggest-
ed that this component is an important contributor
to the berry-like aromas of red varietal wines. It
appears that especially Pinotage wine aroma ben-
efits from the presence of ß-damascenone.
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Market-oriented classification
system for co-operative wine cellars
Johan Delport, Production Manager, Citrusdal Cellars
Johan Viljoen, Viticultural consultant, VinPro

CARDOUW

IVORY CREEK

GOUE VALLEI

FIGURE 1: The pyramid principle of volume vis á vis
price/demand.

Conventional grading systems at co-operative
wine cellars entail the selection of so-called pre-
mium blocks that are managed in accordance
with strict viticultural practices and from which
wine is made and/or vineyard blocks that are
categorised according to the potential of such
vineyard blocks, e.g. class A, B and C. Chemical
analyses, amongst others, are used at the time of
receiving the grapes to group them in different
classes. In this way co-operative pools are creat-
ed. All income generated from the sale of wine is
paid out to the producers who delivered grapes in
the classes represented by such pools. In view of
the trend to produce wines for specific markets,
especially for overseas markets where price points
are of the utmost importance, a system had to be
designed that makes provision for the preparation
of vineyards and wines for specific wine goals. A
classification system has been formulated where-
by a particular producer is remunerated based
on the input that occurs in the vineyard, in other
words the farmer is compensated for the vineyard
practices with which he is expected to comply in
order to be able to make a certain style of wine for
a specific market at a specific price.

Introduction
Over the past three years the market-oriented
classification system, as described below, was
systematically implemented at Citrusdal Cellars
and developed to assume its current format. In
theory Citrusdal Cellars is a traditional co-opera-
tive wine cellar where shareholding is limited to
producers whose grapes are processed by a cen-
tral body and all profits so generated are paid out
to members pro rata the grapes delivered accord-
ing to the pooling system.

Production areas
Citrusdal Cellars receives grapes from several
areas that are situated far apart from each other,
as briefly described below. The area extends from
120 km north of Citrusdal and 80 km south, to 80
km east and 50 km west. In this large area there
are only 1 200 hectares of vineyards belonging to
paid-up members. This includes the following
wine-of-origin areas: 

Coastal Region, Piekenierskloof, Citrusdal Val-
ley, Citrusdal Mountain, Cederberg and Olifants
River Valley.

Style descriptions of brands:
Citrusdal Cellars has three mainstream brands,
namely Cardouw, Ivory Creek and Goue Vallei. All
three brands are made in different styles for the
targeted markets and price points. 

Goue Vallei is the entry level product of Citrus-
dal Cellars and is sold in the price class R16-00 to
R30-00. The white wines are made in a light,
fruity style with very little or no wood treatment.
The red wines are made in a young, drinkable style
with moderate wood treatment. Wood treatment
involves the use of wooden staves and “chips.”
The grapes come mostly from vineyards in lower-
lying irrigation areas with higher temperatures
and an average yield of up to 15 tons per hectare. 

Ivory Creek is the medium level product of Cit-
rusdal Cellars and is sold in the price class R20-00
to R35-00. The white wine is made in a more full-
bodied yet fruity style, with slightly higher alcohol
content and the red wines have a higher extract
with more complexity. Wood treatment of the
red wines is a combination of staves and older
barrels. The grapes come from vineyards with
supplementary irrigation situated in the lower as
well as the higher mountain areas. The average
yield is ten tons per hectare. 

Cardouw is the premium product of Citrusdal
Cellars and is sold in the price class R25-00 to
R80-00. The white wine is made in a style which
uses wood maturation in barrels and extended
lees contact. For the red wine first- and second-fill
barrels are used from the time of malolactic fer-
mentation, with maturation of up to 24 months.
The grapes come predominantly from vineyards
that are from ten to 30 years old and they are sit-
uated in the higher-lying Piekenierskloof and
Cederberg areas. Most of these vineyards are dry
land, bush vines or vineyards with supplementary
irrigation and produce an average yield of less
than 6 tons per hectare.

Selection process of brands
The selection process begins in May, before prun-
ing, in preparation of the next harvest.

Working with the marketers, the volumes per
brand that will be required in the coming year are
determined. In the light of these requirements
documentation is sent to the members, explaining
the requirements per cultivar for each brand as

well as the various practices to be followed for
vineyards to comply with the styles of wine that
are produced from them. In terms of these guide-
lines each member is given the opportunity to
enter blocks for the various brands. After the
closing date for these entries the selection process
takes place, so that the market requirement per
brand and the number of tons entered are in
relation to each other. Historical achievements
with regard to wine quality, as well as terroir, play
a decisive role in the grading of the blocks. 

The pyramid principle of volume vis á vis
price/demand (fig.1) is consistently applied.

