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Foreword
 
A number of important wine industry research studies are reaching their conclusion and publication of 
their results will significantly benefit producers and winemakers in coming years, while new projects are 
coming on line, to further keep the industry viable in these turbulent economic times.

Research into various aspects of the industry, but in particular the primary industry, continues at a steady 
pace with more than 60 projects in progress at any given time.

Many of the projects are of a medium- to long-term nature, and are aimed at helping producers, wine - 
 ma kers, consultants and tertiary students involved in the industry.

Included in this edition are a few series such as the one by Kobus Conradie relating to the effect of dif-
ferent terroirs on the style of Sauvignon blanc wine in various parts of the Stellenbosch region.

Another is the ongoing, high quality photographic series by Piet Goussard, relating to grapevine abnor-
malities in South Africa, looking at various diseases and pests which negatively impact on the national 
vineyard situation.

We have covered a wide enough spectrum of topics to assist the industry at all levels, including month-
ly reports for vineyard and cellar workers, as well as cellar and vineyard updates and ad hoc items with 
regard to soil, water, waste and marketing.

All this, without losing touch with nature which surrounds our vineyards and cellars and the importance 
of working in harmony with it, to ensure a better future!

So, despite the present financial climate being less than conducive to good business, scientifically and 
technically, work continues to ensure that the various disciplines in the industry do not lack when it 
comes to viticultural and oenological development.

Jan Booysen
Technical Advisor: Winetech
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regard to soil, water, waste and marketing.

All this, without losing touch with nature which surrounds our vineyards and cellars and the importance 
of working in harmony with it, to ensure a better future!

So, despite the present financial climate being less than conducive to good business, scientifically and 
technically, work continues to ensure that the various disciplines in the industry do not lack when it 
comes to viticultural and oenological development.

Jan Booysen
Technical Advisor: Winetech
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eneral and introduction
This is the first in a series of articles on the occurrence of grape-
vine abnormalities in South Africa, compiled with the objective of 
being used as a reliable reference for identification purposes 
under field conditions. Although the focus is predominantly on 
the occurrence of the most typical abnormalities – these being 
both widely divergent and comprehensive – a concerted effort 
was made to elucidate, where applicable, lesser-known phenom-
ena which may occur in exceptional circumstances. In these 
articles abnormalities are illustrated by means of photo material 
and explained by means of concise though basic descriptions of 
the visual appearance of specific problem situations. The overall 
objective is to enable interested parties in the industry, based on 
the correct identification of a problem, to act timeously and 
effectively in terms of control and/or remedial strategies.

Optimal performance of individual grapevines in the vineyard, 
backed up by sustainable and profitable cultivation, displays a 
strict correlation with the healthy state of the plant material, as 
well as the ongoing application of practices that best comply with 
the cultivation preferences and requirements of specific cultivars 
in specific regions. The incidence and further development of any 
abnormalities – be they associated with either biotic (grapevine 
diseases and pests) or abiotic (environmental conditions) factors, 
or with ill-advised/incorrect establishment, vine development and 
ongoing cultivation practices – will almost without fail impact 
negatively on the productive life expectancy of grapevines in the 
short or long term.

In these articles grapevine abnormalities are divided into the fol-
lowing categories based on causes, i.e. (i) fungal diseases; (ii) 
bacterial diseases; (iii) viral and virus-like diseases; (iv) insects 
and other pests; (v) macro and micro-element deficiencies and 
excesses; (vi) soil chemical and physical problems; (vii) herbicide 
damage; (viii) physiological phenomena; (ix) mechanical damage; 
(x) affinity and graft union problems; (xi) mutations and bud 
irregularities; (xii) grazing damage caused by animals; (xiii) 
improper cultivation practices; and (xiv) lesser and unknown 
problem situations. Concise descriptions regarding the visual 
appearance of specific problems are based mainly on relevant 
literature (especially text books) (Bovey et al., 1980; De Klerk, 
1981; Marais, 1981; Saayman, 1981; Smit, 1981; Ferreira & 
Venter, 1996), while photo material that was kindly provided, is 
acknowledged at the end of the series. Since the articles con-
centrate mainly on the visual appearance/observations of spe-

cific abnormalities, descriptions of the following (unless the si -
tuations are exceptional and applicable) are not given: (i) scien-
tific names of causative organisms and their life cycles; (ii) spe-
cific disease and pest control programmes; and (iii) the function-
ing mechanisms of control, preventative and exterminating 
products. In addition it is of cardinal importance that, should any 
doubt exist about the identification of a problem based on 
visual observations, experts should be consulted for confirma-
tion.

lant material

The productive and sustainable performance of any grapevine 
over an anticipated lifespan of at least 25 years, is firstly depen-
dent on the quality of the establishment material. In South Africa 
a particularly high premium is placed on plant improvement and 
producers are requested always to insist on certified nursery vines 
from registered nurseries. By so doing, one ensures that only the 
best material available is planted. A further recommendation could 
also entail cultivating a relationship of trust between producers and 
nurseries, in which case experience shows that the latter will be 
accommodating should problems arise with young plantings – 
especially with regard to virus-associated occurrences (Photo 1), 
as well as in the event of graft union (Photo 2) and root develop-
ment problems (Photo 3). The same approach applies should 
problems arise that are associated with delayed or no bud burst, 
yellowing of canopies, withered shoot growth (Photo 4) and total 
dieback (Photo 5) in young vines. In this regard it should be ascer-
tained whether Petri disease (black goo) and black foot are present 
and to what extent they contribute to the discolouration, rotting 
and blockage of the xylem with which the above-mentioned si -
tuation can be associated (Photos 6, 7, 8 & 9).

Just as important as plant material selection is correct and 
meticulous, so are soil preparation, the careful handling of grafted 
vines when collecting them from nurseries and proper and meticu-
lous planting procedures necessary. This is to not only achieve a 
minimum lifespan of 25 years or more, but also to ensure sustain-
able and profitable yields on an ongoing basis. In this regard 
comprehensive and properly illustrated guidelines were provided 
by Archer and Hunter (2010) in respect of correct soil preparation 
practices, planting of vines and young vine development proce-
dures. By following these recommendations to the letter it is much 
easier to ascertain the cause(s) of specific problem situations as 
indicated above, should such situations arise.

A guide to grapevine abnormalities in South Africa: 
Background and the importance of reliable plant 
material (Part 1)

WineLand January 2012

Piet Goussard – Department of Viticulture and Oenology, Stellenbosch University

Keywords: categories of grapes abnormalities, certified plant material.

For further information on this series contact Prof Piet Goussard at pgg@sun.ac.za
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PHOTO 1. The visual appearance of this young Pinotage grapevine reveals a typical closterovirus associated phenomenon. Similar situations empha-
sise the necessity to consistently use certified material for new plantings.

PHOTO 2. A typical thickened graft union (not to be confused with Shiraz 
decline or crown gall) associated with ineffective graft union. As a result 
of superfluous callus formation from the scion, with little or none of it from 
the rootstock component, the latter appears to be strangled. In such 
instances it is most likely that no cambial bridging takes place with a 
concomitant lack of vascular tissue differentiation and connection, thus 
causing the grafted combination to die back.

PHOTO 3. Root development on the one side of the rootstock only 
means that the wound on the opposite side never heals properly and 
consequently creates the ideal entry channels for harmful secondary 
organisms. This kind of situation should be resolved before the establish-
ment of one-year-old grafted vines.

PHOTO 5. Complete dieback of the grapevine (Photo 4) indicating that 
sap flow has been hampered (vascular tissue problems).

PHOTO 4. This young vine clearly shows withered shoot growth com-
bined with yellowing of the canopy shortly after establishment.
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PHOTO 8. Black foot xylem discolouration is revealed by this longitudinal 
section through the foot of the rootstock.

PHOTO 9. Discolouration, blockage and “gumming” of xylem that may 
be ascribed to Petri disease (black goo).

PHOTO 7. A typical example of black foot, browning from the bark sec-
tion of this rootstock.

PHOTO 6. Longitudinal sections of the base (feet) of grapevines (Photos 
4 & 5) reveal unmistakable signs of discolouration, rotting and blocking 
of the xylem. Note the condition of the roots. Laboratory investigations 
confirmed the role played by black foot.
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PHOTO 10. Hardly visible yet, but the first signs of oidium can be recog-
nised as small, pale green spots on the upper surfaces when the leaves 
are held at a slant to the light.

PHOTO 11. In this instance the spots (Photo 10) are more prominent 
which facilitates the visual observation of oidium.

eneral

Although grape cultivars differ in respect of susceptibility/resis-
tance to important fungal diseases (Orffer, 1979; Marais, 1981; 
Goussard, 2008), it should be borne in mind that the occurrence 
thereof is largely determined by humidity and temperature as 
climatic parameters. In addition to the judicious application of 
spraying programmes, it is therefore essential to take careful 
decisions about slopes, locations, vine spacing, trellis systems, 
vine development procedures and canopy management prac-
tices. By and large all practices that contribute to wet and humid 
conditions within grapevines will/can promote the occurrence of 
fungal diseases. In most instances abnormalities associated with 
this phenomenon reflect local damage to specific organs and in 
almost all cases scars are specifically perceptible on organ sur-
faces. On the whole it should be taken into consideration that 
when fungal diseases occur to such an extent that the visual 
appearance thereof may be associated with specific abnormali-
ties, serious damage has already been caused which will hamper 
subsequent control strategies. It goes without saying that control 
practices should focus on a preventive basis at all times. Further-
more control should not be ceased when the current crop is 
harvested, but should be sustained with a view to keeping the 
leaves in the healthiest possible condition for as long as possible. 
Apart from allowing sufficient reserves to accumulate, such 
actions should also make a valuable contribution to a reduction 
in the inoculum pressure of relevant diseases in respect of the 
subsequent growing season.

idium
Oidium occurs in all viticultural regions of South Africa and 

depending on climatic conditions, intensive control programmes, 
drawn up in conjunction with consultants, are normally required to 
keep the disease in check. Fungal spores (do not require free 
water for subsequent germination) usually hibernate in winter buds 
and are subsequently released during bud burst, when vines are 
already susceptible to infection. Although all green parts of grape-
vines are affected, the first signs are usually observed on the upper 
surfaces of leaves as small, pale yellow spots (not oil stains) which 
are especially noticeable when holding the latter at a slant against 
the light (Photos 10 & 11). A white, powdery fungal growth deve-
lops in due course and keeps developing until the entire leaf sur-
face displays a powdery appearance (Photos 12 & 13). It goes 
without saying that in such instances normal physiological func-
tions of leaves are seriously hampered, thus impeding the normal 
ripening process. Intense leaf infection (Photos 14, 15 & 16) may 
result in early leaf loss, whereby bunch exposure to sunburn or 
heat damage may assume serious dimensions. In addition the 
essential accumulation of reserves for initial growth in the subse-
quent growing season is also compromised.

As on the leaves, superficial powdery growth in the form of 
irregular stains occurs on green shoots (become darker in colour 
when rubbed) (Photos 17, 18, 19 & 20). These spots are retained 
with lignification and can therefore also be observed on canes 
during winter. In serious infections shoots may be covered 
entirely with this powdery growth, causing limited growth or even 
dieback in young shoots especially. Furthermore buds on such 
canes may experience problems with bud burst in the subse-
quent growing season.

In bunches oidium can be observed over the entire period from 
flowering until just before ripening. Inflorescences may wilt with 

A guide to grapevine abnormalities in South Africa: 
Fungal diseases – oidium (Part 2.1)

WineLand February 2012

Keywords: grape vine fungal disease, oidium, powdery mildew.
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PHOTO 12. The characteristic white powdery fungal growth associated 
with oidium is established and rapidly distributed to cover entire leaf 
surfaces.

PHOTO 14. In addition to the white powderiness, the development of 
purplish, brown-black discolourations may be observed here.

PHOTO 16. Severe oidium infection later in the season may comfortably be associ-
ated with this example. Also note the typical powdery stains (already looking darker 
in colour) on the petioles.

PHOTO 13. A typical example where control measures against oidium 
were not sustained during the post-harvest period. In addition to oidium, 
leafroll is another factor which hampers normal physiological processes 
in these leaves.

PHOTO 15. Intense leaf infection results in the rapid necrosis of leaf 
parts, whereby the processes involved in early leaf loss are initiated.

subsequent poor, or even no berry set. Small, green berries are 
rapidly covered in white powder, whereafter they turn brown and 
are usually either dropped or develop abnormally and unevenly 
(Photo 21). Bigger berries usually display, in addition to the white 
powderiness (Photo 22), a kind of brown (sometimes black) cork-
ing on the surface (Photo 23). If the powdery “dust” is rubbed 
off, darker colour scars appear on the berries, which will subse-
quently burst and expose the seeds (Photos 24, 25, 26 & 27). 

Pedicels may also be affected, which hampers the translocation 
of nutrients to such an extent that ripening cannot occur nor-
mally (Photo 28). As ripening progresses (increase of sugar in 
berries), a decrease in susceptibility to oidium is experienced 
(Photo 29), which causes the appearance thereof in such cases, 
when the bloom is rubbed off, to be associated with cobweb-
like, superficial brown networks (Photo 30).
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PHOTO 23. Apart from the white powderiness, bigger berries often 
display a brown (sometimes black) corkiness on the surface. This is not 
to be confused with sulphur burn or thrip damage.

PHOTO 24. Darkly coloured scars appear on berries when rubbing off 
the powdery dust.

PHOTO 17. A typical example of the occurrence of irregular, superficial 
oidium stains on young, green shoots.

PHOTO 18. Stains as in Photo 17 become darker in colour when rubbed. 
A similar situation is encountered on petioles.

PHOTO 19. Oidium stains on slightly older shoots. One can almost be 
certain that when such infections are present, buds will also be affected.

PHOTO 20. Oidium stains on shoots are retained with lignification and 
are therefore easily observed on cane parts.

PHOTO 21. A typical example of small, green berries being covered in a 
white powderiness. Note that some of the berries have already turned 
brown/black and are on the verge of dropping.

PHOTO 22. A bunch of Chenin blanc displays typical coverage of prac-
tically all the berries with a white powderiness. At this stage it is already 
impossible to “doctor” or save the bunch – even if one uses the best and 
most expensive fungicides.
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mally (Photo 28). As ripening progresses (increase of sugar in 
berries), a decrease in susceptibility to oidium is experienced 
(Photo 29), which causes the appearance thereof in such cases, 
when the bloom is rubbed off, to be associated with cobweb-
like, superficial brown networks (Photo 30).
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PHOTO 23. Apart from the white powderiness, bigger berries often 
display a brown (sometimes black) corkiness on the surface. This is not 
to be confused with sulphur burn or thrip damage.

PHOTO 24. Darkly coloured scars appear on berries when rubbing off 
the powdery dust.

PHOTO 17. A typical example of the occurrence of irregular, superficial 
oidium stains on young, green shoots.

PHOTO 18. Stains as in Photo 17 become darker in colour when rubbed. 
A similar situation is encountered on petioles.

PHOTO 19. Oidium stains on slightly older shoots. One can almost be 
certain that when such infections are present, buds will also be affected.

PHOTO 20. Oidium stains on shoots are retained with lignification and 
are therefore easily observed on cane parts.

PHOTO 21. A typical example of small, green berries being covered in a 
white powderiness. Note that some of the berries have already turned 
brown/black and are on the verge of dropping.

PHOTO 22. A bunch of Chenin blanc displays typical coverage of prac-
tically all the berries with a white powderiness. At this stage it is already 
impossible to “doctor” or save the bunch – even if one uses the best and 
most expensive fungicides.
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PHOTO 25. Scars (Photo 24) on berries of this Shiraz bunch indicate the 
onset of the development of cracks.

PHOTO 27. Large-scale cracking of berries with the accompanying 
exposure of grape seeds.

PHOTO 26. Cracking of berries goes hand-in-hand with the exposure of 
grape seeds.

PHOTO 28. The visual appearance of lateral branches of the bunch 
framework as well as pedicels subjected to oidium infection.

PHOTO 29. Decreased susceptibility to oidium is experienced with pro-
gressive ripening.

PHOTO 30. When the bloom is rubbed off practically ripe berries, the 
appearance of oidium is associated with cobweb-like, superficial brown 
networks.
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A guide to grapevine abnormalities in South Africa: 
Fungal diseases – downy mildew (Part 2.2)

PHOTO 31. The first signs of downy mildew are associated with irregular, 
pale yellow spots on the upper parts of leaves. Note the oily, shiny 
appearance – hence the name “oil spots”.

PHOTO 33. In red juice cultivars such as Alicante Bouschet downy mil-
dew spots turn red rapidly.

PHOTO 32. The irregularity in extent and size of the spots (Photo 31) on 
individual leaves is demonstrated here. This is not to be confused with 
oidium or herbicide damage.

Downy mildew
Just like oidium, downy mildew occurs in all viticultural regions 
in South Africa and although it does not necessarily occur each 
season (depending on the region), unlike oidium, it causes such 
crop losses that it may be singled out as one of the most impor-
tant fungal diseases from an economic point of view. In contrast 
to oidium, fungal spores require free water to germinate after 
hibernating on dead plant material in vineyards. Under favourable 
climatic conditions and from approximately 10 cm shoot lengths, 
downy mildew is able to attack and spread quickly and, depend-
ing on the rainfall pattern in particular, it will remain sporadic or 
take on epidemic dimensions in the course of the growing sea-
son. Additional aspects that accentuate the comprehensive 
impact of downy mildew, include i.a. that all grapevine cultivars 
of Vitis vinifera are susceptible and that young bunches (even 
before the flowering stage) often succumb without any signs 
being visually detectable on the leaves. Such situations may 
therefore result in total crop losses.

The first signs of downy mildew are usually visible on the leaves 
and are associated with the appearance of irregular, pale yellow 
spots on the upper parts – sometimes referred to as oil spots 
(Photos 31 & 32) – which turn red fairly rapidly in red juice culti-
vars such as Alicante Bouschet (Photo 33). During humid condi-
tions a characteristic white, downy fungal growth develops on 
the undersides (Photo 34), which represents millions of spore-
producing organs of the fungus and spores. In due course the 
yellow spots become brown and/or reddish brown and the white 
downiness disappears (Photo 35). In the absence of control, 
fungal growth will resume when subsequent conditions are 
favourable and cause the vicious circle to be perpetuated, even-
tually causing total leaf surfaces to appear brown and desic-
cated. Late in the season – usually after the harvest – the entire 
or partial undersides of leaves may be covered in a white fungal 
growth, without yellow oil spots being visible on the upper parts 
of the leaves, which is quite unlike the visual appearance early in 
the season (Photos 36 & 37). Although fairly rare, young, green 
shoots may be infected under very favourable climatic conditions 
whereafter they turn black, dry out and die (Photos 38 & 39). In 
such instances young vines (one to three years old) may be 
wiped out completely. 

The economic impact of downy mildew can be ascribed espe-
cially to the drastic effect it has on the crop. Young bunches 
especially are very susceptible – even before flowering – which 
causes entire bunches to be wiped out at that stage (Photos 40 
- 44). Although the susceptibility of berries decreases in the 
course of their development, infection can still occur at a fairly 

WineLand March 2012
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A guide to grapevine abnormalities in South Africa: 
Fungal diseases – downy mildew (Part 2.2)

PHOTO 31. The first signs of downy mildew are associated with irregular, 
pale yellow spots on the upper parts of leaves. Note the oily, shiny 
appearance – hence the name “oil spots”.

PHOTO 33. In red juice cultivars such as Alicante Bouschet downy mil-
dew spots turn red rapidly.

PHOTO 32. The irregularity in extent and size of the spots (Photo 31) on 
individual leaves is demonstrated here. This is not to be confused with 
oidium or herbicide damage.

Downy mildew
Just like oidium, downy mildew occurs in all viticultural regions 
in South Africa and although it does not necessarily occur each 
season (depending on the region), unlike oidium, it causes such 
crop losses that it may be singled out as one of the most impor-
tant fungal diseases from an economic point of view. In contrast 
to oidium, fungal spores require free water to germinate after 
hibernating on dead plant material in vineyards. Under favourable 
climatic conditions and from approximately 10 cm shoot lengths, 
downy mildew is able to attack and spread quickly and, depend-
ing on the rainfall pattern in particular, it will remain sporadic or 
take on epidemic dimensions in the course of the growing sea-
son. Additional aspects that accentuate the comprehensive 
impact of downy mildew, include i.a. that all grapevine cultivars 
of Vitis vinifera are susceptible and that young bunches (even 
before the flowering stage) often succumb without any signs 
being visually detectable on the leaves. Such situations may 
therefore result in total crop losses.

The first signs of downy mildew are usually visible on the leaves 
and are associated with the appearance of irregular, pale yellow 
spots on the upper parts – sometimes referred to as oil spots 
(Photos 31 & 32) – which turn red fairly rapidly in red juice culti-
vars such as Alicante Bouschet (Photo 33). During humid condi-
tions a characteristic white, downy fungal growth develops on 
the undersides (Photo 34), which represents millions of spore-
producing organs of the fungus and spores. In due course the 
yellow spots become brown and/or reddish brown and the white 
downiness disappears (Photo 35). In the absence of control, 
fungal growth will resume when subsequent conditions are 
favourable and cause the vicious circle to be perpetuated, even-
tually causing total leaf surfaces to appear brown and desic-
cated. Late in the season – usually after the harvest – the entire 
or partial undersides of leaves may be covered in a white fungal 
growth, without yellow oil spots being visible on the upper parts 
of the leaves, which is quite unlike the visual appearance early in 
the season (Photos 36 & 37). Although fairly rare, young, green 
shoots may be infected under very favourable climatic conditions 
whereafter they turn black, dry out and die (Photos 38 & 39). In 
such instances young vines (one to three years old) may be 
wiped out completely. 

The economic impact of downy mildew can be ascribed espe-
cially to the drastic effect it has on the crop. Young bunches 
especially are very susceptible – even before flowering – which 
causes entire bunches to be wiped out at that stage (Photos 40 
- 44). Although the susceptibility of berries decreases in the 
course of their development, infection can still occur at a fairly 
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PHOTO 34. Under favourable conditions characteristic white, downy 
fungal growth (representing millions of spore-producing organs of the 
fungus and spores) quickly develops on the undersides of leaves.

PHOTO 35. In time the yellow spots turn brown/reddish brown, which is 
accompanied by the disappearance of the white downiness on the 
undersides of leaves.

PHOTO 36. A typical example where white fungal growth occurs on the 
undersides of leaves without the characteristic yellow oil spots on top. This 
phenomenon generally occurs late in the season – usually after the harvest.

PHOTO 37. Downy mildew on leaves late in the season. Note the 
absence of yellow oil spots.

PHOTO 38. Infection of young, green shoots with downy mildew results 
in the shoots’ blackening, whereafter they turn brown, burst and dry out.

PHOTO 39. Young vines can be wiped out entirely following downy 
mildew infection of young, green shoots.
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PHOTO 40. A typical example of flower clusters being wiped out as a 
result of downy mildew infection.

PHOTO 41. Active, vigorous fungal growth which is representative of mil-
lions of spore-producing organs of the fungus and spores. Such situations 
are usually solicited after suspect downy mildew infected organs are 
subjected to plastic bag “incubation”.

PHOTO 42. Downy mildew shortly before and during the flowering stage. PHOTO 43. The occurrence of downy mildew after berry set.

PHOTO 44. In conjunction with young berries being wiped out (Photo 43), 
obvious browning of the bunch framework is visible here.

PHOTO 45. The first signs of shrivelling of slightly larger berries are visu-
ally perceptible while fungal growth continues unabated.

advanced stage. Typical reactions include shrivelling and brown-
ing of berries, which is often accompanied by the development 
of purplish colour hues (Photos 45 - 48). At that stage, parts of 
bunches or individual berries succumb, whereas entire bunches 
are usually destroyed before and until pea berry stage and even 
later than that (Photos 49 & 50).

Early signs of oidium on leaves and young bunches may some-
times be confused with those of downy mildew. It is nevertheless 
simple to distinguish between the respective diseases by wetting 

the plant matter using a spray canister and keeping it overnight 
in a moist, inflated plastic bag at a mild temperature (20 - 30°C). 
In the event of downy mildew, vigorous fungal growth will be 
noticeable the next day (Photo 51), whereas no visible fungal 
growth will occur if oidium is present.

dditional reading material
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cal Yearbook 2010, 101.
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PHOTO 34. Under favourable conditions characteristic white, downy 
fungal growth (representing millions of spore-producing organs of the 
fungus and spores) quickly develops on the undersides of leaves.

PHOTO 35. In time the yellow spots turn brown/reddish brown, which is 
accompanied by the disappearance of the white downiness on the 
undersides of leaves.

PHOTO 36. A typical example where white fungal growth occurs on the 
undersides of leaves without the characteristic yellow oil spots on top. This 
phenomenon generally occurs late in the season – usually after the harvest.

PHOTO 37. Downy mildew on leaves late in the season. Note the 
absence of yellow oil spots.

PHOTO 38. Infection of young, green shoots with downy mildew results 
in the shoots’ blackening, whereafter they turn brown, burst and dry out.

PHOTO 39. Young vines can be wiped out entirely following downy 
mildew infection of young, green shoots.
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PHOTO 42. Downy mildew shortly before and during the flowering stage. PHOTO 43. The occurrence of downy mildew after berry set.

PHOTO 44. In conjunction with young berries being wiped out (Photo 43), 
obvious browning of the bunch framework is visible here.

PHOTO 45. The first signs of shrivelling of slightly larger berries are visu-
ally perceptible while fungal growth continues unabated.

advanced stage. Typical reactions include shrivelling and brown-
ing of berries, which is often accompanied by the development 
of purplish colour hues (Photos 45 - 48). At that stage, parts of 
bunches or individual berries succumb, whereas entire bunches 
are usually destroyed before and until pea berry stage and even 
later than that (Photos 49 & 50).

Early signs of oidium on leaves and young bunches may some-
times be confused with those of downy mildew. It is nevertheless 
simple to distinguish between the respective diseases by wetting 

the plant matter using a spray canister and keeping it overnight 
in a moist, inflated plastic bag at a mild temperature (20 - 30°C). 
In the event of downy mildew, vigorous fungal growth will be 
noticeable the next day (Photo 51), whereas no visible fungal 
growth will occur if oidium is present.
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PHOTO 46. Downy mildew is often associated with purplish colour hues 
(without prominent shrivelling) of berries at a fairly advanced growing 
stage.

PHOTO 47. Very typical wrinkling and shrivelling of berries in reaction to 
downy mildew infection. This situation is usually followed by the berries’ 
drying out.

PHOTO 48. A typical example of berries which have come into contact 
with downy mildew at a fairly advanced stage. Note the brown discolou-
ration, which later becomes black.

PHOTO 49. A bunch of table grapes which has succumbed almost 
entirely to downy mildew at an advanced berry growth stage.

PHOTO 50. This bunch was entirely destroyed by downy mildew. Note 
the typical purplish colouration. Not to be confused with sunburn or sour 
rot.

PHOTO 51. Vigorous fungal growth can be seen on this flower cluster 
after being kept overnight in a moist plastic bag at a mild temperature. 
In the case of oidium such “tests” will not result in visible fungal growth.
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Dead arm disease

Unlike oidium and downy mildew, the occurrence of dead-arm 
disease in susceptible cultivars is restricted mainly to the West-
ern Cape, where outbreaks usually occur at the start and during 
spring – often in a sporadic manner and under wet conditions.

In the summer rainfall regions dead-arm disease is usually not 
considered a serious problem because of spring normally being 
dry. During hibernation in winter fruiting bodies are formed in the 

bark sections of affected one-year-old or older wood, or on dead 
plant material lying on the ground. When these fruiting bodies 
become wet due to rain, irrigation, dew or foggy weather, spores 
are released that attach themselves to susceptible grapevine 
organs and successful germination takes place under conditions 
of high relative humidity. The significance of dead-arm disease is 
often underrated. It may, however, rapidly turn into an acute 
problem due to damage caused under conditions that are ben-
eficial to infection (i.a. dwarfed shoot growth and die-back of 

PHOTO 52. The occurrence of longitudinal lens-shaped cracks is char-
acteristic of dead-arm disease, so too brownish-black discolouration and 
tissue withering on the basal internodia of young shoots.

PHOTO 53. In highly susceptible cultivars, longitudinal cracks are often 
more numerous and longer and not restricted to the most basal interno-
dia of shoots.

PHOTO 54. A typical example of black tissue discolouration which 
accompanies the longitudinal cracks on basal internodia on Gamay noir 
shoots.

PHOTO 55. In this instance practically the entire circumference of the 
shoot has been invaded by dark brown to black tissue discolouration, 
while longitudinal cracks appear less prominent.

A guide to grapevine abnormalities in South Africa: 
Fungal diseases – dead-arm disease (Part 2.3)

WineLand April 2012
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PHOTO 56. Total or partial die-back of shoots may occur as a result of 
severe dead-arm infection when conducive conditions prevail until late 
in the season.

PHOTO 57. The occurrence of lesions (similar to those on shoots) on 
peduncles and other parts of the bunch framework. In reaction young 
berries may blacken and shrivel, as seen in this photo. Not to be con-
fused with bacterial blight.

PHOTO 58. Petioles infected with dead-arm disease may cause vascu-
lar bundles to be affected, to the extent that certain parts of the leaf 
wither.

PHOTO 59. Dead-arm disease on leaves is associated with the occur-
rence of small, black spots (surrounded by pale yellow/white circles) 
which, in numerous quantities, cause abnormal characteristics of the 
leaves.

PHOTO 60. A typical example where young leaves begin to have a 
wrinkled appearance, in conjunction with typical dark brown, lens-
shaped spots on the shoot section and black discolouration of the leaf 
parts (below left). Note that holes in the leaf surface (as on the photo) are 
not associated with dead-arm disease.

PHOTO 61. Severely wrinkled leaves caused by dead-arm infection.
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buds and shoots). It is therefore essential to obtain expert advice 
with regard to successful long-term control programmes.

The first signs of dead-arm disease are usually observed on the 
basal internodia of young shoots and are associated with dark 
brown, lens-shaped spots which expand to become longitudinal 
cracks, black discolouration and withering of the tissue (PHO-
TOS 52, 53 & 54). Normally such cracks are fairly shallow and 
only as deep as the bark. Sometimes, especially during pro-
longed damp conditions, lesions are not quite visible as individ-
ual entities, with practically the entire circumference of the shoot, 
or large parts thereof, being covered by dark brown to black 
tissue discolouration (PHOTO 55). When climatic conditions 
favour infection until late in the season, shoots may be severely 
affected and dwarfed, with the accompanying die-back of buds 
and even shoots (PHOTO 56), hence the name “dead-arm”. 
Similar lesions also occur on peduncles, spreading to the rachis 
and other parts of the bunch framework (PHOTO 57). Such situ-
ations usually cause young berries in certain bunch zones to turn 
black and shrivel. Infected petioles and main veins are also 
subjected to having lesions forming on them, often affecting 

PHOTO 62. A characteristic example of severely affected basal shoots 
and leaves with a significant decrease in the intensity of disease symp-
toms in the apical direction.

vascular bundles and causing certain parts of the leaf to wither 
(PHOTO 58). The occurrence of dead-arm disease on leaves can 
be identified by small, black spots (surrounded by pale yellow/
white circles) which, if numerous, cause a wrinkled and abnormal 
appearance to the above (PHOTOS 59, 60 & 61). Leaves on the 
basal internodia are the most severely affected with a decrease 
in intensity towards the growing shoot tip (PHOTO 62). The 
phenomenon that apical leaves appear to be healthy leads to the 
misconception that infected vines get cured in the course of the 
season. Should conditions that favour and promote infection 
re-emerge at a later stage, these characteristic signs of the dis-
ease resume on primary and lateral shoots, which may contrib-
ute to die-back of pertinent organs.
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and other parts of the bunch framework (PHOTO 57). Such situ-
ations usually cause young berries in certain bunch zones to turn 
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subjected to having lesions forming on them, often affecting 
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vascular bundles and causing certain parts of the leaf to wither 
(PHOTO 58). The occurrence of dead-arm disease on leaves can 
be identified by small, black spots (surrounded by pale yellow/
white circles) which, if numerous, cause a wrinkled and abnormal 
appearance to the above (PHOTOS 59, 60 & 61). Leaves on the 
basal internodia are the most severely affected with a decrease 
in intensity towards the growing shoot tip (PHOTO 62). The 
phenomenon that apical leaves appear to be healthy leads to the 
misconception that infected vines get cured in the course of the 
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A guide to grapevine abnormalities in South Africa: 
Fungal diseases – anthracnose (Part 2.4)

PHOTO 63. A typical indication of the irregular appearance of character-
istic anthracnose spots on leaves. Not to be confused with herbicide 
damage.

PHOTO 64. In older leaves (Photo 63) spots may assume considerable 
sizes, often with a characteristic round appearance.

PHOTO 65. In contrast with the grotesque intravenous appearance, 
anthracnose spots on petioles and primary veins are considerably 
smaller and more elongated.

PHOTO 66. Tearing and shedding of dead tissue from spots is very 
characteristic of anthracnose, imparting a tattered look to the leaves.

nthracnose 
Although the onslaught of anthracnose on susceptible grape 
cultivars in the Western Cape has practically ceased since 1968 
(with the onset of regular spraying against downy mildew), it 
remains important to recognise its characteristic traits – espe-
cially because of the destructive impact it may have on grape-
vines and the accompanying crop losses.

It goes without saying that anthracnose remains problematic in 
the summer rainfall areas especially. Hibernation takes place on 
infected wood – which once again emphasises that it is impera-
tive to remove such material from vineyards during pruning. In 
spring when moist, warmer conditions prevail, spores are 
released which are able to infect all green parts of grapevines. 
According to the available literature, the distribution of anthrac-

nose from one grapevine to another is slow because spore dis-
tribution occurs mainly through water. As with downy mildew, 
spores require free water to germinate, which is mostly enabled 
by rain, irrigation, dew and foggy weather. Although the impor-
tance of anthracnose (just like dead-arm disease) is often under-
estimated, serious damage may nevertheless be inflicted – espe-
cially when spring is exceptionally wet and in instances where it 
has already occurred in the past. Consequently it is important 
that expert advice be sought in terms of successful prevention 
and control practices.

Typical of anthracnose infection, is the irregular appearance on 
leaves of pale grey spots (bigger than in dead-arm disease) with 
reddish brown to purple edges (Photo 63), which may assume 
significant sizes, often with a characteristic round appearance in the 
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PHOTO 67. The initial occurrence of anthracnose spots on shoots. 

PHOTO 69. A typical example whereby shoots die back because of 
anthracnose infection. Not to be confused with bacterial blight. 

PHOTO 71. The occurrence of anthracnose spots on young peduncles.

PHOTO 68. Spots (Photo 67) become bigger, join each other and 
result in shrivelling and destruction of tissue.

PHOTO 70. The total shrivelling and dieback of young bunches (before 
flowering).

PHOTO 72. On older berries anthracnose occurs as round spots with 
pale grey centre parts, surrounded by dark edges (“birds-eye rot”).

case of older leaves (Photo 64). In petioles, peduncles and veins, 
the spots are considerably smaller and more elongated (Photo 65). 
Tearing and shedding of dead tissue from the spots is very charac-
teristic, with the result that the leaves assume a broken (tattered) 
appearance – especially where spots occur close or adjacent to 
each other (Photo 66). On shoots spots are initially small and dark 
brown to black in colour, sunken in the middle with slightly raised 
edges (Photo 67). In due course the spots become bigger, join each 
other and cause shrivelling and destruction of tissue so that shoots 
die back (Photos 68 & 69). Such shoots eventually appear black 
and dry with a hard texture. Although typical anthracnose spots are 
less accentuated on peduncles and pedicels, young bunches (even 
before flowering) may become entirely shrivelled and die back 
(Photo 70). After set and berry enlargement typical dark brown to 

black spots occur on the peduncles (Photo 71) which may later 
result in the dieback of the entire bunch or parts thereof (which were 
meant to get nutrients from the infected peduncle). The occurrence 
of round spots with pale grey centres surrounded by darker edges 
is very characteristic as far as the infection of older berries is con-
cerned (Photo 72). This phenomenon has given the disease the 
appropriate name “birds-eye rot”.
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A guide to grapevine abnormalities in South Africa: 
Fungal diseases – anthracnose (Part 2.4)

PHOTO 63. A typical indication of the irregular appearance of character-
istic anthracnose spots on leaves. Not to be confused with herbicide 
damage.

PHOTO 64. In older leaves (Photo 63) spots may assume considerable 
sizes, often with a characteristic round appearance.

PHOTO 65. In contrast with the grotesque intravenous appearance, 
anthracnose spots on petioles and primary veins are considerably 
smaller and more elongated.

PHOTO 66. Tearing and shedding of dead tissue from spots is very 
characteristic of anthracnose, imparting a tattered look to the leaves.
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estimated, serious damage may nevertheless be inflicted – espe-
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has already occurred in the past. Consequently it is important 
that expert advice be sought in terms of successful prevention 
and control practices.
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result in shrivelling and destruction of tissue.
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pale grey centre parts, surrounded by dark edges (“birds-eye rot”).
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appearance – especially where spots occur close or adjacent to 
each other (Photo 66). On shoots spots are initially small and dark 
brown to black in colour, sunken in the middle with slightly raised 
edges (Photo 67). In due course the spots become bigger, join each 
other and cause shrivelling and destruction of tissue so that shoots 
die back (Photos 68 & 69). Such shoots eventually appear black 
and dry with a hard texture. Although typical anthracnose spots are 
less accentuated on peduncles and pedicels, young bunches (even 
before flowering) may become entirely shrivelled and die back 
(Photo 70). After set and berry enlargement typical dark brown to 

black spots occur on the peduncles (Photo 71) which may later 
result in the dieback of the entire bunch or parts thereof (which were 
meant to get nutrients from the infected peduncle). The occurrence 
of round spots with pale grey centres surrounded by darker edges 
is very characteristic as far as the infection of older berries is con-
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appropriate name “birds-eye rot”.

eferences  additional reading material
Ferreira, J.H.S. & Venter, E., 1996. Grapevine Diseases and Pests in 
South Africa. ARC Infruitec-Nietvoorbij Institute for Viticulture and Oenol-
ogy, Private Bag X5026, Stellenbosch.

Marais, P.G., 1981. Wingerdsiektes en abnormaliteite. In: Burger, J. & 
Deist, J. (eds). Wingerdbou in Suid-Afrika. Trio-Rand/SA Litho, N’dabeni. 
pp. 384 - 432.

vineyard



technical yearbook 201222

A guide to grapevine abnormalities in South Africa: 
Fungal diseases – botrytis (grey rot) (Part 2.5)

PHOTO 73. Light brown skin discolourations accompanied by “glyskil” 
after infection are characteristic of grey rot. This wound, caused by a 
pecking bird, was used as a port of entry by germinating fungal spores 
to penetrate the berry.

PHOTO 74. For germinating botrytis spores, burst berries provide con-
venient ports of entry whereby berries may be penetrated.
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Keywords: grapevine, fungal disease, botrytis, grey rot, noble rot.

rey rot
Although grey or botrytis rot occurs in practically all areas where 
grapevines are cultivated, the severity of the disease is far less 
in warm, dry areas – mainly due to the restrictive effect of prevail-
ing low relative humidity on infection.

Apart from favourable climatic conditions, the onset and course 
of the infection is determined by several factors, the most impor-
tant being cultivar resistance and cultivation practices such as 
vine and bearer spacing, trellis systems and canopy manage-
ment (suckering and leaf thinning). Following infection, the dis-
ease can progress in several ways – regulated mainly by cli-
matic conditions – to cause the development of noble rot (cool 
conditions, high relative humidity, but not wet) or grey rot (hot, 
moist conditions). In the former instance it is possible to make 
special late harvest or noble wines, while in the latter case tissue 
degradation (rotting) of berries is the order of the day, causing 
considerable crop losses. Hibernation occurs through the forma-
tion of specific structures (sclerotia) in infected shoots and berries 
as well as on dead organic material in vineyards. Under favour-
able conditions sporulation takes place, whereafter spores land 
on berries and undergo successful germination in the presence 
of free run-off, subsequently penetrating the skin. In view of the 
fact that infection can even take place during the flowering stage 
whereafter the pathogen will remain latent until the onset of rip-
ening, chemical control (in areas with conducive climatic condi-
tions) should be carried out based on expert advice. In warmer 
and drier areas, meticulous and correct application of canopy 
management practices in particular should suffice to control 
botrytis rot.

Although germinating spores are not dependent on wounds to 
penetrate the berry skin, the latter offers additional entry ports, 
which are liberally used, as a result of berry burst and bird pecks. 
The first signs of grey rot occur during ripening and are associa-
ted with light brown (white berries) and dull (coloured berries) skin 
discolourations, where the slightest pressure causes the skin to 
slip away from the underlying tissue – hence the names “glyskil” 
and “kraakdop” (Photos 73 & 74). This phenomenon is very 
typical of grey rot in contrast with sour rot, inter alia, where it 
does not occur. The rot slowly penetrates the berry tissue caus-
ing total browning, which results in tissue degradation under 
favourable conditions (Photos 75 & 76). Grey spores are formed 
on infected berries where they may be observed either in bunch 
format or in streaked development format (Photos 77, 78 & 79). 
In the event of dry, hot periods after infection, this is usually 
limited to a few berries per bunch, whereafter they either shrivel, 
turn brown and toughen (Photo 80), or the infection is followed 

PHOTO 75. Total browning and accompanying tissue degradation of 
berries are often encountered when warm, moist conditions occur after 
botrytis infection (in compact bunches especially).
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PHOTO 76. Favourable climatic conditions present grey rot with ideal 
opportunities to subject complete bunches to rotting.

PHOTO 77. The cycle of symptomatic expression of grey rot – from 
partial to total berry browning with the subsequent formation of spores 
via cracks in the skins – is depicted here.

PHOTO 78. The formation of grey spores on infected berries with sub-
sequent development in bunch-shaped formats.

PHOTO 79. Characteristic of grey rot is the occurrence of spore develop-
ment in streaky formats on infected berries.

PHOTO 80. The shrivelling, browning and hardening of berries in reaction 
to dry, warm periods following initial infection.

PHOTO 81. A typical example of harmful secondary organisms (such as 
sour rot) which attack when climatic conditions are unfavourable for the 
successful course of grey rot following initial infection.

PHOTO 82. The onset and further course of noble rot (according to 
personal communications, this example is deemed typical of noble rot).

PHOTO 83. This bunch reflects the incidence of noble as well as grey rot.
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PHOTO 73. Light brown skin discolourations accompanied by “glyskil” 
after infection are characteristic of grey rot. This wound, caused by a 
pecking bird, was used as a port of entry by germinating fungal spores 
to penetrate the berry.

PHOTO 74. For germinating botrytis spores, burst berries provide con-
venient ports of entry whereby berries may be penetrated.
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rey rot
Although grey or botrytis rot occurs in practically all areas where 
grapevines are cultivated, the severity of the disease is far less 
in warm, dry areas – mainly due to the restrictive effect of prevail-
ing low relative humidity on infection.

Apart from favourable climatic conditions, the onset and course 
of the infection is determined by several factors, the most impor-
tant being cultivar resistance and cultivation practices such as 
vine and bearer spacing, trellis systems and canopy manage-
ment (suckering and leaf thinning). Following infection, the dis-
ease can progress in several ways – regulated mainly by cli-
matic conditions – to cause the development of noble rot (cool 
conditions, high relative humidity, but not wet) or grey rot (hot, 
moist conditions). In the former instance it is possible to make 
special late harvest or noble wines, while in the latter case tissue 
degradation (rotting) of berries is the order of the day, causing 
considerable crop losses. Hibernation occurs through the forma-
tion of specific structures (sclerotia) in infected shoots and berries 
as well as on dead organic material in vineyards. Under favour-
able conditions sporulation takes place, whereafter spores land 
on berries and undergo successful germination in the presence 
of free run-off, subsequently penetrating the skin. In view of the 
fact that infection can even take place during the flowering stage 
whereafter the pathogen will remain latent until the onset of rip-
ening, chemical control (in areas with conducive climatic condi-
tions) should be carried out based on expert advice. In warmer 
and drier areas, meticulous and correct application of canopy 
management practices in particular should suffice to control 
botrytis rot.

Although germinating spores are not dependent on wounds to 
penetrate the berry skin, the latter offers additional entry ports, 
which are liberally used, as a result of berry burst and bird pecks. 
The first signs of grey rot occur during ripening and are associa-
ted with light brown (white berries) and dull (coloured berries) skin 
discolourations, where the slightest pressure causes the skin to 
slip away from the underlying tissue – hence the names “glyskil” 
and “kraakdop” (Photos 73 & 74). This phenomenon is very 
typical of grey rot in contrast with sour rot, inter alia, where it 
does not occur. The rot slowly penetrates the berry tissue caus-
ing total browning, which results in tissue degradation under 
favourable conditions (Photos 75 & 76). Grey spores are formed 
on infected berries where they may be observed either in bunch 
format or in streaked development format (Photos 77, 78 & 79). 
In the event of dry, hot periods after infection, this is usually 
limited to a few berries per bunch, whereafter they either shrivel, 
turn brown and toughen (Photo 80), or the infection is followed 

PHOTO 75. Total browning and accompanying tissue degradation of 
berries are often encountered when warm, moist conditions occur after 
botrytis infection (in compact bunches especially).
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PHOTO 76. Favourable climatic conditions present grey rot with ideal 
opportunities to subject complete bunches to rotting.

PHOTO 77. The cycle of symptomatic expression of grey rot – from 
partial to total berry browning with the subsequent formation of spores 
via cracks in the skins – is depicted here.

PHOTO 78. The formation of grey spores on infected berries with sub-
sequent development in bunch-shaped formats.

PHOTO 79. Characteristic of grey rot is the occurrence of spore develop-
ment in streaky formats on infected berries.

PHOTO 80. The shrivelling, browning and hardening of berries in reaction 
to dry, warm periods following initial infection.

PHOTO 81. A typical example of harmful secondary organisms (such as 
sour rot) which attack when climatic conditions are unfavourable for the 
successful course of grey rot following initial infection.

PHOTO 82. The onset and further course of noble rot (according to 
personal communications, this example is deemed typical of noble rot).

PHOTO 83. This bunch reflects the incidence of noble as well as grey rot.
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PHOTO 84. A typical example of a hanging bunch (until late season) 
which is almost entirely smothered by rotting nests and fungal spores. PHOTO 85. Apart from grey rot several harmful secondary organisms 

occur in this hanging bunch.

PHOTO 86. The presence of honey bees in late autumn is often indicative 
of possible individual noble rot berries.

PHOTO 87. Botrytis infection in part of a shoot under intensive hothouse 
conditions. Not to be confused with downy mildew.

by the development of other harmful secondary organisms 
(Photo 81). Noble rot is totally dependent on natural, conducive 
climatic conditions (as mentioned above) at which time infection 
causes fine cracks in berry skins in bunches that are left on the 
vines until late in the season. Such berries lose moisture through 
evaporation, change colour from light to golden brown, shrivel 
and gradually change into a kind of soft raisin with exceptionally 
high sugar concentrations (Photos 82 & 83). In South Africa – 
especially in years with dry autumn periods – excellent late har-
vest wines associated with noble rot have often been made. 
Where conditions are not favourable, however, it is not unusual 
for bunches on the vine to be totally covered in rotting nests and 
spores, often with the added presence of other harmful second-
ary rotting organisms (Photos 84 & 85). The presence of honey 
bees during late autumn (when sour rot is finished and the 
above-mentioned organisms are present), is often indicative of 
noble rot berries somewhere in those bunches (Photo 86). Bot-

rytis can also affect leaves and shoots and cause significant 
damage, although this seldom occurs locally, except under 
intensive conditions, for example hothouses and plastic-covered 
tunnels used for callusing purposes (Photo 87).
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A guide to grapevine abnormalities in South Africa: 
Fungal diseases – sour rot and blue-green / black 
moulds (Part 2.6)

PHOTO 88. A typical example of grey rot being arrested at an early stage 
to contribute to the ingress of sour rot (as a result of an initial wound).

PHOTO 89. Characteristic yellow-brown to almost orange skin discoloura-
 tions occur at the top end of this bunch while the bottom section reflects 
the arrest of grey rot due to unfavourable conditions.

PHOTO 90. An example where botrytis rot (despite an advanced stage of 
development) had to succumb, during warm, dry conditions, to the situation 
where sour rot got the better of the situation.

our rot
In addition to grey rot one can single out sour rot – within the 
group of fungal diseases/moulds that cause rot in berries and 
bunches – as a pertinent role player in such situations. Similar to 
grey rot, sour rots occurs in practically all cultivation areas where 
it may cause considerable crop losses, if conditions are condu-
cive to the disease. Considering that whole berries cannot be 
penetrated, the incidence and further development of sour rot 
depend on damage to the berry at some stage. Such wounds 
may be induced in several ways, the most important being initial 
botrytis infection, pecking of birds, berry burst due to oidium or 
otherwise, stinging by fruit flies and bursting/tearing apart of 

pedicels during swelling of berries in compact bunches. The first 
signs of sour rot occur during and after the ripening process and 
are associated with yellowish brown to almost orange skin dis-
colourations accompanied by rotting, without any slip skin or 
cracked skin phenomena (characteristics of grey rot). The above-
mentioned scenario is best reflected when grey and sour rot 
occur simultaneously on individual bunches and create the 
impression that the latter entails a further developmental phase 
of the former (Photos 88, 89 & 90). In actual fact botrytis infection 
causes initial wounding, whereafter sour rot is manifested (fol-
lowing the arrest of grey rot due to unfavourable conditions). In 
instances where wounding is caused inter alia by pecking of 

WineLand July 2012
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which is almost entirely smothered by rotting nests and fungal spores. PHOTO 85. Apart from grey rot several harmful secondary organisms 

occur in this hanging bunch.
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of possible individual noble rot berries.

PHOTO 87. Botrytis infection in part of a shoot under intensive hothouse 
conditions. Not to be confused with downy mildew.
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to contribute to the ingress of sour rot (as a result of an initial wound).

PHOTO 89. Characteristic yellow-brown to almost orange skin discoloura-
 tions occur at the top end of this bunch while the bottom section reflects 
the arrest of grey rot due to unfavourable conditions.

PHOTO 90. An example where botrytis rot (despite an advanced stage of 
development) had to succumb, during warm, dry conditions, to the situation 
where sour rot got the better of the situation.

our rot
In addition to grey rot one can single out sour rot – within the 
group of fungal diseases/moulds that cause rot in berries and 
bunches – as a pertinent role player in such situations. Similar to 
grey rot, sour rots occurs in practically all cultivation areas where 
it may cause considerable crop losses, if conditions are condu-
cive to the disease. Considering that whole berries cannot be 
penetrated, the incidence and further development of sour rot 
depend on damage to the berry at some stage. Such wounds 
may be induced in several ways, the most important being initial 
botrytis infection, pecking of birds, berry burst due to oidium or 
otherwise, stinging by fruit flies and bursting/tearing apart of 

pedicels during swelling of berries in compact bunches. The first 
signs of sour rot occur during and after the ripening process and 
are associated with yellowish brown to almost orange skin dis-
colourations accompanied by rotting, without any slip skin or 
cracked skin phenomena (characteristics of grey rot). The above-
mentioned scenario is best reflected when grey and sour rot 
occur simultaneously on individual bunches and create the 
impression that the latter entails a further developmental phase 
of the former (Photos 88, 89 & 90). In actual fact botrytis infection 
causes initial wounding, whereafter sour rot is manifested (fol-
lowing the arrest of grey rot due to unfavourable conditions). In 
instances where wounding is caused inter alia by pecking of 
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PHOTO 91. The onslaught of sour rot on this Sultanina bunch, where 
berry burst acted as the source of the wounding.

PHOTO 93. The culmination of sour rot with berries drying out and 
becoming void, leaving nothing but dry skins with seeds.

PHOTO 95. Blue-green moulds occur on soft berries as raised blue-
green pads. 

PHOTO 92. Sour rot is quick to develop thus contributing to the even-
tual desiccation of berries.

PHOTO 94. Although most berries on this bunch reveal typical desicca-
tion associated with sour rot, characteristic blue-green moulds also show 
subtle ingress.

PHOTO 96. The simultaneous occurrence of sour rot and blue-green / 
black moulds on this bunch which was left on the vine until late in the 
growing season.
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PHOTO 97. Black and blue-green moulds display an intense onslaught. PHOTO 98. Black moulds on hanging bunches often cause adjacent 
parts of shoots to turn black.

PHOTO 99. In instances where cordons and even parts of the trunk turn 
black, it should be ascertained whether these can be ascribed to black 
mould (in hanging bunches) or to soot mould (growing on the honeydew 
of mealybugs).

birds, fruit fly stings, berry burst or mechanical actions, sour rot 
would be able to achieve successful developmental cycles in the 
absence of grey rot (Photo 91). The acrid vinegary odour associ-
ated with sour rot derives from acetic acid formed by acetic acid 
bacteria. Such bacteria are distributed to rotting bunches by 
vinegar flies, thus exacerbating the situation. White larvae, not to 
be confused with those of the fruit fly, may be present in the tis-
sue of rotten berries. As the rotting progresses, the berries dry 
out and become empty, leaving only dry skins with seeds (Pho-
tos 92, 93 & 94).

lue green and lac  moulds

Similar to sour rot, blue-green and black moulds are only able to 
infect broken (wounded) berries and are usually only found in ripe 
grapes. In contrast to black moulds associated with watery rot-
ting and masses of black, odourless spores, blue-green moulds 
usually affect a few berries only – thereby causing soft berries 
with raised blue-green pads (Photo 95). In wine grapes such 
moulds are usually not considered a major threat and are usu-
ally encountered in bunches that are left on the vines until late in 
the growing season with the objective of achieving noble rot. In 
such instances one often finds that entire bunches, or parts 

thereof are subjected to the simultaneous occurrence of sour rot 
and blue-green moulds (Photos 96 & 97). In due course such 
bunches, including peduncles and frames, as well as adjacent 
parts of shoots, turn pitch black. Black discolourations of this 
nature are not to be confused with soot mould (which flourishes 
during the growing season on the honeydew of mealybug) – 
especially where they occur on trunks and parts of the cordon 
(Photos 98 & 99). It can be verified by pulling apart black 
coloured, loose parts of the bark during winter to ascertain the 
presence of hibernating mealybugs, should these be present.
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PHOTO 91. The onslaught of sour rot on this Sultanina bunch, where 
berry burst acted as the source of the wounding.

PHOTO 93. The culmination of sour rot with berries drying out and 
becoming void, leaving nothing but dry skins with seeds.

PHOTO 95. Blue-green moulds occur on soft berries as raised blue-
green pads. 

PHOTO 92. Sour rot is quick to develop thus contributing to the even-
tual desiccation of berries.

PHOTO 94. Although most berries on this bunch reveal typical desicca-
tion associated with sour rot, characteristic blue-green moulds also show 
subtle ingress.

PHOTO 96. The simultaneous occurrence of sour rot and blue-green / 
black moulds on this bunch which was left on the vine until late in the 
growing season.
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PHOTO 97. Black and blue-green moulds display an intense onslaught. PHOTO 98. Black moulds on hanging bunches often cause adjacent 
parts of shoots to turn black.

PHOTO 99. In instances where cordons and even parts of the trunk turn 
black, it should be ascertained whether these can be ascribed to black 
mould (in hanging bunches) or to soot mould (growing on the honeydew 
of mealybugs).
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A guide to grapevine abnormalities in South Africa:  
Fungal diseases associated with wood and root rotting/
dieback (Part 2.7.1)

eneral and introductory

Optimal and sustainable grapevine performance in the vineyard 
is directly related to the health and functionality of all its organs 
above and below the soil. Should annual or perennial wood and/
or tissue parts (the emphasis being on vascular tissue) be sub-
jected to the onset and further course of rotting/necrosis/block-
age, the overall implication is that the vegetative and productive 
lifespan of grapevines in the short and/or long run can be seri-
ously compromised. Complete or partial dieback of grapevines 
occurs in all the production areas in young as well as older 
grapevines. In most instances this kind of dieback is associated 

with fungal diseases (which may occur individually or as a com-
plex) and pruning wounds may consequently be singled out as 
the most important ports of entry for initial infections. In this way, 
the developmental cycle of various pathogens is kick-started to 
systematically contribute to rotting and/or blockage of the xylem 
especially, which may seriously obstruct and even cause normal 
sap flow to cease. Cutting-edge research at both the Depart-
ment of Plant Pathology (Stellenbosch University) and ARC 
Infruitec-Nietvoorbij (Stellenbosch) is currently investigating vari-
ous aspects of the grapevine trunk disease complex. Emanating 
from this research are several informative and practically appli-
cable publications in which specific protocols, inter alia, can be 

PHOTO 100. The first signs of Eutypa (year 1) are characterised by the 
development of shoots with short internodes in a bush-like format. Note 
that although concealed snails are present here, no characteristic feed-
ing damage is noticeable.

PHOTO 101. Shoots with short internodes and small, semi-transparent, 
pale green leaves with a bush-like appearance are considered very 
characteristic of Eutypa dieback.

PHOTO 102. A typical example of Eutypa early in the growing season, 
showing shoots with short internodes and pale green to pale yellow 
leaves with obvious signs of necrotic leaf edges.

PHOTO 103. Eutypa on a cordon arm that has apparently died back. 
Erinose which also occurs here, should not be confused with Eutypa.

WineLand August 2012

Keywords: grapevine trunk disease complex, eutypa dieback, phytophthora root rotting.
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PHOTO 104. This situation is practically similar to the example in Photo 
103. It goes without saying that there can be no expectations of a har-
vest in such instances.

PHOTO 106. Eutypa is usually distributed gradually within individual 
vines. In this instance repeated surgery was unsuccessful and eventu-
ally contributed to the situation as depicted.

PHOTO 108. Although the grapevine struggled valiantly to survive, 
Eutypa exacted its toll. Note the occurrence of snout beetle damage, 
which should obviously not be confused with Eutypa dieback.

PHOTO 105. Eutypa noted in some arms of this bush vine.

PHOTO 107. Despite efforts to save this grapevine by pruning back 
infected cordon arms, it eventually succumbed (as in Photo 106).

PHOTO 109. Total dieback of this cordon arm (Sauvignon blanc) as a 
result of Eutypa.

drawn up in respect of: (i) the management of Eutypa dieback in 
South African vineyards (Halleen, 2010a) and (ii) the application 
of sanitary measures in nurseries to control trunk disease patho-
gens (Halleen, 2010b). Contributions with regard to the protec-
tion of pruning wounds against trunk disease infections – which 
includes the use of Trichoderma products for biological control 
– may be considered especially valuable to the local industry 
(Mutawila et al., 2011a, b). Because grapevine dieback (which 
often differs in visual appearance) may be ascribed to individual 

or multiple pathogens within the trunk disease complex, the 
identification thereof in the vineyard is further complicated. In 
instances of uncertainty regarding specific disease and/or prob-
lem situations (also across a broad range) producers are urged 
to consult without further ado with experts at the institutions 
mentioned above, which have effective functioning disease clin-
ics at their disposal. This will enable accurate identification of the 
true causes so that applicable damage control and/or constrain-
ing strategies may be implemented as soon as possible.
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PHOTO 110. A cross section of an Eutypa-infected arm shows a char-
acteristic rotting pattern associated with the V-shaped appearance of 
necrotic wood, from the bark to the core wood. One clearly notes the 
boundary where the wood appears to be healthy.

PHOTO 112. A cross section of grapevine wood (Photo 111) displays 
rotting patterns that may cause confusion. In such instances it is essen-
tial to seek expert advice.

PHOTO 114. Wilting and yellowing of leaves on nursery grapevines as a 
result of Phytophthora (as in Photo 113).

PHOTO 111. An Eutypa-like appearance (small, necrotic leaves) when 
observed for the first time can easily be confused with other causes. Also 
note the yellow spots on basal leaves – in this instance these were not 
by any means related to downy mildew.

PHOTO 113. In nurseries a sudden wilted appearance of leaves is char-
acteristic of Phytophthora – especially in instances such as this ungraft-
ed Richter 99. Note that dead grapevines (as in the photo) are the result 
of poor/no initial root formation and should therefore not be confused 
with Phytophthora.

PHOTO 115. Leaf colour (Photos 113 & 114) rapidly changes to yellow 
and eventually to brown.

In conclusion it may be said that due to the inability of current 
chemical control measures to achieve the recovery of trunk dis-
ease infected grapevines, relevant preventative measures should 
be applied on an ongoing basis as an alternative precaution – in 
order to prevent occupation of grapevines by these harmful 
pathogens as much as possible. In this regard, pruning wounds 
(being the most important ports of entry for infections) deserve 

special mention – mainly in view of the fact that complete healing 
usually takes several weeks, depending on ambient tempera-
tures. High priority status should therefore be given to ongoing 
protection as a buffer against infections. In this presentation the 
most common fungal diseases involved in trunk and root rotting/
dieback are individually listed and where applicable, illustrated 
with photo material.
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utypa die ac  tandpyn
Eutypa-associated dieback (especially problematic in grapevines 
older than 10 years) is characterised by the development of 
shoots with short internodes and small, semi-transparent, pale 
green to pale yellow leaves (occasionally with necrotic leaf edges) 
in bush-like format on one or several arms (bush vines), or cor-
dons (trellised grapevines) (Photos 100, 101, 102, 104 & 105). 
Normally no bunches are formed and flower clusters (should they 
occur) dry out and die back after flowering or, in extremely rare 
instances, contribute to berry development where both large and 
small berries occur in loose bunches. Eutypa is usually associ-
ated with a gradual internal distribution and deterioration of 
grapevines – which may eventually play a role in complete die-
back (Photos 106, 107, 108 & 109). Cross sections of infected 
arms display characteristic rotting patterns which are mostly 
associated with the V-shaped occurrence of necrotic wood 
stretching from the bark to the core wood and reflecting an obvi-
ous boundary with healthy wood (Photo 110). This dead wood 
is hard, unlike other types of trunk rotting, which are usually soft. 
When eutypa-like traits are first noticed (Photo 111), they are 
easily confused with other causes and it is recommended that 
expert advice is sought – even if wood sections (Photo 112) are 
indicative of the onset of Eutypa dieback.

hytophthora root rotting die ac
Although Phytophthora root rotting may be found in fully grown 
grapevines, it usually occurs in young plantings, as well as in 
nurseries, where it is truly problematic. Seeing that fungal spores 
require free water for rapid multiplication (so as to be able to 
thoroughly infect the roots), the occurrence of this phenomenon 
is mostly associated with shallow soils that get wet easily or 

PHOTO 116. Total dieback (within three weeks) with the retention of 
brown, dead leaves, is very characteristic of Phytophthora.

PHOTO 117. Characteristic of Phytophthora is that dead leaves and 
bunches remain on the grapevine for a long time. Note the abundance 
of weeds, which may be indicative of wet soil conditions.

PHOTO 118. Roots of Phytophthora infected grapevines look rotten with 
a blue-black discolouration.

drown or remain wet for long periods during the growing season. 
The first visual observation in infected grapevines is associated 
with the leaves looking pale and sometimes wilted (especially 
when ungrafted in nurseries) (Photo 113). This pale colour 
gradually turns pale green, then yellow and finally brown when 
the grapevines die back (Photos 114, 115 & 116). In most 
instances complete dieback occurs within a period of only three 
weeks, whereafter dead leaves and bunches remain on the vine 
for a long time (Photo 117). It is worth noting that no character-
istic burning of the leaf edges, as with drought or salinity, occurs 
at any stage. Roots of infected, dead grapevines look rotten – 
and in most instances dead – with a blue-black discolouration 
(Photo 118).

References are provided at the bottom of Part 2.7.2.
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A guide to grapevine abnormalities in South 
Africa: Fungal diseases associated with wood and 
root rotting / dieback (Part 2.7.2)

WineLand September 2012

Keywords: grapevine trunk disease complex, esca, black goo, black foot, dead-arm, phytium, 
selerotium, dieback, root rotting.

PHOTO 119. With regard to esca, internal rotting after initial infection 
continues unabated and eventually results in sudden dieback of the entire 
grapevine – or as in this particular instance, of specific shoots with 
bunches.

PHOTO 121. The progress of esca dieback (Photo 120) over a period of 
time.

PHOTO 122. Eventually shoot growth succumbs (Photo 121) and esca 
gains the upper hand.

PHOTO 120. Gradual esca dieback in this Roobernet grapevine over a 
period of approximately 10 years. At this stage the only shoot growth 
occurred on the tip of the left cordon arm, while the right cordon arm has 
already died back totally. Although such phenomena may be confused 
with dead-arm disease, diagnostic tests revealed esca to be the true 
cause. Note that deformed leaves (as in the photo) may also be confused 
with damage by herbicides, inter alia.

sca die ac
Esca – its presence is associated with various fungi in the trunk 
disease complex – occurs in all the winegrowing regions, espe-
cially in older grapevines. Although characteristic traits of 
infected grapevines are not necessarily visually apparent each 
year, internal rotting following initial infection continues unabated 
and eventually causes sudden (apoplexy) or more gradual (esca) 
dieback of grapevines, whether partially or entirely (Photos 119, 
120, 121, 122 & 123). In grapevines that used to display healthy 
growth, the first visual observations of esca are characterised by 
typical discolouration patterns on the bottom leaves, in which 
case uneven yellow (white grape cultivars) and red (red grape 

cultivars) spots develop between principal veins and later 
become merged. Subsequently these parts turn reddish brown, 
their appearance becoming typically finger-like, with the dead 
brown tissue in leaves looking shredded (Photo 124). Obviously 
this leaf discolouration pattern does not occur in apoplexy and 
one finds that shoots with leaves wilt from the tips, followed by 
sudden drying out and dieback. Characteristic of the esca/
apoplexy-complex is the occurrence of black spots (measles) on 
developing berries (Photo 125). Such berries, which look purplish 
in white grape cultivars, shrivel and dry out to assume a raisin-
like appearance (Photo 126). In infected grapevines in this cat-
egory, soft-wood rotting often occurs near the soil surface 
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PHOTO 123. The last signs of life in this particular Roobernet grapevine 
(Photos 120, 121 & 122) are accentuated by the shoots drying out and 
dying back.

PHOTO 125. A characteristic of the esca complex is the occurrence of 
black specks (measles) on developing berries.

PHOTO 127. Characteristic soft wood rotting associated with the esca 
complex often occurs near the soil surface.

PHOTO 124. Characteristic discolouration patterns of Cabernet Sauvig-
non leaves related to esca – in due course this results in the occurrence 
of intervenal, finger-like brown and dead tissue.

PHOTO 126. Berries (Photo 125) on such bunches shrivel and eventu-
ally dry out, assuming a raisin-like appearance. Also note the leaf char-
acteristics typical of esca in the case of white grape cultivars.

PHOTO 128. Esca-associated soft wood rotting on trunks near the soil 
surface. Not to be confused with crown gall.

PHOTO 129. Internally rotten parts (Photos 127 & 128) display yellowish 
to whitish yellow discolourations of soft parts in the wood.

PHOTO 130. Characteristic internal pale yellow rotting (esca complex) 
which is usually surrounded by a dark brown to black rim.
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PHOTO 127. Characteristic soft wood rotting associated with the esca 
complex often occurs near the soil surface.

PHOTO 124. Characteristic discolouration patterns of Cabernet Sauvig-
non leaves related to esca – in due course this results in the occurrence 
of intervenal, finger-like brown and dead tissue.

PHOTO 126. Berries (Photo 125) on such bunches shrivel and eventu-
ally dry out, assuming a raisin-like appearance. Also note the leaf char-
acteristics typical of esca in the case of white grape cultivars.

PHOTO 128. Esca-associated soft wood rotting on trunks near the soil 
surface. Not to be confused with crown gall.

PHOTO 129. Internally rotten parts (Photos 127 & 128) display yellowish 
to whitish yellow discolourations of soft parts in the wood.

PHOTO 130. Characteristic internal pale yellow rotting (esca complex) 
which is usually surrounded by a dark brown to black rim.
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PHOTO 135. Black foot rotting from the bark to the pith, which is obvi-
ously able to impact significantly on the blockage of vascular tissue.

PHOTO 137. The extent of black foot vascular tissue rotting/discoloura-
tion can be wide-ranging.

PHOTO 131. An example of an esca-associated internal rotting pattern 
which reflects the presence of black specks (which may occassionally 
occur).

PHOTO 133. Black foot exacts its toll from this young grapevine.

PHOTO 136. Black foot vascular tissue discolouration is illustrated by a 
section through the foot of the grapevine.

PHOTO 138. Phomopsis infection, causing dieback of buds and shoots, 
gradually accumulated and caused this bearer to die back. Note that 
there are several pruning wounds as well as recognisable signs of dead-
arm disease at the top end of the bearer.

PHOTO 132. Browning/rotting/blockage of vascular tissue as a result of 
black foot. Note the dead roots which may be indicative of infection 
originating from the soil.

PHOTO 134. Vascular tissue blockage/rotting through glueing asso ciated 
with Petri disease.
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PHOTO 139. Internal wood rotting as per the example in Photo 138 – not 
to be confused with eutypa dieback.

PHOTO 140. Gradual dieback/dwarfing of certain grapevines in vineyards 
that normally perform otherwise. Obviously it is a priority to obtain expert 
advice, in view of the fact that widely divergent causes may be involved.

(Photos 127 & 128). Internally rotten parts appear yellowish with 
whitish-yellow discolourations of the soft parts of the wood 
(Photo 129). Obviously internal rotting as a result of esca can 
assume various patterns (Photos 130 & 131) and therefore it is 
recommended that expert advice be obtained for accurate iden-
tification procedures.

lac  goo etri disease  and lac  foot die ac   rotting
Although dieback / rotting associated with black goo (Petri dis-
ease) and black foot may occur in nursery vines as well as older 
vines, the younger vines in particular – mostly during the years 
following establishment – display specific behavioural patterns 
as a result of the above-mentioned situations. Both phenomena 
are associated with the trunk disease complex, in which case 
initial infections display a close relationship to wounding of mate-
rial, which is inevitable from propagation and grafting onwards. 
Visually detectable characteristics of Petri disease and black foot 
– as represented by delayed or no bud burst, yellowing of cano-
pies, dwarfed shoot growth and overall dieback – are mainly 
associated with abnormalities of the vascular tissue (browning, 
rotting and blocking). Obviously such situations could result in 
serious hampering/arrest of normal sap flow, thereby contributing 
to the actual impact of these diseases – especially when grape-
vines are under stress (Photos 132, 133, 134, 135, 136 & 137).

hytium and clerotium root rotting  die ac  
Root rotting associated with Phytium and Sclerotium is mostly 
problematic in nurseries or in young grapevines up to the age of five 
years. Seeing that rotting of finer roots in particular are implicated in 
both instances, one would expect such situations to make a sig-
nificant contribution to the dieback of grapevines – thereby being 
associated with the trunk disease complex. Although characteristic 
abnormalities associated with these root rotting diseases have been 
elucidated in vividly illustrated studies (Marais, 1981; Ferreira & 
Venter, 1996), it remains practically impossible to ascribe general 
dieback phenomena to Phytium or Sclerotium specifically. Conse-
quently it is strongly recommended here too that implicated plant 
material be subjected to diagnostic tests by disease clinics so as to 
accurately determine specific causes.

Dead arm disease  die ac   rotting
When climatic conditions are conducive to dead-arm disease 

until late in the season, shoots may be seriously affected and 
subjected to dwarfing/dieback; even buds and shoots may die 
back – hence the name “dead-arm”. In susceptible cultivars the 
above-mentioned situations may cause specific bearers – on an 
apparently healthy cordon – to be systematically subjected to 
bearer build-up with the accompanying dieback due to rotting of 
wood (Photos 138 & 139).

low die ac   dwarfing 
Slow dieback or dwarfing per se in normally performing grape-
vines is usually noticeable (Photo 140). Where characteristic traits 
associated with specific abnormalities are absent, accurate 
identification of actual causes is often problematic and may 
cause confusion and possibly erroneous identification. By means 
of illustration, one can mention that although dieback in the 
above-mentioned situation (based on visually detectable behav-
ioural patterns of grapevines) could be associated with possible 
Phytophthora problems, vascular tissue blockage – related to 
Petri disease – has been revealed as the true cause following 
diagnostic examination.
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PHOTO 135. Black foot rotting from the bark to the pith, which is obvi-
ously able to impact significantly on the blockage of vascular tissue.

PHOTO 137. The extent of black foot vascular tissue rotting/discoloura-
tion can be wide-ranging.

PHOTO 131. An example of an esca-associated internal rotting pattern 
which reflects the presence of black specks (which may occassionally 
occur).

PHOTO 133. Black foot exacts its toll from this young grapevine.

PHOTO 136. Black foot vascular tissue discolouration is illustrated by a 
section through the foot of the grapevine.

PHOTO 138. Phomopsis infection, causing dieback of buds and shoots, 
gradually accumulated and caused this bearer to die back. Note that 
there are several pruning wounds as well as recognisable signs of dead-
arm disease at the top end of the bearer.

PHOTO 132. Browning/rotting/blockage of vascular tissue as a result of 
black foot. Note the dead roots which may be indicative of infection 
originating from the soil.

PHOTO 134. Vascular tissue blockage/rotting through glueing asso ciated 
with Petri disease.
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PHOTO 139. Internal wood rotting as per the example in Photo 138 – not 
to be confused with eutypa dieback.

PHOTO 140. Gradual dieback/dwarfing of certain grapevines in vineyards 
that normally perform otherwise. Obviously it is a priority to obtain expert 
advice, in view of the fact that widely divergent causes may be involved.

(Photos 127 & 128). Internally rotten parts appear yellowish with 
whitish-yellow discolourations of the soft parts of the wood 
(Photo 129). Obviously internal rotting as a result of esca can 
assume various patterns (Photos 130 & 131) and therefore it is 
recommended that expert advice be obtained for accurate iden-
tification procedures.

lac  goo etri disease  and lac  foot die ac   rotting
Although dieback / rotting associated with black goo (Petri dis-
ease) and black foot may occur in nursery vines as well as older 
vines, the younger vines in particular – mostly during the years 
following establishment – display specific behavioural patterns 
as a result of the above-mentioned situations. Both phenomena 
are associated with the trunk disease complex, in which case 
initial infections display a close relationship to wounding of mate-
rial, which is inevitable from propagation and grafting onwards. 
Visually detectable characteristics of Petri disease and black foot 
– as represented by delayed or no bud burst, yellowing of cano-
pies, dwarfed shoot growth and overall dieback – are mainly 
associated with abnormalities of the vascular tissue (browning, 
rotting and blocking). Obviously such situations could result in 
serious hampering/arrest of normal sap flow, thereby contributing 
to the actual impact of these diseases – especially when grape-
vines are under stress (Photos 132, 133, 134, 135, 136 & 137).

hytium and clerotium root rotting  die ac  
Root rotting associated with Phytium and Sclerotium is mostly 
problematic in nurseries or in young grapevines up to the age of five 
years. Seeing that rotting of finer roots in particular are implicated in 
both instances, one would expect such situations to make a sig-
nificant contribution to the dieback of grapevines – thereby being 
associated with the trunk disease complex. Although characteristic 
abnormalities associated with these root rotting diseases have been 
elucidated in vividly illustrated studies (Marais, 1981; Ferreira & 
Venter, 1996), it remains practically impossible to ascribe general 
dieback phenomena to Phytium or Sclerotium specifically. Conse-
quently it is strongly recommended here too that implicated plant 
material be subjected to diagnostic tests by disease clinics so as to 
accurately determine specific causes.

Dead arm disease  die ac   rotting
When climatic conditions are conducive to dead-arm disease 

until late in the season, shoots may be seriously affected and 
subjected to dwarfing/dieback; even buds and shoots may die 
back – hence the name “dead-arm”. In susceptible cultivars the 
above-mentioned situations may cause specific bearers – on an 
apparently healthy cordon – to be systematically subjected to 
bearer build-up with the accompanying dieback due to rotting of 
wood (Photos 138 & 139).

low die ac   dwarfing 
Slow dieback or dwarfing per se in normally performing grape-
vines is usually noticeable (Photo 140). Where characteristic traits 
associated with specific abnormalities are absent, accurate 
identification of actual causes is often problematic and may 
cause confusion and possibly erroneous identification. By means 
of illustration, one can mention that although dieback in the 
above-mentioned situation (based on visually detectable behav-
ioural patterns of grapevines) could be associated with possible 
Phytophthora problems, vascular tissue blockage – related to 
Petri disease – has been revealed as the true cause following 
diagnostic examination.

eferences additional reading and iewing material
Du Plessis, S.J., 1947. Wingerdsiektes in Suid-Afrika. Pro Ecclesia-
Drukkery, Stellenbosch.

Ferreira, J.H.S. & Venter, E., 1996. Grapevines Diseases and Pests in 
South Africa. ARC Infruitec-Nietvoorbij Institute for Viticulture and Oenol-
ogy, Private Bag X5026, Stellenbosch.

Halleen, F., 2010a. Protocol: Management of eutypa dieback in grape-
vines. Wynboer Technical Yearbook 2010, 4 - 5.

Halleen, F., 2010b. Protocol: Sanitary control measures against trunk 
disease pathogens in grapevine nurseries. Wynboer Technical Yearbook 
2010, 6 - 7.

Marais, P.G., 1981. Wingerdsiektes en abnormaliteite. In: Burger, J. & 
Deist, J. (eds). Wingerdbou in Suid-Afrika. Trio-Rand/SA Litho, N’dabeni. 
pp. 384 - 432.

Mutawila, C., Fourie, P.H., Halleen, F. & Mostert, L., 2011a. An overview 
of grapevine pruning wound protection in South Africa. Wynboer 262, 
90 - 92 (in WineLand, June 2011).

Mutawila, C., Mostert, L., Halleen, F. & Fourie, P.H., 2011b. Wat is 
Trichoderma? Wynboer 263, 93 - 94 (in WineLand, July 2011).

Winkler, A.J., Cook, A., Kliewer, W.M. & Lider, L., 1974. Grape diseases 
and disorders. In: General Viticulture. University of California Press, 
Berkeley and Los Angeles. pp. 439 - 502.

vineyard



technical yearbook 201236

A guide to grapevine abnormalities in South Africa: Bacterial diseases – 
bacterial blight (Part 3.1)

WineLand October 2012

Keywords: grapevine bacterial diseases, bacterial blight, characteristic abnormalities.

PHOTO 141. Characteristic of bacterial blight is delayed bud burst and 
shoots with short internodia, while no bud burst and early dieback of 
shoots after bud burst are common. Shoots with short internodia must 
not be confused with dead-arm disease. Also note that leaves have been 
eaten, but such damage obviously has nothing to do with bacterial blight.

PHOTO 142. A typical example of delayed bud burst where stunted 
shoots are consumed by bacterial blight at an early stage. Typical eating 
patterns of snails (leaves) and snout beetles (shoots) are also portrayed.

PHOTO 143. A young shoot is wiped out together with the inflorescence 
(during flowering) as in Photo 142. The dead and brittle shoot section 
was broken off at the top end of the peduncle.

PHOTO 144. Typical of bacterial blight is the development of small, 
lenticular cracks on young shoot sections, encircled by brownish-black 
tissue – as depicted here in the middle shoot. Not to be confused with 
dead-arm disease.

eneral and introductory
Although grapevine cultivars differ from each other in respect of 
susceptibility/resistance to important bacterial diseases (Du Ples-
sis, 1947; Matthee et al., 1970; Galet, 1978; Bovey et al., 1980; 
Marais, 1981; Ferreira & Venter, 1996) it should be borne in mind 
that humidity and temperature especially as climatic parameters 
play a vitally important role in the prevalence thereof. It is therefore 
essential that in addition to cultivar and regional choices, decisions 
about slopes, sites, grapevine spacing, trellis systems, irrigation 
systems and canopy management practices be carefully consid-

ered. Overall all practices that contribute to moist, hot and humid 
conditions within vineyards, may/will promote the onset and dis-
tribution of bacterial diseases. In the majority of instances abnor-
malities associated with such conditions will reflect local damage 
to specific organs, and in almost all cases surface scars will be 
specifically apparent on the organs – as in the case of fungal 
diseases. If bacterial diseases occur to the extent that one is able 
to associate visual impressions with specific abnormalities, the 
damage is already serious and permanent – a situation that is 
further aggravated by the inability of strategies/sprays to destroy 
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PHOTO 145. Characteristic elongation, enlargement and distribution of 
the initial lenticular cracks (as in Photo 144) on one side of this young 
shoot. Also note that it appears on the petiole on the right.

PHOTO 146. The development of necrotic cracks and cancers across 
entire shoot halves, from cracks that were initially lenticular, (Photos 144 
& 145) is considered very characistic of bacterial blight.

PHOTO 147. A typical example of the developmental pattern of small, 
lenticular cracks on the shoot on the left, to necrotic cracks and cancers 
on the shoot on the right.

PHOTO 148. Similar necrotic cracks (compare Photo 147) also occur on 
peduncles and lateral branches, in which case total dieback sets in – as 
depicted by the flower cluster (during flowering) on the right.

PHOTO 149. The destruction of a young bunch (during flowering) by 
bacterial blight (left) compared to an example that is intact (right).

PHOTO 150. An example of a young bunch (after set) which is beginning 
to succumb to the onslaught of bacterial blight. Note the typical necrot-
ic cracks on the rachis. Not to be confused with dead-arm disease.

bacteria in established material (as with bacterial blight) or in the 

soil (as with crown gall). It goes without saying that all control 

practices (whether chemical or biological) should have an ongoing 

focus on being preventative and that the use of certified propaga-

tion material at the time of establishment should be viewed as an 

absolute priority in order to curb the spreading of such diseases.

acterial light
Bacterial blight occurs in practically all winegrowing regions of 
the Western Cape and – depending on climatic conditions – it 
can destroy grapevines with the accompanying crop losses. 
Although the onslaught on susceptible cultivars has been drasti-
cally reduced since about 1936, it is nevertheless still important 
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PHOTO 141. Characteristic of bacterial blight is delayed bud burst and 
shoots with short internodia, while no bud burst and early dieback of 
shoots after bud burst are common. Shoots with short internodia must 
not be confused with dead-arm disease. Also note that leaves have been 
eaten, but such damage obviously has nothing to do with bacterial blight.

PHOTO 142. A typical example of delayed bud burst where stunted 
shoots are consumed by bacterial blight at an early stage. Typical eating 
patterns of snails (leaves) and snout beetles (shoots) are also portrayed.

PHOTO 143. A young shoot is wiped out together with the inflorescence 
(during flowering) as in Photo 142. The dead and brittle shoot section 
was broken off at the top end of the peduncle.

PHOTO 144. Typical of bacterial blight is the development of small, 
lenticular cracks on young shoot sections, encircled by brownish-black 
tissue – as depicted here in the middle shoot. Not to be confused with 
dead-arm disease.

eneral and introductory
Although grapevine cultivars differ from each other in respect of 
susceptibility/resistance to important bacterial diseases (Du Ples-
sis, 1947; Matthee et al., 1970; Galet, 1978; Bovey et al., 1980; 
Marais, 1981; Ferreira & Venter, 1996) it should be borne in mind 
that humidity and temperature especially as climatic parameters 
play a vitally important role in the prevalence thereof. It is therefore 
essential that in addition to cultivar and regional choices, decisions 
about slopes, sites, grapevine spacing, trellis systems, irrigation 
systems and canopy management practices be carefully consid-

ered. Overall all practices that contribute to moist, hot and humid 
conditions within vineyards, may/will promote the onset and dis-
tribution of bacterial diseases. In the majority of instances abnor-
malities associated with such conditions will reflect local damage 
to specific organs, and in almost all cases surface scars will be 
specifically apparent on the organs – as in the case of fungal 
diseases. If bacterial diseases occur to the extent that one is able 
to associate visual impressions with specific abnormalities, the 
damage is already serious and permanent – a situation that is 
further aggravated by the inability of strategies/sprays to destroy 
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PHOTO 145. Characteristic elongation, enlargement and distribution of 
the initial lenticular cracks (as in Photo 144) on one side of this young 
shoot. Also note that it appears on the petiole on the right.

PHOTO 146. The development of necrotic cracks and cancers across 
entire shoot halves, from cracks that were initially lenticular, (Photos 144 
& 145) is considered very characistic of bacterial blight.

PHOTO 147. A typical example of the developmental pattern of small, 
lenticular cracks on the shoot on the left, to necrotic cracks and cancers 
on the shoot on the right.

PHOTO 148. Similar necrotic cracks (compare Photo 147) also occur on 
peduncles and lateral branches, in which case total dieback sets in – as 
depicted by the flower cluster (during flowering) on the right.

PHOTO 149. The destruction of a young bunch (during flowering) by 
bacterial blight (left) compared to an example that is intact (right).

PHOTO 150. An example of a young bunch (after set) which is beginning 
to succumb to the onslaught of bacterial blight. Note the typical necrot-
ic cracks on the rachis. Not to be confused with dead-arm disease.

bacteria in established material (as with bacterial blight) or in the 

soil (as with crown gall). It goes without saying that all control 

practices (whether chemical or biological) should have an ongoing 

focus on being preventative and that the use of certified propaga-

tion material at the time of establishment should be viewed as an 

absolute priority in order to curb the spreading of such diseases.

acterial light
Bacterial blight occurs in practically all winegrowing regions of 
the Western Cape and – depending on climatic conditions – it 
can destroy grapevines with the accompanying crop losses. 
Although the onslaught on susceptible cultivars has been drasti-
cally reduced since about 1936, it is nevertheless still important 
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PHOTO 151. Bacterial blight in White Muskadel. Although desiccation of 
leaves (11:00-position) from the edges inwards is characteristic, the yel-
lowish division between necrotic tissue and normal green sections is less 
prominent. Direct infection through the stomata occur in the leaf just 
below the one mentioned above. Also note the incidence of erinose – 
which obviously has nothing to do with bacterial blight.

PHOTO 152. A typical example of desiccating leaves in a red grape 
cultivar in reaction to bacterial blight infection. Note the bright brown 
colour of necrotic tissue separated from normal green parts by a red 
edge.

PHOTO 153. A typical example where specific characteristics of bacte-
rial blight are depicted on this part of the shoot and leaves.

to be aware of characteristic traits – especially in years when the 
onset of the growing season goes hand-in-hand with exception-
ally wet climatic conditions. According to the literature, the 
bacteria survive in winter in the sap of infected grapevines and 
are translocated during bud burst with the sap flow to newly 
developed shoots. Subsequent rain or irrigation plays an impor-
tant role in spreading the disease to adjacent shoots, leaves and 
bunches – in which case material is penetrated through wounds 
(no matter how small). Obviously the ability of bacteria to survive/
move in the sap flow will result in the infection of pruning shears 
during winter pruning, whereafter neighbouring grapevines get 
infected in turn. If such infected material is therefore used for 
grafting, ideal conditions are created for distribution through 
nursery material. Although bacterial blight is associated with 
distinctive, visually perceptible characteristics, the expression 
thereof can sometimes be confusing and of varying intensity. 
Consequently it is important that expert advice in terms of cor-
rect identification be obtained without further ado, so that appli-
cable preventative measures can be implemented as soon as 
possible.

Delayed bud burst is typical of bacterial blight, followed by the 
development of shoots with short internodes (Photo 141). In 
instances where the disease already displays an advanced stage 
of distribution in the wood, bud burst may not occur, or where it 
has already occurred, stunted shoots may die back rapidly (Pho-
tos 142 & 143). Obviously such situations will/can contribute to 
the gradual, and eventually total dieback of grapevines. In the 
case of young shoots the occurrence of lenticular, fine elongated 
cracks, which gradually develop into necrotic cracks and cancers 
across entire shoot halves, is highly characteristic of bacterial 
blight (Photos 144, 145, 146 & 147). Similar necrotic cracks also 
occur on peduncles and lateral branches, in which instance 
desiccation/dieback of bunches – even at very early stages – will 
start (Photos 148, 149 & 150). Leaves can be infected either 
directly through the stomata (which will result in the occurrence 
of angular brown stains) or from infected shoots. Very character-
istic of the latter scenario is the desiccation of entire leaves, or 
parts of leaves, from the edges inwards and where the necrotic 
tissue is bright brown in appearance, and separated from normal 
green parts by a yellow edge (white grape cultivars) and a red 
edge (red grape cultivars) (Photos 151, 152 & 153). In Afrikaans 
the disease is aptly named “vlamsiekte” for the flame-coloured 
discolourations of the leaves.
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A guide to grapevine abnormalities in South Africa:  
Bacterial diseases – crown gall (Part 3.2)

WineLand November 2012 

Keywords: grapevine bacterial diseases, crown gall, characteristic abnormalities.

PHOTO 154. A characteristic of crown gall is the development of typical 
galls on grapevine trunks near the surface of the soil. In this specific 
instance the formation of galls resulted from initial wounding.

PHOTO 156. Gall formation on the tips of a cordon arm (nearest the main 
trunk). Note the hard, dark-coloured and wart-like structure with clear 
signs of parts that have already fallen off.

PHOTO 155. A typical example of grotesque gall formation including the 
transformation of initially creamy-white galls into dark-coloured wart-like 
structures.

PHOTO 157. The occurrence of crown gall on the lower trunk section 
(just below the graft union) of this fully grown grapevine.

rown gall
Although crown gall can occur in all the cultivation areas, it is 
especially problematic in the Orange River Region – due to cli-
matic conditions that may be conducive – where it is able to 
bring about considerable losses in susceptible cultivars. Accord-
ing to literature on this subject, the bacteria may survive in the 
soil for long periods (in the absence of any vegetation) to be 
distributed successfully – even over great distances – by drift 
actions, implements, vehicles and animals. Additionally, a wide 

range of host plants may give rise to a considerable accumula-
tion of population numbers. As with bacterial blight, penetration 
of material occurs through wounds (which are incurred, inter alia, 
by weeding actions, frost, wind and insects) whereafter the bac-
teria spread systemically through the grapevine. Since the dis-
ease may also be latent in grapevines, and in view of its sys-
temic nature, excellent opportunities are harboured for distribu-
tion via nursery material. The establishment of young infected 
grapevines usually results in poor initial vigour, which may be 
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PHOTO 151. Bacterial blight in White Muskadel. Although desiccation of 
leaves (11:00-position) from the edges inwards is characteristic, the yel-
lowish division between necrotic tissue and normal green sections is less 
prominent. Direct infection through the stomata occur in the leaf just 
below the one mentioned above. Also note the incidence of erinose – 
which obviously has nothing to do with bacterial blight.

PHOTO 152. A typical example of desiccating leaves in a red grape 
cultivar in reaction to bacterial blight infection. Note the bright brown 
colour of necrotic tissue separated from normal green parts by a red 
edge.

PHOTO 153. A typical example where specific characteristics of bacte-
rial blight are depicted on this part of the shoot and leaves.

to be aware of characteristic traits – especially in years when the 
onset of the growing season goes hand-in-hand with exception-
ally wet climatic conditions. According to the literature, the 
bacteria survive in winter in the sap of infected grapevines and 
are translocated during bud burst with the sap flow to newly 
developed shoots. Subsequent rain or irrigation plays an impor-
tant role in spreading the disease to adjacent shoots, leaves and 
bunches – in which case material is penetrated through wounds 
(no matter how small). Obviously the ability of bacteria to survive/
move in the sap flow will result in the infection of pruning shears 
during winter pruning, whereafter neighbouring grapevines get 
infected in turn. If such infected material is therefore used for 
grafting, ideal conditions are created for distribution through 
nursery material. Although bacterial blight is associated with 
distinctive, visually perceptible characteristics, the expression 
thereof can sometimes be confusing and of varying intensity. 
Consequently it is important that expert advice in terms of cor-
rect identification be obtained without further ado, so that appli-
cable preventative measures can be implemented as soon as 
possible.

Delayed bud burst is typical of bacterial blight, followed by the 
development of shoots with short internodes (Photo 141). In 
instances where the disease already displays an advanced stage 
of distribution in the wood, bud burst may not occur, or where it 
has already occurred, stunted shoots may die back rapidly (Pho-
tos 142 & 143). Obviously such situations will/can contribute to 
the gradual, and eventually total dieback of grapevines. In the 
case of young shoots the occurrence of lenticular, fine elongated 
cracks, which gradually develop into necrotic cracks and cancers 
across entire shoot halves, is highly characteristic of bacterial 
blight (Photos 144, 145, 146 & 147). Similar necrotic cracks also 
occur on peduncles and lateral branches, in which instance 
desiccation/dieback of bunches – even at very early stages – will 
start (Photos 148, 149 & 150). Leaves can be infected either 
directly through the stomata (which will result in the occurrence 
of angular brown stains) or from infected shoots. Very character-
istic of the latter scenario is the desiccation of entire leaves, or 
parts of leaves, from the edges inwards and where the necrotic 
tissue is bright brown in appearance, and separated from normal 
green parts by a yellow edge (white grape cultivars) and a red 
edge (red grape cultivars) (Photos 151, 152 & 153). In Afrikaans 
the disease is aptly named “vlamsiekte” for the flame-coloured 
discolourations of the leaves.
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A guide to grapevine abnormalities in South Africa:  
Bacterial diseases – crown gall (Part 3.2)

WineLand November 2012 
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PHOTO 154. A characteristic of crown gall is the development of typical 
galls on grapevine trunks near the surface of the soil. In this specific 
instance the formation of galls resulted from initial wounding.

PHOTO 156. Gall formation on the tips of a cordon arm (nearest the main 
trunk). Note the hard, dark-coloured and wart-like structure with clear 
signs of parts that have already fallen off.

PHOTO 155. A typical example of grotesque gall formation including the 
transformation of initially creamy-white galls into dark-coloured wart-like 
structures.

PHOTO 157. The occurrence of crown gall on the lower trunk section 
(just below the graft union) of this fully grown grapevine.

rown gall
Although crown gall can occur in all the cultivation areas, it is 
especially problematic in the Orange River Region – due to cli-
matic conditions that may be conducive – where it is able to 
bring about considerable losses in susceptible cultivars. Accord-
ing to literature on this subject, the bacteria may survive in the 
soil for long periods (in the absence of any vegetation) to be 
distributed successfully – even over great distances – by drift 
actions, implements, vehicles and animals. Additionally, a wide 

range of host plants may give rise to a considerable accumula-
tion of population numbers. As with bacterial blight, penetration 
of material occurs through wounds (which are incurred, inter alia, 
by weeding actions, frost, wind and insects) whereafter the bac-
teria spread systemically through the grapevine. Since the dis-
ease may also be latent in grapevines, and in view of its sys-
temic nature, excellent opportunities are harboured for distribu-
tion via nursery material. The establishment of young infected 
grapevines usually results in poor initial vigour, which may be 
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PHOTO 158. Care should be taken not to ascribe the incidence of swol-
len, coarse graft unions exclusively to crown gall, even though typical 
galls might be present on the lower trunks of fully grown grapevines – as 
illustrated here.

PHOTO 160. The occurrence of strange swellings (Photo 159), which 
develop mainly on one side of the trunk section (positioned across for 
the photo).

PHOTO 162. The occurrence of swellings (Photos 160 & 161) on one- 
and two-year-old and older cane parts. Note: (i) the abnormally small pith 
sections; (ii) the loose and cracked parts of the bark; (iii) the occurrence 
of numerous swollen buds and (iv) the wilting of green shoots preceding 
their drying out.

PHOTO 159. In this specific instance the swelling of the graft union (see 
Photo 158) continued on the trunk – which appears abnormally thick-
ened. Note the swelling (atypical in respect of crown gall) just below the 
point where the trunk had been sawn off in the 11:00-position.

PHOTO 161. Swellings as in Photo 160. Not the coarse, loose and 
cracked bark sections.

PHOTO 163. The drying out and dieback of young shoots associated 
with bud burst in the swellings (Photos 160, 161 & 162) is clearly illus-
trated. After bud burst these are also subject to dieback.
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PHOTO 164. An enlarged version of an individual swelling is indicative of 
the occurrence of numerous apparently swollen buds. Note the intense-
ly cracked and coarse bark sections. Such swellings or gall-like struc-
tures are atypical with regard to crown gall and should not be confused 
with the disease.

followed by early dieback (within two to three years) – this kind 
of situation is once again indicative of the priority value that 
should be given to the ongoing use of certified propagation 
material. Infected older vines, on the other hand, may survive 
longer, however production will decline and insufficient lignifica-
tion of shoots is likely. Obviously such shoots can be damaged 
and wounded by early autumn frost. Despite the fact that crown 
gall is associated with characteristic, visually perceptible traits, 
the expression thereof can at times be confusing and varying in 
intensity. Consequently it is important in this instance also to 
obtain expert advice for accurate identification in order to imple-
ment the appropriate preventative measures.

After penetration of the material through wounds, moist local 
tissue is stimulated by the bacteria and so multiplies abnormally 
rapidly, whereafter the tissue protrudes outwards in the form of 
galls/tumours. Such situations therefore give rise to the appear-
ance of characteristic galls on trunks of grapevines near the 
surface of the soil (Photos 154 & 155). Initially galls are creamy 
white to pale green, with a round, soft and smooth appearance 
that changes, with ageing, into dark-coloured, hard and wart-
likestructures, with parts that fall off and become rotten. Galls 
can also develop higher up on trunks, canes and even suscep-
tible rootstocks below the graft unions (Photos 156 & 157). The 
incidence of galls on parts of the trunk causes grapevines to die 
back in due course, depending on the intensity of the affliction. 
In cases where crown gall occurs in grafted nursery vines, the 
formation of galls is mostly restricted to wounds on the rootstock 
components – with the emphasis on the graft unions and posi-
tions where incisions were made to initially remove the buds. 
According to literature on this subject, galls do not occur on 
roots, but they may develop on the basal poles of cuttings and 
rootstock components, where uniform root formation did not 
occur. Obviously such situations will play an important role in the 
distribution of this disease. However, thanks to the high stan-

dards that have been set locally in respect of the phytosanitary 
quality of propagation material being implemented at registered 
nurseries, the incidence of crown gall in one-year-old grafted 
grapevines may be considered something of the past – while it 
was common in years gone by, especially in uncertified material. 
One should always be careful not to ascribe swollen, coarse graft 
unions to crown gall exclusively, even when typical galls occur 
on the rootstocks of fully-grown grapevines (Photo 158). In this 
specific instance the swollen parts on the trunk – which was 
abnormally thickened and had short internodes and an excep-
tionally small pith – as well as on the cordon arms evolved further 
and eventually contributed to early dieback (Photos 159, 160, 
161, 162 & 163). A closer analysis of these swellings (encircled 
by loose, cracked parts of the bark), indicates the prevalence of 
numerous latent buds (Photo 164). In conclusion it may be 
pointed out that although crown gall is present in this specific 
instance, additional aspects/factors contributed to the eventual 
problem situation. Before speculating about possible growth 
regulator imbalances, inter alia, it is strongly recommended that 
thorough laboratory analyses be done.
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PHOTO 158. Care should be taken not to ascribe the incidence of swol-
len, coarse graft unions exclusively to crown gall, even though typical 
galls might be present on the lower trunks of fully grown grapevines – as 
illustrated here.

PHOTO 160. The occurrence of strange swellings (Photo 159), which 
develop mainly on one side of the trunk section (positioned across for 
the photo).

PHOTO 162. The occurrence of swellings (Photos 160 & 161) on one- 
and two-year-old and older cane parts. Note: (i) the abnormally small pith 
sections; (ii) the loose and cracked parts of the bark; (iii) the occurrence 
of numerous swollen buds and (iv) the wilting of green shoots preceding 
their drying out.

PHOTO 159. In this specific instance the swelling of the graft union (see 
Photo 158) continued on the trunk – which appears abnormally thick-
ened. Note the swelling (atypical in respect of crown gall) just below the 
point where the trunk had been sawn off in the 11:00-position.

PHOTO 161. Swellings as in Photo 160. Not the coarse, loose and 
cracked bark sections.

PHOTO 163. The drying out and dieback of young shoots associated 
with bud burst in the swellings (Photos 160, 161 & 162) is clearly illus-
trated. After bud burst these are also subject to dieback.
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PHOTO 164. An enlarged version of an individual swelling is indicative of 
the occurrence of numerous apparently swollen buds. Note the intense-
ly cracked and coarse bark sections. Such swellings or gall-like struc-
tures are atypical with regard to crown gall and should not be confused 
with the disease.

followed by early dieback (within two to three years) – this kind 
of situation is once again indicative of the priority value that 
should be given to the ongoing use of certified propagation 
material. Infected older vines, on the other hand, may survive 
longer, however production will decline and insufficient lignifica-
tion of shoots is likely. Obviously such shoots can be damaged 
and wounded by early autumn frost. Despite the fact that crown 
gall is associated with characteristic, visually perceptible traits, 
the expression thereof can at times be confusing and varying in 
intensity. Consequently it is important in this instance also to 
obtain expert advice for accurate identification in order to imple-
ment the appropriate preventative measures.

After penetration of the material through wounds, moist local 
tissue is stimulated by the bacteria and so multiplies abnormally 
rapidly, whereafter the tissue protrudes outwards in the form of 
galls/tumours. Such situations therefore give rise to the appear-
ance of characteristic galls on trunks of grapevines near the 
surface of the soil (Photos 154 & 155). Initially galls are creamy 
white to pale green, with a round, soft and smooth appearance 
that changes, with ageing, into dark-coloured, hard and wart-
likestructures, with parts that fall off and become rotten. Galls 
can also develop higher up on trunks, canes and even suscep-
tible rootstocks below the graft unions (Photos 156 & 157). The 
incidence of galls on parts of the trunk causes grapevines to die 
back in due course, depending on the intensity of the affliction. 
In cases where crown gall occurs in grafted nursery vines, the 
formation of galls is mostly restricted to wounds on the rootstock 
components – with the emphasis on the graft unions and posi-
tions where incisions were made to initially remove the buds. 
According to literature on this subject, galls do not occur on 
roots, but they may develop on the basal poles of cuttings and 
rootstock components, where uniform root formation did not 
occur. Obviously such situations will play an important role in the 
distribution of this disease. However, thanks to the high stan-

dards that have been set locally in respect of the phytosanitary 
quality of propagation material being implemented at registered 
nurseries, the incidence of crown gall in one-year-old grafted 
grapevines may be considered something of the past – while it 
was common in years gone by, especially in uncertified material. 
One should always be careful not to ascribe swollen, coarse graft 
unions to crown gall exclusively, even when typical galls occur 
on the rootstocks of fully-grown grapevines (Photo 158). In this 
specific instance the swollen parts on the trunk – which was 
abnormally thickened and had short internodes and an excep-
tionally small pith – as well as on the cordon arms evolved further 
and eventually contributed to early dieback (Photos 159, 160, 
161, 162 & 163). A closer analysis of these swellings (encircled 
by loose, cracked parts of the bark), indicates the prevalence of 
numerous latent buds (Photo 164). In conclusion it may be 
pointed out that although crown gall is present in this specific 
instance, additional aspects/factors contributed to the eventual 
problem situation. Before speculating about possible growth 
regulator imbalances, inter alia, it is strongly recommended that 
thorough laboratory analyses be done.

eferences additional reading and iewing material
Du Plessis, S.J., 1947. Wingerdsiektes in Suid-Afrika. Pro Ecclesia-
Drukkery, Stellenbosch.

Ferreira, J.H.S. & Venter, E., 1996. Grapevines Diseases and Pests in 
South Africa. ARC Infruitec-Nietvoorbij Institute for Viticulture and Oenol-
ogy, Private Bag X5026, Stellenbosch.

Galet, P., 1978. La 58 assembleé generale de l’Office international de la 
vigne et du vin La France Viticole 10, 282 - 288.

Marais, P.G., 1981. Wingerdsiektes en abnormaliteite. In: Burger, J. & 
Deist, J. (eds). Wingerdbou in Suid-Afrika. Trio-Rand/SA Litho, N’dabeni. 
pp. 384 - 432.

Winkler, A.J., Cook, A., Kliewer, W.M. & Lider, L., 1974. Grape diseases 
and disorders. In: General Viticulture. University of California Press, 
Berkeley and Los Angeles. pp. 439 - 502.

vineyard



technical yearbook 201242

A guide to grapevine abnormalities in South Africa:  
Virus and virus-like diseases - fanleaf (Part 4.1)
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Keywords: virus and virus-like diseases of grapevines, fanleaf, yellow mosaic, 
veinbanding, characteristic abnormalities.

PHOTO 165. Virus particles associated with fanleaf. Also known as 
nepoviruses where “ne” refers to nematodes (being soil-borne vectors) 
and “po” to polyhedral (shape of the particles).

PHOTO 166. Typical of fanleaf is leaf deformation associated with wider 
petiole sinuses, asymmetrical leaf blades and main veins being drawn 
together.

eneral and introductory
The occurrence and detrimental impact of harmful virus and 
virus-like diseases in infected grapevines is a well-known phe-
nomenon in the SA grapevine industry – where practically without 
exception systematic decreases in the quality and quantity of 
yields are induced, accompanied by a shortened lifespan in 
infected grapevines. Seen against the background that an 
exceptionally high premium is placed on plant improvement in 
SA to ensure that only the best material of high phytosanitary 
quality is planted, one may argue that the ongoing incidence of 
virus-associated diseases may be ascribed to a variety of fac-
tors/aspects where, inter alia, detection, transfer, distribution and 
reinfection are controlled/regulated. In this regard, cutting edge 
research is being conducted at the departments of Genetics and 
Conservation Ecology & Entomology (Stellenbosch University), 
as well as at ARC Infruitec-Nietvoorbij (Stellenbosch) and the 
ARC Research Institute for Plant Protection (Pretoria), with a view 
to deciphering various comprehensive aspects involved in the 
grapevine virus complex. Emanating from this research, several 
findings which offer insights and applications for the industry, 
have appeared in publication format, where specific guidelines 
for the control and management of such diseases, inter alia, 
could be presented (Carstens, 2001; Pietersen, 2004/5, 2010; 
Addison et al., 2011; Coetzee & Burger, 2011; Goszczynski, 
2011 ea).

In contrast with fungal and bacterial diseases, specific abnor-
malities representative of virus-associated diseases could not be 
associated with local damage and visually perceptible scars on 
or to relevant organs or organ surfaces, but are usually exter-
nally characteristic of specific organ deformation which, in the 
case of leaves, occurs especially in conjunction with irregular and 
untimely discolourations according to specific patterns. At the 
same time, infected grapevines are almost without exception 
associated with, inter alia, smaller root systems, delayed/irregu-
lar bud burst, lower reserve levels, dwarfed shoot growth, 
smaller leaves, smaller and misshapen bunches, as well as 
delayed and irregular ripening. Although said phenomena can be 
considered characteristic of virus-associated diseases, they are 
not specific and expert advice should be obtained in order to 
prevent confusion with other possible causes (e.g. nutritional 
deficits/excesses). Taking into account that specific anatomical 
reactions/changes are induced in virus-infected grapevines, a 
basic understanding of normal grapevine anatomy should be a 
useful aid in respect of problem identification.

On the whole, a thorough grounding in abnormalities associated 
with virus-associated diseases/phenomena should be seen as a 

high priority – whether this has to do with phytosanitary selection or 
even top-working of existing grapevines to alternative cultivars or 
not. Should such abnormalities be associated with the above-
mentioned phenomena, it indicates that the phytosanitary status of 
the plant material is sub-standard – which could seriously compro-
mise the future grapevine performance of vegetative descendants. 
Overall, it is necessary to bear in mind that when viral diseases are 
sufficiently prevalent for the visual appearance thereof to be associ-
ated with specific abnormalities, a lasting/irreversible problem situ-
ation will already be in place that cannot be controlled or eradicated 
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PHOTO 167. Leaf deformation (photo 166) is obvious here in Cabernet 
Sauvignon. Note the absence of discolourations in the form of chlorotic 
spots.

PHOTO 168. A typical example of severe leaf deformation, diminishing 
and discolouration in Chardonnay in reaction to fanleaf infection.

PHOTO 169. Irregularly distributed yellow spots in conjunction with leaf 
deformation may be indicative than fanleaf combined with yellow 
mosaic occurs in these Sémillon leaves.

PHOTO 170. Typical of yellow mosaic is the overall (or practically overall) 
yellowing of leaves.

PHOTO 171. In veinbanding, discolourations may sometimes appear on 
leaves in the shape of irregular, yellow chlorotic lines.

PHOTO 172. In this case discolourations occur, as associated with 
veinbanding, in the form of bright yellow, chlorotic rings.
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PHOTO 165. Virus particles associated with fanleaf. Also known as 
nepoviruses where “ne” refers to nematodes (being soil-borne vectors) 
and “po” to polyhedral (shape of the particles).

PHOTO 166. Typical of fanleaf is leaf deformation associated with wider 
petiole sinuses, asymmetrical leaf blades and main veins being drawn 
together.

eneral and introductory
The occurrence and detrimental impact of harmful virus and 
virus-like diseases in infected grapevines is a well-known phe-
nomenon in the SA grapevine industry – where practically without 
exception systematic decreases in the quality and quantity of 
yields are induced, accompanied by a shortened lifespan in 
infected grapevines. Seen against the background that an 
exceptionally high premium is placed on plant improvement in 
SA to ensure that only the best material of high phytosanitary 
quality is planted, one may argue that the ongoing incidence of 
virus-associated diseases may be ascribed to a variety of fac-
tors/aspects where, inter alia, detection, transfer, distribution and 
reinfection are controlled/regulated. In this regard, cutting edge 
research is being conducted at the departments of Genetics and 
Conservation Ecology & Entomology (Stellenbosch University), 
as well as at ARC Infruitec-Nietvoorbij (Stellenbosch) and the 
ARC Research Institute for Plant Protection (Pretoria), with a view 
to deciphering various comprehensive aspects involved in the 
grapevine virus complex. Emanating from this research, several 
findings which offer insights and applications for the industry, 
have appeared in publication format, where specific guidelines 
for the control and management of such diseases, inter alia, 
could be presented (Carstens, 2001; Pietersen, 2004/5, 2010; 
Addison et al., 2011; Coetzee & Burger, 2011; Goszczynski, 
2011 ea).

In contrast with fungal and bacterial diseases, specific abnor-
malities representative of virus-associated diseases could not be 
associated with local damage and visually perceptible scars on 
or to relevant organs or organ surfaces, but are usually exter-
nally characteristic of specific organ deformation which, in the 
case of leaves, occurs especially in conjunction with irregular and 
untimely discolourations according to specific patterns. At the 
same time, infected grapevines are almost without exception 
associated with, inter alia, smaller root systems, delayed/irregu-
lar bud burst, lower reserve levels, dwarfed shoot growth, 
smaller leaves, smaller and misshapen bunches, as well as 
delayed and irregular ripening. Although said phenomena can be 
considered characteristic of virus-associated diseases, they are 
not specific and expert advice should be obtained in order to 
prevent confusion with other possible causes (e.g. nutritional 
deficits/excesses). Taking into account that specific anatomical 
reactions/changes are induced in virus-infected grapevines, a 
basic understanding of normal grapevine anatomy should be a 
useful aid in respect of problem identification.

On the whole, a thorough grounding in abnormalities associated 
with virus-associated diseases/phenomena should be seen as a 

high priority – whether this has to do with phytosanitary selection or 
even top-working of existing grapevines to alternative cultivars or 
not. Should such abnormalities be associated with the above-
mentioned phenomena, it indicates that the phytosanitary status of 
the plant material is sub-standard – which could seriously compro-
mise the future grapevine performance of vegetative descendants. 
Overall, it is necessary to bear in mind that when viral diseases are 
sufficiently prevalent for the visual appearance thereof to be associ-
ated with specific abnormalities, a lasting/irreversible problem situ-
ation will already be in place that cannot be controlled or eradicated 
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PHOTO 167. Leaf deformation (photo 166) is obvious here in Cabernet 
Sauvignon. Note the absence of discolourations in the form of chlorotic 
spots.

PHOTO 168. A typical example of severe leaf deformation, diminishing 
and discolouration in Chardonnay in reaction to fanleaf infection.

PHOTO 169. Irregularly distributed yellow spots in conjunction with leaf 
deformation may be indicative than fanleaf combined with yellow 
mosaic occurs in these Sémillon leaves.

PHOTO 170. Typical of yellow mosaic is the overall (or practically overall) 
yellowing of leaves.

PHOTO 171. In veinbanding, discolourations may sometimes appear on 
leaves in the shape of irregular, yellow chlorotic lines.

PHOTO 172. In this case discolourations occur, as associated with 
veinbanding, in the form of bright yellow, chlorotic rings.
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PHOTO 173. Discolouration patterns can at times be very confusing, 
thereby creating the impression that yellow mosaic and veinbanding 
occur in combination.

PHOTO 174. Another example where the incidence of chlorotic spots 
may cause confusion – thereby emphasising the necessity of subjecting 
suspect material to specific virus detection techniques.

PHOTO 175. Although abnormal shoot branching may be considered 
characteristic of fanleaf, it is not specific and can also be ascribed to 
other causes.

PHOTO 176. Severe millerandage may be considered the most important 
contributing factor to reduced productivity in fanleaf-infected grapevines.

PHOTO 177. In this instance millerandage is associated with yellow 
mosaic.

PHOTO 178. In the absence of any characteristic leaf abnormalities, 
millerandage in this case (Pinotage) may be associated with fanleaf. The 
necessity of virus detection technology, whether to confirm it or not, is 
therefore highly recommended.
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using chemical products/integral spraying programmes – which 
leaves the uprooting and incineration of infected grapevines as the 
only alternative. The current presentation(s) provides cryptic descrip-
tions of specific virus-associated abnormalities, based mainly on 
relevant literature (with the emphasis on text books) (Bovey et al., 
1980; Marais, 1981; Ferreira & Venter, 1996) and where applicable 
illustrated with appropriate photo material.

anleaf
This group of viruses which occurs throughout the world in all 
winemaking countries is associated with fanleaf, yellow mosaic 
and veinbanding – these three biological strains are grouped 
together based on induced abnormalities and often occur in 
conjunction with each other. Following transfer to plant material 
(whether by grafting or feeding actions of nematodes as soil-
borne vectors), fanleaf-associated virus particles (Photo 165) 
move easily from cell to cell in all directions and a situation is 
created that impacts seriously on the productivity and life expec-
tancy of grapevines. At the same time the ingress of character-
istic, visually perceptible abnormalities (especially during the 
early part of the growing season) is induced – which is depen-
dent, however, on the virus strain(s) involved, and may vary 
considerably. In fanleaf per se leaf discolouration and deforma-
tion are very characteristic and associated with bigger/wider 
petiole sinuses, asymmetrical leaf blades and main veins being 
drawn towards each other to impart a fanlike appearance to 
leaves (Photos 166 & 167), while different patterns of chlorotic 
spots also occur (Photo 168). In contrast yellow mosaic and 
veinbanding are not associated with leaf deformation, but are 
characterised by various patterns of bright yellow discolourations 
that range from irregularly distributed spots to overall yellowing 
of leaves – as with yellow mosaic (Photos 169 & 170). In vein-
banding this phenomenon is sometimes localised around the 
veins, or may even occur in the form of yellowish chlorotic lines 
or rings (Photos 171 & 172). It goes without saying that such 
discolouration patterns can be very confusing (Photos 173 & 
174) in terms of successful problem identification and it is recom-
mended that suspect material be subjected to specific virus 
detection techniques for confirmation. In association with the 
above-mentioned phenomena, dwarfed shoot growth with a 
“zigzag” growth pattern and the appearance of shortened inter-
nodia, as well as double nodia, are considered characteristic 
traits of fanleaf infection. Abnormal shoot branching is also 
prevalent (Photo 175).

The incidence of severe millerandage (Photos 176, 177 & 178) 
can be considered the most important contributing factor to 
reduced productivity in fanleaf-infected grapevines. Although 
such situations can be ascribed to various causes, in this case 
it can be associated with smaller/underdeveloped root systems 
in conjunction with a reduced photosynthetic capacity caused 
by leaf deformation/discolouration. It is known that cytokinins, 
gibberellins and auxins especially are closely involved in the set 
of berries and subsequent growth and development. These 
hormones do not act in isolation; a very fine balance and interac-
tion is required to ensure eventual optimal grape quality and 
quantity. It can be argued that due to the smaller number of root 
tips in infected grapevines, fewer cytokinins are produced, 
thereby causing the balance to be disturbed. This, together with 
insufficient reserves – as aggravated by a reduced photosyn-
thetic capacity – may result in smaller berries and bunches in 
conjunction with dwarfed shoot growth (smaller grapevines).
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PHOTO 173. Discolouration patterns can at times be very confusing, 
thereby creating the impression that yellow mosaic and veinbanding 
occur in combination.

PHOTO 174. Another example where the incidence of chlorotic spots 
may cause confusion – thereby emphasising the necessity of subjecting 
suspect material to specific virus detection techniques.

PHOTO 175. Although abnormal shoot branching may be considered 
characteristic of fanleaf, it is not specific and can also be ascribed to 
other causes.

PHOTO 176. Severe millerandage may be considered the most important 
contributing factor to reduced productivity in fanleaf-infected grapevines.

PHOTO 177. In this instance millerandage is associated with yellow 
mosaic.

PHOTO 178. In the absence of any characteristic leaf abnormalities, 
millerandage in this case (Pinotage) may be associated with fanleaf. The 
necessity of virus detection technology, whether to confirm it or not, is 
therefore highly recommended.
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using chemical products/integral spraying programmes – which 
leaves the uprooting and incineration of infected grapevines as the 
only alternative. The current presentation(s) provides cryptic descrip-
tions of specific virus-associated abnormalities, based mainly on 
relevant literature (with the emphasis on text books) (Bovey et al., 
1980; Marais, 1981; Ferreira & Venter, 1996) and where applicable 
illustrated with appropriate photo material.

anleaf
This group of viruses which occurs throughout the world in all 
winemaking countries is associated with fanleaf, yellow mosaic 
and veinbanding – these three biological strains are grouped 
together based on induced abnormalities and often occur in 
conjunction with each other. Following transfer to plant material 
(whether by grafting or feeding actions of nematodes as soil-
borne vectors), fanleaf-associated virus particles (Photo 165) 
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that range from irregularly distributed spots to overall yellowing 
of leaves – as with yellow mosaic (Photos 169 & 170). In vein-
banding this phenomenon is sometimes localised around the 
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quantity. It can be argued that due to the smaller number of root 
tips in infected grapevines, fewer cytokinins are produced, 
thereby causing the balance to be disturbed. This, together with 
insufficient reserves – as aggravated by a reduced photosyn-
thetic capacity – may result in smaller berries and bunches in 
conjunction with dwarfed shoot growth (smaller grapevines).
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ntroduction
A terroir is generally defined by a group of homogenous environ-
mental features, such as climate, topography and soil (Carey et 
al., 2008). A specific terroir should result in wine with a distinc-
tive, identifiable origin. All terrains with comparable environmen-
tal features, capable of producing wines with comparable styles, 
should be grouped together as a unique viticultural terroir. In 
order for this goal to be attained, however, extensive information 
regarding wine style/quality for vineyards at different localities is 
essential. Because the wine industry in South Africa is relatively 
young, compared with Europe, such data is not readily available. 
Consequently, a number of detailed studies, at several localities 
and on different soil types, have been carried out by ARC 
Infruitec-Nietvoorbij since the early 1990s (Conradie et al., 2002). 
This article (the first in a series of five) deals with a study in the 
Helshoogte area of Stellenbosch. 

aterials and ethods
The study was carried out over a 10-year period (1993/94 to 
2002/03) in the Helshoogte area (Table 1), in a Sauvignon blanc 
vineyard, grafted onto 99 Richter. Grapevines were visually virus 
free, approximately eight years old at the start of the investigation 
and cultivated under rain-fed conditions. Two different soil forms, 
Tukulu and Hutton (Table 2), were identified within the vineyard 
and experimental plots were selected on each of the two soil 
types (Conradie et al., 2002). Climatic parameters, soil water 
contents, leaf water potentials and viticultural parameters were 
monitored on a regular basis. Wines, made separately for each 
plot, were scored by a trained panel of 14 members on a 
10-point unstructured line scale from “undetectable” to “promi-

nent” for specific aromatic parameters using terminology 
described by Noble et al. (1987). Overall wine quality and fullness 
were also rated on an unstructured line scale, from “unaccepta-
ble” to “excellent”. Standard values, as expected for an experi-
mental Sauvignon blanc wine of average quality, were estab-
lished for each individual aroma component, using long-term 
data (1993/94 to 2003/04) from 10 different sites in Stellen-
bosch and Durbanville. The scores for overall quality, fullness and 
aroma intensity were used to classify the different vintages. With 
all three parameters in the “above average” range, quality of the 
specific vintage was regarded as superior, while quality was 
regarded as below average for vintages where these parameters 
were predominantly classified as “below average”.

esults and Discussion 

limate 

Helshoogte can be classified as relatively cool (Table 1) with the 
climate tending to be of a continental nature, i.e. relatively large 
differences between maximum and minimum temperatures. 
Minimum temperature frequently dropped below 12ºC during the 
summer months, while winters were relatively cold, as indicated 
by the July mean temperature of 11.3°C. Rainfall during the 
growing season (Oct - Mar) was also comparatively high (214 
mm). 

omparison etween the two soil types 

Both soils (Table 2) were of granitic origin, but the Tukulu (higher 
water holding capacity) showed slight signs of wetness with 
depth, while the Hutton was well drained. Root density was 
higher for the Tukulu than for the Hutton (561 roots/m2 vs 369 

Kobus Conradie

TABLE 1. Characteristics of the experimental locality in Helshoogte

Effect of different terroirs on the style of 
Sauvignon blanc wine. Part 1 – Helshoogte

WineLand January 2012

Kobus Conradie – ARC Infruitec-Nietvoorbij, Stellenbosch

Keywords: Terroir, Sauvignon blanc, Helshoogte, soil type, wine quality, climate.

Altitude
Co-ordinates
Aspect
Winkler index (1)

Huglin index (1)

Growing degree days (Dec - Feb) (1)

February mean temperature (1)

Temperature > 30°C (Dec - Feb) (1)

Temperature < 12°C (Dec - Feb) (1)

July mean temperature (1)

Rainfall (Oct - Mar) (1)

413 m
33.9033°S; 18.9208°E
South
1708°C
2146°C
948°C
21.3°C
125 hours
86 hours
11.3°C
214 mm

(1) Mean values for the period from March 1994 to March 2001.

For further information on this series contact Kobus Conradie at conradiek@arc.agric.za
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roots/m2). Readily available soil water was depleted in the 0-600 
mm soil layers of both soils before end December and by middle 
January (two weeks after véraison) in the 600-900 mm layers. 
From middle January the deeper layer (900-1200 mm) of the 
Tukulu was wetter than that of the Hutton. 

rape ine performance
Grapevines on the Hutton soil were generally subjected to 
higher water stress, compared with those on the Tukulu, towards 
the end of the season (Conradie et al., 2002). Probably on 
account of this, grapevines on the Hutton were harvested earlier 
than those on the Tukulu (24 February vs 1 March). None of the 
other viticultural parameters (cane mass, canopy density, yield, 
leaf analyses, must analyses etc.) were affected by the difference 
in soil types. Comparable soil water contents up to middle 
January, must have contributed towards above-mentioned 
observation, i.e. shoot growth, canopy density and bud fertility 
not affected by soil type. 

ine style uality
Comparative evaluation of wine style/quality was done over the 
last six years of the study. Because wine style is largely affected 
by seasonal differences in climatic conditions, seasonal trends 
for the most important climatic parameters are summarised in 
Table 3.

According to the mean values, obtained over the course of the 
investigation period (Table 4), wines from both soil forms were of 
superior quality. However, wine from the Tukulu scored higher for 
fresh vegetative character (4.38 vs 3.74), while dry vegetative- 
and tropical fruit characters were lower, compared with wine 
from the Hutton. These differences in wine style may be related 
to differences in the availability of soil water. Quality of the differ-
ent vintages is discussed below. 

Both wines were of superior quality. Compared with the long-
term averages, fresh vegetative character was reduced for the 
Tukulu wine and tropical fruit character for the Hutton wine. This 
resulted in similar aromatic profiles for both wines. On account 
of warm and dry conditions during in September and October 

(Table 3), mild water stress was experienced during the early part 
of this season. The latter may have contributed towards high 
quality (Dry, et al., 2001) and similar wine styles.

Similar to the previous season, both wines were of superior qual-
ity, with comparable aroma profiles, even though cooked vegeta-
tive character tended to be higher for wine from the Tukulu. 
However, compared to the 1998 vintage, fresh vegetative- and 
spice characters were more prominent, resulting in wines with a 
“cool climate” style (pronounced grassy character). This may 
have been on account of cool conditions during the first part of 
the 1998/1999 season (Table 3). 

 

Wine from the Tukulu soil was of average quality, while quality 
was above average for wine from the Hutton (Table 4). In con-
trast, quality of the 2000 vintage was below average for the 
majority of the experimental localities in Stellenbosch and Dur-
banville, possibly on account of exceptionally high temperatures 
during December and January (Table 3). At Helshoogte, where 
grapes ripened two to three weeks later than at the other ex -
perimental sites, berries may have been in a different develop-
mental stage when high temperatures were experienced, result-
ing in wine quality being affected to a lesser extent.

 

Both wines were of superior quality (Table 4), in contrast to wines 
from this vintage being of average quality only for most of the 
other experimental localities in Stellenbosch and Durbanville. The 
latter was ascribed to the very warm and dry winter (Table 3), 
resulting in soils being marginally dry towards the end of the 
growing season. Higher rainfall at Helshoogte during spring and 
summer (Conradie et al., 2002), must have been beneficial to 
wine quality. 

The quality of this vintage could be classified as below average 
for both wines (Table 4), even though aroma intensity was still 
above average for wine from the Tukulu. The negative effect of 

TABLE 2. Geological and soil physical characteristics of two experimental soils at Helshoogte.

Tukulu Hutton

Geological formation

Description

Clay (<0.002 mm) (1)

Fine-silt (0.02 - 0.002 mm) (1)

Coarse silt (0.05 - 0.02 mm) (1)

Very fine sand (0.10 - 0.05 mm) (1)

Fine sand (0.25 - 0.10 mm) (1)

Medium sand (0.50 - 0.25 mm) (1)

Coarse sand (2.0 - 0.50 mm) (1)

% Gravel (> 2.0 mm)
Water holding capacity (mm/m)

Porphyritic biotite granite of Stellenbosch 
pluton

medium textured, yellow-brown, weakly 
structured, slight signs of wetness with 
depth

30.6
14.5
10.1
8.4
11.5
9.2
14.0
9.8
136

Porphyritic biotite granite of Stellenbosch 
pluton

medium te xtured, reddish-brown, very weak-
ly structured, well-drained

31.8
12.8
8.4
8.7
14.1
10.7
11.7
8.9
120

(1) Weighted means to a depth of 1 000 mm. Particle size analyses (%) for soil fraction < 2mm. 
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roots/m2). Readily available soil water was depleted in the 0-600 
mm soil layers of both soils before end December and by middle 
January (two weeks after véraison) in the 600-900 mm layers. 
From middle January the deeper layer (900-1200 mm) of the 
Tukulu was wetter than that of the Hutton. 

rape ine performance
Grapevines on the Hutton soil were generally subjected to 
higher water stress, compared with those on the Tukulu, towards 
the end of the season (Conradie et al., 2002). Probably on 
account of this, grapevines on the Hutton were harvested earlier 
than those on the Tukulu (24 February vs 1 March). None of the 
other viticultural parameters (cane mass, canopy density, yield, 
leaf analyses, must analyses etc.) were affected by the difference 
in soil types. Comparable soil water contents up to middle 
January, must have contributed towards above-mentioned 
observation, i.e. shoot growth, canopy density and bud fertility 
not affected by soil type. 

ine style uality
Comparative evaluation of wine style/quality was done over the 
last six years of the study. Because wine style is largely affected 
by seasonal differences in climatic conditions, seasonal trends 
for the most important climatic parameters are summarised in 
Table 3.

According to the mean values, obtained over the course of the 
investigation period (Table 4), wines from both soil forms were of 
superior quality. However, wine from the Tukulu scored higher for 
fresh vegetative character (4.38 vs 3.74), while dry vegetative- 
and tropical fruit characters were lower, compared with wine 
from the Hutton. These differences in wine style may be related 
to differences in the availability of soil water. Quality of the differ-
ent vintages is discussed below. 

Both wines were of superior quality. Compared with the long-
term averages, fresh vegetative character was reduced for the 
Tukulu wine and tropical fruit character for the Hutton wine. This 
resulted in similar aromatic profiles for both wines. On account 
of warm and dry conditions during in September and October 

(Table 3), mild water stress was experienced during the early part 
of this season. The latter may have contributed towards high 
quality (Dry, et al., 2001) and similar wine styles.

Similar to the previous season, both wines were of superior qual-
ity, with comparable aroma profiles, even though cooked vegeta-
tive character tended to be higher for wine from the Tukulu. 
However, compared to the 1998 vintage, fresh vegetative- and 
spice characters were more prominent, resulting in wines with a 
“cool climate” style (pronounced grassy character). This may 
have been on account of cool conditions during the first part of 
the 1998/1999 season (Table 3). 

 

Wine from the Tukulu soil was of average quality, while quality 
was above average for wine from the Hutton (Table 4). In con-
trast, quality of the 2000 vintage was below average for the 
majority of the experimental localities in Stellenbosch and Dur-
banville, possibly on account of exceptionally high temperatures 
during December and January (Table 3). At Helshoogte, where 
grapes ripened two to three weeks later than at the other ex -
perimental sites, berries may have been in a different develop-
mental stage when high temperatures were experienced, result-
ing in wine quality being affected to a lesser extent.

 

Both wines were of superior quality (Table 4), in contrast to wines 
from this vintage being of average quality only for most of the 
other experimental localities in Stellenbosch and Durbanville. The 
latter was ascribed to the very warm and dry winter (Table 3), 
resulting in soils being marginally dry towards the end of the 
growing season. Higher rainfall at Helshoogte during spring and 
summer (Conradie et al., 2002), must have been beneficial to 
wine quality. 

The quality of this vintage could be classified as below average 
for both wines (Table 4), even though aroma intensity was still 
above average for wine from the Tukulu. The negative effect of 
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medium textured, yellow-brown, weakly 
structured, slight signs of wetness with 
depth

30.6
14.5
10.1
8.4
11.5
9.2
14.0
9.8
136

Porphyritic biotite granite of Stellenbosch 
pluton

medium te xtured, reddish-brown, very weak-
ly structured, well-drained

31.8
12.8
8.4
8.7
14.1
10.7
11.7
8.9
120

(1) Weighted means to a depth of 1 000 mm. Particle size analyses (%) for soil fraction < 2mm. 

vineyard



technical yearbook 201248

TABLE 4. Trends in Sauvignon blanc wine style, for two different soil types in the Helshoogte area of Stellenbosch, over six seasons. 

TABLE 3. Summary of climatic conditions for Stellenbosch and Durbanville for six seasons (1997/98 to 2002/03)(1).

Season Summary

1997/98
Conditions close to normal during winter(2). September and October very dry, but November wet (rainfall = 83 mm). September and 
October warm, resulting in the warmest spring period (September to November). Summer (December to February) dry (rainfall 30 mm 
below average) and relatively cool. Winkler index (1875) comparable to long-term value (1841).

1998/99
Similar to the previous season, rainfall below average for September and October. However, high rainfall in November. Coldest spring 
of experimental period. Summer relatively warm. Winkler index (1831) close to average value. 

1999/00
Winter warm. Temperature and rainfall normal during spring. Temperature exceptionally high during the first part of summer (December 
and January), resulting in the warmest summer experienced during the investigation period. Winkler index (1975) also highest 

2000/01
As in 1999/2000, winter is exceptionally warm and dry (rainfall = 91 mm below average). Rainfall normal during the rest of growing 
season. Temperatures close to normal during spring, but summer temperatures the lowest recorded during the experimental period. 
Winkler index (1794) second lowest.

2001/02
Winter (rainfall = 145 mm above average) and spring (rainfall = 53 mm above average) wet. Exceptionally high temperatures during 
November, resulting in the second warmest spring experienced during the experimental period. Summer relatively cool, with rainfall 
exceptionally high (73 mm above average). Winkler index (1855) marginally higher than long-term value. 

2002/03
Rainfall relatively low throughout the season, with precipitation 20 mm, 35 mm and 10 mm below average for winter, spring and 
summer, respectively. Cool conditions during spring, as well as summer, resulting in the lowest Winkler index (1717).

(1 Average values for five localities in Stellenbosch and Durbanville (Conradie et al., 2002).
(2) Winter: April to August; Spring: September to November; Summer: December to February.

Soil Fullness
Aroma 

intensity
Overall 
quality

Wine aroma descriptions (1)

Fresh 
vegetative 

(2)

Cooked 
vegetative 

(3)

Dry 
vegetative 

(4)

Tropical 
fruit (5) Spice (6)

1997/1998 

Tukulu (wetter) 5.25 b (7) 6.96 a 6.15 a 3.96 a 3.37 a 1.51 a 2.68 b 0.36 b

Hutton (drier) 5.39 a 7.23 a 5.99 a 3.75 a 3.03 a 1.86 a 2.51 b 0.20 b

1998/1999 

Tukulu (wetter) 6.40 a 7.07 a 6.80 a 4.85 a 2.98 a 0.62 b 4.63 a 0.65 a
Hutton (drier) 6.09 a 6.35 a 5.88 a 4.66 a 2.47 b 0.81 b 3.54 a 0.78 a

1999/2000 

Tukulu (wetter) 4.86 b 6.17 a 5.40 b 3.92 a 2.34 b 0.92 b 1.26 b 0.13 b
Hutton (drier) 5.23 b 6.23 a 5.66 a 3.50 a 1.84 b 1.01 b 2.30 b 0.03 b

2000/2001 

Tukulu (wetter) 5.50 a 6.86 a 5.69 a 4.83 a 3.78 a 1.69 a 2.39 b 0.71 a
Hutton (drier) 5.74 a 6.54 a 5.88 a 4 14 a 3.67 a 1.83 a 3.68 a 0.85 a

2001/2002 

Tukulu (wetter) 4.59 b 6.39 a 5.07 b 3.54 a 2.90 a 0.70 b 2.99 b 0.22 b
Hutton (drier) 4.92 b 5.80 b 5.29 b 2.37 b 3.15 a 1.94 a 4.09 a 0.22 b

2002/2003 

Tukulu (wetter) 5.59 a 5.98 b 5.77 a 5.21 a 3.36 a 2.18 a 3.12 a 0.79 a
Hutton (drier) 5.49 a 5.95 b 5.58 a 4.01 a 3.25 a 2.71 a 3.50 a 1.06 a

Average (1997/98 to 2002/2003)

Tukulu (wetter) 5.36 a 6.57 a 5.81 a 4.38 a 3.12 a 1.27 b 2.84 b 0.48 b
Hutton (drier) 5.48 a 6.35 a 5.71 a 3.74 a 2.90 a 1.69 a 3.27 a 0.52 b

Standard values for experimental Sauvignon blanc wine of average quality (8)

Different experimental sites 5.30 6.12 5.50 3.50 2.50 1.50 3.10 0.60

(1) As evaluated by an experienced panel on a 10 cm unstructured line scale (undetectable/unacceptable = 0, prominent/excellent = 10).
(2) Grass, green pepper, eucalyptus, mint
(3) Green beans, asparagus, olive, artichoke
(4) Hay/straw, tea, tobacco
(5) Pineapple, melon, banana, guava
(6) Liquorice, aniseed, black pepper, clove
(7) Values denoted by “a” and “b” are, respectively, higher and lower than the standard values for experimental Sauvignon blanc wine.
(8) Long-term averages for experimental wines from 10 different sites in Stellenbosch and Durbanville.
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high temperatures during late spring (Table 3) and/or relatively 
wet soils during December/January, appeared to have been 
more pronounced at Helshoogte than at the other experimental 
localities. 

Wines from both soils were of above average quality. Exception-
ally low soil matric potentials in the subsoil (900-1200 mm) of the 
Hutton towards the end of the season, on account of low rainfall 
throughout the season (Table 3), may have been detrimental to 
wine quality. Apart from the low rainfall, however, environmental 
conditions (coolest season experienced) appeared to have been 
conducive to high wine quality. 

onclusions
Soils of high potential, combined with the prevailing climate at 
Helshoogte, appear to be favourable for the production of Sau-
vignon blanc wine of superior quality. Differences in wine style 
may be related to differences in environmental conditions. Qual-
ity tends to be in the superior range during seasons with the 
lowest Winkler indices (e.g., 1999, 2001 and 2003 vintages). 
Even though wine style may be detrimentally affected by high 
temperatures during summer (e.g., 2000 vintage), overall quality 
seems to remain in the average to above average range. How-
ever, excessively high temperatures during late spring, in com-
bination with wet conditions during summer (e.g., 2002 vintage), 
may reduce wine quality to below average. Apart from environ-
mental conditions, wine style is also affected by soil type. Wine 
from marginally “wetter” soil types (e.g., Tukulu) tends to exhibit 

a more pronounced fresh vegetative character (wine style = “cool 
climate”), compared with more “fruity” characteristics for wines 
from “drier” soil types (e.g., Hutton). It should be stressed, how-
ever, that wines of high quality may generally be obtained from 
both soil types, while aroma profiles may be identical during 
some seasons (e,g., 1998 and 1999 vintages). It should be pos-
sible to obtain wines of similar high quality, from other terroirs 
with similar environmental conditions and similar soil types.
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ummary
An investigation was carried out over a 10-year period in the Helshoogte area of Stellenbosch, in a Sauvignon blanc vineyard, 
cultivated under rain-fed conditions. This locality was cool during summer, with a high number of hours with temperatures below 
12°C. Winter temperatures were also low, while rainfall was high during the growing season (Oct - Mar). Two different soil forms 
(Tukulu and Hutton) were identified within the vineyard and experimental plots were selected on each soil type. The Tukulu showed 
slight signs of wetness with depth, while the Hutton was well-drained. Readily available water was depleted earlier for grapevines 
on the Hutton soil, than for those on the Tukulu soil, resulting in grapevines on the Hutton generally being subjected to higher water 
stress, especially towards the end of the season. Experimental wines were made separately using grapes grown in each soil type. 
Differences in wine style could largely be related to differences in environmental conditions, with overall quality below average for 
one season only (2002 vintage). Even though wines of superior quality were generally obtained from both soil types, wine from the 
Tukulu exhibited grassier and less fruity characteristics, compared with wine from the Hutton. These differences may have been 
due to differences in the availability of soil water. 
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TABLE 4. Trends in Sauvignon blanc wine style, for two different soil types in the Helshoogte area of Stellenbosch, over six seasons. 

TABLE 3. Summary of climatic conditions for Stellenbosch and Durbanville for six seasons (1997/98 to 2002/03)(1).

Season Summary

1997/98
Conditions close to normal during winter(2). September and October very dry, but November wet (rainfall = 83 mm). September and 
October warm, resulting in the warmest spring period (September to November). Summer (December to February) dry (rainfall 30 mm 
below average) and relatively cool. Winkler index (1875) comparable to long-term value (1841).

1998/99
Similar to the previous season, rainfall below average for September and October. However, high rainfall in November. Coldest spring 
of experimental period. Summer relatively warm. Winkler index (1831) close to average value. 

1999/00
Winter warm. Temperature and rainfall normal during spring. Temperature exceptionally high during the first part of summer (December 
and January), resulting in the warmest summer experienced during the investigation period. Winkler index (1975) also highest 

2000/01
As in 1999/2000, winter is exceptionally warm and dry (rainfall = 91 mm below average). Rainfall normal during the rest of growing 
season. Temperatures close to normal during spring, but summer temperatures the lowest recorded during the experimental period. 
Winkler index (1794) second lowest.

2001/02
Winter (rainfall = 145 mm above average) and spring (rainfall = 53 mm above average) wet. Exceptionally high temperatures during 
November, resulting in the second warmest spring experienced during the experimental period. Summer relatively cool, with rainfall 
exceptionally high (73 mm above average). Winkler index (1855) marginally higher than long-term value. 

2002/03
Rainfall relatively low throughout the season, with precipitation 20 mm, 35 mm and 10 mm below average for winter, spring and 
summer, respectively. Cool conditions during spring, as well as summer, resulting in the lowest Winkler index (1717).

(1 Average values for five localities in Stellenbosch and Durbanville (Conradie et al., 2002).
(2) Winter: April to August; Spring: September to November; Summer: December to February.

Soil Fullness
Aroma 

intensity
Overall 
quality

Wine aroma descriptions (1)

Fresh 
vegetative 

(2)

Cooked 
vegetative 

(3)

Dry 
vegetative 

(4)

Tropical 
fruit (5) Spice (6)

1997/1998 

Tukulu (wetter) 5.25 b (7) 6.96 a 6.15 a 3.96 a 3.37 a 1.51 a 2.68 b 0.36 b

Hutton (drier) 5.39 a 7.23 a 5.99 a 3.75 a 3.03 a 1.86 a 2.51 b 0.20 b

1998/1999 

Tukulu (wetter) 6.40 a 7.07 a 6.80 a 4.85 a 2.98 a 0.62 b 4.63 a 0.65 a
Hutton (drier) 6.09 a 6.35 a 5.88 a 4.66 a 2.47 b 0.81 b 3.54 a 0.78 a

1999/2000 

Tukulu (wetter) 4.86 b 6.17 a 5.40 b 3.92 a 2.34 b 0.92 b 1.26 b 0.13 b
Hutton (drier) 5.23 b 6.23 a 5.66 a 3.50 a 1.84 b 1.01 b 2.30 b 0.03 b

2000/2001 

Tukulu (wetter) 5.50 a 6.86 a 5.69 a 4.83 a 3.78 a 1.69 a 2.39 b 0.71 a
Hutton (drier) 5.74 a 6.54 a 5.88 a 4 14 a 3.67 a 1.83 a 3.68 a 0.85 a

2001/2002 

Tukulu (wetter) 4.59 b 6.39 a 5.07 b 3.54 a 2.90 a 0.70 b 2.99 b 0.22 b
Hutton (drier) 4.92 b 5.80 b 5.29 b 2.37 b 3.15 a 1.94 a 4.09 a 0.22 b

2002/2003 

Tukulu (wetter) 5.59 a 5.98 b 5.77 a 5.21 a 3.36 a 2.18 a 3.12 a 0.79 a
Hutton (drier) 5.49 a 5.95 b 5.58 a 4.01 a 3.25 a 2.71 a 3.50 a 1.06 a

Average (1997/98 to 2002/2003)

Tukulu (wetter) 5.36 a 6.57 a 5.81 a 4.38 a 3.12 a 1.27 b 2.84 b 0.48 b
Hutton (drier) 5.48 a 6.35 a 5.71 a 3.74 a 2.90 a 1.69 a 3.27 a 0.52 b

Standard values for experimental Sauvignon blanc wine of average quality (8)

Different experimental sites 5.30 6.12 5.50 3.50 2.50 1.50 3.10 0.60

(1) As evaluated by an experienced panel on a 10 cm unstructured line scale (undetectable/unacceptable = 0, prominent/excellent = 10).
(2) Grass, green pepper, eucalyptus, mint
(3) Green beans, asparagus, olive, artichoke
(4) Hay/straw, tea, tobacco
(5) Pineapple, melon, banana, guava
(6) Liquorice, aniseed, black pepper, clove
(7) Values denoted by “a” and “b” are, respectively, higher and lower than the standard values for experimental Sauvignon blanc wine.
(8) Long-term averages for experimental wines from 10 different sites in Stellenbosch and Durbanville.
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high temperatures during late spring (Table 3) and/or relatively 
wet soils during December/January, appeared to have been 
more pronounced at Helshoogte than at the other experimental 
localities. 

Wines from both soils were of above average quality. Exception-
ally low soil matric potentials in the subsoil (900-1200 mm) of the 
Hutton towards the end of the season, on account of low rainfall 
throughout the season (Table 3), may have been detrimental to 
wine quality. Apart from the low rainfall, however, environmental 
conditions (coolest season experienced) appeared to have been 
conducive to high wine quality. 

onclusions
Soils of high potential, combined with the prevailing climate at 
Helshoogte, appear to be favourable for the production of Sau-
vignon blanc wine of superior quality. Differences in wine style 
may be related to differences in environmental conditions. Qual-
ity tends to be in the superior range during seasons with the 
lowest Winkler indices (e.g., 1999, 2001 and 2003 vintages). 
Even though wine style may be detrimentally affected by high 
temperatures during summer (e.g., 2000 vintage), overall quality 
seems to remain in the average to above average range. How-
ever, excessively high temperatures during late spring, in com-
bination with wet conditions during summer (e.g., 2002 vintage), 
may reduce wine quality to below average. Apart from environ-
mental conditions, wine style is also affected by soil type. Wine 
from marginally “wetter” soil types (e.g., Tukulu) tends to exhibit 

a more pronounced fresh vegetative character (wine style = “cool 
climate”), compared with more “fruity” characteristics for wines 
from “drier” soil types (e.g., Hutton). It should be stressed, how-
ever, that wines of high quality may generally be obtained from 
both soil types, while aroma profiles may be identical during 
some seasons (e,g., 1998 and 1999 vintages). It should be pos-
sible to obtain wines of similar high quality, from other terroirs 
with similar environmental conditions and similar soil types.
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ummary
An investigation was carried out over a 10-year period in the Helshoogte area of Stellenbosch, in a Sauvignon blanc vineyard, 
cultivated under rain-fed conditions. This locality was cool during summer, with a high number of hours with temperatures below 
12°C. Winter temperatures were also low, while rainfall was high during the growing season (Oct - Mar). Two different soil forms 
(Tukulu and Hutton) were identified within the vineyard and experimental plots were selected on each soil type. The Tukulu showed 
slight signs of wetness with depth, while the Hutton was well-drained. Readily available water was depleted earlier for grapevines 
on the Hutton soil, than for those on the Tukulu soil, resulting in grapevines on the Hutton generally being subjected to higher water 
stress, especially towards the end of the season. Experimental wines were made separately using grapes grown in each soil type. 
Differences in wine style could largely be related to differences in environmental conditions, with overall quality below average for 
one season only (2002 vintage). Even though wines of superior quality were generally obtained from both soil types, wine from the 
Tukulu exhibited grassier and less fruity characteristics, compared with wine from the Hutton. These differences may have been 
due to differences in the availability of soil water. 
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ntroduction
In order to satisfy the demand of discerning consumers, a good 
terroir should be able to produce wine with a distinctive, identifia ble 
origin on a regular basis. It is, therefore, essential to identify terroirs 
that will be able to produce high quality wines, with a sought after 
character, during most seasons. However, in order to attain this 
goal, long-term data on aspects like climate and wine quality is 
essential. On account of the wine industry in South Africa being 
relatively young, in comparison to Europe, data of this nature is not 
readily available. Consequently, a number of detailed studies have 
been carried out by ARC Infruitec-Nietvoorbij since the early 1990s 
(Conradie et al., 2002). This article (the second in a series of five) 
deals with a study in the Polkadraai area of Stellenbosch. 

aterials and ethods
The study was carried out in the Polkadraai area of Stellenbosch 
(Table 1), over a 10 year period (1993/94 to 2002/03), in a 
Sauvig non blanc vineyard, grafted onto 99 Richter. Grapevines 

were visually virus free, approximately seven years old at the start 
of the investigation and cultivated under rain-fed conditions. Two 
different soil forms, Tukulu and Vilafontes (Table 2), were identi-
fied within the vineyard and experimental plots were selected on 
each of the two soil types (Conradie et al., 2002). Climatic 
parameters, soil water contents, leaf water potentials and viticul-
tural parameters were monitored on a regular basis. Wines, 
made separately for each plot, were scored by a trained panel 
of 14 members on a 10-point unstructured line scale from “unde-
tectable” to “prominent” for specific aromatic parameters using 
terminology de  scribed by Noble et al. (1987). Overall wine qual-
ity and fullness were also rated on an unstructured line scale, 
from “unacceptable” to “excellent”. Standard values, as expect-
ed for an experimental Sauvignon blanc wine of average quality, 
were established for each individual aroma component, using 
long-term data (1993/94 to 2003/04) from 10 different sites in 
Stellenbosch and Durbanville. The scores for overall quality, full-
ness and aroma intensity were used to classify the different 

Effect of different terroirs on the style of 
Sauvignon blanc wine. Part 2 – Polkadraai

WineLand February 2012

Keywords: Terroir, Sauvignon blanc, Polkadraai, soil type, wine quality, climate.

TABLE 1. Characteristics of the experimental locality at Polkadraai

Altitude
Co-ordinates
Aspect
Winkler index (1)

Huglin index (1)

Growing degree days (Dec-Feb) (1)

February mean temperature (1)

Temperature > 30°C (Dec – Feb) (1)

Temperature < 12°C (Dec – Feb) (1)

July mean temperature (1)

Rainfall (Oct – Mar) (1)

250 m
33.9550°S; 18.7347°E
East/South-East
1740°C
2167°C
942°C
21.1°C
107 hours
23 hours
12.4°C
155 mm

(1) Mean values for the period from March 1994 to March 2001.

TABLE 2. Soil physical characteristics of two experimental soils at Polkadraai.

Tukulu Vilafontes

Description

Clay (<0.002 mm) (1)

Fine-silt (0.02 – 0.002 mm) (1)

Coarse silt (0.05 – 0.02 mm) (1)

Very fine sand (0.10 – 0.05 mm) (1)

Fine sand (0.25 – 0.10 mm) (1)

Medium sand (0.50 – 0.25 mm) (1)

Coarse sand (2.0 – 0.50 mm) (1)

% Gravel (> 2.0 mm)
Water holding capacity of subsoil (2)

Light textured, gravelly topsoil, mottled, 
highly weathered subsoil, with signs of 

wetness

8.0
11.3
6.7
8.0
14.9
12.5
37.1
37.2
47.4

Medium textured, gravelly topsoil, 
medium textured subsoil

20.4
11.7
5.5
7.2
15.0
11.7
27.1
30.6
76.2

(1) Weighted averages to depth of 1 000 mm. Particle size analyses (%) for soil fraction < 2mm. 
(2) Water holding capacity (mm) of the 600-1200 mm horizon
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vintages. With all three parameters in the “above average” range, 
quality of the specific vintage was regarded as superior, while 
quality was regarded as below average for vintages where these 
parameters were predominantly classified as “below average”.

esults and Discussion 
limate

On account of altitude, aspect and closeness to the sea (13 km 
from False Bay) the experimental site was relatively cool (Table 1) 
with climate tending to be of a maritime nature, i.e., relatively low 
variability between maximum and minimum temperatures. Mini-
mum temperature rarely dropped below 12ºC during the summer 
months, while the number of hours with temperature > 30°C was 
also relatively low (107). The latter was in contrast to the continen-
tal climate, i.e. relatively large variability between maximum and 
minimum temperatures, experienced at Helshoogte (Conradie, 
2012). Rainfall (155 mm) for the growing season (Oct–Mar) 
appeared to be “normal” for Stellenbosch. 

omparison etween the two soil types  
Both soils (Table 2) were of granitic origin (Kuils River-Helderberg 
pluton), but clay content was much lower for the Tukulu than for 
the Vilafontes (Table 2), resulting in a lower water holding capac-
ity for the Tukulu, especially in the subsoil. Water holding capac-
ity was higher for the Vilafontes soil, but still lower than that of 
soils with higher clay contents, like those used in a similar study 
in Helshoogte (Conradie, 2012). Root density was higher for the 
Vilafontes than for the Tukulu (544 roots/m2 vs 232 roots/m2). At 
the time of véraison (beginning of January), soil matric potential 

were regularly below -0.40 MPa in the deeper soil layers (600-
900 mm) of the Tukulu, while values were still appreciably higher 
for the Vilafontes. 

rape ine performance 
Towards the end of the season, grapevines on the Tukulu soil were 
regularly subjected to higher water stress than those on the Vila-
fontes. However, in comparison to other cool localities in Stellen-
bosch and Durbanville (Conradie, et al., 2002), water stress was 
also relatively high for grapevines on the Vilafontes. Grapevines at 
Polkadraai were harvested relatively early (11th February), in com-
parison to a locality like Helshoogte (Conradie, 2012), probably on 
account of high water stress. During dry seasons, e.g. 1999/2000, 
number of leaf layers pointed towards a denser canopy for grape-
vines on the Tukulu soil. However, cane mass and yield were not 
affected by the different soil types. 

ine style uality
Comparative evaluation of wine style/quality was done over the 
last 6 years of the study (Table 3). Seasonal trends for the most 
important climatic parameters (Conradie, 2012), are also sum-
marised in this Table. 

Average values for the six year period indicated that quality was 
below average for wine from the Tukulu soil and in the superior 
rage for wine from the Vilafontes. This was probably on account 
of higher scores for cooked vegetative- and spice characteristics 
for wine from the Vilafontes, even though tropical fruit character-
istics tended to be higher for wine from the Tukulu soil. These 
differences may have been related to differences in the availability 

TABLE 3. Trends in Sauvignon blanc wine style, for two different soil types near Polkadraai in the Stellenbosch wine region, over six seasons. 

Soil Fullness
Aroma 

intensity
Overall 
quality

Wine aroma descriptions (1)

Fresh 
vegetative (2)

Cooked 
vegetative (3)

Dry 
vegetative (4)

Tropical 
fruit (5) Spice (6)

1997/1998 – warm, dry conditions in September and October. Good rain in November

Tukulu (sandy) 4.71 b (7) 6.20 a 4.91 b 2.97 b 1.47 b 1.61 a 3.55 a 0.54 b
Vilafontes (sandy loam) 5.74 a 6.45 a 5.98 a 3.69 a 3.20 a 1.83 a 2.31 b 0.47 b

1998/1999 – cool during spring. Summer relatively warm

Tukulu (sandy) 5.95 a 7.70 a 6.82 a 5.91 a 3.57 a 2.97 a 2.25 b 0.52 b
Vilafontes (sandy loam) 6.65 a 7.66 a 6.92 a 4.37 a 3.83 a 2.59 a 1.85 b 1.45 a

1999/2000 – warm, dry winter, followed by exceptionally warm December and January

Tukulu (sandy) 4 59 b 5.15 b 4.68 b 3.48 b 0.47 b 1.11 b 2.24 b 0.03 b
Vilafontes (sandy loam) 5.35 a 6.23 a 5.70 a 4.43 a 0.83 b 0.38 b 3.90 a 0.00 b

2000/2001 – winter warm and dry. Low summer temperatures

Tukulu (sandy) 5.84 a 6.31 a 5.68 a 3.26 b 2.91 a 1.89 a 3.89 a 1.04 a
Vilafontes (sandy loam) 5.64 a 6.18 a 5.35 b 3.60 a 3.26 a 1.33 b 3.77 a 0.86 a

2001/2002 – high temperatures during November. High rainfall in December

Tukulu (sandy) 5.53 a 5.64 b 5.61 a 2.17 b 2.88 a 1.32 b 3.39 a 0.29 b
Vilafontes (sandy loam) 5.44 a 5.47 b 5.66 a 3.00 b 2.49 b 1.82 a 3.26 a 0.49 b

2002/2003 – low rainfall over whole season. Cool conditions over whole season

Tukulu (sandy) 4.90 b 5.29 b 4.97 b 3.21 b 2.01 b 1.99 a 3.72a 0.28 b
Vilafontes (sandy loam) 5.67 a 5.23 b 5.11 b 3.69 a 2.57 a 2.27 a 2.54 b 0.60 a

Average (1997/98 to 2002/2003)

Tukulu (sandy) 5.25 b 6.04 b 5.44 b 3.50 a 2.22 b 1.82 a 3.17 a 0.45 b
Vilafontes (sandy loam) 5.74 a 6.20 a 5.79 a 3.80 a 2.70 a 1.70 a 2.94 b 0.65 a

Standard values for experimental Sauvignon blanc wine of average quality (8)

Different experimental sites 5.30 6.12 5.50 3.50 2.50 1.50 3.10 0.60

(1) As evaluated by an experienced panel on a 10 cm unstructured line scale (undetectable/unacceptable = 0, prominent/excellent = 10).
(2) Grass, green pepper, eucalyptus, mint
(3) Green beans, asparagus, olive, artichoke
(4) Hay/straw, tea, tobacco
(5) Pineapple, melon, banana, guava
(6) Liquorice, aniseed, black pepper, clove
(7) Values denoted by “a” and “b” are, respectively, higher and lower than the standard value for experimental Sauvignon blanc wine.
(8) Long-term averages for experimental wines from 10 different sites in Stellenbosch and Durbanville.
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ntroduction
In order to satisfy the demand of discerning consumers, a good 
terroir should be able to produce wine with a distinctive, identifia ble 
origin on a regular basis. It is, therefore, essential to identify terroirs 
that will be able to produce high quality wines, with a sought after 
character, during most seasons. However, in order to attain this 
goal, long-term data on aspects like climate and wine quality is 
essential. On account of the wine industry in South Africa being 
relatively young, in comparison to Europe, data of this nature is not 
readily available. Consequently, a number of detailed studies have 
been carried out by ARC Infruitec-Nietvoorbij since the early 1990s 
(Conradie et al., 2002). This article (the second in a series of five) 
deals with a study in the Polkadraai area of Stellenbosch. 

aterials and ethods
The study was carried out in the Polkadraai area of Stellenbosch 
(Table 1), over a 10 year period (1993/94 to 2002/03), in a 
Sauvig non blanc vineyard, grafted onto 99 Richter. Grapevines 

were visually virus free, approximately seven years old at the start 
of the investigation and cultivated under rain-fed conditions. Two 
different soil forms, Tukulu and Vilafontes (Table 2), were identi-
fied within the vineyard and experimental plots were selected on 
each of the two soil types (Conradie et al., 2002). Climatic 
parameters, soil water contents, leaf water potentials and viticul-
tural parameters were monitored on a regular basis. Wines, 
made separately for each plot, were scored by a trained panel 
of 14 members on a 10-point unstructured line scale from “unde-
tectable” to “prominent” for specific aromatic parameters using 
terminology de  scribed by Noble et al. (1987). Overall wine qual-
ity and fullness were also rated on an unstructured line scale, 
from “unacceptable” to “excellent”. Standard values, as expect-
ed for an experimental Sauvignon blanc wine of average quality, 
were established for each individual aroma component, using 
long-term data (1993/94 to 2003/04) from 10 different sites in 
Stellenbosch and Durbanville. The scores for overall quality, full-
ness and aroma intensity were used to classify the different 

Effect of different terroirs on the style of 
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WineLand February 2012

Keywords: Terroir, Sauvignon blanc, Polkadraai, soil type, wine quality, climate.

TABLE 1. Characteristics of the experimental locality at Polkadraai

Altitude
Co-ordinates
Aspect
Winkler index (1)

Huglin index (1)

Growing degree days (Dec-Feb) (1)

February mean temperature (1)

Temperature > 30°C (Dec – Feb) (1)

Temperature < 12°C (Dec – Feb) (1)

July mean temperature (1)

Rainfall (Oct – Mar) (1)

250 m
33.9550°S; 18.7347°E
East/South-East
1740°C
2167°C
942°C
21.1°C
107 hours
23 hours
12.4°C
155 mm

(1) Mean values for the period from March 1994 to March 2001.

TABLE 2. Soil physical characteristics of two experimental soils at Polkadraai.

Tukulu Vilafontes

Description

Clay (<0.002 mm) (1)

Fine-silt (0.02 – 0.002 mm) (1)

Coarse silt (0.05 – 0.02 mm) (1)

Very fine sand (0.10 – 0.05 mm) (1)

Fine sand (0.25 – 0.10 mm) (1)

Medium sand (0.50 – 0.25 mm) (1)

Coarse sand (2.0 – 0.50 mm) (1)

% Gravel (> 2.0 mm)
Water holding capacity of subsoil (2)

Light textured, gravelly topsoil, mottled, 
highly weathered subsoil, with signs of 

wetness

8.0
11.3
6.7
8.0
14.9
12.5
37.1
37.2
47.4

Medium textured, gravelly topsoil, 
medium textured subsoil

20.4
11.7
5.5
7.2
15.0
11.7
27.1
30.6
76.2

(1) Weighted averages to depth of 1 000 mm. Particle size analyses (%) for soil fraction < 2mm. 
(2) Water holding capacity (mm) of the 600-1200 mm horizon
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vintages. With all three parameters in the “above average” range, 
quality of the specific vintage was regarded as superior, while 
quality was regarded as below average for vintages where these 
parameters were predominantly classified as “below average”.

esults and Discussion 
limate

On account of altitude, aspect and closeness to the sea (13 km 
from False Bay) the experimental site was relatively cool (Table 1) 
with climate tending to be of a maritime nature, i.e., relatively low 
variability between maximum and minimum temperatures. Mini-
mum temperature rarely dropped below 12ºC during the summer 
months, while the number of hours with temperature > 30°C was 
also relatively low (107). The latter was in contrast to the continen-
tal climate, i.e. relatively large variability between maximum and 
minimum temperatures, experienced at Helshoogte (Conradie, 
2012). Rainfall (155 mm) for the growing season (Oct–Mar) 
appeared to be “normal” for Stellenbosch. 

omparison etween the two soil types  
Both soils (Table 2) were of granitic origin (Kuils River-Helderberg 
pluton), but clay content was much lower for the Tukulu than for 
the Vilafontes (Table 2), resulting in a lower water holding capac-
ity for the Tukulu, especially in the subsoil. Water holding capac-
ity was higher for the Vilafontes soil, but still lower than that of 
soils with higher clay contents, like those used in a similar study 
in Helshoogte (Conradie, 2012). Root density was higher for the 
Vilafontes than for the Tukulu (544 roots/m2 vs 232 roots/m2). At 
the time of véraison (beginning of January), soil matric potential 

were regularly below -0.40 MPa in the deeper soil layers (600-
900 mm) of the Tukulu, while values were still appreciably higher 
for the Vilafontes. 

rape ine performance 
Towards the end of the season, grapevines on the Tukulu soil were 
regularly subjected to higher water stress than those on the Vila-
fontes. However, in comparison to other cool localities in Stellen-
bosch and Durbanville (Conradie, et al., 2002), water stress was 
also relatively high for grapevines on the Vilafontes. Grapevines at 
Polkadraai were harvested relatively early (11th February), in com-
parison to a locality like Helshoogte (Conradie, 2012), probably on 
account of high water stress. During dry seasons, e.g. 1999/2000, 
number of leaf layers pointed towards a denser canopy for grape-
vines on the Tukulu soil. However, cane mass and yield were not 
affected by the different soil types. 

ine style uality
Comparative evaluation of wine style/quality was done over the 
last 6 years of the study (Table 3). Seasonal trends for the most 
important climatic parameters (Conradie, 2012), are also sum-
marised in this Table. 

Average values for the six year period indicated that quality was 
below average for wine from the Tukulu soil and in the superior 
rage for wine from the Vilafontes. This was probably on account 
of higher scores for cooked vegetative- and spice characteristics 
for wine from the Vilafontes, even though tropical fruit character-
istics tended to be higher for wine from the Tukulu soil. These 
differences may have been related to differences in the availability 

TABLE 3. Trends in Sauvignon blanc wine style, for two different soil types near Polkadraai in the Stellenbosch wine region, over six seasons. 

Soil Fullness
Aroma 

intensity
Overall 
quality

Wine aroma descriptions (1)

Fresh 
vegetative (2)

Cooked 
vegetative (3)

Dry 
vegetative (4)

Tropical 
fruit (5) Spice (6)

1997/1998 – warm, dry conditions in September and October. Good rain in November

Tukulu (sandy) 4.71 b (7) 6.20 a 4.91 b 2.97 b 1.47 b 1.61 a 3.55 a 0.54 b
Vilafontes (sandy loam) 5.74 a 6.45 a 5.98 a 3.69 a 3.20 a 1.83 a 2.31 b 0.47 b

1998/1999 – cool during spring. Summer relatively warm

Tukulu (sandy) 5.95 a 7.70 a 6.82 a 5.91 a 3.57 a 2.97 a 2.25 b 0.52 b
Vilafontes (sandy loam) 6.65 a 7.66 a 6.92 a 4.37 a 3.83 a 2.59 a 1.85 b 1.45 a

1999/2000 – warm, dry winter, followed by exceptionally warm December and January

Tukulu (sandy) 4 59 b 5.15 b 4.68 b 3.48 b 0.47 b 1.11 b 2.24 b 0.03 b
Vilafontes (sandy loam) 5.35 a 6.23 a 5.70 a 4.43 a 0.83 b 0.38 b 3.90 a 0.00 b

2000/2001 – winter warm and dry. Low summer temperatures

Tukulu (sandy) 5.84 a 6.31 a 5.68 a 3.26 b 2.91 a 1.89 a 3.89 a 1.04 a
Vilafontes (sandy loam) 5.64 a 6.18 a 5.35 b 3.60 a 3.26 a 1.33 b 3.77 a 0.86 a

2001/2002 – high temperatures during November. High rainfall in December

Tukulu (sandy) 5.53 a 5.64 b 5.61 a 2.17 b 2.88 a 1.32 b 3.39 a 0.29 b
Vilafontes (sandy loam) 5.44 a 5.47 b 5.66 a 3.00 b 2.49 b 1.82 a 3.26 a 0.49 b

2002/2003 – low rainfall over whole season. Cool conditions over whole season

Tukulu (sandy) 4.90 b 5.29 b 4.97 b 3.21 b 2.01 b 1.99 a 3.72a 0.28 b
Vilafontes (sandy loam) 5.67 a 5.23 b 5.11 b 3.69 a 2.57 a 2.27 a 2.54 b 0.60 a

Average (1997/98 to 2002/2003)

Tukulu (sandy) 5.25 b 6.04 b 5.44 b 3.50 a 2.22 b 1.82 a 3.17 a 0.45 b
Vilafontes (sandy loam) 5.74 a 6.20 a 5.79 a 3.80 a 2.70 a 1.70 a 2.94 b 0.65 a

Standard values for experimental Sauvignon blanc wine of average quality (8)

Different experimental sites 5.30 6.12 5.50 3.50 2.50 1.50 3.10 0.60

(1) As evaluated by an experienced panel on a 10 cm unstructured line scale (undetectable/unacceptable = 0, prominent/excellent = 10).
(2) Grass, green pepper, eucalyptus, mint
(3) Green beans, asparagus, olive, artichoke
(4) Hay/straw, tea, tobacco
(5) Pineapple, melon, banana, guava
(6) Liquorice, aniseed, black pepper, clove
(7) Values denoted by “a” and “b” are, respectively, higher and lower than the standard value for experimental Sauvignon blanc wine.
(8) Long-term averages for experimental wines from 10 different sites in Stellenbosch and Durbanville.
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ummary
An investigation was carried out over a 10-year period in the Polkadraai area of Stellenbosch, in a Sauvignon blanc vineyard, 
cultivated under rain-fed conditions. The climate tended to be of a maritime nature, i.e. relatively low variability between maximum 
and minimum temperatures, possibly on account of the location and closeness to False Bay. Two different soil forms (Tukulu and 
Vilafontes) were identified within the vineyard and experimental plots were selected on each soil type. Experimental wines were 
made separately for each soil type. On account of lower clay content, water holding capacity was lower for the Tukulu than for the 
Vilafontes, especially in the subsoil. Grapevines on the Tukulu were generally subjected to higher water stress, especially towards 
the end of the season, while canopy density was also affected during dry seasons. Wine quality was higher for wine from the 
Vilafontes soil, with overall quality being below average for one season only (2003 vintage). Wine from this soil exhibited a good 
balance between grassy and fruity characteristics. 

of soil water and to differences in canopy density, especially during 
dry and warm seasons. The quality/style of the wine from the 
Vilafontes soil was similar to that of the wine from the Hutton soil 
at Helshoogte (Conradie, 2012). These wines were well-balanced, 
with grassy characteristics being moderately high. Wine quality/
style as obtained during individual seasons is discussed below.

u ulu
Quality was in the superior/above average range for the 1999, 
2001 and 2002 vintages (Table 3). Cool conditions during the first 
part of the 1998/1999 season (Conradie, 2012), must have been 
conducive for high wine quality for the 1999 vintage, resulting in 
wine with a “cool climate” style (pronounced grassy character). 
Low temperatures, especially during summer, may have been a 
positive factor for the 2001 vintage. High rainfall in December of 
the 2001/2002 season, must have been beneficial for the quality 
of the 2002 vintage, especially on this sandy soil. Tropical fruit 
character was prominent for the 2001 and 2002 vintages, pointing 
towards a “fruity” character. Wine quality was below average for 
the 1998, 2000 and 2003 vintages. Warm and dry conditions 
during September/October, resulting in higher water stress, must 
have reduced the quality of the 1998 vintage. High temperatures 
and dry conditions during winter, combined with exceptionally high 
temperatures during December and January (Conradie, 2012), 
may have been negative factors for the 2000 vintage. Below aver-
age rainfall over the whole of the 2002/2003 season, possibly 
affected the quality of the 2003 vintage negatively. For these 
“below average” vintages, the scores for fresh vegetative-, cooked 
vegetative- and spice characteristics were in the below average 
range. However, tropical fruit character was prominent for the 
1998 and 2003 vintages. As in the case of grapevines on the Hut-
ton soil at Helshoogte (Conradie, 2012), it appears as if fruity 
characteristics are elevated by higher levels of water stress, while 
grassy characteristics are lowered. 

ilafontes
Wine quality was in the superior/above average/average ranges 
for five vintages, with 2003 (below average quality) being the only 
exception. In contrast to low quality for wine from the Tukulu soil, 
quality of the 1998 vintage was in the superior range for wine from 
the Vilafontes, possibly on account of vegetative characteristics 
being more prominent (Table 3). The quality of the 1999 vintage 
was in the superior range, thus being similar to the wine from 
Tukulu soil, with aroma profiles also being comparable for the two 
wines. In contrast to below average quality for the 2000 vintage 
from the Tukuku soil, quality was in the superior range for wine 
from the Vilafontes. This may have been on account of higher 
water stress for grapevines on the Tukulu soil, while canopy den-
sity was also lower for grapevines on the Tukulu soil. The 2001 
vintage from the Vilafontes received a lower score for overall qual-
ity, in comparison to wine from the Tukulu soil. However, most of 

the other sensorial parameters were scored in the above the 
average range, suggesting that this vintage was of (at least) aver-
age quality. Sensorial parameters were scored in comparable 
ranges for the two wines from the 2002 vintage, apart from 
cooked vegetative characteristics being higher and dry vegetative 
characteristics lower for wine from the drier (Tukulu) soil. Overall 
quality and aroma intensity was below average for the 2003 vin-
tage from the Vilafontes soil, even though fullness was still above 
average, with fresh vegetative-, dry vegetative- and spice charac-
teristics more prominent than in the wine from the Tukulu soil. As 
in the case of the 1998 vintage, however, tropical fruit character 
was more prominent in wine from the Tukulu. 

onclusions
The climate in the Polkadraai area appears to be conducive for the 
production of Sauvignon blanc wine of high quality. Under rain-fed 
conditions, however, wine quality can be largely affected by soil 
type. If grapevines are planted on soils with low water holding 
capacities (e.g., the sandy Tukulu used in this study), wine quality 
may be reduced by warm and dry conditions during spring, high 
temperatures during summer and/or low rainfall. For soils with a 
higher water holding capacity (e.g., the Vilafontes used in this 
study) wine quality seems to remain in the superior to average 
range, even during seasons when excessively high temperatures 
are experienced, either during summer or during late spring. For 
grapevines on soils like this, it appears as if wine quality will be 
reduced to the below average range only during seasons with low 
rainfall. In general, wine from the Vilafontes soil exhibited a good 
balance between grassy and fruity characteristics. It should be 
possible to obtain wines of similar styles and quality, from other 
terroirs with similar climatic conditions and similar soil types. How-
ever, wine style could be affected by a number of viticultural prac-
tices, e.g. the choice of rootstock and the application of irrigation. 

c nowledgements
Winetech for partial funding of the research project, as well as 
technical support by the project team at ARC Infruitec-Nietvoorbij, 
ARC Institute for Soil, Climate and Water and University of Stel-
lenbosch. 
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TABLE 2. Soil physical characteristics of two experimental soils in Durbanville.

Westleigh Tukulu

Description

Clay (<0.002 mm)(1)

Fine-silt (0.02 - 0.002 mm)(1)

Coarse silt (0.05 - 0.02 mm)(1)

Very fine sand (0.10 - 0.05 mm)(1)

Fine sand (0.25 - 0.10 mm)(1)

Medium sand (0.50 - 0.25 mm)(1)

Coarse sand (2.0 - 0.50 mm)(1)

% Gravel (> 2.0 mm)
Water holding capacity (mm/m)(1)

Medium textured, dark colour,  
signs of water-table  

during winter. 

19.6
13.6
14.2
20.2
18.1
7.5
3.9
3.4
143

Medium textured, dark colour, weakly 
structured, signs of  
wetness in subsoil.

12.1
11.8
10.1
24.2
25.4
8.9
5.3
3.7
120

(1) Weighted averages to a depth of 1 000 mm. Particle size analyses (%) for soil fraction < 2 mm. 

TABLE 1. Location and climate of the experimental site near Durbanville

Altitude
Co-ordinates
Aspect
Winkler index(1)

Huglin index(1)

Growing degree days (Dec - Feb)(1)

February mean temperature(1)

Temperature > 30°C (Dec - Feb)(1)

Temperature < 12°C (Dec - Feb)(1)

July mean temperature(1)

Rainfall (Oct - Mar)(1)

230 m
33.8333°S; 18.6310°E
South-East
1644°C
2059°C
903°C
20.4°C
71 hours
37 hours
11.9°C
131 mm

(1) Mean values for the period from March 1994 to March 2001.

ntroduction

As mentioned in previous articles, a good terroir should be able 
to produce wine with a distinctive, identifiable origin on a regular 
basis (Conradie 2012a; 2012b). In order to identify such terroirs, 
a number of detailed studies have been carried out by ARC 
Infruitec-Nietvoorbij since 1993. This article (the third in a series 
of five) deals with a study in the Durbanville area. 

aterials en ethods

The study was carried out from 1993/94 to 2002/03 in the Dur-
banville area (Table 1), in a Sauvignon blanc/99 Richter vineyard. 
Grapevines were visually virus free, six years old at the start of 
the investigation and cultivated under rain-fed conditions. Two 
different soil forms, i.e. Westleigh and Tukulu (Table 2), were 
identified within the vineyard and experimental plots were 
selected on each of the two soil types (Conradie et al., 2002). 
Climatic parameters, soil water contents, leaf water potentials 

and viticultural parameters were monitored on a regular basis. 
Grapes were harvested at a sugar content of approximately 
22.5°B and at a titratable acidity of 8 g/L. Wines were evaluated 
for different aromatic components (Conradie, 2012a). Standard 
values, as determined over the long-term for experimental Sau-
vignon blanc wine of average quality, were used to classify the 
different vintages. With the scores for overall quality, fullness and 
aroma intensity all in the “above average” range, quality of the 
specific vintage was regarded as superior. Quality was regarded 
as below average for vintages where these parameters were 
predominantly classified as “below average”.

esults and Discussion
limate

As in the case of Polkadraai (Conradie, 2012b), climate tended 
to be of a maritime nature, possibly on account of the closeness 
of the ocean (12 km from Table Bay). This resulted in relatively 
low variability between maximum and minimum temperatures. 
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ummary
An investigation was carried out over a 10-year period in the Polkadraai area of Stellenbosch, in a Sauvignon blanc vineyard, 
cultivated under rain-fed conditions. The climate tended to be of a maritime nature, i.e. relatively low variability between maximum 
and minimum temperatures, possibly on account of the location and closeness to False Bay. Two different soil forms (Tukulu and 
Vilafontes) were identified within the vineyard and experimental plots were selected on each soil type. Experimental wines were 
made separately for each soil type. On account of lower clay content, water holding capacity was lower for the Tukulu than for the 
Vilafontes, especially in the subsoil. Grapevines on the Tukulu were generally subjected to higher water stress, especially towards 
the end of the season, while canopy density was also affected during dry seasons. Wine quality was higher for wine from the 
Vilafontes soil, with overall quality being below average for one season only (2003 vintage). Wine from this soil exhibited a good 
balance between grassy and fruity characteristics. 

of soil water and to differences in canopy density, especially during 
dry and warm seasons. The quality/style of the wine from the 
Vilafontes soil was similar to that of the wine from the Hutton soil 
at Helshoogte (Conradie, 2012). These wines were well-balanced, 
with grassy characteristics being moderately high. Wine quality/
style as obtained during individual seasons is discussed below.

u ulu
Quality was in the superior/above average range for the 1999, 
2001 and 2002 vintages (Table 3). Cool conditions during the first 
part of the 1998/1999 season (Conradie, 2012), must have been 
conducive for high wine quality for the 1999 vintage, resulting in 
wine with a “cool climate” style (pronounced grassy character). 
Low temperatures, especially during summer, may have been a 
positive factor for the 2001 vintage. High rainfall in December of 
the 2001/2002 season, must have been beneficial for the quality 
of the 2002 vintage, especially on this sandy soil. Tropical fruit 
character was prominent for the 2001 and 2002 vintages, pointing 
towards a “fruity” character. Wine quality was below average for 
the 1998, 2000 and 2003 vintages. Warm and dry conditions 
during September/October, resulting in higher water stress, must 
have reduced the quality of the 1998 vintage. High temperatures 
and dry conditions during winter, combined with exceptionally high 
temperatures during December and January (Conradie, 2012), 
may have been negative factors for the 2000 vintage. Below aver-
age rainfall over the whole of the 2002/2003 season, possibly 
affected the quality of the 2003 vintage negatively. For these 
“below average” vintages, the scores for fresh vegetative-, cooked 
vegetative- and spice characteristics were in the below average 
range. However, tropical fruit character was prominent for the 
1998 and 2003 vintages. As in the case of grapevines on the Hut-
ton soil at Helshoogte (Conradie, 2012), it appears as if fruity 
characteristics are elevated by higher levels of water stress, while 
grassy characteristics are lowered. 

ilafontes
Wine quality was in the superior/above average/average ranges 
for five vintages, with 2003 (below average quality) being the only 
exception. In contrast to low quality for wine from the Tukulu soil, 
quality of the 1998 vintage was in the superior range for wine from 
the Vilafontes, possibly on account of vegetative characteristics 
being more prominent (Table 3). The quality of the 1999 vintage 
was in the superior range, thus being similar to the wine from 
Tukulu soil, with aroma profiles also being comparable for the two 
wines. In contrast to below average quality for the 2000 vintage 
from the Tukuku soil, quality was in the superior range for wine 
from the Vilafontes. This may have been on account of higher 
water stress for grapevines on the Tukulu soil, while canopy den-
sity was also lower for grapevines on the Tukulu soil. The 2001 
vintage from the Vilafontes received a lower score for overall qual-
ity, in comparison to wine from the Tukulu soil. However, most of 

the other sensorial parameters were scored in the above the 
average range, suggesting that this vintage was of (at least) aver-
age quality. Sensorial parameters were scored in comparable 
ranges for the two wines from the 2002 vintage, apart from 
cooked vegetative characteristics being higher and dry vegetative 
characteristics lower for wine from the drier (Tukulu) soil. Overall 
quality and aroma intensity was below average for the 2003 vin-
tage from the Vilafontes soil, even though fullness was still above 
average, with fresh vegetative-, dry vegetative- and spice charac-
teristics more prominent than in the wine from the Tukulu soil. As 
in the case of the 1998 vintage, however, tropical fruit character 
was more prominent in wine from the Tukulu. 

onclusions
The climate in the Polkadraai area appears to be conducive for the 
production of Sauvignon blanc wine of high quality. Under rain-fed 
conditions, however, wine quality can be largely affected by soil 
type. If grapevines are planted on soils with low water holding 
capacities (e.g., the sandy Tukulu used in this study), wine quality 
may be reduced by warm and dry conditions during spring, high 
temperatures during summer and/or low rainfall. For soils with a 
higher water holding capacity (e.g., the Vilafontes used in this 
study) wine quality seems to remain in the superior to average 
range, even during seasons when excessively high temperatures 
are experienced, either during summer or during late spring. For 
grapevines on soils like this, it appears as if wine quality will be 
reduced to the below average range only during seasons with low 
rainfall. In general, wine from the Vilafontes soil exhibited a good 
balance between grassy and fruity characteristics. It should be 
possible to obtain wines of similar styles and quality, from other 
terroirs with similar climatic conditions and similar soil types. How-
ever, wine style could be affected by a number of viticultural prac-
tices, e.g. the choice of rootstock and the application of irrigation. 
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TABLE 2. Soil physical characteristics of two experimental soils in Durbanville.

Westleigh Tukulu

Description

Clay (<0.002 mm)(1)

Fine-silt (0.02 - 0.002 mm)(1)

Coarse silt (0.05 - 0.02 mm)(1)

Very fine sand (0.10 - 0.05 mm)(1)

Fine sand (0.25 - 0.10 mm)(1)

Medium sand (0.50 - 0.25 mm)(1)

Coarse sand (2.0 - 0.50 mm)(1)

% Gravel (> 2.0 mm)
Water holding capacity (mm/m)(1)

Medium textured, dark colour,  
signs of water-table  

during winter. 

19.6
13.6
14.2
20.2
18.1
7.5
3.9
3.4
143

Medium textured, dark colour, weakly 
structured, signs of  
wetness in subsoil.

12.1
11.8
10.1
24.2
25.4
8.9
5.3
3.7
120

(1) Weighted averages to a depth of 1 000 mm. Particle size analyses (%) for soil fraction < 2 mm. 

TABLE 1. Location and climate of the experimental site near Durbanville

Altitude
Co-ordinates
Aspect
Winkler index(1)

Huglin index(1)

Growing degree days (Dec - Feb)(1)

February mean temperature(1)

Temperature > 30°C (Dec - Feb)(1)

Temperature < 12°C (Dec - Feb)(1)

July mean temperature(1)

Rainfall (Oct - Mar)(1)

230 m
33.8333°S; 18.6310°E
South-East
1644°C
2059°C
903°C
20.4°C
71 hours
37 hours
11.9°C
131 mm

(1) Mean values for the period from March 1994 to March 2001.

ntroduction

As mentioned in previous articles, a good terroir should be able 
to produce wine with a distinctive, identifiable origin on a regular 
basis (Conradie 2012a; 2012b). In order to identify such terroirs, 
a number of detailed studies have been carried out by ARC 
Infruitec-Nietvoorbij since 1993. This article (the third in a series 
of five) deals with a study in the Durbanville area. 

aterials en ethods

The study was carried out from 1993/94 to 2002/03 in the Dur-
banville area (Table 1), in a Sauvignon blanc/99 Richter vineyard. 
Grapevines were visually virus free, six years old at the start of 
the investigation and cultivated under rain-fed conditions. Two 
different soil forms, i.e. Westleigh and Tukulu (Table 2), were 
identified within the vineyard and experimental plots were 
selected on each of the two soil types (Conradie et al., 2002). 
Climatic parameters, soil water contents, leaf water potentials 

and viticultural parameters were monitored on a regular basis. 
Grapes were harvested at a sugar content of approximately 
22.5°B and at a titratable acidity of 8 g/L. Wines were evaluated 
for different aromatic components (Conradie, 2012a). Standard 
values, as determined over the long-term for experimental Sau-
vignon blanc wine of average quality, were used to classify the 
different vintages. With the scores for overall quality, fullness and 
aroma intensity all in the “above average” range, quality of the 
specific vintage was regarded as superior. Quality was regarded 
as below average for vintages where these parameters were 
predominantly classified as “below average”.

esults and Discussion
limate

As in the case of Polkadraai (Conradie, 2012b), climate tended 
to be of a maritime nature, possibly on account of the closeness 
of the ocean (12 km from Table Bay). This resulted in relatively 
low variability between maximum and minimum temperatures. 

vineyard
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TABLE 3. Trends in Sauvignon blanc wine style, for two different soil types in Durbanville area, over six seasons.

Soil Fullness
Aroma 

intensity
Overall 
quality

Wine aroma descriptions(1)

Fresh 
vegetative(2)

Cooked 
vegetative(3)

Dry 
vegetative(4)

Tropical 
fruit(5) Spice(6)

1997/1998 – warm, dry conditions in September and October. Good rain in November

Westleigh 5.40 a(7) 6.11b 6.00 a 3.76 a 1.89 b 1.59 a 3.61 a 0.18 b

Tukulu 5.76 a 6.28 a 5.67 a 3.31 b 2.24 b 1.57 a 2.23 b 0.28 b

1998/1999 – cool during spring. Summer relatively warm

Westleigh 5.19 b 6.29 a 5.88 a 4.68 a 3.75 a 1.44 b 1.66 b 0.76 a

Tukulu 6.43 a 6.84 a 6.87 a 5.08 a 3.67 a 1.21 b 2.63 b 1.31 a

1999/2000 – warm, dry winter, followed by exceptionally warm December and January

Westleigh 4 65 b 6.25 a 5.34 b 2.68 b 1.04 b 1.80 a 3.46 a 0.00 b

Tukulu 5.07 b 6.43 a 5.68 a 4.43 a 1.32 b 1.41 b 2.62 b 0.07 b

2000/2001 – winter warm and dry. Low summer temperatures

Westleigh 5.75 a 6.88 a 6.23 a 3.91 a 4.83 a 2.22 a 2.17 b 1.35 a

Tukulu

2001/2002 – high temperatures during November. High rainfall in December

Westleigh 5.39 a 5.78 b 5.51 a 3.11 b 1.27 b 1.53 a 4.18 a 0.46b

Tukulu 5.64 a 6.00 b 5.96 a 3.57 a 2.19 b 1.55 a 3.23 a 0.49 b

2002/2003 – low rainfall over whole season. Cool conditions over whole season

Westleigh 5.50 a 6.29 a 5.64 a 5.02 a 2.43 b 2.89 a 2.54 b 1.18 a

Tukulu 4.92 b 6.00 b 5.29 b 4.04 a 3.03 a 2.27 a 2.96 b 1.04 a

Average (1997/98 to 2002/2003)

Westleigh 5.31 a 6.27 a 5.77 a 3.86 a 2.53 a 1.91 a 2.94 b 0.66 a

Tukulu 5.56 a 6.31 a 5.89 a 4.08 a 2.49 b 1.60 a 2.73 b 0.66 a

Standard values for experimental Sauvignon blanc wine of average quality (8)

Different experimental sites 5.30 6.12 5.50 3.50 2.50 1.50 3.10 0.60

(1) As evaluated by an experienced panel on a 10 cm unstructured line scale (undetectable/unacceptable = 0, prominent/excellent = 10)
(2) Grass, green pepper, eucalyptus, mint
(3) Green beans, asparagus, olive, artichoke
(4) Hay/straw, tea, tobacco
(5) Pineapple, melon, banana, guava
(6) Liquorice, aniseed, black pepper, clove
(7) Values denoted by “a” and “b” are, respectively, higher and lower than the standard value for experimental Sauvignon blanc wine
(8) Long-term averages for experimental wines from 10 different sites in Stellenbosch and Durbanville

Minimum temperature rarely dropped below 12ºC during the 
summer months, while the number of hours (71) with tempera-
ture > 30°C was also relatively low (Table 1) Different temperature 
indices (Winkler, Huglin, heat units for the summer months and 
average temperature for February) pointed towards marginally 
cooler conditions for the Durbanville terroir, in comparison to 
those selected at Helshoogte (Conradie, 2012a) and at Pol-
kadraai (Conradie, 2012b). Similar to the terroirs at Helshoogte 
and Polkadraai, the one at Durbanville could, therefore, be clas-
sified as “cool”. However, rainfall was low (131 mm) during the 
growing season, in comparison to Helshoogte (214 mm). 

omparison etween the two soil types

Both soils were of shale origin (Tygerberg formation of the 
Malmesbury-group), but clay content was higher for the West-
leigh than for the Tukulu (Table 2). This resulted in a lower water 
holding capacity for the Tukulu. Root density was lower for the 
Westleigh (106 roots/m2) than for the Tukulu (581 roots/m2), 
probably on account of the high water table that was present for 
the Westleigh soil during the first part of the season. 

rape ine performance

Grapevines on the Westleigh soil grew more vigorously than 

those on the Tukulu soil, especially during the first part of the 
season, probably on account of the presence of a water table 
and/or the higher water holding capacity. This resulted in a 
higher shoot mass for grapevines on the Westleigh soil, but yield 
was lower (Conradie et al., 2002). The latter could probably be 
ascribed to lower bud fertility, as induced by lower sunlight pen-
etration within the canopy. However, canopy management 
practices were regularly applied from the pea size stage, result-
ing in improved sunlight penetration. Grapevines on the West-
leigh soil were harvested later (3 March) than those on the 
Tukulu (19 February). At the end of the season, soil matric 
potential was regularly lower for the Westleigh than for the 
Tukulu. This was possibly on account of higher water consump-
tion by grapevines on the Westleigh soil, as induced by a higher 
leaf mass. However, the values for leaf water potentials (Conradie 
et al., 2002) indicated that grapevines on both soils were rarely 
subjected to high water stress. 

ine style uality

Organoleptic evaluations for wine style/quality, as well as cli-
matic tendencies, are summarised in Table 3 for the last six years 
of the study. At the hand of the average values, wines from both 
soils could be classified as superior, similar to the wines from 
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Helshoogte (Conradie, 2012a) and the wine from the Vilafontes 
at Polkadraai (Conradie, 2012b). Aroma profiles for the wines 
from Durbanville (Table 3) corresponded with that of the wine 
from the Vilafontes soil in the Polkadraai area (Conradie, 2012b). 
These wines were well balanced, with medium high grassy char-
acteristics. The wine from the Hutton soil at Helshoogte exhib-
ited a comparable aroma profile, apart from more pronounced 
fruity characteristics (Conradie, 2012a). In comparison to these 
four wines (two from Durbanville, one from the Vilafontes soil at 
Polkadraai and one from the Hutton at Helshoogte) fresh vegeta-
tive character tended to be higher, while dry vegetative character 
was lower for wine from the Tukulu soil at Helshoogte. Wine 
style/quality for the different vintages at Durbanville is discussed 
below. 

estleigh

Except for the 2000 vintage, wine quality could be classified as 
superior/above average. For the 1998 vintage (warm and dry 
conditions in September and October) tropical fruit was more 
prominent, while cooked vegetative- and spicy characteristics 
were lower, in comparison to the long-term average (Table 3). A 
comparable aroma profile was identified for the 2002 vintage 
(high temperature during November). As in the case of the Hut-
ton soil at Helshoogte (Conradie, 2012a), it appeared as if fruity 
characteristics are enhanced by high temperatures/high water 
stress, while grassy characteristics are lowered. For the 1999, 
2001 and 2003 vintages, aroma profiles were in general agree-
ment with the long-term averages. It was conspicuous that these 
three seasons (1998/99, 2000/01 en 2002/03) were all rela-
tively cool (Conradie, 2012a), even though climatic parameters 
still varied between seasons (Table 3). As in the case of the sandy 
soil in the Polkadraai area (Conradie, 2012b), the low quality of 
the 2000 vintage could possibly be ascribed to high tempera-
tures and dry conditions during winter, in combination with 
exceptionally high temperatures during December and January. 
During this season (1999/00) soil matric potential was appreci-
ably lower for the Westleigh than for the Tukulu, at the time of 
harvest (not shown). For this vintage (2000), however, dry veg-
etative character was still high, while the fruity character was 
enhanced, as for the 1998 and 2002 vintages.

u ulu

Due to logistical problems, experimental wines could not be 
prepared in the 2000/01 season. Quality was in the superior/
above-average category for the 1998, 1999, 2000 and 2002 
vintages, and below average for the 2003 vintage (Table 3). In 
comparison to the long-term averages, cooked vegetative- and 
spicy characteristics were lower for the 1998 vintage, similar to 
the wine from the Westleigh soil. However, fresh vegetative char-
acter was marginally lower, while tropical fruit character was not 
enhanced. Differences in the availability of soil water and/or 
canopy density must have affected wine style. For the 1999 and 
2002 vintages, aroma profiles were comparable for the two 
wines from the different soils. In contrast to below average qual-
ity for the 2000 vintage from the Westleigh soil, quality was still 
above-average for the Tukulu soil. The latter was probably on 
account of a more prominent fresh vegetative character, while 

tropical fruit character was not increased. As already mentioned, 
soil water was more readily available for grapevines on the 
Tukulu soil towards the end of the season. In contrast to the 
situation for the Westleigh soil, fullness, aroma intensity and 
overall quality were classified as below average for the 2003 
vintage, in spite of a “good” aroma profile. The reason for this 
contradiction was unclear, but a similar tendency has already 
been identified for this vintage for wine from the Vilafontes soil in 
the Polkadraai area (Conradie, 2012b). Below average rainfall 
over the whole season (Table 3) may have played a negative role, 
even though environmental conditions (coolest season) was 
conducive for high wine quality. 

onclusions
Under rain-fed conditions, Sauvignon blanc wines of high qual-
ity can be produced in the Durbanville area. However, wine style 
may be largely affected by environmental conditions, as well as 
soil type. During cooler seasons the aroma profile will normally 
remain constant, with wines exhibiting a good balance between 
grassy-, fruity- and spicy characteristics. It is possible; however, 
that quality may be reduced for vintages with below average 
rainfall. For grapevines on soils that induce vigorous growth (like 
the Westleigh in this trial), grassy characteristics may be less 
prominent and fruity characteristics more prominent, when high 
temperatures and/or dry conditions are experienced during 
spring, but wine quality remains in the superior range. On such 
soils, however, wine quality may be reduced during seasons 
where warm and dry conditions during winter are followed by 
exceptionally high temperatures during summer. For grapevines 
on soils with lower water holding capacities, where growth is less 
vigorous (like the Tukulu in this trial), tropical fruit character may 
tend to be lower, in comparison to wine from the Westleigh, 
when high temperatures and/or dry conditions are experienced 
during spring. It also appears as if exceptionally high tempera-
tures during summer will not necessarily reduce wine quality on 
such soils. It should be possible to obtain wines of similar styles 
and quality, from other terroirs with similar climatic conditions and 
similar soil types. However, wine styles could be affected by a 
number of viticultural practices, e.g. the choice of rootstock, 
irrigation, trellising system and canopy management. 
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TABLE 3. Trends in Sauvignon blanc wine style, for two different soil types in Durbanville area, over six seasons.

Soil Fullness
Aroma 

intensity
Overall 
quality

Wine aroma descriptions(1)

Fresh 
vegetative(2)

Cooked 
vegetative(3)

Dry 
vegetative(4)

Tropical 
fruit(5) Spice(6)

1997/1998 – warm, dry conditions in September and October. Good rain in November

Westleigh 5.40 a(7) 6.11b 6.00 a 3.76 a 1.89 b 1.59 a 3.61 a 0.18 b

Tukulu 5.76 a 6.28 a 5.67 a 3.31 b 2.24 b 1.57 a 2.23 b 0.28 b

1998/1999 – cool during spring. Summer relatively warm

Westleigh 5.19 b 6.29 a 5.88 a 4.68 a 3.75 a 1.44 b 1.66 b 0.76 a

Tukulu 6.43 a 6.84 a 6.87 a 5.08 a 3.67 a 1.21 b 2.63 b 1.31 a

1999/2000 – warm, dry winter, followed by exceptionally warm December and January

Westleigh 4 65 b 6.25 a 5.34 b 2.68 b 1.04 b 1.80 a 3.46 a 0.00 b

Tukulu 5.07 b 6.43 a 5.68 a 4.43 a 1.32 b 1.41 b 2.62 b 0.07 b

2000/2001 – winter warm and dry. Low summer temperatures

Westleigh 5.75 a 6.88 a 6.23 a 3.91 a 4.83 a 2.22 a 2.17 b 1.35 a

Tukulu

2001/2002 – high temperatures during November. High rainfall in December

Westleigh 5.39 a 5.78 b 5.51 a 3.11 b 1.27 b 1.53 a 4.18 a 0.46b

Tukulu 5.64 a 6.00 b 5.96 a 3.57 a 2.19 b 1.55 a 3.23 a 0.49 b

2002/2003 – low rainfall over whole season. Cool conditions over whole season

Westleigh 5.50 a 6.29 a 5.64 a 5.02 a 2.43 b 2.89 a 2.54 b 1.18 a

Tukulu 4.92 b 6.00 b 5.29 b 4.04 a 3.03 a 2.27 a 2.96 b 1.04 a

Average (1997/98 to 2002/2003)

Westleigh 5.31 a 6.27 a 5.77 a 3.86 a 2.53 a 1.91 a 2.94 b 0.66 a

Tukulu 5.56 a 6.31 a 5.89 a 4.08 a 2.49 b 1.60 a 2.73 b 0.66 a

Standard values for experimental Sauvignon blanc wine of average quality (8)

Different experimental sites 5.30 6.12 5.50 3.50 2.50 1.50 3.10 0.60

(1) As evaluated by an experienced panel on a 10 cm unstructured line scale (undetectable/unacceptable = 0, prominent/excellent = 10)
(2) Grass, green pepper, eucalyptus, mint
(3) Green beans, asparagus, olive, artichoke
(4) Hay/straw, tea, tobacco
(5) Pineapple, melon, banana, guava
(6) Liquorice, aniseed, black pepper, clove
(7) Values denoted by “a” and “b” are, respectively, higher and lower than the standard value for experimental Sauvignon blanc wine
(8) Long-term averages for experimental wines from 10 different sites in Stellenbosch and Durbanville

Minimum temperature rarely dropped below 12ºC during the 
summer months, while the number of hours (71) with tempera-
ture > 30°C was also relatively low (Table 1) Different temperature 
indices (Winkler, Huglin, heat units for the summer months and 
average temperature for February) pointed towards marginally 
cooler conditions for the Durbanville terroir, in comparison to 
those selected at Helshoogte (Conradie, 2012a) and at Pol-
kadraai (Conradie, 2012b). Similar to the terroirs at Helshoogte 
and Polkadraai, the one at Durbanville could, therefore, be clas-
sified as “cool”. However, rainfall was low (131 mm) during the 
growing season, in comparison to Helshoogte (214 mm). 

omparison etween the two soil types

Both soils were of shale origin (Tygerberg formation of the 
Malmesbury-group), but clay content was higher for the West-
leigh than for the Tukulu (Table 2). This resulted in a lower water 
holding capacity for the Tukulu. Root density was lower for the 
Westleigh (106 roots/m2) than for the Tukulu (581 roots/m2), 
probably on account of the high water table that was present for 
the Westleigh soil during the first part of the season. 

rape ine performance

Grapevines on the Westleigh soil grew more vigorously than 

those on the Tukulu soil, especially during the first part of the 
season, probably on account of the presence of a water table 
and/or the higher water holding capacity. This resulted in a 
higher shoot mass for grapevines on the Westleigh soil, but yield 
was lower (Conradie et al., 2002). The latter could probably be 
ascribed to lower bud fertility, as induced by lower sunlight pen-
etration within the canopy. However, canopy management 
practices were regularly applied from the pea size stage, result-
ing in improved sunlight penetration. Grapevines on the West-
leigh soil were harvested later (3 March) than those on the 
Tukulu (19 February). At the end of the season, soil matric 
potential was regularly lower for the Westleigh than for the 
Tukulu. This was possibly on account of higher water consump-
tion by grapevines on the Westleigh soil, as induced by a higher 
leaf mass. However, the values for leaf water potentials (Conradie 
et al., 2002) indicated that grapevines on both soils were rarely 
subjected to high water stress. 

ine style uality

Organoleptic evaluations for wine style/quality, as well as cli-
matic tendencies, are summarised in Table 3 for the last six years 
of the study. At the hand of the average values, wines from both 
soils could be classified as superior, similar to the wines from 
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Helshoogte (Conradie, 2012a) and the wine from the Vilafontes 
at Polkadraai (Conradie, 2012b). Aroma profiles for the wines 
from Durbanville (Table 3) corresponded with that of the wine 
from the Vilafontes soil in the Polkadraai area (Conradie, 2012b). 
These wines were well balanced, with medium high grassy char-
acteristics. The wine from the Hutton soil at Helshoogte exhib-
ited a comparable aroma profile, apart from more pronounced 
fruity characteristics (Conradie, 2012a). In comparison to these 
four wines (two from Durbanville, one from the Vilafontes soil at 
Polkadraai and one from the Hutton at Helshoogte) fresh vegeta-
tive character tended to be higher, while dry vegetative character 
was lower for wine from the Tukulu soil at Helshoogte. Wine 
style/quality for the different vintages at Durbanville is discussed 
below. 

estleigh

Except for the 2000 vintage, wine quality could be classified as 
superior/above average. For the 1998 vintage (warm and dry 
conditions in September and October) tropical fruit was more 
prominent, while cooked vegetative- and spicy characteristics 
were lower, in comparison to the long-term average (Table 3). A 
comparable aroma profile was identified for the 2002 vintage 
(high temperature during November). As in the case of the Hut-
ton soil at Helshoogte (Conradie, 2012a), it appeared as if fruity 
characteristics are enhanced by high temperatures/high water 
stress, while grassy characteristics are lowered. For the 1999, 
2001 and 2003 vintages, aroma profiles were in general agree-
ment with the long-term averages. It was conspicuous that these 
three seasons (1998/99, 2000/01 en 2002/03) were all rela-
tively cool (Conradie, 2012a), even though climatic parameters 
still varied between seasons (Table 3). As in the case of the sandy 
soil in the Polkadraai area (Conradie, 2012b), the low quality of 
the 2000 vintage could possibly be ascribed to high tempera-
tures and dry conditions during winter, in combination with 
exceptionally high temperatures during December and January. 
During this season (1999/00) soil matric potential was appreci-
ably lower for the Westleigh than for the Tukulu, at the time of 
harvest (not shown). For this vintage (2000), however, dry veg-
etative character was still high, while the fruity character was 
enhanced, as for the 1998 and 2002 vintages.

u ulu

Due to logistical problems, experimental wines could not be 
prepared in the 2000/01 season. Quality was in the superior/
above-average category for the 1998, 1999, 2000 and 2002 
vintages, and below average for the 2003 vintage (Table 3). In 
comparison to the long-term averages, cooked vegetative- and 
spicy characteristics were lower for the 1998 vintage, similar to 
the wine from the Westleigh soil. However, fresh vegetative char-
acter was marginally lower, while tropical fruit character was not 
enhanced. Differences in the availability of soil water and/or 
canopy density must have affected wine style. For the 1999 and 
2002 vintages, aroma profiles were comparable for the two 
wines from the different soils. In contrast to below average qual-
ity for the 2000 vintage from the Westleigh soil, quality was still 
above-average for the Tukulu soil. The latter was probably on 
account of a more prominent fresh vegetative character, while 

tropical fruit character was not increased. As already mentioned, 
soil water was more readily available for grapevines on the 
Tukulu soil towards the end of the season. In contrast to the 
situation for the Westleigh soil, fullness, aroma intensity and 
overall quality were classified as below average for the 2003 
vintage, in spite of a “good” aroma profile. The reason for this 
contradiction was unclear, but a similar tendency has already 
been identified for this vintage for wine from the Vilafontes soil in 
the Polkadraai area (Conradie, 2012b). Below average rainfall 
over the whole season (Table 3) may have played a negative role, 
even though environmental conditions (coolest season) was 
conducive for high wine quality. 

onclusions
Under rain-fed conditions, Sauvignon blanc wines of high qual-
ity can be produced in the Durbanville area. However, wine style 
may be largely affected by environmental conditions, as well as 
soil type. During cooler seasons the aroma profile will normally 
remain constant, with wines exhibiting a good balance between 
grassy-, fruity- and spicy characteristics. It is possible; however, 
that quality may be reduced for vintages with below average 
rainfall. For grapevines on soils that induce vigorous growth (like 
the Westleigh in this trial), grassy characteristics may be less 
prominent and fruity characteristics more prominent, when high 
temperatures and/or dry conditions are experienced during 
spring, but wine quality remains in the superior range. On such 
soils, however, wine quality may be reduced during seasons 
where warm and dry conditions during winter are followed by 
exceptionally high temperatures during summer. For grapevines 
on soils with lower water holding capacities, where growth is less 
vigorous (like the Tukulu in this trial), tropical fruit character may 
tend to be lower, in comparison to wine from the Westleigh, 
when high temperatures and/or dry conditions are experienced 
during spring. It also appears as if exceptionally high tempera-
tures during summer will not necessarily reduce wine quality on 
such soils. It should be possible to obtain wines of similar styles 
and quality, from other terroirs with similar climatic conditions and 
similar soil types. However, wine styles could be affected by a 
number of viticultural practices, e.g. the choice of rootstock, 
irrigation, trellising system and canopy management. 
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ntroduction
As mentioned in previous articles, a good terroir should be able 
to produce wine with a distinctive character, on a regular basis. 
Terroirs that comply with these requirements have been identified 
in the vicinity of Stellenbosch and Durbanville (Conradie 2012a; 
2012b; 2012c). This article (the fourth in a series of five) deals 
with a study in Devon Valley, Stellenbosch. 

aterials en ethods
The study was carried out from 1993/94 to 2002/03 in Devon 
Valley, Stellenbosch (Table 1). The Sauvignon blanc/99 Richter 
vineyard was visually virus free, seven years old at the start of the 
investigation and cultivated under rain-fed conditions. Two dif-
ferent soil forms, i.e. Oakleaf and Glenrosa (Table 2), were iden-

tified within the vineyard and experimental plots were selected 
on each of the two soil types (Conradie et al., 2002). Climatic 
parameters, soil water content, leaf water potential and viticul-
tural parameters were monitored on a regular basis. Grapes were 
harvested at a sugar content of approximately 22.5°B and a 
titratable acidity of approximately 8 g/L. Wines were evaluated 
for different aromatic components (Conradie, 2012a). Standard 
values, as determined over the long-term for experimental Sau-
vignon blanc wine of average quality, were used to classify the 
different vintages. With the scores for overall quality, fullness and 
aroma intensity all “above average”, quality of the specific vintage 
was regarded as superior. Quality was regarded as below aver-
age for vintages where these parameters were predominantly 
classified “below average”.

TABLE 1. Location and climate of the experimental site in Devon Valley

Altitude
Co-ordinates
Aspect
Winkler index(1)

Huglin index(1)

Growing degree-days (Dec - Feb)(1)

Mean February temperature(1)

Temperature > 30°C (Dec - Feb)(1)

Temperature < 12°C (Dec - Feb)(1)

July mean temperature(1)

Rainfall (Oct - Mar)(1))

200 m
33.9122°S; 18.8320°E
West/Northwest
1 859°C (degree-days)
2 325°C
1 000°C
21.8°C
164 hours
42 hours
12.2°C
141 mm

(1) Mean values for the period from March 1994 to March 2001.

TABLE 2. Soil physical characteristics of two experimental soils in Devon Valley.

Oakleaf Glenrosa

Description

Clay (<0.002 mm)(1)

Fine-silt (0.02 - 0.002 mm)(1)

Coarse silt (0.05 - 0.02 mm)(1)

Very fine sand (0.10 - 0.05 mm)(1)

Fine sand (0.25 - 0.10 mm)(1)

Medium sand (0.50 - 0.25 mm)(1)

Coarse sand (2.0 - 0.50 mm)(1)

% Gravel (> 2.0 mm)
Water holding capacity (mm/m)(1)

Medium texture, yellow-brown, weak 
structure.

29.5
12.0
14.4
14.3
15.1
5.8
5.8
25.9
147

Medium texture, yellow-brown, high 
percentage stone.

32.7
20.5
9.8
7.2
7.3
4.3
15.5
57.0
101(2)

(1) Weighted averages to a depth of 1 000 mm. Particle size analyses (%) for soil fraction < 2 mm. 
(2) Water holding capacity not determined, due to high stone fraction. Estimated from the value for the Oakleaf. 
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esults and Discussion

limate

Different temperature indices (Winkler, Huglin, heat units for the 
summer months, and average temperature for February) pointed 
towards the terroir in Devon Valley (Table 1) being slightly warm-
er than those identified in Helshoogte (Conradie 2012a), Pol-
kadraai (Conradie, 2012b) and Durbanville (Conradie 2012c). 
During the summer months the number of hours with tempera-
ture > 30°C were relatively high (164), but periodically (42 hours) 
temperatures did drop below 12°C. According to the Winkler 
index (Table 1) this terroir could be placed in Region III, while the 
climate could be described as “moderate”, in terms of the mean-
February-temperature-index of De Villiers et al. (1996). Rainfall 
during the growing season (141 mm) was “normal” for the Stel-
lenbosch area. 

omparison etween the two soil types

Both soils originated from baked, sedimentary rock formations, 
with comparable clay contents (Table 2). However, the percent-
age of stone/gravel was much higher for the Glenrosa than for 

the Oakleaf, resulting in a lower water holding capacity for the 
Glenrosa. Root density was also lower in the Glenrosa (246 
roots/m2) than in the Oakleaf (344 roots/m2). 

rape ine performance

Shoot mass tended to be higher for grapevines on the Oakleaf 
soil, but yield was comparable for the two soil types. Towards 
the end of the growing season, the soil matric potential was 
lower for the Glenrosa than for the Oakleaf, resulting in higher 
water stress for grapevines in the Glenrosa (Conradie et al., 
2002). However, the two sites were both harvested by 9 Febru-
ary, which was relatively early in comparison to the terroirs in 
Helshoogte and Durbanville (Conradie, 2012a; 2012c). 

ine style uality

Organoleptic evaluations for wine style/quality, as well as cli-
matic conditions, are summarised in Table 3 for the last six years 
of the study. On account of logistical problems, wine could not 
be prepared for the Oakleaf soil during the 1997/98 and 
1999/2000 seasons. Consequently, the average value for wine 
from this soil is not directly comparable to the average values for 
the other terroirs. The average value (for four seasons) for wine 

TABLE 3. Trends in Sauvignon blanc wine style, for two different soil types in Devon Valley, over six seasons.

Soil Fullness
Aroma 

intensity
Overall 
quality

Wine aroma descriptions(1)

Fresh 
vegetative(2)

Cooked 
vegetative(3)

Dry 
vegetative(4)

Tropical 
fruit(5) Spice(6)

1997/1998 – warm, dry conditions in September and October. Good rain in November

Oakleaf (weak structure) (7)

Glenrosa (high stone fraction)    4.86 b (8) 6.88 a 5.66 a 2.59 b 1.71 b 1.51 a 5.44 a 0.24 b

1998/1999 –cool during spring. Summer relatively warm

Oakleaf (weak structure) 4.95 b 5.57 b 5.08 b 2.65 b 2.26 b 1.87 a 2.73 b 0.76 a
Glenrosa (high stone fraction) 5.81 a 5.69 b 5.43 b 2.08 b 3.08 a 2.17 a 1.93 b 1.31 a

1999/2000 – warm, dry winter, followed by exceptionally warm December and January

Oakleaf (weak structure) (7)

Glenrosa (high stone fraction) 5.56 a 4.99 b 5.21 b 1.37 b 1.64 b 0.30 b 2.61 b 0.26 b

2000/2001 – winter warm and dry. Low summer temperatures

Oakleaf (weak structure) 6.30 a 6.25 a 5.54 a 2.85 b 3.39 a 0.84 b 4.40 a 0.45 b
Glenrosa (high stone fraction) 5.74 a 5.90 b 5.51 a 3.62 a 3.36 a 1.59 a 3.77 a 1.03 a

2001/2002 – high temperatures during November. High rainfall in December

Oakleaf (weak structure) 5.73 a 6.55 a 5.79 a 3.46 b 2.28 b 1.52 a 4.15 a 0.65 a
Glenrosa (high stone fraction) 5.46 a 5.85 b 5.32 b 3.13 b 1.32 b 2.02 a 3.42 a 0.91 a

2002/2003 – low rainfall over whole season. Cool conditions over whole season

Oakleaf (weak structure) 5.76 a 5.93 b 5.52 a 3.75 a 2.39 b 1.96 a 3.39 a 0.83 a
Glenrosa (high stone fraction) 4.93 b 5.66 b 5.07 b 4.01 a 1.94 b 2.26 a 3.31 a 1.08 a

Average (1997/98 to 2002/2003)

Oakleaf (weak structure) 5.69 a 6.08 b 5.48 b 3.18 b 2.58 a 1.55 a 3.67 a 0.60 a
Glenrosa (high stone fraction) 5.39 a 5.81 b 5.37 b 2.80 b 2.18 b 1.58 a 3.41 a 0.74 a

Standard values for experimental Sauvignon blanc wine of average quality (9)

Different experimental sites 5.30 6.12 5.50 3.50 2.50 1.50 3.10 0.60

(1) As evaluated by an experienced panel on a 10 cm unstructured line scale (undetectable/unacceptable = 0, prominent/excellent = 10)
(2) Grass, green pepper, eucalyptus, mint 
(3) Green beans, asparagus, olive, artichoke
(4) Hay/straw, tea, tobacco 
(5) Pineapple, melon, banana, guava 
(6) Liquorice, aniseed, black pepper, clove
(7) No experimental wine from Oakleaf, during this season
(8) Values denoted by “a” and “b” are, respectively, higher and lower than the standard value for experimental Sauvignon blanc wine.
(9) Long-term averages for experimental wines from 10 different sites in Stellenbosch and Durbanville
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ntroduction
As mentioned in previous articles, a good terroir should be able 
to produce wine with a distinctive character, on a regular basis. 
Terroirs that comply with these requirements have been identified 
in the vicinity of Stellenbosch and Durbanville (Conradie 2012a; 
2012b; 2012c). This article (the fourth in a series of five) deals 
with a study in Devon Valley, Stellenbosch. 

aterials en ethods
The study was carried out from 1993/94 to 2002/03 in Devon 
Valley, Stellenbosch (Table 1). The Sauvignon blanc/99 Richter 
vineyard was visually virus free, seven years old at the start of the 
investigation and cultivated under rain-fed conditions. Two dif-
ferent soil forms, i.e. Oakleaf and Glenrosa (Table 2), were iden-

tified within the vineyard and experimental plots were selected 
on each of the two soil types (Conradie et al., 2002). Climatic 
parameters, soil water content, leaf water potential and viticul-
tural parameters were monitored on a regular basis. Grapes were 
harvested at a sugar content of approximately 22.5°B and a 
titratable acidity of approximately 8 g/L. Wines were evaluated 
for different aromatic components (Conradie, 2012a). Standard 
values, as determined over the long-term for experimental Sau-
vignon blanc wine of average quality, were used to classify the 
different vintages. With the scores for overall quality, fullness and 
aroma intensity all “above average”, quality of the specific vintage 
was regarded as superior. Quality was regarded as below aver-
age for vintages where these parameters were predominantly 
classified “below average”.

TABLE 1. Location and climate of the experimental site in Devon Valley

Altitude
Co-ordinates
Aspect
Winkler index(1)

Huglin index(1)

Growing degree-days (Dec - Feb)(1)

Mean February temperature(1)

Temperature > 30°C (Dec - Feb)(1)

Temperature < 12°C (Dec - Feb)(1)

July mean temperature(1)

Rainfall (Oct - Mar)(1))

200 m
33.9122°S; 18.8320°E
West/Northwest
1 859°C (degree-days)
2 325°C
1 000°C
21.8°C
164 hours
42 hours
12.2°C
141 mm

(1) Mean values for the period from March 1994 to March 2001.

TABLE 2. Soil physical characteristics of two experimental soils in Devon Valley.

Oakleaf Glenrosa

Description

Clay (<0.002 mm)(1)

Fine-silt (0.02 - 0.002 mm)(1)

Coarse silt (0.05 - 0.02 mm)(1)

Very fine sand (0.10 - 0.05 mm)(1)

Fine sand (0.25 - 0.10 mm)(1)

Medium sand (0.50 - 0.25 mm)(1)

Coarse sand (2.0 - 0.50 mm)(1)

% Gravel (> 2.0 mm)
Water holding capacity (mm/m)(1)

Medium texture, yellow-brown, weak 
structure.

29.5
12.0
14.4
14.3
15.1
5.8
5.8
25.9
147

Medium texture, yellow-brown, high 
percentage stone.

32.7
20.5
9.8
7.2
7.3
4.3
15.5
57.0
101(2)

(1) Weighted averages to a depth of 1 000 mm. Particle size analyses (%) for soil fraction < 2 mm. 
(2) Water holding capacity not determined, due to high stone fraction. Estimated from the value for the Oakleaf. 
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esults and Discussion

limate

Different temperature indices (Winkler, Huglin, heat units for the 
summer months, and average temperature for February) pointed 
towards the terroir in Devon Valley (Table 1) being slightly warm-
er than those identified in Helshoogte (Conradie 2012a), Pol-
kadraai (Conradie, 2012b) and Durbanville (Conradie 2012c). 
During the summer months the number of hours with tempera-
ture > 30°C were relatively high (164), but periodically (42 hours) 
temperatures did drop below 12°C. According to the Winkler 
index (Table 1) this terroir could be placed in Region III, while the 
climate could be described as “moderate”, in terms of the mean-
February-temperature-index of De Villiers et al. (1996). Rainfall 
during the growing season (141 mm) was “normal” for the Stel-
lenbosch area. 

omparison etween the two soil types

Both soils originated from baked, sedimentary rock formations, 
with comparable clay contents (Table 2). However, the percent-
age of stone/gravel was much higher for the Glenrosa than for 

the Oakleaf, resulting in a lower water holding capacity for the 
Glenrosa. Root density was also lower in the Glenrosa (246 
roots/m2) than in the Oakleaf (344 roots/m2). 

rape ine performance

Shoot mass tended to be higher for grapevines on the Oakleaf 
soil, but yield was comparable for the two soil types. Towards 
the end of the growing season, the soil matric potential was 
lower for the Glenrosa than for the Oakleaf, resulting in higher 
water stress for grapevines in the Glenrosa (Conradie et al., 
2002). However, the two sites were both harvested by 9 Febru-
ary, which was relatively early in comparison to the terroirs in 
Helshoogte and Durbanville (Conradie, 2012a; 2012c). 

ine style uality

Organoleptic evaluations for wine style/quality, as well as cli-
matic conditions, are summarised in Table 3 for the last six years 
of the study. On account of logistical problems, wine could not 
be prepared for the Oakleaf soil during the 1997/98 and 
1999/2000 seasons. Consequently, the average value for wine 
from this soil is not directly comparable to the average values for 
the other terroirs. The average value (for four seasons) for wine 

TABLE 3. Trends in Sauvignon blanc wine style, for two different soil types in Devon Valley, over six seasons.