Viticultural requirements and
conditions to qualify for Car-
douw

Bush Vines
• Winter practices
A maximum of six bearers per vine is required,
depending on the vigour. Three to four bearers
per vine must be allowed for weaker vines. In
exceptionally vigorous vineyards seven to eight
bearers per vine may be allocated. Only two-bud
bearers are allowed. Weak shoots (thinner than
8mm) are only allowed one bud. On the whole the
objective is more homogeneous blocks with uniform
bearer height from the surface of the soil.
• Spring practices (from 15 cm shoot length) 
Suckering must take place to a maximum of three
strong shoots per bearer position (including
renewal shoots). Remove all other shoots on
arms and in the crown. Tip shoots at a length of
approximately 50 cm to obtain evenness. Stringent
topping actions are not allowed, except when
recommended by the viticulturist.
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• Pea bud to véraison practices
All bunches on shoots shorter than 30 cm must be
removed. Shoots shorter than 60 cm must prefer-
ably have one bunch only. At 80% véraison (red
grapes) all bunches that show less than 50%
colour, must be removed. All gleanings have to be
removed at the time of véraison, seeing that the
objective is to produce more homogeneous
grapes. 

• General
The objective is more homogeneous blocks and
grapes. Vigour and yield must be managed
accordingly and be properly balanced. Fertilisation
and irrigation must be adjusted to promote bal-
anced development.

• Harvest practices
· All grapes for Cardouw must be delivered in

“bin liners”/picking crates. 
· Preservatives must be used on each load

as per the winemaker’s recommendation. 
· Riper and/or greener parts of the block must

be picked separately. 
· Pick strictly on the recommendation of the

winemaker/viticulturist.

Trellised blocks
• Winter practices
A maximum of eight two-bud bearers per metre
cordon (12 to 15 cm between bearers) is allowed,
depending on vigour. This means a maximum of
ten bearers at 1,2 m vine spacing and a maximum
of twelve bearers at 1,5 m vine spacing. Less vig-
orous vines must have fewer bearers. Weak shoots
(thinner than 8 mm) are only allowed one bud.

• Spring practices
Suckering must be done to a maximum of three

strong shoots per bearer position (including
renewal shoots). All shoots on the stem and cor-
don must be removed. Tip shoots at approxi-
mately 50 cm in length to obtain evenness. Strin-
gent topping actions are not allowed, except
when recommended by the viticulturist.

• Pea bud to véraison practices
All bunches on shoots shorter than 30 cm must be
removed. Shoots shorter than 60 cm must have
one bunch only. At 80% véraison (red grapes) all
bunches that show less than 50% colour, must be
removed. All gleanings have to be removed at the
time of véraison, seeing that the objective is to
produce more homogeneous grapes.
• General
Blocks must be managed to obtain moderate,
homogeneous growth, as well as a good bal-
ance between yield and vigour. Irrigation, fertili-
sation and the trellis system must be adjusted
to promote the above.

• Harvest practices
· All grapes for Cardouw must be delivered in

“bin liners”/picking crates. 
· Preservatives must be used on each load

as per the winemaker’s recommendation. 
· Riper and/or greener parts of the block must

be picked separately. 
· Pick strictly on the recommendation of the

winemaker / viticulturist. 
To qualify for Ivory Creek and Goue Vallei less pro
rata input is required, especially with regard to the
spring and summer practices; consequently the
yields for those classes are increased accordingly.

Special arrangements with regard to
Sauvignon blanc:
• Only grapes with high flavour intensity qualify

and must be regularly tasted to determine
flavour profiles. 

• For the Cardouw class the grapes must be
picked at night and be at the cellar at 08:30
and supplied in “bin liners”/picking crates. 

• For Ivory Creek the grapes must be at the cel-
lar at 11:00 and supplied in “bin liners”/pick-
ing crates.

Evaluation
Evaluation of blocks that have been entered
occurs at least four times per annum. This ensures
that the prescriptions are followed. Monitoring of
practices occurs at the following times: 
• After final pruning (with particular emphasis on

pruning practices) 
• Before/during flowering (with particular empha-

sis on suckering, canopy management and irri-
gation) 

• Before véraison (with particular emphasis on
canopy management, irrigation and crop con-
trol) 

• Before the harvest at approximately 80% vérai-
son (with particular emphasis on crop control
and removal of gleanings as well as green
bunches) 

Monitoring occurs according to a judging form on
which weights are allocated to the various prac-
tices. After evaluation each block must comply
with a minimum mark out of a hundred depend-
ing on the various classes.
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Introduction
Today it is commonplace to use commercial enzymes
during winemaking. This is a short review on the dif-
ferent types of commercial enzymes available and
their applications. The enzyme production methods
and compositions discussed in this article are based
on the enzyme technology of DSM and may vary
from other enzyme-producing companies. 

The main enzymes used during winemaking are
pectinases. Pectinases occur naturally in all fruit –
including grapes – and are partly responsible for the
ripening process. Grape pectinases are however
inactive under the pH and SO2 conditions associat-
ed with winemaking. Fungal pectinases are resistant
to these winemaking conditions. The method used
to produce wine enzymes for use in the European
Union is regulated by the OIV. The OIV has estab-
lished that only Aspergillus niger and Trichoderma
can be used for enzyme production. Producers that
export wine to the EU – if they use enzymes during
production – are obliged to use enzymes that com-
ply with these prerequisites.

Commercial enzyme types 
The most widely used enzymes available for com-
mercial use are: pectinases, hemicellulases, glu-
canases and glycosidases. The latter three types
are generally sold as blends with pectinases. With
the exception of glucanase all the enzymes are
produced by Aspergillus niger, whereas glucanase
is produced by Trichoderma harzianium.

Enzyme Production
For Aspergillus to produce pectinases it must
grow on a medium of pectin as a carbon source.
The fungi must therefore be stimulated to produce
the desired enzymes and their side activities and
will produce very little if grown on a normal sug-
ar source like molasses. Only genetically modified
fungi can grow on other substrates and produce
the desired enzymes as they are genetically
manipulated to continually produce the enzyme.
They do not require a specific substrate for enzyme
production to be stimulated. It is important to note
that the enzyme structure produced in this man-
ner does not differ in any way from the enzyme
structure produced by the un-manipulated organ-
ism. The enzyme is not modified – only the organ-
ism used in the production is, and the organism is
removed from the final product to the consumer.
There is however a very noticeable decrease in side
activities if this type of enzyme preparation is
used in its pure form and not blended, since only
the enzyme from the gene that is manipulated will
be produced. This form of production holds no
danger to the consumer and is legal in many
industries.

White wine production
enzymes
After crushing, negatively charged pectin molecules
form a protective layer around positively charged
grape solid particles. This keeps the grape solid

particles in suspension. Pectinase enzymes break the
pectin molecules into smaller components thereby
exposing some of the positively charged grape sol-
id particles underneath this protective layer. These
positive charges bind to the negative charges of the
pectin-protected grape solids and bigger particles
form. When particles become too big, they settle
out. 

Settling enzymes are the most basic commercial
enzymes with regards to their composition and
mode of action. They have three main activities:
Pectin lyase (PL), pectin methylesterase (PME) and
polygalacturonase (PG). Settling enzymes work
mainly on the soluble pectins (mainly homogalac-
turonans) of the pulp of grapes. The skins of grapes
contain more insoluble pectin (protopectin) with
more “hairy regions” (side chains). Skin contact
enzymes therefore – in addition to the basic settling
enzyme components – contain more side activities
that specifically work on the hairy parts of the
pectin. Like all fruits the pectin structure changes
during ripening and the grapes become softer. The
polygalacturonic acid units that make up pectin
are bound to a methyl group. Pectin lyase recognizes
this structure and is able to cut between these
units to break up the pectin structure. During ripen-
ing the PME content of grapes increase and this
enzyme cleaves the methyl units off the polygalac-
turonic acid chain and pectin becomes pectate.
When the methyl groups are removed pectin lyase
is unable to recognize its substrate. PG recognizes
galacturonic acid units without the methyl unit
(pectate). As a result very ripe grapes require settling
enzymes with higher concentrations of PG com-
pared to normal settling enzymes. When settling
problems take place with very ripe grapes it is sug-
gested that skin contact enzymes be used as their
PG content is higher.

White skin contact enzymes 
As mentioned previously the structure of insoluble
pectin in grape-skin cell walls is more complex than
pulp soluble pectins. It is for this reason that skin con-
tact enzymes (Rapidase X-Press) are more concen-
trated and contain more side activities compared to
normal settling enzymes (Rapidase Vino-Super).
Skin contact is done on white grapes for two reasons,
namely juice and flavour extraction. Grape cell walls
form a physical barrier between the juice in the vac-
uole of berry cells and the outside medium. Since
grape cell walls contain ± 30% of pectin, pecti-
nases help to break this physical barrier and there-
fore increase the yield per ton of grapes obtained.
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Most grape flavours such as norisoprenoids,
pentanones (Sauvignon blanc) and terpenols (Mus-
cats) are more concentrated in the grape skins and
with skin contact the levels are increased in the
must. Skin contact also increases the nitrogen con-
tent in the must, which is generally a good feature,
however it can also cause an increase in the con-
centration of heat unstable proteins and polyphe-
nols. This explains why higher dosages of ben-
tonite are often needed to protein stabilise wines
that have had skin contact. An important concern
with skin contact enzymes is over-maceration. This
happens if the skins are exposed to enzyme for
too long. This can cause a settling problem that is
characterized by clear juice in the top of the tank,
compact lees in the bottom of the tank and a meter
or two of “fluff” above the lees. This “fluff” consists
of the very fine pieces of the grape skins that stay in
suspension. Skin contact protocols should be metic-
ulously followed.

Red Skin Contact Enzymes
There are two main differences between the red skin
contact enzyme (Rapidase Ex-Color) and the white
skin contact enzyme (Rapidase X-Press) from DSM.
The red skin contact enzyme contains more hemi-
cellulase than the white skin enzyme for improved
maceration. The red skin contact enzyme also has
very low concentration of anthocyanase activity.
Anthocyanases are able to break off sugar units from
more complex molecules. Grape anthocyanins are
stabilised by covalent linkage with one glucose
unit. They become unstable and become colourless
when these linkages are broken. It is important
that commercial red wine enzymes do not contain
this activity. During industrial fermentation
Aspergillus produces a whole range of enzymatic
activities including glucosidase activity. Rapidase Ex-
Color is produced by fungal strains that naturally
produce glucosidase activity far below the concen-
tration that becomes harmful to red wine colour. 