Soil Fullness
Aroma 

intensity
Overall 
quality

Wine aroma descriptions(1)

Fresh 
vegetative(2)

Cooked 
vegetative(3)

Dry 
vegetative(4)

Tropical 
fruit(5) Spice(6)

1997/1998 – warm, dry conditions in September and October. Good rain in November

Oakleaf (weak structure) (7)

Glenrosa (high stone fraction)    4.86 b (8) 6.88 a 5.66 a 2.59 b 1.71 b 1.51 a 5.44 a 0.24 b

1998/1999 –cool during spring. Summer relatively warm

Oakleaf (weak structure) 4.95 b 5.57 b 5.08 b 2.65 b 2.26 b 1.87 a 2.73 b 0.76 a
Glenrosa (high stone fraction) 5.81 a 5.69 b 5.43 b 2.08 b 3.08 a 2.17 a 1.93 b 1.31 a

1999/2000 – warm, dry winter, followed by exceptionally warm December and January

Oakleaf (weak structure) (7)

Glenrosa (high stone fraction) 5.56 a 4.99 b 5.21 b 1.37 b 1.64 b 0.30 b 2.61 b 0.26 b

2000/2001 – winter warm and dry. Low summer temperatures

Oakleaf (weak structure) 6.30 a 6.25 a 5.54 a 2.85 b 3.39 a 0.84 b 4.40 a 0.45 b
Glenrosa (high stone fraction) 5.74 a 5.90 b 5.51 a 3.62 a 3.36 a 1.59 a 3.77 a 1.03 a

2001/2002 – high temperatures during November. High rainfall in December

Oakleaf (weak structure) 5.73 a 6.55 a 5.79 a 3.46 b 2.28 b 1.52 a 4.15 a 0.65 a
Glenrosa (high stone fraction) 5.46 a 5.85 b 5.32 b 3.13 b 1.32 b 2.02 a 3.42 a 0.91 a

2002/2003 – low rainfall over whole season. Cool conditions over whole season

Oakleaf (weak structure) 5.76 a 5.93 b 5.52 a 3.75 a 2.39 b 1.96 a 3.39 a 0.83 a
Glenrosa (high stone fraction) 4.93 b 5.66 b 5.07 b 4.01 a 1.94 b 2.26 a 3.31 a 1.08 a

Average (1997/98 to 2002/2003)

Oakleaf (weak structure) 5.69 a 6.08 b 5.48 b 3.18 b 2.58 a 1.55 a 3.67 a 0.60 a
Glenrosa (high stone fraction) 5.39 a 5.81 b 5.37 b 2.80 b 2.18 b 1.58 a 3.41 a 0.74 a

Standard values for experimental Sauvignon blanc wine of average quality (9)

Different experimental sites 5.30 6.12 5.50 3.50 2.50 1.50 3.10 0.60

(1) As evaluated by an experienced panel on a 10 cm unstructured line scale (undetectable/unacceptable = 0, prominent/excellent = 10)
(2) Grass, green pepper, eucalyptus, mint 
(3) Green beans, asparagus, olive, artichoke
(4) Hay/straw, tea, tobacco 
(5) Pineapple, melon, banana, guava 
(6) Liquorice, aniseed, black pepper, clove
(7) No experimental wine from Oakleaf, during this season
(8) Values denoted by “a” and “b” are, respectively, higher and lower than the standard value for experimental Sauvignon blanc wine.
(9) Long-term averages for experimental wines from 10 different sites in Stellenbosch and Durbanville
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from the Oakleaf pointed towards an above average value for 
fullness, while the scores for aroma intensity and overall quality 
were only marginally lower than the “standard” values for exper-
imental Sauvignon blanc-wine of average quality (Table 3). In 
terms of these averages, wine from the Oakleaf soil could be 
classified in the above average category. The aroma profile for 
this wine indicated a low value for fresh vegetative character, with 
all the other aroma components in the above average range. The 
average for tropical fruit character (3.67) was higher than those 
of the terroirs at Helshoogte, Polkadraai and Durbanville (Con-
radie, 2012a; 2012b; 2012c). The average values for wine from 
the Glenrosa soil also pointed towards acceptable fullness, but 
aroma intensity and overall quality tended lower, compared to 
wine from the Oakleaf soil. This wine could, therefore, be classi-
fied as average/below average, with especially grassy charac-
teristics (fresh- and cooked vegetative) being low. Wine quality/
style for the different soils and vintages are discussed below. 

a leaf

In spite of a “good” climate in 1998/99, quality was below aver-
age for the 1999 vintage (Table 3). The reason for the latter was 
unclear, especially in view of high quality from the other terroirs 
(Helshoogte, Polkadraai, Durbanville). It is possible, however, that 
excessive vegetative growth and/or high canopy density, as 
induced by cool conditions during spring and high rainfall in 
November, may have had a negative effect. For the 2001, 2002 
en 2003 vintages, quality could be classified as superior/above 
average. Aroma profiles were largely comparable to the long-
term average, even though dry vegetative- and spicy charac-
teristics were low for the 2001 vintage. Cooked vegetative 
character was slightly reduced for the 2002 and 2003 vintages, 
while it was conspicuous that fresh vegetative character 
increased during the coolest season (2002/2003).

lenrosa

Quality was in the above average category for the 1998 and 
2001 vintages. Low summer temperatures during 1997/98 and 
2000/01 may have contributed towards this result. Similar to the 
situation from some of the other terroirs (Conradie, 2012b), the 
high tropical character of the 1998 vintage may have been 
caused by warm and dry conditions during September/October, 
resulting in relatively high water stress. For the 2001 vintage, 
fresh- and dry vegetative characteristics were more prominent in 
this wine than in the one from the Oakleaf soil. Quality could be 
classified as below average for the 1999, 2000, 2002 and 2003 
vintages (Table 3). As mentioned for wine from the Oakleaf soil, 
the reason(s) for 1999’s low quality was unclear. Low quality for 
the 2000 vintage was probably the result of the warm and dry 

winter, followed by exceptionally warm conditions during Decem-
ber and January. A similar reaction has already been observed 
for the terroirs at Polkadraai (Conradie, 2012b) and Durbanville 
(Conradie, 2012c). Low quality for the 2002 and 2003 vintages 
was in contrast to superior/above-average quality for wine from 
the Oakleaf soil. This may have been caused by differences in 
the availability of soil water and/or canopy density. 

onclusions 
In the Devon Valley area of Stellenbosch, Sauvignon blanc wine 
of above average quality can be produced under rain-fed condi-
tions. However, wine style will be affected by environmental 
conditions, as well as soil type. For grapevines on soils with a 
relatively high water holding capacity (like the Oakleaf in this 
study), grassy characteristics tend to be less prominent and fruity 
characteristics more prominent. On such soils, however, grassy 
characteristics may be elevated during cooler seasons. For 
grapevines on soils with lower water holding capacities (like the 
Glenrosa in this study) wine quality is normally lower, even though 
wines of above average quality may still be obtained, especially 
during seasons with relatively low summer temperatures. It 
should be possible to obtain wines of similar styles and quality, 
from other terroirs with similar climatic conditions and similar soil 
types. However, wine style could be affected by a number of 
viticultural practices, e.g. choice of rootstock, irrigation, trellising 
system and canopy density. 
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ummary
An investigation was carried out in the Devon Valley area of Stellenbosch, over a 10-year period, in a Sauvignon blanc vineyard 
cultivated under rain-fed conditions. Climatic conditions could be classified as moderate. Two different soil forms (Oakleaf and 
Glenrosa) were identified within the vineyard and experimental plots were selected on each soil type. Experimental wines were 
made separately, using grapes grown in each soil type. Water holding capacity was higher for the Oakleaf than for the Glenrosa, 
resulting in higher water stress for grapevines on the Glenrosa soil. Wines of above-average quality were normally obtained from 
the Oakleaf soil. Wines exhibited prominent fruity characteristics, but grassy characteristics were enhanced during cool seasons. 
Even though quality was lower for the Glenrosa soil, wines of good quality were still produced during some seasons. 

technical yearbook 2012 59

Effect of different terroirs on the style of 
Sauvignon blanc wine. Part 5 - Papegaaiberg 

WineLand May 2012

Keywords: Terroir, Sauvignon blanc, Papegaaiberg, soil type, wine quality, climate.

TABLE 1. Location and climate of the experimental site in Papegaaiberg.

Altitude
Co-ordinates
Aspect
Winkler index(1)

Huglin index(1)

Growing degree days (Dec - Feb)(1)

February mean temperature(1)

Temperature > 30°C (Dec - Feb)(1)

Temperature < 12°C (Dec - Feb)(1)

July mean temperature(1)

Rainfall (Oct - Mar)(1)

148 m
33.9295°S; 18.8350°E
North-West
1 949°C (degree-days)
2 420°C
1 039°C
22.2°C
195 hours
39 hours
12.5°C
153 mm

(1)Mean values for the period from March 1994 to March 2001.

TABLE 2. Soil physical characteristics of two experimental soils in Papegaaiberg.

Avalon Tukulu

Description

Clay (<0.002 mm)(1)

Fine-silt (0.02 - 0.002 mm)(1)

Coarse silt (0.05 - 0.02 mm)(1)

Very fine sand (0.10 - 0.05 mm)(1)

Fine sand (0.25 - 0.10 mm)(1)

Medium sand (0.50 - 0.25 mm)(1)

Coarse sand (2.0 - 0.50 mm)(1)

% Gravel (> 2.0 mm)
Water holding capacity (mm/m)(1)

Medium texture, yellow-brown, weak 
structure, mottled subsoil.

32.4
8.0
5.3
10.2
16.0
13.6
11.5
5.0
149

Medium texture, yellow-brown, weak 
structure, signs of wetness in subsoil.

33.4
7.3
9.8
8.8
16.2
12.8
12.4
36.1
118

(1)Weighted averages to a depth of 1 000 mm. Particle size analyses (%) for soil fraction < 2 mm. 

ntroduction
Terroirs, capable of producing Sauvignon blanc wines with dis-
tinctive, identifiable characters on a regular basis, have already 
been identified in the vicinities of Stellenbosch and Durbanville 
(Conradie, 2012a; 2012b; 2012c; 2012d). However, wine style/
quality was affected by factors such as climate, the availability of 
soil water and canopy density. This article (the last in a series of 
five) deals with a study in Papegaaiberg, Stellenbosch. 

aterials and ethods
The study was carried out between 1993/94 and 2002/03 in 
Papegaaiberg, Stellenbosch (Table 1). The Sauvignon blanc/99 
Richter vineyard was visually virus free, eight-years-old at the 
start of the investigation and cultivated under rain-fed conditions. 
Two different soil forms, i.e. Avalon and Tukulu (Table 2), were 

identified within the vineyard and experimental plots were se -
lected on each of the two soil types (Conradie et al., 2002). Cli-
matic parameters, soil water content, leaf water potential and 
viticultural parameters were monitored on a regular basis. Grapes 
were harvested at a sugar content of approximately 22.5°B and 
a titratable acidity of approximately 8 g/L. Wines were evaluated 
for different aromatic components (Conradie, 2012a). Standard 
values, as determined over the long-term for experimental Sau-
vignon blanc wine of average quality, were used to classify the 
different components. 

esults and Discussion
limate

Different temperature indices (Winkler, Huglin, heat units for the 
summer months and average temperature for February) pointed 

vineyard
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from the Oakleaf pointed towards an above average value for 
fullness, while the scores for aroma intensity and overall quality 
were only marginally lower than the “standard” values for exper-
imental Sauvignon blanc-wine of average quality (Table 3). In 
terms of these averages, wine from the Oakleaf soil could be 
classified in the above average category. The aroma profile for 
this wine indicated a low value for fresh vegetative character, with 
all the other aroma components in the above average range. The 
average for tropical fruit character (3.67) was higher than those 
of the terroirs at Helshoogte, Polkadraai and Durbanville (Con-
radie, 2012a; 2012b; 2012c). The average values for wine from 
the Glenrosa soil also pointed towards acceptable fullness, but 
aroma intensity and overall quality tended lower, compared to 
wine from the Oakleaf soil. This wine could, therefore, be classi-
fied as average/below average, with especially grassy charac-
teristics (fresh- and cooked vegetative) being low. Wine quality/
style for the different soils and vintages are discussed below. 

a leaf

In spite of a “good” climate in 1998/99, quality was below aver-
age for the 1999 vintage (Table 3). The reason for the latter was 
unclear, especially in view of high quality from the other terroirs 
(Helshoogte, Polkadraai, Durbanville). It is possible, however, that 
excessive vegetative growth and/or high canopy density, as 
induced by cool conditions during spring and high rainfall in 
November, may have had a negative effect. For the 2001, 2002 
en 2003 vintages, quality could be classified as superior/above 
average. Aroma profiles were largely comparable to the long-
term average, even though dry vegetative- and spicy charac-
teristics were low for the 2001 vintage. Cooked vegetative 
character was slightly reduced for the 2002 and 2003 vintages, 
while it was conspicuous that fresh vegetative character 
increased during the coolest season (2002/2003).

lenrosa

Quality was in the above average category for the 1998 and 
2001 vintages. Low summer temperatures during 1997/98 and 
2000/01 may have contributed towards this result. Similar to the 
situation from some of the other terroirs (Conradie, 2012b), the 
high tropical character of the 1998 vintage may have been 
caused by warm and dry conditions during September/October, 
resulting in relatively high water stress. For the 2001 vintage, 
fresh- and dry vegetative characteristics were more prominent in 
this wine than in the one from the Oakleaf soil. Quality could be 
classified as below average for the 1999, 2000, 2002 and 2003 
vintages (Table 3). As mentioned for wine from the Oakleaf soil, 
the reason(s) for 1999’s low quality was unclear. Low quality for 
the 2000 vintage was probably the result of the warm and dry 

winter, followed by exceptionally warm conditions during Decem-
ber and January. A similar reaction has already been observed 
for the terroirs at Polkadraai (Conradie, 2012b) and Durbanville 
(Conradie, 2012c). Low quality for the 2002 and 2003 vintages 
was in contrast to superior/above-average quality for wine from 
the Oakleaf soil. This may have been caused by differences in 
the availability of soil water and/or canopy density. 

onclusions 
In the Devon Valley area of Stellenbosch, Sauvignon blanc wine 
of above average quality can be produced under rain-fed condi-
tions. However, wine style will be affected by environmental 
conditions, as well as soil type. For grapevines on soils with a 
relatively high water holding capacity (like the Oakleaf in this 
study), grassy characteristics tend to be less prominent and fruity 
characteristics more prominent. On such soils, however, grassy 
characteristics may be elevated during cooler seasons. For 
grapevines on soils with lower water holding capacities (like the 
Glenrosa in this study) wine quality is normally lower, even though 
wines of above average quality may still be obtained, especially 
during seasons with relatively low summer temperatures. It 
should be possible to obtain wines of similar styles and quality, 
from other terroirs with similar climatic conditions and similar soil 
types. However, wine style could be affected by a number of 
viticultural practices, e.g. choice of rootstock, irrigation, trellising 
system and canopy density. 
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ummary
An investigation was carried out in the Devon Valley area of Stellenbosch, over a 10-year period, in a Sauvignon blanc vineyard 
cultivated under rain-fed conditions. Climatic conditions could be classified as moderate. Two different soil forms (Oakleaf and 
Glenrosa) were identified within the vineyard and experimental plots were selected on each soil type. Experimental wines were 
made separately, using grapes grown in each soil type. Water holding capacity was higher for the Oakleaf than for the Glenrosa, 
resulting in higher water stress for grapevines on the Glenrosa soil. Wines of above-average quality were normally obtained from 
the Oakleaf soil. Wines exhibited prominent fruity characteristics, but grassy characteristics were enhanced during cool seasons. 
Even though quality was lower for the Glenrosa soil, wines of good quality were still produced during some seasons. 
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Effect of different terroirs on the style of 
Sauvignon blanc wine. Part 5 - Papegaaiberg 

WineLand May 2012

Keywords: Terroir, Sauvignon blanc, Papegaaiberg, soil type, wine quality, climate.

TABLE 1. Location and climate of the experimental site in Papegaaiberg.

Altitude
Co-ordinates
Aspect
Winkler index(1)

Huglin index(1)

Growing degree days (Dec - Feb)(1)

February mean temperature(1)

Temperature > 30°C (Dec - Feb)(1)

Temperature < 12°C (Dec - Feb)(1)

July mean temperature(1)

Rainfall (Oct - Mar)(1)

148 m
33.9295°S; 18.8350°E
North-West
1 949°C (degree-days)
2 420°C
1 039°C
22.2°C
195 hours
39 hours
12.5°C
153 mm

(1)Mean values for the period from March 1994 to March 2001.

TABLE 2. Soil physical characteristics of two experimental soils in Papegaaiberg.

Avalon Tukulu

Description

Clay (<0.002 mm)(1)

Fine-silt (0.02 - 0.002 mm)(1)

Coarse silt (0.05 - 0.02 mm)(1)

Very fine sand (0.10 - 0.05 mm)(1)

Fine sand (0.25 - 0.10 mm)(1)

Medium sand (0.50 - 0.25 mm)(1)

Coarse sand (2.0 - 0.50 mm)(1)

% Gravel (> 2.0 mm)
Water holding capacity (mm/m)(1)

Medium texture, yellow-brown, weak 
structure, mottled subsoil.

32.4
8.0
5.3
10.2
16.0
13.6
11.5
5.0
149

Medium texture, yellow-brown, weak 
structure, signs of wetness in subsoil.

33.4
7.3
9.8
8.8
16.2
12.8
12.4
36.1
118

(1)Weighted averages to a depth of 1 000 mm. Particle size analyses (%) for soil fraction < 2 mm. 

ntroduction
Terroirs, capable of producing Sauvignon blanc wines with dis-
tinctive, identifiable characters on a regular basis, have already 
been identified in the vicinities of Stellenbosch and Durbanville 
(Conradie, 2012a; 2012b; 2012c; 2012d). However, wine style/
quality was affected by factors such as climate, the availability of 
soil water and canopy density. This article (the last in a series of 
five) deals with a study in Papegaaiberg, Stellenbosch. 

aterials and ethods
The study was carried out between 1993/94 and 2002/03 in 
Papegaaiberg, Stellenbosch (Table 1). The Sauvignon blanc/99 
Richter vineyard was visually virus free, eight-years-old at the 
start of the investigation and cultivated under rain-fed conditions. 
Two different soil forms, i.e. Avalon and Tukulu (Table 2), were 

identified within the vineyard and experimental plots were se -
lected on each of the two soil types (Conradie et al., 2002). Cli-
matic parameters, soil water content, leaf water potential and 
viticultural parameters were monitored on a regular basis. Grapes 
were harvested at a sugar content of approximately 22.5°B and 
a titratable acidity of approximately 8 g/L. Wines were evaluated 
for different aromatic components (Conradie, 2012a). Standard 
values, as determined over the long-term for experimental Sau-
vignon blanc wine of average quality, were used to classify the 
different components. 

esults and Discussion
limate

Different temperature indices (Winkler, Huglin, heat units for the 
summer months and average temperature for February) pointed 
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TABLE 3. Trends in Sauvignon blanc wine style for two separate seasons (2000/01 and 2002/03) and average over six seasons (1997/98 to 2002/03), 
for two different soil types in Papegaaiberg. 

Soil Fullness Aroma 
intensity

Overall 
quality

Wine aroma descriptions(1)

Fresh 
vegetative(2)

Cooked 
vegetative(3)

Dry 
vegetative(4)

Tropical 
fruit(5) Spicy(6)

2000/2001 – Low summer temperatures

Avalon (drier)   5.08 b(7) 6.43 a 4.93 b 2.81 b 4.07 a 1.28 b 3.93 a 0.64 a

Tukulu (wetter) 5.25 b 5.95 b 5.16 b 3.18 b 3.87 a 1.92 a 3.65 a 0.98 a

2002/2003 – low rainfall over whole season. Cool conditions over whole season

Avalon (drier) 4.90 b 5.84 b 4.97 b 3.21 b 2.01b 1.99 a 3.72 a 0.28 b

Tukulu (wetter) 5.67 a 5.59 b 5.11 b 3.69 a 2.57 a 2.27 a 2.54 b 0.60 a

Average (1997/98 to 2002/2003)

Avalon (drier) 4.86 b 5.78 b 4.86 b 3.00 b 2.14 b 1.34 b 3.03 b 0.29 b

Tukulu (wetter) 4.95 b 5.56 b 4.78 b 2.89 b 2 33 b 1.34 b 3.01 b 0.49 b

Standard values for experimental Sauvignon blanc wine of average quality (8)

Different experimental sites 5.30 6.12 5.50 3.50 2.50 1.50 3.10 0.60

(1) As evaluated by an experienced panel on a 10 cm unstructured line scale (undetectable/unacceptable = 0, prominent/excellent = 10).
(2) Grass, green pepper, eucalyptus, mint 
(3) Green beans, asparagus, olive, artichoke.
(4) Hay/straw, tea, tobacco 
(5) Pineapple, melon, banana, guava 
(6) Liquorice, aniseed, black pepper, clove.
(7) Values denoted by “a” and “b” are, respectively, higher and lower than the standard value for experimental Sauvignon blanc wine.
(8) Long-term averages for experimental wines from 10 different sites in Stellenbosch and Durbanville.

towards the terroir in Papegaaiberg (Table 1) being appreciable 
warmer than those identified in Helshoogte (Conradie 2012a), 
Polkadraai (Conradie, 2012b) and Durbanville (Conradie 2012c), 
and also slightly warmer than the one in Devon Valley (Conradie, 
2012d). The north-western aspect of the vineyard (Table 1), as well 
as the fact that it was situated in a shallow basin (altitude = 148 
m), resulted in it being largely protected, during the summer 
months, against the cooling effect of the sea breezes (Bonnardot 
et al., 2001), thus explaining why this location was relatively warm. 
During summer there were a high number of hours (195) with 
temperature > 30°C, even though temperature did sometimes (39 
hours) drop below 12°C. Number of degree days (Table 1) was 
marginally higher than the maximum (1943) for Region III, suggest-
ing that this terroir should be placed in Region IV, in terms of the 
Winkler index. According to the mean February temperature-index 
of De Villiers et al. (1996), however, the climate can be described 
as “moderate” and the terroir should have the potential to produce 
red table wine of high quality. Rainfall during the growing season 
(153 mm) was “normal” for the Stellenbosch area. 

omparison etween the two soil types

Both soils originated from sedimentary rock formations, with 
comparable clay contents (Table 2). However, percentage stone/
gravel was much higher for the Tukulu than for the Avalon, result-
ing in a higher water holding capacity for the Avalon. Root den-
sity was also lower in the Tukulu (261 roots/m2) than in the Avalon 
(863 roots/m2). 

rape ine performance

Shoot mass was comparable for the two soil types, but yield 
tended to be higher for grapevines on the Avalon (Conradie et 
al., 2002). Towards the end of the growing season, soil matric 
potential was lower for the Tukulu than for the Avalon, but grape-
vines on the two soil types experienced comparable levels of 
water stress. Both sites were generally harvested by 9 February, 
thus being close to the harvesting dates of the terroirs at Pol-
kadraai (Conradie, 2012b) and Devon Valley (Conradie, 2012d). 

ine style uality

Organoleptic evaluations for wine style/quality, as well as cli-
matic conditions, are summarised in Table 3. The mean values 
(for six seasons) pointed towards below average scores for qual-
ity/aroma components, for both wines. It was especially notice-
able that tropical fruit character was scored in the below average 
category for both wines, compared to high values for wines from 
Devon Valley, where climate was also classified as “moderate”, 
albeit slightly cooler than Papegaaiberg. (Conradie, 2012d). The 
low values could largely be ascribed to below average quality for 
the 1998, 1999, 2000 and 2002 vintages (not shown). For the 
2001 and 2003 vintages, however, some aroma components 
received higher scores (Table 3), possibly on account of low 
temperatures during the 2000/2001 and 2002/2003 seasons 
(Conradie, 2012a). Cooked- and dry vegetative, tropical fruit and 
spicy characteristics could generally be classified as above aver-
age for both these vintages, while fresh vegetative character was 
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ummary
An investigation was carried out in the Papegaaiberg area of Stellenbosch, over a 10-year period, in a Sauvignon blanc vineyard 
cultivated under rain-fed conditions. Temperatures were relatively high during most seasons, but climatic conditions could still be 
classified as moderate. Two different soil forms (Avalon and Tukulu) were identified within the vineyard and experimental plots were 
selected on each soil type. Water holding capacity was higher for the Avalon than for the Tukulu, but grapevines on the two soil 
forms experienced comparable levels of water stress. Experimental wines, made separately for each soil type, were evaluated for 
different aromatic components. In general, expression of wine aroma components was relatively low for both soil types. During 
some of the cooler seasons, however, grassy- and fruity characteristics were fairly prominent in wines from both soil types. 

also above average for the 2003 vintage from the Tukulu soil. 
Grassy and fruity characteristics were, therefore, fairly prominent 
in these vintages, while overall quality was also relatively high for 
wine from the Tukulu soil, compared to the long-term average. 

onclusions 

In general, temperatures were relatively high for the terroir in the 
Papegaaiberg area of Stellenbosch. The quality of Sauvignon 
blanc wine, as produced under rain-fed conditions, was gener-
ally below average, but wines of higher quality were obtained 
during cooler seasons. Results suggested that Sauvignon blanc 
should not be the first choice as cultivar for this specific terroir, 
but it is most likely that it will be possible to use it fruitfully for the 
production of high quality red wine. For Sauvignon blanc, wine 
style could also be affected by viticultural practices, e.g. choice 
of rootstock, irrigation, trellising system and canopy density. 
There should surely also be more favourable locations, for the 
production of Sauvignon blanc wine, within the Papegaaiberg 
Ward. 

c nowledgements

Winetech for partial funding of the research project, as well as 

technical support by the project team at ARC Infruitec-Nietvoor-
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TABLE 3. Trends in Sauvignon blanc wine style for two separate seasons (2000/01 and 2002/03) and average over six seasons (1997/98 to 2002/03), 
for two different soil types in Papegaaiberg. 

Soil Fullness Aroma 
intensity

Overall 
quality

Wine aroma descriptions(1)

Fresh 
vegetative(2)

Cooked 
vegetative(3)

Dry 
vegetative(4)

Tropical 
fruit(5) Spicy(6)

2000/2001 – Low summer temperatures

Avalon (drier)   5.08 b(7) 6.43 a 4.93 b 2.81 b 4.07 a 1.28 b 3.93 a 0.64 a

Tukulu (wetter) 5.25 b 5.95 b 5.16 b 3.18 b 3.87 a 1.92 a 3.65 a 0.98 a

2002/2003 – low rainfall over whole season. Cool conditions over whole season

Avalon (drier) 4.90 b 5.84 b 4.97 b 3.21 b 2.01b 1.99 a 3.72 a 0.28 b

Tukulu (wetter) 5.67 a 5.59 b 5.11 b 3.69 a 2.57 a 2.27 a 2.54 b 0.60 a

Average (1997/98 to 2002/2003)

Avalon (drier) 4.86 b 5.78 b 4.86 b 3.00 b 2.14 b 1.34 b 3.03 b 0.29 b

Tukulu (wetter) 4.95 b 5.56 b 4.78 b 2.89 b 2 33 b 1.34 b 3.01 b 0.49 b

Standard values for experimental Sauvignon blanc wine of average quality (8)

Different experimental sites 5.30 6.12 5.50 3.50 2.50 1.50 3.10 0.60

(1) As evaluated by an experienced panel on a 10 cm unstructured line scale (undetectable/unacceptable = 0, prominent/excellent = 10).
(2) Grass, green pepper, eucalyptus, mint 
(3) Green beans, asparagus, olive, artichoke.
(4) Hay/straw, tea, tobacco 
(5) Pineapple, melon, banana, guava 
(6) Liquorice, aniseed, black pepper, clove.
(7) Values denoted by “a” and “b” are, respectively, higher and lower than the standard value for experimental Sauvignon blanc wine.
(8) Long-term averages for experimental wines from 10 different sites in Stellenbosch and Durbanville.

towards the terroir in Papegaaiberg (Table 1) being appreciable 
warmer than those identified in Helshoogte (Conradie 2012a), 
Polkadraai (Conradie, 2012b) and Durbanville (Conradie 2012c), 
and also slightly warmer than the one in Devon Valley (Conradie, 
2012d). The north-western aspect of the vineyard (Table 1), as well 
as the fact that it was situated in a shallow basin (altitude = 148 
m), resulted in it being largely protected, during the summer 
months, against the cooling effect of the sea breezes (Bonnardot 
et al., 2001), thus explaining why this location was relatively warm. 
During summer there were a high number of hours (195) with 
temperature > 30°C, even though temperature did sometimes (39 
hours) drop below 12°C. Number of degree days (Table 1) was 
marginally higher than the maximum (1943) for Region III, suggest-
ing that this terroir should be placed in Region IV, in terms of the 
Winkler index. According to the mean February temperature-index 
of De Villiers et al. (1996), however, the climate can be described 
as “moderate” and the terroir should have the potential to produce 
red table wine of high quality. Rainfall during the growing season 
(153 mm) was “normal” for the Stellenbosch area. 

omparison etween the two soil types

Both soils originated from sedimentary rock formations, with 
comparable clay contents (Table 2). However, percentage stone/
gravel was much higher for the Tukulu than for the Avalon, result-
ing in a higher water holding capacity for the Avalon. Root den-
sity was also lower in the Tukulu (261 roots/m2) than in the Avalon 
(863 roots/m2). 

rape ine performance

Shoot mass was comparable for the two soil types, but yield 
tended to be higher for grapevines on the Avalon (Conradie et 
al., 2002). Towards the end of the growing season, soil matric 
potential was lower for the Tukulu than for the Avalon, but grape-
vines on the two soil types experienced comparable levels of 
water stress. Both sites were generally harvested by 9 February, 
thus being close to the harvesting dates of the terroirs at Pol-
kadraai (Conradie, 2012b) and Devon Valley (Conradie, 2012d). 

ine style uality

Organoleptic evaluations for wine style/quality, as well as cli-
matic conditions, are summarised in Table 3. The mean values 
(for six seasons) pointed towards below average scores for qual-
ity/aroma components, for both wines. It was especially notice-
able that tropical fruit character was scored in the below average 
category for both wines, compared to high values for wines from 
Devon Valley, where climate was also classified as “moderate”, 
albeit slightly cooler than Papegaaiberg. (Conradie, 2012d). The 
low values could largely be ascribed to below average quality for 
the 1998, 1999, 2000 and 2002 vintages (not shown). For the 
2001 and 2003 vintages, however, some aroma components 
received higher scores (Table 3), possibly on account of low 
temperatures during the 2000/2001 and 2002/2003 seasons 
(Conradie, 2012a). Cooked- and dry vegetative, tropical fruit and 
spicy characteristics could generally be classified as above aver-
age for both these vintages, while fresh vegetative character was 
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ummary
An investigation was carried out in the Papegaaiberg area of Stellenbosch, over a 10-year period, in a Sauvignon blanc vineyard 
cultivated under rain-fed conditions. Temperatures were relatively high during most seasons, but climatic conditions could still be 
classified as moderate. Two different soil forms (Avalon and Tukulu) were identified within the vineyard and experimental plots were 
selected on each soil type. Water holding capacity was higher for the Avalon than for the Tukulu, but grapevines on the two soil 
forms experienced comparable levels of water stress. Experimental wines, made separately for each soil type, were evaluated for 
different aromatic components. In general, expression of wine aroma components was relatively low for both soil types. During 
some of the cooler seasons, however, grassy- and fruity characteristics were fairly prominent in wines from both soil types. 

also above average for the 2003 vintage from the Tukulu soil. 
Grassy and fruity characteristics were, therefore, fairly prominent 
in these vintages, while overall quality was also relatively high for 
wine from the Tukulu soil, compared to the long-term average. 

onclusions 

In general, temperatures were relatively high for the terroir in the 
Papegaaiberg area of Stellenbosch. The quality of Sauvignon 
blanc wine, as produced under rain-fed conditions, was gener-
ally below average, but wines of higher quality were obtained 
during cooler seasons. Results suggested that Sauvignon blanc 
should not be the first choice as cultivar for this specific terroir, 
but it is most likely that it will be possible to use it fruitfully for the 
production of high quality red wine. For Sauvignon blanc, wine 
style could also be affected by viticultural practices, e.g. choice 
of rootstock, irrigation, trellising system and canopy density. 
There should surely also be more favourable locations, for the 
production of Sauvignon blanc wine, within the Papegaaiberg 
Ward. 
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Alain Deloire

The criteria for optimal maturity of grapes are multi-faceted. 
Several important classes of compounds are biosynthesised 
during the berry growth period, before and/or after véraison (ar-
omatic precursors, phenolics, hormones, organic acids, etc.), 
while others are provided by roots and/or leaves (water, miner-
als, sugar, etc.). Several of these compounds change during 
the ripening stage of the grape berry. These changes do not 
occur in a highly coordinated fashion, and instead, suggest a 
series of independently regulated pathways of synthesis. Each 
pathway is influenced by seasonal climatic factors and vineyard 
practices, as well as cultivar.

The concept of terroir needs to be taken into account when 
harvest potentiality and the related style of wine are considered. 
The concept of terroir is a complex notion because, apart from 
climate and soil, it includes people, social organisations and ac-
tivities such as agricultural practices. The idea of geographical 
origin is important for products which lay claim to a terroir-linked 
typicality. Measuring the terroir effect on an agri-food product 
remains difficult for both trained experts and for the consumer, 
for whom the appreciation of the product, or lack thereof re-
mains the principal criterion in their evaluation. This does not 
exclude the capacity to recognise the product’s properties, but 
it should be remembered that the perceived taste and aromas 
will be transformed by the individual’s experience into a unique 
overall sensory impression. It would seem that the development 
of the terroir concept over the centuries is a strong indication of 
its increasing social importance. Terroir-derived food products, 
the preservation of landscapes and development and encour-
agement of people are important values that merit current sup-
port and advocacy in the future.

Optimal grape ripeness is defined according to the style of wine 
required, which in turn is dictated by market demand or by the 
objective of producing a wine that respects the expression of 
a typical terroir-related character. Professionals working within 
the sector are therefore obliged to accurately characterise the 
grapes in order to make an informed decision about optimum 
harvesting date, and to adapt fermentation practices to obtain 
a target wine. 

The quality of the grapes is a determining factor in the quality of 
the finished wine. ut, how is grape quality itself determined  
What are the relevant parameters of the berry that enable the 
dynamics of ripening to be monitored? 

One of the most important and difficult parts of a viticulturist and 
winemaker’s job is to predict the style of wine from the berries 
and the oenological process. The classical indicators like Ball-

ing, malic and tartaric acids, titratable acidity, tannins, anthocya-
nins, etc. are strongly related to the perception of the taste of 
the wine (mouth feel). Therefore, it is also very useful to be able 
to predict or predetermine the future style of wine in terms of 
aroma, from the fruit itself. 

The department of Viticulture and Oenology is leading an ambi-
tious project on grapevine berry ripening, studying the berry aro-
matic sequence during fruit maturation in relationship with the 
wine flavour profiles. The scientific aim is to better understand 
fruit growth and composition (i.e. fruit quality) and to develop 
practical tools and methods to predict or predetermine the fu-
ture style of wine in terms of aromatic characteristics. Berry rip-
ening, wine flavours and the elaboration of low alcohol wines are 
today among the priorities of the worldwide wine industry, main-
ly in the context of climate change (i.e. increase of temperature 
and evapotranspiration) and scarcity of water. The research pro-
gramme, financed by Winetech, THRIP and Distell, has already 
allowed the transfer of two methods to the wine industry, for 
the red and white cultivars respectively, to predict the harvest 
date and the associated style of wine. The method for the red 
cultivars uses the concept of berry sugar loading (Deloire, Wine-
land, January 2011) and the method for the white cultivars uses 
the berry colour evolution (Deloire, Wineland, April 2011). Both 
methods are based on the fact that from veraison onwards the 
berry aromatic sequence seems to be pre-programmed, and 
therefore can be predicted. The berry aromatic sequence could 
be explained as following: 

ed culti ars  
When sugar per berry reaches a plateau, there are four stages 
which progress in the same sequence (Figure 1): 

 stage 1) fresh fruit/green plant li e aroma /unripe plum 
 stage 2) neutral/spicy li e aroma  
 stage ) mature berry aromas such as blac currant, rasp-

berry, cherry; 
 stage 4) over ripe aromas such as dried fruit, prune. 

Stage 1 always occurs between 10 and 20 days after sugar 
per berry has reached a plateau (stopping of berry sugar ac-
cumulation or decrease in sugar accumulation per berry), re-
spectively for Merlot (Figure 1) and Cabernet Sauvignon. Stage 
3 always occurs between 20 and 40 days after sugar per berry 
has reached a plateau, respectively for Merlot and Cabernet 
Sauvignon. Stage 2 has to be avoided and can be determined 
using the sugar loading method. 

The berry aromatic stages are not directly related to berry Ball-
ing and titrable acidity evolution (Figure 1). As can be seen in the 
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figure, stage one (fresh fruit aroma) is reached from 10 days onwards after sugar per berry plateaus. Stage three (mature fruit aroma) 
is reached from 20 days onwards after sugar per berry plateaus. The terroir (soil and climate) and the cultural practices will play a role 
mainly on the intensity of the fruit aromatic profile. etween fresh and mature fruit stages, the stage two is called neutral/spicy or pre 
mature and may vary according to situation. There is no direct relationship between fruit Balling level and the berry aromatic sequence 
stages, meaning that fresh, neutral and mature stages can be reached at the same Balling value. In that regard, the model shows that 
harvesting using only Balling value is not relevant.

hite culti ars
The method is using the berry colour evolution (table 1). 

Montpellier SupAgro (France), Vivelys (France), Distell (Stellenbosch, South Africa), Winetech (South Africa) and Food Sciences De-
partment (Stellenbosch University, South Africa) are partners directly, or indirectly, involved in the development of the methods. New 
collaborations will be established within OENODOC Erasmus Mundus international consortium (10 countries). 
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FIGURE 1. Example of Merlot berry aromatic sequence. 

Table 1: Thresholds of berry hue (in degree) according to the HSL model of colour representation and expected style of wine for most of the white 
cultivars. 

Simplified thresholds (berry colour evolution occurs irrespectively of Balling and titrable acidity):
> 80 = green/asparagus/citrus/unripe

< 80 and > 70 = tropical/grapefruit/citrus
< 70 = fermentative/neutral/terpene

For further information contact Prof Alain Deloire at deloire@sun.ac.za
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The criteria for optimal maturity of grapes are multi-faceted. 
Several important classes of compounds are biosynthesised 
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tious project on grapevine berry ripening, studying the berry aro-
matic sequence during fruit maturation in relationship with the 
wine flavour profiles. The scientific aim is to better understand 
fruit growth and composition (i.e. fruit quality) and to develop 
practical tools and methods to predict or predetermine the fu-
ture style of wine in terms of aromatic characteristics. Berry rip-
ening, wine flavours and the elaboration of low alcohol wines are 
today among the priorities of the worldwide wine industry, main-
ly in the context of climate change (i.e. increase of temperature 
and evapotranspiration) and scarcity of water. The research pro-
gramme, financed by Winetech, THRIP and Distell, has already 
allowed the transfer of two methods to the wine industry, for 
the red and white cultivars respectively, to predict the harvest 
date and the associated style of wine. The method for the red 
cultivars uses the concept of berry sugar loading (Deloire, Wine-
land, January 2011) and the method for the white cultivars uses 
the berry colour evolution (Deloire, Wineland, April 2011). Both 
methods are based on the fact that from veraison onwards the 
berry aromatic sequence seems to be pre-programmed, and 
therefore can be predicted. The berry aromatic sequence could 
be explained as following: 

ed culti ars  
When sugar per berry reaches a plateau, there are four stages 
which progress in the same sequence (Figure 1): 

 stage 1) fresh fruit/green plant li e aroma /unripe plum 
 stage 2) neutral/spicy li e aroma  
 stage ) mature berry aromas such as blac currant, rasp-

berry, cherry; 
 stage 4) over ripe aromas such as dried fruit, prune. 

Stage 1 always occurs between 10 and 20 days after sugar 
per berry has reached a plateau (stopping of berry sugar ac-
cumulation or decrease in sugar accumulation per berry), re-
spectively for Merlot (Figure 1) and Cabernet Sauvignon. Stage 
3 always occurs between 20 and 40 days after sugar per berry 
has reached a plateau, respectively for Merlot and Cabernet 
Sauvignon. Stage 2 has to be avoided and can be determined 
using the sugar loading method. 

The berry aromatic stages are not directly related to berry Ball-
ing and titrable acidity evolution (Figure 1). As can be seen in the 
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FIGURE 1. Immature long-horned grasshopper.

FIGURE 2. Adult long-horned grasshopper.

With the onset of spring this season there were many enquiries 
from various regions about incidences of long-horned grasshop-
pers in vineyards. Long-horned grasshoppers belong to the 
family Tettigoniidae; they are in fact more closely related to crick-
ets than grasshoppers. In English they are called “katydids” or 
“bush-crickets”. The species which commonly occurs in vine-
yards in the Western Cape is Plangia graminea.

Immature long-horned grasshoppers have no wings and are dark 
brown to black, but the characteristic long antennae, which may 
be longer than the body, are already noticeable (Fig. 1). As they 
grow older and bigger, their colour changes and the adults 
become pale green. The wings, which fold across their backs, 
have a rounded outside edge which gives the insect a hump-
backed appearance, hence the Afrikaans name “krompokkel”. The 
shape and colour of the wings resemble a green leaf (Fig. 2).

This species is fairly widespread in South Africa, but has been 
collected as far north as Kampala in Uganda. Unfortunately the 
biology of this species has not been studied yet and the only 
available information is from studies on species that occur in the 
USA and England. The eggs of long-horned grasshoppers are 
typically oval-shaped and laid in rows on the host plant. Observa-
tions in vineyards in the past indicate that long-horned grasshop-
pers lay their eggs in autumn or early winter under the loose bark 
of grapevines. Long-horned grasshoppers are herbivores and 
available information indicates that P. graminea has a fairly wide 
host range. Unlike snoutbeetles, which typically feed from the 
edge of the leaf inwards, long-horned grasshoppers will start 
eating the leaf from anywhere (Fig. 3).

Feeding by long-horned grasshoppers generally does not result 
in economic damage, but sporadic outbreaks of large numbers 
may cause economic damage, especially in young vines. The 
cause of such sporadic outbreaks is unknown, but climate is 
probably the determining factor. Warmer, drier weather in winter 
and spring is conducive to the survival of long-horned grasshop-
pers and their eggs, as well as for rapid development of the 
larvae. Another contributing factor could be changes in insecti-
cide usage. In the past the use of broad spectrum insecticides 
early in the season to control pests such as mealybug and 
snoutbeetles probably suppressed many other sporadic pests, 
including long-horned grasshoppers. Nowadays producers are 
more intent on integrated pest management and broad spectrum 
insecticides are used far less.

Currently there are no registered control measures for long-horned 
grasshoppers on grapevines. In instances where young vines run 
the risk of serious damage by long-horned grasshoppers, the use 
of a contact pesticide registered for the control of snout beetles 
may be considered.

FIGURE 3. Feeding 
damage by long-
horned 
grasshoppers.
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ntroduction
In South Africa, water is a scarce and unreliable resource. All 
water, including waste water, must therefore be utilised as effec-
tively as possible. Most wineries are committed to clean produc-
tion strategies, but few achieve the quality required for waste 
water to be used for vineyard irrigation, or discharged into rivers 
or streams. Much waste water can nevertheless be used to 
irrigate grass or gardens. Winery waste water that has passed 
through a constructed wetland may even be suitable for cash 
crops. The aim of this research was to investigate the effects of 
treated winery waste water on a variety of cash crops. 

pproach
Field trials were carried out on a sandy loam soil at Nietvoorbij 
Research Farm, Stellenbosch. Plots containing cash crops were 
irrigated with water from the farm dam at Nietvoorbij (Dw), or with 
treated waste water from a constructed wetland at a local winery 
(Ww). Each 2 metre x 2 metre plot was irrigated three times per 
week on average. At each irrigation event, 10 litres of water was 
applied per plot via a micro sprinkler system. Half of the plots 
received no fertiliser of any kind (-N). The remainder received 12 
g of nitrogen (N), as limestone ammonium nitrate (28% N), at 
each irrigation event (+N). Each water x N treatment was repli-
cated seven times. Individual plots were surrounded by a one-
metre wide belt of cultivated but unplanted soil. The cash crops 
used as test plants varied with season and availability. These 
included cabbage, squash, carrots, beetroot, beans, broccoli, 
potatoes, onions and peas. At maturity each crop type was 
harvested and weighed. Harvested plants were immediately 
replaced with plants of a different crop type. At each harvest, 
foliar analysis was carried out to determine the concentrations 
of the macro nutrient elements nitrogen (N), phosphorus (P), 
potassium (K), calcium (Ca) and magnesium (Mg); and of sodium 
(Na). The dam and waste water were analysed periodically. 
Composite samples of topsoil (0-300 mm) from the water x N 
treatments were taken by auger and analysed before the trial 
began, and again after the trial ended. The plant data were sub-
jected to an analysis of variance. Treatments that differed at p = 
0.05 were considered to be significantly different.

esults and discussion
ater uality

Averaged over the whole trial period, the waste water had a 
higher electrical conductivity (EC) than the dam water, indicating 
a greater overall salt content (Table 1). Concentrations of Na, K 
and Ca were much higher in the waste water than the dam 
water, as, to a more moderate extent, was Mg. Phosphorus 

concentrations were low in the waste water, but varied appreci-
ably in the dam water, with a peak value of 13.7 mg/l. These 
averages disguise the fact that the composition and flow rates 
of waste waters generated in wineries change over time, 
depending on the activities taking place in the winery and on the 
cleaning products being used; and may at times reach values 
greatly in excess of the averages presented here.

oil parameters 

Over the trial period the soil pH increased by up to one pH unit 
(Table 2), total exchangeable base cations (T-values) increased 
by 34% to 52%, and the electrical resistance decreased, par-
ticularly in the Ww+N treatment. Exchangeable Na, and satura-
tion percentages of the T-value did not increase relative to their 
pre-trial levels in any of the treatments, despite the high Na 
concentration in the waste water. Levels of Bray II K and 
exchangeable K concentrations in the soil were nevertheless 
higher in the waste water than in the dam water treatments and 
the pre-trial soil, which accords with the high K content of the 
waste water. Exchangeable Ca concentrations and Ca satura-
tions increased after irrigation in all treatments, whereas 
exchangeable Mg decreased slightly over the trial period. Levels 
of P were higher in the post- than the pre-trial soil. This increase 
was attributed to an influx of P with both the dam water and the 
waste water.

ffects on yield

The effects of the water x N treatments on yields (edible vegeta-
ble fresh mass) of ten cash crops were inconsistent (Table 3). 
Yields of squash, carrot, potato and pea were unaffected by the 
treatments. Onion yields were significantly greater in the Dw than 
the Ww treatments irrespective of N supply. Conversely cabbage 
yields were greater where N was applied (+N) than where it was 
withheld (-N) in both water treatments. Yields of lettuce were 
higher in the Ww+N than the Ww-N and Dw-N treatments imply-
ing that, at least for lettuce, fertiliser N was utilised in addition to 
that in the waste water. Broccoli yields also improved where N 
was applied as fertiliser, but only in the Ww treatments. Adding 
nitrogenous fertiliser to broccoli in the Dw treatment had no effect 
on yield. Beetroot yields were greater in the Ww+N than in the 
Dw-N treatment, but bean yields were low in Ww+N, notably in 
comparison with Dw+N. 

ffects on leaf element concentrations

Where leaf standards were available for comparison, the leaf ele-
ment concentrations were generally within or slightly above their 
adequate ranges (data not shown). As was the case for yield, the 
concentrations of N, P, K, Ca and Mg, and of Na, in the leaves at 
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FIGURE 1. Immature long-horned grasshopper.

FIGURE 2. Adult long-horned grasshopper.

With the onset of spring this season there were many enquiries 
from various regions about incidences of long-horned grasshop-
pers in vineyards. Long-horned grasshoppers belong to the 
family Tettigoniidae; they are in fact more closely related to crick-
ets than grasshoppers. In English they are called “katydids” or 
“bush-crickets”. The species which commonly occurs in vine-
yards in the Western Cape is Plangia graminea.

Immature long-horned grasshoppers have no wings and are dark 
brown to black, but the characteristic long antennae, which may 
be longer than the body, are already noticeable (Fig. 1). As they 
grow older and bigger, their colour changes and the adults 
become pale green. The wings, which fold across their backs, 
have a rounded outside edge which gives the insect a hump-
backed appearance, hence the Afrikaans name “krompokkel”. The 
shape and colour of the wings resemble a green leaf (Fig. 2).

This species is fairly widespread in South Africa, but has been 
collected as far north as Kampala in Uganda. Unfortunately the 
biology of this species has not been studied yet and the only 
available information is from studies on species that occur in the 
USA and England. The eggs of long-horned grasshoppers are 
typically oval-shaped and laid in rows on the host plant. Observa-
tions in vineyards in the past indicate that long-horned grasshop-
pers lay their eggs in autumn or early winter under the loose bark 
of grapevines. Long-horned grasshoppers are herbivores and 
available information indicates that P. graminea has a fairly wide 
host range. Unlike snoutbeetles, which typically feed from the 
edge of the leaf inwards, long-horned grasshoppers will start 
eating the leaf from anywhere (Fig. 3).

Feeding by long-horned grasshoppers generally does not result 
in economic damage, but sporadic outbreaks of large numbers 
may cause economic damage, especially in young vines. The 
cause of such sporadic outbreaks is unknown, but climate is 
probably the determining factor. Warmer, drier weather in winter 
and spring is conducive to the survival of long-horned grasshop-
pers and their eggs, as well as for rapid development of the 
larvae. Another contributing factor could be changes in insecti-
cide usage. In the past the use of broad spectrum insecticides 
early in the season to control pests such as mealybug and 
snoutbeetles probably suppressed many other sporadic pests, 
including long-horned grasshoppers. Nowadays producers are 
more intent on integrated pest management and broad spectrum 
insecticides are used far less.

Currently there are no registered control measures for long-horned 
grasshoppers on grapevines. In instances where young vines run 
the risk of serious damage by long-horned grasshoppers, the use 
of a contact pesticide registered for the control of snout beetles 
may be considered.
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damage by long-
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In South Africa, water is a scarce and unreliable resource. All 
water, including waste water, must therefore be utilised as effec-
tively as possible. Most wineries are committed to clean produc-
tion strategies, but few achieve the quality required for waste 
water to be used for vineyard irrigation, or discharged into rivers 
or streams. Much waste water can nevertheless be used to 
irrigate grass or gardens. Winery waste water that has passed 
through a constructed wetland may even be suitable for cash 
crops. The aim of this research was to investigate the effects of 
treated winery waste water on a variety of cash crops. 

pproach
Field trials were carried out on a sandy loam soil at Nietvoorbij 
Research Farm, Stellenbosch. Plots containing cash crops were 
irrigated with water from the farm dam at Nietvoorbij (Dw), or with 
treated waste water from a constructed wetland at a local winery 
(Ww). Each 2 metre x 2 metre plot was irrigated three times per 
week on average. At each irrigation event, 10 litres of water was 
applied per plot via a micro sprinkler system. Half of the plots 
received no fertiliser of any kind (-N). The remainder received 12 
g of nitrogen (N), as limestone ammonium nitrate (28% N), at 
each irrigation event (+N). Each water x N treatment was repli-
cated seven times. Individual plots were surrounded by a one-
metre wide belt of cultivated but unplanted soil. The cash crops 
used as test plants varied with season and availability. These 
included cabbage, squash, carrots, beetroot, beans, broccoli, 
potatoes, onions and peas. At maturity each crop type was 
harvested and weighed. Harvested plants were immediately 
replaced with plants of a different crop type. At each harvest, 
foliar analysis was carried out to determine the concentrations 
of the macro nutrient elements nitrogen (N), phosphorus (P), 
potassium (K), calcium (Ca) and magnesium (Mg); and of sodium 
(Na). The dam and waste water were analysed periodically. 
Composite samples of topsoil (0-300 mm) from the water x N 
treatments were taken by auger and analysed before the trial 
began, and again after the trial ended. The plant data were sub-
jected to an analysis of variance. Treatments that differed at p = 
0.05 were considered to be significantly different.

esults and discussion
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Averaged over the whole trial period, the waste water had a 
higher electrical conductivity (EC) than the dam water, indicating 
a greater overall salt content (Table 1). Concentrations of Na, K 
and Ca were much higher in the waste water than the dam 
water, as, to a more moderate extent, was Mg. Phosphorus 

concentrations were low in the waste water, but varied appreci-
ably in the dam water, with a peak value of 13.7 mg/l. These 
averages disguise the fact that the composition and flow rates 
of waste waters generated in wineries change over time, 
depending on the activities taking place in the winery and on the 
cleaning products being used; and may at times reach values 
greatly in excess of the averages presented here.

oil parameters 

Over the trial period the soil pH increased by up to one pH unit 
(Table 2), total exchangeable base cations (T-values) increased 
by 34% to 52%, and the electrical resistance decreased, par-
ticularly in the Ww+N treatment. Exchangeable Na, and satura-
tion percentages of the T-value did not increase relative to their 
pre-trial levels in any of the treatments, despite the high Na 
concentration in the waste water. Levels of Bray II K and 
exchangeable K concentrations in the soil were nevertheless 
higher in the waste water than in the dam water treatments and 
the pre-trial soil, which accords with the high K content of the 
waste water. Exchangeable Ca concentrations and Ca satura-
tions increased after irrigation in all treatments, whereas 
exchangeable Mg decreased slightly over the trial period. Levels 
of P were higher in the post- than the pre-trial soil. This increase 
was attributed to an influx of P with both the dam water and the 
waste water.

ffects on yield

The effects of the water x N treatments on yields (edible vegeta-
ble fresh mass) of ten cash crops were inconsistent (Table 3). 
Yields of squash, carrot, potato and pea were unaffected by the 
treatments. Onion yields were significantly greater in the Dw than 
the Ww treatments irrespective of N supply. Conversely cabbage 
yields were greater where N was applied (+N) than where it was 
withheld (-N) in both water treatments. Yields of lettuce were 
higher in the Ww+N than the Ww-N and Dw-N treatments imply-
ing that, at least for lettuce, fertiliser N was utilised in addition to 
that in the waste water. Broccoli yields also improved where N 
was applied as fertiliser, but only in the Ww treatments. Adding 
nitrogenous fertiliser to broccoli in the Dw treatment had no effect 
on yield. Beetroot yields were greater in the Ww+N than in the 
Dw-N treatment, but bean yields were low in Ww+N, notably in 
comparison with Dw+N. 

ffects on leaf element concentrations

Where leaf standards were available for comparison, the leaf ele-
ment concentrations were generally within or slightly above their 
adequate ranges (data not shown). As was the case for yield, the 
concentrations of N, P, K, Ca and Mg, and of Na, in the leaves at 
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harvest did not respond consistently to the water x N treatments. 
Of a total of 54 combinations (9 crops x 6 elements), 21 were not 
significantly affected by the water x N treatments (Table 4). Eleven 
responses were observed to the water treatments (in both N treat-
ments): six positively (higher in Ww than Dw; these included Ca, 
Mg and Na in pea, and K in onion, potato and carrot); and five 
negatively (lower in Ww than Dw). These were P and K in pea, and 
Ca in onion, potato and broccoli.

Responses ascribable to fertiliser N, and which were consistent 
in both water treatments, occurred in only three combinations: 
two (Ca and Mg in bean) positive (greater in +N than -N), and 
one (P in carrot) negative (lower in +N than -N). In other cases, 
significant responses in leaf element concentrations due to N 
were observed in one or other, but not both, water treatments. 

In the Dw treatments, five combinations (N in broccoli and carrot, 
K in onion and potato, and Mg in carrot), responded positively 
to N. Negative responses to N in Dw occurred in six combina-
tions (P in potato, Ca in carrot and potato, Mg in potato, onion 
and pea).

In the Ww treatments, three combinations responded positively 
to N (N in squash, P in pea and Na in onion), and nine nega-
tively (N in bean and onion, P in broccoli and onion, K in squash 
and onion, Ca in pea, Mg in onion and Na in squash). Nitrogen 
fertilisation in the Ww treatments therefore promoted increased 

leaf element concentrations in five combinations and suppressed 
leaf element concentrations in six. Corresponding values for Dw 
were three and nine. That only two of the seven non-leguminous 
cash crops responded positively to fertiliser N in the Dw treat-
ments was surprising in view of the fact that less total N was 
supplied in the Dw-N treatment than in any other treatment.

Commonly, where N fertilisation results in reduced leaf element 
levels, this is due to dilution associated with increased growth 
and vigour. In this trial, however, the yield increases that were 
associated with N fertilisation in cabbage (both Ww and Dw) 
were not linked to any changes in leaf element level.

That the water x N treatments affected none of the leaf element 
concentrations in cabbage and beetroot, three elements in 
squash, bean, and broccoli, four in carrot, five in potato and pea, 
and six in onion shows that the cash crops differed in terms of 
their sensitivity to these treatments.

onclusions
Under the prevailing trial conditions the use of winery waste water 
for irrigating cash crops, with and without supplementary N ferti-
lisation, had no consistently advantageous or disadvantageous 
effects on cash crop production or leaf composition, relative to 
dam water. There were, however, appreciable differences between 
the cash crops in terms of their yield and chemical composition 

TABLE 1. Chemical characteristics of dam water (Dw) and winery waste water (Ww) averaged over the period March 2005 - December 2006.

Sample pH
EC 

mS/m

Na K Ca Mg Fe Cl B P SO4 NH4-N NO3-N COD

mg/l

Dw 8.0 38 44 4 12 9 0.32 91.4 0.22 13.7 10 – – –

Ww 8.1 261 222 328 126 45 3.06 56.5 0.21 1.00 46 10.20 8.20 1282

TABLE 2. Chemical characteristics of the sandy topsoil horizon (0-30 cm, 6% stone, composite sample) before the trial commenced, and after irriga-
tion with dam water plus N (Dw+N); dam water without N (Dw-N); waste water plus N (Ww+N) and waste water without N (Ww-N).

Treatment
pH

Electrical 
resistance

P K
Exchangeable cations 

cmol(+)/kg and % of T-value (%)
T-value C

(KCl) (Ohm) Bray II (mg/kg) Na K Ca Mg cmol(+)/kg %

Before 5.6 1750 16 109 0.16 (3.2) 0.28 (5.5) 3.14 (62.3) 0.93 (18.5) 5.04 0.75

Dw+N 6.2 1100 27 104 0.11 (1.6) 0.27 (3.9) 5.62 (82.4) 0.83 (12.1) 6.83 0.59

Dw-N 6.3 1020 22 114 0.15 (1.9) 0.29 (3.8) 6.44 (83.9) 0.80 (10.4) 7.67 0.53

Ww+N 6.6 960 32 161 0.14 (2.1) 0.41 (6.9) 5.83 (81.2) 0.78 (9.8) 6.74 0.72

Ww-N 6.5 1100 28 180 0.14 (2.0) 0.46 (5.7) 5.47 (81.3) 0.66 (11.0) 7.17 0.55

TABLE 3. Effect of dam water (Dw) and winery waste (Ww) water, with (+N) and without (-N) nitrogen, on fresh mass yields of cash crops as averaged 
over multiple harvests between 2006 and December 2009.

Treatment
Lettuce 

(g/ head) 
Cabbage 
(g/ head)

Squash 
(g fruit/ 
plant)

Beetroot 
(g) 

Bean  
(g pods/ 

plant)

Carrot 
(g whole 
plants/ 
180 cm 

row)

Broccoli 
(g flower 
heads/ 
plant)

Potato 
(g 

tubers/ 
plant)

Onion (g/ 
whole 
plant)

Pea 
(g pods/ 

plant) 

Dw+N 382ab 2379a 921a 393ab 219a 1102a 399ab 498a 158.3a 49.1a

Dw-N 226bc 1284b 833a 290b 194ab 890a 413ab 352a 108.9a 48.9a

Ww+N 414a 1882a 775a 556a 120b 1351a 476a 553a 49.9b 57.8a

Ww-N 164c 1031b 747a 534ab 140ab 1092a 324b 410a 43.7b 50.3a

Values in the same column, that are followed by the same letter, do not differ at p = 0.05.
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responses to the water x N treatments. Irrigation with winery waste 
water may therefore not be feasible for some cash crops.

From a soils viewpoint, irrigation with winery waste water 
increased Ca and K contents, relative to dam water. This may be 
beneficial for some crops, provided that waste water is not over 
utilised to the extent that soil chemistry and structure are not 
detrimentally affected. Since winery waste waters vary in com-
position over time, there may be times when winery waste water 

quality is too poor to be used to irrigate cash crops of any kind.

In practice, most cash crops reach harvest maturity before mod-
erately over-abundant elements have had time to reach toxic 
concentrations in the tissues.

c nowledgements
Funding for this work was provided by Winetech and by the 
Agricultural Research Council.

TABLE 4. Effect of dam (Dw) and winery waste (Ww) water, with (+N) and without (-N) nitrogen, on leaf element concentrations, at harvest in cash 
crops. Values are averages of two or three harvests.

Element Treatment Cabbage Squash Beetroot Bean Carrot Broccoli Potato Onion Pea

Nitrogen
(%)

Dw+N 2.7a 4.9a 5.0a 4.5b 3.6a 5.6a 4.2b 3.2bc 4.8a

Dw-N 1.9a 4.9a 4.3a 4.6b 2.4b 4.6b 4.2b 2.9c 4.7a

Ww+N 2.6a 5.1a 5.2a 4.4b 3.4a 4.8b 5.4a 3.3b 4.4a

Ww-N 2.4a 4.3b 4.9a 4.9a 3.3a 4.9ab 5.4a 3.9a 4.2a

Phos-
phorus
(%)

Dw+N 0.23a 0.48a 0.43a 0.38ab 0.28c 0.58b 0.36b 0.30ab 0.39a

Dw-N 0.19a 0.51a 0.47a 0.41a 0.42a 0.54b 0.41a 0.36a 0.41a

Ww+N 0.18a 0.45a 0.38a 0.34b 0.23d 0.56b 0.38ab 0.23c 0.29b

Ww-N 0.19a 0.39a 0.38a 0.37ab 0.33b 0.68a 0.38ab 0.29b 0.26c

Potas  - 
sium
(%)

Dw+N 2.8a 4.1b 5.9a 3.6b 1.3b 0.56a 3.6b 4.4c 3.4a

Dw-N 2.4a 3.7bc 6.6a 3.8b 1.8b 0.58a 3.1c 3.9d 3.2a

Ww+N 2.8a 3.1c 6.5a 6.1ab 4.8a 0.57a 4.4a 5.4b 2.1b

Ww-N 2.5a 5.9a 5.9a 6.3a 4.2a 0.60a 4.2a 6.3a 1.9b

Calcium
(%)

Dw+N 0.44a 4.0a 1.04a 2.7a 2.9b 4.3a 1.8b 1.7a 1.0c

Dw-N 0.60a 3.9a 0.99a 1.9b 3.7a 4.4a 2.3a 1.7a 1.1c

Ww+N 0.45a 3.4a 0.86a 1.9b 2.1c 3.7b 1.5c 1.0b 1.9b

Ww-N 0.51a 2.6a 1.00a 1.3c 2.5bc 3.7b 1.5c 1.1b 2.5a

Magnes-
ium
(%)

Dw+N 0.17a 1.1a 1.8a 0.64a 0.6a 0.81b 0.66b 0.35bc 0.23c

Dw-N 0.17a 1.0a 1.4a 0.47b 0.52b 0.81b 0.92a 0.43a 0.26b

Ww+N 0.19a 1.3a 1.8a 0.46b 0.57ab 0.94ab 0.63b 0.32c 0.30a

Ww-N 0.18a 0.6a 1.7a 0.31c 0.56ab 0.98a 0.63b 0.38ab 0.30a

Sodium 
(mg/kg)

Dw+N 3377a 327b 24641a 492a 9250b 4815a 195a 2396bc 566b

Dw-N 2703a 351b 28116a 177a 11315ab 3978a 188a 1896c 589b

Ww+N 3311a 303b 23852a 396a 13565a 5223a 178a 3781a 1279a

Ww-N 3031a 525a 24887a 350a 11822ab 3799a 163a 2727b 1174a

Values in the same column and data set (element), that are followed by the same letter, do not differ at p = 0.05.

ummary
Cash crops respond dissimilarly to winery waste water. Most can be irrigated with winery waste water instead of dam water, if only 
for limited periods. 

For further information contact Keith du Plessis at dplessisk@arc.agric.co.za

vineyard
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harvest did not respond consistently to the water x N treatments. 
Of a total of 54 combinations (9 crops x 6 elements), 21 were not 
significantly affected by the water x N treatments (Table 4). Eleven 
responses were observed to the water treatments (in both N treat-
ments): six positively (higher in Ww than Dw; these included Ca, 
Mg and Na in pea, and K in onion, potato and carrot); and five 
negatively (lower in Ww than Dw). These were P and K in pea, and 
Ca in onion, potato and broccoli.

Responses ascribable to fertiliser N, and which were consistent 
in both water treatments, occurred in only three combinations: 
two (Ca and Mg in bean) positive (greater in +N than -N), and 
one (P in carrot) negative (lower in +N than -N). In other cases, 
significant responses in leaf element concentrations due to N 
were observed in one or other, but not both, water treatments. 

In the Dw treatments, five combinations (N in broccoli and carrot, 
K in onion and potato, and Mg in carrot), responded positively 
to N. Negative responses to N in Dw occurred in six combina-
tions (P in potato, Ca in carrot and potato, Mg in potato, onion 
and pea).

In the Ww treatments, three combinations responded positively 
to N (N in squash, P in pea and Na in onion), and nine nega-
tively (N in bean and onion, P in broccoli and onion, K in squash 
and onion, Ca in pea, Mg in onion and Na in squash). Nitrogen 
fertilisation in the Ww treatments therefore promoted increased 

leaf element concentrations in five combinations and suppressed 
leaf element concentrations in six. Corresponding values for Dw 
were three and nine. That only two of the seven non-leguminous 
cash crops responded positively to fertiliser N in the Dw treat-
ments was surprising in view of the fact that less total N was 
supplied in the Dw-N treatment than in any other treatment.

Commonly, where N fertilisation results in reduced leaf element 
levels, this is due to dilution associated with increased growth 
and vigour. In this trial, however, the yield increases that were 
associated with N fertilisation in cabbage (both Ww and Dw) 
were not linked to any changes in leaf element level.

That the water x N treatments affected none of the leaf element 
concentrations in cabbage and beetroot, three elements in 
squash, bean, and broccoli, four in carrot, five in potato and pea, 
and six in onion shows that the cash crops differed in terms of 
their sensitivity to these treatments.

onclusions
Under the prevailing trial conditions the use of winery waste water 
for irrigating cash crops, with and without supplementary N ferti-
lisation, had no consistently advantageous or disadvantageous 
effects on cash crop production or leaf composition, relative to 
dam water. There were, however, appreciable differences between 
the cash crops in terms of their yield and chemical composition 

TABLE 1. Chemical characteristics of dam water (Dw) and winery waste water (Ww) averaged over the period March 2005 - December 2006.

Sample pH
EC 

mS/m

Na K Ca Mg Fe Cl B P SO4 NH4-N NO3-N COD

mg/l

Dw 8.0 38 44 4 12 9 0.32 91.4 0.22 13.7 10 – – –

Ww 8.1 261 222 328 126 45 3.06 56.5 0.21 1.00 46 10.20 8.20 1282

TABLE 2. Chemical characteristics of the sandy topsoil horizon (0-30 cm, 6% stone, composite sample) before the trial commenced, and after irriga-
tion with dam water plus N (Dw+N); dam water without N (Dw-N); waste water plus N (Ww+N) and waste water without N (Ww-N).

Treatment
pH

Electrical 
resistance

P K
Exchangeable cations 

cmol(+)/kg and % of T-value (%)
T-value C

(KCl) (Ohm) Bray II (mg/kg) Na K Ca Mg cmol(+)/kg %

Before 5.6 1750 16 109 0.16 (3.2) 0.28 (5.5) 3.14 (62.3) 0.93 (18.5) 5.04 0.75

Dw+N 6.2 1100 27 104 0.11 (1.6) 0.27 (3.9) 5.62 (82.4) 0.83 (12.1) 6.83 0.59

Dw-N 6.3 1020 22 114 0.15 (1.9) 0.29 (3.8) 6.44 (83.9) 0.80 (10.4) 7.67 0.53

Ww+N 6.6 960 32 161 0.14 (2.1) 0.41 (6.9) 5.83 (81.2) 0.78 (9.8) 6.74 0.72

Ww-N 6.5 1100 28 180 0.14 (2.0) 0.46 (5.7) 5.47 (81.3) 0.66 (11.0) 7.17 0.55

TABLE 3. Effect of dam water (Dw) and winery waste (Ww) water, with (+N) and without (-N) nitrogen, on fresh mass yields of cash crops as averaged 
over multiple harvests between 2006 and December 2009.

Treatment
Lettuce 

(g/ head) 
Cabbage 
(g/ head)

Squash 
(g fruit/ 
plant)

Beetroot 
(g) 

Bean  
(g pods/ 

plant)

Carrot 
(g whole 
plants/ 
180 cm 

row)

Broccoli 
(g flower 
heads/ 
plant)

Potato 
(g 

tubers/ 
plant)

Onion (g/ 
whole 
plant)

Pea 
(g pods/ 

plant) 

Dw+N 382ab 2379a 921a 393ab 219a 1102a 399ab 498a 158.3a 49.1a

Dw-N 226bc 1284b 833a 290b 194ab 890a 413ab 352a 108.9a 48.9a

Ww+N 414a 1882a 775a 556a 120b 1351a 476a 553a 49.9b 57.8a

Ww-N 164c 1031b 747a 534ab 140ab 1092a 324b 410a 43.7b 50.3a

Values in the same column, that are followed by the same letter, do not differ at p = 0.05.
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responses to the water x N treatments. Irrigation with winery waste 
water may therefore not be feasible for some cash crops.

From a soils viewpoint, irrigation with winery waste water 
increased Ca and K contents, relative to dam water. This may be 
beneficial for some crops, provided that waste water is not over 
utilised to the extent that soil chemistry and structure are not 
detrimentally affected. Since winery waste waters vary in com-
position over time, there may be times when winery waste water 

quality is too poor to be used to irrigate cash crops of any kind.

In practice, most cash crops reach harvest maturity before mod-
erately over-abundant elements have had time to reach toxic 
concentrations in the tissues.
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TABLE 4. Effect of dam (Dw) and winery waste (Ww) water, with (+N) and without (-N) nitrogen, on leaf element concentrations, at harvest in cash 
crops. Values are averages of two or three harvests.

Element Treatment Cabbage Squash Beetroot Bean Carrot Broccoli Potato Onion Pea

Nitrogen
(%)

Dw+N 2.7a 4.9a 5.0a 4.5b 3.6a 5.6a 4.2b 3.2bc 4.8a

Dw-N 1.9a 4.9a 4.3a 4.6b 2.4b 4.6b 4.2b 2.9c 4.7a

Ww+N 2.6a 5.1a 5.2a 4.4b 3.4a 4.8b 5.4a 3.3b 4.4a

Ww-N 2.4a 4.3b 4.9a 4.9a 3.3a 4.9ab 5.4a 3.9a 4.2a

Phos-
phorus
(%)

Dw+N 0.23a 0.48a 0.43a 0.38ab 0.28c 0.58b 0.36b 0.30ab 0.39a

Dw-N 0.19a 0.51a 0.47a 0.41a 0.42a 0.54b 0.41a 0.36a 0.41a

Ww+N 0.18a 0.45a 0.38a 0.34b 0.23d 0.56b 0.38ab 0.23c 0.29b

Ww-N 0.19a 0.39a 0.38a 0.37ab 0.33b 0.68a 0.38ab 0.29b 0.26c

Potas  - 
sium
(%)

Dw+N 2.8a 4.1b 5.9a 3.6b 1.3b 0.56a 3.6b 4.4c 3.4a

Dw-N 2.4a 3.7bc 6.6a 3.8b 1.8b 0.58a 3.1c 3.9d 3.2a

Ww+N 2.8a 3.1c 6.5a 6.1ab 4.8a 0.57a 4.4a 5.4b 2.1b

Ww-N 2.5a 5.9a 5.9a 6.3a 4.2a 0.60a 4.2a 6.3a 1.9b

Calcium
(%)

Dw+N 0.44a 4.0a 1.04a 2.7a 2.9b 4.3a 1.8b 1.7a 1.0c

Dw-N 0.60a 3.9a 0.99a 1.9b 3.7a 4.4a 2.3a 1.7a 1.1c

Ww+N 0.45a 3.4a 0.86a 1.9b 2.1c 3.7b 1.5c 1.0b 1.9b

Ww-N 0.51a 2.6a 1.00a 1.3c 2.5bc 3.7b 1.5c 1.1b 2.5a

Magnes-
ium
(%)

Dw+N 0.17a 1.1a 1.8a 0.64a 0.6a 0.81b 0.66b 0.35bc 0.23c

Dw-N 0.17a 1.0a 1.4a 0.47b 0.52b 0.81b 0.92a 0.43a 0.26b

Ww+N 0.19a 1.3a 1.8a 0.46b 0.57ab 0.94ab 0.63b 0.32c 0.30a

Ww-N 0.18a 0.6a 1.7a 0.31c 0.56ab 0.98a 0.63b 0.38ab 0.30a

Sodium 
(mg/kg)

Dw+N 3377a 327b 24641a 492a 9250b 4815a 195a 2396bc 566b

Dw-N 2703a 351b 28116a 177a 11315ab 3978a 188a 1896c 589b

Ww+N 3311a 303b 23852a 396a 13565a 5223a 178a 3781a 1279a

Ww-N 3031a 525a 24887a 350a 11822ab 3799a 163a 2727b 1174a

Values in the same column and data set (element), that are followed by the same letter, do not differ at p = 0.05.

ummary
Cash crops respond dissimilarly to winery waste water. Most can be irrigated with winery waste water instead of dam water, if only 
for limited periods. 

For further information contact Keith du Plessis at dplessisk@arc.agric.co.za
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Dawid Saayman

Koper (Cu)-tekorte by wingerd?

Dawid Saayman
Distell

Lomond-ondervinding
Die plaas, Lomond, geleë aan weerskante van die laer lope van die Uilenkraalrivier
in die Gansbaai-omgewing, is ontwikkel na die aankoop van twee plase, Kraaibos en 
’n aanliggende gedeelte van Avoka, deur ’n groep van vier Elgin-appelboere en ’n 
Kaapse besigheidsman. Gedurende 1999 het hulle ’n dam van 5.5 miljoen m3 (3.3 
km lank) op die rivier laat bou (Foto 1), wat meer as voldoende water verseker het vir 
die beoogde wingerdaanplantings, asook vir addisionele water aan die Gansbaai-
gemeenskap. ’n Volledige grondopname het getoon dat Lomond uniek is in die sin 
dat dit geleë is op ’n graniet intrusie in die omringende sandsteen berge aan die 
noordekant en kalksteen- en skalie formasies aan die suidekant. Gronde varieer baie 
en oor kort afstande (Foto 2), met ’n tipiese patroon van vlak sand op prismatiese, 
wit kaolien klei Estcourt- (Foto 3) en sand op harde plintiet (ferrikreet, ‘ou- of 
koffieklip’) Dresden- en Wasbank-gronde (Foto 4).

FOTO 1. Lomond-dam en jong wingerde. FOTO 2. Kortafstand grondvariasie; voor, 
Dresden/Wasbank, agter, Estcourt. 

FOTO 3. Wit kaolien klei Estcourt-grond. FOTO 4. Opgebreekte ferrikreet Dresden-
grond. 

Die eerste Sauvignon blanc, Merlot en Shiraz-stokkies is in vennootskap met die 
destydse Distillers Korporasie, tans Distell, gedurende 1999 en 2000 geplant, maar 
die resultaat was uiters teleurstellend. Die groei was verpot, met algemene 
onreëlmatige blaarvergeling simptome (Foto 5) wat aan simasien skade herinner 
(Foto 6), nekrotiese sones op ouer blare (Foto 7), kortlittigheid en verdwergde 
lootgroei (Foto 8) en ook dooie groeipunte (Foto 9).

PHOTO 1: Lomond dam and young vineyards. 
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koffieklip’) Dresden- en Wasbank-gronde (Foto 4).

FOTO 1. Lomond-dam en jong wingerde. FOTO 2. Kortafstand grondvariasie; voor, 
Dresden/Wasbank, agter, Estcourt. 

FOTO 3. Wit kaolien klei Estcourt-grond. FOTO 4. Opgebreekte ferrikreet Dresden-
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Die eerste Sauvignon blanc, Merlot en Shiraz-stokkies is in vennootskap met die 
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PHOTO 2: Short distance soil variation: front, Dresden/Wasbank; back, 
Estcourt.
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lootgroei (Foto 8) en ook dooie groeipunte (Foto 9).

PHOTO 3: White kaolin clay Estcourt soil. 
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omond perience
The farm, Lomond, situated on both sides of the lower reaches 
of the Uilenkraal River in the Gansbaai area, was developed after 
the purchase of two farms, Kraaibos and an adjacent portion of 
Avoka, by a group of four Elgin apple farmers and a Cape busi-
nessman. In 1999 they built a dam of 5.5 million m3 (3.3 km long) 
on the river (Photo 1), that ensured more than enough irrigation 
water for the intended vineyard plantings, as well as additional 
water for the Gansbaai community. A soil survey revealed that 
Lomond was unique in that it is situated on a granite intrusion 
into the surrounding sandstone mountains on the northern side 
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and limestone and shale formations on the southern side. There 
are wide soil variations over short distances (Photo 2), with typical 
complex patterns of shallow sand on prismatic, white kaolin clay 
Estcourt (Photo 3) and sand on hard plinthite (ferricrete, ‘ouklip‘ or 
‘koffieklip’) Dresden and Wasbank soils (Photo 4).

The first Sauvignon blanc, Merlot and Shiraz vines were planted in 
partnership with the then Distillers Corporation, presently Distell, 
during 1999 and 2000, but the results were utterly disappointing. 
Growth was stunted, with general irregular leaf yellowing symp-
toms (Photo 5) that resembled simazine damage (Photo 6), necrot-
ic zones on older leaves (Photo 7), short internodes and dwarfed 
shoot growth (Photo 8), as well as dead growing tips (Photo 9).

Symptoms that sometimes remind of e-, n- and/or  defi-
ciencies, but that were never very specific, were also observed 
(Photos 10, 11 & 12). Weak vines that were taken out for exami-
nation, showed no or very little further development of the origi-

technical yearbook 2012 69

FOTO 5. Onreëlmatige vergeling.  FOTO 6. Simasien skade. 

FOTO 7. Nekrotiese sones op FOTO 8. Kortlittigheid, verdwergde groei.
ouer blare. 

PHOTO 5: Irregular yellowing. PHOTO 6: Simazine damage.FOTO 5. Onreëlmatige vergeling.  FOTO 6. Simasien skade. 

FOTO 7. Nekrotiese sones op FOTO 8. Kortlittigheid, verdwergde groei.
ouer blare. 

PHOTO 7: Necrotic zones on older 
leaves.

PHOTO 8: Short internodes, dwarfed growth.

FOTO 9. Dooie groeipunt. FOTO 10. Vergelykbaar met
Fe-tekortsimptome. 

FOTO 11. Vergelykbaar met  FOTO 12. Vergelykbaar met K- 
Zn-tekortsimptome.    tekortsimptome.

Simptome wat soms aan Fe-, Zn- en/of K-tekorte herinner het, maar nooit baie 
spesifiek was nie, is ook waargeneem (Foto’s 10, 11 & 12). Swak stokkies wat vir 
ondersoek uitgehaal is, het geen of min nuwe groei van bestaande wortels getoon, 
maar wel kort, adventiewe (bykomstige) wortels aan die basis en op litte van die 
onderstok.

Hierdie was ’n krisis met ernstige finansiële implikasies en alle moontlike ondersoeke 
is gedoen. Veral Blok 3 het spesiale aandag gekry deurdat daar ’n duidelike 
diagonale skeidslyn deur hierdie blok was waarvan die stokke in die suid-oostelike 
hoek uiters swak was en dié van die noordelike gedeelte baie beter tot selfs 
normaal. Die blok was dus veral nuttig vir vergelykende ondersoeke. Ou lugfoto’s het 
getoon dat hierdie skeidslyn die grens van ou saailande was (Fig. 1) en dat die swak 
gedeelte van Blok 3 in ’n mees onlangse ou saailand geleë is, waar die grond 
waarskynlik die meeste uitgeput was.

PHOTO 9: Dead growing tips. PHOTO 10: Comparable to e defi-
ciency symptoms.

nal roots, but short adventive (additional) roots that developed 
at the base and on the nodes of the rootstock.

This was a ma or crisis with serious financial implications and all 
possible tests were carried out. Block 3 received special atten-

tion as there was a clear diagonal division through this block, of 
which the south eastern corner had very poorly growing vines, 
whereas growth in the northern portion was much better, or 
even normal. This block was therefore useful for comparative 
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’n aanliggende gedeelte van Avoka, deur ’n groep van vier Elgin-appelboere en ’n 
Kaapse besigheidsman. Gedurende 1999 het hulle ’n dam van 5.5 miljoen m3 (3.3 
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en oor kort afstande (Foto 2), met ’n tipiese patroon van vlak sand op prismatiese, 
wit kaolien klei Estcourt- (Foto 3) en sand op harde plintiet (ferrikreet, ‘ou- of 
koffieklip’) Dresden- en Wasbank-gronde (Foto 4).

FOTO 1. Lomond-dam en jong wingerde. FOTO 2. Kortafstand grondvariasie; voor, 
Dresden/Wasbank, agter, Estcourt. 

FOTO 3. Wit kaolien klei Estcourt-grond. FOTO 4. Opgebreekte ferrikreet Dresden-
grond. 

Die eerste Sauvignon blanc, Merlot en Shiraz-stokkies is in vennootskap met die 
destydse Distillers Korporasie, tans Distell, gedurende 1999 en 2000 geplant, maar 
die resultaat was uiters teleurstellend. Die groei was verpot, met algemene 
onreëlmatige blaarvergeling simptome (Foto 5) wat aan simasien skade herinner 
(Foto 6), nekrotiese sones op ouer blare (Foto 7), kortlittigheid en verdwergde 
lootgroei (Foto 8) en ook dooie groeipunte (Foto 9).

PHOTO 1: Lomond dam and young vineyards. 
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PHOTO 2: Short distance soil variation: front, Dresden/Wasbank; back, 
Estcourt.
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The farm, Lomond, situated on both sides of the lower reaches 
of the Uilenkraal River in the Gansbaai area, was developed after 
the purchase of two farms, Kraaibos and an adjacent portion of 
Avoka, by a group of four Elgin apple farmers and a Cape busi-
nessman. In 1999 they built a dam of 5.5 million m3 (3.3 km long) 
on the river (Photo 1), that ensured more than enough irrigation 
water for the intended vineyard plantings, as well as additional 
water for the Gansbaai community. A soil survey revealed that 
Lomond was unique in that it is situated on a granite intrusion 
into the surrounding sandstone mountains on the northern side 
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and limestone and shale formations on the southern side. There 
are wide soil variations over short distances (Photo 2), with typical 
complex patterns of shallow sand on prismatic, white kaolin clay 
Estcourt (Photo 3) and sand on hard plinthite (ferricrete, ‘ouklip‘ or 
‘koffieklip’) Dresden and Wasbank soils (Photo 4).

The first Sauvignon blanc, Merlot and Shiraz vines were planted in 
partnership with the then Distillers Corporation, presently Distell, 
during 1999 and 2000, but the results were utterly disappointing. 
Growth was stunted, with general irregular leaf yellowing symp-
toms (Photo 5) that resembled simazine damage (Photo 6), necrot-
ic zones on older leaves (Photo 7), short internodes and dwarfed 
shoot growth (Photo 8), as well as dead growing tips (Photo 9).

Symptoms that sometimes remind of e-, n- and/or  defi-
ciencies, but that were never very specific, were also observed 
(Photos 10, 11 & 12). Weak vines that were taken out for exami-
nation, showed no or very little further development of the origi-
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FOTO 5. Onreëlmatige vergeling.  FOTO 6. Simasien skade. 

FOTO 7. Nekrotiese sones op FOTO 8. Kortlittigheid, verdwergde groei.
ouer blare. 

PHOTO 5: Irregular yellowing. PHOTO 6: Simazine damage.FOTO 5. Onreëlmatige vergeling.  FOTO 6. Simasien skade. 

FOTO 7. Nekrotiese sones op FOTO 8. Kortlittigheid, verdwergde groei.
ouer blare. 

PHOTO 7: Necrotic zones on older 
leaves.

PHOTO 8: Short internodes, dwarfed growth.

FOTO 9. Dooie groeipunt. FOTO 10. Vergelykbaar met
Fe-tekortsimptome. 

FOTO 11. Vergelykbaar met  FOTO 12. Vergelykbaar met K- 
Zn-tekortsimptome.    tekortsimptome.

Simptome wat soms aan Fe-, Zn- en/of K-tekorte herinner het, maar nooit baie 
spesifiek was nie, is ook waargeneem (Foto’s 10, 11 & 12). Swak stokkies wat vir 
ondersoek uitgehaal is, het geen of min nuwe groei van bestaande wortels getoon, 
maar wel kort, adventiewe (bykomstige) wortels aan die basis en op litte van die 
onderstok.

Hierdie was ’n krisis met ernstige finansiële implikasies en alle moontlike ondersoeke 
is gedoen. Veral Blok 3 het spesiale aandag gekry deurdat daar ’n duidelike 
diagonale skeidslyn deur hierdie blok was waarvan die stokke in die suid-oostelike 
hoek uiters swak was en dié van die noordelike gedeelte baie beter tot selfs 
normaal. Die blok was dus veral nuttig vir vergelykende ondersoeke. Ou lugfoto’s het 
getoon dat hierdie skeidslyn die grens van ou saailande was (Fig. 1) en dat die swak 
gedeelte van Blok 3 in ’n mees onlangse ou saailand geleë is, waar die grond 
waarskynlik die meeste uitgeput was.

PHOTO 9: Dead growing tips. PHOTO 10: Comparable to e defi-
ciency symptoms.

nal roots, but short adventive (additional) roots that developed 
at the base and on the nodes of the rootstock.

This was a ma or crisis with serious financial implications and all 
possible tests were carried out. Block 3 received special atten-

tion as there was a clear diagonal division through this block, of 
which the south eastern corner had very poorly growing vines, 
whereas growth in the northern portion was much better, or 
even normal. This block was therefore useful for comparative 
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FOTO 11. Vergelykbaar met  FOTO 12. Vergelykbaar met K- 
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Simptome wat soms aan Fe-, Zn- en/of K-tekorte herinner het, maar nooit baie 
spesifiek was nie, is ook waargeneem (Foto’s 10, 11 & 12). Swak stokkies wat vir 
ondersoek uitgehaal is, het geen of min nuwe groei van bestaande wortels getoon, 
maar wel kort, adventiewe (bykomstige) wortels aan die basis en op litte van die 
onderstok.

Hierdie was ’n krisis met ernstige finansiële implikasies en alle moontlike ondersoeke 
is gedoen. Veral Blok 3 het spesiale aandag gekry deurdat daar ’n duidelike 
diagonale skeidslyn deur hierdie blok was waarvan die stokke in die suid-oostelike 
hoek uiters swak was en dié van die noordelike gedeelte baie beter tot selfs 
normaal. Die blok was dus veral nuttig vir vergelykende ondersoeke. Ou lugfoto’s het 
getoon dat hierdie skeidslyn die grens van ou saailande was (Fig. 1) en dat die swak 
gedeelte van Blok 3 in ’n mees onlangse ou saailand geleë is, waar die grond 
waarskynlik die meeste uitgeput was.

PHOTO: 11: Comparable to Zn. PHOTO 12: Comparable to  deficiency symptoms. 

FIGUUR 1. Lomond; ou saailande/weiding en nuwe wingerdblokke. 

’n Verslag vanaf die LNR Navorsingsinstituut vir Vrugte, Wingerd en Wyn na ’n
ondersoek van stokke (3), meld swak groei, sig-sag lootgroei, chlorose (groen 
nerwe) en nekrose op blare; groeipunte wat doodgaan, terugsterwing, klein blare en 
trossies en swart vlekke op lote. Dit maak ook melding van wortelgroei op twee 
vlakke en die vorming van klomp klein wortels naby die voet van die onderstok. Hier 
is veral op moontlike mikroörganisme infeksie gekonsentreer, met o.a. 
Cylindrocarpon destructans (swartvoet vrot, “black foot disease”) wat uit wortels en 
voet-vaatweefsel geïsoleer is. Uit die swart vlekke op lote is algemene saprofitiese 
Alternaria-spesies geïsoleer, maar nie Phomopsis viticola (streepvlek) nie. Die 
verslag meld ook dat die bogrondse simptome ooreenstem met fitotoksisiteit deur 
onkruiddoders. Geen moontlik oorsaaklike onkruiddoders is egter op Lomond 
gebruik nie en verskeie ondersoeke van die gifstoor het ook niks opgelewer wat 
moontlik per ongeluk betrokke kon gewees het nie.

Alhoewel die chloriedinhoud van die besproeiingswater aanvanklik hoog was (> 120 
mg kg-1), was die nekrose simptome nie tipies van chloried toksisiteit nie.

Die tegniese bestuurder van Lomond het verskeie toedienings getoets, bestaande uit 
kombinasies van Fe-chelaat, Mn-, Zn- en Cu-soute, seewier emulsies, fosfiet 
formulasies, endomikorisa en Trichoderma-preparate, wortelswam- en
aalwurmdoders, asook drupper toegediende stikstofbemesting, alles sonder sukses.

Blare uit die swak deel van Lomond se Blok 3 het 6 mg kg-1 Cu bevat, teenoor die 3 
mg kg-1 van blare vanuit die beter deel. Hierdie ‘omgekeerde’ Cu-konsentrasies was 
waarskynlik die gevolg van fisiologiese konsentrasie weens kleiner blare van die 
swak stokke. Vir grond beskou Beyers (2) < 0.3 mg kg-1 Cu as laag, 0.3 - 0.6 mg kg-1

as medium, 0.6 - 5.0 mg kg-1 as hoog en > 5.0 mg kg-1 as baie hoog. Die Cu-inhoud 
van die Lomond-grond bestudeer, was uiters laag, met 0.07 mg kg-1 Cu in grond van 
die swak deel in Blok 3 en 0.08 mg kg-1 Cu in die beter deel.

FIG 1: Lomond  old cultivated fields/pastures and new vineyard bloc s.

studies. An old aerial photo of this area showed that the clear 
division line coincided with the border between old cultivated 
fields ( ig. 1) and that the wea  portion of loc   was situated 
in the most recently cultivated field, where the soil was presum-
ably more depleted of nutrients.

A report from the ARC Research Institute for Fruit, Vines and 
Wine after an investigation of affected vines (3), mentions weak 
growth, zig-zag shoot growth, chlorosis (with green veins) and 
necrosis of leaves; dead growing tips, die-back, small leaves 
and bunches and black spots on shoots. It also mentions root 
growth on two levels and the formation of many small roots at 
the base of the rootstock. Here the emphasis was on possible 
micro-organism infection, with i.a. Cylindrocarpon destructans 
(black foot rot, black foot disease) that were isolated from roots 
and conductive tissue at the base of the rootstock. Out of the 
black spots on the shoots, generally saprophytic Alternaria 
species were isolated, but not Phomopsis viticola (dead-arm, 
streepvlek). The report also mentions that the above ground 
symptoms resemble phytotoxicity caused by weed killers. How-
ever, no possible causative weed killers were used at Lomond 
and several investigations of the chemicals store room did not 
reveal anything that might have accidentally been involved.

Although the chloride content of the irrigation water was initially 
quite high (>120 mg kg-1), the necrosis symptoms were not typi-
cal of chloride toxicity.

The technical manager of Lomond tested various applica-
tions, consisting of combinations of Fe-chelate, Mn-, Zn- and 
Cu-salts, seaweed emulsions, phosphite formulations, endo-
mycorhiza and Trichoderma preparations, root fungicide and 
anti-nematode formulations, as well as drip applied nitrogen 
fertilisation. All to no avail.

Leaves out of the weak portion of Lomond’s Block 3, contained 
6 mg kg-1 Cu, compared to 3 mg kg-1 Cu in leaves from the bet-
ter part. These ‘inverted’ Cu concentrations were probably the 
result of physiological concentration of Cu in the smaller leaves 
of the weak vines. For soil, Beyers (2) regarded < 0.3 mg kg-1 Cu 
as low, 0.3 – 0.6 mg kg-1 as medium, 0.6 – 5.0 mg kg-1 as high 
en > 5.0 mg kg-1 as very high. The Cu content of the Lomond 
soil which was tested, was extremely low, with 0.07 mg kg-1 Cu 
in soil of the weak portion in Block 3 en 0.08 mg kg-1 Cu in the 
soil of the better part.

Three incidental factors eventually provided the breakthrough 
evidence. The first factor was that, because of the complex soil 
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Drie toevallige aspekte het uiteindelik die deurslaggewende leidraad verskaf. Die 
eerste aspek was dat, weens die komplekse grondpatroon, dit nie moontlik was om 
wingerdblokke volgens grondtipe te soneer nie en is op aanbeveling van Eben 
Archer (1) gebruik gemaak van variërende tussenstok plantafstande, met stokke 
wyer gespasieer op die kleierige Estcourt-gronde as op die gruis Dresden/Wasbank-
gronde. Die tweede aspek was dat die binnepaal spasiëring standaard gehou is, met 
die gevolg dat stokke soms direk langs pale geplant is en die derde aspek was dat 
dit koperchroomarsenaat behandelde (Tanaliet)-pale was. Dit is opgemerk dat 
stokke wat langs pale staan, normaal vertoon het (Foto 11). Aanvanklik is bespiegel 
dat dit moontlik die gevolg is van gedeeltelike sterilisasie van die grond in die 
onmiddellike omgewing van die pale, wat skadelike grondgedraagde patogene 
inhibeer en sodoende normale groei toelaat. 

FOTO 11. Kopertekorte, met gesonde stok teenaan Tanaliet-binnepaal. 

Kopertekorte is bekend op weidings en saailande op verskeie plekke in die 
kusvlaktes van die Wes-Kaap. Gevalle van Cu-toksisiteite in wingerd is bekend maar 
tekorte is onbekend, waarskynlik omdat Cu-middels algemeen vir donsskimmel 
beheer gebruik word. Sover bekend word Cu-tekorte by wingerd nêrens in erkende 
handboeke of handleidings gemeld nie, maar aangespoor deur die vermoede dat Cu 
moontlik betrokke is by die Lomond-probleem, spoor Dricus van der Westhuizen (7) 
egter ’n Tweede Wêreld-oorlogtydse artikel (5) hieroor op. Hierin word probleme 
beskryf wat met Korente en Sultanina op sandgronde in Australië ondervind is in ’n
siektevrye area waar geen Cu-bespuitings nodig was nie. Simptome is beskryf as 
growwe, ongesonde bas, baie kort lote en internodes en hout wat nie normaal 
verouder nie. Blare was klein, min ingesny en bleek weens geringe chlorose. Die 
wortelstelsel was swak en jaarlikse vorming van adventiewe wortels op of naby die 
grondoppervlak, was kenmerkend. Die simptome was nie definitief aanduidend van 
enige spesifieke tekorte nie maar chemiese analise van blare het lae Cu-vlakke (< 4 
mg kg-1) aangedui. Op sterkte hiervan, asook ’n 1937-ontdekking van Cu-tekorte by 
ander gewasse in die area, is proewe op volwasse en nuut aangeplante stokke met 
Bordeaux-bespuitings en grondtoedienings van 113 g ‘bluestone’ (Cu-sulfaat) per 
stok gedoen. Grondtoedienings is in September gedoen en vir nog twee seisoene 
herhaal. Gedurende die tweede seisoen is geringe verbetering met Bordeaux-
bespuitings verkry en gedurende die derde seisoen is duidelike verbetering met 
beide spuit- en grondbehandelings verkry, asook normale Cu-inhoude van blare (8 - 

PHOTO 1 : Copper deficiencies, with healthy vine next to Tanalith pole.

pattern, it was not possible to zone vineyard blocks according 
to soil type. Consequently, Eben Archer (1) recommended vary-
ing within row planting distances, with vines spaced wider on 
the clayey Estcourt soils than on the gravelly Dresden/Wasbank 
soils. The second factor was that trellis pole spacing was kept 
constant, with the result that vines sometimes ended up right 
next to a pole. The third factor was that the poles were copper-
chrome-arsenate treated (Tanalith poles). It was observed that 
vines next to poles appeared normal (Photo 13). Initially it was 
speculated that this was possibly caused by partial sterilisation 
of the soil immediately around the pole that inhibited soil borne 
pathogens and consequently ensured normal growth.

Copper deficiencies are nown in pastures and cereals in vari-
ous areas in the coastal flats of the Western Cape. Cases of 
copper toxicities in viticulture are recorded but deficiencies are 
unknown, probably because Cu based compounds are general-
ly used against downy mildew. As far as was known, mention of 
Cu deficiencies in vineyards appears nowhere in ac nowledged 
handbooks or manuals, but spurred on by the suspicion that Cu 
deficiency was probably among the problems encountered at 
Lomond, Dricus van der Westhuizen (7) unearthed an article (5) 
on this, published during the Second World War. Herein prob-
lems were described that were encountered with currants and 
sultana on sandy soils in Australia in a disease free area, where 
no Cu sprays were necessary. Symptoms were described as 
rough and unhealthy bark, very short canes and internodes, 
with wood that did not mature normally. Leaves were small, only 
slightly indented and pale in colour due to mild chlorosis. The 
root system was poor and annual production of adventitious 
roots at, or near, the soil surface was characteristic. The foliar 
symptoms were not definitely indicative of any particular defi-
ciency, but chemical analysis of leaves revealed low levels of Cu 
(< 4 mg kg-1). In reaction to this, as well as a 1937 discovery of 
Cu deficiencies in other crops in the area, trials were conducted 

TABLE 1: Copper content of plant material

Plant
Cu content (mg kg-1)

Normal Deficient

Orange leaves c. 8 4
Lucerne hay 6-10 4
Wheat straw 1-2 #

# Unknown
For vines, a leaf content norm for Cu is > 3-5 mg kg-1 (4).

on mature and newly planted vines with Bordeaux sprays and 
soil applications of 113 g ‘bluestone’ (Cu-sulphate) per vine. Soil 
applications were done in September and repeated for another 
two seasons. During the second season, slight improvements 
were obtained with Bordeaux sprays and during the third sea-
son a clear improvement were noted with both Bordeaux sprays 
and soil applications, as well as normal Cu contents in leaves 
(8-10 mg kg-1). The delayed reaction in the case of soil applica-
tions were ascribed to the wea  root systems of the Cu deficient 
vines. Replanted vines responded well from the start with both 
sprays and soil applications of Cu.

ore a out copper
Copper is present in lower quantities in plants than Zn, Fe and 
Mn and the difference between sufficient and deficient Cu con-
tents is very small [Table 1, (6)].

Copper is prominent in oxidase enzyme systems and therefore 
plays an essential role in plant metabolism. It is normally taken 
up by plant roots as the cupri ion, but can also be absorbed as 
certain chelates. Uptake also takes place by leaves and bark (6).

Deficiency symptoms in monocotyledon plants are yellowing and 
later drying out from leaf tips downward, with a wilted appearance 
and the forming of empty ears in cereals, which are especially 
sensitive. In citrus, small fruit is formed, with cracked peels and 
die-back of shoots, often with the appearance of ‘witch’s broom’ 
(heksebesem) and gum exudation on fruit and bark and sometimes 
gum containing knobs under the bark of young shoots. Deciduous 
fruit is especially sensitive and shows die-back of young shoots, 
gum exudation on bark and fruit and often perpendicular cracks on 
young bark. Sometimes leaves curl upwards along the main vein 
and leaf edge scorching develops on the ‘cheeks’ of leaves that 
can expand to the leaf tip. At that stage it can be confused with 
excessive salt or  deficiency symptoms (6).

There is no mention of Cu deficiencies in vineyards in hand-
books or manuals and consequently no recommendations con-
cerning rectifying soil applications or foliar sprays. Only that the 
vine is very tolerant to excessive Cu (4).

Copper is present in low quantities in limestone and granite and 
becomes less available with increasing pH, which is often the 
case in young, lime containing soils of the coastal plains. Abso-
lute deficiencies may occur on leached sands (6).

ecause the difference between deficient and sufficient Cu is 
so small, only limited additions of Cu can rectify deficiencies. In 
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FOTO 9. Dooie groeipunt. FOTO 10. Vergelykbaar met
Fe-tekortsimptome. 

FOTO 11. Vergelykbaar met  FOTO 12. Vergelykbaar met K- 
Zn-tekortsimptome.    tekortsimptome.

Simptome wat soms aan Fe-, Zn- en/of K-tekorte herinner het, maar nooit baie 
spesifiek was nie, is ook waargeneem (Foto’s 10, 11 & 12). Swak stokkies wat vir 
ondersoek uitgehaal is, het geen of min nuwe groei van bestaande wortels getoon, 
maar wel kort, adventiewe (bykomstige) wortels aan die basis en op litte van die 
onderstok.

Hierdie was ’n krisis met ernstige finansiële implikasies en alle moontlike ondersoeke 
is gedoen. Veral Blok 3 het spesiale aandag gekry deurdat daar ’n duidelike 
diagonale skeidslyn deur hierdie blok was waarvan die stokke in die suid-oostelike 
hoek uiters swak was en dié van die noordelike gedeelte baie beter tot selfs 
normaal. Die blok was dus veral nuttig vir vergelykende ondersoeke. Ou lugfoto’s het 
getoon dat hierdie skeidslyn die grens van ou saailande was (Fig. 1) en dat die swak 
gedeelte van Blok 3 in ’n mees onlangse ou saailand geleë is, waar die grond 
waarskynlik die meeste uitgeput was.

PHOTO: 11: Comparable to Zn. PHOTO 12: Comparable to  deficiency symptoms. 

FIGUUR 1. Lomond; ou saailande/weiding en nuwe wingerdblokke. 

’n Verslag vanaf die LNR Navorsingsinstituut vir Vrugte, Wingerd en Wyn na ’n
ondersoek van stokke (3), meld swak groei, sig-sag lootgroei, chlorose (groen 
nerwe) en nekrose op blare; groeipunte wat doodgaan, terugsterwing, klein blare en 
trossies en swart vlekke op lote. Dit maak ook melding van wortelgroei op twee 
vlakke en die vorming van klomp klein wortels naby die voet van die onderstok. Hier 
is veral op moontlike mikroörganisme infeksie gekonsentreer, met o.a. 
Cylindrocarpon destructans (swartvoet vrot, “black foot disease”) wat uit wortels en 
voet-vaatweefsel geïsoleer is. Uit die swart vlekke op lote is algemene saprofitiese 
Alternaria-spesies geïsoleer, maar nie Phomopsis viticola (streepvlek) nie. Die 
verslag meld ook dat die bogrondse simptome ooreenstem met fitotoksisiteit deur 
onkruiddoders. Geen moontlik oorsaaklike onkruiddoders is egter op Lomond 
gebruik nie en verskeie ondersoeke van die gifstoor het ook niks opgelewer wat 
moontlik per ongeluk betrokke kon gewees het nie.

Alhoewel die chloriedinhoud van die besproeiingswater aanvanklik hoog was (> 120 
mg kg-1), was die nekrose simptome nie tipies van chloried toksisiteit nie.

Die tegniese bestuurder van Lomond het verskeie toedienings getoets, bestaande uit 
kombinasies van Fe-chelaat, Mn-, Zn- en Cu-soute, seewier emulsies, fosfiet 
formulasies, endomikorisa en Trichoderma-preparate, wortelswam- en
aalwurmdoders, asook drupper toegediende stikstofbemesting, alles sonder sukses.

Blare uit die swak deel van Lomond se Blok 3 het 6 mg kg-1 Cu bevat, teenoor die 3 
mg kg-1 van blare vanuit die beter deel. Hierdie ‘omgekeerde’ Cu-konsentrasies was 
waarskynlik die gevolg van fisiologiese konsentrasie weens kleiner blare van die 
swak stokke. Vir grond beskou Beyers (2) < 0.3 mg kg-1 Cu as laag, 0.3 - 0.6 mg kg-1

as medium, 0.6 - 5.0 mg kg-1 as hoog en > 5.0 mg kg-1 as baie hoog. Die Cu-inhoud 
van die Lomond-grond bestudeer, was uiters laag, met 0.07 mg kg-1 Cu in grond van 
die swak deel in Blok 3 en 0.08 mg kg-1 Cu in die beter deel.

FIG 1: Lomond  old cultivated fields/pastures and new vineyard bloc s.

studies. An old aerial photo of this area showed that the clear 
division line coincided with the border between old cultivated 
fields ( ig. 1) and that the wea  portion of loc   was situated 
in the most recently cultivated field, where the soil was presum-
ably more depleted of nutrients.

A report from the ARC Research Institute for Fruit, Vines and 
Wine after an investigation of affected vines (3), mentions weak 
growth, zig-zag shoot growth, chlorosis (with green veins) and 
necrosis of leaves; dead growing tips, die-back, small leaves 
and bunches and black spots on shoots. It also mentions root 
growth on two levels and the formation of many small roots at 
the base of the rootstock. Here the emphasis was on possible 
micro-organism infection, with i.a. Cylindrocarpon destructans 
(black foot rot, black foot disease) that were isolated from roots 
and conductive tissue at the base of the rootstock. Out of the 
black spots on the shoots, generally saprophytic Alternaria 
species were isolated, but not Phomopsis viticola (dead-arm, 
streepvlek). The report also mentions that the above ground 
symptoms resemble phytotoxicity caused by weed killers. How-
ever, no possible causative weed killers were used at Lomond 
and several investigations of the chemicals store room did not 
reveal anything that might have accidentally been involved.

Although the chloride content of the irrigation water was initially 
quite high (>120 mg kg-1), the necrosis symptoms were not typi-
cal of chloride toxicity.

The technical manager of Lomond tested various applica-
tions, consisting of combinations of Fe-chelate, Mn-, Zn- and 
Cu-salts, seaweed emulsions, phosphite formulations, endo-
mycorhiza and Trichoderma preparations, root fungicide and 
anti-nematode formulations, as well as drip applied nitrogen 
fertilisation. All to no avail.

Leaves out of the weak portion of Lomond’s Block 3, contained 
6 mg kg-1 Cu, compared to 3 mg kg-1 Cu in leaves from the bet-
ter part. These ‘inverted’ Cu concentrations were probably the 
result of physiological concentration of Cu in the smaller leaves 
of the weak vines. For soil, Beyers (2) regarded < 0.3 mg kg-1 Cu 
as low, 0.3 – 0.6 mg kg-1 as medium, 0.6 – 5.0 mg kg-1 as high 
en > 5.0 mg kg-1 as very high. The Cu content of the Lomond 
soil which was tested, was extremely low, with 0.07 mg kg-1 Cu 
in soil of the weak portion in Block 3 en 0.08 mg kg-1 Cu in the 
soil of the better part.