If winemakers use enzymes for red skin contact
containing high anthocyanase activity, colour stability
problems may occur over time. Anthocyanase activ-
ity in white wine enzymes is harmless. The use of liq-
uid pectinases suited for the clarification of white
musts and wines has to be avoided on red grapes
unless the producer can guarantee the absence of
anthocyanase activity. 

The duration of red skin contact is much longer
compared to white skin contact. Tannins can bind
to enzymes and thereby inactivate them. This
explains why higher concentrations of enzymes are
needed for red grapes compared to white grapes.
Red skin contact increases the anthocyanin content,
however the more important action of enzymes
used on red grapes is the increase in colour stabil-
ity. Many grape varieties possess ample colour and
a number of winemakers feel it is unnecessary to
add enzymes. Enzymes however increase tannin
extraction that is vital for colour stabilisation.

Glycosidases
As already mentioned these enzymes remove the
sugar moieties from more complex molecules. Such

enzymes are of commercial importance for grape
varieties that contain flavour groups attached to sug-
ar moieties (or residues). Examples of these flavour
groups are monoterpenes and C13-norisoprenoid
derivatives. Aroma precursors in a bound form with
sugars are not volatile. When these sugars are

removed, the flavour becomes volatile and thus
aromatic and then contributes to wine aroma. In vitis
vinifera there are mainly di-glycosides, which means
the monoterpenes are bound to glucose and anoth-
er carbohydrate residue such as arabinose, rham-
nose or apiose. Grapes contain glycosidases capa-
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ble of releasing aromatic terpenols from their
non-aromatic precursors. However under wine-
making conditions these enzymes are not very
efficient mainly because their optimum pH is at
five and wine pH is between three and four. Clar-
ification of the must also removes glycosidase
activity. Certain wine yeasts also have glycosidase
activity but the optimum activity is at pH five,
rendering it not very effective at wine pH. Fungal
glycosidases are effective at wine pH and must
ideally contain all four enzyme activities namely,
glucosidase, arabinosidase, rhamnosidase and
apiosidase. Glycosidase is the common word
given to these activities. Glucosidase on its own
is ineffective in releasing the aromatic compo-
nents from the di-glycosylated precursors as sug-
ar breakdown is sequential and the other sugars
must be removed first before glucose can be
removed. Fungal glycosidases are effective when
used on grape varieties containing such precursors
such as Muscat, Gewürztraminer and (Weisser)
Riesling. They can be added to a finished wine or
a wine with a residual sugar of 50 g/l or less. This
is because fungal ß-glucosidases are repressed by
glucose. It is suggested that an enzyme like AR 
2 000 is only used on part of a final blend because
it is not desired that all the bound flavours are
released into the volatile form. Normally monoter-
penes are fairly stable molecules and are
hydrolyzed over time, releasing a floral aroma
over a long period of ageing. The enzyme will
release a lot of flavour all at once and by treating
only a part of a blend the rest of the blend will
supply the flavours to enhance the longevity of the
wine. Certain grape varieties like Sauvignon blanc
and Chardonnay contain monoterpenes in addi-
tion to their specific varietal character. However it
is not always desirable for these grape varieties to
have a terpene background aroma so glycosi-
dase enzymes should be used carefully on these
varieties. The enzyme action must be stopped
after one to four months depending on the desired

effect that is required. The enzymes have to be
removed with 5 - 10 g/hl bentonite. 

Beta-Glucanases
ß-Glucanases are produced by Trichoderma harzia-
nium. Beta-glucans are the main component of
cell walls of all fungi, including the yeast Sac-
charomyces cerevisiae. Traditionally ß-glucanas-
es have been used to improve filtration of wines
obtained from grapes infected with Botrytis
cinerea. Glucans are secreted by Botrytis into the
juice during infection and can cause blockages
during filtration. A more recent alternative use of
these enzymes is to enhance yeast autolysis. The
yeast cell wall is composed of glucan chains and
mannoproteins. Natural yeast autolysis is a
longterm process which occurs for more than 12
months after fermentation. During and after fer-
mentation yeasts are able to release various com-
ponents that are small enough to move out
through the cell membranes and cell walls. True
autolysis is where the cells break open and usu-
ally takes much longer. To achieve true yeast
autolysis within three to eight months – which is
the normal lees contact time – a commercial glu-
canase-containing enzyme like Rapidase Filtration
should be used. Autolysis has many advantages
for the wine quality such as mouth feel that is
acquired from the polysaccharides that are
released into the wine. Certain mannoprotein
fractions improve protein stability whilst others
improve tartrate stability. Other components
released into the wine during autolysis have an
impact on wine flavour and complexity. Autolysis
releases many amino-acids and nucleotides into
the wine that are a source of nutrition for organ-
isms such as bacteria and Brettanomyces. In the
case of malo-lactic fermentation this can be
advantageous; on the other hand if you suspect
Brettanomyces contamination in the cellar, it
should not be used. The danger of feeding Bret-

tanomyces is greater when the enzyme is used on
a red wine. 