Three incidental factors eventually provided the breakthrough 
evidence. The first factor was that, because of the complex soil 
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Drie toevallige aspekte het uiteindelik die deurslaggewende leidraad verskaf. Die 
eerste aspek was dat, weens die komplekse grondpatroon, dit nie moontlik was om 
wingerdblokke volgens grondtipe te soneer nie en is op aanbeveling van Eben 
Archer (1) gebruik gemaak van variërende tussenstok plantafstande, met stokke 
wyer gespasieer op die kleierige Estcourt-gronde as op die gruis Dresden/Wasbank-
gronde. Die tweede aspek was dat die binnepaal spasiëring standaard gehou is, met 
die gevolg dat stokke soms direk langs pale geplant is en die derde aspek was dat 
dit koperchroomarsenaat behandelde (Tanaliet)-pale was. Dit is opgemerk dat 
stokke wat langs pale staan, normaal vertoon het (Foto 11). Aanvanklik is bespiegel 
dat dit moontlik die gevolg is van gedeeltelike sterilisasie van die grond in die 
onmiddellike omgewing van die pale, wat skadelike grondgedraagde patogene 
inhibeer en sodoende normale groei toelaat. 

FOTO 11. Kopertekorte, met gesonde stok teenaan Tanaliet-binnepaal. 

Kopertekorte is bekend op weidings en saailande op verskeie plekke in die 
kusvlaktes van die Wes-Kaap. Gevalle van Cu-toksisiteite in wingerd is bekend maar 
tekorte is onbekend, waarskynlik omdat Cu-middels algemeen vir donsskimmel 
beheer gebruik word. Sover bekend word Cu-tekorte by wingerd nêrens in erkende 
handboeke of handleidings gemeld nie, maar aangespoor deur die vermoede dat Cu 
moontlik betrokke is by die Lomond-probleem, spoor Dricus van der Westhuizen (7) 
egter ’n Tweede Wêreld-oorlogtydse artikel (5) hieroor op. Hierin word probleme 
beskryf wat met Korente en Sultanina op sandgronde in Australië ondervind is in ’n
siektevrye area waar geen Cu-bespuitings nodig was nie. Simptome is beskryf as 
growwe, ongesonde bas, baie kort lote en internodes en hout wat nie normaal 
verouder nie. Blare was klein, min ingesny en bleek weens geringe chlorose. Die 
wortelstelsel was swak en jaarlikse vorming van adventiewe wortels op of naby die 
grondoppervlak, was kenmerkend. Die simptome was nie definitief aanduidend van 
enige spesifieke tekorte nie maar chemiese analise van blare het lae Cu-vlakke (< 4 
mg kg-1) aangedui. Op sterkte hiervan, asook ’n 1937-ontdekking van Cu-tekorte by 
ander gewasse in die area, is proewe op volwasse en nuut aangeplante stokke met 
Bordeaux-bespuitings en grondtoedienings van 113 g ‘bluestone’ (Cu-sulfaat) per 
stok gedoen. Grondtoedienings is in September gedoen en vir nog twee seisoene 
herhaal. Gedurende die tweede seisoen is geringe verbetering met Bordeaux-
bespuitings verkry en gedurende die derde seisoen is duidelike verbetering met 
beide spuit- en grondbehandelings verkry, asook normale Cu-inhoude van blare (8 - 

PHOTO 1 : Copper deficiencies, with healthy vine next to Tanalith pole.

pattern, it was not possible to zone vineyard blocks according 
to soil type. Consequently, Eben Archer (1) recommended vary-
ing within row planting distances, with vines spaced wider on 
the clayey Estcourt soils than on the gravelly Dresden/Wasbank 
soils. The second factor was that trellis pole spacing was kept 
constant, with the result that vines sometimes ended up right 
next to a pole. The third factor was that the poles were copper-
chrome-arsenate treated (Tanalith poles). It was observed that 
vines next to poles appeared normal (Photo 13). Initially it was 
speculated that this was possibly caused by partial sterilisation 
of the soil immediately around the pole that inhibited soil borne 
pathogens and consequently ensured normal growth.

Copper deficiencies are nown in pastures and cereals in vari-
ous areas in the coastal flats of the Western Cape. Cases of 
copper toxicities in viticulture are recorded but deficiencies are 
unknown, probably because Cu based compounds are general-
ly used against downy mildew. As far as was known, mention of 
Cu deficiencies in vineyards appears nowhere in ac nowledged 
handbooks or manuals, but spurred on by the suspicion that Cu 
deficiency was probably among the problems encountered at 
Lomond, Dricus van der Westhuizen (7) unearthed an article (5) 
on this, published during the Second World War. Herein prob-
lems were described that were encountered with currants and 
sultana on sandy soils in Australia in a disease free area, where 
no Cu sprays were necessary. Symptoms were described as 
rough and unhealthy bark, very short canes and internodes, 
with wood that did not mature normally. Leaves were small, only 
slightly indented and pale in colour due to mild chlorosis. The 
root system was poor and annual production of adventitious 
roots at, or near, the soil surface was characteristic. The foliar 
symptoms were not definitely indicative of any particular defi-
ciency, but chemical analysis of leaves revealed low levels of Cu 
(< 4 mg kg-1). In reaction to this, as well as a 1937 discovery of 
Cu deficiencies in other crops in the area, trials were conducted 

TABLE 1: Copper content of plant material

Plant
Cu content (mg kg-1)

Normal Deficient

Orange leaves c. 8 4
Lucerne hay 6-10 4
Wheat straw 1-2 #

# Unknown
For vines, a leaf content norm for Cu is > 3-5 mg kg-1 (4).

on mature and newly planted vines with Bordeaux sprays and 
soil applications of 113 g ‘bluestone’ (Cu-sulphate) per vine. Soil 
applications were done in September and repeated for another 
two seasons. During the second season, slight improvements 
were obtained with Bordeaux sprays and during the third sea-
son a clear improvement were noted with both Bordeaux sprays 
and soil applications, as well as normal Cu contents in leaves 
(8-10 mg kg-1). The delayed reaction in the case of soil applica-
tions were ascribed to the wea  root systems of the Cu deficient 
vines. Replanted vines responded well from the start with both 
sprays and soil applications of Cu.

ore a out copper
Copper is present in lower quantities in plants than Zn, Fe and 
Mn and the difference between sufficient and deficient Cu con-
tents is very small [Table 1, (6)].

Copper is prominent in oxidase enzyme systems and therefore 
plays an essential role in plant metabolism. It is normally taken 
up by plant roots as the cupri ion, but can also be absorbed as 
certain chelates. Uptake also takes place by leaves and bark (6).

Deficiency symptoms in monocotyledon plants are yellowing and 
later drying out from leaf tips downward, with a wilted appearance 
and the forming of empty ears in cereals, which are especially 
sensitive. In citrus, small fruit is formed, with cracked peels and 
die-back of shoots, often with the appearance of ‘witch’s broom’ 
(heksebesem) and gum exudation on fruit and bark and sometimes 
gum containing knobs under the bark of young shoots. Deciduous 
fruit is especially sensitive and shows die-back of young shoots, 
gum exudation on bark and fruit and often perpendicular cracks on 
young bark. Sometimes leaves curl upwards along the main vein 
and leaf edge scorching develops on the ‘cheeks’ of leaves that 
can expand to the leaf tip. At that stage it can be confused with 
excessive salt or  deficiency symptoms (6).

There is no mention of Cu deficiencies in vineyards in hand-
books or manuals and consequently no recommendations con-
cerning rectifying soil applications or foliar sprays. Only that the 
vine is very tolerant to excessive Cu (4).

Copper is present in low quantities in limestone and granite and 
becomes less available with increasing pH, which is often the 
case in young, lime containing soils of the coastal plains. Abso-
lute deficiencies may occur on leached sands (6).

ecause the difference between deficient and sufficient Cu is 
so small, only limited additions of Cu can rectify deficiencies. In 
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the past this was even achieved by using brass bolts to fasten 
plough mould boards. The abrasion of these bolts was enough 
to prevent Cu deficiencies. As supplement for Cu deficiencies, 
8 - 15 kg ha-1 Cu sulphate can be applied (2, 6), but not annually 
in the case of crops that are sensitive to Cu toxicities. Bordeaux 
mixture (8 kg 500 L-1) in winter was recommended for fruit trees, 
or Cu oxychloride (250g 500 L-1) as foliar application (6).

orrecti e measures and other e perience
With all the indications obtained, 15 kg ha-1 Cu sulphate was 
immediately applied through the irrigation system at Lomond, 
which was repeated the following season. Supplementary to 
this, a downy mildew spraying programme, strongly based 
on Cu formulations, was used. The recovery of the vines was 
amazing in that during the following season growth was normal, 
with virtually no deficiency symptoms present anymore.

Armed with the Lomond experience, Cu deficiencies were sub-
sequently identified in several cases. High against the slopes of 
Simonsberg, Cu deficiencies were identified in Pinot noir plant-
ed in sandstone mantel material. In the vicinity of Noordhoek 
on Glenrosa/Mispha soil, developed out of sandstone, this was 
also encountered in a young Shiraz planting, which would have 
been pulled out because of poor growth, but which recovered 
rapidly after Cu was applied and was thus saved.

In the Hemel-and-Aarde valley, two cases were encountered. 
One was a young Pinot noir planting on sandstone/granite soil, 
where even in winter it was evident by the progressively dimin-
ishing shoot growth the further the vines were away from the 
Tannalith inner trellis poles, that Cu deficiencies were at sta e 
here. In the same region, growth problems in mother blocks 
were investigated and Cu deficiencies again identified as the 
main cause, with especially Pinot noir proving very sensitive. 
The problem could be resolved within one season.

In the Elim area on young coastal plain soils of gravel on some-
times saline, clayey subsoils, Cu deficiencies were also encoun-
tered, while there were normal vineyards on neighbouring farms. 
The reason for this was probably that farmyard manure was 
used profusely in the neighbouring vineyards, which supplied 
the necessary Cu.

Recently Cu deficiencies were encountered in zones in a young 
vineyard planted high on the slopes of Paarl Mountain. These zones 
were associated with pale, mainly physically weathered granite.
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ummary
Copper deficiencies in vineyards are virtually un nown worldwide, probably because of a history of the general use of Cu contain-
ing downy mildew combating formulations. o nown descriptions of deficiencies or recommendations for rectifying it are to be 
found in handboo s or manuals. On the coastal plains of the Western Cape it was first identified in South Africa during 2000/1 
in plantings of vines on granitic soil along the lower reaches of the Uilenkraal River, and subsequently also in various vineyards in 
the vicinity, as well as in the Hemel-and-Aarde valley, as well as on highly weathered, pale granitic soil. Various new plantings in 
mountainous areas on soils developed from sandstone, were also sub ect to this deficiency.

The symptoms of a Cu deficiency are not very specific, but for the trained eye it is unmista eable, mainly as uneven yellowing of 
leaves that very much resemble simazine damage or even e deficiency, and stunted growth. Other accompanying symptoms 
can be small apical leaves and short internodes that resemble n deficiency and necrotic zones on older leaves the resemble 

 deficiency, as well as dead growing tips. The resemblance to e, n- and -deficiencies is probably partly the result of poor 
uptake of these elements because of the under developed and thus poorly functioning rooting system.

It is evident that especially young, high pH, coastal plain soils, highly leached, pale granitic soils and young soils in mountainous 
areas formed on granite and/or sandstone, pose the ris  of Cu deficiencies. The difference between sufficient and deficient Cu in 
soil and plant material, is very small and soil and plant analyses are not always discerning enough to distinguish between the two 
situations. However, soil analysis before new plantings is useful to predict if there is a possibility of a Cu deficiency, so that timely 
corrective measures can be taken. This entails soil application of Cu-sulphate in solution, or Cu-oxychloride, just before mak-
ing planting holes or application through the irrigation system in existing plantings, together with a strong Cu based anti-mildew 
spraying programme.

For further information contact Dawid Saayman at dsaayman@distell.co.za
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ecuti e ummary 

The science is confident and the truth is definitely “inconvenient” 
– global temperatures are rising, extreme events are increas-
ing in frequency and intensity, and industrial development is to 
blame. 11 of the past 12 years have been the hottest in record-
ed history (since 1850) – and this warming is directly attributed 
to increases in atmospheric Greenhouse Gas (GHG) levels due 
to human-activities. The science indicates that if global warming 
is to be limited to within 2oC above pre-industrial values, global 
emissions need to peak between 2015 and 2020 and then de-
cline rapidly. Recent reports show that due to the continued 
increase in atmospheric GHGs, a 4°C temperature shift is highly 
likely, having grave consequences for human living conditions 
and food security in particular. 

The most prominent biophysical impacts of climate change on 
the South African agricultural sector include a decrease in water 
availability, a shift in seasonal temperatures and climatic pat-
terns, and an increase in the prevalence of pests and diseases. 
The indirect impacts of climate change are equally threatening 
and include an increase in energy and fuel costs, an increase 
in market pressure and retail demands, and the likelihood of 
carbon pricing in the near future. Possible responses to these 
impacts depend on the availability of resources such as knowl-
edge, technology and available finances. 

Southern Africa has been identified as one of the most vulner-
able regions in the world due to a relatively low capacity to 
respond to climate change. For South Africa in particular, the 
greatest development challenge is finding the best development 
pathway that ensures energy security and access to electric-
ity, while similtaniously laying a foundation to build a low car-
bon economy. In response, the South African government has 
committed to undertake mitigating actions that would result in a 
34% decrease in emissions relative to a ‘business as usual sce-
nario’ by 2020, followed by a steeper 42% decrease by 2025. 
This commitment was formalised in the Cancun Agreements at 
the end of COP 16 in 2010. Being the host nation for the COP 
17 negotiations in Durban during December last year, South Af-
rica’s commitments and, more importantly, the implementation 
plans for mitigation and adaptation action throughout all sectors 
of the economy, will be on display for the international arena to 
support or scrutinise. 

The agricultural sector holds a double-edged sword – although 
a noteworthy contributor to the global greenhouse gas (GHG) 
emissions (14% of the total, mainly through land-use change 
and livestock management), it is unique in its potential to miti-

gate substantial greenhouse gas emissions through improved 
efficiencies and management practices. Many industry mem-
bers have been utilising sustainable farming practices and en-
ergy efficiency measures for several years, in an effort to eep 
their business costs down and production levels positive. How-
ever, very little has been done to better direct these efforts in a 
way that could be measured, monitored and reported on. 

It is against this backdrop that the South African Fruit and Wine 
industry has decided to take the initiative and develop an indus-
try-wide response to climate change. The Confronting Climate 
Change Initiative aims to provide an information resource for the 
industry to better understand the relevant direct (physical) and 
indirect (market-related) climate change impacts, and a carbon 
footprint measurement tool to help equip and empower the in-
dustry to better respond to these impacts. 

The project is now in its fourth year of implementation, and a 
significant outcome of which included the technical training of 
the online carbon calculator tool, through which over 200 in-
dustry members have been trained. The support from the in-
dustry is increasingly positive, particularly following a technical 
training workshop, as monitored through the monthly website 
usage figures. However, usage of the online carbon calculator 
tool remains relatively low and not evenly distributed through the 
various fruit and wine industry sectors. As a result, the indus-
try data analysis undertaken as part of the Confronting Climate 
Change pro ect illustrates a snapshot into the profiles of the in-
dustry members using the online tool, rather than a representa-
tive industry “benchmark”, as was initially the goal. Even though, 
the results show some valuable trends that can assist the in-
dustry in prioritising production and processing activities, where 
technology and management changes can greatly reduce both 
the carbon footprint of the product and the financial costs of 
producing it. 

Notably, electricity usage dominates the majority of carbon foot-
prints included in the industry sample group. This is to be ex-
pected due to the fact that the South African grid supplied elec-
tricity is coal based and is thus inefficient and dirty. At farm level, 
electricity usage is mainly for irrigation pumping, which highlights 
a double risk in terms of increased electricity and water rates. A 
combination of options exist to mitigate these risks. By using re-
newable energy to power the pumping, such as solar powered 
pumps or gravity fed systems, together with precision farming 
methods that monitor the exact soil and water requirements, 
improved efficiencies will reduce the carbon footprint and the 
internal ris  of inflating input costs. In post-production, electric-
ity usage is mainly for cooling in packhouses, coldstores or win-

WineLand May 2012
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the past this was even achieved by using brass bolts to fasten 
plough mould boards. The abrasion of these bolts was enough 
to prevent Cu deficiencies. As supplement for Cu deficiencies, 
8 - 15 kg ha-1 Cu sulphate can be applied (2, 6), but not annually 
in the case of crops that are sensitive to Cu toxicities. Bordeaux 
mixture (8 kg 500 L-1) in winter was recommended for fruit trees, 
or Cu oxychloride (250g 500 L-1) as foliar application (6).

orrecti e measures and other e perience
With all the indications obtained, 15 kg ha-1 Cu sulphate was 
immediately applied through the irrigation system at Lomond, 
which was repeated the following season. Supplementary to 
this, a downy mildew spraying programme, strongly based 
on Cu formulations, was used. The recovery of the vines was 
amazing in that during the following season growth was normal, 
with virtually no deficiency symptoms present anymore.

Armed with the Lomond experience, Cu deficiencies were sub-
sequently identified in several cases. High against the slopes of 
Simonsberg, Cu deficiencies were identified in Pinot noir plant-
ed in sandstone mantel material. In the vicinity of Noordhoek 
on Glenrosa/Mispha soil, developed out of sandstone, this was 
also encountered in a young Shiraz planting, which would have 
been pulled out because of poor growth, but which recovered 
rapidly after Cu was applied and was thus saved.

In the Hemel-and-Aarde valley, two cases were encountered. 
One was a young Pinot noir planting on sandstone/granite soil, 
where even in winter it was evident by the progressively dimin-
ishing shoot growth the further the vines were away from the 
Tannalith inner trellis poles, that Cu deficiencies were at sta e 
here. In the same region, growth problems in mother blocks 
were investigated and Cu deficiencies again identified as the 
main cause, with especially Pinot noir proving very sensitive. 
The problem could be resolved within one season.

In the Elim area on young coastal plain soils of gravel on some-
times saline, clayey subsoils, Cu deficiencies were also encoun-
tered, while there were normal vineyards on neighbouring farms. 
The reason for this was probably that farmyard manure was 
used profusely in the neighbouring vineyards, which supplied 
the necessary Cu.

Recently Cu deficiencies were encountered in zones in a young 
vineyard planted high on the slopes of Paarl Mountain. These zones 
were associated with pale, mainly physically weathered granite.
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Copper deficiencies in vineyards are virtually un nown worldwide, probably because of a history of the general use of Cu contain-
ing downy mildew combating formulations. o nown descriptions of deficiencies or recommendations for rectifying it are to be 
found in handboo s or manuals. On the coastal plains of the Western Cape it was first identified in South Africa during 2000/1 
in plantings of vines on granitic soil along the lower reaches of the Uilenkraal River, and subsequently also in various vineyards in 
the vicinity, as well as in the Hemel-and-Aarde valley, as well as on highly weathered, pale granitic soil. Various new plantings in 
mountainous areas on soils developed from sandstone, were also sub ect to this deficiency.

The symptoms of a Cu deficiency are not very specific, but for the trained eye it is unmista eable, mainly as uneven yellowing of 
leaves that very much resemble simazine damage or even e deficiency, and stunted growth. Other accompanying symptoms 
can be small apical leaves and short internodes that resemble n deficiency and necrotic zones on older leaves the resemble 

 deficiency, as well as dead growing tips. The resemblance to e, n- and -deficiencies is probably partly the result of poor 
uptake of these elements because of the under developed and thus poorly functioning rooting system.

It is evident that especially young, high pH, coastal plain soils, highly leached, pale granitic soils and young soils in mountainous 
areas formed on granite and/or sandstone, pose the ris  of Cu deficiencies. The difference between sufficient and deficient Cu in 
soil and plant material, is very small and soil and plant analyses are not always discerning enough to distinguish between the two 
situations. However, soil analysis before new plantings is useful to predict if there is a possibility of a Cu deficiency, so that timely 
corrective measures can be taken. This entails soil application of Cu-sulphate in solution, or Cu-oxychloride, just before mak-
ing planting holes or application through the irrigation system in existing plantings, together with a strong Cu based anti-mildew 
spraying programme.

For further information contact Dawid Saayman at dsaayman@distell.co.za
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The science is confident and the truth is definitely “inconvenient” 
– global temperatures are rising, extreme events are increas-
ing in frequency and intensity, and industrial development is to 
blame. 11 of the past 12 years have been the hottest in record-
ed history (since 1850) – and this warming is directly attributed 
to increases in atmospheric Greenhouse Gas (GHG) levels due 
to human-activities. The science indicates that if global warming 
is to be limited to within 2oC above pre-industrial values, global 
emissions need to peak between 2015 and 2020 and then de-
cline rapidly. Recent reports show that due to the continued 
increase in atmospheric GHGs, a 4°C temperature shift is highly 
likely, having grave consequences for human living conditions 
and food security in particular. 

The most prominent biophysical impacts of climate change on 
the South African agricultural sector include a decrease in water 
availability, a shift in seasonal temperatures and climatic pat-
terns, and an increase in the prevalence of pests and diseases. 
The indirect impacts of climate change are equally threatening 
and include an increase in energy and fuel costs, an increase 
in market pressure and retail demands, and the likelihood of 
carbon pricing in the near future. Possible responses to these 
impacts depend on the availability of resources such as knowl-
edge, technology and available finances. 

Southern Africa has been identified as one of the most vulner-
able regions in the world due to a relatively low capacity to 
respond to climate change. For South Africa in particular, the 
greatest development challenge is finding the best development 
pathway that ensures energy security and access to electric-
ity, while similtaniously laying a foundation to build a low car-
bon economy. In response, the South African government has 
committed to undertake mitigating actions that would result in a 
34% decrease in emissions relative to a ‘business as usual sce-
nario’ by 2020, followed by a steeper 42% decrease by 2025. 
This commitment was formalised in the Cancun Agreements at 
the end of COP 16 in 2010. Being the host nation for the COP 
17 negotiations in Durban during December last year, South Af-
rica’s commitments and, more importantly, the implementation 
plans for mitigation and adaptation action throughout all sectors 
of the economy, will be on display for the international arena to 
support or scrutinise. 

The agricultural sector holds a double-edged sword – although 
a noteworthy contributor to the global greenhouse gas (GHG) 
emissions (14% of the total, mainly through land-use change 
and livestock management), it is unique in its potential to miti-

gate substantial greenhouse gas emissions through improved 
efficiencies and management practices. Many industry mem-
bers have been utilising sustainable farming practices and en-
ergy efficiency measures for several years, in an effort to eep 
their business costs down and production levels positive. How-
ever, very little has been done to better direct these efforts in a 
way that could be measured, monitored and reported on. 

It is against this backdrop that the South African Fruit and Wine 
industry has decided to take the initiative and develop an indus-
try-wide response to climate change. The Confronting Climate 
Change Initiative aims to provide an information resource for the 
industry to better understand the relevant direct (physical) and 
indirect (market-related) climate change impacts, and a carbon 
footprint measurement tool to help equip and empower the in-
dustry to better respond to these impacts. 

The project is now in its fourth year of implementation, and a 
significant outcome of which included the technical training of 
the online carbon calculator tool, through which over 200 in-
dustry members have been trained. The support from the in-
dustry is increasingly positive, particularly following a technical 
training workshop, as monitored through the monthly website 
usage figures. However, usage of the online carbon calculator 
tool remains relatively low and not evenly distributed through the 
various fruit and wine industry sectors. As a result, the indus-
try data analysis undertaken as part of the Confronting Climate 
Change pro ect illustrates a snapshot into the profiles of the in-
dustry members using the online tool, rather than a representa-
tive industry “benchmark”, as was initially the goal. Even though, 
the results show some valuable trends that can assist the in-
dustry in prioritising production and processing activities, where 
technology and management changes can greatly reduce both 
the carbon footprint of the product and the financial costs of 
producing it. 

Notably, electricity usage dominates the majority of carbon foot-
prints included in the industry sample group. This is to be ex-
pected due to the fact that the South African grid supplied elec-
tricity is coal based and is thus inefficient and dirty. At farm level, 
electricity usage is mainly for irrigation pumping, which highlights 
a double risk in terms of increased electricity and water rates. A 
combination of options exist to mitigate these risks. By using re-
newable energy to power the pumping, such as solar powered 
pumps or gravity fed systems, together with precision farming 
methods that monitor the exact soil and water requirements, 
improved efficiencies will reduce the carbon footprint and the 
internal ris  of inflating input costs. In post-production, electric-
ity usage is mainly for cooling in packhouses, coldstores or win-

WineLand May 2012
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ery operations. Within South Africa, utilising solar energy could 
easily negate the use of grid electricity for thermal heating and 
cooling purposes and there are several service providers avail-
able to give expert advice in this regard. Additional technologies 
in this area deserve thorough investigation within the industry 
to avoid future risk with increasingly costly and erratic electricity 
supply in the coming years. Other “big hitters” include the use 
of nitrogen-based synthetic fertiliser and diesel consumption at 
farm level; and packaging and freight options (particularly air 
and road transport) at post-production level. Mitigating options 
include implementing precision farming practices that improve 
efficiencies and soil health, thereby reducing the amount of fos-
sil-fuel based inputs required. Packaging has been highlighted 
as an area where small changes (in terms of the percentage 
of recycled material used for example) can ma e a significant 
difference to the overall carbon footprint of the product, while 
also serving as the “face” for product, showcasing the environ-
mental values of the business. The role of economies of scale 
was highlighted in the local study, particularly in the wine indus-
try, where trends indicate that with larger production volumes, 

comes more efficient usage of resources, although this is not 
always the case. Finally, the transportation of the products to 
market is an obviously carbon intensive section of the supply 
chain, particularly when air and inefficient road freight options 
are used. Not much can be done to change the distance from 
the South African ports to international markets, however, as is 
highlighted in this report and in international literature, many op-
portunities exist throughout the supply chain that can offset the 
transportation leg of the chain while improving efficiencies and 
reducing costs. 

In conclusion, South African producers are continually faced 
with difficult challenges, both in terms of producing in the chan-
ging natural growing conditions, and in terms of selling in a 
highly competitive and unpredictable market place. However, 
history is proof that the industry is successful at adapting to 
change and rising to new challenges. The Confronting Climate 
Change project aims to provide an informative and supportive 
role to catalyse the necessary change required for the indus-
try to maintain, enhance and surpass its market position in the 
coming years in a way that is sustainable, ethical and profitable.
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Alain Deloire

A few thoughts on grapevine training systems

Figuur 1 Figuur 2Figuur 1 Figuur 2

FIGURE 1: Pruning system named Cordon de Royat. The number of 
primary shoots will be determined by the number of latent buds per spur. 
The density of the vegetation will depend on the distance between spurs. 

FIGURE 2: Pruning system named Guyot. The number of primary shoots 
will be determined by the number of latent buds per cane. The density 
of the vegetation will depend on the length of internodes. The cane is 
positioned horizontally (or bended and twisted) to avoid the acrotony 
(named as well cane’s apical dominance). 

Which criteria should decide the choice of a training system? 
Why use the Lyre instead of the Vertical Shoot Positioning 
(VSP)? What are the advantages (if any) of the Smart-Dyson 
over the Goblet (bush vine)? 

This article will try to give some information and guidelines on 
how to make a decision regarding the choice of training and 
pruning systems and will give some information regarding the 
ratio leaf to fruit. The article is presented using a Q&A format 
to simplify the reading and to help promote discussions and 
experimentation on training systems. 

hat is ine architecture  
Vine architecture is the result of the training system which in-
cludes the pruning and the trellis system. The geometry of plan-
tation (distance between vines and rows represents the density 
of plantation) is part of vine architecture. The way a cultivar will 
grow, the capacity of the soil, the rootstock if we include the 
subterranean architecture, will influence the vine architecture. 

ow does a pruning system wor  
Pruning is necessary to maintain the health and to control the 
productivity of the vine on a long term basis. A pruning system 
is chosen according to a) the number of latent buds per vine or 
m2, which will determine the yield per vine or m2; b) the number 
of primary shoots per surface unit which will be according to the 
number of buds per spur (cordon) or per cane (Guyot) (Figures 

1 and 2). The Guyot is known to increase the fertility for some 
cultivars. The bud fertility is related to the position of the latent 
buds on a cane and there is a gradient from bottom to top. The 
buds’ fertility along a primary shoot follows a Gaussian pattern. 

hat does a training system do  
A training system helps to control and regulate canopy growth 
and exposure of the leaves and grapes to light, wind and humid-
ity (Figure 3). The growth of the laterals will depend on the vigour 
of the terroir unit (Figure 4). The laterals are responsible of the 
width of the canopy. A good training system will optimise: 

a) a ratio exposed leaf area /yield (per vine or m2) ;
b) a ratio exposed leaf area/shaded leaf area; 
c) a ratio primary and secondary shoots;
d) the bunch microclimate. 

ow the yield per ud ine is determined  
The yield per bud/vine is determined over two seasons (two 
years in area with real winter or two seasons the same year 
in tropical climate). It is cultivar and climate (light, temperature, 
wind) related. The vine’s bud fertility/productivity occurs over 
two years with the following main phonological stages: 

ear n
 Differentiation of inflorescence’s primordia (  first step of in-

florescences formation) in the new latent bud. 

WineLand June 2012
Alain Deloire – Department of Viticulture and Oenology, Stellenbosch University
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ery operations. Within South Africa, utilising solar energy could 
easily negate the use of grid electricity for thermal heating and 
cooling purposes and there are several service providers avail-
able to give expert advice in this regard. Additional technologies 
in this area deserve thorough investigation within the industry 
to avoid future risk with increasingly costly and erratic electricity 
supply in the coming years. Other “big hitters” include the use 
of nitrogen-based synthetic fertiliser and diesel consumption at 
farm level; and packaging and freight options (particularly air 
and road transport) at post-production level. Mitigating options 
include implementing precision farming practices that improve 
efficiencies and soil health, thereby reducing the amount of fos-
sil-fuel based inputs required. Packaging has been highlighted 
as an area where small changes (in terms of the percentage 
of recycled material used for example) can ma e a significant 
difference to the overall carbon footprint of the product, while 
also serving as the “face” for product, showcasing the environ-
mental values of the business. The role of economies of scale 
was highlighted in the local study, particularly in the wine indus-
try, where trends indicate that with larger production volumes, 

comes more efficient usage of resources, although this is not 
always the case. Finally, the transportation of the products to 
market is an obviously carbon intensive section of the supply 
chain, particularly when air and inefficient road freight options 
are used. Not much can be done to change the distance from 
the South African ports to international markets, however, as is 
highlighted in this report and in international literature, many op-
portunities exist throughout the supply chain that can offset the 
transportation leg of the chain while improving efficiencies and 
reducing costs. 

In conclusion, South African producers are continually faced 
with difficult challenges, both in terms of producing in the chan-
ging natural growing conditions, and in terms of selling in a 
highly competitive and unpredictable market place. However, 
history is proof that the industry is successful at adapting to 
change and rising to new challenges. The Confronting Climate 
Change project aims to provide an informative and supportive 
role to catalyse the necessary change required for the indus-
try to maintain, enhance and surpass its market position in the 
coming years in a way that is sustainable, ethical and profitable.
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A few thoughts on grapevine training systems
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FIGURE 1: Pruning system named Cordon de Royat. The number of 
primary shoots will be determined by the number of latent buds per spur. 
The density of the vegetation will depend on the distance between spurs. 

FIGURE 2: Pruning system named Guyot. The number of primary shoots 
will be determined by the number of latent buds per cane. The density 
of the vegetation will depend on the length of internodes. The cane is 
positioned horizontally (or bended and twisted) to avoid the acrotony 
(named as well cane’s apical dominance). 

Which criteria should decide the choice of a training system? 
Why use the Lyre instead of the Vertical Shoot Positioning 
(VSP)? What are the advantages (if any) of the Smart-Dyson 
over the Goblet (bush vine)? 

This article will try to give some information and guidelines on 
how to make a decision regarding the choice of training and 
pruning systems and will give some information regarding the 
ratio leaf to fruit. The article is presented using a Q&A format 
to simplify the reading and to help promote discussions and 
experimentation on training systems. 

hat is ine architecture  
Vine architecture is the result of the training system which in-
cludes the pruning and the trellis system. The geometry of plan-
tation (distance between vines and rows represents the density 
of plantation) is part of vine architecture. The way a cultivar will 
grow, the capacity of the soil, the rootstock if we include the 
subterranean architecture, will influence the vine architecture. 

ow does a pruning system wor  
Pruning is necessary to maintain the health and to control the 
productivity of the vine on a long term basis. A pruning system 
is chosen according to a) the number of latent buds per vine or 
m2, which will determine the yield per vine or m2; b) the number 
of primary shoots per surface unit which will be according to the 
number of buds per spur (cordon) or per cane (Guyot) (Figures 

1 and 2). The Guyot is known to increase the fertility for some 
cultivars. The bud fertility is related to the position of the latent 
buds on a cane and there is a gradient from bottom to top. The 
buds’ fertility along a primary shoot follows a Gaussian pattern. 

hat does a training system do  
A training system helps to control and regulate canopy growth 
and exposure of the leaves and grapes to light, wind and humid-
ity (Figure 3). The growth of the laterals will depend on the vigour 
of the terroir unit (Figure 4). The laterals are responsible of the 
width of the canopy. A good training system will optimise: 

a) a ratio exposed leaf area /yield (per vine or m2) ;
b) a ratio exposed leaf area/shaded leaf area; 
c) a ratio primary and secondary shoots;
d) the bunch microclimate. 

ow the yield per ud ine is determined  
The yield per bud/vine is determined over two seasons (two 
years in area with real winter or two seasons the same year 
in tropical climate). It is cultivar and climate (light, temperature, 
wind) related. The vine’s bud fertility/productivity occurs over 
two years with the following main phonological stages: 

ear n
 Differentiation of inflorescence’s primordia (  first step of in-

florescences formation) in the new latent bud. 

WineLand June 2012
Alain Deloire – Department of Viticulture and Oenology, Stellenbosch University
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Vertical shoot positioning 

Figuur 3FIGURE 3: Example of Vertical Shoot Positioning, VSP The width of the 
canopy is due to the growth of the secondary shoots (named the later-
als). The growth of the laterals depends on the vigour of the terroir unit 
(temperature, water and nitrogen mainly) and the choice of the rootstock. 

Figuur 4

Figuur 5
FIGURE 5: Decrease in transmission of solar light intensity according to 
the leaf layer number (i.e. thickness of the canopy). This figure illustrates 
the importance of both canopy width and density. To get less shaded 
leaves as possible, it is recommended to avoid canopy width > 0.40 m 
(Smart and Robinson, 1991; Carbonneau et al., 2007). 

Deloire, 2008

FIGURE 4: The growth of the laterals on a primary shoot (PS) will depend 
on the apical dominance which is due to the apex and will depend 
mainly on the vigour of the terroir unit (water and nitrogen). By removing 
the apex, one allows the growth of the laterals immediately underneath 
the apex and along the primary shoot. 

ear n
 Differentiation of flowers’ primordia (  first step of flowers for-

mation) in the latent bud during bud break and beginning of 
inflorescence growth, 

 Inflorescence growth (elongation) and flowers differentiation 
from bud brea  to flowering,

 lowering and opening of the stamens (pollen release),
 lower fertilisation (depends on climate and vine physiology), 
 Ovary/young berry’s cell multiplication (after ovule fertilisation 

only. At this stage the elongation of the inflorescence is fin-
ished and the number of berries is determined), 

 Cell enlargement during berry green growth and ripening 
stages (determines the berry’s volume). 

ow are yield per ine and per hectare determined  
This part of the yield production is dependent on: 
 the pruning system (number of buds per vine); 
 the training system (number of arms, cordons, canes: the 

result is the number of buds per vine); 
 the plantation density (number of vines and buds per hect-

are); 
 and on the various cultural practices (irrigation, soil or leaf 

fertilisation) and canopy manipulation.

One should remember that:
– The training system x pruning system will determine the can-

opy architecture,
– The pruning system will determine the number of buds per 

vine or m2,
– The plantation density (distance between vines and rows) will 

determine the number of vines and buds per hectare,
– The various cultural practices (mainly irrigation and fertilisa-

tion) will affect the vine physiology and indirectly bud fertility 
and berry growth, volume and composition.

– The canopy manipulation x canopy architecture will deter-
mine the leaf and bunch microclimate,

– The climatic conditions of a “terroir unit” (soil x climate) will 
affect as well the vine physiology and indirectly bud fertility, 
berry growth and composition at the meso- and micro- cli-
matic levels,

– The soil capacity versus soil type, depth, and water content 
will affect (depending on the rootstock), root development 
and morphology, root type, anatomy and functioning, which 
in turn will influence vine vigour and yield, and indirectly berry 
growth and composition. 

–  Rootstocks are genetically controlling cultivars transpiration, 
and thus vine water use efficiency (W E, i.e. biomass gain as 
a function of water use).

ow do we estimate the potential yield per ine and per hectare  
Crop estimation per vine and per hectare could be done using 
the following formula:
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Figure 6FIGURE 6: Example of daily temperature evolution at the berry level over 
the ripening period of Sauvignon blanc. The leaves and the laterals have 
been totally removed at the bunch zone (at berry pea size stage), morn-
ing side of the canopy. Because of the influence of the sea breeze, the 
temperature of the exposed bunches (blue curve) never increases above 
30ºC. No sunburn or berry dehydration has been observed over three 
years (2010, 2011 and 2012; Elgin). This allows for an increase in the 
diversity of wine styles and reduce the berry and wine pyrazines’ level 
responsible of aromatic profiles as asparagus, green bean and green 
pepper.

Figuur 7

FIGURE 7: Example of total leaf and lateral removal (at berry pea size 
stage), on Merlot in the Stellenbosch area. The row orientation (East-
West) allows such canopy manipulation. No sunburn or berry dehydration 
has been observed. The level of pyrazine in the wine has been decreased 
due to the effect of the light at the berry skin level (Eikendal vineyard). 
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Figuur 8

FIGURE 8: The Canopy External Leaf Area Perimeter (CELAP) represents 
the very first photosynthetic leaf layers. CELAP allows for the estimation 
of the ratio of CELAP to kg of grapes produced by the grapevine. 

Figuur 9
FIGURE 9: Training system called “Lys”, with two levels of cordon (origin 
from Portugal). It is an example of a training system which allows for the 
increase in the number of buds per vine (need some adaptation for South 
Africa). 

Carbonneau & Cargnello, 2003
Deloire, 2010

Yield = (vines/hectare) x (number of clusters/vine) x (average 
cluster weight) 

- Vines per hectare: determined by the vines and rows spac-
ing.

- Number of clusters/vine: will depend on latent bud fertility, on 
the number of primary shoots/vine and on the cultivar.

- Average cluster weight: will depend on the number of berry/
cluster and the average berry fresh mass at harvest. 

anopy manipulation  possi le enefit of leaf and lateral 
remo al at the unch one
Light interception. Light is important for leaf photosynthesis (Fig-
ure 5) and leaf stomata density. In most C3 plants photosyn-

thesis is saturated at approximately 25% of full sunlight. This is 
why in most terroir units in South Africa there is enough light. 
Sunlight within the canopy (avoiding shade) will increase latent 
bud fertility by 10 to 20%. 

Bunch microclimate. To bring direct or indirect light to the bunch 
level is always favourable for grape quality (versus berry compo-
sition). More anthocyanins and lower levels of pyrazines (green 
characteristics) will be formed in the presence of more light at 
the bunch zone. Higher light and temperature exposure could 
also reduce the berry’s level of organic acids such as malic acid. 
An increase in light at the bunch level doesn’t always mean an 
increase in temperature. It will depend on the wind (sea breeze) 
and humidity effect (figure 6).
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Vertical shoot positioning 

Figuur 3FIGURE 3: Example of Vertical Shoot Positioning, VSP The width of the 
canopy is due to the growth of the secondary shoots (named the later-
als). The growth of the laterals depends on the vigour of the terroir unit 
(temperature, water and nitrogen mainly) and the choice of the rootstock. 

Figuur 4

Figuur 5
FIGURE 5: Decrease in transmission of solar light intensity according to 
the leaf layer number (i.e. thickness of the canopy). This figure illustrates 
the importance of both canopy width and density. To get less shaded 
leaves as possible, it is recommended to avoid canopy width > 0.40 m 
(Smart and Robinson, 1991; Carbonneau et al., 2007). 

Deloire, 2008

FIGURE 4: The growth of the laterals on a primary shoot (PS) will depend 
on the apical dominance which is due to the apex and will depend 
mainly on the vigour of the terroir unit (water and nitrogen). By removing 
the apex, one allows the growth of the laterals immediately underneath 
the apex and along the primary shoot. 

ear n
 Differentiation of flowers’ primordia (  first step of flowers for-

mation) in the latent bud during bud break and beginning of 
inflorescence growth, 

 Inflorescence growth (elongation) and flowers differentiation 
from bud brea  to flowering,

 lowering and opening of the stamens (pollen release),
 lower fertilisation (depends on climate and vine physiology), 
 Ovary/young berry’s cell multiplication (after ovule fertilisation 

only. At this stage the elongation of the inflorescence is fin-
ished and the number of berries is determined), 

 Cell enlargement during berry green growth and ripening 
stages (determines the berry’s volume). 

ow are yield per ine and per hectare determined  
This part of the yield production is dependent on: 
 the pruning system (number of buds per vine); 
 the training system (number of arms, cordons, canes: the 

result is the number of buds per vine); 
 the plantation density (number of vines and buds per hect-

are); 
 and on the various cultural practices (irrigation, soil or leaf 

fertilisation) and canopy manipulation.

One should remember that:
– The training system x pruning system will determine the can-

opy architecture,
– The pruning system will determine the number of buds per 

vine or m2,
– The plantation density (distance between vines and rows) will 

determine the number of vines and buds per hectare,
– The various cultural practices (mainly irrigation and fertilisa-
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mine the leaf and bunch microclimate,

– The climatic conditions of a “terroir unit” (soil x climate) will 
affect as well the vine physiology and indirectly bud fertility, 
berry growth and composition at the meso- and micro- cli-
matic levels,

– The soil capacity versus soil type, depth, and water content 
will affect (depending on the rootstock), root development 
and morphology, root type, anatomy and functioning, which 
in turn will influence vine vigour and yield, and indirectly berry 
growth and composition. 

–  Rootstocks are genetically controlling cultivars transpiration, 
and thus vine water use efficiency (W E, i.e. biomass gain as 
a function of water use).

ow do we estimate the potential yield per ine and per hectare  
Crop estimation per vine and per hectare could be done using 
the following formula:
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been totally removed at the bunch zone (at berry pea size stage), morn-
ing side of the canopy. Because of the influence of the sea breeze, the 
temperature of the exposed bunches (blue curve) never increases above 
30ºC. No sunburn or berry dehydration has been observed over three 
years (2010, 2011 and 2012; Elgin). This allows for an increase in the 
diversity of wine styles and reduce the berry and wine pyrazines’ level 
responsible of aromatic profiles as asparagus, green bean and green 
pepper.
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FIGURE 7: Example of total leaf and lateral removal (at berry pea size 
stage), on Merlot in the Stellenbosch area. The row orientation (East-
West) allows such canopy manipulation. No sunburn or berry dehydration 
has been observed. The level of pyrazine in the wine has been decreased 
due to the effect of the light at the berry skin level (Eikendal vineyard). 
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Figuur 8

FIGURE 8: The Canopy External Leaf Area Perimeter (CELAP) represents 
the very first photosynthetic leaf layers. CELAP allows for the estimation 
of the ratio of CELAP to kg of grapes produced by the grapevine. 

Figuur 9
FIGURE 9: Training system called “Lys”, with two levels of cordon (origin 
from Portugal). It is an example of a training system which allows for the 
increase in the number of buds per vine (need some adaptation for South 
Africa). 

Carbonneau & Cargnello, 2003
Deloire, 2010

Yield = (vines/hectare) x (number of clusters/vine) x (average 
cluster weight) 

- Vines per hectare: determined by the vines and rows spac-
ing.

- Number of clusters/vine: will depend on latent bud fertility, on 
the number of primary shoots/vine and on the cultivar.

- Average cluster weight: will depend on the number of berry/
cluster and the average berry fresh mass at harvest. 

anopy manipulation  possi le enefit of leaf and lateral 
remo al at the unch one
Light interception. Light is important for leaf photosynthesis (Fig-
ure 5) and leaf stomata density. In most C3 plants photosyn-

thesis is saturated at approximately 25% of full sunlight. This is 
why in most terroir units in South Africa there is enough light. 
Sunlight within the canopy (avoiding shade) will increase latent 
bud fertility by 10 to 20%. 

Bunch microclimate. To bring direct or indirect light to the bunch 
level is always favourable for grape quality (versus berry compo-
sition). More anthocyanins and lower levels of pyrazines (green 
characteristics) will be formed in the presence of more light at 
the bunch zone. Higher light and temperature exposure could 
also reduce the berry’s level of organic acids such as malic acid. 
An increase in light at the bunch level doesn’t always mean an 
increase in temperature. It will depend on the wind (sea breeze) 
and humidity effect (figure 6).
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 open canopy 

Figuur 10FIGURE 10: Example of a 3 wire Perold system (V.S.P.) which allows 
opening the canopy. This type of trellising system has to be reasoned in 
relationship with the vigour of the vineyard or the irrigation programme 
to control the vigour. 

Figure 11
FIGURE 11: Example of Smart-Dyson. It is easy to transform a V.S.P. in 
Smart-Dyson and it is recommended to do it for situations within the 
width of the canopy is  40 cm. The distance between the cordon and 
the soil has to be a minimum of 0.8 to 1.2 meter if possible, to allow 
bending half of the primary shoots, preferably at flowering. The Smart-
Dyson will be preferably used in vigorous situation for which the bunch 
and canopy microclimate needs to be improved by reducing the width 
of the canopy and increasing the exposed leaf area. 

It is sometimes difficult to choose the correct canopy manipu-
lation to apply, as there is no single recipe for all varieties and 
climates. For example, light at the bunch level could help to re-
duce the berry skin pyrazine level but it could also, in some situ-
ations, reduce the titratable acidity. Choices of canopy manipu-
lations (figure ) have to be made according to the desired wine 
style, the row orientation and the macro-mesoclimate (warm/
hot versus cool/temperate). It is always a compromise: at the 
berry level each, chemical compound follows its own pathway, 
thus one cannot rely on one compound (example sugar) to pre-
dict the evolution of another compound (example malic acid). 

hat is the desired yield per ine according to wine uality style  
The basis for reasoning is at the vine level, and the ratio of leaf 
to fruit has to be considered. 

Ratio exposed leaf area on yield. The first important ratio is the 
exposed leaf area on yield per vine or m2 (table 1). The Canopy 
External Leaf Area Perimeter (CELAP) represents the very first 
photosynthetic leaf layers. CELAP allows for the estimation of 
the ratio of CELAP to kg of grapes produced by the grapevine 
(Figure 8). This indicator can be used at véraison and during the 
berry ripening period. 

For a classical vertical shoot positioning training system, the for-
mula is: CELAP (in m2/vine)= {(2H + W)}. L 

Where H = height of the canopy from the bottom of the primary 
shoots on a cordon (m); W = width of the canopy in the middle 
of the canopy (m); L = length of the canopy, usually cordon or 
Guyot cane length (Murisier, 1996; Zufferey, 2000). 

If we assume a ratio of one: one m2 of exposed leaf area for 1 kg 
of grape. Thus, table 1 gives examples of CELAP to fruit ratios 
versus few training systems.

From this we can see that alternative training systems which will 
allow increasing the number of buds per vine or m2 (examples: 

eneva Double-Curtain, T-trellis, Lys (figure ) or the Lyre) will 
give us a crop of 4/5 Kg per vine, allowing to crop 15 to 20 tons 
(or more) per hectare, respecting the bunch and wine quality. 
There are also solutions which allow the increase of exposed 
leaf area and therefore proportionately the yield per vine (for ex-
ample: transforming a VSP in Smart-Dyson or using a 3 wires 
Perold system (VSP) which allows to open the canopy letting 
the shoots partially hanging in the row) (See respectively figures 
10 and 11). The laterals can contribute to increase the exposed 
leaf area but their growth as with any vegetative growth has to 
stop preferably at véraison. A young leaf formed at véraison will 
be adult and source of carbohydrate only 40 days after having 
acquired its definitive size. 

As can also be seen from Table 1, Goblet (bushvine) training sys-
tems could give high yields/hectare because of the high density 
plantation. These systems are used either for quality purpose 
in steep slope situations (figure 12) or in dry land (figure 1 ), 
and usually for specific cultivars as Syrah ( oblet with posts), 
Grenache, Carignan, Pinotage or Chenin (goblet without post). 

TABLE 1: Examples of global reasoning regarding to specific training systems. All parameters could be changed if the exposed leaf area on yield ratio 
is respected. The length of the single cordon is 1 meter for these examples (except for the Goblet). For each example of training system, this table is 
presenting the best yield per vine value for a thin canopy (w  30 cm), and considering that the exposed leaf area is mainly due to the primary shoot 
leaves without contribution of laterals. The Goblet “échalassé » falls apart. 

Training system CELAP (m2/vine) Yield / vine (Kg.)
Distance vines x rows (m.)

Vines per hectare
Estimated yield / hectare 

(Kg)

VSP [(1.2x2) + 0.3] x 1 = 2.7 2.7 1 x 2.5 (4 000) 10 800

Smart-Dyson [[(1.2x2) + 0.3] + 1] x 1 = 3.7 3.7 1 x 2.5 (4 000) 14 800

Lyre [[(1.2x2) + 0.3] x 2] x 1 = 5.4 5.4 1 x 3 (3 333) 17 998

Goblet “échalassé » 1.5 1.5 1.2 x 1.2 (6 944) 10 416
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Figuur 12FIGURE 12: Example of Goblet “échalassé” from L’Ormarins vineyard 
(Syrah). This training system allows to get a 360° light penetration at the 
leaf and bunch zones. It is interesting in a situation where there are steep 
slopes and for high quality wine for specific cultivars as Syrah, Grenache 
Noir or Viognier. 

 

Figuur 13FIGURE 13: Example of non-trellised Goblet, which has to be used for 
cultivars with raised shoots. 

ow do we correlate the wine style to the leaf to fruit ratio 
per ine  or the wine style to the yield per ine
To achieve the matching between wine style/quality and yield 
per vine, the following information needs to be provided:

- The ratio exposed leaf area to yield ( as a minimum)
- The ratio total leaf area to yield

The matching of yield per vine and wine style/quality has to be 
defined in the context of terroir units (climate and soil), cultural 
practices such as irrigation and canopy manipulation (bunch mi-
croclimate) and clones. In other words, the leaf to fruit ratio is 
not the only criteria which impacts on the berry composition and 
wine style. The climate (temperature, light, wind, humidity) and 
the soil (water and minerals restitution to the plant) in interaction 
with the bunch microclimate play a major role in berry composi-
tion and wine styles. Rootstocks, by controlling vine transpira-
tion, will play a role on vine carbohydrates production.

hy do we practice unch thinning green har est  
The bunch thinning (green harvest) method is practiced when 
the yield per vine is estimated too high or when the ratio of ex-
posed leaf area/yield is estimated to be unbalanced. This means 
that one has to be able to know/estimate when a vine is bal-
anced or not. It is not simple because it will depend on nu-
merous factors: leaf to fruit ratio, vine water status, terroir unit 
(climate and soil), bunch microclimate and minerals. 

hen do we carry out unch thinning  
In most vineyards, bunch thinning is done at véraison, when 
it is possible to select the most-ripe, promising bunches. In a 
young vineyard, it is a current practice in Europe to remove the 
inflorescences at flowering, and during the first three years after 
plantation, to limit carbohydrates competition. 

An alternative/ additional practice is to remove inflorescences 

at flowering/berry set to fit the yield per vine and the yield per 
hectare according to a specific crop target (6, , 10, 12 tons/
hectare). This has to be considered in the light of the correct leaf 
to fruit ratio per vine in interaction with the terroir unit, cultural 
practices and expected wine style. 

It is difficult to conclude on the real effect of bunch thinning on 
grape quality from the literature as the results are different from 
one situation to another. Bunch thinning has to be considered 
as a backup solution, and mainly be used to remove the non 
promising bunches (green bunches or bunches carrying green 
berries after véraison), the shoulders of big bunches, to homog-
enise the bunch ripening level from véraison onwards.

ew or adapted training systems  
It is important to keep in mind that it is always possible to adapt/
transform a particular training system to the conditions of a spe-
cific vineyard and again considering yield/vine or hectare, wine 
style and profitability. 

The decision to use or transform a particular training system 
should be according to physiological principles in the context 
of specific terroir units instead of using recipes. Recommenda-
tions should always be proposed/discussed in the light of the 
production targets which often depend on the terroir units, the 
mar et demands and the farm profitability (see for review Eben 
Archer, 2011. Technical yearbook, Wynboer). At least one has 
to keep in mind that vines are cultivated for the quality of the 
crop and not only for the quality of the leaves, even if leaves are 
important pre- and post-harvest for carbohydrates reserve.
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article and to Ms Anneli Bosman and Marianne McKay (DVO, 
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 open canopy 

Figuur 10FIGURE 10: Example of a 3 wire Perold system (V.S.P.) which allows 
opening the canopy. This type of trellising system has to be reasoned in 
relationship with the vigour of the vineyard or the irrigation programme 
to control the vigour. 
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FIGURE 11: Example of Smart-Dyson. It is easy to transform a V.S.P. in 
Smart-Dyson and it is recommended to do it for situations within the 
width of the canopy is  40 cm. The distance between the cordon and 
the soil has to be a minimum of 0.8 to 1.2 meter if possible, to allow 
bending half of the primary shoots, preferably at flowering. The Smart-
Dyson will be preferably used in vigorous situation for which the bunch 
and canopy microclimate needs to be improved by reducing the width 
of the canopy and increasing the exposed leaf area. 

It is sometimes difficult to choose the correct canopy manipu-
lation to apply, as there is no single recipe for all varieties and 
climates. For example, light at the bunch level could help to re-
duce the berry skin pyrazine level but it could also, in some situ-
ations, reduce the titratable acidity. Choices of canopy manipu-
lations (figure ) have to be made according to the desired wine 
style, the row orientation and the macro-mesoclimate (warm/
hot versus cool/temperate). It is always a compromise: at the 
berry level each, chemical compound follows its own pathway, 
thus one cannot rely on one compound (example sugar) to pre-
dict the evolution of another compound (example malic acid). 

hat is the desired yield per ine according to wine uality style  
The basis for reasoning is at the vine level, and the ratio of leaf 
to fruit has to be considered. 

Ratio exposed leaf area on yield. The first important ratio is the 
exposed leaf area on yield per vine or m2 (table 1). The Canopy 
External Leaf Area Perimeter (CELAP) represents the very first 
photosynthetic leaf layers. CELAP allows for the estimation of 
the ratio of CELAP to kg of grapes produced by the grapevine 
(Figure 8). This indicator can be used at véraison and during the 
berry ripening period. 
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Where H = height of the canopy from the bottom of the primary 
shoots on a cordon (m); W = width of the canopy in the middle 
of the canopy (m); L = length of the canopy, usually cordon or 
Guyot cane length (Murisier, 1996; Zufferey, 2000). 

If we assume a ratio of one: one m2 of exposed leaf area for 1 kg 
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From this we can see that alternative training systems which will 
allow increasing the number of buds per vine or m2 (examples: 

eneva Double-Curtain, T-trellis, Lys (figure ) or the Lyre) will 
give us a crop of 4/5 Kg per vine, allowing to crop 15 to 20 tons 
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leaf area and therefore proportionately the yield per vine (for ex-
ample: transforming a VSP in Smart-Dyson or using a 3 wires 
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the shoots partially hanging in the row) (See respectively figures 
10 and 11). The laterals can contribute to increase the exposed 
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stop preferably at véraison. A young leaf formed at véraison will 
be adult and source of carbohydrate only 40 days after having 
acquired its definitive size. 
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and usually for specific cultivars as Syrah ( oblet with posts), 
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is respected. The length of the single cordon is 1 meter for these examples (except for the Goblet). For each example of training system, this table is 
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Figuur 12FIGURE 12: Example of Goblet “échalassé” from L’Ormarins vineyard 
(Syrah). This training system allows to get a 360° light penetration at the 
leaf and bunch zones. It is interesting in a situation where there are steep 
slopes and for high quality wine for specific cultivars as Syrah, Grenache 
Noir or Viognier. 
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cultivars with raised shoots. 

ow do we correlate the wine style to the leaf to fruit ratio 
per ine  or the wine style to the yield per ine
To achieve the matching between wine style/quality and yield 
per vine, the following information needs to be provided:

- The ratio exposed leaf area to yield ( as a minimum)
- The ratio total leaf area to yield

The matching of yield per vine and wine style/quality has to be 
defined in the context of terroir units (climate and soil), cultural 
practices such as irrigation and canopy manipulation (bunch mi-
croclimate) and clones. In other words, the leaf to fruit ratio is 
not the only criteria which impacts on the berry composition and 
wine style. The climate (temperature, light, wind, humidity) and 
the soil (water and minerals restitution to the plant) in interaction 
with the bunch microclimate play a major role in berry composi-
tion and wine styles. Rootstocks, by controlling vine transpira-
tion, will play a role on vine carbohydrates production.

hy do we practice unch thinning green har est  
The bunch thinning (green harvest) method is practiced when 
the yield per vine is estimated too high or when the ratio of ex-
posed leaf area/yield is estimated to be unbalanced. This means 
that one has to be able to know/estimate when a vine is bal-
anced or not. It is not simple because it will depend on nu-
merous factors: leaf to fruit ratio, vine water status, terroir unit 
(climate and soil), bunch microclimate and minerals. 

hen do we carry out unch thinning  
In most vineyards, bunch thinning is done at véraison, when 
it is possible to select the most-ripe, promising bunches. In a 
young vineyard, it is a current practice in Europe to remove the 
inflorescences at flowering, and during the first three years after 
plantation, to limit carbohydrates competition. 

An alternative/ additional practice is to remove inflorescences 

at flowering/berry set to fit the yield per vine and the yield per 
hectare according to a specific crop target (6, , 10, 12 tons/
hectare). This has to be considered in the light of the correct leaf 
to fruit ratio per vine in interaction with the terroir unit, cultural 
practices and expected wine style. 

It is difficult to conclude on the real effect of bunch thinning on 
grape quality from the literature as the results are different from 
one situation to another. Bunch thinning has to be considered 
as a backup solution, and mainly be used to remove the non 
promising bunches (green bunches or bunches carrying green 
berries after véraison), the shoulders of big bunches, to homog-
enise the bunch ripening level from véraison onwards.

ew or adapted training systems  
It is important to keep in mind that it is always possible to adapt/
transform a particular training system to the conditions of a spe-
cific vineyard and again considering yield/vine or hectare, wine 
style and profitability. 

The decision to use or transform a particular training system 
should be according to physiological principles in the context 
of specific terroir units instead of using recipes. Recommenda-
tions should always be proposed/discussed in the light of the 
production targets which often depend on the terroir units, the 
mar et demands and the farm profitability (see for review Eben 
Archer, 2011. Technical yearbook, Wynboer). At least one has 
to keep in mind that vines are cultivated for the quality of the 
crop and not only for the quality of the leaves, even if leaves are 
important pre- and post-harvest for carbohydrates reserve.
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The role of nurseries and Plant Improvement  
Organisations (PIOs) in the plant certification process

Foundation units: 5 m plant free buffer zone around blocks; virgin soil 
that tests clean of Xiphinema index, as well as three inspections per 
annum.

Mother units: Soil should test clean of Xiphinema index; maintaining 
3 m isolation distances; occurrence of mealybug not allowed, as well 
as annual inspections.

Since the inception of the Vine Improvement Association (VIA) in 
1986 the objective of the association has been the improvement 
of grapevine propagation material in the interest of the South 
African wine industry through the application of plant improve-
ment techniques and certification of plant material that complies 
with the requirements of the SA Plant Certification Scheme for 
Wine Grapes.

To accomplish its mandate, the VIA applies the Scheme, estab-
lished in terms of the Plant Improvement Act, 1976 (Act 53 of 
1976) (PIA). The Executive Council of the VIA was appointed the 
designated authority to administer and manage the Scheme.

em ers of the ia
the members of the Executive Board of the VIA consist of Plant 
Improvement Organisations (PIOs), registered nurseries, the 
producer organisation VinPro Limited, as well as co-opted mem-
bers, i.e. the Agricultural Research Council (ARC), the Depart-
ment of Agriculture, Forestry and Fisheries (DAFF) and Winetech.

PIOs:
•	 Ernita (1 member)
•	 Technogrow (1 member)
•	 Vititec (1 member)

Nurseries:
•	 45 Registered wine grape nurseries (2 members)

Producer organisation:
•	 VinPro Ltd (2 members)

Co-opted members:
•	 DAFF (2 members)
•	 Agricultural Research Council (1 member)
•	 Winetech (1 member)

ole of plant impro ement organisations 
The Scheme prescribes that each PIO is responsible for the 
evaluation, maintenance, development, improvement and multi-
plication of wine grape propagation material. PIOs reach these 
objectives by multiplying plant material according to the classic 
route from Nucleus to Foundation to Mother Blocks before the 
issuing of plant material to nurseries for grafting. Producers 
participate in this process as co-operators to establish founda-
tion and mother blocks on behalf of the PIO on their farms in 
terms of a predetermined contract.

ertified plant material
Nucleus, foundation and mother units (Fig. 1) are continuously 
inspected by qualified technicians from each PIO for any devia-
tions, trueness to cultivar and type, in order to keep the material 
as virus-free as possible. Sampling for virus tests plays a very 
important role in PIOs’ ongoing quality control. Furthermore 
outdated material is withdrawn annually from the Scheme, while 

WineLand June 2012

Vine Improvement Association (VIA)

Nucleus units: Plants in containers in insect-free tunnels with a floor 
surface that is impenetrable by roots.

FIGURE 1
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3 star ***:  Material from units without any vectors
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2 star **:  Material from units where vectors occur
 Vine to vine tests for leafroll annually
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– Material only visually free from damaging pathogens and not 
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NAAM EN ADRES VAN KWEKERY

NAME AND ADDRESS OF NURSERY

UNCERTIFIED PLANT MATERIAL

Variety

Scion

Rootstock{

new sources of improved clonal plant material are continually 
being established as they become available

According to the physical and phytosanitary requirements of the 
Scheme, plant material is divided into two categories, i.e. certi-
fied (blue label) and candidate (white and blue labels). Certified 
material is further divided into one star, two star, or three star 
material. Three star plant material is derived from units where no 
vectors occur and individual vines are tested every three years 
for leafroll, whereas two star plant material is tested annually for 
leafroll, due to vectors being present. One star plant material on 
the other hand only has to be visually free from leafroll virus. 
Control over certified and candidate material is the responsibility 
of the VIA Scheme (Fig. 2).

All plant material that does not comply with the Scheme’s re -
quirements is uncertified (white label nurseries have the respon-
sibility of ensuring that the plant material complies with the 
requirements of the Plant Improvement Act, 1976. Auditing of 
nurseries and quality of uncertified grafted plants for compliance 
with the PIA, is the responsibility of the DAFF.

Uncertified plant material is not subject to the strict controls of 
the Scheme, because it has not been developed by means of 
plant improvement processes according to the requirements of 
the Scheme. Consequently no clone numbers may be attached 
to such material and only the name of the scion and rootstock 
varieties may be indicated on the label as prescribed by the Plant 
Improvement Act.

One of the consequences, or disadvantages of buying uncertified 
plant material that has not been subjected to the quality control 
measures of the Scheme, is the danger that certain cultivars may 
be symptomless carriers of the leafroll virus, and due to no pre-
scribed inspection undertaken by any authority, there is a grea ter 
risk associated with uncertified plant material to display leafroll 
symptoms a few years after establishment.

Apart from leafroll, the aster yellows phytoplasma is also a big 
risk in the case of uncertified plant material not previously 
inspected. Although areas such as Vredendal and Waboom-
srivier have been placed under quarantine, new cases have been 
reported in the Robertson area, increasing the risk considerably 
if expert inspectors do not scrutinise the vineyards intensively, as 
in the case of certified mother blocks.

ole of registered nurseries
To be a member of the VIA and to be able to propagate certified 
nursery vines, nurseries should apply to the VIA annually, where 
after registration is subject to approval of the site for the nursery 
and the submission of a nursery report. Once the nursery reports 
have been received, the numbers of vines that have been 
grafted are checked against the scion and rootstock clones 
issued by the PIOs to each nursery. Maintenance and manage-
ment of nursery units and grafted vines must be done according 
to the Scheme’s requirements and standard operational proce-
dures (SOPs).

The VIA’s independent plant inspectors conduct three nursery 
inspections per year (summer, autumn and winter) on all certified 
and candidate plant material at registered nurseries.

Only graft combinations that are in compliance with the control 
checks of numbers and that pass all three inspections, are certi-
fied according to the final status of the grafted nursery vines. 
During the final winter inspection randomised samples from each 
graft combination are drawn and examined to determine wheth-
er they comply with prescribed physical requirements. These 
prescribed physical requirements include inter alia firm graft 
unions, minimum thickness and length of the scion and rootstock 
components, as well as well developed root systems.

For further information contact Jacques Ferreira at plantpom@iafrica.com
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Effect of soil surface management on soil 
temperature in a sandy clay loam vineyard 
soil in the Breede River Valley

ntroduction
Mulched soils have lower overall mean temperatures throughout 
winter, spring and summer (Hartley & Rahman, 1997) and less 
seasonal temperature variation (Wooldridge, 1992), compared 
to soils without mulch. Mulch may reduce soil temperature by as 
much as 4°C compared to a ploughed soil (Lal, 1974). Mulches 
increase soil temperatures in the morning and reduce it in the 
afternoon compared to un-mulched soils (Hartley & Rahman, 
1997). Mulched soils reduce diurnal soil temperature fluctuations 
compared to soils without mulch (Wooldridge, 1992; McNab & 
Dick, 1995; Hartley & Rahman, 1997).

Soil micro-organisms have an optimal temperature range of 
approximately 15 - 30°C (McNab & Dick, 1995). A 1°C change 
in soil temperature can induce significant effects on the growth 
and nutrient uptake in maize (Walker, 1969). Soil temperatures 
from 10°C to 25°C favoured the above-ground growth of peren-
nial ryegrass (Lolium perenne) (Davidson, 1969).

This study aimed to determine the effect of five soil cultivation 
practices on the temperature in the top layer of a medium tex-
tured soil on which grapevines are frequently established in the 
Breede River Valley.

aterials and methods
ineyard

The trial was conducted from April 1995 to March 1999 on a sandy 
loam soil (Table 1) in a four-year-old Chardonnay/Richter 99 vineyard 

near Robertson (33°50’S, 19°54’E). The vines were spaced 1.5 m 
in the row and 2.75 m between rows and trained on a double 
lengthened Perold trellis system (Booysen et al., 1992). Ten exper-
imental grapevines were used per replication for monitoring grape-
vine performance. Individual plots (replications) were separated by 
two border grapevine rows and five border grapevines within rows. 
Irrigation was applied weekly from April to May and fortnightly from 
June to March by means of micro-sprinklers. Five treatments (Table 
2) were replicated four times in a fully randomised design. 

easurements

Temperature sensors were placed at a depth of 200 mm in both 
the vine and work row, as significant root growth occurred in 
both the vine row and work row (Brink, 2007). Temperatures (°C) 
were measured hourly (MCS 120EX data loggers) on two replica-
tions for four consecutive seasons.

The number of grapevine buds that had opened by mid-Septem-
ber was counted on four replications and expressed as a per-
centage of the total number of buds allocated per vine during 
pruning. This was done for three consecutive years (1996 to 
1998). Grapevine bud break was assumed to have been reached 
when 50% of the buds had reached stage four of the modified 
E-L system (Coombe, 1995).

esults and discussion
erage daily soil temperatures in the ine row

Differences in the four year averages of the mean daily soil tem-
peratures between the un-mulched (T1 – representing un-

WineLand July 2012

Johan Fourie and Karen Freitag – ARC Infruitec-Nietvoorbij, Stellenbosch

Key words: soil temperature, grapevines, mulches, cover crops, soil cultivation.

TABLE 1. Analyses of the medium textured soil near Robertson determined before the treatments commenced.

Soil layer 
(mm)

Clay 
(%)

Silt 
(%)

Sand 
(%)

pH 
(KCl)

Electrical 
conductivity

(mS/m)

Organic C 
(%)

P
(Bray II)
(mg/kg)

K
(Bray II)
(mg/kg)

Exchangeable cations (cmol(+)/kg)

Ca Mg K Na

0-300 17.06 12.68 70.26 6.3 20 0.53 22 111 3.56 0.33 0.30 0.04

300-600 18.73 14.06 67.21 6.5 19 0.41 15 51 3.28 0.38 0.16 0.06 

TABLE 2. Treatments applied from April 1993 to March 1999.

Treatment code Description

T1 No cover crop, chemical weed control during grapevine growing season
T2 Full surface straw mulch throughout the year, chemical weed control during grapevine growing season

T3 No cover crop, 1 m wide strip in vine row controlled chemically and mechanical weed control in work row during grapevine 
growing season

T4 Triticale (Triticale v. Usgen 18) sown annually, full surface post-emergence chemical weed control during grapevine growing 
season

T5 Dwarf fescue (Festuca arundinacae L. v. Cochise), 1 m wide strip in vine row controlled chemically during grapevine growing 
season, work row slashed throughout season
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FUGURE 1. Effect of two soil management practices applied in the vine row on the average daily soil temperature at a depth of 200 mm (a) April to 
August and (b) September to March (For detail of treatments see Table 2)
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FUGURE 2. Effect of five soil management practices applied in the work row on the average daily soil temperature at a depth of 200 mm (a) April to 
August and (b) September to March (For detail of treatments see Table 2)
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FUGURE 3. Effect of five soil management practices applied in the work 
row on the average bud percentage mid-September for three consecu-
tive years. (For detail of treatments see Table 2)

FUGURE 4. Effect of five soil management practices applied in the work 
row on the diurnal variation in soil temperature at a depth of 200 mm, 
measured on 3 December 1997. (For detail of treatments see Table 2)

mulched treatments) and mulched (T2) treatments were negligi-
ble from late April to the end of August (Fig. 1a). Soil tempera-
tures were below 15°C from the third week of May to 11 (T1) and 
15 September (T2), respectively (Figures 1a & b). The mulched 
soil took four days longer during spring to reach the temperature 
level at which soil micro-organisms become more active and 

increase production of nitrate from ammonia and urea (McNab 
& Dick, 1995). From mid-September (grapevine bud break) to 
the end of March, T2 was cooler than T1, except for the third 
week in October (Fig. 1b). This supports the results of Wool-
dridge (1992) and Hartley & Rahman (1997). From the end of 
December to the end of March this difference exceeded 3°C, 
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FUGURE 3. Effect of five soil management practices applied in the work 
row on the average bud percentage mid-September for three consecu-
tive years. (For detail of treatments see Table 2)

FUGURE 4. Effect of five soil management practices applied in the work 
row on the diurnal variation in soil temperature at a depth of 200 mm, 
measured on 3 December 1997. (For detail of treatments see Table 2)

mulched treatments) and mulched (T2) treatments were negligi-
ble from late April to the end of August (Fig. 1a). Soil tempera-
tures were below 15°C from the third week of May to 11 (T1) and 
15 September (T2), respectively (Figures 1a & b). The mulched 
soil took four days longer during spring to reach the temperature 
level at which soil micro-organisms become more active and 

increase production of nitrate from ammonia and urea (McNab 
& Dick, 1995). From mid-September (grapevine bud break) to 
the end of March, T2 was cooler than T1, except for the third 
week in October (Fig. 1b). This supports the results of Wool-
dridge (1992) and Hartley & Rahman (1997). From the end of 
December to the end of March this difference exceeded 3°C, 
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with the temperature of T1 exceeding 25°C from the end of 
December to mid-February (véraison to harvest), the level above 
which plant growth may become sub-optimal (Davidson, 1969).

erage daily soil temperatures in the wor  row

The temperature in T2 was the lowest throughout the season (Fig-
ures 2a & b). The soil temperatures in all the treatments, except T1, 
dropped below the optimal temperature range of 15°C to 30°C for 
soil organism activity (McNab & Dick, 1995) from 21 May (Fig. 2a). 
In T1 this occurred from 27 May. Post-harvest application of ferti-
liser should, therefore, be completed before mid-May in the Breede 
River Valley, especially where ammonia and urea products are used. 
From late August the soil temperatures gradually increased and, 
with the exception of T2, reached the level of 15°C between 7 and 
10 September (Fig. 2b). T2 reached this level approximately one 
week later and continuously exceeded 15°C from 2 October 
onwards. T2 had the lowest percentage of opened buds in mid-
September (Fig. 3), indicating that soil temperatures during early 
spring affected the onset of grapevine bud break, supporting the 
results of Alleweldt & Hofäcker (1975). During the grapevine growing 
season, the soil temperature in T2 never exceeded 25°C (Figures 1 
& 2), creating conditions for optimal growth (Davidson, 1969). For 
most of the grapevine growing season, the soil temperatures in T1 
was the highest (Fig. 2b). Soil temperatures in T1 exceeded 25°C 
from 26 December to 11 March. In T3 this occurred from 29 
December to 27 February and in T5 from 30 December to 22 Feb-
ruary. The mulch from the annual cover crop (T4) kept the soil 
temperatures below 25°C up to 22 January and again from 13 
February onwards, thereby restricting unfavourable soil conditions 
to a period of three weeks before harvest.

Diurnal ariation in soil temperature in the wor  row

Diurnal variation (maximum minus minimum temperatures) was 
the highest during the 1997 season and more specifically during 
grapevine berry set (Fig. 4). For T1 it was 4.42°C. In comparison, 
it was slightly less for T3 and T5, namely 4.11°C and 3.67°C, 
respectively. The two mulched treatments, namely T2 and T4, 
limited the diurnal variation in soil temperature to 1.74°C and 
2.01°C, respectively. This was between 1.66°C and 2.68°C less 
than that of the un-mulched treatments and supports the results 
of Wooldridge (1992) and McNab & Dick (1995).

onclusions
A surface mulch limited the diurnal variation in temperature of a 
medium textured soil during the grapevine growing season.

A medium textured soil mulched during winter takes between 
one and three weeks longer to reach temperatures conducive to 
soil organism activity during early summer than soils subjected 
to other management practices. It may also delay bud break 
slightly. It does, however, create a favourable environment for the 
grapevine roots throughout the grapevine growing season. By 
using a winter growing annual cover crop controlled chemically 
just before grapevine bud break, sub-optimal soil temperatures 
during the first two weeks after grapevine bud break can be 
avoided.

Irrespective of the soil cultivation practice applied, the post-
harvest application of N should be restricted to the period 
between mid-March and mid-May. With an annual cover crop 
being used, the post-harvest application of N may be considered 
from as early as mid-February.

c nowledgements
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Water Science staff at ARC Infruitec-Nietvoorbij for technical 
support.

Adapted from an article in the SASEV journal
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ummary
Five soil management practices (treatments) were applied in a micro-sprinkler irrigated Chardonnay/99 Richter vineyard on a sandy 
clay loam soil near Robertson, commencing in April 1993 (one year after planting). The effect of the treatments on the temperature 
of the top soil was evaluated from April 1995 to March 1999. Differences in soil temperature between the un-mulched and mulched 
treatments, as measured in the vine rows, were negligible from late April to the end of August. From mid-September (grapevine 
bud break) to the end of March, the temperature of the mulched soil was, with the exception of the third week in October, lower 
than that of the un-mulched soil. Results indicated that soil temperatures during early spring did have a slight effect on the onset 
of grapevine bud break. Mulching minimised the diurnal variation in soil temperature. The annual cover crop did not cause any 
delay in bud break and kept the soil temperatures below 25°C, with the exception of a three week period just before harvest.
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Towards eradication of grapevine  
leafroll disease on Vergelegen;  
2002-2011

FIGURE 1: An autumn view of typical vineyards at Vergelegen, 2011. Note the absence of leafroll within the vineyard, a rare sight in South Africa this 
time of the year.

Tobie OosthuizenNico SpreethGerhard Pietersen

Grapevine leafroll disease is a serious disease of grapevine 
worldwide. A number of viruses are associated with it worldwide. 
In South Africa grapevine leafroll associated virus type 3 
(GLRaV-3) is the most important virus. In spite of a successful 
virus-elimination strategy and certification scheme in South 
Africa, the disease spreads rapidly within the industry. Recent 
local epidemiological studies of leafroll disease have shown that 
spread is mainly; 

 via the mealybug vector from a previously infected vineyard 
at a given site, 

 through infected planting material, 

 due to secondary spread by the vector (that occurring when 
an infected vine in a vineyard serves to infect closely sur-
rounding samples) within vineyards, and 

 from ad oining infected vineyards by mealybugs implements 
or labourers. 

ontrol of spread must therefore include
1) planting of material certified free of leafroll associated viruses 

and treating these vines with systemic insecticide at establish-
ment with subsequent removal of infected vines (rouging), 

2) prevention of secondary spread by rouging infected vines in 
instances where vineyards do not have too high an infection 
level, 

3) the use of fallow periods where no grapevines are planted and 
volunteer vines are removed (this is obviously only necessary 
when replanting on previously infected vineyards), 

4) sanitation and horticultural practices to prevent spread of 
viruliferous mealybugs on implements and labourers and 

5) general dedicated control of the mealybug numbers. 

A collaborative project between Winetech, Vergelegen Wine 
Estate, Vititec, Agricultural Research Council- Plant Protection 
Research Institute and the University of Pretoria to control and 
possibly eradicate the disease from Vergelegen was launched in 
2002. The aforementioned strategies were employed in an inte-
grated manner. 

The reduction in leafroll infected plants has been achieved in 
three general phases. In Phase one a total of 98 195 vines of 
Cabernet Sauvignon, Merlot, Shiraz and Chardonnay, estab-
lished between 1999 and 2005 on previously Vitis-free sites were 
managed. These vineyards were separated by a windbreak of 
Alder (Alnus sp.) trees and a broad, paved road from much 
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with the temperature of T1 exceeding 25°C from the end of 
December to mid-February (véraison to harvest), the level above 
which plant growth may become sub-optimal (Davidson, 1969).

erage daily soil temperatures in the wor  row

The temperature in T2 was the lowest throughout the season (Fig-
ures 2a & b). The soil temperatures in all the treatments, except T1, 
dropped below the optimal temperature range of 15°C to 30°C for 
soil organism activity (McNab & Dick, 1995) from 21 May (Fig. 2a). 
In T1 this occurred from 27 May. Post-harvest application of ferti-
liser should, therefore, be completed before mid-May in the Breede 
River Valley, especially where ammonia and urea products are used. 
From late August the soil temperatures gradually increased and, 
with the exception of T2, reached the level of 15°C between 7 and 
10 September (Fig. 2b). T2 reached this level approximately one 
week later and continuously exceeded 15°C from 2 October 
onwards. T2 had the lowest percentage of opened buds in mid-
September (Fig. 3), indicating that soil temperatures during early 
spring affected the onset of grapevine bud break, supporting the 
results of Alleweldt & Hofäcker (1975). During the grapevine growing 
season, the soil temperature in T2 never exceeded 25°C (Figures 1 
& 2), creating conditions for optimal growth (Davidson, 1969). For 
most of the grapevine growing season, the soil temperatures in T1 
was the highest (Fig. 2b). Soil temperatures in T1 exceeded 25°C 
from 26 December to 11 March. In T3 this occurred from 29 
December to 27 February and in T5 from 30 December to 22 Feb-
ruary. The mulch from the annual cover crop (T4) kept the soil 
temperatures below 25°C up to 22 January and again from 13 
February onwards, thereby restricting unfavourable soil conditions 
to a period of three weeks before harvest.

Diurnal ariation in soil temperature in the wor  row

Diurnal variation (maximum minus minimum temperatures) was 
the highest during the 1997 season and more specifically during 
grapevine berry set (Fig. 4). For T1 it was 4.42°C. In comparison, 
it was slightly less for T3 and T5, namely 4.11°C and 3.67°C, 
respectively. The two mulched treatments, namely T2 and T4, 
limited the diurnal variation in soil temperature to 1.74°C and 
2.01°C, respectively. This was between 1.66°C and 2.68°C less 
than that of the un-mulched treatments and supports the results 
of Wooldridge (1992) and McNab & Dick (1995).

onclusions
A surface mulch limited the diurnal variation in temperature of a 
medium textured soil during the grapevine growing season.

A medium textured soil mulched during winter takes between 
one and three weeks longer to reach temperatures conducive to 
soil organism activity during early summer than soils subjected 
to other management practices. It may also delay bud break 
slightly. It does, however, create a favourable environment for the 
grapevine roots throughout the grapevine growing season. By 
using a winter growing annual cover crop controlled chemically 
just before grapevine bud break, sub-optimal soil temperatures 
during the first two weeks after grapevine bud break can be 
avoided.

Irrespective of the soil cultivation practice applied, the post-
harvest application of N should be restricted to the period 
between mid-March and mid-May. With an annual cover crop 
being used, the post-harvest application of N may be considered 
from as early as mid-February.

c nowledgements
Winetech for partial funding of the research and the Soil and 
Water Science staff at ARC Infruitec-Nietvoorbij for technical 
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Five soil management practices (treatments) were applied in a micro-sprinkler irrigated Chardonnay/99 Richter vineyard on a sandy 
clay loam soil near Robertson, commencing in April 1993 (one year after planting). The effect of the treatments on the temperature 
of the top soil was evaluated from April 1995 to March 1999. Differences in soil temperature between the un-mulched and mulched 
treatments, as measured in the vine rows, were negligible from late April to the end of August. From mid-September (grapevine 
bud break) to the end of March, the temperature of the mulched soil was, with the exception of the third week in October, lower 
than that of the un-mulched soil. Results indicated that soil temperatures during early spring did have a slight effect on the onset 
of grapevine bud break. Mulching minimised the diurnal variation in soil temperature. The annual cover crop did not cause any 
delay in bud break and kept the soil temperatures below 25°C, with the exception of a three week period just before harvest.
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Towards eradication of grapevine  
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FIGURE 1: An autumn view of typical vineyards at Vergelegen, 2011. Note the absence of leafroll within the vineyard, a rare sight in South Africa this 
time of the year.

Tobie OosthuizenNico SpreethGerhard Pietersen

Grapevine leafroll disease is a serious disease of grapevine 
worldwide. A number of viruses are associated with it worldwide. 
In South Africa grapevine leafroll associated virus type 3 
(GLRaV-3) is the most important virus. In spite of a successful 
virus-elimination strategy and certification scheme in South 
Africa, the disease spreads rapidly within the industry. Recent 
local epidemiological studies of leafroll disease have shown that 
spread is mainly; 

 via the mealybug vector from a previously infected vineyard 
at a given site, 

 through infected planting material, 

 due to secondary spread by the vector (that occurring when 
an infected vine in a vineyard serves to infect closely sur-
rounding samples) within vineyards, and 

 from ad oining infected vineyards by mealybugs implements 
or labourers. 

ontrol of spread must therefore include
1) planting of material certified free of leafroll associated viruses 

and treating these vines with systemic insecticide at establish-
ment with subsequent removal of infected vines (rouging), 

2) prevention of secondary spread by rouging infected vines in 
instances where vineyards do not have too high an infection 
level, 

3) the use of fallow periods where no grapevines are planted and 
volunteer vines are removed (this is obviously only necessary 
when replanting on previously infected vineyards), 

4) sanitation and horticultural practices to prevent spread of 
viruliferous mealybugs on implements and labourers and 

5) general dedicated control of the mealybug numbers. 

A collaborative project between Winetech, Vergelegen Wine 
Estate, Vititec, Agricultural Research Council- Plant Protection 
Research Institute and the University of Pretoria to control and 
possibly eradicate the disease from Vergelegen was launched in 
2002. The aforementioned strategies were employed in an inte-
grated manner. 

The reduction in leafroll infected plants has been achieved in 
three general phases. In Phase one a total of 98 195 vines of 
Cabernet Sauvignon, Merlot, Shiraz and Chardonnay, estab-
lished between 1999 and 2005 on previously Vitis-free sites were 
managed. These vineyards were separated by a windbreak of 
Alder (Alnus sp.) trees and a broad, paved road from much 
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FIGURE 2: Aerial representation of the number of infected vines observed annually during the leafroll control implementation since 2003 on a portion 
of phase 1 vineyards, Rooiland. Each rectangle over a vineyard contains the number of infected vines observed per year with 2003 at the top and 
2011 at the bottom of the rectangle. The inset rectangle at the bottom left of the images shows the total number of infected vines annually. Values in 
grey are theoretical predictions of the number of infected vines which would potentially have been in these vineyards had the leafroll disease not been 
managed. These are based on conservative leafroll spread rates determined previously by the first author where no control strategy is applied.

older and highly leafroll infected vineyards which were replaced 
in 2006 during Phase two of the control strategy. Mealybugs 
were controlled by systemic and contact insecticides and leafroll 
infected plants were removed in the winter following their detec-
tion since 2003 from all phase one vineyards. Implements and 
labourers were utilised in a manner to prevent spread of the 
disease from old infected vineyards to the new vineyards. By 
2011 only 24 infected vines were recorded among the 98185 
vines of Phase one.

In Phase two, initiated in 2005, replacement of old, highly in -
fected vineyards with new, certified planting material was imple-
mented. Old infected vineyards were treated with herbicide and 
vines removed. This was followed by a fallow period of two 
growth seasons during which volunteer vines were removed by 
manual digging. New vineyards were established here only after 
deep ripping of soil to remove all root remnants. New vines were 
established and treated with a systemic insecticide. Leafroll 
infected vines were recorded visually annually and rouged. This 
has resulted in the fact that of 111 431 vines in phase two, only 
26 were found to be infected in 2011.

Phase three, control of leafroll by rouging in mainly white cultivar 
vineyards, where symptoms are not obvious, and require ELISA 
tests, was initiated in 2008. The rouging was performed in rela-
tively young vineyards where leafroll incidence was not expected 
to be high. Detection of leafroll infected vines using ELISA tests 
performed on the estate, by estate personnel was shown to be 

feasible albeit more expensive and less efficient than visual dis-
ease observation and rouging in red-cultivars. This phase is 
currently still ongoing, but looks promising with the number of 
leafroll infected plants declining yearly. The difficulties of detecting 
leafroll on white cultivars for control purposes are being ad -
dressed in a new Winetech funded project by ARC-Plant Protec-
tion Research Institute/University of Pretoria. 

Control of leafroll on this estate has been remarkable with only 
50 leafroll infected vines recorded in autumn 2011 among almost 
210 000 vines monitored in 63 new and leafroll-managed vine-
yards of primarily red-berried cultivars. Eradication, rather than 
just control of leafroll on this estate is a feasible proposition, and 
is likely to be achieved in the foreseeable future. Adoption of 
these control practices by the immediately neighbours of 
Vergele gen have made this possibility even more attainable.

The first wine from wholly leafroll-free vines has been made on 
Vergelegen and probably represents the first commercial scale 
wine production from healthy plants in the history of winemaking.

The control strategies used in this case study have been very 
successful in curtailing the spread of leafroll disease, and serve 
as a model for control of this disease both locally and internation-
ally. It is in stark contrast to the general situation in the South 
African industry where the majority of producers do not have a 
leafroll control strategy in place and where leafroll spread is ram-
pant.

For further information contact Gerhard Pietersen at gerhard.pietersen@up.ac.za
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Possible causes of infiltration problems in  
drip irrigated vineyards in the  
Breede River valley 

Figuur 1

Figuur 2

FIGURE 1. Poor water infiltration causes ponding at the surface in a drip irrigated vineyard near Robertson.

Carolyn HowellPhilip Myburgh

ntroduction

When irrigation water does not infiltrate into soil, it either evapo-
rates or runs off the surface. In neither case does the water reach 
the roots. This causes ineffective water use, particularly if vine-
yards are performing poorly due to water deficits (Fig.1). Infiltra-
tion problems occur when the salt content and sodium adsorp-
tion ratio (SAR) in the soil is high (Sumner, 1993 and references 
therein). A high SAR implies that there is much more exchange-
able sodium in comparison with the calcium and magnesium that 
stabilise soil structure. In such cases, soil can disperse, or 
“slump”, thereby preventing water infiltration (Fig. 2). Extremely 
high soil potassium can have a similar effect (Arienzo et al., 
2009). High sodium levels in the root zone can be reduced by 
leaching. Poor infiltration also occurs on wheel tracks between 
vineyard rows, where the soils have become compacted (Van 
Huyssteen, 1988). Soil compaction can be reduced by periodic 
deep cultivation and by planting cover crops in the work rows to 
improve infiltration where irrigation is applied to the full surface 
(Saayman & Van Huyssteen, 1983). Channels resulting from 
cover crop roots can also improve infiltration, particularly where 
the full surface is irrigated (Van Huyssteen et al., 1984). Infiltration 
can also be limited if chemical weed control destroys biological 
activity in grapevine rows. 

In drip irrigated vineyards, infiltration problems are exacerbated 
since dripper precipitation rates per unit area are considerably 
higher compared to micro- or overhead-sprinklers. If the dripper 
flow rate is 3.5 L/hour and the diameter of the wetted surface is 
e.g. 30 cm, the precipitation rate is approximately 50 mm/hour 
[precipitation rate = flow rate (L/hour) ÷ wetted surface (m2)]. This 
is appreciably higher than full surface precipitation rates which 
generally range between 5 and 12 mm/hour. There have been a 
number of investigations on soil compaction and the alleviation 
thereof in South Africa, but there has been little research on infiltra-
tion, particularly in the case of drip irrigation. In some irrigated 
vineyards, infiltration problems still occur despite such practices 
as gypsum application, periodic deep cultivation and cover crop 
production. The objective of the study was to identify the causes 
of poor infiltration in such vineyards, to serve as a basis to estab-
lish guidelines for prevention or alleviation strategies.

aterials and methods
The study was carried out in 15 plots in vineyards in the Breede 
River valley where infiltration problems occur. The field work was 
carried out near Robertson, Ashton and Bonnievale from March 
to August 2000. Three dimensional (3-D) infiltration was meas-
ured on the grapevine rows according to the method described 
by Myburgh et al. (2002). This method was specifically developed 
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FIGURE 2: Aerial representation of the number of infected vines observed annually during the leafroll control implementation since 2003 on a portion 
of phase 1 vineyards, Rooiland. Each rectangle over a vineyard contains the number of infected vines observed per year with 2003 at the top and 
2011 at the bottom of the rectangle. The inset rectangle at the bottom left of the images shows the total number of infected vines annually. Values in 
grey are theoretical predictions of the number of infected vines which would potentially have been in these vineyards had the leafroll disease not been 
managed. These are based on conservative leafroll spread rates determined previously by the first author where no control strategy is applied.

older and highly leafroll infected vineyards which were replaced 
in 2006 during Phase two of the control strategy. Mealybugs 
were controlled by systemic and contact insecticides and leafroll 
infected plants were removed in the winter following their detec-
tion since 2003 from all phase one vineyards. Implements and 
labourers were utilised in a manner to prevent spread of the 
disease from old infected vineyards to the new vineyards. By 
2011 only 24 infected vines were recorded among the 98185 
vines of Phase one.

In Phase two, initiated in 2005, replacement of old, highly in -
fected vineyards with new, certified planting material was imple-
mented. Old infected vineyards were treated with herbicide and 
vines removed. This was followed by a fallow period of two 
growth seasons during which volunteer vines were removed by 
manual digging. New vineyards were established here only after 
deep ripping of soil to remove all root remnants. New vines were 
established and treated with a systemic insecticide. Leafroll 
infected vines were recorded visually annually and rouged. This 
has resulted in the fact that of 111 431 vines in phase two, only 
26 were found to be infected in 2011.

Phase three, control of leafroll by rouging in mainly white cultivar 
vineyards, where symptoms are not obvious, and require ELISA 
tests, was initiated in 2008. The rouging was performed in rela-
tively young vineyards where leafroll incidence was not expected 
to be high. Detection of leafroll infected vines using ELISA tests 
performed on the estate, by estate personnel was shown to be 

feasible albeit more expensive and less efficient than visual dis-
ease observation and rouging in red-cultivars. This phase is 
currently still ongoing, but looks promising with the number of 
leafroll infected plants declining yearly. The difficulties of detecting 
leafroll on white cultivars for control purposes are being ad -
dressed in a new Winetech funded project by ARC-Plant Protec-
tion Research Institute/University of Pretoria. 

Control of leafroll on this estate has been remarkable with only 
50 leafroll infected vines recorded in autumn 2011 among almost 
210 000 vines monitored in 63 new and leafroll-managed vine-
yards of primarily red-berried cultivars. Eradication, rather than 
just control of leafroll on this estate is a feasible proposition, and 
is likely to be achieved in the foreseeable future. Adoption of 
these control practices by the immediately neighbours of 
Vergele gen have made this possibility even more attainable.

The first wine from wholly leafroll-free vines has been made on 
Vergelegen and probably represents the first commercial scale 
wine production from healthy plants in the history of winemaking.

The control strategies used in this case study have been very 
successful in curtailing the spread of leafroll disease, and serve 
as a model for control of this disease both locally and internation-
ally. It is in stark contrast to the general situation in the South 
African industry where the majority of producers do not have a 
leafroll control strategy in place and where leafroll spread is ram-
pant.

For further information contact Gerhard Pietersen at gerhard.pietersen@up.ac.za
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Possible causes of infiltration problems in  
drip irrigated vineyards in the  
Breede River valley 

Figuur 1

Figuur 2

FIGURE 1. Poor water infiltration causes ponding at the surface in a drip irrigated vineyard near Robertson.

Carolyn HowellPhilip Myburgh

ntroduction

When irrigation water does not infiltrate into soil, it either evapo-
rates or runs off the surface. In neither case does the water reach 
the roots. This causes ineffective water use, particularly if vine-
yards are performing poorly due to water deficits (Fig.1). Infiltra-
tion problems occur when the salt content and sodium adsorp-
tion ratio (SAR) in the soil is high (Sumner, 1993 and references 
therein). A high SAR implies that there is much more exchange-
able sodium in comparison with the calcium and magnesium that 
stabilise soil structure. In such cases, soil can disperse, or 
“slump”, thereby preventing water infiltration (Fig. 2). Extremely 
high soil potassium can have a similar effect (Arienzo et al., 
2009). High sodium levels in the root zone can be reduced by 
leaching. Poor infiltration also occurs on wheel tracks between 
vineyard rows, where the soils have become compacted (Van 
Huyssteen, 1988). Soil compaction can be reduced by periodic 
deep cultivation and by planting cover crops in the work rows to 
improve infiltration where irrigation is applied to the full surface 
(Saayman & Van Huyssteen, 1983). Channels resulting from 
cover crop roots can also improve infiltration, particularly where 
the full surface is irrigated (Van Huyssteen et al., 1984). Infiltration 
can also be limited if chemical weed control destroys biological 
activity in grapevine rows. 

In drip irrigated vineyards, infiltration problems are exacerbated 
since dripper precipitation rates per unit area are considerably 
higher compared to micro- or overhead-sprinklers. If the dripper 
flow rate is 3.5 L/hour and the diameter of the wetted surface is 
e.g. 30 cm, the precipitation rate is approximately 50 mm/hour 
[precipitation rate = flow rate (L/hour) ÷ wetted surface (m2)]. This 
is appreciably higher than full surface precipitation rates which 
generally range between 5 and 12 mm/hour. There have been a 
number of investigations on soil compaction and the alleviation 
thereof in South Africa, but there has been little research on infiltra-
tion, particularly in the case of drip irrigation. In some irrigated 
vineyards, infiltration problems still occur despite such practices 
as gypsum application, periodic deep cultivation and cover crop 
production. The objective of the study was to identify the causes 
of poor infiltration in such vineyards, to serve as a basis to estab-
lish guidelines for prevention or alleviation strategies.

aterials and methods
The study was carried out in 15 plots in vineyards in the Breede 
River valley where infiltration problems occur. The field work was 
carried out near Robertson, Ashton and Bonnievale from March 
to August 2000. Three dimensional (3-D) infiltration was meas-
ured on the grapevine rows according to the method described 
by Myburgh et al. (2002). This method was specifically developed 
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Figuur 1

Figuur 2

FIGURE 2. Water runoff due to the infiltration limiting effect of high sodium (SAR = 22) near Bonnievale. 

to simulate water infiltration under drippers. Infiltration rates were 
measured at the undisturbed surface and at 5 cm depth to 
determine whether the problem was associated only with the soil 
surface. Each set of infiltration measurements was repeated five 
times per plot. Water from the Robertson irrigation canal was 
used for infiltration measurements. Electrical conductivity in the 
irrigation water (ECiw) ranged between 0.18 and 0.8 dS/m. The 
pH(KCl), electrical conductivity of the saturated soil paste (ECe), 
phosphorous and potassium (Bray II), exchangeable cations and 
organic C content in the 0-5 and 5-30 cm depth intervals were 
determined. The SAR was calculated from the exchangeable 
cations. Particle size distribution of seven fractions smaller than 
2 mm was quantified to characterise the soil texture. Clay min-
eralogy and bulk density were determined in the 5-30 cm soil 
layer. The effect of gypsum applications in one of the soils with 
the lower infiltration rates was determined in the laboratory using 
20 cm high and 12 cm wide disturbed soil columns. Half of the 
gypsum was mixed with the soil and the remainder applied on 
the surface. The soil columns were also irrigated using CaCl2 

solutions of different concentrations. 

esults and discussion
Infiltration at the soil surface was similar to the rates measured 
at 5 cm depth, except for one vineyard where infiltration rate at 
the surface was appreciably lower than at 5 cm depth. Although 
infiltration decreased with increasing ECe (salt content), two 
groups could clearly be distinguished (Fig. 3). At the same ECe, 
the infiltration rate for the one group was markedly higher in 
comparison with the other group. The mean SAR in soils with 
higher infiltration rates was c. 3 in contrast to c. 6 in soils where 
the infiltration was lower. Sodium was excessively high only in 
one of the soils (SAR = 22), which could account for the infiltra-
tion rate of only 0.15 L/hour. Generally, the SAR appeared to be 
too low (i.e. < 6) to have caused infiltration problems in most of 
the soils. The leaching studies also showed that gypsum applica-
tions as high as 70 t/ha did not improve the infiltration rate of a 
soil where the infiltration was only 0.23 L/hour in the field. Sus-

tained infiltration was obtained when the EC of the CaCl2 solution 
used for irrigation of the soil columns was 2.15 dS/m and higher, 
but not when it was lower than 1.56 dS/m. 

The minerals in the clay fraction were mainly mica and kaolinite 
in all soils. These mica rich clays probably formed from the fine 
grained micaceous shales in the Malmesbury group which is one 
of the major geological groups in the Breede River valley (Wool-
dridge, 2005). Mean mica content in the clay fraction of soils with 
higher infiltration rates was 47% compared to 56% in those 
where the infiltration was lower. There are still no acceptable 
solutions for infiltration problems in soils with high mica contents 
(M.E. Sumner, personal communication, 2003). Kaolinite content 
of the two groups of soils was similar (c. 23%). Mean bulk den-
sity of soils with the higher infiltration rates was 1510 kg/m3, 
which may be considered normal. In the soils with lower infiltra-
tion rates at the same ECe, mean bulk density was 1660 kg/m3. 
In some plots, the bulk density was as high as 1800 kg/m3, 
which indicated severe soil compaction. A similarly high bulk 
density was previously observed in a vineyard near Bonnievale 
where soil compaction was found to have reduced grapevine 
performance (Van Huyssteen, 1983).

onclusions and recommendations

Infiltration problems could not be attributed to any specific soil 
chemical or physical property. Under the given conditions, infiltra-
tion seemed to be determined by a combination of soil proper-
ties, i.e. ECe, SAR, type of clay mineral and bulk density. Since 
high sodium was not solely responsible for the infiltration prob-
lems, gypsum applications cannot be applied to improve the 
situation. Injudicious gypsum applications, instead, may increase 
potassium in the soil water which can be absorbed by grape-
vines. High potassium levels in grapevines can cause high wine 
pH and quality can be compromised. Potassium released from 
the soil can also cause pollution if it drains into natural water 
resources. It will also be difficult to leach gypsum into soils if 
infiltration problems already exist. Irrigation using calcium 
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FIGURE 3. Effect of salt content (ECe) on 3-D infiltration of selected soils in the Breede River valley  
having either lower ( ), or higher (o), SAR, mica content and bulk density.

For further information contact Philip Myburgh at myburghp@arc.agric.za

enriched water is not a practically viable solution. Since neither 
clay mineralogy, nor bulk density can easily be modified on 
grapevine rows where drip irrigation is applied, there is no simple 
solution for the problem. If the problem generally occurred at the 
surface, application of organic mulches could have improved 
infiltration to a large extent. Continued research is therefore 
necessary to find solutions for infiltration problems. The use of 
soil conditioners or organic material to improve infiltration in drip 
irrigated vineyards should be investigated. The possibility of using 
a winter crop, which can re-establish itself on the grapevine 
rows, should also be considered.
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ummary
A survey carried out in 15 vineyards in the Breede River valley showed that water infiltration under drip irrigation decreased as the 
soil salinity increased. Infiltration was further reduced where sodium, mica content in the clay and soil bulk density were high. 
Excessively high sodium levels which could cause severe infiltration problems generally did not occur. Gypsum can displace potas-
sium into the soil solution which could pollute natural water resources. Furthermore, if grapevines absorb excessive potassium, it 
could result in poor wine quality. Consequently, unnecessary gypsum applications should be avoided. Since it would be almost 
impossible to change clay mineralogy and bulk density on the grapevine rows where drip irrigation is applied, there seems to be 
no simple solutions. If the problems are caused by unfavourable surface conditions, organic mulches could be applied on the 
grapevine rows to improve infiltration.
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Figuur 1
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FIGURE 2. Water runoff due to the infiltration limiting effect of high sodium (SAR = 22) near Bonnievale. 

to simulate water infiltration under drippers. Infiltration rates were 
measured at the undisturbed surface and at 5 cm depth to 
determine whether the problem was associated only with the soil 
surface. Each set of infiltration measurements was repeated five 
times per plot. Water from the Robertson irrigation canal was 
used for infiltration measurements. Electrical conductivity in the 
irrigation water (ECiw) ranged between 0.18 and 0.8 dS/m. The 
pH(KCl), electrical conductivity of the saturated soil paste (ECe), 
phosphorous and potassium (Bray II), exchangeable cations and 
organic C content in the 0-5 and 5-30 cm depth intervals were 
determined. The SAR was calculated from the exchangeable 
cations. Particle size distribution of seven fractions smaller than 
2 mm was quantified to characterise the soil texture. Clay min-
eralogy and bulk density were determined in the 5-30 cm soil 
layer. The effect of gypsum applications in one of the soils with 
the lower infiltration rates was determined in the laboratory using 
20 cm high and 12 cm wide disturbed soil columns. Half of the 
gypsum was mixed with the soil and the remainder applied on 
the surface. The soil columns were also irrigated using CaCl2 

solutions of different concentrations. 

esults and discussion
Infiltration at the soil surface was similar to the rates measured 
at 5 cm depth, except for one vineyard where infiltration rate at 
the surface was appreciably lower than at 5 cm depth. Although 
infiltration decreased with increasing ECe (salt content), two 
groups could clearly be distinguished (Fig. 3). At the same ECe, 
the infiltration rate for the one group was markedly higher in 
comparison with the other group. The mean SAR in soils with 
higher infiltration rates was c. 3 in contrast to c. 6 in soils where 
the infiltration was lower. Sodium was excessively high only in 
one of the soils (SAR = 22), which could account for the infiltra-
tion rate of only 0.15 L/hour. Generally, the SAR appeared to be 
too low (i.e. < 6) to have caused infiltration problems in most of 
the soils. The leaching studies also showed that gypsum applica-
tions as high as 70 t/ha did not improve the infiltration rate of a 
soil where the infiltration was only 0.23 L/hour in the field. Sus-

tained infiltration was obtained when the EC of the CaCl2 solution 
used for irrigation of the soil columns was 2.15 dS/m and higher, 
but not when it was lower than 1.56 dS/m. 

The minerals in the clay fraction were mainly mica and kaolinite 
in all soils. These mica rich clays probably formed from the fine 
grained micaceous shales in the Malmesbury group which is one 
of the major geological groups in the Breede River valley (Wool-
dridge, 2005). Mean mica content in the clay fraction of soils with 
higher infiltration rates was 47% compared to 56% in those 
where the infiltration was lower. There are still no acceptable 
solutions for infiltration problems in soils with high mica contents 
(M.E. Sumner, personal communication, 2003). Kaolinite content 
of the two groups of soils was similar (c. 23%). Mean bulk den-
sity of soils with the higher infiltration rates was 1510 kg/m3, 
which may be considered normal. In the soils with lower infiltra-
tion rates at the same ECe, mean bulk density was 1660 kg/m3. 
In some plots, the bulk density was as high as 1800 kg/m3, 
which indicated severe soil compaction. A similarly high bulk 
density was previously observed in a vineyard near Bonnievale 
where soil compaction was found to have reduced grapevine 
performance (Van Huyssteen, 1983).

onclusions and recommendations

Infiltration problems could not be attributed to any specific soil 
chemical or physical property. Under the given conditions, infiltra-
tion seemed to be determined by a combination of soil proper-
ties, i.e. ECe, SAR, type of clay mineral and bulk density. Since 
high sodium was not solely responsible for the infiltration prob-
lems, gypsum applications cannot be applied to improve the 
situation. Injudicious gypsum applications, instead, may increase 
potassium in the soil water which can be absorbed by grape-
vines. High potassium levels in grapevines can cause high wine 
pH and quality can be compromised. Potassium released from 
the soil can also cause pollution if it drains into natural water 
resources. It will also be difficult to leach gypsum into soils if 
infiltration problems already exist. Irrigation using calcium 
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FIGURE 3. Effect of salt content (ECe) on 3-D infiltration of selected soils in the Breede River valley  
having either lower ( ), or higher (o), SAR, mica content and bulk density.
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enriched water is not a practically viable solution. Since neither 
clay mineralogy, nor bulk density can easily be modified on 
grapevine rows where drip irrigation is applied, there is no simple 
solution for the problem. If the problem generally occurred at the 
surface, application of organic mulches could have improved 
infiltration to a large extent. Continued research is therefore 
necessary to find solutions for infiltration problems. The use of 
soil conditioners or organic material to improve infiltration in drip 
irrigated vineyards should be investigated. The possibility of using 
a winter crop, which can re-establish itself on the grapevine 
rows, should also be considered.
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ummary
A survey carried out in 15 vineyards in the Breede River valley showed that water infiltration under drip irrigation decreased as the 
soil salinity increased. Infiltration was further reduced where sodium, mica content in the clay and soil bulk density were high. 
Excessively high sodium levels which could cause severe infiltration problems generally did not occur. Gypsum can displace potas-
sium into the soil solution which could pollute natural water resources. Furthermore, if grapevines absorb excessive potassium, it 
could result in poor wine quality. Consequently, unnecessary gypsum applications should be avoided. Since it would be almost 
impossible to change clay mineralogy and bulk density on the grapevine rows where drip irrigation is applied, there seems to be 
no simple solutions. If the problems are caused by unfavourable surface conditions, organic mulches could be applied on the 
grapevine rows to improve infiltration.
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Colonisation of Cabernet Sauvignon and  
Sauvignon blanc pruning wounds by Eutypa  
lata and Phaeomoniella chlamydospora in the  
presence and absence of the bio-control agent  
Trichoderma harzianum. Paul Fourie

Lizel Mostert

Cheusi Mutawila

Francois Halleen

ntroduction
Grapevine trunk diseases are a silent cause of slow decline 
and loss of productivity in vines at all stages of growth. These 
diseases are caused by a complex of xylem-inhabiting patho-
gens that, either individually or collectively, are responsible for 
graft failure, loss of vigour and productivity in established vines, 
death of spurs/canes and arms, spots on berries, late ripening 
and altered flavour, as well as death of vines ( ourie and Hal-
leen, 2004; Oliveira et al., 2004). In addition to reducing yield 
and quality of grapes, they also increase vineyard management 
costs and reduce the life of a vineyard. These diseases were of-
ten overlooked due to their slow development and symptom ex-
pression relative to the more common seasonal foliar diseases.

Eutypa dieback is caused by Eutypa lata and was once consid-
ered to be the most important grapevine trunk disease. How-
ever, more fungal pathogens are now known to cause grapevine 
decline and have become important in the grapevine trunk dis-
ease complex. Phaeomoniella chlamydospora is the principal 
causal agent of Petri disease and has also been implicated to 
predispose maturing grapevine tissue to infection by wood rot-
ting fungi in esca (Mugnai et al., 1999). Disease development 
and observed symptoms could result from the fungal degrada-
tion of plant host tissue, toxins secreted by the pathogens as 
well as the plant response to infection. 