Cinnamyl esterase free enzyme
preparations
Cinnamyl esterase (CE), an enzyme activity present
in certain pectinase enzyme preparations, together
with cinnamyl decarboxylase produced by certain
yeast strains (Pof+, phenyl off-flavour), can be
responsible for the production of volatile vinyl-phe-
nols. These volatile phenols can cause off-flavours
in white wine, which are described as phenolic or
medicinal. The production of these volatile phe-
nols is thus a two-step process requiring both
enzyme activities. Cinnamyl esterase is sometimes
referred to as “depsidase”. The name corresponds
to the first description of the enzyme but is incorrect
and the word depsidase should not be used.

The first enzymatic reaction is the cleavage by cin-
namyl esterase of the ester linkage between tartaric
acid and hydroxycinnamic acid, neither products
of which are volatile. These esters are the major
group of polyphenols in white grape musts and
are also abundant in reds. The second reaction is the
transformation of the hydroxycinnamic acids by the
wine yeast decarboxylase, into vinyl-phenols, which
are volatile and have an impact on wine quality.
When present in low concentrations, vinyl-phenols
can have a very pleasant clove-like smell in red
wines. However when present in higher concen-
trations the effect on wine aroma is negative.

Brettanomyces also contains the cinnamate
decarboxylase enzyme activity and can therefore also
decarboxylase hydroxycinnamic acids to vinyl-phe-
nols. However in addition to the decarboxylase,
Brettanomyces also contains the enzyme vinyl-phe-
nol reductase. This enzyme converts vinyl-phenols to
ethyl-phenols and this is unique to Brettanomyces.
The result is similar, though much stronger pheno-
lic off-flavours. The effect of vinyl-phenols is much
less in red wines as they react with tannins, forming
covalent linkages, making them non-volatile. Thus
phenolic off-flavours in red wine are usually the
result of ethyl-phenols and thus of Brettanomyces
contamination.

Non-Brettanomyces phenolic off-flavours are
therefore really only an issue in white wines. Only
when the industrial enzyme preparation contains sig-
nificant levels of cinnamyl esterase together with the
use of a Pof+ yeast strain will these off-flavours
form. Both Anchor VIN 13 and Anchor NT 116 are
Pof-. 

The DSM range of enzymes have naturally low
levels of cinnamyl esterase – lower than purified
enzymes – and their use would thus not contribute
significantly to the production of volatile phenols,
even if Pof+ yeast strains are used for fermentation.
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FIGURE 1.1: Electricity consumed.

Introduction
Wine production in South Africa is strongly delo-
calised, with numerous small- to medium-sized
producers situated in several regions within the
Western Cape. The production process generally
follows traditional methodologies. New tech-
nologies have resulted in important changes in
winemaking over the last few decades. Whilst
adapting to these technological changes, pro-
ducers also have to respond to increased pressure
from consumers regarding the quality of the prod-
uct and the environmental consequences of wine-
making, especially with regard to water usage and
chemical pollution.

No systematic analysis integrating all the dif-
ferent aspects of the winemaking process in the
South African wine industry has thus far been
undertaken. This project therefore systematically
analysed the process of wine production during
cellar operation, from the receipt of grapes to
the final product ready for bottling. This analysis
aimed to assess all of the physical inputs (e.g. cel-
lar infrastructure, energy, chemical and water
consumption); problems associated with pro-
cessing (occurrence of microbial contamination,
problems during clarification, stuck and/or sluggish
fermentation) and the output in terms of income,
product quality and the amount of effluent/waste
generated.

This study arose from the idea that it should be
possible to make wine in a more environmental-
ly friendly manner, whilst improving the cost
effectiveness of the process, and reducing the
risk of making poor quality wine. Since this type
of project had not been done in the SA wine
industry, it was necessary to define the project
sensibly, as well as to define the exact scope of
the study. 

This was difficult because there is a lack of
information regarding some aspects of winema-
king in South Africa. A significant amount of
information was available in terms of cellar
throughput, and hectares under vines, but there
was little information on, for example, how much
water or electricity was used, or what equipment
was used in cellars, or even the frequency of
microbial contamination of the wines, or stuck fer-
mentations. 

The project was therefore divided into two
phases. The first phase was raw data collection.

This involved the development of a questionnaire
that assessed a number of broad parameters.
This questionnaire was submitted to 390 cellars in
South Africa (in the middle of 2001). Thirty-seven
questionnaires were initially returned, which cor-
responded to a return of nine percent. This num-
ber of cellars could not form a statistically signif-
icant database. After follow-ups, sixty replies
were finally returned, which can be regarded as a
statistically significant response.

The information on the questionnaire was then
converted into a database. This is the first project
whereby industry equipment, infrastructure and
conditions have been quantified. 

As such, some of the objectives of this study
were to:
• Develop a questionnaire for submission to

wineries that could be used as a basis for fur-
ther development and data collection.

• Obtain a set of data with input from as many
wineries as possible.

• Develop a database for use by the University for
possible research purposes.

• Correlate various parameters with a specific
winery input.

• Develop an empirical model of a South African
Winery.