Pruning wound protection is one of the major strategies in the 
management of grapevine trunk diseases (Halleen et al., 2010). 
A number of fungi have been shown to be able to grow in prun-
ing wounds where they provide wound protection (Munkvold 
and Marois, 1993). Trichoderma species were selected for 
their rapid growth and ability to grow in various environmen-
tal conditions, including grapevine pruning wounds (John et al., 
2008; Kotze et al., 2011). The persistence of Trichoderma in the 
wound also makes it suitable for long term wound protection 
since the wound can remain susceptible for a long time (Van 
Niekerk, et al., 2011).

Colonisation of pruning wounds by fungal pathogens in the 
presence of biological control agents is only vaguely under-
stood. Symptom development in infected plants may be sud-

den as is observed in nursery vines, or gradual, or it may only 
be expressed later in older vines just before complete wilting. 
To understand the development of these diseases we studied 
the histology of pruning wound infection by E. lata and P. chla-
mydospora in the absence and presence of the biological con-
trol agent Trichoderma harzianum. The objective was to monitor 
the growth of the pathogens and the biological control agent 
in the pruning wound and how the grapevine responds to the 
infection.

noculation of grape ine canes
Reporter gene transformed pathogens P. chlamydospora and  
E. lata and the biological control fungi T. harzianum that express 
either the green ( fp) or Red (DsRed) fluorescent proteins ( ig. 1) 
plus a selectable marker were employed in the study of wound 
colonisation (McLean et al., 2009). The selectable marker al-
lowed for selective isolation of the fungi when inoculated into 
non-sterile grapevine canes while fluorescent proteins allowed 
for the visualisation of the fungi in grapevine tissue. 

The P. chlamydospora expressing DsRed and T. harzianum 
expressing Gfp were either singly or co-inoculated onto fresh 
pruning wounds on one-year-old canes of Sauvignon blanc and 
Cabernet Sauvignon. Likewise, E. lata expressing Gfp and T. 
harzianum expressing DsRed were also singly and co-inoculat-
ed onto fresh pruning wounds of the two cultivars. Growth of 
the fungi was monitored at 30 day intervals by isolation of the 
fungi from different depths along the cane (up to 50 mm) and 
microscopic examination of sectioned wood tissue was made 
by fluorescence microscopy.

rowth of fungi in wood tissue
There were slight differences in the growth of the pathogens in 
the wood tissue between the cultivars. The maximum isolation 
depths of the fungi after 90 days is summarised in Figure 2. In 
Cabernet Sauvignon canes inoculated with the pathogens alone 
P. chlamydospora and E. lata were isolated up to 15 mm from 
the point of wound healing after 90 days. Both pathogens were 
isolated deeper in Sauvignon blanc up to 20 mm and 40 mm 
for E. lata and P. chlamydospora, respectively. There were no 
differences in the isolation depths of the biological control agent 
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FIGURE. 1. Transformed Trichoderma harzianum (A) and P. chlamydospora ( ) expressing the green and red fluorescent protein, respectively. These 
fungi can be used to observe fungi in their natural habitat without histological staining. Bar = 100 µm.

Figures

Fig. 1. Transformed Trichoderma harzianum (A) and P. chlamydospora (B) expressing 

the green and red fluorescent protein, respectively. These fungi can be used to observe 

fungi in their natural habitat without histological staining. Bar = 100 µm. 

Fig. 2. The maximum depth of isolation of trunk pathogens P. chlamydospora (A) and E. 

lata (B) and isolates of the biological control agent T. harzianum (Gfp and DsRed) 90 

days after single and dual inoculation of canes of Cabernet Sauvignon and Sauvignon 

blanc. Trichoderma grows deeper in the wound if it senses the presence of another 

fungus.
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FIGURE. 2. The maximum depth of isolation of trunk pathogens P. chlamydospora (A) and E. lata (B) and isolates of the biological control agent T. 
harzianum (Gfp and DsRed) 90 days after single and dual inoculation of canes of Cabernet Sauvignon and Sauvignon blanc. Trichoderma grows 
deeper in the wound if it senses the presence of another fungus.

Fig. 3. Confocal microscope images of a longitudinal section of P. chlamydospora

inoculated cane showing intact xylem tissue in white light (A), P. chlamydospora hyphae 

observed in laser light with a red filter in the xylem tissue (B) and the merged image 

showing the hyphae in the xylem lumen (C). Bar = 50 µm. 

Fig. 4. Extensive growth of P. chlamydospora hyphae in xylem vessels. Clearly this kind 

of growth would hinder transport of solutes through the vessels. 

Fig. 5.  Transverse (A) and longitudinal (B) sections of grapevine canes with brown wood 

tissue discolouration in P. chlamydospora inoculated canes observed 60 and 90 days 

after inoculation compared to healthy wood (C).  
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FIGURE. 3. Confocal microscope images of a longitudinal section of P. chlamydospora inoculated cane showing intact xylem tissue in white light 
(A), P. chlamydospora hyphae observed in laser light with a red filter in the xylem tissue ( ) and the merged image showing the hyphae in the xylem 
lumen (C). Bar = 50 µm.

isolate, T. harzianum Gfp, in both cultivars and was isolated up 
to a depth of 15 mm when it was inoculated alone. The biologi-
cal control agent, isolate T. harzianum DsRed, was isolated at a 
maximum depth of 5 mm and 10 mm in singly inoculated shoots 
of Sauvignon blanc and Cabernet Sauvignon, respectively. In 
shoots where Trichoderma was co-inoculated with the patho-
gens, it inhibited the growth of the pathogens, restricting them 
close to the wound surface but did not completely eliminate 
them except for E. lata in Sauvignon blanc (Fig. 2B). It should, 
however, be noted that the pathogens were applied at a high 
concentration in comparison with that which will be present in 
the field. Interestingly in the dual inoculated canes Trichoderma 

grew deeper and more extensively than when it was inoculated 
alone. Trichoderma can sense the presence of other competing 
fungi and respond by extensive colonisation of the habitat and 
secreting enzymes (chitinases and 1,3-ß-glucanases) that de-
grade the cell walls of other fungi (Woo and Lorito, 2007).

The hyphae of P. chlamydospora were observed in the xylem 
vessels, growing in the lumen and along vessel walls (Fig. 3 & 
4). The growth pattern of the hyphae is also important in dis-
ease development. In the lumen the hyphae was sometimes 
observed growing very extensively, such that it would obviously 
contribute to vessel blockage (Fig. 4). Growth along the ves-
sel walls can also interfere with the control and maintenance 
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Colonisation of Cabernet Sauvignon and  
Sauvignon blanc pruning wounds by Eutypa  
lata and Phaeomoniella chlamydospora in the  
presence and absence of the bio-control agent  
Trichoderma harzianum. Paul Fourie

Lizel Mostert

Cheusi Mutawila

Francois Halleen

ntroduction
Grapevine trunk diseases are a silent cause of slow decline 
and loss of productivity in vines at all stages of growth. These 
diseases are caused by a complex of xylem-inhabiting patho-
gens that, either individually or collectively, are responsible for 
graft failure, loss of vigour and productivity in established vines, 
death of spurs/canes and arms, spots on berries, late ripening 
and altered flavour, as well as death of vines ( ourie and Hal-
leen, 2004; Oliveira et al., 2004). In addition to reducing yield 
and quality of grapes, they also increase vineyard management 
costs and reduce the life of a vineyard. These diseases were of-
ten overlooked due to their slow development and symptom ex-
pression relative to the more common seasonal foliar diseases.

Eutypa dieback is caused by Eutypa lata and was once consid-
ered to be the most important grapevine trunk disease. How-
ever, more fungal pathogens are now known to cause grapevine 
decline and have become important in the grapevine trunk dis-
ease complex. Phaeomoniella chlamydospora is the principal 
causal agent of Petri disease and has also been implicated to 
predispose maturing grapevine tissue to infection by wood rot-
ting fungi in esca (Mugnai et al., 1999). Disease development 
and observed symptoms could result from the fungal degrada-
tion of plant host tissue, toxins secreted by the pathogens as 
well as the plant response to infection. 

Pruning wound protection is one of the major strategies in the 
management of grapevine trunk diseases (Halleen et al., 2010). 
A number of fungi have been shown to be able to grow in prun-
ing wounds where they provide wound protection (Munkvold 
and Marois, 1993). Trichoderma species were selected for 
their rapid growth and ability to grow in various environmen-
tal conditions, including grapevine pruning wounds (John et al., 
2008; Kotze et al., 2011). The persistence of Trichoderma in the 
wound also makes it suitable for long term wound protection 
since the wound can remain susceptible for a long time (Van 
Niekerk, et al., 2011).

Colonisation of pruning wounds by fungal pathogens in the 
presence of biological control agents is only vaguely under-
stood. Symptom development in infected plants may be sud-

den as is observed in nursery vines, or gradual, or it may only 
be expressed later in older vines just before complete wilting. 
To understand the development of these diseases we studied 
the histology of pruning wound infection by E. lata and P. chla-
mydospora in the absence and presence of the biological con-
trol agent Trichoderma harzianum. The objective was to monitor 
the growth of the pathogens and the biological control agent 
in the pruning wound and how the grapevine responds to the 
infection.

noculation of grape ine canes
Reporter gene transformed pathogens P. chlamydospora and  
E. lata and the biological control fungi T. harzianum that express 
either the green ( fp) or Red (DsRed) fluorescent proteins ( ig. 1) 
plus a selectable marker were employed in the study of wound 
colonisation (McLean et al., 2009). The selectable marker al-
lowed for selective isolation of the fungi when inoculated into 
non-sterile grapevine canes while fluorescent proteins allowed 
for the visualisation of the fungi in grapevine tissue. 

The P. chlamydospora expressing DsRed and T. harzianum 
expressing Gfp were either singly or co-inoculated onto fresh 
pruning wounds on one-year-old canes of Sauvignon blanc and 
Cabernet Sauvignon. Likewise, E. lata expressing Gfp and T. 
harzianum expressing DsRed were also singly and co-inoculat-
ed onto fresh pruning wounds of the two cultivars. Growth of 
the fungi was monitored at 30 day intervals by isolation of the 
fungi from different depths along the cane (up to 50 mm) and 
microscopic examination of sectioned wood tissue was made 
by fluorescence microscopy.

rowth of fungi in wood tissue
There were slight differences in the growth of the pathogens in 
the wood tissue between the cultivars. The maximum isolation 
depths of the fungi after 90 days is summarised in Figure 2. In 
Cabernet Sauvignon canes inoculated with the pathogens alone 
P. chlamydospora and E. lata were isolated up to 15 mm from 
the point of wound healing after 90 days. Both pathogens were 
isolated deeper in Sauvignon blanc up to 20 mm and 40 mm 
for E. lata and P. chlamydospora, respectively. There were no 
differences in the isolation depths of the biological control agent 
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FIGURE. 1. Transformed Trichoderma harzianum (A) and P. chlamydospora ( ) expressing the green and red fluorescent protein, respectively. These 
fungi can be used to observe fungi in their natural habitat without histological staining. Bar = 100 µm.
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Fig. 2. The maximum depth of isolation of trunk pathogens P. chlamydospora (A) and E. 

lata (B) and isolates of the biological control agent T. harzianum (Gfp and DsRed) 90 

days after single and dual inoculation of canes of Cabernet Sauvignon and Sauvignon 

blanc. Trichoderma grows deeper in the wound if it senses the presence of another 

fungus.
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Fig. 3. Confocal microscope images of a longitudinal section of P. chlamydospora

inoculated cane showing intact xylem tissue in white light (A), P. chlamydospora hyphae 

observed in laser light with a red filter in the xylem tissue (B) and the merged image 

showing the hyphae in the xylem lumen (C). Bar = 50 µm. 

Fig. 4. Extensive growth of P. chlamydospora hyphae in xylem vessels. Clearly this kind 

of growth would hinder transport of solutes through the vessels. 

Fig. 5.  Transverse (A) and longitudinal (B) sections of grapevine canes with brown wood 

tissue discolouration in P. chlamydospora inoculated canes observed 60 and 90 days 

after inoculation compared to healthy wood (C).  
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isolate, T. harzianum Gfp, in both cultivars and was isolated up 
to a depth of 15 mm when it was inoculated alone. The biologi-
cal control agent, isolate T. harzianum DsRed, was isolated at a 
maximum depth of 5 mm and 10 mm in singly inoculated shoots 
of Sauvignon blanc and Cabernet Sauvignon, respectively. In 
shoots where Trichoderma was co-inoculated with the patho-
gens, it inhibited the growth of the pathogens, restricting them 
close to the wound surface but did not completely eliminate 
them except for E. lata in Sauvignon blanc (Fig. 2B). It should, 
however, be noted that the pathogens were applied at a high 
concentration in comparison with that which will be present in 
the field. Interestingly in the dual inoculated canes Trichoderma 

grew deeper and more extensively than when it was inoculated 
alone. Trichoderma can sense the presence of other competing 
fungi and respond by extensive colonisation of the habitat and 
secreting enzymes (chitinases and 1,3-ß-glucanases) that de-
grade the cell walls of other fungi (Woo and Lorito, 2007).

The hyphae of P. chlamydospora were observed in the xylem 
vessels, growing in the lumen and along vessel walls (Fig. 3 & 
4). The growth pattern of the hyphae is also important in dis-
ease development. In the lumen the hyphae was sometimes 
observed growing very extensively, such that it would obviously 
contribute to vessel blockage (Fig. 4). Growth along the ves-
sel walls can also interfere with the control and maintenance 
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FIGURE. 5. Transverse (A) and longitudinal (B) sections of grapevine canes with brown wood tissue discolouration in P. chlamydospora inoculated 
canes observed 60 and 90 days after inoculation compared to healthy wood (C). 

Fig. 6. Blockage of xylem vessels by tyloses (balloon like structures) observed under 

fluorescence microscope (A) and gels (or gums: (B)) in longitudinal sections of grapevine 

canes infected by P. chlamydospora. These structures are formed by xylem associated 

cells in response to infection of the vessels by pathogens.  Bars = 30 µm.

  

Fig. 7. Increased fluorescence of xylem fibre cells a likely result of cell wall lignifications 

observed in sections from canes inoculated with E. lata. Bar = 50 µm.
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of xylem transport. The xylem vessels are dead (and hence the 
name vessel elements and not cells) but transport through the 
vessels is controlled by vessel associated cells that surround 
the vessels. This control is achieved by communication through 
the xylem pits and the blockage of these pits by fungal hyphae 
may impair xylem function. Edwards et al. (2007) showed that 
loss of xylem function observed in Petri disease is not a result of 
xylem blockage alone. The blockage of the pits and the lack of 
control of xylem transport by the vessel associated cells could 
result in further damage. Unfortunately the hyphae of E. lata and 
Trichoderma were not observed in the wood tissue due to a 
lac  of fluorescence of the hyphae in the wood tissue or the 
stronger auto-fluorescence of the wood that mas ed the fungal 
fluorescence.

natomical changes in wood tissue
Growth of the pathogens in the wood tissue resulted in struc-
tural and anatomical changes of the wood tissue. Phaeomoniella 
chlamydospora caused brown-black streaking (Fig. 5) in some 
singly inoculated canes but this was not observed in canes 
where it was inoculated with Trichoderma. The plant responded 
to pathogen infection by producing gels (also called gums) and 
tyloses that blocked the xylem vessels, supposed to hinder fur-
ther growth of the pathogens (Fig. 6). The gels are amorphous 
substances that contain phenolic compounds that have anti-
microbial properties while tyloses are balloon like growth of the 
vessel associated cells into the xylem. Both gels and tyloses 
form a physical and chemical barrier to pathogen growth. How-
ever, the tyloses and gel xylem blockages also hinder the trans-
port of water and solutes in the xylem vessels. Where infection is 
extensive this could result in limited water reaching the growing 
shoots, resulting in wilting especially during the hot dry season, 
as is observed in Petri disease. Limited water in the shoots can 
also result in a concentration build-up of fungal toxins secreted 
by pathogens such as E. Lata, which can lead to toxicity symp-
toms like the shrivelled growth of the new shoots observed in 
Eutypa die-back. The blockage of vessels by tyloses and gums 
was extensive (occurring in many vessels) and deeper in P. chla-
mydospora inoculated canes as compared to E. lata inoculated 
canes. Tyloses and gums were also observed in the canes inoc-
ulated with both the pathogen and Trichoderma, but they were 
less extensive than in the pathogen only inoculated canes. In 
canes inoculated with Trichoderma alone, no tyloses and gums 
was observed. Eutypa lata inoculated shoots exhibited an in-
creased localised fluorescence and cell wall thic ening of fibre 
cell walls (Fig. 7) that was not observed in the other treatments. 
This was most li ely due to increased lignification. Eutypa lata is 
known to secrete lignin peroxidase enzymes that degrade lignin 
and the increased lignifications observed could be a response 
by the plant to strengthen its cell walls. This may also show a 
different or additional mode of pathogenesis by the E. lata that 
is absent in P. chlamydospora.

This study showed that one of the major modes of action of Tri-
choderma in the pruning wound is competitive exclusion, in which 
it senses the presence of the pathogen and grows more exten-
sively. We continue to observe this phenomenon in our current 
studies. We were also able to observe some of the anatomical 
changes that occur after pathogen infection of pruning wounds 
and their implication in disease development. However, this still 
has to be substantiated by further studies of the interaction be-
tween grapevines and pathogen infection and colonisation. 
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Fig. 3. Confocal microscope images of a longitudinal section of P. chlamydospora

inoculated cane showing intact xylem tissue in white light (A), P. chlamydospora hyphae 

observed in laser light with a red filter in the xylem tissue (B) and the merged image 

showing the hyphae in the xylem lumen (C). Bar = 50 µm. 

Fig. 4. Extensive growth of P. chlamydospora hyphae in xylem vessels. Clearly this kind 

of growth would hinder transport of solutes through the vessels. 

Fig. 5.  Transverse (A) and longitudinal (B) sections of grapevine canes with brown wood 

tissue discolouration in P. chlamydospora inoculated canes observed 60 and 90 days 

after inoculation compared to healthy wood (C).  
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observed in sections from canes inoculated with E. lata. Bar = 50 µm.
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the vessels. This control is achieved by communication through 
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loss of xylem function observed in Petri disease is not a result of 
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result in further damage. Unfortunately the hyphae of E. lata and 
Trichoderma were not observed in the wood tissue due to a 
lac  of fluorescence of the hyphae in the wood tissue or the 
stronger auto-fluorescence of the wood that mas ed the fungal 
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singly inoculated canes but this was not observed in canes 
where it was inoculated with Trichoderma. The plant responded 
to pathogen infection by producing gels (also called gums) and 
tyloses that blocked the xylem vessels, supposed to hinder fur-
ther growth of the pathogens (Fig. 6). The gels are amorphous 
substances that contain phenolic compounds that have anti-
microbial properties while tyloses are balloon like growth of the 
vessel associated cells into the xylem. Both gels and tyloses 
form a physical and chemical barrier to pathogen growth. How-
ever, the tyloses and gel xylem blockages also hinder the trans-
port of water and solutes in the xylem vessels. Where infection is 
extensive this could result in limited water reaching the growing 
shoots, resulting in wilting especially during the hot dry season, 
as is observed in Petri disease. Limited water in the shoots can 
also result in a concentration build-up of fungal toxins secreted 
by pathogens such as E. Lata, which can lead to toxicity symp-
toms like the shrivelled growth of the new shoots observed in 
Eutypa die-back. The blockage of vessels by tyloses and gums 
was extensive (occurring in many vessels) and deeper in P. chla-
mydospora inoculated canes as compared to E. lata inoculated 
canes. Tyloses and gums were also observed in the canes inoc-
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less extensive than in the pathogen only inoculated canes. In 
canes inoculated with Trichoderma alone, no tyloses and gums 
was observed. Eutypa lata inoculated shoots exhibited an in-
creased localised fluorescence and cell wall thic ening of fibre 
cell walls (Fig. 7) that was not observed in the other treatments. 
This was most li ely due to increased lignification. Eutypa lata is 
known to secrete lignin peroxidase enzymes that degrade lignin 
and the increased lignifications observed could be a response 
by the plant to strengthen its cell walls. This may also show a 
different or additional mode of pathogenesis by the E. lata that 
is absent in P. chlamydospora.

This study showed that one of the major modes of action of Tri-
choderma in the pruning wound is competitive exclusion, in which 
it senses the presence of the pathogen and grows more exten-
sively. We continue to observe this phenomenon in our current 
studies. We were also able to observe some of the anatomical 
changes that occur after pathogen infection of pruning wounds 
and their implication in disease development. However, this still 
has to be substantiated by further studies of the interaction be-
tween grapevines and pathogen infection and colonisation. 
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TABLE 1. Classification of irrigation water according to electrical conductivity (EC) and sodium adsorption ratio (SAR) as proposed by Richards (1954).

ntroduction
Growers are often forced to use saline water for irrigation in the 
viticultural regions of South Africa, notably in the semi-arid 
regions. If climate change reduces rainfall over the short or long 
term, salinity problems will increase where ground water is not 
diluted. Saline irrigation water is not only detrimental to grapevine 
growth and yield, but can also result in the accumulation of 
sodium to harmful levels in soils (Moolman et al., 1998; De 
Clercq et al., 2001). Consequently, it is important to know how 
soils and grapevines will be affected by saline water and how to 
manage such water, so that its negative impacts will be minimal. 
The objective of this article is to provide broad guidelines for 
situations where vineyards are irrigated with saline water.

uantification and classification of saline water
Irrigation water is classified according to its total salt and sodium 
contents, as well as the effect thereof on soils and plants (Table 
1). The salt content of water is quantified in terms of electrical 

conductivity (EC), whereas the sodium adsorption ratio (SAR) 
provides an indication of the sodium hazard (Richards, 1954). 
The preferred unit for EC is deci-Siemens per meter (dS/m). 
Some laboratories quantify salinity in terms of electrical resist-
ance (R), but R can be converted to EC as follows:

EC (dS/m)  250 ÷ R (Ohm) (Eq. 1)

where 250 is the cell constant of a standard USDA soil cup used 
to measure R. Actual amounts of salts deposited in soils via 
saline irrigation water can also be determined. Total dissolved 
salts (TDS) can be estimated by using the following formula:

TDS (mg/L)  640 x ECiw (dS/m) (Eq. 2)

For example, if the EC of irrigation water (ECiw) is 0.8 dS/m, 
approximately 128 kg salt will be deposited per hectare if 25 mm 
irrigation is applied. Inputs required for salinity management pri-
marily depend on climate, the permeability and chemical proper-
ties of soils, as well as the salt sensitivity of crops. Grapevines are 
considered to be moderately salt tolerant (Richards, 1954), or 
moderately salt sensitive (Ayers & Wescott, 1985).

Class Limits Hazard Implication for use

EC (dS/m) Salinity 

C1 < 0.25 Low Can be used for irrigation with most crops with little likelihood that soil salinity will develop. Some leaching is required, 
but this occurs under normal irrigation practices, except in soils of extremely low permeability.

C2 0.25 – 0.75 Medium Can be used if a moderate amount of leaching occurs. Plants with moderate salt tolerance can be grown in most 
cases without special practices for salinity control.

C3 0.75 – 2.25 High Cannot be used on soils with restricted drainage. Even with adequate drainage, special management for salinity 
control may be required and plants with good salt tolerance should be selected.

C4 > 2.25 Very high Is not suitable for irrigation under ordinary conditions, but may be used occasionally under very special 
circumstances. The soils must be permeable, drainage must be adequate, irrigation water must be applied in excess 
to provide considerable leaching, and very high salt tolerant crops should be used.

SAR Sodium 

S1 < 10 Low Can be used for irrigation on almost all soils with little danger of the development of harmful levels of exchangeable 
sodium. However, sodium-sensitive crops such as stone fruit trees may suffer injury as a result of accumulation in 
plant tissues when exchangeable sodium values are lower than those effective in causing deterioration of the soil 
physical conditions.

S2 10 – 18 Medium Will present an appreciable sodium hazard in fine-textured soils having high cation exchange capacity, especially 
under low-leaching conditions, unless gypsum is present in the soil. This water may be used on coarse-textured or 
organic soils with good permeability.

S3 18 – 26 High May produce harmful levels of exchangeable sodium in most soils and will require special soil management, i.e. 
good drainage, high leaching and organic matter additions. Gypsiferous soils may not develop harmful levels of 
exchangeable sodium from such waters. Chemical amendments may be required for replacement of exchangeable 
sodium, except that amendments may not be feasible with C1 waters.

S4 > 26 Very high Is generally unsatisfactory for irrigation purposes, except at low and perhaps medium salinity, where the solution of 
calcium from the soil or use of gypsum or other amendments may make the use of these waters feasible.
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FIGURE 1. Example of an apparatus for electro-mechanical, catalytic 
water treatment. 
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90 cm

Figuur 2

eaching of salts from the root one
When saline water is used for irrigation, the most common prac-
tice is to apply controlled over-irrigation. With this approach, it is 
assumed that salts in irrigation water which end up in the soil can 
be leached from the root zone. The salinity of the drainage water 
at the bottom of the root zone (ECdw) depends on ECiw and the 
amount of leaching that occurs, and can be calculated as follows 
(Anonymous, 1996):

ECdw = ECiw ÷ LF (Eq. 3)

where LF is the fraction of the applied irrigation water that is 
leached below the root zone. The leaching fraction is derived as 
follows: 

LF = Ddw ÷ Diw (Eq. 4)

where Diw and Ddw are depths (mm) of irrigation and drainage 
water, respectively. The depth of additional water required to 
obtain sufficient leaching when the water requirement of a vine-
yard (DET) is replenished, is calculated as follows:

Ddw = [ECiw ÷ (ECdw – ECiw)] x DET (Eq. 5)

The permissible ECdw for vineyards is approximately 24 dS/m 
(Van Zyl, 1981). If DET of a vineyard is 50 mm irrigation, and the 
ECiw is 1.4 dS/m, 3 mm additional irrigation needs to be applied. 
The leaching requirement (LR) for this example will be 0.06 (3 
mm ÷ 50 mm). It is important to note that leaching is primarily 
applicable for full surface irrigation. Where flood irrigation is 
applied by means of narrow furrows, leaching can occur (Van 
Zyl, 1981). In such cases, or where a wetted strip is obtained 
with micro-sprinklers, the leaching approach can also be fol-
lowed. In the case of drip irrigation, salts do not leach readily 
from soils. Salts usually accumulate on the perimeter of the wet-
ted volume. Under such conditions, salts can be washed back 
into root zones if rainfall occurs. It is recommended that drip 
irrigation should be applied during rainfall to reduce negative 
backwash effects. This approach has practical limitations, since 
it is not always possible to irrigate all vineyards on a farm simul-
taneously while it rains. Reducing backwash will probably be 
more effective where wetted volumes have small diameters (< 
30 cm), and salt concentrations around the root zone are high 
(EC > 0.75 dS/m).

Dilution of saline water
Sometimes growers mix saline water with water that contains 
less salts, i.e. if the latter does not meet water requirements of 
their vineyards. In such cases it is advisable to calculate the EC 
of the mixed water (ECm) to determine if it will be suitable for 
irrigation. The ECm is calculated as follows:

ECm  [(EC1 x V1) + (EC2 x V2)] ÷ (V1 + V2) (Eq. 6)

where EC1 and EC2 are electrical conductivities (dS/m) of the two 
sources, and V1 and V2 are volumes of water (m3) from each 
source, respectively. Mixing saline borehole water with fresh dam 
water is illustrated by the following example. If the EC of the 90 
000 m3 water in a dam is 0.1 dS/m and the EC of borehole water 
is 1.2 dS/m, ECm (i.e. ECiw) will be approximately 0.21 dS/m if 10 
000 m3 borehole water is pumped into the dam. The EC of the 
dam water will still be within the limits of the low salt hazard class 
(C1). If 30 000 m3 borehole water is added to the dam, ECm will 
be approximately 0.38 dS/m. The dam water will now have a 
medium salt hazard (C2), but could still be used for moderately 

salt tolerant/sensitive crops such as grapevines provided leach-
ing is applied (Table 1).

reatment of saline water
Reverse osmosis or electro-dialysis can be used to remove salts 
from saline water (Anonymous, 1996). However, these technolo-
gies are expensive and therefore not economically viable to 
desalinise large volumes of water for irrigation. Other commer-
cially available water treatment equipment includes an electro-
mechanical catalytic conditioner (Fig. 1). According to the manu-
facturers the latter equipment holds promise, since “un-useable 
borehole water containing elevated TDS levels can be used for 
irrigation” after treatment. However, a field trial carried out for two 
seasons near Vanrhynsdorp showed that c. 3.5 dS/m borehole 
water treated with this equipment did not improve grapevine 
growth, or yield compared to untreated water (Myburgh, 2012). 
Irrigation water can also be enriched with micro-fine gypsum. 
Such treatment can only be beneficial if high soil sodium in rela-
tion to calcium and magnesium causes water infiltration prob-
lems. If gypsum is added to water that already contains high 
levels of salt, it can only aggravate the situation by increasing the 
amount of salts in the soil.

ffect of irrigation systems
Experience has shown that salt-containing fog caused leaf dam-
age in vineyards close to the ocean along the West Coast (C. 
Malan, personal communication, 2002). Therefore, saline water 
should preferably not be applied by overhead sprinklers to pre-
vent direct contact with the leaves. Under-vine systems, e.g. 
micro-sprinklers and drippers, can deposit salts on grapevine 
trunks (Fig. 2), but trunks can be shielded to avoid possible salt 
damage (Fig. 3).

ecommendations
•	 Classification of irrigation water according to EC and SAR 

should be used as the basis for management decisions 
should saline water be used for irrigation. 

•	 Controlled leaching can be applied to limit root zone salt 
accumulation if soil permeability and irrigation system allow it. 

•	 Avoid pollution of relatively fresh water by first calculating what 
the salt content would be after it has been mixed with saline 
water. 

vineyard
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term, salinity problems will increase where ground water is not 
diluted. Saline irrigation water is not only detrimental to grapevine 
growth and yield, but can also result in the accumulation of 
sodium to harmful levels in soils (Moolman et al., 1998; De 
Clercq et al., 2001). Consequently, it is important to know how 
soils and grapevines will be affected by saline water and how to 
manage such water, so that its negative impacts will be minimal. 
The objective of this article is to provide broad guidelines for 
situations where vineyards are irrigated with saline water.

uantification and classification of saline water
Irrigation water is classified according to its total salt and sodium 
contents, as well as the effect thereof on soils and plants (Table 
1). The salt content of water is quantified in terms of electrical 

conductivity (EC), whereas the sodium adsorption ratio (SAR) 
provides an indication of the sodium hazard (Richards, 1954). 
The preferred unit for EC is deci-Siemens per meter (dS/m). 
Some laboratories quantify salinity in terms of electrical resist-
ance (R), but R can be converted to EC as follows:

EC (dS/m)  250 ÷ R (Ohm) (Eq. 1)

where 250 is the cell constant of a standard USDA soil cup used 
to measure R. Actual amounts of salts deposited in soils via 
saline irrigation water can also be determined. Total dissolved 
salts (TDS) can be estimated by using the following formula:

TDS (mg/L)  640 x ECiw (dS/m) (Eq. 2)

For example, if the EC of irrigation water (ECiw) is 0.8 dS/m, 
approximately 128 kg salt will be deposited per hectare if 25 mm 
irrigation is applied. Inputs required for salinity management pri-
marily depend on climate, the permeability and chemical proper-
ties of soils, as well as the salt sensitivity of crops. Grapevines are 
considered to be moderately salt tolerant (Richards, 1954), or 
moderately salt sensitive (Ayers & Wescott, 1985).

Class Limits Hazard Implication for use

EC (dS/m) Salinity 

C1 < 0.25 Low Can be used for irrigation with most crops with little likelihood that soil salinity will develop. Some leaching is required, 
but this occurs under normal irrigation practices, except in soils of extremely low permeability.

C2 0.25 – 0.75 Medium Can be used if a moderate amount of leaching occurs. Plants with moderate salt tolerance can be grown in most 
cases without special practices for salinity control.

C3 0.75 – 2.25 High Cannot be used on soils with restricted drainage. Even with adequate drainage, special management for salinity 
control may be required and plants with good salt tolerance should be selected.

C4 > 2.25 Very high Is not suitable for irrigation under ordinary conditions, but may be used occasionally under very special 
circumstances. The soils must be permeable, drainage must be adequate, irrigation water must be applied in excess 
to provide considerable leaching, and very high salt tolerant crops should be used.

SAR Sodium 

S1 < 10 Low Can be used for irrigation on almost all soils with little danger of the development of harmful levels of exchangeable 
sodium. However, sodium-sensitive crops such as stone fruit trees may suffer injury as a result of accumulation in 
plant tissues when exchangeable sodium values are lower than those effective in causing deterioration of the soil 
physical conditions.

S2 10 – 18 Medium Will present an appreciable sodium hazard in fine-textured soils having high cation exchange capacity, especially 
under low-leaching conditions, unless gypsum is present in the soil. This water may be used on coarse-textured or 
organic soils with good permeability.

S3 18 – 26 High May produce harmful levels of exchangeable sodium in most soils and will require special soil management, i.e. 
good drainage, high leaching and organic matter additions. Gypsiferous soils may not develop harmful levels of 
exchangeable sodium from such waters. Chemical amendments may be required for replacement of exchangeable 
sodium, except that amendments may not be feasible with C1 waters.

S4 > 26 Very high Is generally unsatisfactory for irrigation purposes, except at low and perhaps medium salinity, where the solution of 
calcium from the soil or use of gypsum or other amendments may make the use of these waters feasible.
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ing is applied (Table 1).

reatment of saline water
Reverse osmosis or electro-dialysis can be used to remove salts 
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gies are expensive and therefore not economically viable to 
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cially available water treatment equipment includes an electro-
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facturers the latter equipment holds promise, since “un-useable 
borehole water containing elevated TDS levels can be used for 
irrigation” after treatment. However, a field trial carried out for two 
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tion to calcium and magnesium causes water infiltration prob-
lems. If gypsum is added to water that already contains high 
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age in vineyards close to the ocean along the West Coast (C. 
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should preferably not be applied by overhead sprinklers to pre-
vent direct contact with the leaves. Under-vine systems, e.g. 
micro-sprinklers and drippers, can deposit salts on grapevine 
trunks (Fig. 2), but trunks can be shielded to avoid possible salt 
damage (Fig. 3).
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should be used as the basis for management decisions 
should saline water be used for irrigation. 
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accumulation if soil permeability and irrigation system allow it. 

•	 Avoid pollution of relatively fresh water by first calculating what 
the salt content would be after it has been mixed with saline 
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Figuur 1

90 cm

Figuur 2Figure 2. Salt deposits on grapevine trunks where saline water was 
applied through drippers near Vanrhynsdorp.

Figuur 3Figure 3. Tufts of grass tied around grapevine trunks to prevent possible 
salt damage by saline irrigation water near Stampriet in Namibia.

•	 There are no economically viable methods to desalinise, or 
treat saline water for agricultural use. 

•	 Since salt may damage leaves, saline water should not be 
applied by means of overhead sprinklers. 

•	 Under a given set of climatic and soil conditions, the best 
strategy is to keep salts that could eventually end up in the 
soil to a minimum.
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The Plant Protection Division of ARC Infruitec-Nietvoorbij of-
fers a disease diagnostic service to grape growers. During 
the 2011/2012 season 73 grapevine diagnostic samples were 
received from 46 farms. Seventeen of these samples were di-
agnosed through visual inspection and 56 were processed as 
diagnostic samples in the laboratory.

a oratory process
After a sample is received, a full record is compiled. This in-
cludes information regarding the location of the vineyard, cul-
tivar, rootstock, age and viticultural practices, as well as the 
general condition of the vine. The percentage of diseased vines 

and the distribution pattern of these vines within a vineyard are 
also noted. These provide information regarding the origin and 
spread of a disease. After a visual inspection of external symp-
toms and/or defects, the vine is cut into different segments like 
roots, rootstock, scion, trunk, arms etc. Each segment is pho-
tographed, to keep a record of all possible internal symptoms. 
Segments are then surface sterilised to kill fungi or bacteria on 
the exterior of the plant material. All procedures take place un-
der sterile conditions in a laminar flow cabinet. Small pieces of 
symptomatic tissue are taken from the various segments and 
placed on a growth medium (such as Potato Dextrose Agar) in a 
Petri dish. Petri dishes are incubated at 24°C for up to 30 days 

Samples of poor root development found in samples processed.
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in the laboratory and monitored daily for the growth of patho-
gens. The pathogens are identified under a microscope by pa-
thologists, or sub ected to molecular identification. A report is 
then compiled. This provides a full diagnosis and recommenda-
tions. Records are also kept of the samples processed. This 
information is used in project proposals, serving as evidence of 
problems in the industry.

a or pro lems identified
Of all the samples analysed during 2011/2012 season, 67% 
were younger than five years and 4  were from vines on Ram-
sey rootstocks. The major fungal pathogens isolated from the 
56 samples were Cylindrocarpon spp., the causal organism of 
black foot disease, Phaeomoniella chlamydospora, Phaeoac-
remonium spp. and Pleurostomophora richardsiae, these being 
the causal organisms of Petri disease. Eutypa lata, the causal 
organism of Eutypa dieback and Phomopsis viticola, the causal 
organism of dead-arm, were less frequently identified.

These pathogens are all associated with slow dieback of grape-
vines and are opportunistic, which means that they attack tissue 
that is weakened by stress. These pathogens commonly infect 
through wounds, but they can also infect healthy tissue. Vines 
that are under stress are much more susceptible to infection 
than unstressed vines.

Certain factors are consistently associated with dieback of young 
vines. The major factors included poor root development (J-root-

ing, potted roots, the formation of secondary root crowns) and 
poor graft unions. Poor root development was recorded in 50%, 
and poor graft unions in 30%, of the samples processed.

That several pathogens may be isolated from the same dis-
eased vine testify to the fact that farmers and plant patholo-
gists are faced with many symptoms, most of which cannot be 
exclusively lin ed to a specific pathogen. lac  foot and Petri 
diseases are particularly common in young vines.

Control measures for these diseases are currently based on 
the prevention and/or correction of stress situations. No cura-
tive chemical treatments are known. Preliminary greenhouse 
trial and anecdotal evidence, suggests that foliar applications 
of phosphonates may be beneficial for the treatment of mildly-
affected vines.

It is important that producers ensure that good soil preparation 
and planting practices are followed. Once the vine is planted 
there is nothing that can be done to rectify poor root distribution 
and development. Producers are referred to the series of articles 
(Practices for sustainable viticulture) by Profs Eben Archer and 

obus Hunter, specifically Part 1 and Part  of the series, which 
deals with soil preparation and planting of vines (Wynboer No 
247 and No 249, 2010).

Recognition is given to Julia Marais, Carine Vermeulen, Bongi-
we Sokwaliwa and Dr Francois Halleen for the processing of 
samples and identification of pathogens. 

Isolations from a diseased vine section conducted inside a laminar flow cabinet.
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is intercepted and used to very good effect.
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Colombar blocks with high yields, was the theme for the 2011 
Klein Karoo Vineyard Practice Evaluation competition. The three 
winning blocks produced between 47 and 57 tons/ha. This was 
not the first year either that these blocks yielded such big crops; 
similar productions are repeated year-after-year. These producers 

therefore have to be doing a few things better than the other 
Colombar producers. This was an excellent opportunity to take 
a good look at what these three blocks have in common. In the 
light of the findings, I would like to discuss a few recommenda-
tions for the establishment or management of similar vineyards.
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Colombar blocks with high yields, was the theme for the 2011 
Klein Karoo Vineyard Practice Evaluation competition. The three 
winning blocks produced between 47 and 57 tons/ha. This was 
not the first year either that these blocks yielded such big crops; 
similar productions are repeated year-after-year. These producers 

therefore have to be doing a few things better than the other 
Colombar producers. This was an excellent opportunity to take 
a good look at what these three blocks have in common. In the 
light of the findings, I would like to discuss a few recommenda-
tions for the establishment or management of similar vineyards.
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Table 1 is a comparative summary of all three blocks showing characteristics they have in common, or where differences occur.
TABLE 1. Comparative summary of three blocks’ information.

Producer A B C
Age 6 Years 8 Years 21 Years
Soil Young alluvial soil Young alluvial soil Young alluvial soil
Crop rotation Peaches Peaches Apricots/tomatoes
Cultivation Rip 3 directions Criss-cross with a shift delve plough, 

rip 2 directions
Rip 2 directions

Rootstock R110 Ramsey R99
Clone CO 1 CO 1098 Most likely CO 1098
Plant distance 2.75 x 1.5 2.5 x 1.2 2.44 x 1.22
Vines/ha 2 424 3 333 3 360
Irrigation Drip Micro Drip
Poles 2.4 m 2.1 m 1.8 m
Trellis 5 strand Perold Perold 3 strand hedge
Canopy Ballerina Partially tucked in Open
Tons/ha 56.6 46.9 53.4
Kg/vine 23.3 14.3 16.0
Sugar ( B) 21.3 22.0 19.2
Total acid (g/litre) 7.8 7.9 8.3
pH 3.3 3.4 3.2

The following characteristics/principles ran like a golden thread through all three blocks, namely:

  crop rotation system was followed
In the case of our winning blocks, the soil had been grapevine 
free for more than ten years. Peaches and apricots had been 
cultivated on the soil for more than 10 years before grapevines 
were planted. The lesson in there for us is not to establish new 
vineyards directly after uprooting old grapevines, but to rotate 
with alternative crops.

hy crop rotation

As the grapevines get older, pests and diseases multiply both in 
the plant and in the soil. The effect of leafroll virus and wood rot 
fungi for example is especially apparent in older grapevines. Less 
visible, but equally important, are other subterranean pests and 
diseases, for example nematodes and root fungi.

These pests and diseases can be very detrimental to the growth 
and development of young grapevines, especially in the first few 
years after establishment. When the vineyard gets older, it is 
better able to offer resistance to some of the plagues and dis-
eases. Unfortunately virus diseases such as leafroll and fanleaf 
become worse when the grapevines become older.

Re-established grapevines therefore take longer to come into full 
production and the chances are good that they will also have a 
shorter economic lifespan. The risk of immediate re-establish-
ment of grapevines is therefore a risk that wine grape producers 
cannot afford. The risk decreases commensurately to the time 
that the soil is grapevine free. A grapevine free period of at least 
one to two years is currently recommended. When grapevines 
are uprooted it is unfortunately impossible to remove all roots in 
order to ensure a grapevine free period. Roots deeper than 700 
mm can easily survive for six years after uprooting of grapevines. 
Viruses, such as fanleaf, are able to survive with these roots. If 
the nematode vector of fanleaf is present, it may spread to new 
plantings. Longer crop rotation of 10 years or more is therefore 
desirable if diseases such as fanleaf are present.

ecommendation

Begin with the treatment of diseases and vectors during the last 
season of the grapevines’ lifespan. Remove or kill as many 
grapevine roots as possible during uprooting and deep cultiva-

tion of the soil. Start chemical and physical adjustments in the 
soil for the forthcoming planting of grapevines. Establish rotation 
crops that do not have the same problem plagues as grapevines. 
Apply crop rotation for at least one year, but two to 10 years are 
even better. If annual crops are cultivated, grapevine roots may 
be removed after each season. With the right crops it can be 
profitable to practice crop rotation and it may contribute greatly 
to the improvement of the soil.

 election of soil type
The winning blocks were all planted on deep, fertile, young alluvial 
soil near river courses. The potential of the soil is high to very high 
in all three instances. As a result of the soil’s origin, the chemical 
composition thereof is very favourable and usually requires very few 
chemical adjustments. The texture is mostly fine sand which does 
not recompact easily. Consequently the distribution of water, oxygen 
and roots in this soil is very good. Internal drainage is also very 
good. Even with excessive irrigation the drainage is excellent. Fur-
thermore the soil has excellent natural depth. Profile pits of more 
than a metre in depth clearly showed that the bottom of the root 
system had not nearly been reached. The grapevines therefore have 
a large, widespread and deep root system, which enjoys very good 
buffering against droughts and heatwaves.

onclusion

When it comes to high yields, the selection of the right soil is very 
important. Good fertile soil allows for deep roots, is a buffer 
against adverse environmental conditions, and ensures a longer, 
more productive lifespan. While properly developed root systems 
ensure better vigour, they also play a significant role in the pro-
duction of hormones (e.g. cytokinin), which also promotes fertil-
ity. High potential soil facilitates cultivation and requires less 
management by the producer.

 ethod of soil preparation
The correct soil preparation took place in all three instances. The 
winning blocks were all deep cultivated in at least two to three 
directions to eliminate soil physical limitations such as layering 
and compaction.
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ecommendation

Appropriate soil preparation is very important to ensure a large, 
buffered root system. Large root systems are conducive to 
increased vigour and also play a significant role in fertility and 
taking care of the grapes.

Alluvial soil, as in the case of our winning blocks, requires little 
chemical adjustment. Physical layering of the soil may, however, 
restrict root and water distribution below the soil. Integration of 
soil layers is therefore necessary to avoid abrupt transitions.

Ensure that the correct implements and cultivation methods are 
used for the chemical and physical adjustment of soils.

 roperly adapted igorous rootstoc s
In the case of our three winning blocks, three different rootstocks 
(R110, Ramsey and R99) were used. The three rootstocks were 
all properly adapted to the soil on which they were planted.

ecommendation

Select rootstocks that are adapted to soil limitations that cannot be 
corrected permanently. Select rootstocks that are resistant to e.g. 
wet soils, drought, lime, nematodes, etc. The rootstocks should 
make the most of the available soil. Well-adapted rootstocks will not 
only perform better, they will also have a longer productive lifespan. 
Also select rootstocks with powerful root systems, which can 
enhance growth above the soil and fertility. The fewer the restrictions 
in the soil, the better the performance of all the rootstocks.

 roducti e clones
In the three winning blocks CO 1 and CO 1098 were used.

ecommendation

The average yields of clones under similar conditions can differ 
markedly. In the case of Colombar clones, CO 1, CO 2, CO 1098 
and CO 1139 yield more grapes than other Colombar clones. 
Select clones that are free of harmful viruses; in other words, 
certified plant material. Also select clones that are able to pro-
duce the right quality wine at acceptable yields.

 rellis system and canopy management
Our three winning blocks were all established on different trellis 
systems and their management was completely different. The 
following three systems were used:

loc  

A large 2.4 m five-strand double extended Perold trellis with 
shoots arranged like a “Balletrok”. Sunlight exposure and shoot 
length were the best of the three systems. This block had the 
highest yield with the second highest sugar.

loc  

A medium length 2.1 m Perold trellis with some shoots that had 
been tucked in while others were hanging free. Sunlight exposure 
was slightly less, but the shoots were longer than in the case of 
Block C. This block had the highest sugar, but the lowest yield 
of the three blocks.

loc  

A low 1.8 m three-strand hedge with open shoots that were 
severely topped at an early stage. Lateral shoots nevertheless 
developed with many young leaves, but the shoots remained 
short. Sunlight exposure was very good. This block had the 
second highest yield, but the lowest sugar.

The combination of trellis system and canopy management was 
very successful in all three instances. Maximum sunlight was 
intercepted by the leaves, without too much compaction in the 
canopy and the minimum sunlight was sacrificed between rows.

ecommendation

It is once again obvious that there are many ways to ensure 
sustainable production, provided the correct basic principles are 
followed. Each system, however, has its own advantages and 
disadvantages. Open and divided canopies are increasingly com-
mon. Seeing that these trellis systems are also able to accom-
modate more shoots, more bearers may be allocated per running 
metre. This contributes directly to bigger crops. More shoots and 
grapes per metre cordon mean that a narrower distance 
between grapevines can still ensure balanced vigour. The vigour 
that is created with the appropriate rootstock and soil prepara-
tion is accommodated more easily and more naturally.

The choice of trellis system and canopy management should be 
made so as to enable maximum sunlight exposure of leaves and 
basal buds. It should also allow enough young leaves for a 
rapid increase in sugar. There are more ways than one, however, 
to achieve the optimal combination.

 rrigation
In our three winning blocks, irrigation consisted of both micro 
and drip. Dripper spacing was adjusted according to soil texture. 
The intervals between irrigations and total volumes were adjust-
ed according to water consumption.

ecommendation

Irrigation is undoubtedly very important to increase yields in dry 
regions, such as the Klein Karoo. Irrigation systems should be 
adapted according to the soil and also soil differences within the 
block.

Basic scheduling can be calculated using long term climatic infor-
mation, but soil moisture measurement is far more accurate. Irrigate 
each time when between 30% and 50% of plant available water has 
been extracted from the soil. Irrigate to the same depth as the root 
system. If irrigation consistently takes place at the same extraction 
level and to the same depth, each irrigation is therefore the same 
size or duration. As the season becomes hotter and the canopy 
bigger, only the intervals between irrigations will become shorter.

Remember, the bigger the exposed leaf surface, the more water 
will be used by the grapevine. Long and thin, horizontal, divided 
and open canopies will therefore use more water.

onclusion
To repeat exceptionally high yields on an annual basis, it is there-
fore necessary to pay careful attention to both long- and short-
term practices. Our three winning blocks benefited from crop 
rotation, the selection of good soil and the correct preparation of 
the soil. Furthermore well-adapted rootstocks and productive 
clones were planted. Although trellis systems and canopy man-
agement differed, they all complied with the basic principles for 
sustainable high production.

c nowledgement
Many thanks to all producers who entered the Klein Karoo Vine-
yard Practice Evaluation competition. In particular, thank you to 
the three winners: Jean-Pierre Boerdery, Goedemoed; C.W. 
Kriel, Grootland and W.M. Bussel, Baden.

For further information contact Johannes Mellet at melletj@vinpro.co.za
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bigger, only the intervals between irrigations will become shorter.

Remember, the bigger the exposed leaf surface, the more water 
will be used by the grapevine. Long and thin, horizontal, divided 
and open canopies will therefore use more water.

onclusion
To repeat exceptionally high yields on an annual basis, it is there-
fore necessary to pay careful attention to both long- and short-
term practices. Our three winning blocks benefited from crop 
rotation, the selection of good soil and the correct preparation of 
the soil. Furthermore well-adapted rootstocks and productive 
clones were planted. Although trellis systems and canopy man-
agement differed, they all complied with the basic principles for 
sustainable high production.
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ntroduction
For the modern winemaker it is common practice to add a vari-
ety of enzyme preparations at different stages of wine produc-
tion. In fact, the addition of external enzymes is an old practice 
in winemaking as Cruess et al. (1951) already studied the effect 
of pectic enzymes treatments between 1936 and 1950. These 
authors noticed several benefits: higher juice yield, effect on 
colour of white wine, faster maturation of wines, more compact 
lees, shortened filtration times, lower foam formation and less 
bentonite needed for clarification. Since then, the use of enzymes 
has been permitted by the International Organisation of Vine and 
Wine (OIV) and research conducted worldwide has allowed 
characterising and selecting efficient enzymes that are now com-
mercialised. In this article, we will focus on the maceration and 
pressing processes, the role of enymes during these processes 
and the research conducted at the Institute for Wine Biotech-
nology (IWBT) on these enzymes in the past decade.

During maceration or skin contact, various physical (pump over 
or punch down), chemical (SO2 and ethanol), physico-chemical 
(temperature) or enzymatic factors break down the intricate 
network constituted by the grape cell wall of the berry skins to 
diverse extents (Canal-Llaubéres 1993). This has a beneficial 
effect on the final wine quality because with the disruption of the 
cells in the skin, aroma and flavour precursors, nutrients utilised 
by the micro-organisms involved in the fermentation as well as 
an array of molecules collectively known as polyphenols are 
released into the wine. These polyphenols, mainly anthocyanins, 
flavanols, flavonols and resveratrol, are important because of 
their numerous biological activities, such as antioxidant, antican-
cer, anti-inflammation, anti-aging, antimicrobial and cardio-pro-
tective properties (Xai et al., 2010). Anthocyanins are also the 

colour pigments of red wine and thus by adding enzymes during 
the maceration process, the winemaker can dramatically improve 
the overall quality of the wine, the colour intensity as well as the 
concentration of health promoting molecules. 

To understand which enzymes would be successful in releasing 
“the good stuff” from the grape skins, one has to take a closer 
look at the structure of the grape skin (Fig. 1A). The grape skin 
has a cuticle or wax layer on the outside which functions as a 
hydrophobic barrier. Underneath is the skin (or exocarp): it com-
prises of one or two layers of cells called the epidermis. The 
innermost part of the grape skin is the layers of cells forming the 
hypodermis and these cells contain most of the anthocyanins 
and the tannins (Jackson, 1994).

Although the exact architecture of the grape cell wall has not yet 
been deciphered, it is presumed to be similar to that of a typical 
dicotyledone. Thus, when zooming in closer and focusing on 
individual cells of the grape skin we see a primary and secondary 
cell walls and the “cement” between different cells is the middle 
lamella (Fig. 1B). The middle lamella consists mainly of pectin 
which is a polymer of galacturonic acid units attached to glucose, 
xylose, arabinose and galactose units. The primary cell wall has a 
cellulose-xyloglucan structure embedded in a matrix of pectin and 
structural proteins. The secondary cell wall is made up of parallel 
cellulose microfibrils together with hemicelluloses, pectins and 
some lignin (Pinelo et al., 2006; Nunan et al., 1998; Lecas and 
Brillouet, 1994). In order to decompose the structural polysac-
charides present in these different layers and structures in the 
grape skin, a whole array of enzymes would be required. Among 
them, the most important would be the pectinases, cellulases and 
hemicellulases. These groups of enzymes catalyse the hydrolysis 
of a variety of chemical bonds from residues located at different 
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FIGURE 1. A: Diagrammatic sketch of a grape berry (Coombe, 1987); B: Section of the plant cell wall showing the three cross-linked polysaccharide 
networks consisting of cellulose, hemicellulose and pectin. (http://en.wikipedia.org/wiki/Cellulose)

positions in the carbohydrate polymer (Fig. 2). Most commercial 
enzyme preparations available for the maceration process have 
all, or combinations of these three types of enzymes. They are 
usually produced from cultures of fungal strains belonging to the 
genera Aspergillus and Trichoderma. 

Throughout the years, extensive research and development has 
been conducted in order to improve the effectiveness and the 
purity of the enzymes thereby eliminating the presence of con-
taminating enzymes that can be responsible for unwanted side 
effects such as cinnamyl-esterase activity. On-going research 
also focuses on the search for alternative enzymes with proper-
ties better suited for the production of specific wines and/or the 
use of specific winemaking techniques. 

However, adding enzymes is still an extra cost and another pro-
duction step in the winemaking process. One ideal that has been 

investigated and pursued by many research groups throughout 
the world is to design wine yeasts that can produce and secrete 
these enzymes simultaneously with the conversion of the grape 
juice to wine. As Saccharomyces cerevisiae does not naturally 
possess the genes encoding most of the enzymes of interest, 
this can be achieved by the genetic insertion of specific genes 
into the genome of the wine yeast enabling the yeast to produce 
the specific enzyme encoded by the gene along with all the 
other proteins it usually produces. S. cerevisiae only possesses 
an endo-polygalacturonase-encoding gene. Research on this 
gene will be reported in an article that will be published as part 
2 of this series of article. However, this creation of a genetically 
modified organism/yeast (GMO or GMY) is only the final step in 
a long process consisting of years of research, starting with the 
identification of micro-organisms that produce appropriate or 
useful enzymes. This is followed by the isolation and characteri-

FIGURE 1. A: Diagrammatic sketch of a grape berry (Coombe, 1987); B: Section of the plant 
cell wall showing the three cross-linked polysaccharide networks consisting of cellulose, 
hemicellulose and pectin. (http://en.wikipedia.org/wiki/Cellulose)

Although the exact architecture of the grape cell wall has not yet been deciphered, it is 
presumed to be similar to that of a typical dicotyledone. Thus, when zooming in closer and 
focusing on individual cells of the grape skin we see a primary and secondary cell walls and
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ety of enzyme preparations at different stages of wine produc-
tion. In fact, the addition of external enzymes is an old practice 
in winemaking as Cruess et al. (1951) already studied the effect 
of pectic enzymes treatments between 1936 and 1950. These 
authors noticed several benefits: higher juice yield, effect on 
colour of white wine, faster maturation of wines, more compact 
lees, shortened filtration times, lower foam formation and less 
bentonite needed for clarification. Since then, the use of enzymes 
has been permitted by the International Organisation of Vine and 
Wine (OIV) and research conducted worldwide has allowed 
characterising and selecting efficient enzymes that are now com-
mercialised. In this article, we will focus on the maceration and 
pressing processes, the role of enymes during these processes 
and the research conducted at the Institute for Wine Biotech-
nology (IWBT) on these enzymes in the past decade.

During maceration or skin contact, various physical (pump over 
or punch down), chemical (SO2 and ethanol), physico-chemical 
(temperature) or enzymatic factors break down the intricate 
network constituted by the grape cell wall of the berry skins to 
diverse extents (Canal-Llaubéres 1993). This has a beneficial 
effect on the final wine quality because with the disruption of the 
cells in the skin, aroma and flavour precursors, nutrients utilised 
by the micro-organisms involved in the fermentation as well as 
an array of molecules collectively known as polyphenols are 
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flavanols, flavonols and resveratrol, are important because of 
their numerous biological activities, such as antioxidant, antican-
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tective properties (Xai et al., 2010). Anthocyanins are also the 

colour pigments of red wine and thus by adding enzymes during 
the maceration process, the winemaker can dramatically improve 
the overall quality of the wine, the colour intensity as well as the 
concentration of health promoting molecules. 

To understand which enzymes would be successful in releasing 
“the good stuff” from the grape skins, one has to take a closer 
look at the structure of the grape skin (Fig. 1A). The grape skin 
has a cuticle or wax layer on the outside which functions as a 
hydrophobic barrier. Underneath is the skin (or exocarp): it com-
prises of one or two layers of cells called the epidermis. The 
innermost part of the grape skin is the layers of cells forming the 
hypodermis and these cells contain most of the anthocyanins 
and the tannins (Jackson, 1994).

Although the exact architecture of the grape cell wall has not yet 
been deciphered, it is presumed to be similar to that of a typical 
dicotyledone. Thus, when zooming in closer and focusing on 
individual cells of the grape skin we see a primary and secondary 
cell walls and the “cement” between different cells is the middle 
lamella (Fig. 1B). The middle lamella consists mainly of pectin 
which is a polymer of galacturonic acid units attached to glucose, 
xylose, arabinose and galactose units. The primary cell wall has a 
cellulose-xyloglucan structure embedded in a matrix of pectin and 
structural proteins. The secondary cell wall is made up of parallel 
cellulose microfibrils together with hemicelluloses, pectins and 
some lignin (Pinelo et al., 2006; Nunan et al., 1998; Lecas and 
Brillouet, 1994). In order to decompose the structural polysac-
charides present in these different layers and structures in the 
grape skin, a whole array of enzymes would be required. Among 
them, the most important would be the pectinases, cellulases and 
hemicellulases. These groups of enzymes catalyse the hydrolysis 
of a variety of chemical bonds from residues located at different 
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FIGURE 1. A: Diagrammatic sketch of a grape berry (Coombe, 1987); B: Section of the plant cell wall showing the three cross-linked polysaccharide 
networks consisting of cellulose, hemicellulose and pectin. (http://en.wikipedia.org/wiki/Cellulose)

positions in the carbohydrate polymer (Fig. 2). Most commercial 
enzyme preparations available for the maceration process have 
all, or combinations of these three types of enzymes. They are 
usually produced from cultures of fungal strains belonging to the 
genera Aspergillus and Trichoderma. 

Throughout the years, extensive research and development has 
been conducted in order to improve the effectiveness and the 
purity of the enzymes thereby eliminating the presence of con-
taminating enzymes that can be responsible for unwanted side 
effects such as cinnamyl-esterase activity. On-going research 
also focuses on the search for alternative enzymes with proper-
ties better suited for the production of specific wines and/or the 
use of specific winemaking techniques. 

However, adding enzymes is still an extra cost and another pro-
duction step in the winemaking process. One ideal that has been 

investigated and pursued by many research groups throughout 
the world is to design wine yeasts that can produce and secrete 
these enzymes simultaneously with the conversion of the grape 
juice to wine. As Saccharomyces cerevisiae does not naturally 
possess the genes encoding most of the enzymes of interest, 
this can be achieved by the genetic insertion of specific genes 
into the genome of the wine yeast enabling the yeast to produce 
the specific enzyme encoded by the gene along with all the 
other proteins it usually produces. S. cerevisiae only possesses 
an endo-polygalacturonase-encoding gene. Research on this 
gene will be reported in an article that will be published as part 
2 of this series of article. However, this creation of a genetically 
modified organism/yeast (GMO or GMY) is only the final step in 
a long process consisting of years of research, starting with the 
identification of micro-organisms that produce appropriate or 
useful enzymes. This is followed by the isolation and characteri-
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FIGURE 2. Diagrams depicting the chemical structure of the basic units of cellulose, hemicellulose and pectin, as well as the enzymes that attack the 
backbone of these polysaccharides. Cellulose is a linear chain of β(1 4) linked D-glucose units. In contrast to cellulose, hemicellulose is a branched 
molecule and contains not only glucose but also xylose, mannose, galactose, rhamnose, and arabinose. Pectin is primarily composed of galact-
uronic acid units linked by a(1-4)-glycosidic bonds. (http://www.bio.miami.edu/dana/226/226F07_3.html)

sation of the selected enzyme and corresponding gene and then 
the introduction of the gene into a laboratory yeast strain. The 
production of the enzyme by this laboratory yeast is then tested 
under various conditions to ensure that only the desired enzy-
matic reaction takes place without disturbing the natural meta-
bolic machinery. Finally, the gene can be transferred into a wine 
yeast and tested under winemaking conditions to determine 
whether the enzyme produced by the GMY can be an alternative 
to the addition of a commercial enzyme cocktail.

Since its creation in 1995, the IWBT has developed a large 
research portfolio that includes the study of enzymes of oeno-
logical interest. Part of this programme aims to identify novel 
enzymes, as well as the engineering of yeast strains, to produce 
these enzymes during alcoholic fermentation. Some of the most 
relevant successes are reported below.

ylanase acti ity  choosing the right gene
The first study conducted at the IWBT investigated a promising 
xylanase enzyme from the rumen bacterium, Ruminococcus 
flavefaciens. The bacteria adapted to living in the rumen of her-
bivorous mammals are excellent polysaccharide degraders and 
R. flavefaciens produces six different xylanase enzymes. One of 
these xylanases, XynA, is a bifunctional enzyme with two cata-
lytic domains, XynAa and XynAc. Both domains break down 
xylan (hemicellulose) but the size of the end product differs (Flint 
et al., 1994). In this study, five wine yeast strains were engi-
neered, with each one producing a different xylanase enzyme 
enabling us to compare the activity of the enzymes under uni-
versal conditions (Fig. 3). The xylanases that were investigated 
were the Xyn2 and Xyn4, originating from two filamentous fungi 
(Trichoderma reesei and Aspergillus niger, respectively), as well 

as the entire XynA and then each of the individual domains of 
XynA. As can be seen in Fig. 3, the bacterial XynA enzyme or its 
derivatives were not as well suited as the fungi enzymes (Xyn2 
and Xyn4) for production in wine yeast. The yeast producing the 
Xyn2 enzyme had the highest activity followed by Xyn4 and then 
domain c of XynA. Under the conditions of this study no activity 
could be detected for XynA or XynAa. Following this study, XynA 
was eliminated from the list of potentially suitable xylanases for 
application in oenology. For detailed information on this study, 
the reader is referred to Louw (2010).

ylanase acti ity  impact on wine parameters
Two studies to determine the performance of GMY strains cre-
ated at the IWBT were conducted. In the first study (Van Rens-
burg, et al., 2007), small scale wine fermentations were per-
formed in Pinot noir and Cinsaut musts. Samples of the wine 
were analysed at the beginning and end of alcoholic fermenta-
tion, after pressing and after filtration (Table 2). 

The extraction of colour pigments from the skins of Pinot noir 
grapes tends to be a challenge and it was thus encouraging to 
see that in this study the yeast strain VIN13pEXS (secreting a 
glucanase and xylanase [XYN4] enzyme) produced wines with 
almost double (measured after filtration) the colour density than 
the control (VIN13) strain. Wine fermented by VIN13pEXS had 
30% more phenolics than the control wine. However, this dra-
matic increase in colour density and the increase in phenolics 
were not observed for the VIN13pPPK strain (secreting two 
pectinase enzymes) or in the Cinsaut wine.

The amounts of free-flow and pressed wine were higher for both 
VIN13pPPK (5% increase in free-flow) and VIN13pEXS com-
pared to the control strain (results not shown). This was observed 

the "cement" between different cells is the middle lamella (Fig. 1B). The middle lamella 
consists mainly of pectin which is a polymer of galacturonic acid units attached to glucose, 
xylose, arabinose and galactose units. The primary cell wall has a cellulose-xyloglucan 
structure embedded in a matrix of pectin and structural proteins. The secondary cell wall is 
made up of parallel cellulose microfibrils together with hemicelluloses, pectins and some 
lignin (Pinelo et al., 2006; Nunan et al., 1998; Lecas and Brillouet, 1994). In order to
decompose the structural polysaccharides present in these different layers and structures in 
the grape skin, a whole array of enzymes would be required. Among them, the most 
important would be the pectinases, cellulases and hemicellulases. These groups of enzymes
catalyse the hydrolysis of a variety of chemical bonds from residues located at different 
positions in the carbohydrate polymer (Fig. 2). Most commercial enzyme preparations
available for the maceration process have all, or combinations of these three types of 
enzymes. They are usually produced from cultures of fungal strains belonging to the genera 
Aspergillus and Trichoderma.

FIGURE 2. Diagrams depicting the chemical structure of the basic units of cellulose, 
hemicellulose and pectin, as well as the enzymes that attack the backbone of these 
polysaccharides. Cellulose is a linear chain of • • 4) linked D-glucose units. In contrast to 
cellulose, hemicellulose is a branched molecule and contains not only glucose but also 
xylose, mannose, galactose, rhamnose, and arabinose. Pectin is primarily composed of
galacturonic acid units linked by a(1-4)-glycosidic bonds. 
(http://www.bio.miami.edu/dana/226/226F07_3.html)

Throughout the years, extensive research and development has been conducted in order to
improve the effectiveness and the purity of the enzymes thereby eliminating the presence of 
contaminating enzymes that can be responsible for unwanted side effects such as cinnamyl-
esterase activity. On-going research also focuses on the search for alternative enzymes with 
properties better suited for the production of specific wines and/or the use of specific 
winemaking techniques.
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in both cultivars but the phenomenon was again more pro-
nounced in Pinot noir than in Cinsaut fermentations.

In the second study (Louw et al., 2006), the effect of the 
enzymes secreted by a range of GMY’s were compared to the 
effect of the addition of a commercial enzyme preparation 
Rapidase® EX COLOR (DSM). For the small scale wine fermenta-
tions, the cultivars used were Pinot noir and Ruby Cabernet.

Fig. 4 shows the percentage of free-flow wine obtained from the 
Ruby Cabernet fermentations. The GMY strains, in particular 
VIN13DLG30 (secreting only a glucanase enzyme), VIN13DLG33 
(secreting a glucanase and a xylanase [XYN2]) and VIN13pEXS 
(also used in the first study) delivered a significant increase (p < 
0.05) in free-flow and this was larger than the increase caused 
by the commercial enzyme preparation (V13+Rap).

After 6 months of bottle ageing, the colour density of the Pinot 
noir and Ruby Cabernet wines were analysed. In Fig. 5, the dif-
ference in colour density of the wines fermented by the GMY’s 

and the control wine were compared and expressed as percent-
age increase or decrease. Again the strains VIN13DLG33 and 
VIN13pEXS showed the highest increase in colour density in 
Pinot noir must, while VIN13DLG29 (secreting a xylanase [XYN2]) 
performed well in Ruby Cabernet must.

Sensory analysis performed on the Pinot noir wines revealed that 
the tasting panel could detect clear differences between the 
control wine and GMY fermented wine. These results were also 
backed by the gas chromatography analysis of the volatile com-
pounds (results not shown). 

The tasting panel confirmed the spectrophotometric analysis by 
awarding the highest marks for colour intensity and reddest tint 
to VIN13DLG33 and VIN13pEXS (Fig. 6). These two strains also 
had a stronger fruity and spicy character compared to the wine 
where the commercial enzyme was added.

onclusion
Through this research it was shown that GMY strains producing 

FIGURE 3. Xylanase activity in nkat/mL of S. cerevisiae 1278b recombinant stains. pDLG6: overexpressing XYN2 from T. reesei: pX9: overexpress-
ing XYN4 from A. niger; pX6: overexpressing xynAc from R. flavefaciens; 1278b: wild-type strain; pX4: overexpressing xynA and pX5: overexpress-
ing xynAa.

TABLE 2. Colour density and total phenolic values for Pinot noir wine measured (absorption) at different stages of the winemaking process

Fermentation stage Yeast strain
Colour density 

(A520+A420nm)
Total phenolics
(AHCl 280nm – 4)

Start of fermentation

VIN13 5.32 ± 0.59 41.85 ± 4.86

VIN13pEXS 8.23 ± 0.27 53.87 ± 0.43

VIN13pPPK 4.46 ± 0.76 38.52 ± 4.00

End of fermentation

VIN13 6.64 ± 0.21 26.1 ± 2.71

VIN13pEXS 9.23 ± 0.54 31.65 ± 1.29

VIN13pPPK 5.14 ± 0.14 21.81 ± 0.93

After press

VIN13 5.48 ± 0.15 20.19 ± 0.50

VIN13pEXS 8.11 ± 0.01 26.40 ± 1.00

VIN13pPPK 4.10 ± 0.12 15.34 ± 1.21

After filtration

VIN13 2.42 ± 0.26 16.65 ± 0.07

VIN13pEXS 4.26 ± 0.57 25.24 ± 0.07

VIN13pPPK 1.82 ± 0.07 14.74 ± 0.50

FIGURE 3. Xylanase activity in nkat/mL of S. cerevisiae recombinant stains through 
heterologous expression of different xylanase encoding genes. pDLG6: strain • 1278b 
overexpressing XYN2 from T. reesei), pX9 (strain • 1278b overexpressing XYN4 from A. 
niger), pX6 (strain • 1278b overexpressing xynAc from R. flavefaciens), • 1278b: wild-type 
strain, • 1278b-pX4 (strain • 1278b overexpressing xynA) and pX5 (strain • 1278b
overexpressing xynAa)

Xylanase activity: impact on wine parameters

Two studies to determine the performance of GMY strains created at the IWBT were 
conducted. In the first study (Van Rensburg, et al., 2007), small scale wine fermentations 
were performed in Pinot noir and Cinsaut musts. Samples of the wine were analysed at the 
beginning and end of alcoholic fermentation, after pressing and after filtration (Table 2).

The extraction of colour pigments from the skins of Pinot noir grapes tends to be a challenge 
and it was thus encouraging to see that in this study the yeast strain VIN13pEXS (secreting a 
glucanase and xylanase [XYN4] enzyme) produced wines with almost double (measured 
after filtration) the colour density than the control (VIN13) strain. Wine fermented by 
VIN13pEXS had 30% more phenolics than the control wine. However, this dramatic increase 
in colour density and the increase in phenolics were not observed for the VIN13pPPK strain 
(secreting two pectinase enzymes) or in the Cinsaut wine.

TABLE 2. Colour density and total phenolic values for Pinot noir wine measured (absorption) 
at different stages of the winemaking process
Fermentation stage Yeast strain Colour density

(A520+A420nm)
Total phenolics
(AHCl 280nm – 4)

Start of fermentation VIN13 5.32 ± 0.59 41.85 ± 4.86

VIN13pEXS 8.23 ± 0.27 53.87 ± 0.43

VIN13pPPK 4.46 ± 0.76 38.52 ± 4.00
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FIGURE 2. Diagrams depicting the chemical structure of the basic units of cellulose, hemicellulose and pectin, as well as the enzymes that attack the 
backbone of these polysaccharides. Cellulose is a linear chain of β(1 4) linked D-glucose units. In contrast to cellulose, hemicellulose is a branched 
molecule and contains not only glucose but also xylose, mannose, galactose, rhamnose, and arabinose. Pectin is primarily composed of galact-
uronic acid units linked by a(1-4)-glycosidic bonds. (http://www.bio.miami.edu/dana/226/226F07_3.html)

sation of the selected enzyme and corresponding gene and then 
the introduction of the gene into a laboratory yeast strain. The 
production of the enzyme by this laboratory yeast is then tested 
under various conditions to ensure that only the desired enzy-
matic reaction takes place without disturbing the natural meta-
bolic machinery. Finally, the gene can be transferred into a wine 
yeast and tested under winemaking conditions to determine 
whether the enzyme produced by the GMY can be an alternative 
to the addition of a commercial enzyme cocktail.

Since its creation in 1995, the IWBT has developed a large 
research portfolio that includes the study of enzymes of oeno-
logical interest. Part of this programme aims to identify novel 
enzymes, as well as the engineering of yeast strains, to produce 
these enzymes during alcoholic fermentation. Some of the most 
relevant successes are reported below.

ylanase acti ity  choosing the right gene
The first study conducted at the IWBT investigated a promising 
xylanase enzyme from the rumen bacterium, Ruminococcus 
flavefaciens. The bacteria adapted to living in the rumen of her-
bivorous mammals are excellent polysaccharide degraders and 
R. flavefaciens produces six different xylanase enzymes. One of 
these xylanases, XynA, is a bifunctional enzyme with two cata-
lytic domains, XynAa and XynAc. Both domains break down 
xylan (hemicellulose) but the size of the end product differs (Flint 
et al., 1994). In this study, five wine yeast strains were engi-
neered, with each one producing a different xylanase enzyme 
enabling us to compare the activity of the enzymes under uni-
versal conditions (Fig. 3). The xylanases that were investigated 
were the Xyn2 and Xyn4, originating from two filamentous fungi 
(Trichoderma reesei and Aspergillus niger, respectively), as well 

as the entire XynA and then each of the individual domains of 
XynA. As can be seen in Fig. 3, the bacterial XynA enzyme or its 
derivatives were not as well suited as the fungi enzymes (Xyn2 
and Xyn4) for production in wine yeast. The yeast producing the 
Xyn2 enzyme had the highest activity followed by Xyn4 and then 
domain c of XynA. Under the conditions of this study no activity 
could be detected for XynA or XynAa. Following this study, XynA 
was eliminated from the list of potentially suitable xylanases for 
application in oenology. For detailed information on this study, 
the reader is referred to Louw (2010).

ylanase acti ity  impact on wine parameters
Two studies to determine the performance of GMY strains cre-
ated at the IWBT were conducted. In the first study (Van Rens-
burg, et al., 2007), small scale wine fermentations were per-
formed in Pinot noir and Cinsaut musts. Samples of the wine 
were analysed at the beginning and end of alcoholic fermenta-
tion, after pressing and after filtration (Table 2). 

The extraction of colour pigments from the skins of Pinot noir 
grapes tends to be a challenge and it was thus encouraging to 
see that in this study the yeast strain VIN13pEXS (secreting a 
glucanase and xylanase [XYN4] enzyme) produced wines with 
almost double (measured after filtration) the colour density than 
the control (VIN13) strain. Wine fermented by VIN13pEXS had 
30% more phenolics than the control wine. However, this dra-
matic increase in colour density and the increase in phenolics 
were not observed for the VIN13pPPK strain (secreting two 
pectinase enzymes) or in the Cinsaut wine.

The amounts of free-flow and pressed wine were higher for both 
VIN13pPPK (5% increase in free-flow) and VIN13pEXS com-
pared to the control strain (results not shown). This was observed 

the "cement" between different cells is the middle lamella (Fig. 1B). The middle lamella 
consists mainly of pectin which is a polymer of galacturonic acid units attached to glucose, 
xylose, arabinose and galactose units. The primary cell wall has a cellulose-xyloglucan 
structure embedded in a matrix of pectin and structural proteins. The secondary cell wall is 
made up of parallel cellulose microfibrils together with hemicelluloses, pectins and some 
lignin (Pinelo et al., 2006; Nunan et al., 1998; Lecas and Brillouet, 1994). In order to
decompose the structural polysaccharides present in these different layers and structures in 
the grape skin, a whole array of enzymes would be required. Among them, the most 
important would be the pectinases, cellulases and hemicellulases. These groups of enzymes
catalyse the hydrolysis of a variety of chemical bonds from residues located at different 
positions in the carbohydrate polymer (Fig. 2). Most commercial enzyme preparations
available for the maceration process have all, or combinations of these three types of 
enzymes. They are usually produced from cultures of fungal strains belonging to the genera 
Aspergillus and Trichoderma.

FIGURE 2. Diagrams depicting the chemical structure of the basic units of cellulose, 
hemicellulose and pectin, as well as the enzymes that attack the backbone of these 
polysaccharides. Cellulose is a linear chain of • • 4) linked D-glucose units. In contrast to 
cellulose, hemicellulose is a branched molecule and contains not only glucose but also 
xylose, mannose, galactose, rhamnose, and arabinose. Pectin is primarily composed of
galacturonic acid units linked by a(1-4)-glycosidic bonds. 
(http://www.bio.miami.edu/dana/226/226F07_3.html)

Throughout the years, extensive research and development has been conducted in order to
improve the effectiveness and the purity of the enzymes thereby eliminating the presence of 
contaminating enzymes that can be responsible for unwanted side effects such as cinnamyl-
esterase activity. On-going research also focuses on the search for alternative enzymes with 
properties better suited for the production of specific wines and/or the use of specific 
winemaking techniques.
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in both cultivars but the phenomenon was again more pro-
nounced in Pinot noir than in Cinsaut fermentations.

In the second study (Louw et al., 2006), the effect of the 
enzymes secreted by a range of GMY’s were compared to the 
effect of the addition of a commercial enzyme preparation 
Rapidase® EX COLOR (DSM). For the small scale wine fermenta-
tions, the cultivars used were Pinot noir and Ruby Cabernet.

Fig. 4 shows the percentage of free-flow wine obtained from the 
Ruby Cabernet fermentations. The GMY strains, in particular 
VIN13DLG30 (secreting only a glucanase enzyme), VIN13DLG33 
(secreting a glucanase and a xylanase [XYN2]) and VIN13pEXS 
(also used in the first study) delivered a significant increase (p < 
0.05) in free-flow and this was larger than the increase caused 
by the commercial enzyme preparation (V13+Rap).

After 6 months of bottle ageing, the colour density of the Pinot 
noir and Ruby Cabernet wines were analysed. In Fig. 5, the dif-
ference in colour density of the wines fermented by the GMY’s 

and the control wine were compared and expressed as percent-
age increase or decrease. Again the strains VIN13DLG33 and 
VIN13pEXS showed the highest increase in colour density in 
Pinot noir must, while VIN13DLG29 (secreting a xylanase [XYN2]) 
performed well in Ruby Cabernet must.

Sensory analysis performed on the Pinot noir wines revealed that 
the tasting panel could detect clear differences between the 
control wine and GMY fermented wine. These results were also 
backed by the gas chromatography analysis of the volatile com-
pounds (results not shown). 

The tasting panel confirmed the spectrophotometric analysis by 
awarding the highest marks for colour intensity and reddest tint 
to VIN13DLG33 and VIN13pEXS (Fig. 6). These two strains also 
had a stronger fruity and spicy character compared to the wine 
where the commercial enzyme was added.

onclusion
Through this research it was shown that GMY strains producing 

FIGURE 3. Xylanase activity in nkat/mL of S. cerevisiae 1278b recombinant stains. pDLG6: overexpressing XYN2 from T. reesei: pX9: overexpress-
ing XYN4 from A. niger; pX6: overexpressing xynAc from R. flavefaciens; 1278b: wild-type strain; pX4: overexpressing xynA and pX5: overexpress-
ing xynAa.

TABLE 2. Colour density and total phenolic values for Pinot noir wine measured (absorption) at different stages of the winemaking process

Fermentation stage Yeast strain
Colour density 

(A520+A420nm)
Total phenolics
(AHCl 280nm – 4)

Start of fermentation

VIN13 5.32 ± 0.59 41.85 ± 4.86

VIN13pEXS 8.23 ± 0.27 53.87 ± 0.43

VIN13pPPK 4.46 ± 0.76 38.52 ± 4.00

End of fermentation

VIN13 6.64 ± 0.21 26.1 ± 2.71

VIN13pEXS 9.23 ± 0.54 31.65 ± 1.29

VIN13pPPK 5.14 ± 0.14 21.81 ± 0.93

After press

VIN13 5.48 ± 0.15 20.19 ± 0.50

VIN13pEXS 8.11 ± 0.01 26.40 ± 1.00

VIN13pPPK 4.10 ± 0.12 15.34 ± 1.21

After filtration

VIN13 2.42 ± 0.26 16.65 ± 0.07

VIN13pEXS 4.26 ± 0.57 25.24 ± 0.07

VIN13pPPK 1.82 ± 0.07 14.74 ± 0.50

FIGURE 3. Xylanase activity in nkat/mL of S. cerevisiae recombinant stains through 
heterologous expression of different xylanase encoding genes. pDLG6: strain • 1278b 
overexpressing XYN2 from T. reesei), pX9 (strain • 1278b overexpressing XYN4 from A. 
niger), pX6 (strain • 1278b overexpressing xynAc from R. flavefaciens), • 1278b: wild-type 
strain, • 1278b-pX4 (strain • 1278b overexpressing xynA) and pX5 (strain • 1278b
overexpressing xynAa)

Xylanase activity: impact on wine parameters

Two studies to determine the performance of GMY strains created at the IWBT were 
conducted. In the first study (Van Rensburg, et al., 2007), small scale wine fermentations 
were performed in Pinot noir and Cinsaut musts. Samples of the wine were analysed at the 
beginning and end of alcoholic fermentation, after pressing and after filtration (Table 2).

The extraction of colour pigments from the skins of Pinot noir grapes tends to be a challenge 
and it was thus encouraging to see that in this study the yeast strain VIN13pEXS (secreting a 
glucanase and xylanase [XYN4] enzyme) produced wines with almost double (measured 
after filtration) the colour density than the control (VIN13) strain. Wine fermented by 
VIN13pEXS had 30% more phenolics than the control wine. However, this dramatic increase 
in colour density and the increase in phenolics were not observed for the VIN13pPPK strain 
(secreting two pectinase enzymes) or in the Cinsaut wine.

TABLE 2. Colour density and total phenolic values for Pinot noir wine measured (absorption) 
at different stages of the winemaking process
Fermentation stage Yeast strain Colour density

(A520+A420nm)
Total phenolics
(AHCl 280nm – 4)

Start of fermentation VIN13 5.32 ± 0.59 41.85 ± 4.86

VIN13pEXS 8.23 ± 0.27 53.87 ± 0.43

VIN13pPPK 4.46 ± 0.76 38.52 ± 4.00
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FIGURE 4. The percentage of free-flow wine collected before pressing from Ruby Cabernet fermentations. Wine fermented with different GMY strains 
(VIN13DLG29, VIN13DLG30, VIN13DLG33, VIN13pEXS and VIN13pPPK) were compared to the control fermentation (VIN13) and a fermentation 
where the commercial enzyme preparation RapidaseÒ EX COLOR were added (V13+Rap).

FIGURE 5. The colour density of the wine fermented with the GMY and the wine produced with the commercial enzyme addition (V13+Rap) were 
compared to the colour density of the wine fermented with the unmodified yeast. This graph shows the percentage increase or decrease in wine 
colour density compared to the wine produced by VIN13 (unmodified strain). This was measured after 6 months of bottle storage.

xylanases, pectinases and glucanases have an impact on the 
chemical composition of the wine and they show potential to 
improve the colour intensity and stability, the aroma of the wine 
and also the volume of free-flow wine obtained at the press. The 
impact on the wine is, however, dependent on the grape cultivar 
that was used in the experiment and the specific enzymes pro-
duced by the yeast conducting the alcoholic fermentation. 

Although GMY are commonly used in a number of industries 
(bakers and brewers yeast) they are still not widely accepted in 
the wine industry. Only two commercial GMY strains are available 
and they may only be used in USA, Canada and Moldova. GMY 
should not be disregarded, because under certain circumstanc-
es and for particular applications they can provide the best and 
sometimes only solution to the challenges faced by a winemak-

er. However, until the acceptance of GMY by consumers 
changes, this state-of-the-art technology will have to stay in the 
laboratories.
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VIN13DLG33, VIN13pEXS and VIN13pPPK) were compared to the control fermentation 
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FIGURE 5. The colour density of the wine fermented with the GMY and the wine produced 
with the commercial enzyme addition (V13+Rap) were compared to the colour density of the 
wine fermented with the unmodified yeast. This graph shows the percentage increase or 
decrease in wine colour density compared to the wine produced by VIN13 (unmodified
strain). This was measured after 6 months of bottle storage.

Sensory analysis performed on the Pinot noir wines revealed that the tasting panel could 
detect clear differences between the control wine and GMY fermented wine. These results 
were also backed by the gas chromatography analysis of the volatile compounds (results not 
shown). 

The tasting panel confirmed the spectrophotometric analysis by awarding the highest marks 
for colour intensity and reddest tint to VIN13DLG33 and VIN13pEXS (Fig. 6). These two
strains also had a stronger fruity and spicy character compared to the wine where the 
commercial enzyme was added.
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FIGURE 5. The colour density of the wine fermented with the GMY and the wine produced 
with the commercial enzyme addition (V13+Rap) were compared to the colour density of the 
wine fermented with the unmodified yeast. This graph shows the percentage increase or 
decrease in wine colour density compared to the wine produced by VIN13 (unmodified
strain). This was measured after 6 months of bottle storage.

Sensory analysis performed on the Pinot noir wines revealed that the tasting panel could 
detect clear differences between the control wine and GMY fermented wine. These results 
were also backed by the gas chromatography analysis of the volatile compounds (results not 
shown). 

The tasting panel confirmed the spectrophotometric analysis by awarding the highest marks 
for colour intensity and reddest tint to VIN13DLG33 and VIN13pEXS (Fig. 6). These two
strains also had a stronger fruity and spicy character compared to the wine where the 
commercial enzyme was added.
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FIGURE 6. Sensory analysis was done on Pinot noir wines after six months of bottle ageing. The aroma, flavour, colour and astringency of the wines 
as perceived by a tasting panel are shown in the graphs. (A) Wines fermented with VIN13 - - - - -, VIN13 treated with a commercial enzyme ········ and 
VIN13-DLG33 –. (B) Wines fermented with VIN13 - - - - -, VIN13 treated with a commercial enzyme ········ and VIN13-pEXS –.
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FIGURE 4. The percentage of free-flow wine collected before pressing from Ruby Cabernet fermentations. Wine fermented with different GMY strains 
(VIN13DLG29, VIN13DLG30, VIN13DLG33, VIN13pEXS and VIN13pPPK) were compared to the control fermentation (VIN13) and a fermentation 
where the commercial enzyme preparation RapidaseÒ EX COLOR were added (V13+Rap).

FIGURE 5. The colour density of the wine fermented with the GMY and the wine produced with the commercial enzyme addition (V13+Rap) were 
compared to the colour density of the wine fermented with the unmodified yeast. This graph shows the percentage increase or decrease in wine 
colour density compared to the wine produced by VIN13 (unmodified strain). This was measured after 6 months of bottle storage.

xylanases, pectinases and glucanases have an impact on the 
chemical composition of the wine and they show potential to 
improve the colour intensity and stability, the aroma of the wine 
and also the volume of free-flow wine obtained at the press. The 
impact on the wine is, however, dependent on the grape cultivar 
that was used in the experiment and the specific enzymes pro-
duced by the yeast conducting the alcoholic fermentation. 

Although GMY are commonly used in a number of industries 
(bakers and brewers yeast) they are still not widely accepted in 
the wine industry. Only two commercial GMY strains are available 
and they may only be used in USA, Canada and Moldova. GMY 
should not be disregarded, because under certain circumstanc-
es and for particular applications they can provide the best and 
sometimes only solution to the challenges faced by a winemak-

er. However, until the acceptance of GMY by consumers 
changes, this state-of-the-art technology will have to stay in the 
laboratories.
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FIGURE 4. The percentage of free-flow wine collected before pressing from Ruby Cabernet 
fermentations. Wine fermented with different GMY strains (VIN13DLG29, VIN13DLG30, 
VIN13DLG33, VIN13pEXS and VIN13pPPK) were compared to the control fermentation 
(VIN13) and a fermentation where the commercial enzyme preparation Rapidase EX
COLOR were added (V13+Rap).
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FIGURE 5. The colour density of the wine fermented with the GMY and the wine produced 
with the commercial enzyme addition (V13+Rap) were compared to the colour density of the 
wine fermented with the unmodified yeast. This graph shows the percentage increase or 
decrease in wine colour density compared to the wine produced by VIN13 (unmodified
strain). This was measured after 6 months of bottle storage.

Sensory analysis performed on the Pinot noir wines revealed that the tasting panel could 
detect clear differences between the control wine and GMY fermented wine. These results 
were also backed by the gas chromatography analysis of the volatile compounds (results not 
shown). 

The tasting panel confirmed the spectrophotometric analysis by awarding the highest marks 
for colour intensity and reddest tint to VIN13DLG33 and VIN13pEXS (Fig. 6). These two
strains also had a stronger fruity and spicy character compared to the wine where the 
commercial enzyme was added.
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Sensory analysis performed on the Pinot noir wines revealed that the tasting panel could 
detect clear differences between the control wine and GMY fermented wine. These results 
were also backed by the gas chromatography analysis of the volatile compounds (results not 
shown). 

The tasting panel confirmed the spectrophotometric analysis by awarding the highest marks 
for colour intensity and reddest tint to VIN13DLG33 and VIN13pEXS (Fig. 6). These two
strains also had a stronger fruity and spicy character compared to the wine where the 
commercial enzyme was added.
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Releasing the good, destroying 
the bad and preventing the ugly 
(Part 2): the pectinase activity of 
Saccharomyces spp.
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ectinases and Saccharomyces cerevisiae
Pectinases, also known as pectic, pectolytic or pectinolytic en-
zymes, form a large family of enzymes that share the common 
property to degrade pectin, an important compound of plant 
cell walls. They are classified according to their mode of ac-
tion. These enzymes are of particular relevance in winemaking 
as pectin creates an intricate network in grape pulp, limiting the 
liberation of grape compounds during maceration and impair-
ing filtration by clogging the filters (van Rensburg and Pretorius, 
2000). Several microorganisms secrete pectinases, including 
plant pathogens such as Botrytis cinerea in order to ease the in-
fection process, but most of them are poorly active under wine-
making conditions.

The yeast Saccharomyces cerevisiae, the main agent of alco-
holic fermentation, as well as its closely related species Sac-
charomyces bayanus and Saccharomyces paradoxus, possess 
a gene, named PGU1, encoding an endo-polygalacturonase, 
i.e. an enzyme belonging to the vast family of pectinases. This 
enzyme catalyses the hydrolysis of the bond between two non-
methylated residues of the pectin backbone (i.e. polygalactu-
ronic acid). However, several authors reported that the expres-
sion of this enzyme is strain-specific and that most wine strains 
have no or weak activity. Over the years, various hypotheses 
have been proposed to explain this, from the absence of the 
gene in some strains to the mutations-induced non-functionality 
of the enzyme via the negative influence of wine-related environ-
mental factors such as polyphenols and sulphites. In brief, at the 
beginning of this study, the literature presented highly confusing 
(and contradicting) data with regard to the absence of pectinase 
activity in several wine strains of S. cerevisiae. The strong pecti-
nase activity of a wine strain of S. paradoxus in laboratory con-
ditions was nevertheless reported in our environment (Mocke, 
2005), but it was unknown whether this activity was a general 
trait to all strains of S. paradoxus or to this specific strain.

he presence of PGU1 is strain dependent
This study started in our environment in 2005, with the genetic 
screening of a number of strains of S. cerevisiae for the pre-
sence of PGU1 in their respective genomes. Although the gene 
was found in most strains, some of them showed no endo-
polygalacturonase activity. This was previously reported in the 
literature (Fernandez-Gonzalez et al., 2004; Radoi et al., 2005), 
but none of these authors investigated further this peculiar fea-
ture on a genetic level. Therefore in our study, the locus where 
PGU1 is usually found (on chromosome ) was amplified and 
sequenced. It was found that in all the strains lacking PGU1, re-
gardless of their geographic origin, the gene has been replaced 

by a partial mobile element (transposon) of the Ty2 family. How-
ever, the genes upstream and downstream of PGU1, as well as 
the PGU1 promoter and terminator, were still present at their 
expected location. A scenario of insertion of the transposon 
between PGU1 and its promoter followed by a partial deletion 
has been proposed to reconstitute the events that led to the 
current locus, but no clue has been found that could explain 
how this genetic recombination occurred. Nevertheless, the fact 
that the same event occurred in several strains of various geo-
graphic origins was intriguing. In order to investigate whether 
these strains have some degree of parental relationship, the 
aryotypes of these strains, as well as their genetic fingerprint 

(obtained by delta PCR) were then compared. A close phylo-
genetic relationship between some of these strains was found, 
but it was impossible to confirm a definite relationship between 
all these strains. It is conceivable that all these strains have an 
identical distant ancestor, but that the disruption of the PGU1 
gene occurred so long ago that it is now difficult to trace bac  
to this ancestor. Other genetic methods should be envisaged to 
verify this hypothesis. More details on this study can be found in 
Divol and van Rensburg (2007).

eintroduction of PGU1 in strains lac ing the gene

Following the previous discovery, it was tempting to reintroduce 
by genetic engineering the PGU1 gene in some of the strains 
lacking it and to investigate the potential recovery of endo-po-
lygalacturonase activity. PGU1 was successfully reintroduced 
with its native promoter and terminator in 5 wine strains thereby 
reconstituting the original sequence of this locus. Gene expres-
sion was observed for  of these enetically Modified east 
(GMY) strains and enzyme activity was consequently recovered 
in the same strains. The other 2 strains displayed neither gene 
expression nor enzyme activity, highlighting once again that 
the presence of the gene does not guarantee expression and 
enzyme activity. Regulation of gene expression seemed highly 
strain-dependent. This was further confirmed by the fact that 
between the 3 strains which recovered enzyme activity, the 
strength of this activity differed significantly. Wine was made 
from Chenin Blanc, Shiraz and Muscat with the 3 mutant strains 
and their respective wild types. After alcoholic fermentation, the 
wines were stabilised and bottled and the major volatile com-
pounds, including monoterpenes, were measured. Filtration 
assays were also carried out. In some cases, higher concentra-
tions of aroma and flavour compounds were found in the wines 
made with the GMY strains, but the differences were not statisti-
cally significant. Moreover, the filtration assays yielded inconclu-
sive results. The presence of the PGU1 gene in the genome of 
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FIGURE 1. Comparison of endo-polygalacturonase activity (visualised 
by the clear halos of polygalacturonic acid degradation) between a) 
FY23 strain with PGU1 moved to a new location, b) FY23 wild-type, c) 

1278b strain with PGU1 moved to a new location and d) 1278b wild-
type. Moving the PGU1 gene to a different position in the genome, away 
from its telomere, resulted in a recovery in endo-polygalacturonase ac-
tivity in the FY23 strain. In a strain originally displaying PGU1 activity 
such as 1278b, the increase in activity was only marginally noticeable. 
(Louw et al., 2010b).

FIGURE 2. Polygalacturonase activity of various wild-type and recombi-
nant strains of S. cerevisiae and S. paradoxus. The sizes of the deg-
radation halos are indicated in brackets (average of four replicates and 
standard deviations). VIN13 is a wine strain of S. cerevisiae. RO88, Phaff 
01-146, Phaff 01-161 and Phaff 01-167 are wine strains of S. paradoxus. 
PR7 is a hybrid between VIN13 and RO88. VIN13[-] is the VIN13 strain 
carrying an empty overexpression expression cassette. VIN13[ScPGU1] 
is the VI 1  strain genetically modified to overexpress the PGU1 of  
S. cerevisiae, while VIN13[SpPGU1] is overexpresses that of S. paradox-
us (Eschstruth & Divol, 2011).

the strain conducting alcoholic fermentation and the detection 
of endo-polygalacturonase activity under laboratory conditions 
did therefore not guarantee a clear impact on wine organoleptic 
and technological properties. More details on this study can be 
found in van Wyk and Divol (2010).

n estigating the regulation of PGU1 e pression
Prior to the start of our study, the general mechanisms of mo-
lecular regulation of the expression of PGU1 were known to be 
complex and linked to the cellular response to nitrogen star-
vation. However, pectinase activity has been shown to vary 
between strains and the differences observed for this pheno-
type between strains of S. cerevisiae were not explained by the 
knowledge of this global mechanism. A few paths were then 
explored in our study. The PGU1 gene of strains displaying vary-
ing levels of activity was sequenced and showed to be identical 
in most strains. Only one strain displayed one mutation. The 
two variants of the gene (i.e. alleles) were overexpressed and 
enzyme activity was recovered with the same intensity for all of 
them. This showed that the mutation was not responsible for 
non-functionality of the enzyme. The sequencing of the PGU1 
promoter region of the same strains revealed the presence of a 
few mutations, but the expression of PGU1 was shown to be 
variable even with identical promoters. Moreover, these muta-
tions did not seem to affect critical regions of the promoters 
such as the regions of transcription factor binding. 

The expression of PGU1 was investigated and correlated with 
that of the genes coding for its two main transcription factors: 
TEC1 and STE12. It was shown that a higher expression of the 
transcription factors led to a higher expression of PGU1. Moreo-
ver, the wine strains seem to exhibit an overall stronger expression 
of all three genes compared to laboratory strains. However, the 

level of expression did not correlate at all with the enzyme activity. 
An in-depth screening of S. cerevisiae’s genome for activators 
and inhibitors of PGU1 expression was then undertaken. Thirteen 
genes were found to release inhibition of endo-polygalacturonase 
activity upon deletion in a strain that does not usually display any 
activity. These genes can be grouped in different categories. Two 
genes encode components of the signalling pathway regulating 
PGU1 expression. These two genes were therefore expected. 
The other genes identified did not have such an obvious relation-
ship with PGU1 transcription. They could be involved in a global 
indirect effect, but after further scrutiny, an alternative explanation 
might be foreseen. All these genes are indeed directly or indi-
rectly involved in inhibiting the transcription of genes located at 
the end of chromosomes (i.e. these regions are called telomeres) 
by a phenomenon known as “telomere positioning effect”. The 
PGU1 gene is indeed located in the sub-telomeric region of chro-
mosome X in S. cerevisiae. In order to confirm that PGU1 tran-
scription is inhibited by this phenomenon, PGU1 and its native 
promoter and terminator were moved to another chromosome 
away from any telomeric region in a strain that lacks endo-poly-
galacturonase activity. Following the translocation of the gene, the 
strain recovered a strong enzymatic activity (Fig. 1). This clearly 
confirmed that the expression of PGU1 is submitted to inhibition 
because of its location near the end of chromosome X. This was 
further confirmed by the analysis of previously published microar-
ray data sets, showing that the deletion of certain histones, the 
proteins that package DNA in the cell nucleus, strongly enhanced 
the expression of PGU1.

This study showed that the expression of PGU1 is naturally  
silenced because of its location near the end of chromosome X, 
at least in some strains lacking endo-polygalacturonase activity. 
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Pectinases, also known as pectic, pectolytic or pectinolytic en-
zymes, form a large family of enzymes that share the common 
property to degrade pectin, an important compound of plant 
cell walls. They are classified according to their mode of ac-
tion. These enzymes are of particular relevance in winemaking 
as pectin creates an intricate network in grape pulp, limiting the 
liberation of grape compounds during maceration and impair-
ing filtration by clogging the filters (van Rensburg and Pretorius, 
2000). Several microorganisms secrete pectinases, including 
plant pathogens such as Botrytis cinerea in order to ease the in-
fection process, but most of them are poorly active under wine-
making conditions.

The yeast Saccharomyces cerevisiae, the main agent of alco-
holic fermentation, as well as its closely related species Sac-
charomyces bayanus and Saccharomyces paradoxus, possess 
a gene, named PGU1, encoding an endo-polygalacturonase, 
i.e. an enzyme belonging to the vast family of pectinases. This 
enzyme catalyses the hydrolysis of the bond between two non-
methylated residues of the pectin backbone (i.e. polygalactu-
ronic acid). However, several authors reported that the expres-
sion of this enzyme is strain-specific and that most wine strains 
have no or weak activity. Over the years, various hypotheses 
have been proposed to explain this, from the absence of the 
gene in some strains to the mutations-induced non-functionality 
of the enzyme via the negative influence of wine-related environ-
mental factors such as polyphenols and sulphites. In brief, at the 
beginning of this study, the literature presented highly confusing 
(and contradicting) data with regard to the absence of pectinase 
activity in several wine strains of S. cerevisiae. The strong pecti-
nase activity of a wine strain of S. paradoxus in laboratory con-
ditions was nevertheless reported in our environment (Mocke, 
2005), but it was unknown whether this activity was a general 
trait to all strains of S. paradoxus or to this specific strain.

he presence of PGU1 is strain dependent
This study started in our environment in 2005, with the genetic 
screening of a number of strains of S. cerevisiae for the pre-
sence of PGU1 in their respective genomes. Although the gene 
was found in most strains, some of them showed no endo-
polygalacturonase activity. This was previously reported in the 
literature (Fernandez-Gonzalez et al., 2004; Radoi et al., 2005), 
but none of these authors investigated further this peculiar fea-
ture on a genetic level. Therefore in our study, the locus where 
PGU1 is usually found (on chromosome ) was amplified and 
sequenced. It was found that in all the strains lacking PGU1, re-
gardless of their geographic origin, the gene has been replaced 

by a partial mobile element (transposon) of the Ty2 family. How-
ever, the genes upstream and downstream of PGU1, as well as 
the PGU1 promoter and terminator, were still present at their 
expected location. A scenario of insertion of the transposon 
between PGU1 and its promoter followed by a partial deletion 
has been proposed to reconstitute the events that led to the 
current locus, but no clue has been found that could explain 
how this genetic recombination occurred. Nevertheless, the fact 
that the same event occurred in several strains of various geo-
graphic origins was intriguing. In order to investigate whether 
these strains have some degree of parental relationship, the 
aryotypes of these strains, as well as their genetic fingerprint 

(obtained by delta PCR) were then compared. A close phylo-
genetic relationship between some of these strains was found, 
but it was impossible to confirm a definite relationship between 
all these strains. It is conceivable that all these strains have an 
identical distant ancestor, but that the disruption of the PGU1 
gene occurred so long ago that it is now difficult to trace bac  
to this ancestor. Other genetic methods should be envisaged to 
verify this hypothesis. More details on this study can be found in 
Divol and van Rensburg (2007).

eintroduction of PGU1 in strains lac ing the gene

Following the previous discovery, it was tempting to reintroduce 
by genetic engineering the PGU1 gene in some of the strains 
lacking it and to investigate the potential recovery of endo-po-
lygalacturonase activity. PGU1 was successfully reintroduced 
with its native promoter and terminator in 5 wine strains thereby 
reconstituting the original sequence of this locus. Gene expres-
sion was observed for  of these enetically Modified east 
(GMY) strains and enzyme activity was consequently recovered 
in the same strains. The other 2 strains displayed neither gene 
expression nor enzyme activity, highlighting once again that 
the presence of the gene does not guarantee expression and 
enzyme activity. Regulation of gene expression seemed highly 
strain-dependent. This was further confirmed by the fact that 
between the 3 strains which recovered enzyme activity, the 
strength of this activity differed significantly. Wine was made 
from Chenin Blanc, Shiraz and Muscat with the 3 mutant strains 
and their respective wild types. After alcoholic fermentation, the 
wines were stabilised and bottled and the major volatile com-
pounds, including monoterpenes, were measured. Filtration 
assays were also carried out. In some cases, higher concentra-
tions of aroma and flavour compounds were found in the wines 
made with the GMY strains, but the differences were not statisti-
cally significant. Moreover, the filtration assays yielded inconclu-
sive results. The presence of the PGU1 gene in the genome of 
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FIGURE 1. Comparison of endo-polygalacturonase activity (visualised 
by the clear halos of polygalacturonic acid degradation) between a) 
FY23 strain with PGU1 moved to a new location, b) FY23 wild-type, c) 

1278b strain with PGU1 moved to a new location and d) 1278b wild-
type. Moving the PGU1 gene to a different position in the genome, away 
from its telomere, resulted in a recovery in endo-polygalacturonase ac-
tivity in the FY23 strain. In a strain originally displaying PGU1 activity 
such as 1278b, the increase in activity was only marginally noticeable. 
(Louw et al., 2010b).

FIGURE 2. Polygalacturonase activity of various wild-type and recombi-
nant strains of S. cerevisiae and S. paradoxus. The sizes of the deg-
radation halos are indicated in brackets (average of four replicates and 
standard deviations). VIN13 is a wine strain of S. cerevisiae. RO88, Phaff 
01-146, Phaff 01-161 and Phaff 01-167 are wine strains of S. paradoxus. 
PR7 is a hybrid between VIN13 and RO88. VIN13[-] is the VIN13 strain 
carrying an empty overexpression expression cassette. VIN13[ScPGU1] 
is the VI 1  strain genetically modified to overexpress the PGU1 of  
S. cerevisiae, while VIN13[SpPGU1] is overexpresses that of S. paradox-
us (Eschstruth & Divol, 2011).

the strain conducting alcoholic fermentation and the detection 
of endo-polygalacturonase activity under laboratory conditions 
did therefore not guarantee a clear impact on wine organoleptic 
and technological properties. More details on this study can be 
found in van Wyk and Divol (2010).

n estigating the regulation of PGU1 e pression
Prior to the start of our study, the general mechanisms of mo-
lecular regulation of the expression of PGU1 were known to be 
complex and linked to the cellular response to nitrogen star-
vation. However, pectinase activity has been shown to vary 
between strains and the differences observed for this pheno-
type between strains of S. cerevisiae were not explained by the 
knowledge of this global mechanism. A few paths were then 
explored in our study. The PGU1 gene of strains displaying vary-
ing levels of activity was sequenced and showed to be identical 
in most strains. Only one strain displayed one mutation. The 
two variants of the gene (i.e. alleles) were overexpressed and 
enzyme activity was recovered with the same intensity for all of 
them. This showed that the mutation was not responsible for 
non-functionality of the enzyme. The sequencing of the PGU1 
promoter region of the same strains revealed the presence of a 
few mutations, but the expression of PGU1 was shown to be 
variable even with identical promoters. Moreover, these muta-
tions did not seem to affect critical regions of the promoters 
such as the regions of transcription factor binding. 

The expression of PGU1 was investigated and correlated with 
that of the genes coding for its two main transcription factors: 
TEC1 and STE12. It was shown that a higher expression of the 
transcription factors led to a higher expression of PGU1. Moreo-
ver, the wine strains seem to exhibit an overall stronger expression 
of all three genes compared to laboratory strains. However, the 

level of expression did not correlate at all with the enzyme activity. 
An in-depth screening of S. cerevisiae’s genome for activators 
and inhibitors of PGU1 expression was then undertaken. Thirteen 
genes were found to release inhibition of endo-polygalacturonase 
activity upon deletion in a strain that does not usually display any 
activity. These genes can be grouped in different categories. Two 
genes encode components of the signalling pathway regulating 
PGU1 expression. These two genes were therefore expected. 
The other genes identified did not have such an obvious relation-
ship with PGU1 transcription. They could be involved in a global 
indirect effect, but after further scrutiny, an alternative explanation 
might be foreseen. All these genes are indeed directly or indi-
rectly involved in inhibiting the transcription of genes located at 
the end of chromosomes (i.e. these regions are called telomeres) 
by a phenomenon known as “telomere positioning effect”. The 
PGU1 gene is indeed located in the sub-telomeric region of chro-
mosome X in S. cerevisiae. In order to confirm that PGU1 tran-
scription is inhibited by this phenomenon, PGU1 and its native 
promoter and terminator were moved to another chromosome 
away from any telomeric region in a strain that lacks endo-poly-
galacturonase activity. Following the translocation of the gene, the 
strain recovered a strong enzymatic activity (Fig. 1). This clearly 
confirmed that the expression of PGU1 is submitted to inhibition 
because of its location near the end of chromosome X. This was 
further confirmed by the analysis of previously published microar-
ray data sets, showing that the deletion of certain histones, the 
proteins that package DNA in the cell nucleus, strongly enhanced 
the expression of PGU1.

This study showed that the expression of PGU1 is naturally  
silenced because of its location near the end of chromosome X, 
at least in some strains lacking endo-polygalacturonase activity. 
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TABLE 1. PGU1 enzymes properties (Eschstruth & Divol, 2011)

S. cerevisiae S. paradoxus

Optimal Temperature 45°C 45°C

% activity at 25°C 30% 25%

Optimal pH 4.5 5.5

% activity at pH 3.5 79% 43%

Km (mg/ml) 3.3 2.1

Vmax (µmol/min/mg prot.) 125.8 65.8

As telomere length varies between strains, this could be an ex-
planation of the strain variation. This nevertheless still needs to 
be verified. Moreover, this particular feature reveals that PGU1 
expression, and consequently endo-polygalacturonase activity, 
can only be enhanced by genetic engineering in the strains lack-
ing this enzymatic activity, in the current status of our knowledge.

More details on this study can be found in Louw et al. (2010a,b).

ndo polygalacturonase acti ity in Saccharomyces para-
doxus
Saccharomyces paradoxus is the closest relative of S. cerevisiae. 
Although most strains are not usually involved in winemaking, 
some strains have been isolated from wine and displayed strong 
potential with regard to fermentation performance and positive 
aroma-related attributes. It was also shown that all S. paradoxus 
isolates studied, display a strong endo-polygalacturonase activity 
under laboratory conditions (Mocke, 2005) (Fig. 2) and some level 
of activity under winemaking conditions (Smit and Bauer, 2011). 
Moreover, the strain PR7, a S. cerevisiae x S. paradoxus hybrid 
(Mocke, 2005) was shown to display the same levels of activity 
as its S. paradoxus parent (Mocke, 2005; Smit and Bauer, 2011). 
Under winemaking conditions, S. paradoxus had a slightly higher 
wine yield than S. cerevisiae (tendency) (Smit and Bauer, 2011). 
Differences in the organoleptic profile were also detected (Smit 
and auer, 2011), but it is difficult to attribute these differences 
solely to the pectinase activity as they might also come from the 
general metabolism of S. paradoxus being different from that of 
S. cerevisiae. The same result was obtained with PR7 (Smit and 
Bauer, 2011; Eschstruth and Divol, 2011).

The PGU1 gene and promoters of a few wine isolates obtained 
from foreign culture collections were sequenced and compared 
to those of S. cerevisiae and S. bayanus. This analysis revealed 
a few single nucleotide polymorphisms (i.e. point mutations) but 
none of these differences seemed to be located in regions of the 
proteins critical for their activity.

The PGU1 genes of S. paradoxus and S. cerevisiae were over-
expressed in S. cerevisiae and the properties of the enzyme 
studied. This revealed that the enzyme of S. cerevisiae was bet-
ter adapted to winemaking conditions than that of S. paradoxus 
(Table 1). It could therefore be concluded that the stronger ac-
tivity of S. paradoxus strains is linked to a stronger expression 
rather than to the enzyme itself.

Wine was made using the overexpressing GMY strains 
(VIN13[ScPGU1] and VIN13[SpPGU1] in Fig. 2) and various pa-
rameters were determined on the resulting wines: endo-polyg-
alacturonase activity during alcoholic fermentation, volume of 
free-run uice, filterability index, colour parameters, concentra-
tions of higher alcohols, esters, monoterpenes, phenolic com-

pounds and total tannins. It was noted that the berries ferment-
ed with the ovexpressing mutants looked entirely de graded 
after 2 days of fermentation with the empty skins forming a 
layer floating at the surface of the containers while the berries 
fermented with the other strains kept a somewhat rounder and 
firmer shape. Endo-polygalacturonase activity for both S. cere-
visiae and S. paradoxus enzymes increased rapidly in the first 
3 days of alcoholic fermentation. This was followed by a slight 
decrease and a stabilisation. Two weeks after the completion 
of alcoholic fermentation, the same intensity of enzyme activity 
could be detected. The amount of free-run juice collected at the 
end of fermentation was much higher (13 % increase) for the 
wines fermented by the mutants overexpressing PGU1 of either 
origin than those fermented by the wild-type strain. However, 
the chemical analyses revealed almost no difference between 
the wines. In fact, the only clear difference was the slight but 
significant increase in methanol concentration in the wines fer-
mented by the overexpressing mutants.

ote that the final concentration in methanol was still far be-
low the legal limit (i.e. 400 mg/L according to the OIV resolution 
OE O 1 /2004). However, the organoleptic profile of the wines 
remained unchanged when compared to wines fermented by 
strains displaying no endo-polygalacturonase activity. It should 
be noted that the various reports published in the literature 
concerning the effects of PGU1 overexpression in wine yeast 
present contradictory evidence. While some authors show that 
PGU1 overexpression dramatically changes the organoleptic 
profile of the wines, others report no significant differences. 
However, authors who studied the addition of external endo- 
polygalacturonase of fungal origin, usually show that the chemi-
cal composition of the final wines is strongly affected. ungal 
endo-polygalacturonase might have a stronger activity/specific-
ity that their yeast counterpart on grape pectin, thereby releas-
ing more aroma precursors for the yeast to metabolise.

The increase in the volume of free-run juice, accompanied by a 
thick layer of precipitate probably as a consequence of pectin 
degradation, could nevertheless be of interest to winemakers. 
urthermore, this study shows that adding a purified polygalac-

turonase originating from yeast of oenological origin to replace 
the current enzymes of fungal origin during the winemaking pro-
cess could therefore be envisaged.

More details on these results can be found in Eschstruth and 
Divol (2011).

onclusion and future prospects
S. cerevisiae possesses a gene named PGU1 encoding an en-
do-polygalacturonase enzyme. Our study has shown that this 
enzyme is functional under winemaking conditions. Its expres-
sion or overexpression in wine strains did not yield any major 
difference in terms of organoleptic profile. However, the over-
expression led to a significant increase in the volume of free-
run juice after alcoholic fermentation. This overexpression was 
achieved by means of genetic engineering. Table 2 provides a 
summary of the different experiments conducted to investigate 
the expression of PGU1 and the activity of the corresponding 
enzyme under winemaking conditions. Our thorough study of 
the regulation of PGU1 allowed us to understand why the ex-
pression of PGU1 is silenced in many strains. This is due to 
a complex regulatory network of activators and inhibitors and 
above all to the location of the gene itself on one end of chro-
mosome X. Under these circumstances, only genetic engineer-
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TABLE 2. Summary of the results achieved from the study of the PGU1 of Saccharomyces spp., its expression and the activity of the encoded en-
zyme under winemaking conditions.

Strains Presence of gene
Gene expression 
under laboratory 
conditions

Enzyme activity under 
laboratory conditions

Impact of expression 
or overexpression 
during wine alcoholic 
fermentation on wine 
composition

References

Strains lacking PGU1 No No No If no expression: n/a
Divol & Van Rens-
burg (2007)

Recombinant strains 
originally lacking PGU1 
but in which PGU1 was 
reintroduced by genetic 
engineering

Yes Variable Variable

If expression: no major 
differences (only 
tendencies towards 
higher concentrations 
of a few flavour 
compounds)

Van Wyk & Divol 
(2011)

Strains possessing PGU1 Yes Variable Variable None Louw et al. (2010a)

S. paradoxus strains 
possessing PGU1 and  
S. cerevisiae x  
S. paradoxus hybrid

Yes Not determined
Variable but usually 

strong

Tendency towards 
higher wine yield. Other 
differences cannot be 
specifically attributed to 
pectinase activity

Smit & Bauer 
(2011)

Strains overexpressing 
PGU1

Yes Yes Yes

Contradictory results 
with regard to 
organoleptic profile; 
higher wine yield

Vilanova et al. 
(2000); Fernandez-
Gonzalez et al. 
(2004); Eschstruth 
& Divol (2011)

Strains with PGU1 moved 
to a new chromosomal 
location

Yes Yes Yes Not determined Louw et al. 
(2010b)

Strains overexpressing  
S. paradoxus’ PGU1

Yes Yes Yes Higher wine yield
Eschstruth & Divol 
(2011)

ing could unlock this natural silencing. Further investigations are 
nevertheless needed to unravel whether this phenomenon alone 
explains the differences in endo-polygalacturonase activity be-
tween strains of S. cerevisiae. In our study, S. paradoxus strains 
were also investigated with regard to their strong endo-poly-
galacturonase activity. This revealed that the S. paradoxus’ gene 
has a slightly different sequence from that of S. cere visiae and 
that the corresponding enzyme is less active under winema king 
conditions. The strong PGU1 activity of S. paradoxus strains 
under laboratory conditions is therefore linked to a stronger 
expression of the gene rather than to a better adapted en-
zyme. Consequently, the overexpression of this enzyme under 
wine making conditions did not yield better results than that of  
S. cerevisiae with regard to alteration of the wine bouquet.
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TABLE 1. PGU1 enzymes properties (Eschstruth & Divol, 2011)

S. cerevisiae S. paradoxus

Optimal Temperature 45°C 45°C

% activity at 25°C 30% 25%

Optimal pH 4.5 5.5

% activity at pH 3.5 79% 43%

Km (mg/ml) 3.3 2.1

Vmax (µmol/min/mg prot.) 125.8 65.8

As telomere length varies between strains, this could be an ex-
planation of the strain variation. This nevertheless still needs to 
be verified. Moreover, this particular feature reveals that PGU1 
expression, and consequently endo-polygalacturonase activity, 
can only be enhanced by genetic engineering in the strains lack-
ing this enzymatic activity, in the current status of our knowledge.

More details on this study can be found in Louw et al. (2010a,b).

ndo polygalacturonase acti ity in Saccharomyces para-
doxus
Saccharomyces paradoxus is the closest relative of S. cerevisiae. 
Although most strains are not usually involved in winemaking, 
some strains have been isolated from wine and displayed strong 
potential with regard to fermentation performance and positive 
aroma-related attributes. It was also shown that all S. paradoxus 
isolates studied, display a strong endo-polygalacturonase activity 
under laboratory conditions (Mocke, 2005) (Fig. 2) and some level 
of activity under winemaking conditions (Smit and Bauer, 2011). 
Moreover, the strain PR7, a S. cerevisiae x S. paradoxus hybrid 
(Mocke, 2005) was shown to display the same levels of activity 
as its S. paradoxus parent (Mocke, 2005; Smit and Bauer, 2011). 
Under winemaking conditions, S. paradoxus had a slightly higher 
wine yield than S. cerevisiae (tendency) (Smit and Bauer, 2011). 
Differences in the organoleptic profile were also detected (Smit 
and auer, 2011), but it is difficult to attribute these differences 
solely to the pectinase activity as they might also come from the 
general metabolism of S. paradoxus being different from that of 
S. cerevisiae. The same result was obtained with PR7 (Smit and 
Bauer, 2011; Eschstruth and Divol, 2011).

The PGU1 gene and promoters of a few wine isolates obtained 
from foreign culture collections were sequenced and compared 
to those of S. cerevisiae and S. bayanus. This analysis revealed 
a few single nucleotide polymorphisms (i.e. point mutations) but 
none of these differences seemed to be located in regions of the 
proteins critical for their activity.

The PGU1 genes of S. paradoxus and S. cerevisiae were over-
expressed in S. cerevisiae and the properties of the enzyme 
studied. This revealed that the enzyme of S. cerevisiae was bet-
ter adapted to winemaking conditions than that of S. paradoxus 
(Table 1). It could therefore be concluded that the stronger ac-
tivity of S. paradoxus strains is linked to a stronger expression 
rather than to the enzyme itself.

Wine was made using the overexpressing GMY strains 
(VIN13[ScPGU1] and VIN13[SpPGU1] in Fig. 2) and various pa-
rameters were determined on the resulting wines: endo-polyg-
alacturonase activity during alcoholic fermentation, volume of 
free-run uice, filterability index, colour parameters, concentra-
tions of higher alcohols, esters, monoterpenes, phenolic com-

pounds and total tannins. It was noted that the berries ferment-
ed with the ovexpressing mutants looked entirely de graded 
after 2 days of fermentation with the empty skins forming a 
layer floating at the surface of the containers while the berries 
fermented with the other strains kept a somewhat rounder and 
firmer shape. Endo-polygalacturonase activity for both S. cere-
visiae and S. paradoxus enzymes increased rapidly in the first 
3 days of alcoholic fermentation. This was followed by a slight 
decrease and a stabilisation. Two weeks after the completion 
of alcoholic fermentation, the same intensity of enzyme activity 
could be detected. The amount of free-run juice collected at the 
end of fermentation was much higher (13 % increase) for the 
wines fermented by the mutants overexpressing PGU1 of either 
origin than those fermented by the wild-type strain. However, 
the chemical analyses revealed almost no difference between 
the wines. In fact, the only clear difference was the slight but 
significant increase in methanol concentration in the wines fer-
mented by the overexpressing mutants.

ote that the final concentration in methanol was still far be-
low the legal limit (i.e. 400 mg/L according to the OIV resolution 
OE O 1 /2004). However, the organoleptic profile of the wines 
remained unchanged when compared to wines fermented by 
strains displaying no endo-polygalacturonase activity. It should 
be noted that the various reports published in the literature 
concerning the effects of PGU1 overexpression in wine yeast 
present contradictory evidence. While some authors show that 
PGU1 overexpression dramatically changes the organoleptic 
profile of the wines, others report no significant differences. 
However, authors who studied the addition of external endo- 
polygalacturonase of fungal origin, usually show that the chemi-
cal composition of the final wines is strongly affected. ungal 
endo-polygalacturonase might have a stronger activity/specific-
ity that their yeast counterpart on grape pectin, thereby releas-
ing more aroma precursors for the yeast to metabolise.

The increase in the volume of free-run juice, accompanied by a 
thick layer of precipitate probably as a consequence of pectin 
degradation, could nevertheless be of interest to winemakers. 
urthermore, this study shows that adding a purified polygalac-

turonase originating from yeast of oenological origin to replace 
the current enzymes of fungal origin during the winemaking pro-
cess could therefore be envisaged.

More details on these results can be found in Eschstruth and 
Divol (2011).

onclusion and future prospects
S. cerevisiae possesses a gene named PGU1 encoding an en-
do-polygalacturonase enzyme. Our study has shown that this 
enzyme is functional under winemaking conditions. Its expres-
sion or overexpression in wine strains did not yield any major 
difference in terms of organoleptic profile. However, the over-
expression led to a significant increase in the volume of free-
run juice after alcoholic fermentation. This overexpression was 
achieved by means of genetic engineering. Table 2 provides a 
summary of the different experiments conducted to investigate 
the expression of PGU1 and the activity of the corresponding 
enzyme under winemaking conditions. Our thorough study of 
the regulation of PGU1 allowed us to understand why the ex-
pression of PGU1 is silenced in many strains. This is due to 
a complex regulatory network of activators and inhibitors and 
above all to the location of the gene itself on one end of chro-
mosome X. Under these circumstances, only genetic engineer-
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TABLE 2. Summary of the results achieved from the study of the PGU1 of Saccharomyces spp., its expression and the activity of the encoded en-
zyme under winemaking conditions.

Strains Presence of gene
Gene expression 
under laboratory 
conditions

Enzyme activity under 
laboratory conditions

Impact of expression 
or overexpression 
during wine alcoholic 
fermentation on wine 
composition

References

Strains lacking PGU1 No No No If no expression: n/a
Divol & Van Rens-
burg (2007)

Recombinant strains 
originally lacking PGU1 
but in which PGU1 was 
reintroduced by genetic 
engineering

Yes Variable Variable

If expression: no major 
differences (only 
tendencies towards 
higher concentrations 
of a few flavour 
compounds)

Van Wyk & Divol 
(2011)

Strains possessing PGU1 Yes Variable Variable None Louw et al. (2010a)

S. paradoxus strains 
possessing PGU1 and  
S. cerevisiae x  
S. paradoxus hybrid

Yes Not determined
Variable but usually 

strong

Tendency towards 
higher wine yield. Other 
differences cannot be 
specifically attributed to 
pectinase activity

Smit & Bauer 
(2011)

Strains overexpressing 
PGU1

Yes Yes Yes

Contradictory results 
with regard to 
organoleptic profile; 
higher wine yield

Vilanova et al. 
(2000); Fernandez-
Gonzalez et al. 
(2004); Eschstruth 
& Divol (2011)

Strains with PGU1 moved 
to a new chromosomal 
location

Yes Yes Yes Not determined Louw et al. 
(2010b)

Strains overexpressing  
S. paradoxus’ PGU1

Yes Yes Yes Higher wine yield
Eschstruth & Divol 
(2011)

ing could unlock this natural silencing. Further investigations are 
nevertheless needed to unravel whether this phenomenon alone 
explains the differences in endo-polygalacturonase activity be-
tween strains of S. cerevisiae. In our study, S. paradoxus strains 
were also investigated with regard to their strong endo-poly-
galacturonase activity. This revealed that the S. paradoxus’ gene 
has a slightly different sequence from that of S. cere visiae and 
that the corresponding enzyme is less active under winema king 
conditions. The strong PGU1 activity of S. paradoxus strains 
under laboratory conditions is therefore linked to a stronger 
expression of the gene rather than to a better adapted en-
zyme. Consequently, the overexpression of this enzyme under 
wine making conditions did not yield better results than that of  
S. cerevisiae with regard to alteration of the wine bouquet.
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Releasing the good, destroying 
the bad and preventing the ugly 
(Part 3): mannoproteins for wine 
clarification 

Michael BesterFlorian BauerAnscha Zietsman

ntroduction
During the alcoholic fermentation of grape must, sugars are 
mainly converted into ethanol and CO2 by the metabolic action 
of yeast to produce wine. The ascending CO2 bubbles initiate 
and maintain a natural agitation in the fermentation vessel keep-
ing the yeast cells in suspension for the major part of the active 
fermentation process (Delente et al., 1969). This continuous 
motion and consequential mixing of the yeast cells and grape 
must is beneficial for a fast and complete fermentation and pre-
vent the formation of a nutrient gradient and the localised accu-
mulation of compounds toxic to yeast.

At the end of alcoholic fermentation, CO2 formation declines and 
yeast cells with specific cell wall properties stick together and form 
clumps that settle to the bottom of the fermentation vessel. This 
process, known as flocculation, is defined as the reversible, 
asexual and calcium dependent process by which cells adhere to 
form flocs (Bony et al., 1997; Stratford, 1989). Evidence suggests 
that cells within such clumps are protected from unfavourable 
conditions such as high ethanol levels (Smukalla et al., 2008). 

For the winemaker, optimally timed flocculation, typically upon 
successful completion of alcoholic fermentation, holds tremen-
dous potential for bioprocess optimisation (Bauer et al., 2010). The 
benefits may include a shorter settling time, the formation of more 
compact lees that does not get disturbed easily and the decrease 
of suspended particles in the wine thus reducing the need for fin-
ing. However, premature flocculation can result in stuck or sluggish 
fermentations with the added risk of off-flavour production. In beer 
production yeast flocculation has also received much attention 
especially in preventing premature flocculation (Verstrepen et al., 
2003). Furthermore, the flocculation characteristics of yeast deter-
mine the style of beer. English and American ales are brewed with 
high to medium flocculators, lager with medium flocculating yeast 
and German Hefeweizen or Belgian “wit” beers with yeast show-
ing the lowest floc forming capabilities. As scientists we need to 
understand the process of flocculation, to explain the difference 
between yeast strains regarding the degree to which they are able 
to flocculate, and to identify the triggers that set off flocculation. 
With this information at hand, it should be possible to exploit this 
phenomenon in the wine industry.

To date three distinct flocculation phenotypes have been identi-
fied: FLO1p-type (mannose-sensitive), NewFLO (glucose and 
mannose sensitive) and the mannose-insensitive-type (MI). While 
most flocculating yeast strains settle to the bottom, some will 

form a film on top of the liquid surface. Referred to as flor forma-
tion in industry, it involves clumps of yeast that entrap CO2 gas 
and thus rise to the surface as typically observed in the barrel 
maturation process of sherry. 

he genetics of flocculation  Deciphering the regulation of 
cell cell adhesion

From previous studies we know that flocculation depends on the 
interaction between lectin-like mannoproteins (adhesins or floc-
culins) and the mannose residues of other cell wall mannoproteins 
(For a mini-review see Verstrepen et al, 2003). These adhesins 
are encoded by the FLO gene family FLO1, FLO5, FLO9, FLO10, 
and FLO11. During fermentation some mannoproteins are 
released into the wine and have been reported to exert positive 
effects (for a review see Caridi, 2006) such as enhancing tartrate 
stability and increasing protection against protein haze. Further-
more, mannoproteins have been reported to enhance the body 
and mouth feel of red wines and reduce astringency. In white 
wines they stimulate the growth of lactic acid bacteria and 
increase the mousse (bubble) quality of Cap Classique wines.

The transcriptional activation status of the different FLO genes 
directly controls cell adhesion phenotypes. FLO gene transcrip-
tion is regulated in a complex manner involving various interact-
ing cellular mechanisms that respond to the nutrient status of the 
extra-cellular environment. Sometimes referred to as “classic” 
signalling, intracellular- and membrane-based sensors transmit 
nutritional information via signalling pathways to the transcription 
machinery in the cell nucleus to control gene expression. Two 
such pathways, the filamentous growth mitogen activated protein 
kinase (FG MAPK) and the cyclic AMP responsive protein kinase 
A (cAMP-PKA) pathways have been shown to control the activa-
tion of FLO1, FLO10 and FLO11. In fact, one of the FLO gene 
family members, FLO8, encodes a transcriptional regulator 
functioning downstream of the cAMP-PKA pathway. Ongoing 
fundamental studies at the IWBT are focussing on how FLO8 
and Mss11, another FLO activator (Bester et al., 2006; Gagiano 
et al., 1999, van Dyk et al., 2005) differentially affect the different 
FLO genes as well as other non-FLO cell wall related gene tar-
gets (Bester et al., submitted). 

olecular strategies to optimise flocculation of wine yeast

Using knowledge obtained from these and other fundamental stud-
ies, researchers at the IWBT launched a project to optimise the 
flocculation properties of wine yeast. The main aims were to change 
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FIGURE 1. Floc formation of strains constructed by Govender et al. (2008). On the far left is the unmodified yeast control, while all the other cultures 
represent yeast with different promoter-FLO gene combinations.

FIGURE 3. Analysis of the turbidity of red wines produced by (A) BM45 
and (B) VIN13 wild types and their transgenic strain derivatives. 

FIGURE 2. Controlled expression of FLO11 in BM45 (labelled BM45-
F11H) and VIN13 (labelled VIN13-F11H) result in the rapid settling of lees 
in Merlot wine. Wines containing lees were homogenised before racking 
and 10ml aliquots were dispensed into glass test tubes. Samples were 
thoroughly resuspended for 30 seconds and allowed to stand undis-
turbed 30 min before in situ photography (Govender et al., 2011).

a non-flocculent strain into a flocculent variant and to fine-tune the 
onset of this flocculation to suit the requirements of the winemaker.

This “proof of concept” was first shown within the laboratory 
yeast strain, FY23, which is non-flocculent because of a defunct 
FLO8p. The promoters of the FLO1, FLO5 and FLO11 genes 
were exchanged with that of yeast promoters that, while inactive 
during fermentation, drive strong gene activation upon sugar 
depletion (Govender et al., 2008). Figure 1 shows the flocculation 
ability of some of these constructed strains. Note that different 
gene-promoter combinations lead to varying degrees of floccula-
tion intensity. The construction of these strains enabled research-
ers to compare the cell adhesion phenotypes of the different FLO 
genes. FLO1p was found to be the strongest inducer of floccula-

tion followed by FLO5p and FLO11p in terms of magnitude of 
this behaviour. All the promoter fusions resulted in the intended 
late onset of flocculation and coincided with the depletion of the 
glucose in the growth medium. Other parameters that were 
investigated in this study included cell surface hydrophobicity, 
the pH range in which flocculation was observed, the inhibitory 
effect of various sugars, and the effect of stress factors such as 
heat shock and ethanol (Govender et al. 2008).
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FIGURE 1. Floc formation of strains constructed by Govender et al. (2008). On the far left is the unmodified yeast control, while all the other cultures 
represent yeast with different promoter-FLO gene combinations.

FIGURE 3. Analysis of the turbidity of red wines produced by (A) BM45 
and (B) VIN13 wild types and their transgenic strain derivatives. 

FIGURE 2. Controlled expression of FLO11 in BM45 (labelled BM45-
F11H) and VIN13 (labelled VIN13-F11H) result in the rapid settling of lees 
in Merlot wine. Wines containing lees were homogenised before racking 
and 10ml aliquots were dispensed into glass test tubes. Samples were 
thoroughly resuspended for 30 seconds and allowed to stand undis-
turbed 30 min before in situ photography (Govender et al., 2011).

a non-flocculent strain into a flocculent variant and to fine-tune the 
onset of this flocculation to suit the requirements of the winemaker.

This “proof of concept” was first shown within the laboratory 
yeast strain, FY23, which is non-flocculent because of a defunct 
FLO8p. The promoters of the FLO1, FLO5 and FLO11 genes 
were exchanged with that of yeast promoters that, while inactive 
during fermentation, drive strong gene activation upon sugar 
depletion (Govender et al., 2008). Figure 1 shows the flocculation 
ability of some of these constructed strains. Note that different 
gene-promoter combinations lead to varying degrees of floccula-
tion intensity. The construction of these strains enabled research-
ers to compare the cell adhesion phenotypes of the different FLO 
genes. FLO1p was found to be the strongest inducer of floccula-

tion followed by FLO5p and FLO11p in terms of magnitude of 
this behaviour. All the promoter fusions resulted in the intended 
late onset of flocculation and coincided with the depletion of the 
glucose in the growth medium. Other parameters that were 
investigated in this study included cell surface hydrophobicity, 
the pH range in which flocculation was observed, the inhibitory 
effect of various sugars, and the effect of stress factors such as 
heat shock and ethanol (Govender et al. 2008).
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Although these results were promising, significant developmen-
tal work was still required: It is well known that there is a notable 
difference between S. cerevisiae laboratory strains and their 
industrial counterparts. Therefore the same concept had to be 
verified using industrial strains and grape must. VIN13 and BM45 
were the two non-flocculent industrial wine strains chosen for a 
first evaluation and the FLO1, -5 and 11 promoters were ex -
changed with promoters activating at the end of fermentation 
(Govender et al., 2010; Govender et al., 2011). This strategy led 
to the induction of flocculation at the end of fermentation to 
varying levels of intensity that depended on the specific yeast 
strain and the promoter-FLO gene combination (data not shown). 
Surprisingly, when performing fermentations with Merlot grape 
must, it was observed that strains with controlled FLO11 expres-
sion displayed greatly increased settling rates (Figure 2). The 
same strains produced wines that were 33% less turbid than 
wine produced by the wild type strains (Figure 3). Examining the 
lees from these fermentations with electron microscopy the yeast 
cells were seen to co-aggregate with amorphous and crystalline 
solids in the wine. The interaction with these solids may possibly 
lead to the increased weight of yeast aggregates explaining the 
faster settling rates. The fermentations with these FLO11 pro-
moter fusion strains were repeated in Cabernet Sauvignon and 
Petit Verdot must and the results obtained confirmed the above 
findings (data not shown). Furthermore it was also observed that 
the lees of fermentations performed with yeast with controlled 
FLO5 expression was significantly more compact compared to 
the other fermentations that had a slurry type lees. In turn this 
led to the largest volume recovery of wine from these fermenta-
tions. 

onclusion
In this project fundamental knowledge was obtained regarding 
the function and regulation of the different FLO-genes responsi-
ble for flocculation in S. cerevisiae. Using this knowledge, a 
strategy was devised for the generation of 12 transgenic wine 
yeast strains. Fermentation characteristics of these transgenic 
strains were closely comparable to their wild type parents regard-
ing sugar consumption, ethanol and CO2 production. Thus none 
of the favourable oenological properties of the wine yeast were 
lost in the production of the transgenic strains. Furthermore, 
since the replacement promoters used in this study originate 
from S. cerevisiae the transgenic strains contain no foreign DNA 
and can be termed “self-cloned” (not GMO).

For winemaking applications the two project highlights are firstly 
the increased compact lees as a result of controlled FLO5 
expression and secondly the strong settling behaviour of strains 
with modified FLO11 expression. Indeed, controlled FLO11 
expression resulted in a final wine product that was much 
clearer than the control wine. Thus the use of these strains in 

wine making might result in cost saving due to decreased down-
stream processing such as fining and clarification.
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ntroduction
Wine production generates wastewater and solid waste. In addi-
tion to seeds, skins and stems, solid waste includes material 
from wine clarification processes (Van Schoor, 2005). The latter 
is composed of fining materials and filter waste (Walsdorff et al., 
2004). Fining agents, the most common being bentonite, settle 
particles in wine by gravity (Gibson, 2002). Other fining agents 
include siliceous earths, protein fining agents and polyvinylpo-
lypyrrholidone (PVPP) (Ribereau-Gayon et al., 2003). The result-
ant wastes can be used in ethanol and tartrate recovery 
(Walsdorff et al., 2004). Bentonite waste can be used in agricul-
ture as an additive to organic potting soil and organic fertilisers 
due to its ability to suspend nutrients (EPA, 2001). Inappropriate 
disposal of bentonite waste can cause problems such as oxygen 
deficiency (anoxia) in the soil, destruction of the soil absorption 
system and clogging of drainage systems (EPA, 2004).

Filtering involves the removal of undesirable materials using an 
agent during the last stages of winemaking (Ribereau-Gayon et 
al., 2003). Diatomaceaous earth (DE), a fine grained silica pow-
der, is commonly used in bulk filtration of red wines. Most DE 
waste is disposed of in landfills or on site with no further use 
(Walsdorff et al., 2004). Perlite, another filtration agent, is a stone 
with the same composition as glass and is used in drum filtration. 
Cellulose, made from selected wood and reduced to produce a 
soft dry powder, is used either as an additive or as filter sheets 
(Ribereau-Gayon et al., 2003). Cellulose is a biodegradable 
natural plant product, and is therefore considered environmen-
tally friendly. Cross-flow and vacuum filtration require no filter 
agents, as wine is forced through a surface and is filtered from 
the resultant pressure (Gibson, 2002). Filter waste is high in 
organic matter and may consist of skins, leaves, stems, seeds, 
yeast cells, dirt and filtration media and can therefore be com-
posted (Walsdorff et al., 2004). Guidelines state that solid wastes 
should be handled in such a manner that there is minimal envi-
ronmental risk (Van Schoor, 2005). Such guidelines also include 
stringent rules on solid waste treatment, storage (containers and 
locations), collection and disposal (Van Schoor & Rossouw, 
2004), to promote environmentally safe practices. Seepage of 
tartrates from wine into the soil, or water, can lead to changes in 
soil pH, soil structure, and also pollution of ground water. If waste 
is disposed of on land, it should first be analysed and monitored 
to ensure that applications and application rates do not have 
adverse effects on soil, plants and water resources (Hazell, 
1998). Van Schoor (2005) further states that waste should also 
be disposed of responsibly. The National Environmental Manage-
ment Act (NEMA) (1998), states that where waste production 

cannot be avoided, the waste should be recycled or re-used. 
Wineries are encouraged to follow these guidelines. 

The aim of this study was to identify agents used during wine 
fining and filtering, their handling, disposal and recycling of 
waste, as well as potential environmental impacts and risks that 
may arise. 

ur ey methodology
Wineries were selected as representative of the industry on the 
basis of region and production volumes. Three wine districts of the 
Western Cape namely, Stellenbosch, Paarl and Worcester were 
included in the survey. Four large scale wineries, i.e. production > 
2000 tons, as well as four small/medium scale wineries, i.e. pro-
duction between 20 and 1000 tons, were selected from each 
district, totalling 24 wineries. The selected wineries were invited to 
complete questionnaires. Two from the small/medium scale winer-
ies in the Stellenbosch district were not returned. Oral interviews 
and on-site visits were done at all wineries in the Paarl and 
Worcester districts. In Stellenbosch only the four large scale winer-
ies were visited. Data collected from the various wineries reported 
on the following factors: (i) identifying fining and filtering materials 
and processes, (ii) volumes of fining and filtering materials used (iii) 
waste volumes and (iv) storage, disposal and recycling thereof.

esults and discussion 
ining agents

Bentonite was predominantly used in wineries, with wineries in 
this survey utilising approximately 1.2 to 3.6 tons of bentonite to 
produce 5.3 to 10.2 million L of wine (Table 1). In one small/
medium winery, egg white (25ml/1000L of wine) was used 
instead of bentonite. In some wineries, combinations of silica, 
bentonite and gelatine were used, whereas others used PVPP. 
However, within the constraints of this survey, it was not possible 
to determine the volumes of waste produced.

ilter materials

Bulk filtration with DE was most commonly used, with cellulose 
powder added in some cases (Table 1). Drum filtration with per-
lite was used in some wineries for white wine production and, 
depending on the volume of the filtered wine, approximately 3 to 
4 tons of perlite were used per season. Some wineries used 
cellulose sheets for filtration. Other methods identified were 
gravitational, vacuum and cross-flow filtrations which produced 
minimal or no waste, but were less popular. One small/medium 
winery centrifuged wine which also produced minimal waste. 

torage and disposal of winery waste

Most wineries stored bentonite waste in closed plastic containers 
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Although these results were promising, significant developmen-
tal work was still required: It is well known that there is a notable 
difference between S. cerevisiae laboratory strains and their 
industrial counterparts. Therefore the same concept had to be 
verified using industrial strains and grape must. VIN13 and BM45 
were the two non-flocculent industrial wine strains chosen for a 
first evaluation and the FLO1, -5 and 11 promoters were ex -
changed with promoters activating at the end of fermentation 
(Govender et al., 2010; Govender et al., 2011). This strategy led 
to the induction of flocculation at the end of fermentation to 
varying levels of intensity that depended on the specific yeast 
strain and the promoter-FLO gene combination (data not shown). 
Surprisingly, when performing fermentations with Merlot grape 
must, it was observed that strains with controlled FLO11 expres-
sion displayed greatly increased settling rates (Figure 2). The 
same strains produced wines that were 33% less turbid than 
wine produced by the wild type strains (Figure 3). Examining the 
lees from these fermentations with electron microscopy the yeast 
cells were seen to co-aggregate with amorphous and crystalline 
solids in the wine. The interaction with these solids may possibly 
lead to the increased weight of yeast aggregates explaining the 
faster settling rates. The fermentations with these FLO11 pro-
moter fusion strains were repeated in Cabernet Sauvignon and 
Petit Verdot must and the results obtained confirmed the above 
findings (data not shown). Furthermore it was also observed that 
the lees of fermentations performed with yeast with controlled 
FLO5 expression was significantly more compact compared to 
the other fermentations that had a slurry type lees. In turn this 
led to the largest volume recovery of wine from these fermenta-
tions. 

onclusion
In this project fundamental knowledge was obtained regarding 
the function and regulation of the different FLO-genes responsi-
ble for flocculation in S. cerevisiae. Using this knowledge, a 
strategy was devised for the generation of 12 transgenic wine 
yeast strains. Fermentation characteristics of these transgenic 
strains were closely comparable to their wild type parents regard-
ing sugar consumption, ethanol and CO2 production. Thus none 
of the favourable oenological properties of the wine yeast were 
lost in the production of the transgenic strains. Furthermore, 
since the replacement promoters used in this study originate 
from S. cerevisiae the transgenic strains contain no foreign DNA 
and can be termed “self-cloned” (not GMO).

For winemaking applications the two project highlights are firstly 
the increased compact lees as a result of controlled FLO5 
expression and secondly the strong settling behaviour of strains 
with modified FLO11 expression. Indeed, controlled FLO11 
expression resulted in a final wine product that was much 
clearer than the control wine. Thus the use of these strains in 

wine making might result in cost saving due to decreased down-
stream processing such as fining and clarification.
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ntroduction
Wine production generates wastewater and solid waste. In addi-
tion to seeds, skins and stems, solid waste includes material 
from wine clarification processes (Van Schoor, 2005). The latter 
is composed of fining materials and filter waste (Walsdorff et al., 
2004). Fining agents, the most common being bentonite, settle 
particles in wine by gravity (Gibson, 2002). Other fining agents 
include siliceous earths, protein fining agents and polyvinylpo-
lypyrrholidone (PVPP) (Ribereau-Gayon et al., 2003). The result-
ant wastes can be used in ethanol and tartrate recovery 
(Walsdorff et al., 2004). Bentonite waste can be used in agricul-
ture as an additive to organic potting soil and organic fertilisers 
due to its ability to suspend nutrients (EPA, 2001). Inappropriate 
disposal of bentonite waste can cause problems such as oxygen 
deficiency (anoxia) in the soil, destruction of the soil absorption 
system and clogging of drainage systems (EPA, 2004).

Filtering involves the removal of undesirable materials using an 
agent during the last stages of winemaking (Ribereau-Gayon et 
al., 2003). Diatomaceaous earth (DE), a fine grained silica pow-
der, is commonly used in bulk filtration of red wines. Most DE 
waste is disposed of in landfills or on site with no further use 
(Walsdorff et al., 2004). Perlite, another filtration agent, is a stone 
with the same composition as glass and is used in drum filtration. 
Cellulose, made from selected wood and reduced to produce a 
soft dry powder, is used either as an additive or as filter sheets 
(Ribereau-Gayon et al., 2003). Cellulose is a biodegradable 
natural plant product, and is therefore considered environmen-
tally friendly. Cross-flow and vacuum filtration require no filter 
agents, as wine is forced through a surface and is filtered from 
the resultant pressure (Gibson, 2002). Filter waste is high in 
organic matter and may consist of skins, leaves, stems, seeds, 
yeast cells, dirt and filtration media and can therefore be com-
posted (Walsdorff et al., 2004). Guidelines state that solid wastes 
should be handled in such a manner that there is minimal envi-
ronmental risk (Van Schoor, 2005). Such guidelines also include 
stringent rules on solid waste treatment, storage (containers and 
locations), collection and disposal (Van Schoor & Rossouw, 
2004), to promote environmentally safe practices. Seepage of 
tartrates from wine into the soil, or water, can lead to changes in 
soil pH, soil structure, and also pollution of ground water. If waste 
is disposed of on land, it should first be analysed and monitored 
to ensure that applications and application rates do not have 
adverse effects on soil, plants and water resources (Hazell, 
1998). Van Schoor (2005) further states that waste should also 
be disposed of responsibly. The National Environmental Manage-
ment Act (NEMA) (1998), states that where waste production 

cannot be avoided, the waste should be recycled or re-used. 
Wineries are encouraged to follow these guidelines. 

The aim of this study was to identify agents used during wine 
fining and filtering, their handling, disposal and recycling of 
waste, as well as potential environmental impacts and risks that 
may arise. 

ur ey methodology
Wineries were selected as representative of the industry on the 
basis of region and production volumes. Three wine districts of the 
Western Cape namely, Stellenbosch, Paarl and Worcester were 
included in the survey. Four large scale wineries, i.e. production > 
2000 tons, as well as four small/medium scale wineries, i.e. pro-
duction between 20 and 1000 tons, were selected from each 
district, totalling 24 wineries. The selected wineries were invited to 
complete questionnaires. Two from the small/medium scale winer-
ies in the Stellenbosch district were not returned. Oral interviews 
and on-site visits were done at all wineries in the Paarl and 
Worcester districts. In Stellenbosch only the four large scale winer-
ies were visited. Data collected from the various wineries reported 
on the following factors: (i) identifying fining and filtering materials 
and processes, (ii) volumes of fining and filtering materials used (iii) 
waste volumes and (iv) storage, disposal and recycling thereof.

esults and discussion 
ining agents

Bentonite was predominantly used in wineries, with wineries in 
this survey utilising approximately 1.2 to 3.6 tons of bentonite to 
produce 5.3 to 10.2 million L of wine (Table 1). In one small/
medium winery, egg white (25ml/1000L of wine) was used 
instead of bentonite. In some wineries, combinations of silica, 
bentonite and gelatine were used, whereas others used PVPP. 
However, within the constraints of this survey, it was not possible 
to determine the volumes of waste produced.

ilter materials

Bulk filtration with DE was most commonly used, with cellulose 
powder added in some cases (Table 1). Drum filtration with per-
lite was used in some wineries for white wine production and, 
depending on the volume of the filtered wine, approximately 3 to 
4 tons of perlite were used per season. Some wineries used 
cellulose sheets for filtration. Other methods identified were 
gravitational, vacuum and cross-flow filtrations which produced 
minimal or no waste, but were less popular. One small/medium 
winery centrifuged wine which also produced minimal waste. 

torage and disposal of winery waste

Most wineries stored bentonite waste in closed plastic containers 
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FIGURE 1. Filter waste disposal onto a bare soil surface.

to avoid bad odours and insects. Bentonite and PVPP wastes 
were processed by a tartrate extracting plant. Most DE waste 
was collected and consigned to landfills, or packed and stored 
on site. The latter practice exerts more pressure on, and lowers 
the storage capacity of such sites, as volumes of non-degradable 
waste increase. Some wineries used inappropriate storage and 
disposal methods such as disposal of solid waste into waste-
water pipelines. This may lead to blockage of pipes and 
increased pollution of wastewater collection dams. Such 
wastewater could pollute surrounding environments when 
disposed of or used for irrigation purposes. A few wineries mixed 
DE and perlite waste with skins, seeds, lime and manure to make 
compost. Some wineries disposed of perlite waste onto 
vegetable plots or even vineyards. However, this was done 
without monitoring disposal volumes, or the waste composition 
to quantify possible pollution hazards. Storing waste on bare soil 
near wineries creates the risk of waste seepage into soil (Fig. 1). 
Practices such as storage of waste on lined dump sites or 
cemented slabs should be managed appropriately to prevent 
run-off and seepage (Fig. 2). This practice is not properly done, 
or is neglected by several wineries.

onclusions 
Bentonite waste did not pose an environmental problem in the 
cellar surveys, as it is not disposed of into soil. However, care 
should be taken that storage and disposal do not pose environ-
mental threats. Diatomaceous earth and perlite waste consti-

TABLE 1. Fining and filter material use and solid waste handling practices of selected wineries in the Stellenbosch, Paarl and Worcester districts of 
the Western Cape wine region. 

District
Winery  
size

Fining  
material

Filtration 
methods

Filter  
material

Waste collection, disposal and storage

Fining waste Filter waste

Stellenbosch

Large(1) Bentonite

Bulk, 
Cross-flow 
Drum, 
Vacuum 

Diatomaceous 
Earth (DE), 
Cellulose

-Tartrate extraction
- Dumping site
- Municipality
- Farmers for composting

Small/medium (2)

Bentonite: white 
wine
Egg white: red 
wine

Bulk,
Cross-flow,
Sheet

DE, Cellulose
- Plastic tanks for 
collection for tartrate 
extraction

- Waste removal is outsourced

Paarl

Large
Bentonite, 
PVPP,
Protein agent

Bulk,
Cross-flow,
Drum,
Sheet 

Perlite, DE - Waste is collected for 
tartrate extraction

- Waste is collected and stored on a 
concrete slab 
- Collection in tanks
- No waste disposal on site

Small/medium Bentonite
Bulk, 
Sheet, 
Vacuum

Perlite,
Cellulose, DE

- Waste is collected for 
tartrate extraction
- Municipal drainage

- Filter material is washed off, 
settled and dumped together with 
stalks and skins

Worcester

Large

Bentonite;
Gelatine liquid 
Protein agents & 
PVPP 

Bulk, 
Sheet.
Vacuum,

Perlite,
PVPP: on white 
wines,
DE 

Bentonite and PVPP 
waste is collected for 
tartrate extraction

- DE and Perlite for composting; 
- Waste removal is outsourced

Small/medium
Bentonite; 
PVPP

Bulk,
Drum,
Sheet 

DE , Perlite; 
Organic 
powder

Bentonite waste
- collection into tanks 
for tartrate extraction

- Perlite waste is used in vineyards
- Rented dumping sites for DE

(1) Wine production > 2 000 tons
(2) Wine production between 20 and 1 000 tons
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FIGURE 2. Cement slabs should prevent seepage or runoff (note leaking 
on the sides of the slabs).

tuted the bulk of the waste material. Most wineries stored and 
disposed of solid waste on land, vineyards and municipal land-
fills. Some solid waste was mixed with wastewater. Composting 
as a form of recycling was rarely practiced.

ecommendations
•	 Large quantities of fining and filter materials are currently used 

for wine clarification purposes. This leads to the generation of 
substantial amounts of waste. Methods producing less waste 
need to be developed and utilised.

•	 Most of the solid waste generated is high in organic matter. 
This can be composted if handled properly, i.e. not lead to 
pollution of land or water.

•	 Composting of solid waste will not only allow wineries to use 
in-house facilities, equipment and organic waste material, but 
will also minimise the use and costs of chemical fertilisers. The 

conversion of fining and filter wastes into compost products 
is therefore highly recommended. 
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A survey has been carried out to identify the environmental risks associated with solid waste generated during wine fining and 
filtration. Bentonite was the major fining agent used in wineries. Waste from this process was mostly collected for tartrate extrac-
tion. Diatomaceous earth and perlite were the most popular filter agents and resultant wastes were commonly spread on bare 
soil, dumped in municipal landfills, or flushed down wastewater pipes. Some wineries spread waste on agricultural land and 
vineyards. These practices aggravate environmental problems when unmonitored, or proper procedures are not followed. Inap-
propriate storage, disposal and recycling methods can result in contaminated soils and polluted water. Where possible, methods 
such as cross-flow, vacuum and sheet filtration which produce negligible volumes of solid waste should be promoted. Clearly, 
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FIGURE 1. Filter waste disposal onto a bare soil surface.

to avoid bad odours and insects. Bentonite and PVPP wastes 
were processed by a tartrate extracting plant. Most DE waste 
was collected and consigned to landfills, or packed and stored 
on site. The latter practice exerts more pressure on, and lowers 
the storage capacity of such sites, as volumes of non-degradable 
waste increase. Some wineries used inappropriate storage and 
disposal methods such as disposal of solid waste into waste-
water pipelines. This may lead to blockage of pipes and 
increased pollution of wastewater collection dams. Such 
wastewater could pollute surrounding environments when 
disposed of or used for irrigation purposes. A few wineries mixed 
DE and perlite waste with skins, seeds, lime and manure to make 
compost. Some wineries disposed of perlite waste onto 
vegetable plots or even vineyards. However, this was done 
without monitoring disposal volumes, or the waste composition 
to quantify possible pollution hazards. Storing waste on bare soil 
near wineries creates the risk of waste seepage into soil (Fig. 1). 
Practices such as storage of waste on lined dump sites or 
cemented slabs should be managed appropriately to prevent 
run-off and seepage (Fig. 2). This practice is not properly done, 
or is neglected by several wineries.

onclusions 
Bentonite waste did not pose an environmental problem in the 
cellar surveys, as it is not disposed of into soil. However, care 
should be taken that storage and disposal do not pose environ-
mental threats. Diatomaceous earth and perlite waste consti-

TABLE 1. Fining and filter material use and solid waste handling practices of selected wineries in the Stellenbosch, Paarl and Worcester districts of 
the Western Cape wine region. 

District
Winery  
size

Fining  
material

Filtration 
methods

Filter  
material

Waste collection, disposal and storage

Fining waste Filter waste

Stellenbosch

Large(1) Bentonite

Bulk, 
Cross-flow 
Drum, 
Vacuum 

Diatomaceous 
Earth (DE), 
Cellulose

-Tartrate extraction
- Dumping site
- Municipality
- Farmers for composting

Small/medium (2)

Bentonite: white 
wine
Egg white: red 
wine

Bulk,
Cross-flow,
Sheet

DE, Cellulose
- Plastic tanks for 
collection for tartrate 
extraction

- Waste removal is outsourced

Paarl

Large
Bentonite, 
PVPP,
Protein agent

Bulk,
Cross-flow,
Drum,
Sheet 

Perlite, DE - Waste is collected for 
tartrate extraction

- Waste is collected and stored on a 
concrete slab 
- Collection in tanks
- No waste disposal on site

Small/medium Bentonite
Bulk, 
Sheet, 
Vacuum

Perlite,
Cellulose, DE

- Waste is collected for 
tartrate extraction
- Municipal drainage

- Filter material is washed off, 
settled and dumped together with 
stalks and skins

Worcester

Large

Bentonite;
Gelatine liquid 
Protein agents & 
PVPP 

Bulk, 
Sheet.
Vacuum,

Perlite,
PVPP: on white 
wines,
DE 

Bentonite and PVPP 
waste is collected for 
tartrate extraction

- DE and Perlite for composting; 
- Waste removal is outsourced

Small/medium
Bentonite; 
PVPP

Bulk,
Drum,
Sheet 

DE , Perlite; 
Organic 
powder

Bentonite waste
- collection into tanks 
for tartrate extraction

- Perlite waste is used in vineyards
- Rented dumping sites for DE

(1) Wine production > 2 000 tons
(2) Wine production between 20 and 1 000 tons
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FIGURE 2. Cement slabs should prevent seepage or runoff (note leaking 
on the sides of the slabs).

tuted the bulk of the waste material. Most wineries stored and 
disposed of solid waste on land, vineyards and municipal land-
fills. Some solid waste was mixed with wastewater. Composting 
as a form of recycling was rarely practiced.

ecommendations
•	 Large quantities of fining and filter materials are currently used 

for wine clarification purposes. This leads to the generation of 
substantial amounts of waste. Methods producing less waste 
need to be developed and utilised.

•	 Most of the solid waste generated is high in organic matter. 
This can be composted if handled properly, i.e. not lead to 
pollution of land or water.

•	 Composting of solid waste will not only allow wineries to use 
in-house facilities, equipment and organic waste material, but 
will also minimise the use and costs of chemical fertilisers. The 

conversion of fining and filter wastes into compost products 
is therefore highly recommended. 
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Alcoholic fermentation may be considered the birth of wine. 
Depending on how the process is managed, the resultant wine 
may be of high quality or disappointingly inferior. Quality in wine 
is determined by its condition, flavour and taste. Although wine 
is made to be consumed, the winemaker uses flavour as an 
important yardstick of quality. Despite the contribution of various 
wine analyses to the process of monitoring, the winemaker’s 
nose remains one of the most sensitive and reliable aids to 
monitor the course of fermentation.

The most important defects to be formed during alcoholic fer-
mentation are esters and sulphur compounds. Factors such as 
the condition of the grapes, the degree of ripeness, sulphur 
applications in the vineyard, sulphur dioxide applications in the 
cellar, the yeast strain, fermentation conditions and the composi-
tion of the juice may play a role in the potential formation of off-
odours during fermentation.

Esters are volatile compounds which may be described as fruity, 
floral or chemical. Positive wine characteristics usually associated 
with esters include fruity, floral, buttery, vanilla and yeasty flavours. 
Perception thereof depends on individual concentrations, as well as 
factors such as the pH and fixed acid content of the wine. Chardon-
nay, for example, may contain ethyl acetate (fruity at low concentra-
tions and like nail polish remover at high concentrations), ethyl 
butyrate (apple or pineapple), isoamyl acetate (banana), hexyl 
acetate (perfume), ethyl hexanoate (pineapple), ethyl octanoate 
(soap) and ethyl decanoate (soap). In general negative perceptions 
intensify with increasing concentrations. Ethyl acetate, which smells 
like nail polish remover, is the best known undesirable ester. It may 
even be present in the grape juice, or can be formed during fermen-
tation by yeasts or bacteria. Apart from the well-known Saccharo-
myces yeasts, Hanseniaspora, Metschnikowia, Pichia, Torulaspora 
and Kluveromyces yeasts may also form esters. The growth of 
Hanseniaspora, which forms ethyl acetate, for example, is pro-
moted by lower temperatures and consequently the perception of 
ethyl acetate during the cold maceration of red wines, or the cold 
settling of white juice, may be a sign of Hanseniaspora contamina-
tion. This may be rectified by increasing the temperature and inocu-
lating with Saccharomyces yeasts to take over the fermentation.

The formation of ester in wine may be controlled by managing the 
yeasts, but this is usually lost during maturation and in the bottle.

Sulphur compounds generally cause problems in wine because 
they have a low threshold value for sensorial perception, are 
usually associated with off-odours, have a high chemical reactiv-
ity, are difficult to remove from wine and are not easily overshad-
owed by other aromas. Negative aromas that are usually associ-

ated with sulphur taint include rotten egg, defecation, rubber, 
burnt matches, burnt rubber, rotten vegetables, cauliflower, 
cabbage, potato, onions, garlic, fish and petroleum gas.

Sulphur off-odours may be divided into different classes, namely 
hydrogen sulphide, sulphides, mercaptans, thio-esters and other 
sulphur-amino acid metabolites. Hydrogen sulphide, which causes 
the rotten egg flavour, may occur at different stages during vinifica-
tion. It may develop during the first four days of fermentation if 
nitrogen and vitamin deficiencies exist in the grape juice. At the 
end of fermentation it may occur if compounds containing sulphur 
are broken down. It may also result from yeast autolysis if wine is 
left on the lees. Bottles with screw caps may also be susceptible 
under conducive conditions.

Sulphides such as dimethyl sulphide and dimethyl disulphide are 
usually only perceived towards the end of fermentation and dur-
ing lees contact. They are caused by the breakdown of yeast cell 
components during yeast autolysis. Whereas dimethyl sulphide 
smells like cabbage or canned wheat, dimethyl disulphide smells 
like vegetables, cabbage and onions.

Sources of sulphur may occur in the vineyard or cellar. The use of 
flowers of sulphur to treat grapes shortly before fermentation, or 
high copper levels in the grapes, may result in the formation of 
sulphur compounds in the wine. Cultivars also differ with regard 
to the potential formation of sulphur. It is more commonly found in 
Shiraz, Pinot noir and Grenache, for example, than in Cabernet 
Sauvignon wines. Since there are substantial differences in the 
sulphur compound formation of various yeast strains, spontane-
ous fermentation definitely increases the risk thereof. The use of 
small, high tanks, reductive conditions, insufficient nitrogen and 
vitamin concentrations in the juice and a quick fermentation 
tempo are also factors that promote the formation of sulphur 
compounds. To prevent the formation of off-odours it is recom-
mended that sufficient yeast nutrition be ensured, yeast cells be 
kept suspended and tanks stirred to prevent stratification. Wine 
should be removed from the lees immediately if sulphur taint is 
perceived. If hydrogen sulphide occurs in a wine, aeration or spray 
with an inert gas may be used to volatilise it, or it may be removed 
from the wine with copper, alternatively through the addition of 
fining agents. In the latter instances it is important to first do small-
scale trials in the laboratory (Lansing, 2011).
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Quality control before and during bottling

Winemakers may implement various vineyard related and oeno-
logical practices to ensure that a healthy, sound wine is made.

This may entail different viticultural practices, grape selection, 
grading of grapes, fermentation control, lees contact, malolactic 
fermentation, clarification, oak maturation, stabilisation and 
numerous other practices or additives. The effort and dedication 
may be entirely wasted, however, if the necessary quality control 
practices are not implemented before and during bottling.

The preparation for bottling, whether using the cellar’s own bot-
tling line or mobile bottling, is a comprehensive process. If using 
mobile bottling, planning and communication are crucial. 
Appointments should be made in good time and details such as 
wine styles, packaged volumes, access routes to the cellar, 
electrical power requirements, packaging material and the 
specifications thereof must be finalised before entering into a final 
agreement. Once such agreements have been reached, it is 
imperative that both parties adhere to bottling dates to ensure 
the success of both.

Once the bottling date has been discussed, the packaging mate-
rial has to be ordered. Label design may be a lengthy process 
and should be initiated in good time and followed up on an 
ongoing basis. Apart from the physical specifications of labels, it 
is necessary to comply with all legal requirements. Standard 
capsules should also be reserved or ordered well ahead of the 
time, and if these have to be imported, for example, this should 
be calculated into the time schedule. If unprinted corks or clo-
sures and standard bottles are to be used, the suppliers will 
usually have sufficient stock, but printing thereof or the produc-
tion of special bottles may be time-consuming and should also 
be taken into account.

The preparation of the wine is the winemaker’s job and should 
be done according to a production schedule. Making blends and 
stabilisation should be scheduled so that corrections or a further 
stabilisation may be undertaken without rescheduling the bottling 
date. It is preferable to get the wine ready four weeks before the 
bottling date. The final filtration of the wine should also take place 
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Alcoholic fermentation may be considered the birth of wine. 
Depending on how the process is managed, the resultant wine 
may be of high quality or disappointingly inferior. Quality in wine 
is determined by its condition, flavour and taste. Although wine 
is made to be consumed, the winemaker uses flavour as an 
important yardstick of quality. Despite the contribution of various 
wine analyses to the process of monitoring, the winemaker’s 
nose remains one of the most sensitive and reliable aids to 
monitor the course of fermentation.

The most important defects to be formed during alcoholic fer-
mentation are esters and sulphur compounds. Factors such as 
the condition of the grapes, the degree of ripeness, sulphur 
applications in the vineyard, sulphur dioxide applications in the 
cellar, the yeast strain, fermentation conditions and the composi-
tion of the juice may play a role in the potential formation of off-
odours during fermentation.

Esters are volatile compounds which may be described as fruity, 
floral or chemical. Positive wine characteristics usually associated 
with esters include fruity, floral, buttery, vanilla and yeasty flavours. 
Perception thereof depends on individual concentrations, as well as 
factors such as the pH and fixed acid content of the wine. Chardon-
nay, for example, may contain ethyl acetate (fruity at low concentra-
tions and like nail polish remover at high concentrations), ethyl 
butyrate (apple or pineapple), isoamyl acetate (banana), hexyl 
acetate (perfume), ethyl hexanoate (pineapple), ethyl octanoate 
(soap) and ethyl decanoate (soap). In general negative perceptions 
intensify with increasing concentrations. Ethyl acetate, which smells 
like nail polish remover, is the best known undesirable ester. It may 
even be present in the grape juice, or can be formed during fermen-
tation by yeasts or bacteria. Apart from the well-known Saccharo-
myces yeasts, Hanseniaspora, Metschnikowia, Pichia, Torulaspora 
and Kluveromyces yeasts may also form esters. The growth of 
Hanseniaspora, which forms ethyl acetate, for example, is pro-
moted by lower temperatures and consequently the perception of 
ethyl acetate during the cold maceration of red wines, or the cold 
settling of white juice, may be a sign of Hanseniaspora contamina-
tion. This may be rectified by increasing the temperature and inocu-
lating with Saccharomyces yeasts to take over the fermentation.

The formation of ester in wine may be controlled by managing the 
yeasts, but this is usually lost during maturation and in the bottle.

Sulphur compounds generally cause problems in wine because 
they have a low threshold value for sensorial perception, are 
usually associated with off-odours, have a high chemical reactiv-
ity, are difficult to remove from wine and are not easily overshad-
owed by other aromas. Negative aromas that are usually associ-

ated with sulphur taint include rotten egg, defecation, rubber, 
burnt matches, burnt rubber, rotten vegetables, cauliflower, 
cabbage, potato, onions, garlic, fish and petroleum gas.

Sulphur off-odours may be divided into different classes, namely 
hydrogen sulphide, sulphides, mercaptans, thio-esters and other 
sulphur-amino acid metabolites. Hydrogen sulphide, which causes 
the rotten egg flavour, may occur at different stages during vinifica-
tion. It may develop during the first four days of fermentation if 
nitrogen and vitamin deficiencies exist in the grape juice. At the 
end of fermentation it may occur if compounds containing sulphur 
are broken down. It may also result from yeast autolysis if wine is 
left on the lees. Bottles with screw caps may also be susceptible 
under conducive conditions.

Sulphides such as dimethyl sulphide and dimethyl disulphide are 
usually only perceived towards the end of fermentation and dur-
ing lees contact. They are caused by the breakdown of yeast cell 
components during yeast autolysis. Whereas dimethyl sulphide 
smells like cabbage or canned wheat, dimethyl disulphide smells 
like vegetables, cabbage and onions.

Sources of sulphur may occur in the vineyard or cellar. The use of 
flowers of sulphur to treat grapes shortly before fermentation, or 
high copper levels in the grapes, may result in the formation of 
sulphur compounds in the wine. Cultivars also differ with regard 
to the potential formation of sulphur. It is more commonly found in 
Shiraz, Pinot noir and Grenache, for example, than in Cabernet 
Sauvignon wines. Since there are substantial differences in the 
sulphur compound formation of various yeast strains, spontane-
ous fermentation definitely increases the risk thereof. The use of 
small, high tanks, reductive conditions, insufficient nitrogen and 
vitamin concentrations in the juice and a quick fermentation 
tempo are also factors that promote the formation of sulphur 
compounds. To prevent the formation of off-odours it is recom-
mended that sufficient yeast nutrition be ensured, yeast cells be 
kept suspended and tanks stirred to prevent stratification. Wine 
should be removed from the lees immediately if sulphur taint is 
perceived. If hydrogen sulphide occurs in a wine, aeration or spray 
with an inert gas may be used to volatilise it, or it may be removed 
from the wine with copper, alternatively through the addition of 
fining agents. In the latter instances it is important to first do small-
scale trials in the laboratory (Lansing, 2011).
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Quality control before and during bottling

Winemakers may implement various vineyard related and oeno-
logical practices to ensure that a healthy, sound wine is made.

This may entail different viticultural practices, grape selection, 
grading of grapes, fermentation control, lees contact, malolactic 
fermentation, clarification, oak maturation, stabilisation and 
numerous other practices or additives. The effort and dedication 
may be entirely wasted, however, if the necessary quality control 
practices are not implemented before and during bottling.

The preparation for bottling, whether using the cellar’s own bot-
tling line or mobile bottling, is a comprehensive process. If using 
mobile bottling, planning and communication are crucial. 
Appointments should be made in good time and details such as 
wine styles, packaged volumes, access routes to the cellar, 
electrical power requirements, packaging material and the 
specifications thereof must be finalised before entering into a final 
agreement. Once such agreements have been reached, it is 
imperative that both parties adhere to bottling dates to ensure 
the success of both.

Once the bottling date has been discussed, the packaging mate-
rial has to be ordered. Label design may be a lengthy process 
and should be initiated in good time and followed up on an 
ongoing basis. Apart from the physical specifications of labels, it 
is necessary to comply with all legal requirements. Standard 
capsules should also be reserved or ordered well ahead of the 
time, and if these have to be imported, for example, this should 
be calculated into the time schedule. If unprinted corks or clo-
sures and standard bottles are to be used, the suppliers will 
usually have sufficient stock, but printing thereof or the produc-
tion of special bottles may be time-consuming and should also 
be taken into account.

The preparation of the wine is the winemaker’s job and should 
be done according to a production schedule. Making blends and 
stabilisation should be scheduled so that corrections or a further 
stabilisation may be undertaken without rescheduling the bottling 
date. It is preferable to get the wine ready four weeks before the 
bottling date. The final filtration of the wine should also take place 
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with sufficient lead time before bottling, in order to ensure that 
blocked filtration does not delay the bottling.

During the three weeks prior to bottling, specific actions should 
be undertaken:

•	 Check that the required packaging material is delivered three 
weeks before bottling, or ensure that it will be delivered in 
good time. The availability of small items such as cling wrap, 
carton glue or adhesive, carton printing ink and inert gas such 
as nitrogen and carbon dioxide must be monitored.

•	 The adjustment of the wine temperature for bottling should 
be considered three days before bottling. This is usually 
around 18°C. If using mobile bottling, parking of the unit must 
be planned. All packaging material should be on site and the 
availability of staff for bottling must be controlled.

•	 A standard control list (available in this article) should be used 
the day before bottling to ensure that all materials are on hand 
and that the necessary actions have been implemented. On 
the day of bottling the inert gas, chlorine-free water and 
steam, if required, should be available before the mobile unit 
arrives. Packaging material should also be prepared for use 
in conjunction with the mobile unit.

Once bottling has started, the first bottles (number equivalent to 
the fill pens of the filler) should be removed and added to other 
wine remains in the cellar. It is convenient to have equipment 
such as a Vernier shifting instrument, vacuum needle gauge and 
an oxygen gauge on hand at the start of bottling to monitor the 
packaging material specifications, the vacuum in the bottle necks 
and possible oxygen uptakes (Payette, 2010).

Each bottling line has its own crucial control points which have 
to be monitored meticulously to ensure that wine quality is main-
tained during the bottling process.

The first most important control is to inspect the packaging mate-
rial to be used during bottling. The best stage for this inspection 
is upon receipt thereof at the cellar, so that the suppliers can be 
contacted in good time should any problems with the material be 
identified. Test the capsules on the bottle necks, monitor the label 
specifications, the dimensions of bottle separators and cartons 
and the specifications of bottle closures or corks. Also soak a cork 
sample to identify any potential off-odours. In addition to the pre-
cise measurement of samples, bottle specifications can also be 
monitored during the bottling process by checking whether the 
bottles are not skew or asymmetrical and the evenness of the 
bottle necks can be monitored using one’s finger.

The second control is during the bottling process. Check to 
ensure the corking machine rollers do not cause a fold in the 
corks which may result in leakages. Allow filled bottles to stand 
upside down to identify possible leakages. Pressure measure-
ment of the fill space in bottles could also identify any poten-
tially unusual pressure inside the bottles. At this stage the 
specification tolerances of bottles and closures should also be 
monitored.

Just before bottling it is also necessary to ensure that the free 
sulphur dioxide content of the wine is adjusted correctly, the wine 

temperature is correct and the concentration of dissolved gases 
such as oxygen and carbon dioxide comply with specifications. 
The clarity of the wine should be adjusted by filtration the day 
before bottling, at the time of the transfer to the bottling tank, so 
that filtration does not unnecessarily delay the bottling process. 
Mixing of wine in the bottling tank should also be sufficient to 
ensure a uniform product and an inert gas system such as nitro-
gen should be available to shield the wine in the bottling tank 
against undesirable contact with oxygen.

Sufficient sanitation and the necessary protection against oxida-
tion are further important control measures during bottling. The 
rollers of the corking machine must be clean and any surface 
which may come into contact with the wine should be sterile. 
The correct use of an oxygen gauge at various control points can 
identify any possible oxygen uptake. Oxygen measurements 
should be taken at least three times, namely in the bottling tank, 
once the bottle has been filled and after closure of the bottle.

During the bottling process the labelling of the bottles has to be 
inspected and a bottle should also be inspected to ensure the 
label is correct, its position and orientation are accurate and it is 
properly glued. The correct bottle fill height should be constant-
ly monitored during the bottling process.

Bottling personnel should be trained to use their senses to iden-
tify any problems at an early stage. The sounds of equipment 
such as the plunger of the corking machine, the suction of a 
vacuum before bottle closure, the capsule machine, the labeller 
and the numerous mechanical parts have a specific regularity 
and a trained ear will quickly pick up deviations, which can be 
acted on immediately instead of waiting until product losses 
occur and subsequent processing thereof becomes necessary. 
An acute sense of smell can detect and identify overheated 
motors, worn driver-belts and off-odours in packaging material 
or in the wine itself, or to evaluate the cleanliness of equipment 
and floors.

The presence of moving parts of equipment and the possible 
occurrence of broken glass also necessitate continuous aware-
ness to prevent potential injuries. 

The bottling process is mechanical, necessitating measurements 
and record keeping of processes, process conditions and pro-
duction material. This may include measurements such as the 
temperature of fill pens following steaming, the integrity of mem-
brane filters after steaming, fill heights, wine temperature, cork 
depth, placement of labels, oxygen and carbon dioxide concen-
trations and any other sensible production procedures. It is 
essential, however, to evaluate the records to make the neces-
sary adjustments to the process, if required. If records are only 
filed without being evaluated or acted on, measurement and 
record keeping practices are of no value (Payette, 2011).
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TABLE 1. Various filter mat grades.

Filtration grade Cloudiness of wine before 
filtration (NTU) Seitz filter sheets or membranes Cuno filter sheets

Course < 100 900 10

Medium
< 60 700 30

12 – 35 250 30 - 40

Fine

1 – 10 200 30 - 50

1 – 3 100 60 - 70

1 – 2 80 60 - 70

Sterile
< 1 EK 60 - 70

< 1 0.45 membrane 70 - 90

vineyard & cellar update

Consumers have a basic requirement that wine should be clari-
fied and contain no sediment or crystals. Apart from the fact that 
natural clarification of wines may take a very long time, the end 
result will not comply with the above-mentioned requirements. 
Filtration is one of the methods which may be used to clarify 
wine, but because it is a mechanical action, it should be done 
correctly.

If the filtration processes are not restricted to a minimum, the 
flavour, cultivar characteristics and mouthfeel of the wine may be 
affected negatively. During each filtration there is the possibility 
that thinning, product losses and unacceptable oxygen uptakes 
may ensue.

If a small cellar considers filtration of wine, there should be clar-
ity about the motivation for filtration, the affordability thereof, the 
availability of contract bottling and the analytical control that has 
to be executed before and during filtration.

Apart from the consumer requirements with regard to the clarity 
of a wine, the correct filtration of wine can improve its ability to 
keep and its crispness. Potential taint can also be avoided 
because yeast and bacteria will be removed from wine through 
the appropriate filtration. The stage at which filtration is done will 
also influence the choice of method. Filtrations of juice before 
fermentation, a young wine after fermentation, red wine before 
barrel maturation or wine just before bottling differ considerably 
and should consequently be taken into account. If a wine is 
sterile filtered just before bottling, pre-filtration will be required to 
bring the degree of clarity below 1 NTU units.

Once clarity has been obtained about the filtration process, the 
correct filter has to be selected. This choice will be determined 
by the motivation for filtration, wine quality, cost, effectiveness of 
the filtration process, versatility, filtration rate and possible future 
adjustments. Although a wide range of filter types and brands 
are available, a choice between lenticellular modular filters, car-

tridge filters, sheet and frame filters, drum filters and cross-flow 
filters should be sufficient to filter juice and wine. Each of these 
types has several advantages and disadvantages, which should 
be taken into account together with the cost of filtration, before 
making a final choice. If lees filtration is being considered, the 
choice will be limited to a vacuum drum filter and a sheet and 
frame filter.

Sheet and frame filters that are packed with filter sheets offer a 
gentle filtration and can also deliver two different degrees of clar-
ity during one filtration, but can unfortunately result in a leakage 
of 1 - 2% and also require 30 - 60 minutes’ preparation. If treat-
ing with steam for sterile bottling, the plastic frames may become 
misshapen or the rubber washers can harden in due course of 
time, leading to more wine losses.

Lenticellular modular filters consist of a vertical bell-shaped, stainless 
steel jacket that is clamped to a base plate. It surrounds the circular 
filter discs which are stacked in modules. Preparation thereof is 
simple, it is easy to empty and minimal wine losses occur. It can also 
be filled with an acid metabisulphite solution for a few days, if the 
filtration process is interrupted. Although the filtration discs are more 
expensive than filter mats, the advantages of such filters make them 
very competitive compared to plate and frame filtration.

Cartridge filters that also fit inside stainless steel jackets, offer the 
possibility of two different degrees of filtration during one process. 
There are limited losses, but the filter cartridges are expensive and 
it is essential to regenerate and store them correctly between dif-
ferent filtration processes so that they may be used again.

Drum filters usually work with filter aids such as kieselguhr, perlite 
or cellulose, which are dosed at the same time as the wine flow, 
on a continuous basis. Although the capital cost thereof is high, 
operational cost is relatively low. If using kieselguhr, there are 
certain health and safety aspects which require attention and 
consequently perlite is more often selected as the filtration aid.
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with sufficient lead time before bottling, in order to ensure that 
blocked filtration does not delay the bottling.

During the three weeks prior to bottling, specific actions should 
be undertaken:

•	 Check that the required packaging material is delivered three 
weeks before bottling, or ensure that it will be delivered in 
good time. The availability of small items such as cling wrap, 
carton glue or adhesive, carton printing ink and inert gas such 
as nitrogen and carbon dioxide must be monitored.

•	 The adjustment of the wine temperature for bottling should 
be considered three days before bottling. This is usually 
around 18°C. If using mobile bottling, parking of the unit must 
be planned. All packaging material should be on site and the 
availability of staff for bottling must be controlled.

•	 A standard control list (available in this article) should be used 
the day before bottling to ensure that all materials are on hand 
and that the necessary actions have been implemented. On 
the day of bottling the inert gas, chlorine-free water and 
steam, if required, should be available before the mobile unit 
arrives. Packaging material should also be prepared for use 
in conjunction with the mobile unit.

Once bottling has started, the first bottles (number equivalent to 
the fill pens of the filler) should be removed and added to other 
wine remains in the cellar. It is convenient to have equipment 
such as a Vernier shifting instrument, vacuum needle gauge and 
an oxygen gauge on hand at the start of bottling to monitor the 
packaging material specifications, the vacuum in the bottle necks 
and possible oxygen uptakes (Payette, 2010).

Each bottling line has its own crucial control points which have 
to be monitored meticulously to ensure that wine quality is main-
tained during the bottling process.

The first most important control is to inspect the packaging mate-
rial to be used during bottling. The best stage for this inspection 
is upon receipt thereof at the cellar, so that the suppliers can be 
contacted in good time should any problems with the material be 
identified. Test the capsules on the bottle necks, monitor the label 
specifications, the dimensions of bottle separators and cartons 
and the specifications of bottle closures or corks. Also soak a cork 
sample to identify any potential off-odours. In addition to the pre-
cise measurement of samples, bottle specifications can also be 
monitored during the bottling process by checking whether the 
bottles are not skew or asymmetrical and the evenness of the 
bottle necks can be monitored using one’s finger.

The second control is during the bottling process. Check to 
ensure the corking machine rollers do not cause a fold in the 
corks which may result in leakages. Allow filled bottles to stand 
upside down to identify possible leakages. Pressure measure-
ment of the fill space in bottles could also identify any poten-
tially unusual pressure inside the bottles. At this stage the 
specification tolerances of bottles and closures should also be 
monitored.

Just before bottling it is also necessary to ensure that the free 
sulphur dioxide content of the wine is adjusted correctly, the wine 

temperature is correct and the concentration of dissolved gases 
such as oxygen and carbon dioxide comply with specifications. 
The clarity of the wine should be adjusted by filtration the day 
before bottling, at the time of the transfer to the bottling tank, so 
that filtration does not unnecessarily delay the bottling process. 
Mixing of wine in the bottling tank should also be sufficient to 
ensure a uniform product and an inert gas system such as nitro-
gen should be available to shield the wine in the bottling tank 
against undesirable contact with oxygen.

Sufficient sanitation and the necessary protection against oxida-
tion are further important control measures during bottling. The 
rollers of the corking machine must be clean and any surface 
which may come into contact with the wine should be sterile. 
The correct use of an oxygen gauge at various control points can 
identify any possible oxygen uptake. Oxygen measurements 
should be taken at least three times, namely in the bottling tank, 
once the bottle has been filled and after closure of the bottle.

During the bottling process the labelling of the bottles has to be 
inspected and a bottle should also be inspected to ensure the 
label is correct, its position and orientation are accurate and it is 
properly glued. The correct bottle fill height should be constant-
ly monitored during the bottling process.

Bottling personnel should be trained to use their senses to iden-
tify any problems at an early stage. The sounds of equipment 
such as the plunger of the corking machine, the suction of a 
vacuum before bottle closure, the capsule machine, the labeller 
and the numerous mechanical parts have a specific regularity 
and a trained ear will quickly pick up deviations, which can be 
acted on immediately instead of waiting until product losses 
occur and subsequent processing thereof becomes necessary. 
An acute sense of smell can detect and identify overheated 
motors, worn driver-belts and off-odours in packaging material 
or in the wine itself, or to evaluate the cleanliness of equipment 
and floors.

The presence of moving parts of equipment and the possible 
occurrence of broken glass also necessitate continuous aware-
ness to prevent potential injuries. 

The bottling process is mechanical, necessitating measurements 
and record keeping of processes, process conditions and pro-
duction material. This may include measurements such as the 
temperature of fill pens following steaming, the integrity of mem-
brane filters after steaming, fill heights, wine temperature, cork 
depth, placement of labels, oxygen and carbon dioxide concen-
trations and any other sensible production procedures. It is 
essential, however, to evaluate the records to make the neces-
sary adjustments to the process, if required. If records are only 
filed without being evaluated or acted on, measurement and 
record keeping practices are of no value (Payette, 2011).
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Consumers have a basic requirement that wine should be clari-
fied and contain no sediment or crystals. Apart from the fact that 
natural clarification of wines may take a very long time, the end 
result will not comply with the above-mentioned requirements. 
Filtration is one of the methods which may be used to clarify 
wine, but because it is a mechanical action, it should be done 
correctly.

If the filtration processes are not restricted to a minimum, the 
flavour, cultivar characteristics and mouthfeel of the wine may be 
affected negatively. During each filtration there is the possibility 
that thinning, product losses and unacceptable oxygen uptakes 
may ensue.

If a small cellar considers filtration of wine, there should be clar-
ity about the motivation for filtration, the affordability thereof, the 
availability of contract bottling and the analytical control that has 
to be executed before and during filtration.

Apart from the consumer requirements with regard to the clarity 
of a wine, the correct filtration of wine can improve its ability to 
keep and its crispness. Potential taint can also be avoided 
because yeast and bacteria will be removed from wine through 
the appropriate filtration. The stage at which filtration is done will 
also influence the choice of method. Filtrations of juice before 
fermentation, a young wine after fermentation, red wine before 
barrel maturation or wine just before bottling differ considerably 
and should consequently be taken into account. If a wine is 
sterile filtered just before bottling, pre-filtration will be required to 
bring the degree of clarity below 1 NTU units.

Once clarity has been obtained about the filtration process, the 
correct filter has to be selected. This choice will be determined 
by the motivation for filtration, wine quality, cost, effectiveness of 
the filtration process, versatility, filtration rate and possible future 
adjustments. Although a wide range of filter types and brands 
are available, a choice between lenticellular modular filters, car-

tridge filters, sheet and frame filters, drum filters and cross-flow 
filters should be sufficient to filter juice and wine. Each of these 
types has several advantages and disadvantages, which should 
be taken into account together with the cost of filtration, before 
making a final choice. If lees filtration is being considered, the 
choice will be limited to a vacuum drum filter and a sheet and 
frame filter.

Sheet and frame filters that are packed with filter sheets offer a 
gentle filtration and can also deliver two different degrees of clar-
ity during one filtration, but can unfortunately result in a leakage 
of 1 - 2% and also require 30 - 60 minutes’ preparation. If treat-
ing with steam for sterile bottling, the plastic frames may become 
misshapen or the rubber washers can harden in due course of 
time, leading to more wine losses.

Lenticellular modular filters consist of a vertical bell-shaped, stainless 
steel jacket that is clamped to a base plate. It surrounds the circular 
filter discs which are stacked in modules. Preparation thereof is 
simple, it is easy to empty and minimal wine losses occur. It can also 
be filled with an acid metabisulphite solution for a few days, if the 
filtration process is interrupted. Although the filtration discs are more 
expensive than filter mats, the advantages of such filters make them 
very competitive compared to plate and frame filtration.

Cartridge filters that also fit inside stainless steel jackets, offer the 
possibility of two different degrees of filtration during one process. 
There are limited losses, but the filter cartridges are expensive and 
it is essential to regenerate and store them correctly between dif-
ferent filtration processes so that they may be used again.

Drum filters usually work with filter aids such as kieselguhr, perlite 
or cellulose, which are dosed at the same time as the wine flow, 
on a continuous basis. Although the capital cost thereof is high, 
operational cost is relatively low. If using kieselguhr, there are 
certain health and safety aspects which require attention and 
consequently perlite is more often selected as the filtration aid.
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FIGURE 1. A sheet and frame filter. FIGURE 2. A cross-section of a lenticellular modular filter.

FIGURE 3. A cartridge filter. FIGURE 4. A drum filter.

Cross flow filters have a very high purchase and membrane 
replacement cost, which practically eliminates them as filtration 
equipment for small to medium cellars. Mobile filtration contrac-
tors may be considered in such instances. Ultra filtration is a very 
effective filtration process which can reduce the degree of 
cloudiness in wine to below 1 NTU and possible oxygen uptake 
is also limited to a minimum.

If the decision is taken to buy a filter, questions about the follow-
ing aspects should always be answered before committing to a 
purchase:

•	 The availability of parts and applicable materials for filtration 
such as sheets, cartridges and filter aids.

•	 The option of increasing the filter’s capacity and obtaining 
various degrees of clarity during the same process.

•	 The storage and regeneration of filter cartridges.
•	 The optimal flow rate and pressure to obtain specific degrees 

of clarity.

Before starting the filtration of wine and also afterwards the sul-
phur dioxide level and degree of clarity of the wine must be 
measured. The former will ensure that the wine is protected 
against oxidation and the latter to select the kind of filtration to 
be done and whether it was executed effectively. The accompa-
nying Table 1 gives an indication of the different sheet filters that 
may be used.

Filtration of wine can be facilitated by racking red wines, which 
are not so sensitive to oxidation, three to four times a year. All 
wines will benefit from the correct use of enzymes and fining 
products during the crush, as well as the subsequent vinification 
processes (Howard, 2010) (Pregler, 2008).
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Opportunities to increase cellar profitability

The financial pressure on wineries has been a reality for some time 
and does not require complex calculations. Profitability is basi-
cally the difference between income and expenditure and if one 
evaluates the changes that have occurred in the magnitude and 
scope of these two aspects in recent years, it is obvious that cel-
lars find themselves in a profitability vice. Whereas wine consum-
ers can pick and choose from a large variety of wines at reason-
able prices, both production costs and duties on wine have 
increased on an ongoing basis. The South African wine industry 
is not the only one to have been subjected to these trends. To 
address the problem, it will be necessary to think out of the box.

Over the past two decades successful production and manufac-
turing companies have applied the concept of maximising con-
sumer value of a product, by applying the most cost-effective 
production methods. Wine industries will have to apply the same 
to be more successful financially. In order to do so, the require-
ments of the market have to be identified, a process and value 
chain must be created to deliver the right product and this should 
be done at an acceptable profit.

To a certain extent the value concept of clothing and vehicles is 
created visually, because the “visual packaging” of such items 
constitutes an integral part of the product: wine, on the other 
hand, has not been tasted until the bottle has been opened. Very 
good quality wines (in the opinion of the winemaker) have to rely 
on promotional actions to convince the consumer to buy them. 
In actual fact, the majority of wine consumers know very little 
about wine, although they have certain taste preferences, which 
cannot be ignored. However, such taste preferences are often 
linked to the price of the wine. Only certain wine consumers 
attach value to wine quality characteristics such as intensity of 
flavour, complexity and mouthfeel. Although some consumers 
therefore have certain product preferences, they are not neces-
sarily able to define them. Apart from defects in wine being 
unacceptable, the taste preferences of winemakers and techni-
cal personnel should not predominate, because the final decision 
to purchase a wine is taken by the consumer and not the former. 
The challenge faced by winemakers is therefore to develop wine 
styles which they may not necessarily like themselves, but which 
satisfy specific consumer profiles. Once these have been identi-
fied, the production methods can be finalised.

Apart from iconic and ultra premium wines, which represent a very 
small segment of the market, the price of wine is a decisive factor 
in wine sales and the production cost should be kept as low as 
possible. This can only be achieved if all production processes are 
streamlined to the expectations of the desired product.

Generally in the manufacturing industries only 5% is added to the 
value of the resources being processed, in contrast to successful 
companies which have a significantly higher percentage of added 
value. In order to increase the profitability of wineries, costs have 
to be cut considerably. Although packaging material, grapes, 
labour, energy and oak, if applicable, are the most important cost 
components of bottled wine, care should be taken that these do 
not constitute the only focus of cost savings. The production 
process of vinification should rather be questioned step by step. 

Typical questions in this regard are why certain processes are 
executed and how they are done. Cost factors that have to be 
evaluated critically in this regard, are the following:
 The productivity of personnel.
 The usage percentage of equipment.
 The s ill of personnel to execute specific tas s.
 The reduction in stoc  levels of production material.
 The prevention of producing scrap products.
 The minimising of transport costs.

If the focus is on the biggest cost components, however, one 
would have to look at the cost of grapes and packaging. To 
maximise the value to be gained from the grapes, maximum juice 
or eventually wine recovery is paramount. Various strategies can 
be followed in this regard. Firstly cheaper grapes from different 
cultivars may be used in blends and the most appropriate technol-
ogy may be used to maximise juice and wine recovery. Secondly 
grape yields for specific wine objectives can be optimised by 
judiciously adapting irrigation, pruning practices and trellis sys-
tems. Although certain market segments, cultivars and wine styles 
require lower grape yields, this does not apply to all market seg-
ments. Thirdly the quality classification of juice and wine should be 
applied less conservatively, without compromising product quality. 
In this instance too the most suitable technology must be applied 
to ensure that the best market value is obtained from wines. The 
Australian Wine Research Institute (AWRI) is engaged in research 
to address this matter, inter alia. The technology known as “Fer-
ment Aroma Capture” focuses for example on the recovery of 
flavourants that are lost during alcoholic fermentation, together 
with the carbon dioxide which is thus formed. They have also 
found that the full potential of flavour and aroma precursors in 
grapes is not exploited optimally. Opportunities to improve this 
include for example the extension of the period from the mechan-
ical harvesting of grapes to the further processing of the grapes, 
the intensification of tropical flavours during fermentation and the 
use of yeast strains with more flavour potential.

In order to identify the potential savings, a so-called value chain 
analysis should be done. This includes value and process flow 
diagrams of the vinification and packaging processes. Any activities 
that do not alter the product, do not add value. A high ratio of value-
adding to non-value-adding activities indicates greater effectiveness. 
A value chain analysis of medium-sized Australian cellars found, for 
example, that the transfer of final product wine to different contain-
ers constitutes a significant cost factor. This is done especially to 
keep containers filled. The costs of personnel, wine losses, cleaning 
agents and waste water only create expenses without adding any 
value to the product. Consequently Australian research also focus-
es on the storage of wine in containers that are not full. Winemakers 
may mitigate the problem, however, by producing fewer quality 
categories and product types and by making blends earlier in the 
value chain (O’Brien & Johnson, 2012).
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FIGURE 1. A sheet and frame filter. FIGURE 2. A cross-section of a lenticellular modular filter.

FIGURE 3. A cartridge filter. FIGURE 4. A drum filter.

Cross flow filters have a very high purchase and membrane 
replacement cost, which practically eliminates them as filtration 
equipment for small to medium cellars. Mobile filtration contrac-
tors may be considered in such instances. Ultra filtration is a very 
effective filtration process which can reduce the degree of 
cloudiness in wine to below 1 NTU and possible oxygen uptake 
is also limited to a minimum.

If the decision is taken to buy a filter, questions about the follow-
ing aspects should always be answered before committing to a 
purchase:

•	 The availability of parts and applicable materials for filtration 
such as sheets, cartridges and filter aids.

•	 The option of increasing the filter’s capacity and obtaining 
various degrees of clarity during the same process.

•	 The storage and regeneration of filter cartridges.
•	 The optimal flow rate and pressure to obtain specific degrees 

of clarity.

Before starting the filtration of wine and also afterwards the sul-
phur dioxide level and degree of clarity of the wine must be 
measured. The former will ensure that the wine is protected 
against oxidation and the latter to select the kind of filtration to 
be done and whether it was executed effectively. The accompa-
nying Table 1 gives an indication of the different sheet filters that 
may be used.

Filtration of wine can be facilitated by racking red wines, which 
are not so sensitive to oxidation, three to four times a year. All 
wines will benefit from the correct use of enzymes and fining 
products during the crush, as well as the subsequent vinification 
processes (Howard, 2010) (Pregler, 2008).
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Building a gravity-flow cellar

The nature of winemaking requires that various forms of the 
product be transferred between containers during different pro-
cesses. The various methods of transferring impact differently on 
the quality of the product and the design of certain kinds of 
pumps has been adapted, for example, to minimise the impact 
on quality. Winemakers also have specific preferences for certain 
pumps. The use of gravity flow to transfer juice or wine is cer-
tainly the most natural method, but it is important that the cellar’s 
design should permit this process.

The owners of Littorai Wines, a family winery in California’s 
Sonoma valley, decided to integrate their cellar in their biody-
namic farm instead of turning it into a showcase for visitors. The 
intention was therefore to make the cellar part of the 12.1ha (30-
acre) landscape. They wanted to self-finance the project, which of 
course impacted on the planning of the cellar. The project was 
consequently completed in phases, which enabled adjustments 
to the original design. It was a prerequisite to incorporate gravity 
flow in the cellar, which would eliminate any pumping actions.

The concept design has four levels, comprising a total drop of 
approximately 12 m, as indicated in Figure 1.

The first phase of the project comprised the top two levels of the 
cellar and the design made provision for them to be situated 
against a slope. The top level included a grape receiving and 
sorting area (which could also be used as a chilling room for 

grapes) and a processing balcony with a view over the fermenta-
tion and bottling areas below. The balcony has detachable 
guardrails to enable direct access to the press and mobile fer-
mentors. All sorting of grapes and processing actions therefore 
take place indoors, making the working environment far more 
pleasant. Adjacent to the grape receiving area is an office and 
laboratory. The latter has a view over the grape receiving area 
and the fermentation area. Natural light is provided in all areas 
by a combination of clerestory windows and skylights. The fer-
mentation area harbours several mobile fermentors that may be 
attached to a quick-disconnect glycol cooling system. The use 
of mobile fermentors which may contain up to seven tons of 
grapes, requires particular attention when planning the slope of 
the floor and the placement of drains. The floor plan of the first 
two levels is given in Figure 2.

The most important objective of the design was adaptability. All 
areas were designed for double duty, or even three actions. This 
approach is also integral to an environmentally friendly design. 
During bottling, fermentors and tanks are moved to the grape 
receiving area, to make the fermentation area available for bot-
tling and the handling of the packaged product. Mobile bottling 
trucks are able to park under cover alongside this area.

The second phase of the cellar entailed excavations and two sets 
of stairs connect the second level with the bottom two levels, as 
indicated in Figure 1. The barrels that were initially located in the 

FIGURE 1. Cross section of a 4-level gravity-flow cellar.
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FIGURE 2. The floor plan of the two top levels of the gravity-flow cellar.

fermentation area, could therefore be moved to the bottom level 
and the space in the fermentation area which was thus vacated, 
could be used for additional tanks. The second last level is used 
for two settling tanks.

During the crush, grapes are sorted on the bottom level and 
destemmed, if applicable. Chardonnay grapes go directly into 
the crusher and Pinot noir grapes into the fermentors. Once the 
Chardonnay grapes have been crushed, the juice is settled 
overnight, before being racked into barrels. Full Pinot noir fer-
mentors are moved against the walls of the fermentation area 
with a rechargeable electric pallet jack, where they are attached 
to a glycol cooling unit with flexible hoses. After completion of 
fermentation the fermentors containing the Pinot noir are first 
drained into settling tanks and then barrels, which are left on the 
second last level to undergo malolactic fermentation. The barrel 
cellars are not heated, but each cellar is zoned separately for 
humidity control and night-air cooling. The humidifying system 
was designed to maintain 90% humidity. The night-air cooling is 
so effective that no chilling is required for approximately six 
months of the year.

Bottling takes place by placing appropriate closed-top tanks on 
a forklift on the balcony level. These tanks are filled with wine 
destined for bottling, which is transferred from barrels using inert 
gas. The drainage valves on the bottling tanks are approxi-
mately 4.6 m above the filler bowl of the filling machine and 
bottles are therefore filled using gravitation.

The design of the cellar also incorporated environmentally 
friendly aspects, including inter alia, the use of a steel roof with 
a high percentage of recycled content, specific hot water sys-
tems and a special wall construction. The latter consisted of 
reinforced rice straw bales, covered on either side with 10 cm of 
shotcrete. The walls have an exceptional resistance to fire and 
seismic movements and moreover, they boast impressive ther-
mal performance. The process waste of the cellar is purified via 
artifical wetlands to the extent that it may be used for fire protec-
tion and to irrigate gardens (Ferar, 2011).
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The owners of Littorai Wines, a family winery in California’s 
Sonoma valley, decided to integrate their cellar in their biody-
namic farm instead of turning it into a showcase for visitors. The 
intention was therefore to make the cellar part of the 12.1ha (30-
acre) landscape. They wanted to self-finance the project, which of 
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approximately 12 m, as indicated in Figure 1.
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sorting area (which could also be used as a chilling room for 
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take place indoors, making the working environment far more 
pleasant. Adjacent to the grape receiving area is an office and 
laboratory. The latter has a view over the grape receiving area 
and the fermentation area. Natural light is provided in all areas 
by a combination of clerestory windows and skylights. The fer-
mentation area harbours several mobile fermentors that may be 
attached to a quick-disconnect glycol cooling system. The use 
of mobile fermentors which may contain up to seven tons of 
grapes, requires particular attention when planning the slope of 
the floor and the placement of drains. The floor plan of the first 
two levels is given in Figure 2.

The most important objective of the design was adaptability. All 
areas were designed for double duty, or even three actions. This 
approach is also integral to an environmentally friendly design. 
During bottling, fermentors and tanks are moved to the grape 
receiving area, to make the fermentation area available for bot-
tling and the handling of the packaged product. Mobile bottling 
trucks are able to park under cover alongside this area.

The second phase of the cellar entailed excavations and two sets 
of stairs connect the second level with the bottom two levels, as 
indicated in Figure 1. The barrels that were initially located in the 
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FIGURE 2. The floor plan of the two top levels of the gravity-flow cellar.

fermentation area, could therefore be moved to the bottom level 
and the space in the fermentation area which was thus vacated, 
could be used for additional tanks. The second last level is used 
for two settling tanks.

During the crush, grapes are sorted on the bottom level and 
destemmed, if applicable. Chardonnay grapes go directly into 
the crusher and Pinot noir grapes into the fermentors. Once the 
Chardonnay grapes have been crushed, the juice is settled 
overnight, before being racked into barrels. Full Pinot noir fer-
mentors are moved against the walls of the fermentation area 
with a rechargeable electric pallet jack, where they are attached 
to a glycol cooling unit with flexible hoses. After completion of 
fermentation the fermentors containing the Pinot noir are first 
drained into settling tanks and then barrels, which are left on the 
second last level to undergo malolactic fermentation. The barrel 
cellars are not heated, but each cellar is zoned separately for 
humidity control and night-air cooling. The humidifying system 
was designed to maintain 90% humidity. The night-air cooling is 
so effective that no chilling is required for approximately six 
months of the year.

Bottling takes place by placing appropriate closed-top tanks on 
a forklift on the balcony level. These tanks are filled with wine 
destined for bottling, which is transferred from barrels using inert 
gas. The drainage valves on the bottling tanks are approxi-
mately 4.6 m above the filler bowl of the filling machine and 
bottles are therefore filled using gravitation.

The design of the cellar also incorporated environmentally 
friendly aspects, including inter alia, the use of a steel roof with 
a high percentage of recycled content, specific hot water sys-
tems and a special wall construction. The latter consisted of 
reinforced rice straw bales, covered on either side with 10 cm of 
shotcrete. The walls have an exceptional resistance to fire and 
seismic movements and moreover, they boast impressive ther-
mal performance. The process waste of the cellar is purified via 
artifical wetlands to the extent that it may be used for fire protec-
tion and to irrigate gardens (Ferar, 2011).
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The difference between oxidised and oxidative wines

WineLand September 2012

Keywords: oxidised, oxidative, reductive, acetaldehyde, sulphur compounds.

White wines showing differences in colour and colour intensity.

The wine terms “oxidised” and “oxidative” have been the subject 
of passionate debate by purists and wine innovators. Even more 
differences of opinion sprout from the term “reductive”. The 
various interpretations are further complicated by the fact that 
none of these concepts are cast in stone; they happen on a 
scale, oxidation and reduction being the two extremes. The mid-
dle of the scale is a grey area ruled by divergent opinions. Oxida-
tive white wines have also emerged on the South African wine 
scene, but many of these winemakers are frustrated because 
their wines are rejected by the Wine and Spirits Board tasting 
panels whose assessment of the wines is that they have a defec-
tive colour or are oxidised. To clarify the matter, the various 
definitions and concepts should be reviewed.

Everyone agrees that ordinary oxidation in wine is a defect and 
this is usually observed in the colour, flavour and taste of the 
wine. The colour is usually brownish and the wine is lacking in 
fruity character. The taste is described as straw-like, toasted 
nuts, apple or flat. The sooner such characteristics are observed, 
the more serious the degree of oxidation. Oxidised wines usu-
ally have a high concentration of acetaldehyde, which cause 
apple character in wine. Acetaldehyde is formed, inter alia, by 
the oxidation of alcohol if the wine is exposed to air (oxygen). The 
exception to the commonly-held negative perception of oxidation 
is Madeira wine, which is deliberately exposed to high tempera-
tures to obtain the typical baked character.

Oxidative winemaking is not new, on the contrary, it epitomises 
the traditional way of making wine. The vinification environment, 
whether inside or outside the cellar, comprises air consisting of 
approximately 20% oxygen and unless exposure is carefully 
controlled, oxidation will occur. Various factors such as cultivar, 
temperature, pH, degree of ripeness of grapes, percentage press 
juice, cellar procedures and bottling practices impact on the 
oxidation potential of juice or wine. Oxidation can be controlled 
by, inter alia, healthy grapes and the proper use of sulphur diox-
ide, vinification aids such as ascorbic acid, inert gas such as 
nitrogen and carbon dioxide, and by keeping containers filled. 
The use of rotten grapes in vinification increases the oxidation 
potential of wine due to the presence of enzymes in such grapes. 
During barrel maturation of various types of wine, a tawny colour 
will develop in due course, resulting from exposure to air which 
is able to enter because the barrel is porous. The process is 
slow, however, and goes hand in hand with other positive 
changes to the wine. This is typical of oxidative winemaking. 
Acetaldehyde being one of the components formed by oxidation, 
it can be assumed, mistakenly, that all wines with high acetalde-
hyde concentrations are oxidised. Typical exceptions are the 
yellow wines (vin jaune) of the Jura in France and pale sherries 
such as fino, manzanilla and amontillado from Jerez in Spanje. 
The unique character of these wines are formed by the flor that 

grows on the surface of the wine after the alcoholic fermentation. 
The yellow wine is not fortified, unlike the sherry. Exposure to air 
following alcoholic fermentation is necessary to promote the 
growth of the flor, subsequently the flor protects the wine against 
exposure to air. In both instances, up to a certain stage, this is 
considered typical oxidative winemaking. The flor is also respon-
sible for the formation of acetaldehyde. Both these wines have 
unique characteristics, but neither can be described as oxidised.

Reductive winemaking is another extreme and entails the com-
plete exclusion of air (oxygen) to the extent that this is practically 
possible. Sulphur dioxide with or without ascorbic acid is applied 
to grapes in the vineyard, after picking, and during the delivery and 
crush processes dry ice (carbon dioxide in solid form) is used 
liberally to eliminate any contact with air. All further cellar practices 
up to and including bottling are conducted to prevent contact with 
air or potential oxygen uptake. The primary objective of reductive 
vinification is the retention of cultivar flavours as in the case of 
Sauvignon blanc. This extreme form of vinification has potential 
drawbacks in that such wines are very susceptible to exposure to 
air with detrimental consequences and the so-called reductive 
flavours such as sulphur compounds (rotten egg) may occur.

From the above it is therefore clear that the wine spectrum may 
range from defective oxidised wines, Madeira wines, oxidative 
wines, barrel-aged wines, standard wines that have not been 
matured and reductive Sauvignon blanc with various grey areas 
across the spectrum. In terms of current local wine regulations, 
Jura wines will most probably not be approved, because their 
unique character is not accommodated within the regulations. 
An unfortified wine with a sherry character will also be rejected, 
because it will be considered oxidised if submitted as an unforti-
fied wine, nor can it be submitted as a sherry, seeing that in 
terms of local regulations, sherry has to be fortified. It is therefore 
clear that local wine regulations have to be amended at once in 
order to accommodate the above-mentioned exceptions.
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The vineyard makes the wine

Viticulturists and winemakers sometimes harbour differing opi-
nions about the importance of their role in wine quality. The real-
ity is that bad wine can be made from good grapes, but good 
wine cannot be made from bad grapes. The most appropriate 
point of view is probably the Biblical dictum that you are known 
by your fruits.

The most important viticultural factors that may impact on wine 
flavours, are:

 Terroir, consisting of macroclimate, mesoclimate, slope, as -
pect and soil composition

 Vineyard design such as row and vine spacing, choice of 
rootstock, choice of clone and trellis system

 Viticultural practices such as pruning, fertilisation, irrigation, 
canopy management and crop control

 Seasonal influences such as temperature, rainfall and the 
incidence of diseases and pests.

Although viticulturists traditionally use different chemical parameters 
to analyse berries, a good correlation was found to exist between 
the colour of the berries and subsequent wines, although the same 
did not apply to the tannin concentrations of berries and wines. The 
Brix, pH and total acid content of berries are often measured as an 
indication of the degree of ripeness of the grapes, but are not really 
used by winemakers as an indication of potential wine quality. Viti-
cultural trials may therefore provide valuable information about 
subsequent wine quality, but the interpretation of the results can 
sometimes be difficult or misleading. Research on the influence of 
grape exposure to sunlight, based on canopy management, trellis 
and leaf picking practices, presents results that may be used advan-
tageously to obtain optimal colour in red wines and limit the occur-
rence of the vegetative or green flavours in cultivars such as Cab-
ernet Sauvignon, Merlot and Sauvignon blanc.

The impact of canopy management practices on Merlot was inves-
tigated at San Bernabe Vineyards in Monterey, California. Previous 
trials had already resulted in the standard use of Salt Creek and 
1103P as rootstocks and 9.6 foot (8.9 m) row widths. The two 
extreme canopy management treatments of the trial consisted of a 
trial and leaf picking (twice) with crop control to one bunch per 
shoot. The alcohol content and pH of the two treatments varied 
from 14.5% and 3.65 (for the control) to 16.1% and 3.26. The treat-
ments in question also improved the wine flavour and colour con-
siderably and reduced the vegetative character of the wine.

The influence of clones on Shiraz quality was investigated by the 
University of California Kearney Agricultural Center in the San 
Joaquin valley in California. The following considerations apply 
to the selection of a clone:
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 Characteristic advantageous traits
 ield, yield composition and vigour
 Preferable genotype and interactions with a specific environ-

ment
 Wine quality
 The mar eting value of terms such as “old clone”.

The clones that were compared were Shiraz 01, 02, 03, 07 (from 
Australia), Syrah 03, 174, Syrah ENTAV-INRA 99, 100, 300 and 
525 (from France). Grapes from the various clones were picked 
at the same time at approximately 25 Brix and compared in 
respect of berries per bunch, berry weight, bunch weight, dis-
solved solids, acid, yield, pruning mass and grey rot appearance. 
The Shiraz clones 01, 03 and 07 ripen earlier and have more 
vigour than the French clones. They also contain more dissolved 
solids, higher pH, smaller berries, smaller bunches, lower yield 
and less grey rot than the French clones. The biggest differ-
ences among clones occurred between the French and Austra-
lian groups, rather than between individual clones.

The incidence of grapevine residue deriving from fungicides, pesti-
cides and foliage sprays may also impact on wine quality. This is 
especially relevant to the inhibiting of alcoholic fermentation, malo-
lactic fermentation and the formation of off-odours. Sulphur contain-
ing compounds that are commonly used to treat oidium may 
inhibit fermentations or promote the formation of H

2S. This problem 
also pertains to sulphur dust which is applied unevenly and too 
close to the harvest. Yeast strains also differ with regard to their 
potential for forming H2S. The formation of H2S during fermentation 
may vary from 0 - 300 micrograms per litre; the human perception 
threshold thereof being 0.1 - 1.0 micrograms per litre. Moreover, 
insects in the vineyard may impact on fermentations and subse-
quent wine quality by acting as bearers of undesirable micro-
organisms from the environment to the vineyard (Lansing, 2011).
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The difference between oxidised and oxidative wines
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White wines showing differences in colour and colour intensity.

The wine terms “oxidised” and “oxidative” have been the subject 
of passionate debate by purists and wine innovators. Even more 
differences of opinion sprout from the term “reductive”. The 
various interpretations are further complicated by the fact that 
none of these concepts are cast in stone; they happen on a 
scale, oxidation and reduction being the two extremes. The mid-
dle of the scale is a grey area ruled by divergent opinions. Oxida-
tive white wines have also emerged on the South African wine 
scene, but many of these winemakers are frustrated because 
their wines are rejected by the Wine and Spirits Board tasting 
panels whose assessment of the wines is that they have a defec-
tive colour or are oxidised. To clarify the matter, the various 
definitions and concepts should be reviewed.

Everyone agrees that ordinary oxidation in wine is a defect and 
this is usually observed in the colour, flavour and taste of the 
wine. The colour is usually brownish and the wine is lacking in 
fruity character. The taste is described as straw-like, toasted 
nuts, apple or flat. The sooner such characteristics are observed, 
the more serious the degree of oxidation. Oxidised wines usu-
ally have a high concentration of acetaldehyde, which cause 
apple character in wine. Acetaldehyde is formed, inter alia, by 
the oxidation of alcohol if the wine is exposed to air (oxygen). The 
exception to the commonly-held negative perception of oxidation 
is Madeira wine, which is deliberately exposed to high tempera-
tures to obtain the typical baked character.

Oxidative winemaking is not new, on the contrary, it epitomises 
the traditional way of making wine. The vinification environment, 
whether inside or outside the cellar, comprises air consisting of 
approximately 20% oxygen and unless exposure is carefully 
controlled, oxidation will occur. Various factors such as cultivar, 
temperature, pH, degree of ripeness of grapes, percentage press 
juice, cellar procedures and bottling practices impact on the 
oxidation potential of juice or wine. Oxidation can be controlled 
by, inter alia, healthy grapes and the proper use of sulphur diox-
ide, vinification aids such as ascorbic acid, inert gas such as 
nitrogen and carbon dioxide, and by keeping containers filled. 
The use of rotten grapes in vinification increases the oxidation 
potential of wine due to the presence of enzymes in such grapes. 
During barrel maturation of various types of wine, a tawny colour 
will develop in due course, resulting from exposure to air which 
is able to enter because the barrel is porous. The process is 
slow, however, and goes hand in hand with other positive 
changes to the wine. This is typical of oxidative winemaking. 
Acetaldehyde being one of the components formed by oxidation, 
it can be assumed, mistakenly, that all wines with high acetalde-
hyde concentrations are oxidised. Typical exceptions are the 
yellow wines (vin jaune) of the Jura in France and pale sherries 
such as fino, manzanilla and amontillado from Jerez in Spanje. 
The unique character of these wines are formed by the flor that 

grows on the surface of the wine after the alcoholic fermentation. 
The yellow wine is not fortified, unlike the sherry. Exposure to air 
following alcoholic fermentation is necessary to promote the 
growth of the flor, subsequently the flor protects the wine against 
exposure to air. In both instances, up to a certain stage, this is 
considered typical oxidative winemaking. The flor is also respon-
sible for the formation of acetaldehyde. Both these wines have 
unique characteristics, but neither can be described as oxidised.

Reductive winemaking is another extreme and entails the com-
plete exclusion of air (oxygen) to the extent that this is practically 
possible. Sulphur dioxide with or without ascorbic acid is applied 
to grapes in the vineyard, after picking, and during the delivery and 
crush processes dry ice (carbon dioxide in solid form) is used 
liberally to eliminate any contact with air. All further cellar practices 
up to and including bottling are conducted to prevent contact with 
air or potential oxygen uptake. The primary objective of reductive 
vinification is the retention of cultivar flavours as in the case of 
Sauvignon blanc. This extreme form of vinification has potential 
drawbacks in that such wines are very susceptible to exposure to 
air with detrimental consequences and the so-called reductive 
flavours such as sulphur compounds (rotten egg) may occur.

From the above it is therefore clear that the wine spectrum may 
range from defective oxidised wines, Madeira wines, oxidative 
wines, barrel-aged wines, standard wines that have not been 
matured and reductive Sauvignon blanc with various grey areas 
across the spectrum. In terms of current local wine regulations, 
Jura wines will most probably not be approved, because their 
unique character is not accommodated within the regulations. 
An unfortified wine with a sherry character will also be rejected, 
because it will be considered oxidised if submitted as an unforti-
fied wine, nor can it be submitted as a sherry, seeing that in 
terms of local regulations, sherry has to be fortified. It is therefore 
clear that local wine regulations have to be amended at once in 
order to accommodate the above-mentioned exceptions.
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The vineyard makes the wine

Viticulturists and winemakers sometimes harbour differing opi-
nions about the importance of their role in wine quality. The real-
ity is that bad wine can be made from good grapes, but good 
wine cannot be made from bad grapes. The most appropriate 
point of view is probably the Biblical dictum that you are known 
by your fruits.

The most important viticultural factors that may impact on wine 
flavours, are:

 Terroir, consisting of macroclimate, mesoclimate, slope, as -
pect and soil composition

 Vineyard design such as row and vine spacing, choice of 
rootstock, choice of clone and trellis system

 Viticultural practices such as pruning, fertilisation, irrigation, 
canopy management and crop control

 Seasonal influences such as temperature, rainfall and the 
incidence of diseases and pests.