Winery input/output 
correlations

The following set of graphs is based on the results
obtained from using different data sets. These
sets of data include the questionnaire database
and the Winetech effluent sampling programmes.
These data sets were merged because they con-
tained complementing data. 

Physical inputs
Physical inputs can be described as the parame-
ters quantifying all materials which enter the pro-
cess of winemaking. Typical inputs can be defined
as:
• Grapes
• Electricity

- Refrigeration
- Other electricity consumption

• Chemicals
• Water
• Cellar infrastructure and equipment
These variables have been correlated to tons of
grapes pressed per year, wherever it was possible.

Electricity
Figure 1.1 shows how many electrical units were
consumed per month as a function of the tons of
grapes pressed. This data was taken from ques-
tionnaire respondents that measured cellar elec-
tricity consumption. There are two correlations
shown – during harvest and out of harvest. Har-
vest consumption was approximately 2,5 times
that of the rest of the year. However, the scatter

appeared DECEMBER 2004
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FIGURE 1.2: Water consumption.

FIGURE 1.3: Wine Produced as a Function of Tons of Grapes Pressed.

FIGURE 1.4: Effluent Characterisation – COD and TDS as a Function of Tons of Grapes Pressed.

of the data is greater for the out-of-harvest peri-
ods, so this correlation is not as accurate as the
harvest data. This is possibly due to different
types of lights and different heating regimes used
by cellars during winter. Most cellars use refrig-
eration in summer, which makes up a large per-
centage of the energy costs.
Water
In figure 1.2, the consumption of water per year
was plotted as a function of the tons pressed
per year. The data was split into wineries with
water measurement and those without.

It is interesting to note the difference between
actual water measurement and guessing a value.
Guessing water consumption seems to underval-
ue the consumption of water by approximately
60%. Given that only 20% of responding cel-
lars measure their water usage, this implies that
80% would under-report their water consumption,
or would under-estimate it if required to report a
value. Considering that South Africa is a country
with scarce water reserves, data like this becomes
valuable as a tool for prediction of water con-
sumption. This correlation allows for the better
management of water as a resource, especially
when considering the size of the SA Wine Indus-
try in relation to other industrial activities in the
Western and Northern Cape provinces.

Physical outputs
Physical outputs may be defined as all of the
products leaving the cellar. These include:
• Wine
• Solid Waste

- Stems, skins and stalks from the presses
- Lees

• Waste Water
These variables were correlated to the tonnage
pressed, and the following set of graphs was
developed.

Wine
In figure 1.3, the quantity of wine produced was
plotted as a function of tons of grapes pressed.

There is a strong correlation between tons
pressed and wine produced, as is to be expected.
Figure 1.3 may seem trivial, but it allows the cor-
relation of all variables to wine produced, instead

of tons pressed. This is useful because wine is ulti-
mately the product that is sold. It can be noticed
that there are significant variations between pro-
ducers. These variations do have a significant
economic effect. It could be suggested that those
wineries that produce less wine per ton of grapes
pressed (those points below the correlation line)
make better quality wines. This is not the case in
this data set. All three wineries that have data
points far below the correlation line tend to make
“lower quality” wine. A possible explanation for
this is that the pressing equipment is old and
not as efficient as modern presses. This graph
also indicates that those cellars that answered the
questionnaire had an average production ratio of
626 litres of wine per ton of grapes pressed.

Effluent
Effluent is defined as waste water that is dis-
charged from a cellar during normal and abnormal
operation. Abnormal operation could be defined
as any problem that occurs during processing.
This could include extra-busy harvest periods or
the accidental release of wine or juice etc. into the
drains. For the purposes of this article, the efflu-
ent has been quantified according to the follow-
ing classifications:
• Quality of Effluent

- Chemical Oxygen Demand and Total Dis-
solved Solids

- Sodium Adsorption Ratio
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FIGURE 1.5: Effluent Characterisation – SAR as a Function of Tons of Grapes Pressed.

FIGURE 3.1: Empirical Model of a Winery.

Unfortunately, it was not possible to ascertain
how much effluent was produced by each cellar
because 95% of questionnaire respondents have
no measurement in place. It is expected that the
quantity of effluent should be less than the
amount of water used, but this needn’t be the
case, depending on the degree of storm-water
separation, etc. Since one cellar had 10% more
effluent than the quantity of water they used,
this figure was used for all calculations regarding
the quantity of effluent.

Effluent Characterisation
In figure 1.4, various effluent characteristics are
correlated to the tons of grapes pressed by the cel-
lar per year. It is evident from the graph that as
the size of the cellar increases, the quality of the
effluent decreases (the concentration of COD and
TDS rises). On the same figure, the TDS has also
been plotted as a function of tons pressed. Unfor-
tunately, these correlations are not accurate and
have high data scatter, but they do provide indus-
trial averages which are useful. This indicates
that as a winery presses more grapes, its has
proportionately more COD in its effluent and uses
proportionately more chemicals like caustic soda.