Although viticulturists traditionally use different chemical parameters 
to analyse berries, a good correlation was found to exist between 
the colour of the berries and subsequent wines, although the same 
did not apply to the tannin concentrations of berries and wines. The 
Brix, pH and total acid content of berries are often measured as an 
indication of the degree of ripeness of the grapes, but are not really 
used by winemakers as an indication of potential wine quality. Viti-
cultural trials may therefore provide valuable information about 
subsequent wine quality, but the interpretation of the results can 
sometimes be difficult or misleading. Research on the influence of 
grape exposure to sunlight, based on canopy management, trellis 
and leaf picking practices, presents results that may be used advan-
tageously to obtain optimal colour in red wines and limit the occur-
rence of the vegetative or green flavours in cultivars such as Cab-
ernet Sauvignon, Merlot and Sauvignon blanc.

The impact of canopy management practices on Merlot was inves-
tigated at San Bernabe Vineyards in Monterey, California. Previous 
trials had already resulted in the standard use of Salt Creek and 
1103P as rootstocks and 9.6 foot (8.9 m) row widths. The two 
extreme canopy management treatments of the trial consisted of a 
trial and leaf picking (twice) with crop control to one bunch per 
shoot. The alcohol content and pH of the two treatments varied 
from 14.5% and 3.65 (for the control) to 16.1% and 3.26. The treat-
ments in question also improved the wine flavour and colour con-
siderably and reduced the vegetative character of the wine.

The influence of clones on Shiraz quality was investigated by the 
University of California Kearney Agricultural Center in the San 
Joaquin valley in California. The following considerations apply 
to the selection of a clone:
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 Characteristic advantageous traits
 ield, yield composition and vigour
 Preferable genotype and interactions with a specific environ-

ment
 Wine quality
 The mar eting value of terms such as “old clone”.

The clones that were compared were Shiraz 01, 02, 03, 07 (from 
Australia), Syrah 03, 174, Syrah ENTAV-INRA 99, 100, 300 and 
525 (from France). Grapes from the various clones were picked 
at the same time at approximately 25 Brix and compared in 
respect of berries per bunch, berry weight, bunch weight, dis-
solved solids, acid, yield, pruning mass and grey rot appearance. 
The Shiraz clones 01, 03 and 07 ripen earlier and have more 
vigour than the French clones. They also contain more dissolved 
solids, higher pH, smaller berries, smaller bunches, lower yield 
and less grey rot than the French clones. The biggest differ-
ences among clones occurred between the French and Austra-
lian groups, rather than between individual clones.

The incidence of grapevine residue deriving from fungicides, pesti-
cides and foliage sprays may also impact on wine quality. This is 
especially relevant to the inhibiting of alcoholic fermentation, malo-
lactic fermentation and the formation of off-odours. Sulphur contain-
ing compounds that are commonly used to treat oidium may 
inhibit fermentations or promote the formation of H

2S. This problem 
also pertains to sulphur dust which is applied unevenly and too 
close to the harvest. Yeast strains also differ with regard to their 
potential for forming H2S. The formation of H2S during fermentation 
may vary from 0 - 300 micrograms per litre; the human perception 
threshold thereof being 0.1 - 1.0 micrograms per litre. Moreover, 
insects in the vineyard may impact on fermentations and subse-
quent wine quality by acting as bearers of undesirable micro-
organisms from the environment to the vineyard (Lansing, 2011).
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Neuras – a Namibian blend of wine and 
nature conservation

WineLand November 2012
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PHOTO 1. A vineyard on Neuras.

PHOTO 2. A fresh water fountain on Neuras.

PHOTO 3. The Neuras wine cellar with the current winemaker, Engela 
Kritzinger, a Stellenbosch MSc Agric graduate.

The unique natural beauty and wildlife of Namibia are well known, 
unlike Namibian wines. Thanks to a group of Namibian and 
Dutch businessmen, the unique combination of wine and nature 
conservation is being developed and expanded.

The Neuras wine estate (S 24°27’43.38” E 16°14’14.60”), one 
of only three Namibian wine estates, is situated southwest of 
Windhoek, approximately 280 km by road, and only 60 km east 
of the well-known Sossusvlei desert landscape. The biggest 
town in the area is Maltahöhe, which lies 100 km from the estate. 
The annual rainfall is 100 mm, but five natural fresh water foun-
tains occur on the estate, making it a wine oasis in an otherwise 
barren desert environment. This water is used for flood irrigation 
of the vineyards.

Current plantings, consisting of about 1 000 vines of Merlot and 
Shiraz, were established by the previous owner in 1997 and 
produce approximately 3 000 bottles per annum, bottled as 
Shiraz and a Shiraz/Merlot blend. The estate was purchased this 
year by the Naankusê Foundation with Rudi and Marlice van 
Vuuren, Jan Verburgh, Jannes Brandt and Chris Heunis as share-
holders. Large grapevine plantings, with an extension of the 
product portfolio, are in the pipeline.

Apart from wine production, Neuras has a special relationship 
with the Naankusê wildlife sanctuary situated outside Windhoek. 
The 3 200 hectare reserve is a rehabilitation centre for orphaned 
and injured cheetahs, lions, leopards, wild dogs, caracals and 
baboons. Wildlife expert Marlice van Vuuren, assisted by volun-
teers from around the world, is doing pioneering research on 
these animals. The intention is that some of the rehabilitated 

animals from Naankusê will be released back into the wild at 
Neuras, where they will be the subject of further research. The 
14 400 hectare Neuras Nature Reserve already serves as a home 
to mountain zebra, kudu, springbok, ostriches, warthog, jackal 
and other animals.
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The treatment of wines tainted by smoke

Charl Theron

Hundreds of volatile compounds have been identified in wines. 
These may add to the complexity and cultivar character of the 
wine and may derive from the grapes, or they may be formed 
during alcoholic fermentation, alternatively they may develop 
during oak and bottle maturation. 

The contribution of all volatile compounds is not necessarily 
positive, for example the malic aldehyde flavour, which results 
from oxidation, or the acetic flavour, the origin of which is usu-
ally bacteriological. More recently attention has been given to 
undesirable smoke taint, which occurs in wines made from 
grapes that had been exposed to veld fires.

As a result of climate change, veld fires have been increasingly 
common in Australia, European countries, Africa, Canada and the 
USA and this trend is expected to continue. Smoke taint in wines 
is therefore most probably an issue that affects the international 
wine industry. Research on aspects such as the nature, origin, 
measurement and impact of smoke taint compounds is so 
advanced that recommendations can be made to viticulturists and 
winemakers to limit the negative consequences of grapes’ exposure 
to smoke. The most sensitive stage for exposure to smoke is seven 
days after véraison. The smoke taint compounds are absorbed by 
the berries and leaves especially and occur in very low concentra-
tions in the berry flesh. Consequently all vinification practices which 
involve skin contact or the exposure of the grape juice to leaves, as 
with mechanical harvesting of grapes, will increase the taint poten-
tial of the wine. Apart from the undesirable compounds, which may 
be extracted from the skins and leaves, the concentration thereof 
may increase during the vinification processes. Recent research has 
found that this increase may take place up to three years after 
vinification. The same compounds that are formed from lignins dur-
ing the toasting of oak, viz. guaiacol and 4-methyl guaiacol, are the 
most important volatile compounds associated with smoke taint in 
wines. These are associated with undesirable flavours such as 
smoky, dead ash and medicinal flavours. Related compounds, 
namely 4-ethyl guaiacol and 4-ethyl phenol, may also be formed by 
Brettanomyces/Dekkera yeasts. The exposure of vines to smoke 
cannot be predicted or prevented, but the financial impact on grape 
and wine production may be significant. It will therefore be beneficial 
if methods can be developed whereby the concentration of the 
undesirable flavours in wines, made from grapes that had been 
exposed to smoke, can be reduced. The concentration of guaiacol 
and 4-methyl guaiacol in wines can be reduced by only 10% if such 
wines are treated with activated carbon.

Reverse osmosis is a standard technique used in water purification 
and desalination. In the wine industry it is used to reduce alcohol 
and volatile acid in wine and to concentrate grape juice and wines. 
It is also used with fixed phase adsorption for the Brettanomyces 

taint flavours, 4-ethyl guaiacol and 4-ethyl phenol, and one may 
therefore expect it to be suitable for wines made from grapes that 
have been exposed to smoke, in order to remove undesirable 
flavours. Recent Australian research subjected various Pinot noir 
wines, made from grapes that had been exposed to veld fires or 
artificial smoke, to different oak maturation options, whereafter the 
wines were treated by reverse osmosis and fixed phase adsorption 
in a pilot plant. The wines that had been thus treated were evalu-
ated analytically and sensorially. The results of the research may 
be summarised as follows:

•	 After 3 hours’ treatment guaiacol and 4-methyl guaiacol were 
almost entirely removed.

•	 A considerable loss of oak flavours also occurred.
•	 A loss of desirable wine flavours also occurred, but this could 

possibly be limited through optimisation of the treatment 
process.

•	 A slight decrease in the total acid content occurred, but this 
may be rectified with an acid correction.

•	 Residual sugar and alcohol concentrations did not show any 
changes.

•	 No significant change in colour occurred.
•	 The intensity of the taint flavours caused by smoke was con-

siderably reduced.

Reverse osmosis, combined with fixed phase adsorption, has been 
proven effective to reduce the concentration of aromas formed as 
a result of grapes being exposed to smoke, as well as reducing 
sensorial observations thereof (Editorial, 2011) (Fudge, 2011).
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Neuras – a Namibian blend of wine and 
nature conservation
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PHOTO 1. A vineyard on Neuras.

PHOTO 2. A fresh water fountain on Neuras.

PHOTO 3. The Neuras wine cellar with the current winemaker, Engela 
Kritzinger, a Stellenbosch MSc Agric graduate.
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unlike Namibian wines. Thanks to a group of Namibian and 
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produce approximately 3 000 bottles per annum, bottled as 
Shiraz and a Shiraz/Merlot blend. The estate was purchased this 
year by the Naankusê Foundation with Rudi and Marlice van 
Vuuren, Jan Verburgh, Jannes Brandt and Chris Heunis as share-
holders. Large grapevine plantings, with an extension of the 
product portfolio, are in the pipeline.

Apart from wine production, Neuras has a special relationship 
with the Naankusê wildlife sanctuary situated outside Windhoek. 
The 3 200 hectare reserve is a rehabilitation centre for orphaned 
and injured cheetahs, lions, leopards, wild dogs, caracals and 
baboons. Wildlife expert Marlice van Vuuren, assisted by volun-
teers from around the world, is doing pioneering research on 
these animals. The intention is that some of the rehabilitated 

animals from Naankusê will be released back into the wild at 
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have been exposed to smoke, in order to remove undesirable 
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wines, made from grapes that had been exposed to veld fires or 
artificial smoke, to different oak maturation options, whereafter the 
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in a pilot plant. The wines that had been thus treated were evalu-
ated analytically and sensorially. The results of the research may 
be summarised as follows:

•	 After 3 hours’ treatment guaiacol and 4-methyl guaiacol were 
almost entirely removed.

•	 A considerable loss of oak flavours also occurred.
•	 A loss of desirable wine flavours also occurred, but this could 

possibly be limited through optimisation of the treatment 
process.

•	 A slight decrease in the total acid content occurred, but this 
may be rectified with an acid correction.

•	 Residual sugar and alcohol concentrations did not show any 
changes.

•	 No significant change in colour occurred.
•	 The intensity of the taint flavours caused by smoke was con-

siderably reduced.
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proven effective to reduce the concentration of aromas formed as 
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The selection of oak alternatives for a 
specific objective

FIGURE 1. Various oak alternatives.

Ever since the introduction of oak alternatives for vinification in 
several wine industries about three decades ago, manufacturers 
have been exceptionally creative in the development of various 
new types. These range in size and geometric shape, but what 
they all have in common is being less expensive than oak barrels 
and rapidly imparting an oak character to wine because the sur-
face/volume ratio is much bigger than in the case of barrels. 
Winemakers should consider various factors, however, before 
deciding which alternative oak product to use for a specific wine.

In view of the traditionally positive image of oak barrels, winemakers 
do not necessarily acknowledge the use of oak alternatives. It is 
nevertheless common knowledge that the use of oak alternatives 
per se will not have the same impact on wines as oak barrels, but 
the difference is considerably reduced by using oak alternatives in 
conjunction with micro-oxygenation (MOX). The price difference 
between oak barrels and oak alternatives is such a decisive factor 
that the price at which wine is sold also impacts on the decision 
about the kind of oak to be used. From a financial point of view, new 
barrels should only be used for premium wines. In the case of 
cheaper wines, large cellars prefer to use oak alternatives only, while 
smaller cellars will use these in conjunction with old barrels.

Three basic rules apply to oak alternatives. Firstly, oak extraction 
usually takes place more rapidly than expected. If the require-
ment is merely an oak aroma, a few weeks will be required for 
chips, two months for cubes and six to nine months for staves 

in tanks. In view of the fact that the extraction of the oak char-
acter takes place rapidly, it is preferable to use more oak rather 
than extend the contact period with the oak. Smaller oak alterna-
tives usually have a bigger surface/volume ratio which will impart 
more oak character. Secondly, it is better to use smaller oak 
particles earlier in the vinification process, while bigger products 
should be used at a later stage. For example, oak powder and 
small chips can be added before or during fermentation, 
because they are small enough to pass through cellar equipment 
such as pumps. Thirdly, it is better to use small particles to obtain 
aromatic effects and bigger products for a greater impact on 
wine taste.

Oak powder must be used mainly to stabilise colour and reduce 
the green character of red wines. Although it will also enhance the 
oak flavour in wine, this should not be the primary motivation for 
using it. Untoasted oak powder and chips obviously do not add 
any toasted or vanilla flavours to the wine, but they do stabilise red 
wine colour, reduce the vegetal or green flavours in wine and bal-
ance the wine’s taste. They are consequently used mainly during 
alcoholic fermentation or within a month thereafter. Small chips 
are small enough to pass through a pump with a bore width of 
approximately 6 mm or bigger positive displacement pumps. 
These are mostly used for the same reason as oak powder, i.e. 
colour stabilisation in red wines, and also to impart oak character 
to cheaper Chardonnay during alcoholic fermentation. In the latter 
instance they are usually used in bags, so that they may be easily 
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TABLE 1. The different vinification stages when using oak alternatives.

Oak alternatives
Vinification stage

Fermentation  Maturation Final touches

Toasted powder ****

Untoasted powder and chips ****

Small chips (loose) *** *** *

Small chips (in bag) * *** **

Large chips * *** **

Cubes *** ***

Tank staves *** **

Barrel staves *** **

Oak tannin ** ***

TABLE 2. The primary reasons for the use of oak alternatives.

Oak alternative
Primary reason

Colour stability Mouth feel Aroma

Toasted powder *** * ***

Untoasted powder and chips *** * *

Small chips (loose) *** ** ***

Small chips (in bag) ** ** ***

Large chips ** ** ***

Cubes ** **** ****

Tank staves ** *** ****

Barrel staves * ** ****

Oak tannin *** **** *

**** Highly recommended.

removed from the wine if lees contact is a potential option. Large 
chips are added to wine in bags, not individually, after alcoholic 
fermentation. If these are used without MOX, the oak extraction is 
slower than in the case of small chips. Oak cubes are bigger and 
more refined than chips, but smaller than staves. They may range 
from 12 mm cubes to mini-staves measuring 200 mm in length. 
Compared to chips, the oak character of cubes integrates more 
rapidly with the wine. After nine months or a year of oak contact, 
however, there is little difference between the use of chips or 
cubes. Oak staves in tanks, like most oak alternatives, function 
best when used in conjunction with MOX. The staves can be used 
in different configurations in tanks and are usually left for six to nine 
months. They are especially well suited to imparting oak character 
to a wine that is subsequently matured in old barrels. Barrel 
inserts refer to any kind of oak alternative placed inside barrels. 
These may occur in fixed structures, chain form, spirals or chips 
or cubes, and the form that is selected can impact significantly on 
the manual labour that is involved. If many barrels have to be 
handled, the extra labour cost may cancel out the cost benefit of 
the oak alternatives. For smaller cellars this method of alternative 
oak application is nevertheless effective, because it does not 
necessarily entail MOX. Oak tannins may be used at any stage of 
vinification, but are best used as a technique to balance wines that 
have already been blended.

The following scenarios may apply if the above-mentioned rec-
ommendations are implemented:

•	 A red wine that has to be marketed young, benefits most from 
oak powder which is added during alcoholic fermentation at 
a dosage of 2 to 4 kg per ton of grapes.

•	 For practical reasons smaller cellars have to use their old bar-
rels again by inserting barrel staves. The correct maintenance 
of such barrels is crucial, however, for the oak strategy to 
succeed. Where possible barrels should always be kept filled 
and possible contamination with Brettanomyces or flor yeast 
should be monitored regularly.

•	 A cheaper Chardonnay may be made by fermenting the wine 
with chips in bags or barrel staves at a dosage of approxi-
mately 200 g per 1 000 litres. This may be done in conjunc-
tion with micro-oxygenation during alcoholic fermentation.

A summary of the vinification stages at which oak alternatives 
are to be used and the respective purpose of each, is provided 
in Tables 1 and 2.
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Stacking of barrels

FIGURE 1. Pyramid stacking of barrels

FIGURE 2. The rack-on-barrel stacking method.

It is common knowledge that initially wooden barrels served only 
to store and transport wine.

Other products such as apples, flour, beer, whisky and cured 
meat were also stored and transported in barrels. The benefits 
of oak extraction by the wine and the gradual exposure of the 
wine to oxygen as a result of the porosity of the wood only 
became apparent in due course. When oak maturation comes 
into play, wine is kept in barrels for extended periods and sub-
sequently the stacking of barrels has become a cellar practice 
worthy of attention.

Initially barrels were stacked by rolling them on two parallel 
wooden slats, with movement of the barrels being prevented by 
inserting wooden wedge-shaped stoppers between the barrel 

surface and the wooden slat. Further rows of barrels could be 
stacked on top of this by placing more wooden slats on top of 
the bottom barrels, alternatively additional barrels could be 
placed in the opening between two barrels in the bottom row, 
again stabilising them with wooden wedge stoppers. The latter 
barrel stacking method is known as pyramid stacking. Since the 
barrel bellies come into direct contact with each other, at least 
two wooden slats should be used as wedges in front and two at 
the back to stabilise the structure.

The human art of stacking barrels in a pyramid formation is disap-
pearing and it is furthermore necessary to comply with Occupa-
tional Health and Safety regulations. The removal of problematic 
barrels from this kind of stacking is also time-consuming in view 
of the fact that one has to remove at least nine barrels on top of 
the problematic barrel in the bottom row of a stack that is four 
rows high, before being able to remove the problematic barrels.

Both are time-consuming labour intensive practices, which are 
possible in a small cellar, but become impractical as soon as a 
cellar has to handle hundreds or thousands of barrels. When 
barrels used to be stored or stacked in above-ground or under-
ground cellars, the above-mentioned stacking methods were 
preferred to specially designed barrel racks. However, as a result 
of the intensive manual labour involved and increased mechani-
sation, cellars found it much easier to handle a large number of 
barrels on an even surface, so that the barrels are now stacked 
on racks that can be moved with a forklift, instead of moving 
them manually on several ground levels. Following the identifica-
tion of trichloro-anisol (TCA) as one of the causes of mouldy 
character in wines, where the presence of wood is a contributing 
factor, the use of wooden structures for barrel stacking became 
a risky practice.

The use of different kinds of barrel racks has practically become 
standard barrel stacking practice, although the various methods 
differ in certain respects. It is either possible to handle a barrel 
rack with a forklift or not. This will determine whether the barrel 
has to be removed from the rack to be moved, or can be moved 
with the barrel rack. The stacking of barrel racks may also be 
rack-on-barrel or rack-on-rack. The weight of the stacking struc-
ture is therefore either borne by the barrels or alternatively by the 
barrel racks. Although moveable barrel racks have several advan-
tages compared to barrel-on-barrel stacking, these were basi-
cally designed to be moved with a forklift. No wooden slats or 
wedge stoppers are required, because the racks are custom 
designed to fit the barrel shape and stabilise the stacking

In the case of rack-on-rack barrel racks, the corner feet are 
designed so that the weight of the stacking rests on the barrel 
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racks and not on the barrels. The frontage may be either rectan-
gular or hexagonal. In the case of the latter, the barrels are not 
stacked directly above each other, consequently the space 
between different layers is better utilised. The spacing between 
barrels in rack stacking may be either vertical (between different 
layers of barrels) or horizontal (between adjacent barrels). Most 
barrel racks allow 15 - 20 cm space between the respective 
layers of barrels. This is sufficient for filling of barrels, batonnage 
or emptying of barrels, but too close to fill or wash barrels with-
out special equipment. Although most barrel racks make provi-
sion for different barrel shapes, it can be problematic if barrels 
exceeding 300 litres in capacity are used. Barrel racks may be 
made from sprayed soft steel, galvanised steel, stainless steel or 
plastic, but although stainless steel is the most durable, the cost 
is so prohibitive that the first two materials are usually preferred 
by cellars.

The choice between rack-on-barrel or rack-on-rack stacking 
systems is determined by various factors:

•	 The rack-on-barrel system has a simple and economic design 
and it is easiest to stack, but old barrels that may have weak 
staves cannot always bear the weight with the result that an 
entire stack of barrels may collapse. Rack-on-barrel systems 
may comprise two or four barrels.

•	 In the case of rack-on-rack systems, individual barrels may 
be removed, if necessary, without dismantling the entire stack. 
These are usually more stable than rack-on-barrel systems, 

although stacking thereof requires greater skill from the forklift 
driver.

Taking the above-mentioned factors into account, different size 
cellars will vary considerably in respect of barrel stacking meth-
ods. Small cellars may for example use pallet jacks instead of 
forklifts to erect limited barrel rack systems, when space is lim-
ited. When space allows, a single layer barrel rack system may 
be used on the cellar floor. It is always preferable, however, to 
use a uniform stacking system. In cellars where barrel stacking 
is considered part of the cellar’s ambiance, barrel racks also 
serve as display items. Single layer barrel stacking on the cellar 
floor may then be used. If barrel racks are to be stacked, stain-
less steel or galvanised barrel racks will look smarter than 
painted barrel racks. Bigger cellars that handle more than 1 000 
barrels will probably centralise the barrel maturation facility, 
thereby enabling in situ execution of all barrel actions. In such 
instances static barrel racks, walkways and forklifts that are able 
to handle single barrels will also have to be taken into consid-
eration. The installation of rollers on the barrel racks of rack-on-
rack systems may also be considered to roll barrels for the 
purpose of applying batonnage, or simply to turn barrels when 
emptying them. In any event, the investment in good barrels is 
so substantial that stacking thereof should be orderly (Phillips, 
2010).
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Stacking of barrels

FIGURE 1. Pyramid stacking of barrels

FIGURE 2. The rack-on-barrel stacking method.

It is common knowledge that initially wooden barrels served only 
to store and transport wine.

Other products such as apples, flour, beer, whisky and cured 
meat were also stored and transported in barrels. The benefits 
of oak extraction by the wine and the gradual exposure of the 
wine to oxygen as a result of the porosity of the wood only 
became apparent in due course. When oak maturation comes 
into play, wine is kept in barrels for extended periods and sub-
sequently the stacking of barrels has become a cellar practice 
worthy of attention.

Initially barrels were stacked by rolling them on two parallel 
wooden slats, with movement of the barrels being prevented by 
inserting wooden wedge-shaped stoppers between the barrel 

surface and the wooden slat. Further rows of barrels could be 
stacked on top of this by placing more wooden slats on top of 
the bottom barrels, alternatively additional barrels could be 
placed in the opening between two barrels in the bottom row, 
again stabilising them with wooden wedge stoppers. The latter 
barrel stacking method is known as pyramid stacking. Since the 
barrel bellies come into direct contact with each other, at least 
two wooden slats should be used as wedges in front and two at 
the back to stabilise the structure.

The human art of stacking barrels in a pyramid formation is disap-
pearing and it is furthermore necessary to comply with Occupa-
tional Health and Safety regulations. The removal of problematic 
barrels from this kind of stacking is also time-consuming in view 
of the fact that one has to remove at least nine barrels on top of 
the problematic barrel in the bottom row of a stack that is four 
rows high, before being able to remove the problematic barrels.

Both are time-consuming labour intensive practices, which are 
possible in a small cellar, but become impractical as soon as a 
cellar has to handle hundreds or thousands of barrels. When 
barrels used to be stored or stacked in above-ground or under-
ground cellars, the above-mentioned stacking methods were 
preferred to specially designed barrel racks. However, as a result 
of the intensive manual labour involved and increased mechani-
sation, cellars found it much easier to handle a large number of 
barrels on an even surface, so that the barrels are now stacked 
on racks that can be moved with a forklift, instead of moving 
them manually on several ground levels. Following the identifica-
tion of trichloro-anisol (TCA) as one of the causes of mouldy 
character in wines, where the presence of wood is a contributing 
factor, the use of wooden structures for barrel stacking became 
a risky practice.

The use of different kinds of barrel racks has practically become 
standard barrel stacking practice, although the various methods 
differ in certain respects. It is either possible to handle a barrel 
rack with a forklift or not. This will determine whether the barrel 
has to be removed from the rack to be moved, or can be moved 
with the barrel rack. The stacking of barrel racks may also be 
rack-on-barrel or rack-on-rack. The weight of the stacking struc-
ture is therefore either borne by the barrels or alternatively by the 
barrel racks. Although moveable barrel racks have several advan-
tages compared to barrel-on-barrel stacking, these were basi-
cally designed to be moved with a forklift. No wooden slats or 
wedge stoppers are required, because the racks are custom 
designed to fit the barrel shape and stabilise the stacking

In the case of rack-on-rack barrel racks, the corner feet are 
designed so that the weight of the stacking rests on the barrel 
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racks and not on the barrels. The frontage may be either rectan-
gular or hexagonal. In the case of the latter, the barrels are not 
stacked directly above each other, consequently the space 
between different layers is better utilised. The spacing between 
barrels in rack stacking may be either vertical (between different 
layers of barrels) or horizontal (between adjacent barrels). Most 
barrel racks allow 15 - 20 cm space between the respective 
layers of barrels. This is sufficient for filling of barrels, batonnage 
or emptying of barrels, but too close to fill or wash barrels with-
out special equipment. Although most barrel racks make provi-
sion for different barrel shapes, it can be problematic if barrels 
exceeding 300 litres in capacity are used. Barrel racks may be 
made from sprayed soft steel, galvanised steel, stainless steel or 
plastic, but although stainless steel is the most durable, the cost 
is so prohibitive that the first two materials are usually preferred 
by cellars.

The choice between rack-on-barrel or rack-on-rack stacking 
systems is determined by various factors:

•	 The rack-on-barrel system has a simple and economic design 
and it is easiest to stack, but old barrels that may have weak 
staves cannot always bear the weight with the result that an 
entire stack of barrels may collapse. Rack-on-barrel systems 
may comprise two or four barrels.

•	 In the case of rack-on-rack systems, individual barrels may 
be removed, if necessary, without dismantling the entire stack. 
These are usually more stable than rack-on-barrel systems, 

although stacking thereof requires greater skill from the forklift 
driver.

Taking the above-mentioned factors into account, different size 
cellars will vary considerably in respect of barrel stacking meth-
ods. Small cellars may for example use pallet jacks instead of 
forklifts to erect limited barrel rack systems, when space is lim-
ited. When space allows, a single layer barrel rack system may 
be used on the cellar floor. It is always preferable, however, to 
use a uniform stacking system. In cellars where barrel stacking 
is considered part of the cellar’s ambiance, barrel racks also 
serve as display items. Single layer barrel stacking on the cellar 
floor may then be used. If barrel racks are to be stacked, stain-
less steel or galvanised barrel racks will look smarter than 
painted barrel racks. Bigger cellars that handle more than 1 000 
barrels will probably centralise the barrel maturation facility, 
thereby enabling in situ execution of all barrel actions. In such 
instances static barrel racks, walkways and forklifts that are able 
to handle single barrels will also have to be taken into consid-
eration. The installation of rollers on the barrel racks of rack-on-
rack systems may also be considered to roll barrels for the 
purpose of applying batonnage, or simply to turn barrels when 
emptying them. In any event, the investment in good barrels is 
so substantial that stacking thereof should be orderly (Phillips, 
2010).
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The use of oak adjuncts in red wine 
ferments

The influence of oak on wine, irrespective of the oak adjunct 
being used by the winemaker – from barrels to oak alternatives 
– will be the same in many regards. The origin of the oak, the 
type of oak adjunct and the toasting level are some of the factors 
that will impact on the oak profile. In all instances the oak will be 
extracted by the wine, causing the oak impact on flavour and 
taste to be perceptible. Such observations do not stem from oak 
extraction exclusively, but also result from the interaction 
between wine and oak components. Opinions differ, however, 
about the influence on the oak components on the colour stabil-
ity of red wines.

Oak chips, shavings or powder are the oak alternatives most 
commonly used during red wine ferments. The dosage of pow-
der is approximately 450 g per ton of grapes, whereas for chips 
it is 1 300 - 1 800 g per ton of grapes. American winemakers 
and academics differ, however, about the motivation for using 
such products.

The stage of addition ranges from as early as the delivery bin to 
the fermentor. Care should be taken that the oak is sufficiently 
mixed with the crushed grapes to ensure the required contact 
between the two media.

The most important considerations for the use of oak are the 
influence on colour stability, the oak character of the wine and 
the reduction of the so-called green character of certain red 
wines.

Although some winemakers believe that the addition of oak 
stabilises colour in red wine, this opinion is contradicted by the 
chemistry of wine tannins. Wine tannins may be divided into two 
groups, namely condensed tannins, which occur in grape skins 
and grapeseeds and hydrolysable tannins, which occur in oak. 
The former tannins add to the astringency in red wines. The 
concentrations of the two different kinds of tannins differ consid-
erably in wine that is ready for packaging. The condensed tannin 
concentration is 7 - 90 times more than the hydrolysable tannin 
concentration. It seems very likely that the condensed tannins, 
which derive from the skins and grapeseeds, play a more sig-
nificant role in colour stability. However, several research projects 
have shown that oak extract increases the loss of colour in red 
wine.

The formation of oak character during red wine fermentation is 
not so much a question of prominent oak character per se, but 
rather the secondary influence thereof on the sensorial charac-
teristics of the wine. For example, it will improve the mouthfeel 
of wines and soften the tannins and make them appear more 
integrated. The so-called green or vegetal character in red wines, 

which may be caused inter alia by picking the grapes too early, 
can also be reduced or eliminated by the presence of oak alter-
natives during red wine ferments. The addition of the oak will 
most likely not remove the green character, but masks the per-
ception thereof instead.

It is important that the correct toasting level for the oak alterna-
tives be selected for specific wines. Untoasted oak alternatives 
will imbue the wine with a green, one-dimensional oak character, 
which may even be described as resin-like, instead of imparting 
more complexity to the wine. More delicate, fruity red wines such 
as Pinot noir will benefit from lightly toasted products, whereas 
fuller wines benefit more from heavily toasted products. A com-
bination of medium and heavily toasted oak products may be 
considered for cultivars such as Shiraz and Cabernet Sauvignon 
(Mitham, 2010).

It is well known that malolactic fermentation (MLF) impacts on 
the flavour profile of oaked wine. Unlike untoasted oak, which 
impacts negatively on the growth of lactic acid bacteria, toasted 
oak promotes the growth thereof. Vanillin and other flavourants, 
which are formed during the toasting of oak, may well be respon-
sible. In barrels as well as wine made using toasted oak alterna-
tives, more flavourants such as vanillin and iso-eugenol are 
formed when Oenococcus oeni bacteria are present (De Revel 
et al., 2005).
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Maceration techniques for Pinot noir vinification
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Although Cabernet Sauvignon is the best known red cultivar 
internationally and features in the red wine spectrum of all coun-
tries, local pride comes into play when trying to determine which 
cultivar should wear the “king of red wine” crown. South Africans 
will likely sing the praises of Pinotage, Italians will differ about 
whether it should be Nebbiolo or Sangiovese and Argentinians 
will nominate Malbec. Despite such differences winemakers are 
bound to agree that it is hard to beat the elegance of Pinot noir. 
It is therefore small wonder that Burgundy considers other red 
wines inferior. The Pinot noir wines 
made by winemakers from New 
Zealand, Oregon and Sonoma rein-
force this opinion.

The phenolic compounds in red 
wines, namely anthocyanins, tannin 
monomers and tannin-anthocyanin 
polymers, form the backbone of 
the sensorial qualities of red wines. 
The phenolic compounds also have 
anti-oxidant qualities, which protect 
the wine characteristics during red 
wine vinification and maturation. In 
view of the fact that concentrations 
thereof are present in grams per litre 
amounts, these play a significant 
role in wine quality.

Anthocyanins are the phenolic com-
pounds that are predominantly reponsible for colour in red wines, 
but in Pinot noir concentrations thereof are usually lower than 
in other red cultivars. Pinot noir also contains less of the stable 
anthocyanin forms and it is therefore essential to extract and 
stabilise maximum colour during skin contact and alcoholic fer-
mentation. The process of red wine colour stabilisation entails 
a polymerisation reaction between anthocyanins and tannins. 
Although Pinot noir grapes have high tannin concentrations, 
Pinot noir wines are low in tannins. This can most probably be 
ascribed to the low ratio of skin tannins compared to grapeseed 
tannins. The anthocyanins, which are responsible for the colour, 
are easily extracted and are present in high concentrations at 
an early stage of alcoholic fermentation, but because they are 
very reactive, sufficient tannins should be present to form stable 
colour pigments. Because Pinot noir skins have low tannin con-
centrations, winemakers are obliged to use the grape seeds and 
stems as supplementary sources of tannins. Since both of these 
may cause green flavours, astringency and a bitter taste in wines, 
judicious use thereof is mandatory.

Taking into account the above-mentioned reactions of Pinot 
noir phenols, the climatic sensitivity of the cultivar and the clonal 
differences, winemakers cannot depend on terroir alone as a 
yardstic  for quality. Vinification decisions also have to be ta en, 
for example the management of phenolic profiles.

During the s in contact of red wine vinification, colour and tan-
nins are extracted from the skins, grape seeds and stems and 
occur in the juice or wine. In the case of Pinot noir, traditionally 
skin contact methods focussed on the optimisation of such 

extractions. Cold maceration was 
commonly used, for example, in 
the presence of sufficient sulphur 
dioxide; the crushed grapes are 
kept at a low temperature to delay 
the onset of alcoholic fermentation. 
During cold maceration the antho-
cyanins that are easily extracted 
are dissolved in the juice. The dis-
integration of cell tissue in the skins 
may also promote tannin extraction 
during alcoholic fermentation. For 
even better results, the cell tissue 
components may be concentrated 
by bleeding the juice directly af-
ter the crush (this process is also 
known as “saignée”). Stem tannins 
can also be used if the bunches are 
not destemmed, or by adding stems 

per se to the juice. Further extraction of tannins from the grape 
seeds and skins can be promoted by allowing skin contact after 
alcoholic fermentation. Although oak in various forms may also 
serve as an additional source of tannin, it should be borne in 
mind that it is easily hydrolised, which will neutralise the benefit 
of the addition. Yeast strains can also impact on colour stabil-
ity, with yeast metabolites playing a role in this regard. Because 
Pinot noir fermentations progress very rapidly following delay by 
cold maceration, the active fermentation period can be extended 
by bleeding the juice before fermentation and adding it to the 
skins again at the end of alcoholic fermentation.

To be able to offer winemakers reliable prescriptions in respect of 
the various Pinot noir vinification methods, it should be possible 
to verify research data statistically. Evaluation of the various skin 
contact methods is difficult and researchers at the Australian 
Wine Research Institute (AWRI) use commercial coffee plungers 
to process small volumes of grapes. This technique enables 
them to compare and evaluate the following techniques during 
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The use of oak adjuncts in red wine 
ferments

The influence of oak on wine, irrespective of the oak adjunct 
being used by the winemaker – from barrels to oak alternatives 
– will be the same in many regards. The origin of the oak, the 
type of oak adjunct and the toasting level are some of the factors 
that will impact on the oak profile. In all instances the oak will be 
extracted by the wine, causing the oak impact on flavour and 
taste to be perceptible. Such observations do not stem from oak 
extraction exclusively, but also result from the interaction 
between wine and oak components. Opinions differ, however, 
about the influence on the oak components on the colour stabil-
ity of red wines.

Oak chips, shavings or powder are the oak alternatives most 
commonly used during red wine ferments. The dosage of pow-
der is approximately 450 g per ton of grapes, whereas for chips 
it is 1 300 - 1 800 g per ton of grapes. American winemakers 
and academics differ, however, about the motivation for using 
such products.

The stage of addition ranges from as early as the delivery bin to 
the fermentor. Care should be taken that the oak is sufficiently 
mixed with the crushed grapes to ensure the required contact 
between the two media.

The most important considerations for the use of oak are the 
influence on colour stability, the oak character of the wine and 
the reduction of the so-called green character of certain red 
wines.

Although some winemakers believe that the addition of oak 
stabilises colour in red wine, this opinion is contradicted by the 
chemistry of wine tannins. Wine tannins may be divided into two 
groups, namely condensed tannins, which occur in grape skins 
and grapeseeds and hydrolysable tannins, which occur in oak. 
The former tannins add to the astringency in red wines. The 
concentrations of the two different kinds of tannins differ consid-
erably in wine that is ready for packaging. The condensed tannin 
concentration is 7 - 90 times more than the hydrolysable tannin 
concentration. It seems very likely that the condensed tannins, 
which derive from the skins and grapeseeds, play a more sig-
nificant role in colour stability. However, several research projects 
have shown that oak extract increases the loss of colour in red 
wine.

The formation of oak character during red wine fermentation is 
not so much a question of prominent oak character per se, but 
rather the secondary influence thereof on the sensorial charac-
teristics of the wine. For example, it will improve the mouthfeel 
of wines and soften the tannins and make them appear more 
integrated. The so-called green or vegetal character in red wines, 

which may be caused inter alia by picking the grapes too early, 
can also be reduced or eliminated by the presence of oak alter-
natives during red wine ferments. The addition of the oak will 
most likely not remove the green character, but masks the per-
ception thereof instead.

It is important that the correct toasting level for the oak alterna-
tives be selected for specific wines. Untoasted oak alternatives 
will imbue the wine with a green, one-dimensional oak character, 
which may even be described as resin-like, instead of imparting 
more complexity to the wine. More delicate, fruity red wines such 
as Pinot noir will benefit from lightly toasted products, whereas 
fuller wines benefit more from heavily toasted products. A com-
bination of medium and heavily toasted oak products may be 
considered for cultivars such as Shiraz and Cabernet Sauvignon 
(Mitham, 2010).

It is well known that malolactic fermentation (MLF) impacts on 
the flavour profile of oaked wine. Unlike untoasted oak, which 
impacts negatively on the growth of lactic acid bacteria, toasted 
oak promotes the growth thereof. Vanillin and other flavourants, 
which are formed during the toasting of oak, may well be respon-
sible. In barrels as well as wine made using toasted oak alterna-
tives, more flavourants such as vanillin and iso-eugenol are 
formed when Oenococcus oeni bacteria are present (De Revel 
et al., 2005).
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Maceration techniques for Pinot noir vinification
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Although Cabernet Sauvignon is the best known red cultivar 
internationally and features in the red wine spectrum of all coun-
tries, local pride comes into play when trying to determine which 
cultivar should wear the “king of red wine” crown. South Africans 
will likely sing the praises of Pinotage, Italians will differ about 
whether it should be Nebbiolo or Sangiovese and Argentinians 
will nominate Malbec. Despite such differences winemakers are 
bound to agree that it is hard to beat the elegance of Pinot noir. 
It is therefore small wonder that Burgundy considers other red 
wines inferior. The Pinot noir wines 
made by winemakers from New 
Zealand, Oregon and Sonoma rein-
force this opinion.

The phenolic compounds in red 
wines, namely anthocyanins, tannin 
monomers and tannin-anthocyanin 
polymers, form the backbone of 
the sensorial qualities of red wines. 
The phenolic compounds also have 
anti-oxidant qualities, which protect 
the wine characteristics during red 
wine vinification and maturation. In 
view of the fact that concentrations 
thereof are present in grams per litre 
amounts, these play a significant 
role in wine quality.

Anthocyanins are the phenolic com-
pounds that are predominantly reponsible for colour in red wines, 
but in Pinot noir concentrations thereof are usually lower than 
in other red cultivars. Pinot noir also contains less of the stable 
anthocyanin forms and it is therefore essential to extract and 
stabilise maximum colour during skin contact and alcoholic fer-
mentation. The process of red wine colour stabilisation entails 
a polymerisation reaction between anthocyanins and tannins. 
Although Pinot noir grapes have high tannin concentrations, 
Pinot noir wines are low in tannins. This can most probably be 
ascribed to the low ratio of skin tannins compared to grapeseed 
tannins. The anthocyanins, which are responsible for the colour, 
are easily extracted and are present in high concentrations at 
an early stage of alcoholic fermentation, but because they are 
very reactive, sufficient tannins should be present to form stable 
colour pigments. Because Pinot noir skins have low tannin con-
centrations, winemakers are obliged to use the grape seeds and 
stems as supplementary sources of tannins. Since both of these 
may cause green flavours, astringency and a bitter taste in wines, 
judicious use thereof is mandatory.

Taking into account the above-mentioned reactions of Pinot 
noir phenols, the climatic sensitivity of the cultivar and the clonal 
differences, winemakers cannot depend on terroir alone as a 
yardstic  for quality. Vinification decisions also have to be ta en, 
for example the management of phenolic profiles.

During the s in contact of red wine vinification, colour and tan-
nins are extracted from the skins, grape seeds and stems and 
occur in the juice or wine. In the case of Pinot noir, traditionally 
skin contact methods focussed on the optimisation of such 

extractions. Cold maceration was 
commonly used, for example, in 
the presence of sufficient sulphur 
dioxide; the crushed grapes are 
kept at a low temperature to delay 
the onset of alcoholic fermentation. 
During cold maceration the antho-
cyanins that are easily extracted 
are dissolved in the juice. The dis-
integration of cell tissue in the skins 
may also promote tannin extraction 
during alcoholic fermentation. For 
even better results, the cell tissue 
components may be concentrated 
by bleeding the juice directly af-
ter the crush (this process is also 
known as “saignée”). Stem tannins 
can also be used if the bunches are 
not destemmed, or by adding stems 

per se to the juice. Further extraction of tannins from the grape 
seeds and skins can be promoted by allowing skin contact after 
alcoholic fermentation. Although oak in various forms may also 
serve as an additional source of tannin, it should be borne in 
mind that it is easily hydrolised, which will neutralise the benefit 
of the addition. Yeast strains can also impact on colour stabil-
ity, with yeast metabolites playing a role in this regard. Because 
Pinot noir fermentations progress very rapidly following delay by 
cold maceration, the active fermentation period can be extended 
by bleeding the juice before fermentation and adding it to the 
skins again at the end of alcoholic fermentation.

To be able to offer winemakers reliable prescriptions in respect of 
the various Pinot noir vinification methods, it should be possible 
to verify research data statistically. Evaluation of the various skin 
contact methods is difficult and researchers at the Australian 
Wine Research Institute (AWRI) use commercial coffee plungers 
to process small volumes of grapes. This technique enables 
them to compare and evaluate the following techniques during 
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Pinot noir vinification:
•	 Control with crushed grapes where the stems have been 

removed.
•	 Cold maceration for 4 days at 4°C.
•	 Post-fermentation skin contact for 45 days.
•	 Removal of 20% run-off juice before alcoholic fermentation.
•	 Removal of 20% run-off juice before alcoholic fermentation, 

which is subsequently added back to the skins again in two 
stages at the end of alcoholic fermentation.

•	 The addition of 30 g stems/kg grapes.
•	 The addition of 2.5 g oak powder/kg grapes.

In all treatments 50 mg/kg SO2 was added to the crushed 
grapes, inoculation took place with RC212 wine yeast, 200 mg/
kg diammonium phosphate (DAP) was added at the onset of 
fermentation and the fermentation temperature was 28°C. The 
wines were fermented dry on the skins, before being racked 
and cold stabilised, followed by a final SO2 addition of 60 mg/L.

The resultant wines’ tannin concentrations were comprehensively 
analysed, but the wines were not evaluated sensorially. The most 
important results can be summarised as follows:

•	 The total tannin concentration of the post-fermentation skin 
contact treatment was highest, with added stems second 
highest and added oak lowest.

•	 The pigmented tannin concentration (in other words stabi-
lised colour) was also highest in the post-fermentation skin 
contact treatment, but approximately only 40% thereof in 
the other treatments.

•	 The total tannin concentration of wines fermented using 
different yeast strains and wild yeast differs considerably, 
with yeast strain RC212 resulting in the highest tannin con-
centrations by far.

It is therefore obvious that different vinification techniques may 
impact considerably on Pinot noir wines (Dambergs et al., 2012).
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Although it is impossible to make wine without fermentation, 
spontaneous fermentation can also be very detrimental. Nor-
mally there are two kinds of fermentation during vinification, 
namely alcoholic fermentation and malolactic fermentation (MLF). 
Alcoholic fermentation is when yeasts convert the sugar in grape 
juice to alcohol, carbon dioxide and other flavourants. Without 
alcoholic fermentation it is not possible to make wine. Malolactic 
fermentation occurs when the malic acid in the grape juice is 
converted to lactic acid, flavourants and carbon dioxide. This is 
not essential during vinification and consequently does not occur 
in all wines. Apart from Chardonnay wines that are left on the lees 
after fermentation, it seldom occurs in white wines and all red 
wines do not undergo MLF either. Because these two fermenta-
tions are so important, they are carefully monitored by winemak-
ers in order to make the best wines.

Another kind of fermentation that sometimes occurs in wines is 
called secondary fermentation. This is never planned and always 
detrimental to the wine. It causes cloudiness, carbonation and 
deposits in the wine. Even though it is caused by unplanned 
development of bacteria or yeasts in wine, it occurs mostly in 
wines that are not dry and the sugar in the wine is then con-
verted to alcohol and carbon dioxide by the yeasts. While carbon 
dioxide causes carbonation in the wine, the growth of yeasts 

causes it to be cloudy. This may happen in any container, but 
results in big losses especially when occurring in bottled or 
boxed wine. As a result of the secondary fermentation the boxes 
may inflate and even explode, while bottled wines may push out 
their corks or the wine may leak from the corks due to the pres-
sure in the bottle. In serious cases the bottles may even burst.

The easiest solution will be to bottle or box dry wines only, but 
this is not practical because many people prefer sweetish wines. 
If it happens in bottled or boxed wines, the containers usually 
have to be opened, the packaging material such as corks and 
boxes cannot be recycled and the wine has to be treated again 
or possibly discarded. Secondary fermentation can only be pre-
vented by the following practices:

•	 Sterile bottling, which requires very specific procedures and 
prevents the yeasts from ending up in the bottles or boxes. 
This is a complicated and not always a reliable practice.

•	 The use of preservatives in the wine which will kill the yeasts 
that may occur in the wine. Several preservatives are on the 
market, but not all of them are legal in all countries. Cellars 
should therefore always make sure whether a product is 
indeed legal and not add more than the permissible concen-
trations to the wine.

FIGURE 1. A foil bag becoming inflated after secondary fermentation.
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Pinot noir vinification:
•	 Control with crushed grapes where the stems have been 

removed.
•	 Cold maceration for 4 days at 4°C.
•	 Post-fermentation skin contact for 45 days.
•	 Removal of 20% run-off juice before alcoholic fermentation.
•	 Removal of 20% run-off juice before alcoholic fermentation, 

which is subsequently added back to the skins again in two 
stages at the end of alcoholic fermentation.

•	 The addition of 30 g stems/kg grapes.
•	 The addition of 2.5 g oak powder/kg grapes.

In all treatments 50 mg/kg SO2 was added to the crushed 
grapes, inoculation took place with RC212 wine yeast, 200 mg/
kg diammonium phosphate (DAP) was added at the onset of 
fermentation and the fermentation temperature was 28°C. The 
wines were fermented dry on the skins, before being racked 
and cold stabilised, followed by a final SO2 addition of 60 mg/L.

The resultant wines’ tannin concentrations were comprehensively 
analysed, but the wines were not evaluated sensorially. The most 
important results can be summarised as follows:

•	 The total tannin concentration of the post-fermentation skin 
contact treatment was highest, with added stems second 
highest and added oak lowest.

•	 The pigmented tannin concentration (in other words stabi-
lised colour) was also highest in the post-fermentation skin 
contact treatment, but approximately only 40% thereof in 
the other treatments.

•	 The total tannin concentration of wines fermented using 
different yeast strains and wild yeast differs considerably, 
with yeast strain RC212 resulting in the highest tannin con-
centrations by far.

It is therefore obvious that different vinification techniques may 
impact considerably on Pinot noir wines (Dambergs et al., 2012).
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prevents the yeasts from ending up in the bottles or boxes. 
This is a complicated and not always a reliable practice.

•	 The use of preservatives in the wine which will kill the yeasts 
that may occur in the wine. Several preservatives are on the 
market, but not all of them are legal in all countries. Cellars 
should therefore always make sure whether a product is 
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trations to the wine.
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Racking of juice and wine

FIGURE 1. A sight glass used for racking.

FIGURE 2. A racking plate and racking pipe used to rack juice. 
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From the time grapes are received by cellars, until time a wine is 
purchased by the consumer, the following production processes 
take place:

•	 The grapes are delivered, whereafter they are destemmed and 
crushed.

•	 The crushed grapes undergo skin contact or the skins are 
separated from the juice. In the case of red wines, the skins 
are only separated from the young wine after alcoholic fer-
mentation.

•	 In the case of white wines, the juice is clarified, before being 
inoculated with pure yeast.

•	 After alcoholic fermentation and possibly malolactic fermenta-
tion (MLF) the young wine is clarified.

•	 Some wines are then matured in barrels or kept in tanks.
•	 The wines are then blended to create a specific wine.
•	 The blend is fined and stabilised to improve the taste of the 

wine, if necessary, and to ensure that the wine remains clear 
and in a good condition once it has been sold.

•	 After the fining and stabilisation the wine is once again clari-
fied, whereafter it is ready for bottling.

•	 Before bottling the wine, or packaging it in any other way, or 
dispatching it in bulk, it undergoes final clarification.

From the above it is clear that juice or wine is clarified at various 
stages:

White juice is clarified before alcoholic fermentation. Before 
clarification it contains pieces of skin, stems, flesh, seeds, dust 
particles, yeasts and bacteria that accompany the grapes from 
the vineyard. It is common knowledge that clear juice makes 
better quality white wines, which usually have better colour, more 
flavour and a more delicate, pure taste. Winemakers have differ-
ent opinions about the degree of juice clarity that is required.

White and red wines are again clarified after alcoholic fermenta-
tion, because the young wine contains many yeast and bacte-
rial cells, which multiplied during alcoholic fermentation and MLF, 
and a limited amount of grape residue also occurs. Since most 
yeasts are dead at that stage, decomposition thereof can result 
in undesirable aromas, such as rotten egg, in the wine.

After fining and stabilisation, wine contains fining or tartaric lees 
which have to be removed from the wine through clarification.

The final clarification process during bottling, packaging or trans-
port of wine is a last precaution to ensure that anything which 
may be detrimental to the clarity or quality of the wine, is 
removed.

The purpose of clarification at various stages differs and conse-
quently the process to be used is adapted accordingly. Racking, 
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FIGURE 3. A racking valve on a cement tank.

flotation, filtration, centrifuging and fining are some of the best-
known clarification methods used by cellars.

The most natural clarification process for any liquid is when the 
particles responsible for the cloudiness are allowed to settle. The 
tempo of the settling process is mainly determined by the par-
ticle size and the density of the liquid and may sometimes take 
very long. Settling lees also differ with regard to compactness. 
Lees, tartaric crystals and eggwhite lees are very compact, for 
example, and it is easy to remove the liquid above them. Flesh 

tips for cellar workers

particles in juice, bentonite lees and isinglass lees are not very 
compact, however, and the liquid above these should be care-
fully removed so that the lees remain behind.

Racking of juice or wine refers to the displacement of the clear 
part of the juice or wine from one container to another so that 
the sediment or lees remain in the first container. Various impor-
tant aspects should be taken into account when racking juice or 
wine:

•	 The use of a sight glass with a light behind it, at the suction 
end of the pump, so that one can monitor the clarity of the 
juice being racked.

•	 The use of a racking plate to remove the last amount of 
clarified juice from the lees.

•	 The use of permanent racking valves which may occur at 
different heights in tanks.

•	 Racking pipes, which are bent at a right angle, may be used 
in conjunction with racking valves to gradually reduce the 
height above the lees during racking.

•	 In the case of wines that are sensitive to exposure to oxygen, 
apart from the fact that the pipe joints should be tight, inert 
gas such as nitrogen may be used to displace the air spaces 
in the delivery and reception containers.

In view of the fact that racking cannot ensure absolute clarity, it 
is often used in conjunction with other clarification processes.
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From the time grapes are received by cellars, until time a wine is 
purchased by the consumer, the following production processes 
take place:

•	 The grapes are delivered, whereafter they are destemmed and 
crushed.

•	 The crushed grapes undergo skin contact or the skins are 
separated from the juice. In the case of red wines, the skins 
are only separated from the young wine after alcoholic fer-
mentation.

•	 In the case of white wines, the juice is clarified, before being 
inoculated with pure yeast.

•	 After alcoholic fermentation and possibly malolactic fermenta-
tion (MLF) the young wine is clarified.

•	 Some wines are then matured in barrels or kept in tanks.
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•	 The blend is fined and stabilised to improve the taste of the 

wine, if necessary, and to ensure that the wine remains clear 
and in a good condition once it has been sold.

•	 After the fining and stabilisation the wine is once again clari-
fied, whereafter it is ready for bottling.

•	 Before bottling the wine, or packaging it in any other way, or 
dispatching it in bulk, it undergoes final clarification.

From the above it is clear that juice or wine is clarified at various 
stages:

White juice is clarified before alcoholic fermentation. Before 
clarification it contains pieces of skin, stems, flesh, seeds, dust 
particles, yeasts and bacteria that accompany the grapes from 
the vineyard. It is common knowledge that clear juice makes 
better quality white wines, which usually have better colour, more 
flavour and a more delicate, pure taste. Winemakers have differ-
ent opinions about the degree of juice clarity that is required.

White and red wines are again clarified after alcoholic fermenta-
tion, because the young wine contains many yeast and bacte-
rial cells, which multiplied during alcoholic fermentation and MLF, 
and a limited amount of grape residue also occurs. Since most 
yeasts are dead at that stage, decomposition thereof can result 
in undesirable aromas, such as rotten egg, in the wine.

After fining and stabilisation, wine contains fining or tartaric lees 
which have to be removed from the wine through clarification.

The final clarification process during bottling, packaging or trans-
port of wine is a last precaution to ensure that anything which 
may be detrimental to the clarity or quality of the wine, is 
removed.

The purpose of clarification at various stages differs and conse-
quently the process to be used is adapted accordingly. Racking, 
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flotation, filtration, centrifuging and fining are some of the best-
known clarification methods used by cellars.

The most natural clarification process for any liquid is when the 
particles responsible for the cloudiness are allowed to settle. The 
tempo of the settling process is mainly determined by the par-
ticle size and the density of the liquid and may sometimes take 
very long. Settling lees also differ with regard to compactness. 
Lees, tartaric crystals and eggwhite lees are very compact, for 
example, and it is easy to remove the liquid above them. Flesh 
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particles in juice, bentonite lees and isinglass lees are not very 
compact, however, and the liquid above these should be care-
fully removed so that the lees remain behind.

Racking of juice or wine refers to the displacement of the clear 
part of the juice or wine from one container to another so that 
the sediment or lees remain in the first container. Various impor-
tant aspects should be taken into account when racking juice or 
wine:

•	 The use of a sight glass with a light behind it, at the suction 
end of the pump, so that one can monitor the clarity of the 
juice being racked.

•	 The use of a racking plate to remove the last amount of 
clarified juice from the lees.

•	 The use of permanent racking valves which may occur at 
different heights in tanks.

•	 Racking pipes, which are bent at a right angle, may be used 
in conjunction with racking valves to gradually reduce the 
height above the lees during racking.

•	 In the case of wines that are sensitive to exposure to oxygen, 
apart from the fact that the pipe joints should be tight, inert 
gas such as nitrogen may be used to displace the air spaces 
in the delivery and reception containers.

In view of the fact that racking cannot ensure absolute clarity, it 
is often used in conjunction with other clarification processes.
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Fining of juice and wine

FIGURE 1. Flocculation during fining of wine.

FIGURE 2. Various fining agents that are used for juice or wine.

WineLand May 2012

Keywords: fining agent, fining dosage, clarified juice.

The word “fining” describes a process whereby the components 
of juice or wine are changed, in order to balance or stabilise the 
components. 

The fining process of juice or wine will clarify it quicker and prevent 
it from changing (the juice or wine is therefore stabilised). During 
the fining of wine, most fining agents react with certain wine com-
ponents to form flakes which settle rapidly (see Figure 1).

The fining process usually occurs in the following steps:

1. The choice of the most suitable fining agent.

2. The amount of the fining agent (fining dosage) to be used.

3. The preparation of the fining agent.

4. Mixing of the prepared fining agent with the juice or wine.

5. Separation of the fining lees and clarified juice or wine.

he choice of the most suita le fining agent
Fining agents have different characteristics, as indicated in Table 
1, and are therefore used for a specific objective. In view of the 
fact that certain fining agents look the same, apart from differ-
ences in colour, one should always ensure that the correct 
product is used (see Figure 2). Never use the contents of con-
tainers that are not clearly marked.

he amount of fining agent fining dosage  to e used
Because fining agents are used for a specific purpose, the most 
suitable amount should be determined. By using too little, the 
desired result will not be obtained and by using too much, the 
quality of the wine will be compromised. Fining trials with different 
dosages of the fining agent are usually done on a small scale in 
the laboratory, whereafter a decision is reached about the appro-
priate dosage of the fining agent. It is not acceptable to use the 
same dosage in all instances, because wines differ and they 
therefore have different fining requirements. It is necessary to 
ensure that the same product which will be used in the cellar is 
used for the fining trials. The dosage is usually expressed in 
grams per litre (g/l) or grams per hectolitre (g/hl).

PVPP Albumin Bentonite Carbon
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TABLE 1. The most important fining agents used during winemaking.

Fining agent Product form Purpose Preparation (Dosage)

Active carbon* Powder or granules
Removal of undesirable colour 
and flavour

None.
(0.1 - 0.4 g/l)

Bentonite* Powder or granules
Removal of protein.
Often in combination with 
gelatine.

Allow to swell overnight.
Mix with lukewarm water before adding.
(0.1 - 1.0 g/l)

Egg white*
Eggs or albumin powder

Fining of red wine.
Reduces tartness in red wines.

Separate yolk and white of egg.
Dissolve in 0.5% table salt solution or
Dissolve albumin powder in 0.5% table salt 
solution.
(3 eggs/200 litres or 0.1 - 0.5 g/l albumin)

Gelatine* Powder

Reduction of tartness in red 
wines.
Often in combination with 
bentonite and silicasol.

Leave to swell overnight in cold water.
Dissolve the next day by heating water.
(0.05 - 0.15 g/l)

Casein* Milk or powder Reduces bitter taste in wine.

Dissolve in alkaline warm water that contains 
one third of the casein weight’s potassium 
carbonate.
(0.05 - 0.3 g/l)

PVPP
Polyclar AT*

Powder
Prevents browning and pinking 
in white wines.

Dissolve in a small amount of wine.
(0.2 - 0.5 g/l)

Silikasol
Kieselsol*
Baykisol*

Aqueous solution
Accelerates fining lees.
Often used after gelatine fining.

None.
(0.06 - 0.2 g/l)

Isinglass*
Ground or unground isin-
glass strips

Reduces tartness and 
bitterness.

According to product prescriptions.
(0.02 - 0.1 g/l)

he preparation of the fining agent
The form and physical characteristics of the various fining agents 
differ, so too the purpose for which they are used. It is therefore 
important to act in accordance with the product prescriptions. It 
is necessary in any event to prevent clumps from forming, before 
adding the prepared fining agent to the juice or wine. The basic 
methods of preparation are indicated in Table 1.

i ing the prepared fining agent with the uice or wine
After measuring the correct amount of fining agent, it is essential 
to mix it thoroughly with the juice or wine. This can usually be 
done in one of three ways:

•	 The juice or wine is racked from the bottom of the tank into a 
vat, whereafter the fining agent that has been prepared is 
added and pumping over takes place from the top of the tank, 

until the prepared fining agent is thoroughly mixed as a result 
of the circulation.

•	 The prepared fining agent is pumped into the tank from 
above, whereafter it is mixed in the tank with a mechanical 
stirrer.

•	 The prepared fining agent is added inline to the juice or wine 
with a dosage pump while racking takes place from one tank 
to another.

he separation of the fining lees and the clarified uice of the 
wine
As soon as sufficient time has been allowed for the fining process 
and once the fining lees has settled sufficiently, the clarified juice 
or wine can be separated from the fining lees by racking or filtra-
tion.

tips for cellar workers
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same dosage in all instances, because wines differ and they 
therefore have different fining requirements. It is necessary to 
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TABLE 1. The most important fining agents used during winemaking.

Fining agent Product form Purpose Preparation (Dosage)

Active carbon* Powder or granules
Removal of undesirable colour 
and flavour
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(0.1 - 0.4 g/l)
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Reduction of tartness in red 
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Often in combination with 
bentonite and silicasol.

Leave to swell overnight in cold water.
Dissolve the next day by heating water.
(0.05 - 0.15 g/l)

Casein* Milk or powder Reduces bitter taste in wine.

Dissolve in alkaline warm water that contains 
one third of the casein weight’s potassium 
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is necessary in any event to prevent clumps from forming, before 
adding the prepared fining agent to the juice or wine. The basic 
methods of preparation are indicated in Table 1.
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After measuring the correct amount of fining agent, it is essential 
to mix it thoroughly with the juice or wine. This can usually be 
done in one of three ways:
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vat, whereafter the fining agent that has been prepared is 
added and pumping over takes place from the top of the tank, 

until the prepared fining agent is thoroughly mixed as a result 
of the circulation.

•	 The prepared fining agent is pumped into the tank from 
above, whereafter it is mixed in the tank with a mechanical 
stirrer.
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The filtration of juice and wine
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FIGURE 1. The solid particles that have to be removed from the liquid 
are inflexible and although they differ in size, they are all bigger than the 
conduits of the filter medium. A porous cake is therefore formed on the 
filter medium and the medium is gradually blocked. The flow tempo 
through the medium is gradually reduced until it is entirely blocked.

FIGURE 2. The solid particles that have to be removed from the liquid 
are the same size as the previous figure and although they differ in size, 
they are all bigger than the conduits of the filter medium, but with increas-
ing pressure the solid particles change shape allowing them to penetrate 
the conduits of the filter medium. The filter medium is therefore blocked 
and the flow tempo through the medium is rapidly reduced, until it is 
entirely blocked.

FIGURE 3. Here the filtration process is a combination of sieving and 
adsorption (like a magnet which attracts metal). Various size solid parti-
cles that have to be removed from the liquid penetrate the conduits of 
the filter medium. Those that are too big block the conduits, while others 
are adsorbed against the sides of the conduits. The filter medium gets 
blocked gradually and although the filtration may operate for a long time, 
the flow tempo through the medium is reduced.

FIGURE 4. Here the filtration process is an adsorption process (like a 
magnet which attracts metal). Small particles that have to be removed from 
the liquid are smaller than the conduits of the filter medium. They easily 
penetrate the conduits of the filter medium and are adsorbed against the 
sides of the conduits, until there is no space on the conduits where further 
adsorption can take place. The filter medium is not blocked, therefore, and 
although the filtration may last a long time and the flow speed through the 
medium will not be reduced, the liquid will no longer be clarified.

In previous articles reference was made to the different stages 
at which wine is clarified and the reasons for the clarification 
processes. Filtration is one of the clarification processes most 
often used in cellars, and the equipment for this process com-
prises different kinds of filters. The purpose of filtration is simply 
to remove different size solid particles occurring in the juice or 
wine, without altering the wine in any other way. Some particles 
such as yeast and bacteria are so small that they cannot be 
seen, while crystals or grape particles are big enough to be 
noticed. The smaller the particles that have to be removed, the 
finer the filtration has to be and the bigger the particles, the 
coarser the filtration. Filtration is also used elsewhere apart from 
wine cellars. In kitchens a tea strainer is used for example to 
remove tea leaves once the tea has infused. In filter coffee a 
paper filter is used to remove the ground coffee beans from the 
coffee once it has percolated, because a tea strainer is not fine 
enough to remove the dregs of the coffee. In building a sieve is 

used for example to separate different size sand and stones. A 
tea strainer, coffee paper filter or building sieve are therefore dif-
ferent kinds of filters. The size of the holes in the paper or sieve 
will determine what goes through and what is kept back. The 
object being used to filter something is also known as the filter 
medium.

A filter medium can be a simple sieve, or the sieve can be the 
basis onto which different thicknesses of filter material are affixed, 
for example filter mats, filter membranes or filter aids. Under a 
microscope the filter medium almost looks like a labyrinth. The 
way in which filtration occurs through a filter medium, is illus-
trated by the figures below (Ribereau-Gayon et al., 2001).

eference
Ribereau-Gayon, P., Glories, Y., Maujean, A. & Dubourdieu, D. 2001. 
Handbook of Enology, Volume 2. The Chemistry of Wine Stabilization 
and Treatments. John Wiley & Sons (England), 404 pages.
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Filtration using filter aids

This type of filtration is normally used for wines that have not 
been clarified in any other way and this is therefore one of the 
first clarifying processes. At this stage the wine still contains lots 
of cloudy particles which will rapidly block the filter. This can be 
prevented by dosing filter aid continuously with the cloudy wine 
to form a filter bed. One of the disadvantages of this filtration 
method is that large volumes of used filter aid need to be 
dumped after usage, which may pollute the environment. 
Moreover, labourers who work in the area surrounding such a 
filter are always exposed to dust.

The most important filter aids are cellulose, diatomaceous earth 
and perlite. Cellulose is made of wood and cotton. Diatoma-
ceous earth (kieselguhr) is a natural stone which can easily be 

FIGURE 1. A microscopic photo of a diatom. FIGURE 2. A microscopic photo of perlite.

crumbled into a white or off-white powder. It is very light, being 
porous, and occurs in various sizes. It originates from simple 
algae, known as diatoms (algae are the small plants which cause 
the water in swimming pools to turn green). Perlite is a natural 
volcanic glass which is transformed into a light, bright white 
powder when heated.

The filter aids are available in different grades of fineness and 
depending on the degree of clarification required in the wine, a 
specific grade will be chosen.

The filter usually consists of a horizontal or vertical stainless steel 
drum with sieves on the inside, arranged around a central axel. 
It is usually equipped with a dosage pump for adding the filter 
aid to the cloudy wine.

FIGURE 3. A vertical filter with dosage pump.

WineLand September 2012
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FIGURE 1. The solid particles that have to be removed from the liquid 
are inflexible and although they differ in size, they are all bigger than the 
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the liquid are smaller than the conduits of the filter medium. They easily 
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A filter medium can be a simple sieve, or the sieve can be the 
basis onto which different thicknesses of filter material are affixed, 
for example filter mats, filter membranes or filter aids. Under a 
microscope the filter medium almost looks like a labyrinth. The 
way in which filtration occurs through a filter medium, is illus-
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and perlite. Cellulose is made of wood and cotton. Diatoma-
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porous, and occurs in various sizes. It originates from simple 
algae, known as diatoms (algae are the small plants which cause 
the water in swimming pools to turn green). Perlite is a natural 
volcanic glass which is transformed into a light, bright white 
powder when heated.

The filter aids are available in different grades of fineness and 
depending on the degree of clarification required in the wine, a 
specific grade will be chosen.

The filter usually consists of a horizontal or vertical stainless steel 
drum with sieves on the inside, arranged around a central axel. 
It is usually equipped with a dosage pump for adding the filter 
aid to the cloudy wine.

FIGURE 3. A vertical filter with dosage pump.
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Before filtration commences, two pre-coats must be applied to 
the sieves by pumping a suitable filter aid, dissolved in water or 
wine, over it. The first pre-coat usually contains cellulose to form 
a good filter bed on the sieves. Then the filtration process is 
continued by dosing the appropriate grade filter aid together with 
the wine to be filtered, until the pressure becomes too high or 
the space between the sieves is filled with filter aid. Throughout 
the process it is essential to continuously monitor whether the 
wine has been clarified sufficiently. Subsequently the wine that 
remains in the filter drum is drained, before the filter drum is 
properly cleaned.

Filter aid can also be used with a rotary vacuum filter.

A rotary vacuum filter consists of a drum with a sieve layer, which 
rotates around the central axel of a container. Wine or lees mixed 
with filter aid is added to the container and a vacuum pump 
sucks the mixture through the sieve layer of the drum, so that 
the cloudiness collects on the filter bed and the clarified wine is 
removed through the vacuum by the central axel. With each 
rotation of the drum, the outside layer of the filter aid containing 
the cloudiness is scraped off with a blade. The filter bed is there-
fore replaced continuously.

Because the cloudy product being filtered is exposed to a lot of 
air, this may impact on product quality, therefore this process is 
mostly used for lees filtration.

FIGURE 4. A rotary vacuum filter.

technical yearbook 2012 145

Filtration at the various stages of vinification
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FIGURE 1. A frame filter used for 
sheet filtration.

FIGURE 3. A membrane filter packed 
in filter cartridges.

FIGURE 4. A cross-flow filtration 
unit.

FIGURE 2. Bell-shaped contai-
ners that may be used for mem-
brane filtration.

The purpose of wine filtration is to clarify the wine. The degree of 
clarity depends on the stage of the vinification process. For 
example, just after fermentation a wine will be much less clear 
than just before bottling. This will determine the kind of filtration 
to be used. Four different kinds of filtration can be used:

1. Filtration with a filter aid.
2. Sheet or pad filtration.
3. Membrane filtration.
4. Cross flow filtration.

Filtration with a filter aid was discussed in a previous article. The 
filter aid is continuously dosed into the wine to ensure that the 
filter does not block too quickly. This kind of filtration is normally 
used to filter wine from the lees. Although it is able to filter large 
volumes of wine, one of the biggest disadvantages is that large 
volumes of used filter aid are being created as waste at the cellar.

Sheet filtration is the method that has been in use the longest in 
the wine industry. Filter sheets consist of cellulose and other 
material which is placed between the frames of the sheet filter, 
whereafter wine is pumped through it. The filter sheets have to 
be selected according to specific grades such as EK, K7 and 
K5, depending on the objective of the filtration. Handling, pack-
ing and preparation of the filter sheets must be done carefully for 
the filtration to be applied correctly. The cloudy particles in the 
wine are left behind on the filter sheet, either because of the 
thickness of the filter sheet or because of adhesion, and the 
clarified wine flows out at the other side of the sheet. Sheet filtra-
tion is done mostly just before bottling for the final clarification of 
wine.

Membrane filtration requires membrane filters, which consist of 
thin synthetic material, packaged as filter cartridges. The mem-
brane filters have specific size pores that are able to keep back 
yeasts or bacteria from the wine. Bell-shaped steel containers 
are used to contain the filters. These get blocked very quickly 
and are consequently used directly after a sheet filtration or 
other pre-filtration; consequently they act mainly as an addi-
tional safety filtration before bottling. As in the case of sheet filtra-
tion, the preparation and use of these filters require great care.

The principle of crossflow filtration differs from the previous three 
kinds of filtration. In filtration with filter aids, sheet filtration and 
membrane filtration the matter that is removed from the wine, is 
retained on the filter and will eventually block the filter and the 
pressure will increase. In crossflow filtration the cloudiness being 
removed from the wine is continuously rinsed away by the 
incoming wine, which prevents the filter from becoming rapidly 
blocked. Crossflow filters consist of porous tubes that are 

installed inside stainless steel tubes. A wide range of pore sizes 
is available and the filtration takes place at high pressure. It is 
able to filter very large volumes of wine with varying degrees of 
cloudiness and is especially suitable for bulk wines. The equip-
ment is very expensive, however, and mobile crossflow filtration 
is often used by smaller cellars.

tips for cellar workers
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than just before bottling. This will determine the kind of filtration 
to be used. Four different kinds of filtration can be used:

1. Filtration with a filter aid.
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Filtration with a filter aid was discussed in a previous article. The 
filter aid is continuously dosed into the wine to ensure that the 
filter does not block too quickly. This kind of filtration is normally 
used to filter wine from the lees. Although it is able to filter large 
volumes of wine, one of the biggest disadvantages is that large 
volumes of used filter aid are being created as waste at the cellar.

Sheet filtration is the method that has been in use the longest in 
the wine industry. Filter sheets consist of cellulose and other 
material which is placed between the frames of the sheet filter, 
whereafter wine is pumped through it. The filter sheets have to 
be selected according to specific grades such as EK, K7 and 
K5, depending on the objective of the filtration. Handling, pack-
ing and preparation of the filter sheets must be done carefully for 
the filtration to be applied correctly. The cloudy particles in the 
wine are left behind on the filter sheet, either because of the 
thickness of the filter sheet or because of adhesion, and the 
clarified wine flows out at the other side of the sheet. Sheet filtra-
tion is done mostly just before bottling for the final clarification of 
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Membrane filtration requires membrane filters, which consist of 
thin synthetic material, packaged as filter cartridges. The mem-
brane filters have specific size pores that are able to keep back 
yeasts or bacteria from the wine. Bell-shaped steel containers 
are used to contain the filters. These get blocked very quickly 
and are consequently used directly after a sheet filtration or 
other pre-filtration; consequently they act mainly as an addi-
tional safety filtration before bottling. As in the case of sheet filtra-
tion, the preparation and use of these filters require great care.

The principle of crossflow filtration differs from the previous three 
kinds of filtration. In filtration with filter aids, sheet filtration and 
membrane filtration the matter that is removed from the wine, is 
retained on the filter and will eventually block the filter and the 
pressure will increase. In crossflow filtration the cloudiness being 
removed from the wine is continuously rinsed away by the 
incoming wine, which prevents the filter from becoming rapidly 
blocked. Crossflow filters consist of porous tubes that are 
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cloudiness and is especially suitable for bulk wines. The equip-
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The following material may be used for grapevine training to attach shoots to the strings and cordon wires (prices of material 
supplied by Kaap Agri on 4 November 2011 and include VAT):

Francois Viljoen

Vineyard trellis material

FIGURE 1A & B. DaVine-clips – 10 000 per bag @ R621 = 6c each.

FIGURE 2A & B. Max Tapener staple gun – staple gun costs R677, 
staples R66,75 for 4 800 and roll of plastic R93. FIGURE 3. Masking tape (18 m) @ R5,93 per roll = 3,5c per tie.

WineLand February 2012

Francois Viljoen – VinPro Consultation Service

Keywords: vineyard trellis, cordon wires.
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For further information contact Francios Viljoen at viljoenf@vinpro.co.za

FIGURES 4A & B. Jute tying rope @ R22,59/kg = 2c per piece of string.

FIGURES 5A & B. Vineyard plastic strips @ R166 per pack (2 000 in pack) = 8c per plastic strip.

FIGURE 6. Twisties (10 cm long) @ R151,61 per box (10 000 in box) = 
5c per twistie. FIGURE 7. No material – just twist around string.

tips for vineyard workers
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Johannes Mellet

PHOTO 1. The first damage from feeding is usually in the petiolar sinus 
of the leaf.

PHOTO 2. Further feeding damage – leaves are usually eaten from the 
outer edges inwards. Snout beetles are not likely to start feeding in the 
middle of the leaf.

PHOTO 3. Leaf that has been eaten showing snout beetle faeces. PHOTO 4. Healthy and damaged flower cluster.

PHOTO 5. Two snout beetles – note the long snouts from which the 
name derives. It is common for the male to hitch a ride on the female’s 
back.

PHOTO 6. Feeding damage on bunches.

Snout beetles on grapevines

WineLand April 2012

Johannes Mellet – VinPro Consultation Service

Keywords: snout beetles.

Some signs of the presence of snout beetles are shown here.

For further information contact Johannes Mellet at melletj@vinpro.co.za
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Johannes Mellet

Boll-worm on grapevines

PHOTO 1. The first damage to be noticed is usually feeding damage to 
the leaves.

PHOTO 2. New feeding damage usually occurs near the growth tips on 
young leaves.

PHOTO 3. Boll-worms attack 
many other crops and some-
times grapevines too. Look at 
other susceptible crops (such 
as these apricots) for the first 
signs of boll-worm.

PHOTO 4. The colour of lar-
vae varies (young larvae are 
usually darker), but always 
has a characteristic pale yel-
low stripe along the sides.

PHOTO 5. The boll-worm with its characteristic pale yellow stripe along the side.

WineLand June 2012

Johannes Mellet – VinPro Consultation Service

Keywords: boll-worm, larvae.

The occurrence of and damage done by boll-worms on grapevines are set out below.

For further information contact Johannes Mellet at melletj@vinpro.co.za
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How to handle grapevine scion roots

Leon Dippenaar

Scion roots are the roots that develop out of the scion. If the graft joint remains buried under the soil for a long period, scion roots 
will develop. It is very important to remove these roots, because the grapevine will favour the growth of such roots rather than the 
growth of the rootstock. In due course the roots of the grafted rootstock will therefore die back and the entire grapevine will be 
dependent on the newly-formed scion roots. The disadvantage of scion roots is that they are very susceptible to plagues such as 
Phylloxera and nematodes, as well as other soil-borne pathogens such as root fungi. The following photos illustrate the correct 
removal of scion roots.

PHOTO 1. It is important to open the graft joint during the winter months 
to study the formation of scion roots.

PHOTO 2. Here a large number of scion roots occur above the graft joint.

PHOTO 3. Ensure that scion roots which occur above the graft joint are 
trimmed away smoothly using pruning shears.

PHOTO 4. Scion roots should preferably not be removed with a spade, 
because the spade will cause large wounds which give access to root 
pathogens.

WineLand August 2012

Leon Dippenaar – VinPro Consultation Service

Keywords: scion roots, rootstock.

For further information contact Leon Dippenaar at leon@vinpro.co.za
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Heat damage to young grapevines

Jeff Joubert
WineLand October 2012

Jeff Joubert – VinPro Consultation Service

Keywords: heat damage, dead tissue, prune back, pith, young grapevines.

PHOTO 1

PHOTO 2 PHOTO 3

PHOTO 4 PHOTO 5

During heat wave periods it is possible for the growth tips of 
young Colombar and Steen especially to “overheat” and then to 
wilt entirely (Photo 1). This occurs mainly in vigorously growing 
grapevines that are being fully developed on the cordon in the 
first year after planting.

It is very important to prune back the shoots in such instances 
to remove all the damaged tissue. If this is not done, the dead 
tissue will remain in the arm or trunk permanently.

Furthermore, it is important to cut back not only to the first lat-
eral shoot that looks healthy, but to keep pruning back to where 
the entire shoot – including the pith – has a healthy green colour 
(Photo 2).

In Photos 3, 4 and 5 it is obvious that although the lateral shoot 
looks normal, the pith is still damaged.

Photos 3 - 5 show the same shoot, with one node having been 
pruned back further in each instance.

tips for vineyard workers

For further information contact Jeff Joubert at joubertj@vinpro.co.za
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Visual water deficit symptoms

WineLand December 2012

Conrad Schutte – VinPro Consultation Service
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Conrad Schutte

Management of a grapevine’s water requirements is an extremely 
important component of viticulture. Decisions that are taken 
during the growth process may impact on the vineyard’s yield 
and the eventual wine quality. This explains why there is such a 
wide range of soil-water and grapevine-water status measuring 
tools on the market. By using such apparatus we get an exact 
measurement of the amount of water in the soil, or the water 
status of the grapevine.

It is very important also to know that the grapevine ‘talks’ to 
us and that the vineyard worker has a duty to understand the 
grapevine’s ‘language’. The grapevine is able to show us in sev-
eral ways that there is a water deficit, whether in the bloc , or in 
a particular grapevine.

The appearance or absence of water deficit symptoms is a 
handy aid for the vineyard worker. Depending on the kind of wine 
to be made, a decision can be taken to irrigate immediately or 
at a later stage.

Let us take a look at the following three parts of the grapevine, 
namely:

•	 Growth tip
•	 Leaves
•	 Tendrils.

PHOTO 1. Actively growing growth tip. Indicates sufficient water, there-
fore no or little water deficit.

PHOTO 2. Growth tip showing that growth has slowed down. The first 
unfolded leaf will cover the growth tip if a vineyard worker runs his hand 
against the shoot. Indicates that the grapevine suffers from water deficit 
and growth is slower.

PHOTO 3. Growth in the growth tip has also stopped. Unfolded leaves 
at the tip of the shoot will cover the growth tip if the vineyard workers 
runs his hand against the shoot. Indicates that the grapevine is suffering 
from a fair amount of water deficit and has already stopped growing.
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PHOTO 4. A dark green, open leaf indicates 
little or no water deficit. If you touch the leaf, it 
will be cool.

PHOTO 5. A greyish green and closed leaf 
indicates water deficit. Such leaves feel warm.

PHOTO 6. Greyish green leaves that are closed 
and point away from the sun indicate a fair 
amount of water deficit.

endrils

PHOTO 7. Tendrils are longer than the growth tip and 
have a small angle against the shoot axle (which points 
straight upwards). Indicates little or no water deficit.

PHOTO 8. Tendrils hang at an angle of more than 90°. Indicates water 
deficit.

PHOTO 9. Tendrils point downwards and start turning 
yellow. Indicates a fair amount of water deficit.

PHOTO 10. Tendrils as well as the growth tip have 
dried out and fallen off. Indicates severe water deficit.

For further information contact Conrad Schutte at conrad@vinpro.co.za
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Treatment of faecal coliform-
contaminated surface water 
with hydrogen peroxide

ntroduction
Many surface waters in the Western Cape contain Escherichia 
coli (E. coli). This rod-shaped (coliform) bacterium is universally 
present in the lower digestive tracts of warm blooded animals. 
Escherichia coli is usually harmless, and may even contribute to 
the health of the host by manufacturing vitamin K2, and by sup-
pressing the establishment of pathogenic bacteria in the gut. 
Nevertheless, E. coli is capable of tremendous natural genetic 
diversification. Some strains of E. coli, including that which 
caused an outbreak of gastro-intestinal disorders and several 
deaths in northern Germany in May 2011, are highly pathogenic. 
Individual strains of E. coli may also be host-specific, harming 
some kinds of animals but not others.

Transmission of E. coli takes place when food or water that has 
been contaminated with faeces is ingested, as in Germany where 
the carriers were reputed to be vegetables used in salads. Since 
E. coli survives outside the body, if only for limited periods of 
time, it is possible for plant material to become contaminated 
through the use of manures, or improperly prepared compost, 
or through irrigation with polluted water. All kinds of fruit may 
become contaminated during handling.

From an environmental health viewpoint, E. coli is important not 
only because it may itself be a pathogen, but, because it indi-
cates the presence of faeces, it implies the probable presence 
of a much wider range of gut-derived pathogenic organisms. 
Since E. coli usually constitutes less than 0.5% of the total gut 
flora, a small number of E. coli in a water sample could indicate 
the undetected presence of vastly greater numbers of other 
undesirable faecal organisms, including parasites. 

One of the reasons why E. coli is used as an indicator of sanitary 
quality is that it is easy to detect and quantify. In the Soil and 
Water Microbiology Laboratory at ARC Infruitec-Nietvoorbij, E. 
coli is detected by the Colilert® method in which E. coli uses an 
enzyme, ß-glucoronidase, to metabolise 4-methyl-umbelliferyl, 
creating measurable fluorescence. Similarly, the total number of 
coliforms present, as opposed to E. coli only, is determined by 
measuring the extent of a colour change from colourless to yel-
low which occurs when coliforms use their ß-galactosidase 
enzyme to metabolise o-nitrophenyl. Colour changes and degree 
of fluorescence are converted into numbers of coliforms or E. coli 
present by means of a most probable number (MPN) table.

ses of hydrogen pero ide
Coliform bacteria, like other soil- and water-borne micro organ-

isms, are composed of organic materials. These are sensitive to 
the destructive effects of oxidising agents. Even at sub-lethal 
concentrations, oxidants may induce sufficient genetic damage 
to prevent replication if exposure is protracted. One of the 
strongest common oxidising agents is hydrogen peroxide (H2O2). 
Hydrogen peroxide is produced biologically as well as commer-
cially, breaks down to hydrogen and water and, at low concen-
trations, is regarded by the U.S. Food and Drug Agency as 
generally safe for use as an antimicrobial agent. In diluted form 
hydrogen peroxide is used to destroy bacteria on fruit and sal-
ads, whiten teeth and bleach hair. 

est procedure
To determine the effectiveness of hydrogen peroxide as a sterilis-
ing agent in water contaminated with faecal coliforms, a trial was 
carried out at ARC Infruitec-Nietvoorbij, Stellenbosch. Water was 
collected from a Western Cape wetland. Two hundred litres of 
this water was transferred to a closed 200 litre plastic tank. 
Hydrogen peroxide (50%) was injected at the rate of five millilitres 
per minute over a period of 60 minutes, by which time 300 ml of 
50% hydrogen peroxide had been added. Numbers of E. coli, 
and total coliforms, were determined by the Colilert® method 
before the hydrogen peroxide was added, and again after one, 
three and eight hours. Over this 8-hour period the solution was 
continuously circulated by a peristaltic pump.

indings
The results (tabulated below) show that, prior to treatment, the 
water contained large numbers of coliforms, including E. coli, 
confirming that faecal material was present in the water body from 
which the sample was obtained. The number of total coliforms in 
the untreated water greatly exceeded the number of E. coli, which 
accords with the fact that E. coli is less numerous than other 
components of the gut flora. During the first hour of treatment, and 
over the seven hours that followed, total coliform counts 
decreased exponentially and reached zero between three and 
eight hours after treatment commenced. In contrast, the E. coli 
count reached zero within three hours, which suggests that E. coli 
is more sensitive to hydrogen peroxide than some other coliforms. 
A zero E. coli count can therefore not be assumed to imply that all 
faecal coliforms have been destroyed. It would therefore not have 
been advisable to use the water after only three hours.

ractical considerations 
Treatment with hydrogen peroxide, as described above, is 
clearly an effective way to reduce coliform counts in contami-

Keith du Plessis André Meyer
WineLand January 2012

Keith du Plessis, John Wooldridge and André Meyer  
– ARC Infruitec-Nietvoorbij, Stellenbosch
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nated water. The main disadvantage, apart from cost, is that 
concentrated hydrogen peroxide is highly corrosive, and is 
therefore a danger to humans and animals. It is potentially explo-
sive if spilled on, or mixed with, a reducing agent. Because of its 
reactivity, hydrogen peroxide has been used as an oxidiser for 
rocket fuel, and as a propellant in the small attitude-control 
thrusters on satellites. The loss of two submarines has been 
attributed to explosions following leakage of hydrogen peroxide 
propellant from torpedoes. In the natural world the Bombardier 
beetle defends itself with a jet of hydroquinones in boiling water 
and steam created by enzymatically liberating oxygen from 
hydrogen peroxide, the oxygen acting as a propellant. A further 
consideration is that hydrogen peroxide loses strength during 
storage, particularly when exposed to sunlight. For these reasons 
hydrogen peroxide must be handled with care, stored in well 

ventilated areas in opaque, non-reactive containers: stainless 
steel or glass, although some plastics may also be used; and 
kept in a secure building well away from anything reactive.

The method used in this trial was a form of batch processing. 
Whether, similar levels of effectiveness would have been achieved 
had hydrogen peroxide been used in a continuous-flow system 
is unclear.

onclusions
Counts of coliform bacteria in winery wastewater can be reduced, 
potentially to zero, by treatment with hydrogen peroxide.

c nowledgements
Funding for this work was provided by Winetech and by the 
Agricultural Research Council.

TABLE 1. Total coliforms, and numbers of Escherichia coli, in surface water from a Western Cape wetland, before and after treatment with 50% 
hydrogen peroxide at the rate of 150 ml/litre.

Time (hours)
Coliform bacteria per 100 ml

Total E. coli

0 (untreated) 241 920 000 103 600

1 481 000 326

3 2 012 0

8 0 0

ummary
When used in a batch processing system at a rate of 150 ml per hundred litres, 50% hydrogen peroxide eliminates coliform bac-
teria, including Escherichia coli within a period of eight hours.

For further information contact Keith du Plessis at dplessisk@arc.agric.za
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FIGURE 1. Essential steps in wine marketing. 

edge levels, on the other hand, use their own preferences as well 
as impersonal information sources. Subjective wine knowledge 
is however, also negatively related to the use of personal informa-
tion sources such as friends, family members and sales person-
nel (Dodd et al., 2005). Therefore, the more consumers think they 
know about wine, the less willing they are to consult others’ 
opinions about a wine purchase.

ine mar eting 
hy is wine mar eting so important  

The main aim of wine marketing is to establish and satisfy con-
sumer needs and wants more effectively than other competing 
wineries. Not only is it important to establish and research the 
target market, but for long-term success, it is vital for a com-
pany to continuously investigate new consumer markets and 
trends in order to adapt their own marketing strategies accord-
ingly. The CEO of Cisco Systems, John Chambers, said: “Make 
your customer the centre of your culture” (Kotler & Keller, 
2009:159). All business activities must consider the consumer 
and direct the production, marketing and delivery processes to 
delight the targeted consumers. Successful marketing therefore 
consists of the following processes: consumer population seg-
mentation; target market selection; establishing the target mar-
ket’s needs and wants; creating and delivering products/ser-
vices tailored to satisfy consumers’ needs and wants; attracting 
and retaining new consumers; building lasting, loyal consumer 
relationships by delivering value and personalised products/
services (see Fig. 1). Not only will loyal consumers support your 
brands fiercely in the future, but they will act as “pro-bono” mar-
keting agents themselves by spreading positive word-of-mouth 

er iew  consumer stress and their wine nowledge
The word “stress” is nowadays tossed around more than lettuce 
leaves on a salad platter in a restaurant. In anatomical terms, the 
brain releases cortisol (the stress-hormone) while stimulating the 
adrenal glands to secrete adrenaline (the flight-or-fight hormone) 
during a stressful situation. The heart rate, blood pressure and 
blood sugar levels rise due to the released adrenaline which 
causes the alert and sickening feeling we experience when losing 
our wallets, or when being asked to present a project to a board 
of directors at the last minute to present a project to a board of 
directors. 

ow does stress relate to uying wine  
The process of selecting a wine for a specific occasion can be 
very stressful to consumers (especially novice wine lovers). Soci-
ety often expects consumers to perform according to certain 
“acceptable” standards. The fear of being perceived as an 
embarrassment in society due to specific decisions, actions or 
statements (i.e. social risk) is experienced by everyone at some 
stage in their lives. In a study on people purchasing wine and the 
resulting risk perceived by consumers, Campbell and Goodstein 
(2001) found that the decision about which wine to purchase for 
consumption at home, presents less social risk than the decision 
about which wine to purchase for a party. Each consumer may 
perceive the amount of risk associated with a purchase decision 
differently. Perceived risk (i.e. what they believe to be risky) 
becomes the consumer’s own reality and is not necessarily 
related to the true risks associated with a specific purchase deci-
sion. It was found that wine experts’ opinions can effectively 
reduce the perceived risk and consequently increase the con-
sumer’s purchase intention (Aqueveque, 2006). The two main 
consumer factors relating to perceived risk are: the level of 
consumers’ wine experience (i.e. the number of times they have 
tasted wine) and their wine knowledge (i.e. the information that 
they actually know and think they know about wine). These two 
factors influence the type of information sources that consumers 
use to decrease the perceived risk that accompanies a wine 
purchase decision (Dodd et al., 2005).

There are two types of product knowledge levels: objective 
knowledge (the consumer’s actual product knowledge) and 
subjective knowledge (the consumer’s perceived product knowl-
edge, i.e. what he/she thinks they know about the product). 
Consumers with higher levels of objective wine knowledge often 
make use of impersonal information sources such as wine 
guides, wine reviews and advertising ventures to guide their 
purchase decisions. Consumers with high subjective wine knowl-

Consumers don’t stress about buying wine... or do they?

WineLand February 2012

Inneke Bester – Institute for Wine Biotechnology, University of Stellenbosch

Keywords: wine purchase decisions, risk factors, consumer stress.

investigate new market and consumer trends and to adapt their own marketing strategies accordingly. 
The CEO of Cisco Systems, John Chambers, said: “Make your customer the centre of your culture”
(Kotler & Keller, 2009:159). All business activities must consider the consumer and direct the 
production, marketing and delivery processes to delight the targeted consumers. Successful marketing 
therefore consists of the following processes: consumer population segmentation; target market 
selection; establishing the target market’s needs and wants; creating and delivering products/services 
tailored to satisfy consumers’ needs and wants; attracting and retaining new consumers; building
lasting, loyal consumer relationships by delivering value and personalised products/services (see Fig. 
1). Not only will loyal consumers support your brands fiercely in the future, but they will act as “pro-
bono” marketing agents themselves by spreading positive word-of-mouth to anyone and everyone 
who will listen, especially when these marketing steps are utilised optimally. Wine marketers can 
reach consumers via different mediums and situations, called “consumer touch-points”. Consumer 
touch-points are occasions where consumers encounter the product (or brand or service). It stretches 
from their actual experiences with the product to personal or mass communication mediums. Every 
consumer touch-point must therefore be used to best effect so as to strengthen the relationship and 
trust between the consumer and the wine brand.

Figure 1: Essential steps in wine marketing. 

Consumer wine decision processes and associated risk factors

What threatens consumers’ wine purchase decisions? There will always be certain risk factors that 
may hinder a company from reaching consumers and retaining their loyalty, (Fig. 2). Before making a
purchase decision, the consumer will consciously and unconsciously consider various perceived risk
factors. Today, consumers have more options than ever before in terms of different wine brands, as 
well as different wine styles, origin, price ranges etc. The wide variety of wine alternatives drastically 
increases the stress-level of browsing novice wine consumers. Furthermore, this perceived stress 
level is amplified when the occasion for which wine is required, is very formal or where consumers risk
social embarrassment by making a “wrong” wine selection. Numerous research studies have been 
conducted to evaluate theoretical principles of consumers’ perceived risk factors which can drastically 
influence their purchase decision behaviour. These principles also apply in practice and it is therefore 
extremely important for wine marketers to be aware of the wine purchase decision process,including
the associated risk factors. 
According to Kotler & Keller (2009:212), consumers first evaluate available product alternatives that
they can purchase in order to satisfy a specific need. This main decision, i.e. to purchase a wine, is
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to anyone and everyone who will listen, especially when these 
marketing steps are utilised optimally. Wine marketers can reach 
consumers via different mediums and situations, called “con-
sumer touch-points”. Consumer touch-points are occasions 
where consumers encounter the product (or brand or service). It 
stretches from their actual experiences with the product to per-
sonal or mass communication mediums. Every consumer touch-
point must therefore be used to best effect so as to strengthen 
the relationship and trust between the consumer and the wine 
brand. 

onsumer wine decision processes and associated  
ris  factors

hat threatens consumers  wine purchase decisions  

There will always be certain risk factors that may hinder a com-
pany from reaching consumers and retaining their loyalty, (Fig. 2). 
Before making a purchase decision, the consumer will conscious-
ly and unconsciously consider various perceived risk factors. 
Today, consumers have more options than ever before in terms of 
different wine brands, as well as different wine styles, origin, price 
ranges etc. The wide variety of wine alternatives drastically 
increases the stress-level of browsing novice wine consumers. 
Furthermore, this perceived stress level is amplified when the 
occasion for which wine is required, is very formal or where con-
sumers risk social embarrassment by making a “wrong” wine 
selection. Numerous research studies have been conducted to 
evaluate theoretical principles of consumers’ perceived risk factors 
which can drastically influence their purchase decision behaviour. 
These principles also apply in practice and it is therefore extreme-
ly important for wine marketers to be aware of the wine purchase 
decision process,including the associated risk factors. 

According to Kotler & Keller (2009:212), consumers first evaluate 
available product alternatives that they can purchase in order to 
satisfy a specific need. This main decision, i.e. to purchase a 
wine, is followed by other sub-decisions (conscious or subcon-
scious) that include: which wine brand to purchase; which 
dealer/store to purchase from; how many wines to purchase; the 
purchase timing (i.e. during lunch-hour, after work, over a week-
end); which payment method to use (i.e. credit card, debit card, 
cash). The next obstacles that consumers face during wine 
purchase decisions are intervening factors such as the attitudes 
of others as well as unanticipated situational factors that can 
influence his/her final decisions to purchase a specific wine (see 
Fig. 2). 

The attitudes of friends, family members or fellow consumers 
often influence the consumer and can significantly reduce or 
enhance his/her preference for a specific wine. This is the result 
of the other person’s negative attitude towards the consumer’s 
preferred wine and the consumer’s motivation to comply with the 
other person’s wishes (not to buy the wine/wine brand). Typi-
cally, the closer the other person is to the consumer (i.e. espe-
cially friends/family members) the more likely the consumer is to 
sway his/her purchase decision in order to fit the preferences of 
others. The inverse is also true: strong positive preferences of 
family/friends for selected wine alternatives will motivate the 
consumer even more to purchase these wines. Other “indirect”/
impersonal influencers are wine critics, wine rating books, wine 
competitions, wine blogs etc. All these direct and indirect influ-

encers will act as opinion leaders for novice wine consumers who 
are cautious not to select the “wrong” wine.

The second factor that plays an enormous role in decreasing a 
consumer’s preference and intentions to purchase a specific 
wine brand, is unanticipated situational factors, also known as 
risk factors (see Fig. 2) such as: (1) functional risk; (2) physical 
risk; (3) financial risk; (4) social risk; and (5) time risk (Kotler & 
Keller, 2009:212; Schiffman & Kanuk, 2010:202). All these fac-
tors are not always actual risk factors but perceived risk factors. 
The consumer’s perception of risk therefore becomes his or her 
reality and not every consumer experiences the same type or 
amount of risk attached to the purchase of a specific product/
brand. With regard to wine purchases the following risk factors 
influence the wine consumer’s decision making process:

1. Functional risk: The consumer’s product expectations exceed-
ed the wine’s actual performance. (The wine’s taste was 
disappointing and did not complement the meal.)

2. Physical risk: The wine poses a threat to the physical well-
being/health of the consumer or others. (Having an allergic 
reaction to sulphur; a hangover; consuming too many calo-
ries.)

3. Financial risk: The wine is not worth its price. (The wine is too 
expensive.)

4. Social risk: The wine may result in social embarrassment. 
(Facing embarrassment in front of others, when the con-
sumer’s wine selection disappoints friends/family members’ 
expectations)

5. Time risk: Product failure results in an opportunity cost, of 
finding another satisfactory product. (I wasted time searching 
for wine when I could have searched for my friends’ favourite 
beers.)

Not only will these risk factors influence consumer preferences 
for wines/wine brands, but they vary according to the following 
factors: consumers’ amount of disposable money (more dispo-
sable money will reduce perceived risk), and consumers’ self-
confidence (higher consumer self-confidence will reduce the 
perceived risk). Research shows that the consumer will tend to 
prefer the product or brand that presents the least amount of risk 
and it is likely that he/she will eventually purchase this product.

educing percei ed wine purchase ris s 
ow do consumers reduce their percei ed wine purchase ris s

Various “coping” strategies are used by consumers in order to 

FIGURE 2. Consumer purchase decision process & risk factor influence 
(Adapted: Kotler & Keller 2009).
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FIGURE 1. Essential steps in wine marketing. 

edge levels, on the other hand, use their own preferences as well 
as impersonal information sources. Subjective wine knowledge 
is however, also negatively related to the use of personal informa-
tion sources such as friends, family members and sales person-
nel (Dodd et al., 2005). Therefore, the more consumers think they 
know about wine, the less willing they are to consult others’ 
opinions about a wine purchase.

ine mar eting 
hy is wine mar eting so important  

The main aim of wine marketing is to establish and satisfy con-
sumer needs and wants more effectively than other competing 
wineries. Not only is it important to establish and research the 
target market, but for long-term success, it is vital for a com-
pany to continuously investigate new consumer markets and 
trends in order to adapt their own marketing strategies accord-
ingly. The CEO of Cisco Systems, John Chambers, said: “Make 
your customer the centre of your culture” (Kotler & Keller, 
2009:159). All business activities must consider the consumer 
and direct the production, marketing and delivery processes to 
delight the targeted consumers. Successful marketing therefore 
consists of the following processes: consumer population seg-
mentation; target market selection; establishing the target mar-
ket’s needs and wants; creating and delivering products/ser-
vices tailored to satisfy consumers’ needs and wants; attracting 
and retaining new consumers; building lasting, loyal consumer 
relationships by delivering value and personalised products/
services (see Fig. 1). Not only will loyal consumers support your 
brands fiercely in the future, but they will act as “pro-bono” mar-
keting agents themselves by spreading positive word-of-mouth 

er iew  consumer stress and their wine nowledge
The word “stress” is nowadays tossed around more than lettuce 
leaves on a salad platter in a restaurant. In anatomical terms, the 
brain releases cortisol (the stress-hormone) while stimulating the 
adrenal glands to secrete adrenaline (the flight-or-fight hormone) 
during a stressful situation. The heart rate, blood pressure and 
blood sugar levels rise due to the released adrenaline which 
causes the alert and sickening feeling we experience when losing 
our wallets, or when being asked to present a project to a board 
of directors at the last minute to present a project to a board of 
directors. 

ow does stress relate to uying wine  
The process of selecting a wine for a specific occasion can be 
very stressful to consumers (especially novice wine lovers). Soci-
ety often expects consumers to perform according to certain 
“acceptable” standards. The fear of being perceived as an 
embarrassment in society due to specific decisions, actions or 
statements (i.e. social risk) is experienced by everyone at some 
stage in their lives. In a study on people purchasing wine and the 
resulting risk perceived by consumers, Campbell and Goodstein 
(2001) found that the decision about which wine to purchase for 
consumption at home, presents less social risk than the decision 
about which wine to purchase for a party. Each consumer may 
perceive the amount of risk associated with a purchase decision 
differently. Perceived risk (i.e. what they believe to be risky) 
becomes the consumer’s own reality and is not necessarily 
related to the true risks associated with a specific purchase deci-
sion. It was found that wine experts’ opinions can effectively 
reduce the perceived risk and consequently increase the con-
sumer’s purchase intention (Aqueveque, 2006). The two main 
consumer factors relating to perceived risk are: the level of 
consumers’ wine experience (i.e. the number of times they have 
tasted wine) and their wine knowledge (i.e. the information that 
they actually know and think they know about wine). These two 
factors influence the type of information sources that consumers 
use to decrease the perceived risk that accompanies a wine 
purchase decision (Dodd et al., 2005).

There are two types of product knowledge levels: objective 
knowledge (the consumer’s actual product knowledge) and 
subjective knowledge (the consumer’s perceived product knowl-
edge, i.e. what he/she thinks they know about the product). 
Consumers with higher levels of objective wine knowledge often 
make use of impersonal information sources such as wine 
guides, wine reviews and advertising ventures to guide their 
purchase decisions. Consumers with high subjective wine knowl-
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investigate new market and consumer trends and to adapt their own marketing strategies accordingly. 
The CEO of Cisco Systems, John Chambers, said: “Make your customer the centre of your culture”
(Kotler & Keller, 2009:159). All business activities must consider the consumer and direct the 
production, marketing and delivery processes to delight the targeted consumers. Successful marketing 
therefore consists of the following processes: consumer population segmentation; target market 
selection; establishing the target market’s needs and wants; creating and delivering products/services 
tailored to satisfy consumers’ needs and wants; attracting and retaining new consumers; building
lasting, loyal consumer relationships by delivering value and personalised products/services (see Fig. 
1). Not only will loyal consumers support your brands fiercely in the future, but they will act as “pro-
bono” marketing agents themselves by spreading positive word-of-mouth to anyone and everyone 
who will listen, especially when these marketing steps are utilised optimally. Wine marketers can 
reach consumers via different mediums and situations, called “consumer touch-points”. Consumer 
touch-points are occasions where consumers encounter the product (or brand or service). It stretches 
from their actual experiences with the product to personal or mass communication mediums. Every 
consumer touch-point must therefore be used to best effect so as to strengthen the relationship and 
trust between the consumer and the wine brand.

Figure 1: Essential steps in wine marketing. 

Consumer wine decision processes and associated risk factors

What threatens consumers’ wine purchase decisions? There will always be certain risk factors that 
may hinder a company from reaching consumers and retaining their loyalty, (Fig. 2). Before making a
purchase decision, the consumer will consciously and unconsciously consider various perceived risk
factors. Today, consumers have more options than ever before in terms of different wine brands, as 
well as different wine styles, origin, price ranges etc. The wide variety of wine alternatives drastically 
increases the stress-level of browsing novice wine consumers. Furthermore, this perceived stress 
level is amplified when the occasion for which wine is required, is very formal or where consumers risk
social embarrassment by making a “wrong” wine selection. Numerous research studies have been 
conducted to evaluate theoretical principles of consumers’ perceived risk factors which can drastically 
influence their purchase decision behaviour. These principles also apply in practice and it is therefore 
extremely important for wine marketers to be aware of the wine purchase decision process,including
the associated risk factors. 
According to Kotler & Keller (2009:212), consumers first evaluate available product alternatives that
they can purchase in order to satisfy a specific need. This main decision, i.e. to purchase a wine, is
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to anyone and everyone who will listen, especially when these 
marketing steps are utilised optimally. Wine marketers can reach 
consumers via different mediums and situations, called “con-
sumer touch-points”. Consumer touch-points are occasions 
where consumers encounter the product (or brand or service). It 
stretches from their actual experiences with the product to per-
sonal or mass communication mediums. Every consumer touch-
point must therefore be used to best effect so as to strengthen 
the relationship and trust between the consumer and the wine 
brand. 

onsumer wine decision processes and associated  
ris  factors

hat threatens consumers  wine purchase decisions  

There will always be certain risk factors that may hinder a com-
pany from reaching consumers and retaining their loyalty, (Fig. 2). 
Before making a purchase decision, the consumer will conscious-
ly and unconsciously consider various perceived risk factors. 
Today, consumers have more options than ever before in terms of 
different wine brands, as well as different wine styles, origin, price 
ranges etc. The wide variety of wine alternatives drastically 
increases the stress-level of browsing novice wine consumers. 
Furthermore, this perceived stress level is amplified when the 
occasion for which wine is required, is very formal or where con-
sumers risk social embarrassment by making a “wrong” wine 
selection. Numerous research studies have been conducted to 
evaluate theoretical principles of consumers’ perceived risk factors 
which can drastically influence their purchase decision behaviour. 
These principles also apply in practice and it is therefore extreme-
ly important for wine marketers to be aware of the wine purchase 
decision process,including the associated risk factors. 

According to Kotler & Keller (2009:212), consumers first evaluate 
available product alternatives that they can purchase in order to 
satisfy a specific need. This main decision, i.e. to purchase a 
wine, is followed by other sub-decisions (conscious or subcon-
scious) that include: which wine brand to purchase; which 
dealer/store to purchase from; how many wines to purchase; the 
purchase timing (i.e. during lunch-hour, after work, over a week-
end); which payment method to use (i.e. credit card, debit card, 
cash). The next obstacles that consumers face during wine 
purchase decisions are intervening factors such as the attitudes 
of others as well as unanticipated situational factors that can 
influence his/her final decisions to purchase a specific wine (see 
Fig. 2). 

The attitudes of friends, family members or fellow consumers 
often influence the consumer and can significantly reduce or 
enhance his/her preference for a specific wine. This is the result 
of the other person’s negative attitude towards the consumer’s 
preferred wine and the consumer’s motivation to comply with the 
other person’s wishes (not to buy the wine/wine brand). Typi-
cally, the closer the other person is to the consumer (i.e. espe-
cially friends/family members) the more likely the consumer is to 
sway his/her purchase decision in order to fit the preferences of 
others. The inverse is also true: strong positive preferences of 
family/friends for selected wine alternatives will motivate the 
consumer even more to purchase these wines. Other “indirect”/
impersonal influencers are wine critics, wine rating books, wine 
competitions, wine blogs etc. All these direct and indirect influ-

encers will act as opinion leaders for novice wine consumers who 
are cautious not to select the “wrong” wine.