In figure 1.5, the Sodium Adsorption Ratio
(SAR) of the effluent streams was plotted as a
function of the tons of grapes pressed. This graph
indicates that the SAR is not too important as an
effluent parameter because the values were quite
low, even for very large cellars. This implies that
future work need not be too concerned with this
aspect of environmental law, unless this law is
altered. In addition to this, effluent treatment
systems need to concern themselves primarily
with removal of the COD in the effluent. SAR
should always be checked though, in case it does
exceed legal limitations for disposal.

Development of an 
economic model
By gathering the data presented above, it was pos-
sible to develop a ‘preliminary’ model of a winery in
the more typical process-engineering sense of the
word. Loose correlations have been developed, by
which it is possible to guess winery characteristics,
based only on the tons of grapes pressed. 

This study was designed to be preliminary. As
such, the model presented below has limitations.
It is limited by the validity of the data and some
correlations have low co-efficients of regression
(which implies that the predictive ability of the
model is limited). Much of the data is also missing
from the current data set. An example of this is the
quantity and nature of chemicals that are used by
cellars. The questionnaire sought to obtain this
information, but was on occasion too vague, and
as such, received answers that were too varied. 

The preliminary model will be discussed fully in
the section below.

Empirical model of a South
African winery
Figure 3.1 is a pictorial representation of the
empirical model developed to perform mass bal-
ance and financial balance calculations for South
African wineries based solely on the tons of
grapes pressed.

The winery is called a ‘Black Box’ winery. Black
box implies that one knows nothing about the
process inside the box – it is unseen, and this type
of model is used in chemical engineering mod-
elling because one may not always have infor-
mation on what is occurring in the process. All
that is required to develop a black box model is
information on process inputs and outputs. Due to
the very different processes and equipment used
by individual wineries a black box model is the
best possible model to develop which would have
the greatest predicting ability for the widest num-
ber of wineries.

An input is defined as something that is added
to the process. In this case, grapes, water, chem-
icals and energy are defined as the inputs. Typi-
cally, inputs have an associated cost. Outputs
are things removed from a process. In this case,
the outputs are designed as wine, waste water,
solid waste, lees, energy losses and evaporation
losses. Outputs may have associated costs, but
may also be value added products. These are not
however exclusive definitions. There are many
more inputs and outputs, but for the purposes of
this study, the ones just described were defined as
being the most important.

Processing parameters are defined as those
parameters that can be changed by adjusting or
modifying the way wine is made. An example of
a processing parameter would be applying pinch
technology heat exchange (Ficarella and Laforgia,
1999). Another example would be adjusting the
residence times of the drainage sumps to lower
the ‘leaching’ of COD from pips and skins into the
juice. 

Design or Equipment Parameters are defined as
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Unit Cost per Unit Cost Source 

Grapes (Red and/or white) R5000 per Ton Arbitrarily Assigned Value

Water Average – R0.03/kl Cape Municipality – 
R0.0337/kl in Berg River Basin Telephone Conversation
R0.028/kl in Breede River Basin Prices at 11/09/2002 

Energy R0.26/Unit Questionnaire Average 

Chemical Oxygen Demand R1.3055/kg COD Paarl Municipality 
Treatment (For COD<2000mg/l) 

Waste Water Treatment R0.5328/kl Paarl Municipality 

Wine R8/l Assigned Arbitrary Value 

Variable Quantity Cost

Expenses
Water (Kilolitres) 22 970 R 689
Energy (Units in Harvest/month) 273 000 R 212 919
Energy (Units for Rest of Year/month) 88 350 R  206 748
Quantity of Effluent (Kilolitres) 25 270
Effluent COD (mg/l) 10 150
Cost of Effluent Treatment R  348 031
Total Costs R   768 387

TABLE 3.1: Economic Indices.

TABLE 3.2: Base Economic Calculation.

Variable Quantity Cost

Expenses
Water (Kilolitres) 20 673 R     620
Energy (Units in Harvest/month) 245 675 R   191 627
Energy (Units for Rest of Year/month) 79 500 R   186 073
Quantity of Effluent (Kilolitres) 22 740
Effluent COD (mg/l) 9 100
Cost of Effluent Treatment R   283 117
Total Costs R   661 437
Reduction in Costs: R  106 950

TABLE 3.3: Economic Calculation with Combined Environmental Savings.

FIGURE 3.2: 10% Reduction of Variables for Different Size Cellars.

those parameters that are changed by adjusting
the equipment in the process. Equipment param-
eters may be very costly to change but not nec-
essarily so. These parameters range from fixing up
the cracks and chips in open fermenters, to replac-
ing mild steel tanks with stainless steel ones. 

For the sake of brevity, the correlations (equa-
tions) are not included in this article.

Model applications
This section will demonstrate how the adjust-
ment of certain process parameters can signifi-
cantly alter the operating cost of a cellar, using the
model developed above. 

Base scenario
The following scenario will be called the base
case scenario, and is defined for a cellar that
presses 11 550 tons of grapes per year (equivalent
to about 7,2 million litres of wine). The base eco-
nomic values used are shown in table 3.1. Many
of these values are unknown, so a ‘Best Guess’
was obtained, and these were used throughout.

For the base case, shown in table 3.2, the
operating costs would equate to R768 000. This
may seem too high or too low, but it is unimpor-

tant, as the savings that can be accrued are the
important factors to note. Note that this is a
hypothetical financial balance.

Scenario 1 – environmental savings
If one were to introduce environmental savings, i
e reduce water, energy and effluent COD (and
chemicals) by 10% cent per year, the saving

could be as large as R105 000 per year (see table
3.3). This saving is based on the premises that the
quality of the wine will not be affected, and that
wineries will have to pay for their effluent treat-
ment.

These savings could be used to finance an
environmental management system, which may
possibly produce even greater savings, as this is a
yearly and not a once-off saving.

With this information, it is hypothesized that the
quality of the wine will increase, primarily due to
better documentation of the process of wine-
making, which will lead to a deeper understand-
ing of it.

Scenario 2 – combined environmental sav-
ing for various sized cellars
The model shown in figure 3.1 can be used for
economic calculations for any sized cellar. It could
be used to predict inputs and outputs. In figure
3.2, a graph has been plotted to show how a ten
per cent reduction of the aforementioned variables
will reduce the operating costs for different sized
cellars.

This data shows that the savings increase with
cellar size, due to the non-linearity inherent in the
model. For a cellar that presses 100 tons of
grapes per annum, the predicted savings are
approximately 14%, whereas for a cellar that
presses 70 000 tons of grapes per annum, the
decrease in costs is nearly 18%. 

This implies that although environmental sav-
ings may significantly reduce operating costs for
smaller cellars, large cellars (which generally have
the worst levels of pollution) stand to gain the
most from implementing cleaner production sys-
tems.

Discussion
Correlations have been established, which may
allow a rough prediction of winery inputs and
outputs. Based on the preliminary model devel-
oped, certain inputs and outputs of a normal cel-
lar can be assigned if data for a cellar is unknown,
although there are low co-efficients of regres-
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sion for some of the correlations. This is indicative
of the variation of cellars within the industry. It is
clear that more data is required to transform this
model into an accurate prediction tool. 

With regard to the effluent, it was shown that
the COD, TDS and SAR of the effluent can be
positively correlated to the tons pressed. It was
also shown that the SAR does not appear to be a
critical effluent parameter at this stage. The COD
has been identified as the parameter that is most
important when designing or discussing winery
effluent. Other variables should not be neglected
though. Chemicals should be used sparingly in any
cellar and only if necessary. They reduce the qual-
ity of the effluent and can significantly increase the
operating costs of a cellar. For minimisation of the
effluent COD, solids should be removed from the
effluent stream as soon as possible (Drew, 2001).
It is recommended that cellars invest in environ-
mental management systems, and read up on
Best Management Practices.

Based on the correlations derived in this study,
an empirical model of a winery was developed,
and this was used to perform costing calcula-
tions. It was shown that there are significant sav-
ings to be made if one produces wine in a more
environmentally friendly manner. Indeed, these
savings alone should pay for the implementation
of an Environmental Management System. Savings
on chemicals used after the implementation of the
ISO14001 system at a certain winery paid for
the implementation of this system (Barnardt,
2002). These savings could lead to substantial
decreases in the operating costs of the cellar. It
was also shown that a reduction in operating
costs is greater for large cellars than for small cel-
lars. This occurs because large cellars tend to
have higher strength effluent and lower specific
water consumption than smaller cellars. For those
cellars that have higher cash flows, the motivation
to become proactive towards implementing clean-
er production and EM Systems is greatest. How-
ever, since the reduction in operating costs is
still significant for smaller cellars, there is sufficient
motivation for them to become proactive too. As
more information becomes available, and the
consumption of chemicals becomes logged, one
can expect these percentages of savings to rise
even further. Furthermore, since it is likely that
environmental law will become more aggressive
in the next few years, results such as these
become a valuable tool for showing winemakers
the benefits of cleaner production and EM Sys-
tems.

This model should be seen as being preliminary,
and should be refined by further studies, where
further information is assessed. 

Recommendations for further
work
It appears that one problem facing the South
African Wine Industry at present is a lack of infor-
mation. As such, any further work needs to con-

cern itself with the collection of data. In the light
of difficulty in obtaining the data for this pro-
ject, this will be hard to do. This problem is also
being addressed (to a large extent) by the con-
tinuing effluent characterisation program being
performed by Winetech.

Future work should concern itself with refine-
ment of the model developed in this study and the
collection of additional data to make the model
more accurate. It would also be useful to imple-
ment a similar study at cellars where EM-sys-
tems are in place and to develop the models at
these cellars to compare different process designs’
efficiencies with respect to their environmental
impacts. 

Further research could also focus on the prob-
lems highlighted by the respondents in this study.
These include, specifically, designing more efficient
systems to reduce the losses of wine that occur
from settling and filtration, and designing efficient
climate control systems for barrel cellars to reduce
the rate of evaporation. 

It is this author’s opinion that both Elsenburg
College and the University of Stellenbosch should
implement a water chemistry/environmental sci-
ence course for winemaking students at under-
graduate level. This would improve the knowledge
of future winemakers on environmental and water
issues.
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