The second factor that plays an enormous role in decreasing a 
consumer’s preference and intentions to purchase a specific 
wine brand, is unanticipated situational factors, also known as 
risk factors (see Fig. 2) such as: (1) functional risk; (2) physical 
risk; (3) financial risk; (4) social risk; and (5) time risk (Kotler & 
Keller, 2009:212; Schiffman & Kanuk, 2010:202). All these fac-
tors are not always actual risk factors but perceived risk factors. 
The consumer’s perception of risk therefore becomes his or her 
reality and not every consumer experiences the same type or 
amount of risk attached to the purchase of a specific product/
brand. With regard to wine purchases the following risk factors 
influence the wine consumer’s decision making process:

1. Functional risk: The consumer’s product expectations exceed-
ed the wine’s actual performance. (The wine’s taste was 
disappointing and did not complement the meal.)

2. Physical risk: The wine poses a threat to the physical well-
being/health of the consumer or others. (Having an allergic 
reaction to sulphur; a hangover; consuming too many calo-
ries.)

3. Financial risk: The wine is not worth its price. (The wine is too 
expensive.)

4. Social risk: The wine may result in social embarrassment. 
(Facing embarrassment in front of others, when the con-
sumer’s wine selection disappoints friends/family members’ 
expectations)

5. Time risk: Product failure results in an opportunity cost, of 
finding another satisfactory product. (I wasted time searching 
for wine when I could have searched for my friends’ favourite 
beers.)

Not only will these risk factors influence consumer preferences 
for wines/wine brands, but they vary according to the following 
factors: consumers’ amount of disposable money (more dispo-
sable money will reduce perceived risk), and consumers’ self-
confidence (higher consumer self-confidence will reduce the 
perceived risk). Research shows that the consumer will tend to 
prefer the product or brand that presents the least amount of risk 
and it is likely that he/she will eventually purchase this product.

educing percei ed wine purchase ris s 
ow do consumers reduce their percei ed wine purchase ris s

Various “coping” strategies are used by consumers in order to 

FIGURE 2. Consumer purchase decision process & risk factor influence 
(Adapted: Kotler & Keller 2009).
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avoid or reduce wine purchase risks. Each consumer has their 
own level of risk tolerance: the lower the consumer’s risk toler-
ance level, the more risk reducing strategies he/she will use when 
faced with a purchase decision and vice versa. Numerous 
researchers evaluated the main risk reducing factors, which also 
apply to wine consumers’ decision making processes (Kotler & 
Keller, 2009:213; Schiffman & Kanuk, 2010:202-203). 

Wine consumers can choose to avoid the situation where they 
have to make the purchase decision (eg. ask a friend or partner 
to bring, or choose the wine), or alternatively, gather as much 
information as possible in order to assist their decision making. 
Some consumers rely on national brand names and “money-
back” guarantees which will establish a level of trust in the prod-
uct. Furthermore they search for a reputable store from which 
they can purchase the wine; or they simply remain loyal to 
brands that they are familiar with and have bought for years. 
Other consumers might often use price as an indication of qual-
ity and rely on higher priced wines to guide their purchase deci-
sions, or they will seek reassurance, by tasting the wine at free 
tasting promotions before deciding to buy the wine. Another 
coping mechanism is to postpone the decision which could 
result in a shift of their risk focus points (i.e. a financial risk can 
become a time risk). Finally the consumer may also decide to 
absorb the unresolved risk which might result in ultimate resent-
ment and negative post-purchase actions such as spreading 
negative Word-of-Mouth about the product to others, or follow 
an “exit strategy” where he/she ceases to purchase the specific 
product/brand in the future. These strategies of preventing or 
reducing consumers’ perceived risk for a product must be 
embraced by the marketers in order to create a favourable pref-
erence rating for a specific product. 

The main factors influencing the wine consumer’s risk tolerance 
level and the information sources used by them to reduce the 
perceived risk are: their wine experience, their objective and 
subjective wine knowledge and the specific occasion for which 
the wine is purchased. The wine experience level is the result of 
the consumer’s wine information search and wine consumption. 
In layman’s terms: knowledge is the sum of all the times a con-
sumer is exposed to or experiences a specific product before 
starting his/her own search for the product. It has also been 
indicated that even though both subjective and objective knowl-
edge levels are influenced by experience level of a consumer, the 
relationship between subjective knowledge (i.e. what consumers 
think they know) and usage experience is much stronger than 
the relationship between objective knowledge (i.e. what he/she 
actually knows) and their usage experience (Park et al., 1994). 
Therefore “what consumers think they know about wine is more 
closely related to their experience with wine than what they 
objectively know” (Dodd et al., 2005). 

The use of impersonal information sources differs dramatically 
during restaurant versus in-store wine purchase decisions. Con-
sumers typically use external wine presentation (label design, 
closure, back-label description, price) during in-store purchases; 
or they follow the wine recommendations obtained from family/
friends, or use their own experience to select a wine to purchase 
(Chaney, 2000). In a restaurant, the consumer usually cannot 
view the wine bottle, label design, closure etc. and has to rely on 
the wine list and advice obtained from the waiter (Dodd et al., 

2005). By comprehending the wine consumers’ wine knowledge 
level, marketers and restaurant managers can provide them with 
appropriate information sources to reduce perceived wine pur-
chasing risks. Occasion is one of the main factors which influ-
ence consumers’ perceived social risk of purchasing a bottle of 
wine (Campbell & Goodstein, 2001; Bruwer & Reid, 2002; Hall 
et al., 2001). The pressure of society to act according to certain 
codes of acceptance is very high, especially among younger 
consumers such as Generation Y born between the years 1977 
– 2000 (Wolf et al., 2005). Occasion or context can be described 
as the situation for which a wine is purchased by a consumer. 
Consumers consider different aspects of wine more carefully 
when it is required for different occasions such as a birthday gift, 
to be served at a formal dinner or at a casual gathering with 
friends. A consumer’s perceived risks will also differ due to dif-
ferent occasions (contexts) of purchasing low-involvement goods 
(such as wine) (Conchar et al., 2004). 

onclusion
hat can mar eters do to reduce consumers  percei ed purchase ris s  

It is clear that consumers are influenced by various factors during 
the wine purchase decision making process. Some of the most 
important factors are their own subjective and objective wine 
knowledge levels, as well as their wine tasting experience and 
the occasion for which they purchase wine. Not only do consum-
ers differ in terms of their perceived risks, but they also make use 
of different wine information sources to reduce these risks. Con-
sumers with high levels of objective and subjective knowledge 
levels often have more self-confidence to make independent 
wine purchase decisions. These consumers should be ap -
proached via the use of impersonal advertising methods such as 
printed ads, flyers, promotions, etc. Consumers with lower levels 
of objective and subjective wine knowledge levels on the other 
hand, are often not very comfortable making their own wine 
purchase decisions for specific occasions. These consumers 
should be provided with professional wine purchase guidance 
(wine experts, sales personnel, wine critics) in a non-threatening 
and simplistic manner, to suit the consumer’s specific needs. 
Wineries can reduce consumers’ perceived wine purchase risks 
by offering free cellar door wine tasting promotions. Similarly, 
retail-stores can make use of in-store wine tasting promotions to 
give consumers the opportunity to sample the wines before mak-
ing their purchase decision. Not only will this improve the con-
sumer’s overall wine drinking experience, but it creates a positive, 
lasting impression with regards to both the wine brand and the 
winery. 

For novice wine consumers this is especially important seeing 
that they will recollect these experiences (and their knowledge) 
with regards to a specific wine, when they are confronted with 
future wine purchase decisions. It is, however important to keep 
in mind that different consumers with different wine involvement 
levels (and therefore also different wine knowledge levels) behave 
differently with regards to wine purchases. It is very unlikely that 
uninvolved wine consumers will spend hours evaluating all the 
possible wine alternatives, or that they will search endlessly for 
all the suitable wine information sources in order to reduce pur-
chase risks. These consumers must be approached with sim-
plistic, “no-fuss” and non-threatening marketing efforts such a 
trained wine salesperson who is able to detect their wine knowl-
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edge level and supply them with the appropriate guidance. More 
involved consumers (with higher wine knowledge levels) will place 
much more effort in their wine purchase decisions and they will 
often “research” information about different wines for their own 
pleasure. These consumers are more approachable with regards 
to rich wine information sources such as special wine reports, 
wine critics’ reviews, etc. Uninvolved wine consumers therefore 
do not “indulge” in seeking and purchasing wine as much as 
involved wine consumers. Both consumer types are, however, 
very valuable to the wine industry and their needs and wants 
should be considered carefully by wine marketers in order to win 
their loyalty and to build long-term consumer relationships.
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avoid or reduce wine purchase risks. Each consumer has their 
own level of risk tolerance: the lower the consumer’s risk toler-
ance level, the more risk reducing strategies he/she will use when 
faced with a purchase decision and vice versa. Numerous 
researchers evaluated the main risk reducing factors, which also 
apply to wine consumers’ decision making processes (Kotler & 
Keller, 2009:213; Schiffman & Kanuk, 2010:202-203). 

Wine consumers can choose to avoid the situation where they 
have to make the purchase decision (eg. ask a friend or partner 
to bring, or choose the wine), or alternatively, gather as much 
information as possible in order to assist their decision making. 
Some consumers rely on national brand names and “money-
back” guarantees which will establish a level of trust in the prod-
uct. Furthermore they search for a reputable store from which 
they can purchase the wine; or they simply remain loyal to 
brands that they are familiar with and have bought for years. 
Other consumers might often use price as an indication of qual-
ity and rely on higher priced wines to guide their purchase deci-
sions, or they will seek reassurance, by tasting the wine at free 
tasting promotions before deciding to buy the wine. Another 
coping mechanism is to postpone the decision which could 
result in a shift of their risk focus points (i.e. a financial risk can 
become a time risk). Finally the consumer may also decide to 
absorb the unresolved risk which might result in ultimate resent-
ment and negative post-purchase actions such as spreading 
negative Word-of-Mouth about the product to others, or follow 
an “exit strategy” where he/she ceases to purchase the specific 
product/brand in the future. These strategies of preventing or 
reducing consumers’ perceived risk for a product must be 
embraced by the marketers in order to create a favourable pref-
erence rating for a specific product. 

The main factors influencing the wine consumer’s risk tolerance 
level and the information sources used by them to reduce the 
perceived risk are: their wine experience, their objective and 
subjective wine knowledge and the specific occasion for which 
the wine is purchased. The wine experience level is the result of 
the consumer’s wine information search and wine consumption. 
In layman’s terms: knowledge is the sum of all the times a con-
sumer is exposed to or experiences a specific product before 
starting his/her own search for the product. It has also been 
indicated that even though both subjective and objective knowl-
edge levels are influenced by experience level of a consumer, the 
relationship between subjective knowledge (i.e. what consumers 
think they know) and usage experience is much stronger than 
the relationship between objective knowledge (i.e. what he/she 
actually knows) and their usage experience (Park et al., 1994). 
Therefore “what consumers think they know about wine is more 
closely related to their experience with wine than what they 
objectively know” (Dodd et al., 2005). 

The use of impersonal information sources differs dramatically 
during restaurant versus in-store wine purchase decisions. Con-
sumers typically use external wine presentation (label design, 
closure, back-label description, price) during in-store purchases; 
or they follow the wine recommendations obtained from family/
friends, or use their own experience to select a wine to purchase 
(Chaney, 2000). In a restaurant, the consumer usually cannot 
view the wine bottle, label design, closure etc. and has to rely on 
the wine list and advice obtained from the waiter (Dodd et al., 

2005). By comprehending the wine consumers’ wine knowledge 
level, marketers and restaurant managers can provide them with 
appropriate information sources to reduce perceived wine pur-
chasing risks. Occasion is one of the main factors which influ-
ence consumers’ perceived social risk of purchasing a bottle of 
wine (Campbell & Goodstein, 2001; Bruwer & Reid, 2002; Hall 
et al., 2001). The pressure of society to act according to certain 
codes of acceptance is very high, especially among younger 
consumers such as Generation Y born between the years 1977 
– 2000 (Wolf et al., 2005). Occasion or context can be described 
as the situation for which a wine is purchased by a consumer. 
Consumers consider different aspects of wine more carefully 
when it is required for different occasions such as a birthday gift, 
to be served at a formal dinner or at a casual gathering with 
friends. A consumer’s perceived risks will also differ due to dif-
ferent occasions (contexts) of purchasing low-involvement goods 
(such as wine) (Conchar et al., 2004). 

onclusion
hat can mar eters do to reduce consumers  percei ed purchase ris s  

It is clear that consumers are influenced by various factors during 
the wine purchase decision making process. Some of the most 
important factors are their own subjective and objective wine 
knowledge levels, as well as their wine tasting experience and 
the occasion for which they purchase wine. Not only do consum-
ers differ in terms of their perceived risks, but they also make use 
of different wine information sources to reduce these risks. Con-
sumers with high levels of objective and subjective knowledge 
levels often have more self-confidence to make independent 
wine purchase decisions. These consumers should be ap -
proached via the use of impersonal advertising methods such as 
printed ads, flyers, promotions, etc. Consumers with lower levels 
of objective and subjective wine knowledge levels on the other 
hand, are often not very comfortable making their own wine 
purchase decisions for specific occasions. These consumers 
should be provided with professional wine purchase guidance 
(wine experts, sales personnel, wine critics) in a non-threatening 
and simplistic manner, to suit the consumer’s specific needs. 
Wineries can reduce consumers’ perceived wine purchase risks 
by offering free cellar door wine tasting promotions. Similarly, 
retail-stores can make use of in-store wine tasting promotions to 
give consumers the opportunity to sample the wines before mak-
ing their purchase decision. Not only will this improve the con-
sumer’s overall wine drinking experience, but it creates a positive, 
lasting impression with regards to both the wine brand and the 
winery. 

For novice wine consumers this is especially important seeing 
that they will recollect these experiences (and their knowledge) 
with regards to a specific wine, when they are confronted with 
future wine purchase decisions. It is, however important to keep 
in mind that different consumers with different wine involvement 
levels (and therefore also different wine knowledge levels) behave 
differently with regards to wine purchases. It is very unlikely that 
uninvolved wine consumers will spend hours evaluating all the 
possible wine alternatives, or that they will search endlessly for 
all the suitable wine information sources in order to reduce pur-
chase risks. These consumers must be approached with sim-
plistic, “no-fuss” and non-threatening marketing efforts such a 
trained wine salesperson who is able to detect their wine knowl-

technical yearbook 2012 159

edge level and supply them with the appropriate guidance. More 
involved consumers (with higher wine knowledge levels) will place 
much more effort in their wine purchase decisions and they will 
often “research” information about different wines for their own 
pleasure. These consumers are more approachable with regards 
to rich wine information sources such as special wine reports, 
wine critics’ reviews, etc. Uninvolved wine consumers therefore 
do not “indulge” in seeking and purchasing wine as much as 
involved wine consumers. Both consumer types are, however, 
very valuable to the wine industry and their needs and wants 
should be considered carefully by wine marketers in order to win 
their loyalty and to build long-term consumer relationships.
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Generation wYne: The new wine consumer generation

 er iew  eneration  wine consumer on the rise
A change is rustling in the air... everywhere it is stirring up 
debates, raised eyebrows, product adaptations and new 

implementation strategies... Generation Y has arrived... and 
they are here to stay!

It is no mystery that the Western Cape of South Africa is brim-
ming with winelands and that the wineries are able to produce 
large volumes of high quality wines every year. However, despite 
this large production of high quality wines, South Africa remains 
to be one of the countries with the lowest per capita wine con-
sumption in the world (Foxcroft, 2009). This implies that South 
Africa is currently not considered to be a wine drinking nation, 
when compared to the rest of the world. After trade restrictions 
were lifted in 1994, local wine exports started to grow substan-
tially which created an outlet for producers that previously solely 
relied on domestic wine sales (Foxcroft, 2009). Even though the 
country is not considered to be a wine-drinking nation, many 
other alcoholic beverages are consumed by South Africans 
(beer; ciders; mixed alcoholic beverages etc). The popularity of 
these beverages and the loyalty of consumers towards them also 
threaten the success of the domestic wine industry. 

The consumer market can be divided into various generations as 
follows: the Traditionalists (born before 1946), the Baby Boomers 
(born between 1946 - 1964), Generation X (born between 1965 - 
1976) (Martin & Tulgan, 2003). However, a new consumer genera-
tion born between the years 1977-2000 (Wolf, Carpenter & Qenani-
Petrela, 2005) is entering the wine industry and presents great 
potential opportunities. These consumers, called “Generation Y”, 
“the Millennials”, “Echo Boomers”, are the children of Generation X 
(Schiffman & Kunak, 2010:410). Not only are Generation Y consum-
ers eager to try new products and to establish their preferences for 
specific brands or products (Resnick, 2008), but this is the largest 
growing consumer generation since the Baby Boomer generation 
(Hammond, 2010), born between the years 1946-1964 (Martin & 
Tulgan, 2003). The Generation Y wine consumer is therefore 
approximately categorised in young adults (ages 19 - 32); teens 
(ages 13 -18) and kids (ages 8 -12). The wine drinking Generation 
Y consumer segment is thus between the ages of 21-32 years, 
since the legal drinking age of 18 years might be readjusted to 21 
years by the S.A. government in the near future. 

Various factors influence the preferences and purchase decisions 
of Generation Y consumers for wines. In order to establish and 
grow the potential success of a wine brand among Generation 
Y consumers, it is important to be aware of their needs, prefer-
ences, beliefs, and behaviours.

  eneration segmentation strategies in the wine industry

The use of demographic information related to age, race, gender, 
income etc., as a basis for consumer market segmentation is 
common, seeing that these aspects are easily measurable (Ham-
mond 2010). However, the use of generation classification as a 
consumer market segmentation method seems to deliver more 
promising results than using gender, geographical location or 
other demographical classifications. Generational aspects such 
as age and era relate to purchase behaviour and preferences. 
According to Kotler & Keller (2009:259) each generation or 
“cohort” has been exposed to the same environmental, political, 
social, cultural and economic conditions and has therefore grown 
up sharing the same or similar values and outlooks on life. The 
marketplace is generally responsive to the different needs and 
wants of each generation based on the following three factors 
according to Smith and Clurman (1997): formative cohort expe-
riences, age and lifestyle, and current social and economic 
conditions. These factors similarly shape all individuals’ (living in 
the same time-frame), values, attitudes, beliefs, and behaviours 
and therefore a specific consumer generation is generally, from 
these perspectives, homogeneous. Seeing that the attitudes, 
preferences and consumption trends of generations are rela-
tively consistent throughout consumers’ lives (Schewe & Noble, 
2000), generational classification is a very effective segmentation 
variable. It makes sense to analyse different generations for wine 
market segmentation and target marketing efforts, seeing that 
consumers’ wine preferences are shaped over time (as they gain 
more wine tasting experience). Initially, young consumers are 
exposed to the wide variety of wine cultivars and wine styles and 
it may take some time for novice wine drinkers to appreciate the 
entire spectrum of available red and white wine varieties. Older, 
more experienced wine consumers are often more set in terms 
of their wine preferences and do not experiment as much as 
younger, novice wine drinkers. Less complex white wine varieties 
are generally preferred at younger ages. As the novice wine 
consumers start experimenting with more complex wines and 
improve their wine consumption experience level, they may 
“upgrade” their preferences for more complex red wine and 
wooded white wine varieties.

 Description of the new eneration  target mar et

It is increasingly important to understand consumers within the 
South African wine market and how they perceive different wines 
and wine styles. Generation Y wine consumers are rapidly becom-
ing the most important new market segment that consists of large 
(and increasing) number of consumers born between the years 
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TABLE 1. Audience Pool and Generation Y (Adapted from: Smith, 2010).

1998 2010 2020

Total Growth Ages Total Growth Ages Total Growth Ages

Before 1945 62.5 M 31 53+ 39.4 M 17 65+ 21.8 M 9 75+

Boomers 1945 - 64 77.8 M 39 34 - 52 74.5 M 33 46 - 64 69 M 28 56 - 74

Gen X 1965 - 76 44.4 M 22 22 - 33 46.3 M 21 34 - 45 45.4 M 19 44 - 55

Gen Y 1977 - 95 15 M 8 18 - 21 64.8 M 29 18 - 33 78.9 M 32 25 - 43
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FIGURE 1. Population projection (Adapted from: Smith, 2010)

1977-2000 (Wolf, Carpenter & Qenani-Petrela, 2005). However, 
Generation Y wine consumers are between 21 - 34 years old.

 haracteristics  i e  rowth ate and rends 

The 21 - 34 year old market segment consists of loyal supporters 
of various alcoholic beverages that compete with wine for market 
share. These consumers often spend substantial amounts of 
money on less complex alcoholic beverages such as beer and 
ciders (Foxcroft, 2009). In addition, Generation Y consumers’ 
wine preferences and purchase decisions are influenced by their 
disposable income, the social acceptability of their purchase 
decisions and the wine brand image, among other. 

Recent research shows that Generation Y consumers are often 
prematurely prosperous and control their own finances at a very 
early age (Hammond 2010). They possess strong purchasing 
power which creates opportunities for many consumer industries 
(Nielsen, 2007; BizCommunity.com, 2002). The following impor-
tant characteristics about Generation Y consumers were estab-
lished by researchers (Hammond, 2010; Nielsen, 2007; Thach, 
2005; BrandAmplitude, 2008; Engauge, 2008):

 While Generation Y consumers perceive wine to be relaxing 
and sophisticated, they also associate it with a level of formal-
ity, most often with a formal night out, and less often for 
casual occasions. 

 Most Generation Y’ers consider themselves to be wine nov-
ices, or only slightly wine knowledgeable, but they are gene-
rally interested in wine and eager to learn more about it.

 Generation Y consumers have diverse preferences. 
 They are optimistic and think more practically. 
 Their electronic skills are outstanding and they are very 

internet-savvy. 
 Generation Y is environmentally- and cause orientated and 

socially conscious. 
 They are the most highly educated generation. 
 They demand choice and personalised offerings. 
 Generation Y consumers are experientially oriented, therefore 

they are eager to try new challenges, products and experiences.

South African Generation Y consumers account for nearly a 
quarter of the population (Resnick, 2008) and will continue to 
grow over the next 20 years (BizCommunity.com, 2002). Further-
more it is expected that Generation Y will increase at twice the 
rate of the overall population (Smith, 2010). Table 1 indicates the 
projected increase of Generation Y consumers from 2010 to 
2020 in comparison to other Generation groups (Generation X, 
Baby Boomers and Before 1945). Figure 1 further indicates the 
projected growth of the Generation Y market from the current 
year, 2010, that represents approximately 27% of the total 
population, to 2020 when the Generation Y market will consist 

of approximately 32% of the total population. According to Gill-
wald et al. (2005) the Generation Y population, aged between 
20-34 years, accounts for 29.4% of the entire South African 
population. It is clear that this young generation is currently the 
largest population age segment in South Africa and will grow 
even more, dominating every industry over the next 10 years.

Not only is this generation enormous in relation to previous 
cohorts, but they are also able to use far more information 
sources in order to select the preferred product from all the pos-
sible product alternatives. Today, students (ages 18 - 24) as well 
as young working adults (ages 25 - 32) have much more infor-
mation and options at their disposal which can influence their 
decisions, than a decade ago. It is predicted that Generation Y 
will have access to even more information in the future. “They will 
have both the confidence and the power to use this information 
to build or destroy brands” (Smith, 2010).

These young consumers have a significant disposable income 
(BizCommunity.com, 2002) and they are also the most brand-
conscious generation (Smith, 2010). Therefore they have far more 
tax-free money (especially students) than their Generation X parents 
which they often spend, to their hearts’ content, on top brand 
names. Dominating trends of Generation Y consumers are as fol-
lows (Codrington, 2007; Bizcommunity.com, 2010; Smith, 2010):

 These consumers grew up with the internet and therefore 
expect everyday-life activities to be easy and fast; and they 
want personalised products and services.

 They want a wide range of different options.
 They are globally connected and interactive.
 They embrace diversity more than any other generation. This 
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TABLE 1. Audience Pool and Generation Y (Adapted from: Smith, 2010).

1998 2010 2020

Total Growth Ages Total Growth Ages Total Growth Ages

Before 1945 62.5 M 31 53+ 39.4 M 17 65+ 21.8 M 9 75+

Boomers 1945 - 64 77.8 M 39 34 - 52 74.5 M 33 46 - 64 69 M 28 56 - 74

Gen X 1965 - 76 44.4 M 22 22 - 33 46.3 M 21 34 - 45 45.4 M 19 44 - 55

Gen Y 1977 - 95 15 M 8 18 - 21 64.8 M 29 18 - 33 78.9 M 32 25 - 43

 

0

5

10

15

20

25

30

35

Pe
rs

en
ta

si
e 

G
en

 Y
 

ve
rb

ru
ik

er
s 

2000 2010 2020

Jaar talle

Persentasie Generasie Y verbruikers van die 
totale verbruiker populasie

ercentage of en  in total population

ears

er
ce

nt
ag

e 
of

 
en

 

FIGURE 1. Population projection (Adapted from: Smith, 2010)
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which they often spend, to their hearts’ content, on top brand 
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expect everyday-life activities to be easy and fast; and they 
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 They embrace diversity more than any other generation. This 
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trend can also be observed in their choices of retail products; 
social groups etc.

 They believe in the concept of a “united-Generation” instead 
of a “me-Generation” and value group work and team spirit. 

 S.A. Generation Y consumers often support “Proudly South 
African” branded products as a result of their united love for the 
country.

 They are committed to their work and some work more than 
30 hours a week. This hard-working attitude is evident in the 
18 - 20 years and 21 - 24 years age groups due to the fol-
lowing reasons: 
– They embrace life-long learning 
– They believe that perseverance is vital in order to be suc-

cessful 
– It is important to S.A. Generation Y consumers to be well 

informed 
– They seek to reach the top positions in their careers 
– They aspire to run their own business one day (i.e. to be 

independent)
– They pursue a life filled with challenges, novelty and 

changes
 Important values of this young generation are: optimism, 

confidence, idealism, equality, ambition, passion, commit-
ment, tradition and empowerment.

 pportunity in the  wine industry

One of the problems in South Africa is that there is not a strong 
wine culture yet, which prevents the growth of domestic wine 
sales (Green, 2010). Wine is not yet such a strong lifestyle prod-
uct here seeing that many consumers prefer other alcoholic 
beverages. There is a clear “gap” in the market for Generation Y 
consumers who drink alcoholic beverages, but not necessarily 
wine. As indicated before, this is the fastest growing Generation 
in the history of consumer markets and it presents new oppor-
tunities for all businesses. The majority of young consumers are 
however very loyal to other alcoholic drinks that compete 
directly with wine such as beers and ciders (Foxcroft, 2009). It is 
therefore critical that wine marketers create innovative strategies 
to convert these consumers into wine drinkers. Earlier statistics 
showed that 63% of consumers in South Africa have never drunk 
wine (Loubser, 2004). This clearly indicates that there is a market 
gap which needs to be penetrated by the wine industry. 

 eneration  eeds

This new generation of wine drinkers also have needs that are 
different from preceding generations. Wine brands that aim to 
penetrate this market must appeal to this target market by fulfill-
ing their needs. Generation Y consumers are constantly looking 
for products that can enrich the following specific needs (Fields, 
2008): connection, diversity, time with friends, civic activities, 
environmental preservation, authenticity, quality, inspirational 
experiences, access to information, and continuous learning. In 
terms of purchasing behaviour they often consider the following 
factors: affordable price, good quality, fast service and most 
importantly a unique “experience” (Fields, 2008).”

 ccessi ility and ducation of eneration 

This consumer target market is also measurable and accessible. 
According to Media Literacy Clearinghouse (MLC, 2010) social 
networking through use of social websites like Facebook®, Twit-

ter® and LinkedIn® is dominating this generation’s communication 
and connectivity means. Facebook® membership has recently 
grown to more than 500 million users, which makes it the world’s 
most popular form of social networking (MLC, 2010). 

In terms of age group education 58.8% of the 20 - 24 age sec-
tion has completed secondary school. In comparison, 45.7% in 
the 25 - 49 age group and 14.2% in the 50 plus age group 
completed secondary school. Tertiary education is completed by 
6.9% of the 20 - 24 year old group compared to 4.3% of con-
sumers who are older than 24 years. The opposite is reflected 
by un-educated consumers: 21.6% of the over-50-year-olds 
have never been to school and 14.5% of them did not complete 
primary education. A total of 2.5% of the under-50-year-olds did 
not go to school and 3.3% of these under-50-year-olds did not 
complete primary education (Gillwald et al., 2005). 

 onclusion  ow do we capture the hearts and souls of 
eneration 

Whether we like it or not, Generation Y consumers are the future 
leaders, employers, heroes and everyday consumers. Not only 
are they a large force to be reckoned with, but they are very dif-
ferent in relation to the previous generations. By understanding 
the desires and needs of these consumers, their lifestyles and 
the way that they connect with one another, wine marketers can 
successfully communicate with them and capture their hearts 
and minds. Internationally, both consumer industries and re -
searchers are proactively focusing their attention on these con-
fident, experimental and optimistic consumers who are also 
much more open to change than their parents and grandparents. 
It is increasingly difficult to reach success in the domestic wine 
industry today due to strong domestic wine competition, togeth-
er with the fact that other alcoholic beverages (beer and ciders, 
aperitifs) are claiming a large section of this young generation. 
Successful wine brands therefore, have to improve their means 
of connecting with these Generation Y consumers. In order for 
wineries, wine brands, wine cultivars and wine styles to remain 
compelling and relevant, they have to communicate with the 
young, novice wine consumers and not to them. These consum-
ers want to connect with the wine brand. They want a wine 
story, wine identity or wine personality that can spark their 
imaginations and stimulate their perceptions when they are 
enjoying the wine.  

The “do’s” and “don’ts” of Generation Y wine marketing? Gen-
eration Y wine consumers grow up with the concept of a per-
sonalised lifestyle. With a limitless world of information at their 
digital fingertips (Blackberry®, Facebook®, Twitter® etc.) they can 
design their own lives with the click of a button. Simply put: if 
they do not like what you are offering, they simply turn to the next 
best option. They want to be involved and feel valued. For wine 
brands to remain successful they must communicate directly 
with these consumers on a regular basis in a non-threatening 
manner. Too much aloof, sophisticated wine jargon will distance 
these consumers even more. Involving Generation Y consumers 
during innovation and product development is a creative way of 
both connecting with them and accurately satisfying their needs 
and preferences. Wine marketers need to keep in mind that they 
are selling wine experiences and not just a bottle of wine. A well-
executed and memorable wine experience not only strengthens 
the relationship between the wine brand and the consumer, but 
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also encourages consumer loyalty. Break away from the stan-
dardised “wine-tasting-and-sniffing” protocol and introduce fun, 
approachable and sincere marketing strategies that encourage 
consumers to become excited (and talkative) about your wine. 

A Millennial without his/her cellphone, Blackberry or iPhone is 
virtually unheard of. They are literary connected to the internet 
and social media on a 24-hour-7-days-a-week basis and can 
instantly share their views and perspectives with others. This 
situation can either be a threat or it presents new opportunities 
for marketing. These young consumers are the opinion leaders 
of one another and they listen to what their peers think about a 
product, service, news topic etc. Just as easily as good Word-
of-Mouth increases the consumer following for a specific wine 
brand, negative publicity could ruin a wine brand before it even 
has the opportunity to penetrate the market. 

However, marketers should not perceive this mobile-trend as an 
opportunity to bombard Generation Y consumers with advertise-
ments and sales gimmicks. Not only are these advances undesir-
able, but these young consumers will often feel violated and 
develop a sense of mistrust towards the responsible wine brand 
or winery. Instead of forcefully trying to connect with these con-
sumers, without their permission, wineries should use mobile 
social platforms such as Facebook® and Blackberry® applica-
tions so that consumers can willingly connect with the brand. For 
example: creating a specific varietal wine Facebook® profile with 
regular updates, pictures, competitions, events etc.; or by creat-
ing an application for Blackberry® users where they can access 
a “top 20 wines purchased this week” application in order to 
quickly select a suitable wine for an occasion. However, it is also 
not merely a matter of setting up a Facebook® or Twitter® profile, 
but in order to succeed through the use of these social plat-
forms, the wine brands or wineries need to actively participate 
on these platforms and communicate directly with their “follow-
ers” and “fans” on a daily basis. It must carefully be considered 
what you aim to achieve with social media presence and how it 
will affect your wine brand image in the end... because what 
happens on Facebook®... does not only stay on Facebook®.   

Generation Y is therefore not merely a buzz-word, but it is the 
key to a sustainable and successful business future for the 

South African wine industry.
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trend can also be observed in their choices of retail products; 
social groups etc.

 They believe in the concept of a “united-Generation” instead 
of a “me-Generation” and value group work and team spirit. 

 S.A. Generation Y consumers often support “Proudly South 
African” branded products as a result of their united love for the 
country.

 They are committed to their work and some work more than 
30 hours a week. This hard-working attitude is evident in the 
18 - 20 years and 21 - 24 years age groups due to the fol-
lowing reasons: 
– They embrace life-long learning 
– They believe that perseverance is vital in order to be suc-

cessful 
– It is important to S.A. Generation Y consumers to be well 

informed 
– They seek to reach the top positions in their careers 
– They aspire to run their own business one day (i.e. to be 

independent)
– They pursue a life filled with challenges, novelty and 

changes
 Important values of this young generation are: optimism, 

confidence, idealism, equality, ambition, passion, commit-
ment, tradition and empowerment.

 pportunity in the  wine industry

One of the problems in South Africa is that there is not a strong 
wine culture yet, which prevents the growth of domestic wine 
sales (Green, 2010). Wine is not yet such a strong lifestyle prod-
uct here seeing that many consumers prefer other alcoholic 
beverages. There is a clear “gap” in the market for Generation Y 
consumers who drink alcoholic beverages, but not necessarily 
wine. As indicated before, this is the fastest growing Generation 
in the history of consumer markets and it presents new oppor-
tunities for all businesses. The majority of young consumers are 
however very loyal to other alcoholic drinks that compete 
directly with wine such as beers and ciders (Foxcroft, 2009). It is 
therefore critical that wine marketers create innovative strategies 
to convert these consumers into wine drinkers. Earlier statistics 
showed that 63% of consumers in South Africa have never drunk 
wine (Loubser, 2004). This clearly indicates that there is a market 
gap which needs to be penetrated by the wine industry. 

 eneration  eeds

This new generation of wine drinkers also have needs that are 
different from preceding generations. Wine brands that aim to 
penetrate this market must appeal to this target market by fulfill-
ing their needs. Generation Y consumers are constantly looking 
for products that can enrich the following specific needs (Fields, 
2008): connection, diversity, time with friends, civic activities, 
environmental preservation, authenticity, quality, inspirational 
experiences, access to information, and continuous learning. In 
terms of purchasing behaviour they often consider the following 
factors: affordable price, good quality, fast service and most 
importantly a unique “experience” (Fields, 2008).”

 ccessi ility and ducation of eneration 

This consumer target market is also measurable and accessible. 
According to Media Literacy Clearinghouse (MLC, 2010) social 
networking through use of social websites like Facebook®, Twit-

ter® and LinkedIn® is dominating this generation’s communication 
and connectivity means. Facebook® membership has recently 
grown to more than 500 million users, which makes it the world’s 
most popular form of social networking (MLC, 2010). 

In terms of age group education 58.8% of the 20 - 24 age sec-
tion has completed secondary school. In comparison, 45.7% in 
the 25 - 49 age group and 14.2% in the 50 plus age group 
completed secondary school. Tertiary education is completed by 
6.9% of the 20 - 24 year old group compared to 4.3% of con-
sumers who are older than 24 years. The opposite is reflected 
by un-educated consumers: 21.6% of the over-50-year-olds 
have never been to school and 14.5% of them did not complete 
primary education. A total of 2.5% of the under-50-year-olds did 
not go to school and 3.3% of these under-50-year-olds did not 
complete primary education (Gillwald et al., 2005). 

 onclusion  ow do we capture the hearts and souls of 
eneration 

Whether we like it or not, Generation Y consumers are the future 
leaders, employers, heroes and everyday consumers. Not only 
are they a large force to be reckoned with, but they are very dif-
ferent in relation to the previous generations. By understanding 
the desires and needs of these consumers, their lifestyles and 
the way that they connect with one another, wine marketers can 
successfully communicate with them and capture their hearts 
and minds. Internationally, both consumer industries and re -
searchers are proactively focusing their attention on these con-
fident, experimental and optimistic consumers who are also 
much more open to change than their parents and grandparents. 
It is increasingly difficult to reach success in the domestic wine 
industry today due to strong domestic wine competition, togeth-
er with the fact that other alcoholic beverages (beer and ciders, 
aperitifs) are claiming a large section of this young generation. 
Successful wine brands therefore, have to improve their means 
of connecting with these Generation Y consumers. In order for 
wineries, wine brands, wine cultivars and wine styles to remain 
compelling and relevant, they have to communicate with the 
young, novice wine consumers and not to them. These consum-
ers want to connect with the wine brand. They want a wine 
story, wine identity or wine personality that can spark their 
imaginations and stimulate their perceptions when they are 
enjoying the wine.  

The “do’s” and “don’ts” of Generation Y wine marketing? Gen-
eration Y wine consumers grow up with the concept of a per-
sonalised lifestyle. With a limitless world of information at their 
digital fingertips (Blackberry®, Facebook®, Twitter® etc.) they can 
design their own lives with the click of a button. Simply put: if 
they do not like what you are offering, they simply turn to the next 
best option. They want to be involved and feel valued. For wine 
brands to remain successful they must communicate directly 
with these consumers on a regular basis in a non-threatening 
manner. Too much aloof, sophisticated wine jargon will distance 
these consumers even more. Involving Generation Y consumers 
during innovation and product development is a creative way of 
both connecting with them and accurately satisfying their needs 
and preferences. Wine marketers need to keep in mind that they 
are selling wine experiences and not just a bottle of wine. A well-
executed and memorable wine experience not only strengthens 
the relationship between the wine brand and the consumer, but 
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also encourages consumer loyalty. Break away from the stan-
dardised “wine-tasting-and-sniffing” protocol and introduce fun, 
approachable and sincere marketing strategies that encourage 
consumers to become excited (and talkative) about your wine. 

A Millennial without his/her cellphone, Blackberry or iPhone is 
virtually unheard of. They are literary connected to the internet 
and social media on a 24-hour-7-days-a-week basis and can 
instantly share their views and perspectives with others. This 
situation can either be a threat or it presents new opportunities 
for marketing. These young consumers are the opinion leaders 
of one another and they listen to what their peers think about a 
product, service, news topic etc. Just as easily as good Word-
of-Mouth increases the consumer following for a specific wine 
brand, negative publicity could ruin a wine brand before it even 
has the opportunity to penetrate the market. 

However, marketers should not perceive this mobile-trend as an 
opportunity to bombard Generation Y consumers with advertise-
ments and sales gimmicks. Not only are these advances undesir-
able, but these young consumers will often feel violated and 
develop a sense of mistrust towards the responsible wine brand 
or winery. Instead of forcefully trying to connect with these con-
sumers, without their permission, wineries should use mobile 
social platforms such as Facebook® and Blackberry® applica-
tions so that consumers can willingly connect with the brand. For 
example: creating a specific varietal wine Facebook® profile with 
regular updates, pictures, competitions, events etc.; or by creat-
ing an application for Blackberry® users where they can access 
a “top 20 wines purchased this week” application in order to 
quickly select a suitable wine for an occasion. However, it is also 
not merely a matter of setting up a Facebook® or Twitter® profile, 
but in order to succeed through the use of these social plat-
forms, the wine brands or wineries need to actively participate 
on these platforms and communicate directly with their “follow-
ers” and “fans” on a daily basis. It must carefully be considered 
what you aim to achieve with social media presence and how it 
will affect your wine brand image in the end... because what 
happens on Facebook®... does not only stay on Facebook®.   

Generation Y is therefore not merely a buzz-word, but it is the 
key to a sustainable and successful business future for the 

South African wine industry.
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Santi Basson

South African Cellar Worker of the Year programme –  
more than just recognition

The South African Cellar Worker of the Year programme was ini-
tially launched by Wine Cellars South Africa and Winetech, to give 
recognition to the contributions made by the permanent cellar 
workers employed in the wine industry. The programme also at-
tempts to establish role models and encourage productivity.

It was clear, however, that the industry does not need a pro-
gramme where awards are made regardless of merit and where 
the focus is on a few workers only. Such an approach would 
be detrimental to the objective of this project. Consequently all 
participants are constantly evaluated in a variety of ways, in or-
der to guarantee the validity of the awards. At the same time 
knowledge is transferred to the cellar workers.

The Cellar Worker of the Year programme has also been co-
operating more closely with the VinPro study groups under the 
direction of Charl Theron. The function of the study groups is 
to evaluate admission to the SA Cellar Worker programme. All 
candidates who want to participate in the SA Cellar Worker pro-
gramme have to pass an evaluation exam offered by the study 
groups. This ensures that the persons who participate in the 
programme comply with a minimum standard. Subsequently 
the candidates have to pass various levels before the finalists 
and eventual winner can be announced. As from 2012 the cellar 
workers who have progressed to round two of the programme 
have to make a presentation to the panel on any wine topic they 
have researched. Candidates should also be able to answer 
questions posed by the panel.

Only 20 cellar workers advance to round three of the pro-
gramme. Cellar workers have to be able to present a tasting of a 
given wine. They must be able to recognise and identify defects 
in the wine. Only the top three candidates qualify as finalists and 
the winner is required to recognise all the defects in the wine.

In due course the panel, who conducted interviews with the 
candidates, has made some interesting discoveries. It was 
found that cellar workers are very fond of whisky and that certain 
whiskies are very popular in certain regions; that cellar workers 
drink beer rather than wine and that the type of beer they enjoy 
is also dependent on region.

The information on the CVs also reveals much about training 
in the cellar environment. Based on this information, the Cellar 
Worker programme offers prizes in the form of training. Candi-
dates who progress to the third round receive free training in life 
s ills and the finalists receive free technical training.

Since 2011 there has been close cooperation with the French 
exchange scheme for cellar workers. The SA Cellar Worker pro-
gramme undertakes the sifting and evaluation for the exchange 

scheme. In previous years it was found that participants in the 
SA Cellar Worker programme fared extremely well in the evalu-
ation process for the exchange scheme. This can be ascribed 
mainly to the participants’ increasing knowledge and the self-
confidence they develop while participating in the SA Cellar 
Worker programme.

The participants’ CVs are also a source of information. The fol-
lowing information was gathered from the CVs of 75 partici-
pants’ in round two in 2011:

It was clear that the standard of the participants’ knowledge in-
creased year by year. Other facts also emerged and the industry 
would do well to take note.

Approximately half the participants passed Grade 10 - 12. Very 
few of the cellar workers had Maths or Science at school. Bible 
Study is the most popular subject! The school subjects do not 
by any means equip the cellar workers for a career in the wine 
industry. One should take into account that cellar workers often 
do not finish their school careers as a result of financial need 
and social circumstances.

The cellar workers who participate in the programme are ambi-
tious and have set goals for themselves, but they have no idea 
how to achieve their dreams or attain objectives. In general cel-
lar workers have a higher level of school education than farm 
workers, but they receive very little or no training in life skills to 
realise their potential.

The cellar workers who progressed to the third round of the Cel-
lar Worker programme in 2011, attended a workshop on how to 
set personal goals and how to achieve these.

A few individuals completed post-school studies or are busy 
doing so. This training ranges from diesel mechanic, market-
ing management, personal assistants and diploma courses in 
agriculture.

It is evident that participants in the programme are mostly male, 
from which one can infer that cellar workers are predominantly 
men. The women who participate in the programme are mostly 
laboratory, bottling and tasting room staff. Since 2010 only one 
female cellar worker has participated.

Some candidates have never received any training. Some par-
ticipants have not received training for the past 13 years.

Accredited technical training in winemaking does not receive 
sufficient attention either. It is clear that a large number of cel-
lars only focus on technical training that is not accredited. A 
few cellar workers were nevertheless enrolled in accredited skills 
programmes.

WineLand June 2012

Santi Basson Project leader – SA Cellar Worker of the Year programme

Keywords: Cellar Worker of the Year, VinPro study groups, SA Cellar Worker programme.
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The lack of training in terms of health and safety and the safe 
handling of poisons and chemical products is a source of con-
cern. The Health and Safety Act stipulates that all members of 
health and safety committees have to undergo accredited and 
assessed training. Ordinary workers should also be exposed to 
this kind of training. This can take place by means of information 
sessions. Such training should be basic, so that even illiterate 
people should be able to attend and benefit from it.

Very little, if any, attention is paid to training in life skills. Only 
seven cellar workers received any training in life skills. Some of 
these candidates received the training in life skills through the 
SA Cellar Worker of the Year programme.

The CVs revealed that only three cellar workers from one cellar, 
out of a total of 75 participants, had been tested for HIV/AIDS. 
Such tests, as well as TB tests, should be conducted annually 
or at least every two years.

The balance between training in a work context and life skills is 
also important.

When the individual does not have the skills to handle certain 
situations, his or her full potential cannot be realised.

Once all the CVs had been studied, it was also apparent that 
cellars did not necessarily offer training for all permanent work-
ers. In isolated cases only could it be confirmed that all the 

workers received training. Apparently essential technical train-
ing only is done, with a few workers only attending such training.

The CVs also indicated that training was scant in general. The cel-
lars which invested in their workers by means of training were com-
mitted to the empowerment and development of their workers. 
These cellar workers are often focused and productive workers.

It is possible, however, that some of the information provided on 
the CVs could be outdated.

In conversations with the cellar workers they were asked what 
the South African Cellar Worker of the Year programme meant to 
them. Everyone indicated that the programme played a positive 
role in their lives and that it helped them to set goals, also in their 
personal lives. Cellar workers also viewed the programme as a 
way to achieve professional goals and they considered it a huge 
honour and privilege to participate. Conversations with winemak-
ers of the various cellars indicated that their workers had more 
self-confidence and were not reluctant to give their opinion about 
relevant matters. They considered it to be extremely positive and 
were able to notice the change in their workers.

The value of the South African Cellar Worker of the Year pro-
gramme is to be found in the difference it makes in people’s lives 
and in the positive role it plays in the industry through the trans-
fer of knowledge. The gathering of data could possibly result in 
positive changes in the cellar environment.
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KWV cellar worker, Clive Adonis.

For further information contact Santi Basson at santib@mweb.co.za
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South African Cellar Worker of the Year programme –  
more than just recognition

The South African Cellar Worker of the Year programme was ini-
tially launched by Wine Cellars South Africa and Winetech, to give 
recognition to the contributions made by the permanent cellar 
workers employed in the wine industry. The programme also at-
tempts to establish role models and encourage productivity.

It was clear, however, that the industry does not need a pro-
gramme where awards are made regardless of merit and where 
the focus is on a few workers only. Such an approach would 
be detrimental to the objective of this project. Consequently all 
participants are constantly evaluated in a variety of ways, in or-
der to guarantee the validity of the awards. At the same time 
knowledge is transferred to the cellar workers.

The Cellar Worker of the Year programme has also been co-
operating more closely with the VinPro study groups under the 
direction of Charl Theron. The function of the study groups is 
to evaluate admission to the SA Cellar Worker programme. All 
candidates who want to participate in the SA Cellar Worker pro-
gramme have to pass an evaluation exam offered by the study 
groups. This ensures that the persons who participate in the 
programme comply with a minimum standard. Subsequently 
the candidates have to pass various levels before the finalists 
and eventual winner can be announced. As from 2012 the cellar 
workers who have progressed to round two of the programme 
have to make a presentation to the panel on any wine topic they 
have researched. Candidates should also be able to answer 
questions posed by the panel.

Only 20 cellar workers advance to round three of the pro-
gramme. Cellar workers have to be able to present a tasting of a 
given wine. They must be able to recognise and identify defects 
in the wine. Only the top three candidates qualify as finalists and 
the winner is required to recognise all the defects in the wine.

In due course the panel, who conducted interviews with the 
candidates, has made some interesting discoveries. It was 
found that cellar workers are very fond of whisky and that certain 
whiskies are very popular in certain regions; that cellar workers 
drink beer rather than wine and that the type of beer they enjoy 
is also dependent on region.

The information on the CVs also reveals much about training 
in the cellar environment. Based on this information, the Cellar 
Worker programme offers prizes in the form of training. Candi-
dates who progress to the third round receive free training in life 
s ills and the finalists receive free technical training.

Since 2011 there has been close cooperation with the French 
exchange scheme for cellar workers. The SA Cellar Worker pro-
gramme undertakes the sifting and evaluation for the exchange 

scheme. In previous years it was found that participants in the 
SA Cellar Worker programme fared extremely well in the evalu-
ation process for the exchange scheme. This can be ascribed 
mainly to the participants’ increasing knowledge and the self-
confidence they develop while participating in the SA Cellar 
Worker programme.

The participants’ CVs are also a source of information. The fol-
lowing information was gathered from the CVs of 75 partici-
pants’ in round two in 2011:

It was clear that the standard of the participants’ knowledge in-
creased year by year. Other facts also emerged and the industry 
would do well to take note.

Approximately half the participants passed Grade 10 - 12. Very 
few of the cellar workers had Maths or Science at school. Bible 
Study is the most popular subject! The school subjects do not 
by any means equip the cellar workers for a career in the wine 
industry. One should take into account that cellar workers often 
do not finish their school careers as a result of financial need 
and social circumstances.

The cellar workers who participate in the programme are ambi-
tious and have set goals for themselves, but they have no idea 
how to achieve their dreams or attain objectives. In general cel-
lar workers have a higher level of school education than farm 
workers, but they receive very little or no training in life skills to 
realise their potential.

The cellar workers who progressed to the third round of the Cel-
lar Worker programme in 2011, attended a workshop on how to 
set personal goals and how to achieve these.

A few individuals completed post-school studies or are busy 
doing so. This training ranges from diesel mechanic, market-
ing management, personal assistants and diploma courses in 
agriculture.

It is evident that participants in the programme are mostly male, 
from which one can infer that cellar workers are predominantly 
men. The women who participate in the programme are mostly 
laboratory, bottling and tasting room staff. Since 2010 only one 
female cellar worker has participated.

Some candidates have never received any training. Some par-
ticipants have not received training for the past 13 years.

Accredited technical training in winemaking does not receive 
sufficient attention either. It is clear that a large number of cel-
lars only focus on technical training that is not accredited. A 
few cellar workers were nevertheless enrolled in accredited skills 
programmes.

WineLand June 2012

Santi Basson Project leader – SA Cellar Worker of the Year programme

Keywords: Cellar Worker of the Year, VinPro study groups, SA Cellar Worker programme.
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The lack of training in terms of health and safety and the safe 
handling of poisons and chemical products is a source of con-
cern. The Health and Safety Act stipulates that all members of 
health and safety committees have to undergo accredited and 
assessed training. Ordinary workers should also be exposed to 
this kind of training. This can take place by means of information 
sessions. Such training should be basic, so that even illiterate 
people should be able to attend and benefit from it.

Very little, if any, attention is paid to training in life skills. Only 
seven cellar workers received any training in life skills. Some of 
these candidates received the training in life skills through the 
SA Cellar Worker of the Year programme.

The CVs revealed that only three cellar workers from one cellar, 
out of a total of 75 participants, had been tested for HIV/AIDS. 
Such tests, as well as TB tests, should be conducted annually 
or at least every two years.

The balance between training in a work context and life skills is 
also important.

When the individual does not have the skills to handle certain 
situations, his or her full potential cannot be realised.

Once all the CVs had been studied, it was also apparent that 
cellars did not necessarily offer training for all permanent work-
ers. In isolated cases only could it be confirmed that all the 

workers received training. Apparently essential technical train-
ing only is done, with a few workers only attending such training.

The CVs also indicated that training was scant in general. The cel-
lars which invested in their workers by means of training were com-
mitted to the empowerment and development of their workers. 
These cellar workers are often focused and productive workers.

It is possible, however, that some of the information provided on 
the CVs could be outdated.

In conversations with the cellar workers they were asked what 
the South African Cellar Worker of the Year programme meant to 
them. Everyone indicated that the programme played a positive 
role in their lives and that it helped them to set goals, also in their 
personal lives. Cellar workers also viewed the programme as a 
way to achieve professional goals and they considered it a huge 
honour and privilege to participate. Conversations with winemak-
ers of the various cellars indicated that their workers had more 
self-confidence and were not reluctant to give their opinion about 
relevant matters. They considered it to be extremely positive and 
were able to notice the change in their workers.

The value of the South African Cellar Worker of the Year pro-
gramme is to be found in the difference it makes in people’s lives 
and in the positive role it plays in the industry through the trans-
fer of knowledge. The gathering of data could possibly result in 
positive changes in the cellar environment.
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KWV cellar worker, Clive Adonis.

For further information contact Santi Basson at santib@mweb.co.za
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The question is often asked whether training has any value and 
whether it merits the costs involved. It is an expensive exercise 
and the outcome and success cannot always be measured in 
exact terms. Various studies have found, however, that the 
dedicated training of farm and cellar workers should form an 
important part of the producer’s and cellar’s business.

The findings of the Erika Theron Commission, published in 1976, 
noted that farm workers have been the main source of farm labour 
since the inception of the agricultural industry, especially in the 
Western Cape. In 1976 the Commission wrote that this labour 
force was characterised by the fairly large number of illiterate and 
untrained farm workers, with the subsequent lack of skills and low 
productivity. This development pattern resulted in the generalisa-
tion that farm workers were only able to do routine work and that 
their low productivity could not be increased by training.

South African agriculture and the wine industry in particular has 
become increasingly mechanised in recent decades and scien-
tific farming methods have been developed. This situation is not 
unique to South Africa. It means nevertheless that the South 
African wine industry has developed to such an extent that it 
should be realised at this stage that farm work is no longer 
manual labour and that a farm worker should have a large degree 
of expertise, which should be developed further. It is necessary 
to ensure that both farm and cellar workers are able to keep up 
with the rapid development in the agricultural sector.

No worker can be expected to do his job properly unless he/she 
has learnt to do so. As early as 1976 mention was made of 
facilities abroad for the training of farm workers in such countries. 
Most of those farm workers had the schooling equivalent of our 
Grade 10 and even so it was found necessary for them to 
undergo specialised training in the various aspects of farm work, 
especially the handling of machines and tools.

In South Africa people who have often received very little or even 
no schooling whatsoever are used for the same work, and often 
no or very little additional training is given to these farm workers. 
Moreover, the lack of skills often results in accidents.

One of the reasons why training should be considered seriously, 
is that insufficient knowledge and lack of skills in farm workers and 
machine operators especially, often results in high reparation 
costs. This lack of knowledge and labour skills can be observed 
in sloppy handling of maintenance of tractors, machines, etcetera.

The producer’s task to manage his farm is often hampered by 
lack of training in his workers and eventually the quality of the 
farm workers’ knowledge contributes to the success of the 
enterprise.

Some producers say that are not in favour of training, because 
in their view trained farm workers will demand higher wages; the 
farm worker will leave his employ or the farm worker will get a 
superior attitude. If full-scale, purposeful training takes place 
throughout the entire wine industry, such objections will disap-
pear, because there will be a bigger supply of trained workers. 
Trained workers also result in increased productivity.

There are other reasons too why farm workers should receive 
training in labour skills as well as life skills. It is important to 
establish a balance between technical or job-related training and 
life or “soft skills” training. Both are important and neither of the 
two skills should be favoured. Although producers and cellars 
prefer to focus on the technical aspects of training, life skills are 
important to cultivate self-esteem, self-confidence and leadership 
qualities. Workers with good self-esteem often have a higher 
level of productivity.

Factors such as the incidence of illiteracy, the inability of an indi-
vidual to manage his personal finances, the absence of skills 
development, as well as ways in which leisure time is managed, 
also impact enormously on the use of alcohol among farm work-
ers in the Western Cape.

The ability of the individual to manage his or her finances and 
household budget, is closely linked to the question of whether 
that person can assume responsibility for his or her life. A per-
son’s inability to manage this aspect, reflects directly on social 
conditions and the associated problems, for example poor self-
esteem, liquor and drug abuse and the accompanying domestic 
violence. Children from such homes usually have the same 
problems and the vicious circle continues relentlessly. It has been 
found that when workers manage their finances better and their 
expenses are under control, certain social problems are drasti-
cally reduced. Spending troubles often sprout from ignorance 
and will increase dramatically in the current economic climate.

Approximately 25% of South Africa’s population is illiterate, with 
serious ramifications for the South African agricultural sector, 
which has increasing technological requirements of its labour 
force. Training on farms should be increasingly career oriented 
instead of task oriented.

If the focus shifts to the career of farm workers, it will automati-
cally impact positively on the image of farm workers. The image 
of a farm worker career is not positive among the youth and this 
is linked to literacy, training, as well as career prospects.

It has also been proven that the ability to read and write impacts 
on the individual’s self-esteem. Illiteracy also means that a group 
of farm workers is excluded from training or can only participate 
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in basic training such as information sessions. When parents’ 
literacy levels improve through ABET classes, it also impacts 
positively on the children and the social conditions of the farm 
worker communities.

When the producer or cellar draws up the training plan, costs 
are often one of the most important considerations. It should be 
taken into account that unit costs can be reduced when a large 
group, instead of a small group, undergoes training. Skills pro-
grammes and internships receive subsidies from the Setas and 
producers are encouraged to hand in their job skills plans annu-
ally and so to be considered for subsidised training.

During interviews with cellar workers participating in the South 
African Cellar Worker programme, most of the workers wanted to 
receive further training to improve their career prospects. It was 
also obvious that most of these workers had school subjects that 
did not prepare them for a career in the wine industry. The ideal 
would be to give school children better career counselling about 
a future in the wine industry. This is not always possible, however.

Cellars and producers are advised to become involved in both 
task-oriented and career development so as to empower work-
ers to achieve their full potential.

In an increasingly competitive international industry and a tech-
nologically sophisticated world, it is essential that the training of 
farm and cellar workers and the expansion of their knowledge 
receive urgent attention.

o summarise
 Training improves productivity
 Reduces accidents
 Reduces repair costs
 Reduces social problems
 Empowers wor ers to achieve their full potential.

ources
Kommissie van Ondersoek na aangeleenthede rakende die Kleurling-
bevolkingsgroep, RP 38/1976 (Erika Theron).

J.J. Bruwer, Landbou meganisasie en behoefte aan die opleiding van 
plaaswerkers, SALDRU Farm Labour Conference, September 1976.
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I am convinced colleagues, that thorough, proven scientific 
information is of infinite value to producers and consultants. 
Although it is true that with time one learns the so-called ‘tricks 
of the trade” when it comes to presenting a technical lecture, the 
reality is that few agricultural scientists ever feel thoroughly 
equipped for public speaking and neither do we arrive at a point 
where we are convinced of our ability to convey our thoughts 
effectively to our audience. This article is aimed at helping those 
who, like me, often struggle with feelings of inadequacy in com-
municating complex technical information to an audience in a 
simple, practical, convincing way so that they will believe and 
implement the valuable information they receive. Before you read 
further I must warn that, although my aim is to give practical 
advice, it is first necessary to spend time considering a few 
other heart-of-the-matter issues regarding yourself and your 
audience. So bear with me

 man s heart determines his speech
The most valuable aspect one needs to gain clarity on, is what the 
motivating factors are behind the talk. Often the reason for giving 
the talk is wrong, originating from a desire to impress the audi-
ence, vindicate some injustice, self-profit, or for other selfish rea-
sons. Even if it is not for selfish reasons and just because you have 
something valuable to say, it is worthwhile remembering that the 
way we speak portrays our character. Take note of attitudes and 
heart issues that might affect the way you act and speak in front 
of your audience. Are you speaking in a way that shows them that 
your desire is to enlighten, to enrich their lives, to meet a need in 
their lives? And, when you are speaking to an audience that is 
unsympathetic to your message, remember that ‘the best way to 
rid yourself of an enemy, is to make him your friend’.

he way of a fool seems right in his own eyes  ut a wise man 
listens to ad ice ro  
Remember that the greatest of us can learn from the least of us. 
Do not be so wise in your own eyes that you do not allow 
proper inter-action or make room for the perspectives of your 
audience. On the other hand, it is wise to assume that your lis-
teners won’t necessarily want to hear. So, ask yourself what you 
have to do or say (and how) that will make them want to hear.

Furthermore, assume that your listeners won’t bother to be think-
ing. So ask yourself what you have to do or say (and how) that will 
make them want to think. They might also not want to bother 
learning – it is generally avoided because it can be a painful process 
since the personmay have to set aside familiar ideas for new ones. 
It requires openness and self-examination. Ask yourself how you 
can help the people you speak to instill in them a desire to learn.

In each audience there are (i) the deaf, (ii) the listeners, (iii) the 
believers and (iv) the doers. The deaf ones are those who are 
just as good as dead – even though they are sitting there wide-
eyed, they do not listen to a word you are saying and probably 
have no interest in hearing anything you have to say. The listen-
ers will hear what you are saying, and might even take notes, but 
they do not internalise anything, they probably do not understand 
what they hear, or might not be able to link the information to 
practical everyday circumstances. The believers are those who 
hear what you say, see its implication to their own situation and 
are convinced of its value, yet they don’t implement it on a con-
crete level on their own farms, or in their own lives. Last men-
tioned are the doers, they are those who hear, believe and go 
and apply what they have heard so that it changes their circum-
stances and lives in a very tangible way. Ask yourself what there 
is in your attitude as well as the content of your talk that will 
challenge people to be “doers”? 

ords are inade uate ehicles
Although the medium of communication when presenting a talk is 
words, one must remember that (i) words stimulate different mental 
images, (ii) words convey only fragmented images and that (iii) 
words create imperfect mental images. The implication of this is 
simply that words alone are not very effective to communicate a 
complex concept or idea fully. Your audience might develop their 
own understanding based on their own biases, background, men-
tal images and emotions. Remember that more decisions are based 
on emotion than on fact. If you are speaking about a topic that your 
audience is emotionally tied to, or are biased about, you will have 
to work hard at getting them to listen and to hear you properly. Try 
to foster unity and a feeling of mutual benefit, of sharing.

Getting feedback is an effective way of making sure that you are 
correctly understood, i.e. to strengthen the deficiencies of your 
words. When there is a concern that your message is being 
wrongly interpreted, or that there is inadequacy in the compre-
hension of your audience, ask questions like: (i) How would you 
respond to what I just said? (ii) What will you do on account of 
what I just said? (iii) Do you have an alternative idea?

seful ideas for clear and meaningful communication
When preparing a presentation, take time to think about:

(i) Why you want to communicate. Is it to report on research, 
is it to convince producers of the value of a new practice, or 
is it to correct wrong cultivation practices, etc?

(ii) With whom you want to communicate, i.e. the identity of 
the audience – is it producers, agriculturalists in a technical 
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capacity or researchers? What is their familiarity with regard 
to the topic?

(iii) What key message(s) do you have to convey.

(iv) What communication vehicle would be best suited – an 
informal spontaneous talk, or a proper scientific lecture? A 
video-clip or some slides and photos or neat graphs and 
tables containing research data, or a combination of the 
two?

(v) A feedback mechanism that can be used to evaluate the 
effectiveness of your communication.

(vi) What behavior/desired outcome you expect.

Furthermore, during preparation of your talk, also keep the rules 
for clear, meaningful communication in mind, i.e.:

(i) Be concise – by choosing appropriate words so that you 
can be brief, yet clear. Highlight the most important parts 
since not all of your presentation will be remembered. Avoid 
putting too many statistics and information into your presen-
tation – rather put it in a handout for the participants. 

(ii) Be consistent – remember to stick to the point.

(iii) Be coalescent – keep the thoughts together.

(iv) Be clear – in depth of meaning, in clarity and simplicity. 
Limit slides to a few bullet points or one statement or dia-
gram. Use slides wisely, which means that (i) the information 
per slide should be limited to less than six lines; (ii) every-
thing should be readable from the back; (iii) the colours that 
are used must be easy on the eyes.

(v) Be creative – avoid SOT (the same old thing – old news is 
stale news). Don’t speak on stuff that is old hat; don’t speak 
on a topic that’s outdated or relevant only to yourself. Use 
good examples that can bring a point to life.

(vi) Be prepared – this is a very important factor in determining 
your ability to communicate the information clearly. Prepare 
to be able to use the “tell ‘em technique” if needed, i.e. (i) 
tell them what you are going to tell them (ex. “In this presen-
tation I’m going to show you ”)  (ii) then tell them the ey 
points, and illustrate each one; (iii) and finally tell them “what” 
you have told them (ex. “In closing ” or “In summary ”).

(vii) Be structured – break the presentation into different logical 
segments with each having a specific task. 

During the actual presentation be mindful of first impressions. 
Remember that in the first few seconds you are evaluated 
according to your general impression which includes (i) your 
body language; (ii) your demeanor; (iii) your mannerisms; (iv) your 
dress code; (v) the attitude you project. Evaluate whether your 
appearance is saying the right things to help create the right 
impression. Evaluate whether your body language is projecting 
appropriate confidence and self-assurance. 

Furthermore remember the role of a smile – a warm and confi-
dent smile puts both you and the audience at ease. While speak-
ing, keep your body language exciting – if you stay behind the 
rostrum you will have to work harder to keep the audience’s 
attention. Don’t talk too fast. Use pauses; they are effective. Also, 
use a variety of tones of voice.

Finally, when your nerves get the better of you, focus on:

(i) your purpose, i.e. to help the audience understand your 
message;

(ii) the topic/subject you intend to enlighten them on.

hec list for preparing a highly effecti e presentation
In closing I have included a checklist that you can use to evaluate 
whether all the aspects required for success in communicating 
your message have been included in your presentation. May your 
future presentations be exciting and bear the desired fruit.

Regarding the content of the talk, is the following true?

The reason for giving the presentation was thought through 
thoroughly.

The type of audience was taken into account.

The key message that needs to be communicated was identified.

The objective, or outcomes, for giving the presentation was 
taken into account.

Feedback mechanisms to evaluate the effectiveness of the com-
munication were incorporated.

•	 The talk is concise.

•	 The talk is properly structured.

•	 The content of the talk is consistent.

•	 The content of the talk is coalescent.

•	 The content of the talk is clear.

•	 The talk contains some creativity and good examples.

•	 Tell ‘em techniques were incorporated.

•	 The slides are simple and readable.

Regarding your personal preparation to give an unforgettable 
talk, is the following true?

•	 You are determined to enrich the lives of your audience.

•	 You intend to make your audience want to hear and actu-
ally become doers.

•	 You intend to foster unity and a culture of sharing, thereby 
addressing emotions that thwart proper understanding.

•	 You are mindful of the role of first impressions.

•	 While speaking you intend to focus on your purpose, i.e. to 
help the audience understand your message.

For further information contact Pieter Raath at pieter.raath@bemlab.co.za
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equipped for public speaking and neither do we arrive at a point 
where we are convinced of our ability to convey our thoughts 
effectively to our audience. This article is aimed at helping those 
who, like me, often struggle with feelings of inadequacy in com-
municating complex technical information to an audience in a 
simple, practical, convincing way so that they will believe and 
implement the valuable information they receive. Before you read 
further I must warn that, although my aim is to give practical 
advice, it is first necessary to spend time considering a few 
other heart-of-the-matter issues regarding yourself and your 
audience. So bear with me

 man s heart determines his speech
The most valuable aspect one needs to gain clarity on, is what the 
motivating factors are behind the talk. Often the reason for giving 
the talk is wrong, originating from a desire to impress the audi-
ence, vindicate some injustice, self-profit, or for other selfish rea-
sons. Even if it is not for selfish reasons and just because you have 
something valuable to say, it is worthwhile remembering that the 
way we speak portrays our character. Take note of attitudes and 
heart issues that might affect the way you act and speak in front 
of your audience. Are you speaking in a way that shows them that 
your desire is to enlighten, to enrich their lives, to meet a need in 
their lives? And, when you are speaking to an audience that is 
unsympathetic to your message, remember that ‘the best way to 
rid yourself of an enemy, is to make him your friend’.

he way of a fool seems right in his own eyes  ut a wise man 
listens to ad ice ro  
Remember that the greatest of us can learn from the least of us. 
Do not be so wise in your own eyes that you do not allow 
proper inter-action or make room for the perspectives of your 
audience. On the other hand, it is wise to assume that your lis-
teners won’t necessarily want to hear. So, ask yourself what you 
have to do or say (and how) that will make them want to hear.

Furthermore, assume that your listeners won’t bother to be think-
ing. So ask yourself what you have to do or say (and how) that will 
make them want to think. They might also not want to bother 
learning – it is generally avoided because it can be a painful process 
since the personmay have to set aside familiar ideas for new ones. 
It requires openness and self-examination. Ask yourself how you 
can help the people you speak to instill in them a desire to learn.

In each audience there are (i) the deaf, (ii) the listeners, (iii) the 
believers and (iv) the doers. The deaf ones are those who are 
just as good as dead – even though they are sitting there wide-
eyed, they do not listen to a word you are saying and probably 
have no interest in hearing anything you have to say. The listen-
ers will hear what you are saying, and might even take notes, but 
they do not internalise anything, they probably do not understand 
what they hear, or might not be able to link the information to 
practical everyday circumstances. The believers are those who 
hear what you say, see its implication to their own situation and 
are convinced of its value, yet they don’t implement it on a con-
crete level on their own farms, or in their own lives. Last men-
tioned are the doers, they are those who hear, believe and go 
and apply what they have heard so that it changes their circum-
stances and lives in a very tangible way. Ask yourself what there 
is in your attitude as well as the content of your talk that will 
challenge people to be “doers”? 

ords are inade uate ehicles
Although the medium of communication when presenting a talk is 
words, one must remember that (i) words stimulate different mental 
images, (ii) words convey only fragmented images and that (iii) 
words create imperfect mental images. The implication of this is 
simply that words alone are not very effective to communicate a 
complex concept or idea fully. Your audience might develop their 
own understanding based on their own biases, background, men-
tal images and emotions. Remember that more decisions are based 
on emotion than on fact. If you are speaking about a topic that your 
audience is emotionally tied to, or are biased about, you will have 
to work hard at getting them to listen and to hear you properly. Try 
to foster unity and a feeling of mutual benefit, of sharing.

Getting feedback is an effective way of making sure that you are 
correctly understood, i.e. to strengthen the deficiencies of your 
words. When there is a concern that your message is being 
wrongly interpreted, or that there is inadequacy in the compre-
hension of your audience, ask questions like: (i) How would you 
respond to what I just said? (ii) What will you do on account of 
what I just said? (iii) Do you have an alternative idea?

seful ideas for clear and meaningful communication
When preparing a presentation, take time to think about:

(i) Why you want to communicate. Is it to report on research, 
is it to convince producers of the value of a new practice, or 
is it to correct wrong cultivation practices, etc?

(ii) With whom you want to communicate, i.e. the identity of 
the audience – is it producers, agriculturalists in a technical 
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capacity or researchers? What is their familiarity with regard 
to the topic?

(iii) What key message(s) do you have to convey.

(iv) What communication vehicle would be best suited – an 
informal spontaneous talk, or a proper scientific lecture? A 
video-clip or some slides and photos or neat graphs and 
tables containing research data, or a combination of the 
two?

(v) A feedback mechanism that can be used to evaluate the 
effectiveness of your communication.

(vi) What behavior/desired outcome you expect.

Furthermore, during preparation of your talk, also keep the rules 
for clear, meaningful communication in mind, i.e.:

(i) Be concise – by choosing appropriate words so that you 
can be brief, yet clear. Highlight the most important parts 
since not all of your presentation will be remembered. Avoid 
putting too many statistics and information into your presen-
tation – rather put it in a handout for the participants. 

(ii) Be consistent – remember to stick to the point.

(iii) Be coalescent – keep the thoughts together.

(iv) Be clear – in depth of meaning, in clarity and simplicity. 
Limit slides to a few bullet points or one statement or dia-
gram. Use slides wisely, which means that (i) the information 
per slide should be limited to less than six lines; (ii) every-
thing should be readable from the back; (iii) the colours that 
are used must be easy on the eyes.

(v) Be creative – avoid SOT (the same old thing – old news is 
stale news). Don’t speak on stuff that is old hat; don’t speak 
on a topic that’s outdated or relevant only to yourself. Use 
good examples that can bring a point to life.

(vi) Be prepared – this is a very important factor in determining 
your ability to communicate the information clearly. Prepare 
to be able to use the “tell ‘em technique” if needed, i.e. (i) 
tell them what you are going to tell them (ex. “In this presen-
tation I’m going to show you ”)  (ii) then tell them the ey 
points, and illustrate each one; (iii) and finally tell them “what” 
you have told them (ex. “In closing ” or “In summary ”).

(vii) Be structured – break the presentation into different logical 
segments with each having a specific task. 

During the actual presentation be mindful of first impressions. 
Remember that in the first few seconds you are evaluated 
according to your general impression which includes (i) your 
body language; (ii) your demeanor; (iii) your mannerisms; (iv) your 
dress code; (v) the attitude you project. Evaluate whether your 
appearance is saying the right things to help create the right 
impression. Evaluate whether your body language is projecting 
appropriate confidence and self-assurance. 

Furthermore remember the role of a smile – a warm and confi-
dent smile puts both you and the audience at ease. While speak-
ing, keep your body language exciting – if you stay behind the 
rostrum you will have to work harder to keep the audience’s 
attention. Don’t talk too fast. Use pauses; they are effective. Also, 
use a variety of tones of voice.

Finally, when your nerves get the better of you, focus on:

(i) your purpose, i.e. to help the audience understand your 
message;

(ii) the topic/subject you intend to enlighten them on.

hec list for preparing a highly effecti e presentation
In closing I have included a checklist that you can use to evaluate 
whether all the aspects required for success in communicating 
your message have been included in your presentation. May your 
future presentations be exciting and bear the desired fruit.

Regarding the content of the talk, is the following true?

The reason for giving the presentation was thought through 
thoroughly.

The type of audience was taken into account.

The key message that needs to be communicated was identified.

The objective, or outcomes, for giving the presentation was 
taken into account.

Feedback mechanisms to evaluate the effectiveness of the com-
munication were incorporated.

•	 The talk is concise.

•	 The talk is properly structured.

•	 The content of the talk is consistent.

•	 The content of the talk is coalescent.

•	 The content of the talk is clear.

•	 The talk contains some creativity and good examples.

•	 Tell ‘em techniques were incorporated.

•	 The slides are simple and readable.

Regarding your personal preparation to give an unforgettable 
talk, is the following true?

•	 You are determined to enrich the lives of your audience.

•	 You intend to make your audience want to hear and actu-
ally become doers.

•	 You intend to foster unity and a culture of sharing, thereby 
addressing emotions that thwart proper understanding.

•	 You are mindful of the role of first impressions.

•	 While speaking you intend to focus on your purpose, i.e. to 
help the audience understand your message.

For further information contact Pieter Raath at pieter.raath@bemlab.co.za
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Global decrease could 
reach 60 000 ha

•	 There was a decrease in the world vineyard area that could 
decline by 60 000 ha.

•	 Wine production fell significantly in Greece, Italy and Portugal.
•	 Production levels remain stable internationally, but with con-

trasting internal trends. France remains the top wine-produc-
ing country.

Paris (France), 8 November 2011

The International Organisation of Vine and Wine (OIV), the inter-
governmental organisation for everything related to vine-based 
products, unveiled its report on the global economic vitiviniculture 
situation for the first 10 months of 2011.

Federico Castellucci, the Director General, presented the eco-
nomic data which was available at the end of October 2011 and 

used it to provide an estimate of the trends in the areas under 
vines, as well as the level of wine production worldwide.

The world vineyard area experienced a decrease that could 
decline by 60 000 ha. By zones, the EU is most affected by this 
phenomenon, since the reduction in its vineyard could be 
between 50 and 55 000 ha. Furthermore, in the Southern 
Hemisphere and the USA, the rate of surface area growth has 
slowed, compared with what was observed around 2000.

In terms of production, in 2011 the total figure for wines (exclu-
ding juice and musts) was between 264.3 and 275.2 million hl 
(269.8 million hl mid-range estimate). The largest falls were in 
Greece, Italy and Portugal.

Stable wine production despite the fall in the 
world vineyard area

World area under vines

World wine production
e cluding uice  musts

WineLand February 2012

technical yearbook 2012 171

ine production in the  e cluding uice and musts

Unit: 1 000 hl Hungary Slovenia Czech Rep. Slovakia Cyprus Bulgaria Romania

2007 3 222 664 820 356 169 1 796 5 289

2008 3 460 537 840 431 147 1 617 5 159

2009 3 198 539 570 346 145 1 397 6 703

2010 (provisional) 1 966 545 564 130 117 1 187 3 287

2011 (forecast) 2 720 799 761 300 100 1 268 5 400

11/10 variation in 
volume 754 254 197 170 -17 81 2 113

11/10 variation in % 38% 47% 35% 131% -15% 7% 64%

ine production e cluding uice  musts e cept where specified   other producing countries

Unit: 1 000 hl
2011

Forecast
2010

Provisional
2009 2008 2007

U.S.A. 18,74 20,89 21,97 19,34 19,87

Switzerland   1,13   1,03   1,11   1,07   1,04

Argentina 15,47 16,25 12,13 14,67 15,05

Chile 10,57   9,15   9,87   8,68   8,22

South Africa   9,25   9,22   9,99 10,17   9,78

Australia 11,86 11,24 11,71 12,45   9,62

New Zealand   2,34   1,90   2,05   2,05   1,48

Unit: 1 000 hl Germany Austria Greece Spain France Italy Portugal

2007 10 261 2 628 3 511 34 755 45 672 45 981 6 074

2008 9 991 2 993 3 869 36 240 42 654 46 970 5 689

2009 9 228 2 352 3 366 35 166 46 269 47 450 5 868

2010 (provisional) 6 906 1 760 2 950 36 093 45 704 48 575 7 133

2011 (forecast) 9 000 2 300 2 450 35 370 49 600 42 209 5 925

11/10 variation in 
volume 2 094 540 -500 -723 3 896 -6 366 -1 208

11/10 variation in % 30% 31% -17% -2% 9% -13% -17%

ine production in the  e cluding uice and musts

The EU experienced its 5th consecutive low harvest (from 2007 
to 2011 inclusive) broadly equivalent to that of 2010 with a mid-
range estimate at 158.2 million hl (excluding juice and musts). 
Nevertheless, this observation must be put into perspective, 
since over the last 3 years, the area under vines has gone from 
3 792 to 3 626 million ha, which is a fall of approximately  
165 thousand ha of vines.

Internationally, production remains stable, but with contrasting 
internal trends. For example, the United States saw its produc-
tion decrease significantly by 18.74 million hl (-10.3%/2010). 

Chile achieved a record level with 10.6 million hl (+15.5%/2010) 
and New Zealand saw a new production record with 2.3 million 
hl (+23.2%/2010).
With regard to world wine consumption, there are 2 possible 
scenarios: a high hypothesis (a ‘moderately’ upward linear trend 
in world consumption in volume is regained) and a low hypothe-
sis (marked by a renewed economic crisis, the 2011 consump-
tion level will once again record a downward trend compared 
with the provisional level of 2010).

Source: OIV in association with FAO.

ine production  consumption  difference

Unit: 1 000 hl 2005 2006 2007 2008 2009
2010

Provisional

2011 Estimate

Hypothesis
(low)

Hypothesis
(high)

Wine production 281,6 284,7 268,5 272,3 274,4 268,8 264,3 275,2

Wine consumption 239,9 246,0 251,7 248,6 241,0 243,6 235,7 251,5

“Prod-cons” difference   41,7   38,7   16,8   23,7   33,4   25,2   12,8   39,5

Production 269,8

Consumption 243,6

Difference   26,2

general
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Dealcoholisation of wines: New definitions and  
procedures adopted by the OIV

•	 The OIV International Code of Oenological Practices will for the first 
time include official definitions for “beverages obtained by dealco-
holisation of wine” and “beverages obtained by partial dealcoholisa-
tion of wine”.

•	 Correcting the alcohol content of a particular wine is allowed with a 
maximum reduction of 20%.

Paris, France, 28 June 2012

As the intergovernmental, scientific and technical reference or-
ganisation for wine and viticultural products, the OIV has among 
its objectives, to contribute to international harmonisation of ex-
isting practices and standards and, as necessary, to the prepa-
ration of new international standards in order to improve the 
conditions for producing and marketing vine and wine products, 
and to help ensure that the interests of consumers are taken 
into account.

To that end, on Friday 22 June, the General Assembly of the OIV 
adopted unanimously in the Turkish city of Izmir, four resolutions 
that address both the expectations of the vitivinicultural sector 
and a growing appetite of consumers for low-alcohol or directly 
dealcoholised beverages of vitivinicultural origin.

Resolutions OIV-ECO 432-2012 and OIV-ECO 433-2012 up-
date the International Code of Oenological Practices with the 
inclusion of two new definitions for “beverage obtained by deal-
coholisation of wine” and “beverage obtained by partial dealco-
holisation of wine”.

Resolutions OIV-OENO 394A-2012 and OIV-OENO 394B-2012, 
on the other hand, specify the separation techniques that can 
be used either to dealcoholise wines or to correct the alcohol 
content of wines, respectively.

orrection of alcohol content s  dealcoholisation
Through the adoption of resolutions OIV-OENO 394A-2012 and 
OIV-OENO 394B-2012, OIV Member States specify the condi-
tions for reducing the alcohol content of wine, differentiating be-
tween a correction of the alcohol content and a dealcoholisation 
of the wine.

Correcting the alcohol content of a particular wine, which means 
to reduce an envisaged excessive level of ethanol to improve its 
taste balance, is allowed with a maximum reduction of 20%. 
Products obtained through this practice must still conform to 

the definition of wine, and especially eep the minimum alco-
holic strength of wines, if they are to be presented as such.

Otherwise, if the alcohol content of the wine is reduced by more 
than 20%, it will fall under a dealcoholisation process, which 
means to remove part or almost all of the ethanol content in 
wine in order to develop vitivinicultural products with low or re-
duced alcohol content.

This procedure is also allowed, but the resulting product shall 
not be presented as wine, since it will not comply with the es-
tablished definition of wine.

The separative techniques that can be used to achieve any of 
these goals are: Partial vacuum evaporation, membrane tech-
niques and distillation.

roduct definition
Through the adoption of resolutions OIV-ECO 432-2012 and 
OIV-ECO 433-2012, OIV Member States update the Interna-
tional Code of Oenological Practices with the inclusion of two 
new product definitions:

•	 “Beverage obtained by partial dealcoholisation of wine” for 
products with an ABV1 content comprised between the re-
quired minimum for wines and 0.5%.

•	 “Beverage obtained by dealcoholisation of wine” for pro ducts 
with an ABV (Alcohol by Volume, expressed in %) content be-
low 0.5%.

The OIV is currently wor ing to develop definitions for products 
that do not fall under the aforementioned resolutions, more par-
ticularly wines that have gone through an alcohol reduction of 
more than 20%, but do still respect the minimum alcohol level 
for wine and special wine.

he nternational ode of enological ractices
The OIV International Code of Oenological Practices constitutes a 
technical and legal reference document, aimed at a standardisa-
tion of products in the vitivinicultural sector that should serve as 
a foundation for the establishment of national or supra-national 
regulations and should be essential in international trade.

The resolutions and OIV International Code of Oenological Prac-
tices can be obtained from Wendy Jonker at wendyj@nda.agric.za.

WineLand September 2012

technical yearbook 2012 173

general

The 10th General Assembly of the International 
Organisation of Vine and Wine (OIV), which was held 
Izmir (Turkey), adopted a total of 38 resolutions

Decisions on iticulture
•	 After completing its Descriptor list for grape varieties and Vitis 

species in 2007, the OIV adopted an update to the descrip-
tive sheets for the varieties of Vitis spp. This was necessary 
in order to be able to update its publication, Description of 
grape varieties throughout the world. For practical reasons, 
this description is presented in two documents, a “principal” 
and a “supplement” (Resolution OIV-VITI 467-2012).

•	 After adopting the definition of terroir in vitiviniculture in 2010, 
the OIV has gone a step further by adopting a vitiviniculture 
zoning methodology, on both a soil and climate level (Resolu-
tion OIV-VITI 423-2012). The methodology includes the sim  ple 
and necessary steps for obtaining good results. After these 
steps a series of validation methods for zoning was also pro-
posed; all based on an extensive list of bioclimatic indices and 
bibliographic references.

•	 The HACCP system is most often applied to processed agri-
food products (wine, mil , etc.). or the first time, the OIV 
has decided to adopt a resolution that adapts this system 
to grapes for different purposes and uses. The application 
of this system to wine grapes is given as an example in the 
appendix, leaving the application for table grapes and raisins 
for future works (Resolution OIV-VITI 469-2012).

Decisions on oenological practices
Several resolutions concerning new oenological practices will 
be added to the International Code of Oenological Practices, 
and in particular:

•	 Oenological practices relating to the dealcoholisation of 
wines. In fact, the OIV adopted 2 resolutions, one on the cor-
rection of the alcohol content in wines (Resolution OIV-OENO 
394B-2012) which, in order to improve the taste balance, 
authorises a maximum 20% reduction in the alcohol content 
of wines. The products that result from this practice must 
still comply with the definition of wine and in particular, the 
alcoholic strength by volume limits. The second resolution 
concerns the dealcoholisation of wines (Resolution OIV-OE-
NO 394A-2012), which allows the dealcoholisation of wines, 
without a limit, with the aim of improving vitivinicultural pro-
ducts with a reduced or low alcohol content. The products 
that result from this practice do not cover wines in the sense 
of the OIV’s definition of wine.

•	 A series of oenological specific practices for aromatised 
wines, beverages based on vitivinicultural products and 
wine-based beverages (Resolution OIV-OENO 439-2012). 
These practices satisfy new requirements such as respect 
for the environment, consumer protection, health aspects re-

lated to the use of additives and allergenic ingredients, and 
also the changing tastes of consumers in order to create new 
markets for these categories of wines.

•	 Acidification by treatment with cation exchangers. The OIV 
now allows treatment with cation exchangers for the acidi-
fication of musts (Resolution OIV-OE O 442-2012) and for 
the acidification of wines (Resolution OIV-OE O 44 -2012). 
Various detailed provisions also accompany this practice.

•	 De-acidification using an electromembrane process (electro-
dialysis with bipolar membranes) of musts (Resolution OIV-
OENO 483-2012) or wines (Resolution OIV-OENO 484-2012). 
These practices are defined as physical methods of ionic ex-
traction from the must, or wine, under the action of an electric 
field using permeable membranes with anions on the one part 
and bipolar membranes on the other in order to manage the 
reduction in the titratable acidity and actual acidity (increase in 
the pH) of the wine.

•	 A general file covering the reduction of the sugar content in 
musts which describes the objectives and the instructions 
for achieving those objectives (Resolution OIV-OENO 450A-
2012). At the same time, a specific application on the re-
duction of sugar content in musts, through membrane cou-
pling, was adopted (Resolution OIV-OENO 450B-2012). This 
practice consists in extracting the sugar from a must through 
membrane coupling, combining microfiltration or ultrafiltra-
tion with nanofiltration or reverse osmosis. Various detailed 
provisions also accompany this practice.

•	 A new resolution describes the molecular biology tools used to 
identify lactic bacteria in grapes and wine. This guide is intend-
ed to assist laboratories performing microbiological analyses 
for the identification of lactic bacteria. Culture dependant and 
independent methods can be used in the identification and 
characterisation of lactic bacteria at the different winemaking, 
ageing and storage stages (Resolution OIV-OENO 409-2012).

•	 Molecular biology methods for the detection of biogenic amine-
producing lactic bacteria in wine (Resolution OIV-OENO 449-
2012). These PCR methods are especially useful in detecting 
specific lactic bacteria strains that have coding genes for the 
enzymes involved in biogenic amine production in wine.

•	 The guidelines relating to the criteria for the characterisation 
of Saccharomyces yeasts from the vitivinicultural environ-
ment (Resolution OIV-OENO 370-2012). These guidelines 
cover Saccharomyces yeasts and their respective hybrids 
and comprise a compilation of characterisation criteria for 
yeasts that prove useful during the isolation and charac-
terisation process for winemaking yeasts for quality-focused 
wine production.

WineLand October 2012
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time include official definitions for “beverages obtained by dealco-
holisation of wine” and “beverages obtained by partial dealcoholisa-
tion of wine”.

•	 Correcting the alcohol content of a particular wine is allowed with a 
maximum reduction of 20%.

Paris, France, 28 June 2012

As the intergovernmental, scientific and technical reference or-
ganisation for wine and viticultural products, the OIV has among 
its objectives, to contribute to international harmonisation of ex-
isting practices and standards and, as necessary, to the prepa-
ration of new international standards in order to improve the 
conditions for producing and marketing vine and wine products, 
and to help ensure that the interests of consumers are taken 
into account.

To that end, on Friday 22 June, the General Assembly of the OIV 
adopted unanimously in the Turkish city of Izmir, four resolutions 
that address both the expectations of the vitivinicultural sector 
and a growing appetite of consumers for low-alcohol or directly 
dealcoholised beverages of vitivinicultural origin.

Resolutions OIV-ECO 432-2012 and OIV-ECO 433-2012 up-
date the International Code of Oenological Practices with the 
inclusion of two new definitions for “beverage obtained by deal-
coholisation of wine” and “beverage obtained by partial dealco-
holisation of wine”.

Resolutions OIV-OENO 394A-2012 and OIV-OENO 394B-2012, 
on the other hand, specify the separation techniques that can 
be used either to dealcoholise wines or to correct the alcohol 
content of wines, respectively.

orrection of alcohol content s  dealcoholisation
Through the adoption of resolutions OIV-OENO 394A-2012 and 
OIV-OENO 394B-2012, OIV Member States specify the condi-
tions for reducing the alcohol content of wine, differentiating be-
tween a correction of the alcohol content and a dealcoholisation 
of the wine.

Correcting the alcohol content of a particular wine, which means 
to reduce an envisaged excessive level of ethanol to improve its 
taste balance, is allowed with a maximum reduction of 20%. 
Products obtained through this practice must still conform to 

the definition of wine, and especially eep the minimum alco-
holic strength of wines, if they are to be presented as such.

Otherwise, if the alcohol content of the wine is reduced by more 
than 20%, it will fall under a dealcoholisation process, which 
means to remove part or almost all of the ethanol content in 
wine in order to develop vitivinicultural products with low or re-
duced alcohol content.

This procedure is also allowed, but the resulting product shall 
not be presented as wine, since it will not comply with the es-
tablished definition of wine.

The separative techniques that can be used to achieve any of 
these goals are: Partial vacuum evaporation, membrane tech-
niques and distillation.

roduct definition
Through the adoption of resolutions OIV-ECO 432-2012 and 
OIV-ECO 433-2012, OIV Member States update the Interna-
tional Code of Oenological Practices with the inclusion of two 
new product definitions:

•	 “Beverage obtained by partial dealcoholisation of wine” for 
products with an ABV1 content comprised between the re-
quired minimum for wines and 0.5%.

•	 “Beverage obtained by dealcoholisation of wine” for pro ducts 
with an ABV (Alcohol by Volume, expressed in %) content be-
low 0.5%.

The OIV is currently wor ing to develop definitions for products 
that do not fall under the aforementioned resolutions, more par-
ticularly wines that have gone through an alcohol reduction of 
more than 20%, but do still respect the minimum alcohol level 
for wine and special wine.

he nternational ode of enological ractices
The OIV International Code of Oenological Practices constitutes a 
technical and legal reference document, aimed at a standardisa-
tion of products in the vitivinicultural sector that should serve as 
a foundation for the establishment of national or supra-national 
regulations and should be essential in international trade.

The resolutions and OIV International Code of Oenological Prac-
tices can be obtained from Wendy Jonker at wendyj@nda.agric.za.

WineLand September 2012
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general

The 10th General Assembly of the International 
Organisation of Vine and Wine (OIV), which was held 
Izmir (Turkey), adopted a total of 38 resolutions

Decisions on iticulture
•	 After completing its Descriptor list for grape varieties and Vitis 

species in 2007, the OIV adopted an update to the descrip-
tive sheets for the varieties of Vitis spp. This was necessary 
in order to be able to update its publication, Description of 
grape varieties throughout the world. For practical reasons, 
this description is presented in two documents, a “principal” 
and a “supplement” (Resolution OIV-VITI 467-2012).

•	 After adopting the definition of terroir in vitiviniculture in 2010, 
the OIV has gone a step further by adopting a vitiviniculture 
zoning methodology, on both a soil and climate level (Resolu-
tion OIV-VITI 423-2012). The methodology includes the sim  ple 
and necessary steps for obtaining good results. After these 
steps a series of validation methods for zoning was also pro-
posed; all based on an extensive list of bioclimatic indices and 
bibliographic references.

•	 The HACCP system is most often applied to processed agri-
food products (wine, mil , etc.). or the first time, the OIV 
has decided to adopt a resolution that adapts this system 
to grapes for different purposes and uses. The application 
of this system to wine grapes is given as an example in the 
appendix, leaving the application for table grapes and raisins 
for future works (Resolution OIV-VITI 469-2012).

Decisions on oenological practices
Several resolutions concerning new oenological practices will 
be added to the International Code of Oenological Practices, 
and in particular:

•	 Oenological practices relating to the dealcoholisation of 
wines. In fact, the OIV adopted 2 resolutions, one on the cor-
rection of the alcohol content in wines (Resolution OIV-OENO 
394B-2012) which, in order to improve the taste balance, 
authorises a maximum 20% reduction in the alcohol content 
of wines. The products that result from this practice must 
still comply with the definition of wine and in particular, the 
alcoholic strength by volume limits. The second resolution 
concerns the dealcoholisation of wines (Resolution OIV-OE-
NO 394A-2012), which allows the dealcoholisation of wines, 
without a limit, with the aim of improving vitivinicultural pro-
ducts with a reduced or low alcohol content. The products 
that result from this practice do not cover wines in the sense 
of the OIV’s definition of wine.

•	 A series of oenological specific practices for aromatised 
wines, beverages based on vitivinicultural products and 
wine-based beverages (Resolution OIV-OENO 439-2012). 
These practices satisfy new requirements such as respect 
for the environment, consumer protection, health aspects re-

lated to the use of additives and allergenic ingredients, and 
also the changing tastes of consumers in order to create new 
markets for these categories of wines.

•	 Acidification by treatment with cation exchangers. The OIV 
now allows treatment with cation exchangers for the acidi-
fication of musts (Resolution OIV-OE O 442-2012) and for 
the acidification of wines (Resolution OIV-OE O 44 -2012). 
Various detailed provisions also accompany this practice.

•	 De-acidification using an electromembrane process (electro-
dialysis with bipolar membranes) of musts (Resolution OIV-
OENO 483-2012) or wines (Resolution OIV-OENO 484-2012). 
These practices are defined as physical methods of ionic ex-
traction from the must, or wine, under the action of an electric 
field using permeable membranes with anions on the one part 
and bipolar membranes on the other in order to manage the 
reduction in the titratable acidity and actual acidity (increase in 
the pH) of the wine.

•	 A general file covering the reduction of the sugar content in 
musts which describes the objectives and the instructions 
for achieving those objectives (Resolution OIV-OENO 450A-
2012). At the same time, a specific application on the re-
duction of sugar content in musts, through membrane cou-
pling, was adopted (Resolution OIV-OENO 450B-2012). This 
practice consists in extracting the sugar from a must through 
membrane coupling, combining microfiltration or ultrafiltra-
tion with nanofiltration or reverse osmosis. Various detailed 
provisions also accompany this practice.

•	 A new resolution describes the molecular biology tools used to 
identify lactic bacteria in grapes and wine. This guide is intend-
ed to assist laboratories performing microbiological analyses 
for the identification of lactic bacteria. Culture dependant and 
independent methods can be used in the identification and 
characterisation of lactic bacteria at the different winemaking, 
ageing and storage stages (Resolution OIV-OENO 409-2012).

•	 Molecular biology methods for the detection of biogenic amine-
producing lactic bacteria in wine (Resolution OIV-OENO 449-
2012). These PCR methods are especially useful in detecting 
specific lactic bacteria strains that have coding genes for the 
enzymes involved in biogenic amine production in wine.

•	 The guidelines relating to the criteria for the characterisation 
of Saccharomyces yeasts from the vitivinicultural environ-
ment (Resolution OIV-OENO 370-2012). These guidelines 
cover Saccharomyces yeasts and their respective hybrids 
and comprise a compilation of characterisation criteria for 
yeasts that prove useful during the isolation and charac-
terisation process for winemaking yeasts for quality-focused 
wine production.

WineLand October 2012
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Decisions on specifications of oenological products
The following monographs have been added to the International 
Oenological Codex, particularly:

•	 A monograph relating to yeast protein extracts that was added 
to the oenological practice adopted in 2011. Different detailed 
specifications also accompany this monograph (Resolution 
OIV-OENO 452-2012).

•	 The modification of the existing monograph on lactic bacteria 
in order to take account of the particularity of certain wines, 
especially those characterised by low pH levels and high ma-
lic acid content (Resolution OIV-OENO 494-2012).

•	 A series of modifications to the monographs relating to en-
zymes. In particular, those covering the general monograph 
on enzymatic preparations (Resolution OIV-OENO 485-2012), 
those relating to the determination, in enzymatic preparations, 
of polygalacturonase activity (Resolution OIV-OENO 364-
2012), of pectin methylesterase activity (Resolution OIV-OENO 
363-2012), of β-D-glycosidase activity (Resolution OIV-OENO 
489-2012), of glycosidase activities (Resolution OIV-OENO 
451-2012), of endo-a(1,5)-arabinanase activity (Resolution 
OIV-OENO 412-2012), of cellulase activity (Resolution OIV-
OENO 486B-2012), of galactanase activity (Resolution OIV-
OENO 490-2012), of pectinlyase activity (Resolution OIV-OE-
NO 491-2012).

Decisions on methods of analysis
During this same session, new methods of analysis to be pub-
lished in the International Compendium of Methods of Analysis of 
Wines and Musts, or modifications to the methods were adopted:

•	 A method for the determination of lysozyme, using high-per-
formance capillary electrophoresis. The principle consists in 
directly injecting wine samples into the capillary electropho-
resis instrument after filtration and dilution as needed. The 
quantification of lysozyme is performed against an external 
standard (Resolution OIV-SCMA 385-2012).

•	 Specific methods for the analysis of grape sugars (rectified 
concentrated grape musts). These methods concern in par-
ticular, the total cations: the test portion is treated by a highly 
acidic cation exchanger. The cations are exchanged against 
H+. They are expressed through the difference between the 
total acidity of the effluent and that of the test portion. Other 
methods cover heavy metals, and especially the determina-
tion of lead using ETAAS, as well as the determination of lead 
using inductively coupled plasma mass spectrometry (ICP-
MS) (Resolution OIV-SCMA 419B-2012).

•	 A Quechers extractive method for the assay of pesticides in 
wine. This method defines the extraction methods for pesticide 
residues in wine using the Quechers method and the analysis of 
the extracts obtained by GC/MS and/or LC/MS-MS. The prin-
ciple lies in extracting a sample using acetonitrile, followed by 
liquid-liquid partitioning induced by adding magnesium sulphate 
and sodium chloride and buffering with citrate salts. The extract 
is then purified using an amino adsorbent. To improve their sta-
bility during storage, the extracts are acidified by adding a small 
quantity of formic acid (Resolution OIV-SCMA 436-2012).

•	 An update to the method for determining the density of wine 
(method OIV-MA-AS2-01A), by adding the method for deter-
mination by electronic densimeter, using a frequency oscilla-
tion (Resolution OIV-SCMA 437-2012).

•	 Two methods for determining natamycin in wine, principally 
based on High-Performance Liquid Chromatography (HPLC) 
with Diode Array Detection (DAD) or High Resolution Mass 
Spectrometry (HR/MS). The first (HPLC/DAD) is based on 
directly injecting the wine samples into the HPLC system. In 
the second (LC-HR/MS), the level of natamycin in the wine is 
determined by directly injecting the sample into a detection 
system, using liquid chromatography, coupled with high reso-
lution mass spectrometry. At the same time, the OIV’s Member 
States decided to adopt a provisional intervention limit of 5 
µg/L for natamycin (Resolution OIV-SCMA 461-2012).

•	 A modification to the method for determining dry extract on the 
definition of sugar inversion (Resolution OIV-SCMA 465-2012).

•	 A modification to the method for evaluating the sugar content 
of musts, concentrated musts and grape sugar by refrac-
tometry by adding data relating to the alcoholic strength by 
volume (Resolution OIV-SCMA 466-2012).

Decisions on economy and law
•	 The OIV’s Member States adopted two new definitions for 

products with a reduced or low alcohol content. One of these 
was the definition for beverages from the partial dealcoholi-
sation of wines, for which the alcoholic strength by volume 
must be between the minimum alcoholic strength by volume 
and 0.5% vol. (Resolution OIV-ECO 433-2012) and the oth-
er, the definition for beverages from the dealcoholisation of 
wines, for which the alcoholic strength by volume must be 
less than 0.5% vol. (Resolution OIV-ECO 432-2012).

•	 “Wine vinegar” is now defined and incorporated in Chapter 6, 
“Products derived from grapes, grape must or wine” in Part 
1 of the International Code of Oenological Practices (Resolu-
tion OIV-ECO 401-2012).

•	 An important update to the OIV International Standard for La-
belling Spirituous Beverages of Vitivinicultural Origin was ad-
opted (Resolution OIV-ECO 402-2012). This is the first update 
since 2003. This resolution is an important step in standardis-
ing labelling rules for spirituous beverages of vitivinicultural ori-
gin. The standard is a recommendation by the OIV to Member 
States and aims to facilitate international trade by providing 
consumers with accurate information, as well as taking into 
account the development in international regulations, particu-
larly in accordance with WTO and TRIPS agreements.

•	 Finally, the General Assembly adopted the general principles 
of organic vitiviniculture (Resolution OIV-ECO 460-2012), 
which should form the basis for the definition of guidelines 
for organic vitivinicultural production. The resolution contains 
six principles, including the ban on the use of GMO’s and 
inputs derived from GMO’s.

The full text of the resolutions adopted by the 10th OIV General 
Assembly will be made available soon. 

For further information contact Wendy Jonker at wendyj@nda.agric.za
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Samples from different soil layers are being collected to determine the 
effect of the soil cultivation practices on the nutrient status and organic 
matter content of the soil.

Triticale and rye should be an integral part of any cover cropping 
system on a medium textured soil in the Breede River Valley. 
Rotating triticale and grazing vetch annually or biennially did not 

Johan Fourie

FUNDED RESEARCH RESULTS
Evaluation of different soil management practices in a vineyard at Robertson, specifically for 
competition and environmental effects

Winetech final reports now available on the Sawis industry library website at www.sawis.co.za/winetech.php

RESEARCHER/
PROJECT NUMBER

PROJECT TITLE DIRECT LINK

Prof G Pietersen
WW 07-18

Prevention of grapevine leafroll disease spread 
between successive vineyards at the same site.

http://www.sawislibrary.co.za/dbtextimages/PietersenG2.pdf

Prof G Pietersen
CRI GP 01

Proof and quantification of grapevine leafroll dis-
ease vector dispersal and disease spread mech-
anisms.

http://www.sawislibrary.co.za/dbtextimages/PietersenG1.pdf

R Carstens
WW 07-19

Protection of nursery plants and young vines 
against virus transmission by mealybugs using 
systemic insecticides in the nursery and vineyard.

http://www.sawislibrary.co.za/dbtextimages/CarstensR1.pdf

Dr P Myburgh
WW KB 02

Interactive effect of temperature and irrigation on 
grape composition during berry development in 
Cabernet Sauvignon.

http://www.sawislibrary.co.za/dbtextimages/MyburghPA8.pdf

Dr P Myburgh
WW 13-14

Determining the contribution of soil water status 
and selected atmospheric variables on water 
constraints in grapevines.

http://www.sawislibrary.co.za/dbtextimages/MyburghPA10.pdf

Dr J Fourie
WW 02-06

Evaluation of different soil management practices 
in a vineyard at Robertson specifically for compe-
tition and environmental effects.

http://www.sawislibrary.co.za/dbtextimages/FourieJC9.pdf

Dr W du Toit
WW WdT 08-01

Factors influencing SA white wines during bottle 
ageing.

http://www.sawislibrary.co.za/dbtextimages/DuToitWJ6.pdf

Dr W du Toit
WW WdT 09-02

Correlating anthocyanins and tannins in grapes 
and wine.

http://www.sawislibrary.co.za/dbtextimages/DuToitWJ4.pdf

L Ellis
WQC 01

Grape classification systems: Development of a 
bonus-based approach towards equitable remu-
neration for quality grapes.

http://www.sawislibrary.co.za/dbtextimages/EllisLP1.pdf

Prof F Bauer
IWBT 08-15

Investigations into burnt rubber aroma in South 
African wines.

http://www.sawislibrary.co.za/dbtextimages/BauerFF8.pdf

improve the dry matter production of these species over 11 years. 
Total winter weed suppression and summer weed control was 
achieved with winter growing cover crops controlled chemically 
from grapevine bud break after eight years of application. Effective 
weed control was not achieved with a permanent cover crop or 
mechanical cultivation. These two practices should not be applied 
in a vineyard during the first five seasons after being established, 
as it may lead to early season N-deficiencies and affect shoot 
growth and yield negatively. Cover crop management with winter 
growing annuals resulted in an increase in soil organic matter to 
such an extent that it showed the potential to supply in the fertil-
iser needs of the grapevines during the post harvest period.

The full text final report can be downloaded from the Winetech 
Research Output Database. Click on the following link:

http://www.sawislibrary.co.za/dbtextimages/FourieJC9.pdf

winetech news
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The following monographs have been added to the International 
Oenological Codex, particularly:

•	 A monograph relating to yeast protein extracts that was added 
to the oenological practice adopted in 2011. Different detailed 
specifications also accompany this monograph (Resolution 
OIV-OENO 452-2012).

•	 The modification of the existing monograph on lactic bacteria 
in order to take account of the particularity of certain wines, 
especially those characterised by low pH levels and high ma-
lic acid content (Resolution OIV-OENO 494-2012).

•	 A series of modifications to the monographs relating to en-
zymes. In particular, those covering the general monograph 
on enzymatic preparations (Resolution OIV-OENO 485-2012), 
those relating to the determination, in enzymatic preparations, 
of polygalacturonase activity (Resolution OIV-OENO 364-
2012), of pectin methylesterase activity (Resolution OIV-OENO 
363-2012), of β-D-glycosidase activity (Resolution OIV-OENO 
489-2012), of glycosidase activities (Resolution OIV-OENO 
451-2012), of endo-a(1,5)-arabinanase activity (Resolution 
OIV-OENO 412-2012), of cellulase activity (Resolution OIV-
OENO 486B-2012), of galactanase activity (Resolution OIV-
OENO 490-2012), of pectinlyase activity (Resolution OIV-OE-
NO 491-2012).

Decisions on methods of analysis
During this same session, new methods of analysis to be pub-
lished in the International Compendium of Methods of Analysis of 
Wines and Musts, or modifications to the methods were adopted:

•	 A method for the determination of lysozyme, using high-per-
formance capillary electrophoresis. The principle consists in 
directly injecting wine samples into the capillary electropho-
resis instrument after filtration and dilution as needed. The 
quantification of lysozyme is performed against an external 
standard (Resolution OIV-SCMA 385-2012).

•	 Specific methods for the analysis of grape sugars (rectified 
concentrated grape musts). These methods concern in par-
ticular, the total cations: the test portion is treated by a highly 
acidic cation exchanger. The cations are exchanged against 
H+. They are expressed through the difference between the 
total acidity of the effluent and that of the test portion. Other 
methods cover heavy metals, and especially the determina-
tion of lead using ETAAS, as well as the determination of lead 
using inductively coupled plasma mass spectrometry (ICP-
MS) (Resolution OIV-SCMA 419B-2012).

•	 A Quechers extractive method for the assay of pesticides in 
wine. This method defines the extraction methods for pesticide 
residues in wine using the Quechers method and the analysis of 
the extracts obtained by GC/MS and/or LC/MS-MS. The prin-
ciple lies in extracting a sample using acetonitrile, followed by 
liquid-liquid partitioning induced by adding magnesium sulphate 
and sodium chloride and buffering with citrate salts. The extract 
is then purified using an amino adsorbent. To improve their sta-
bility during storage, the extracts are acidified by adding a small 
quantity of formic acid (Resolution OIV-SCMA 436-2012).

•	 An update to the method for determining the density of wine 
(method OIV-MA-AS2-01A), by adding the method for deter-
mination by electronic densimeter, using a frequency oscilla-
tion (Resolution OIV-SCMA 437-2012).

•	 Two methods for determining natamycin in wine, principally 
based on High-Performance Liquid Chromatography (HPLC) 
with Diode Array Detection (DAD) or High Resolution Mass 
Spectrometry (HR/MS). The first (HPLC/DAD) is based on 
directly injecting the wine samples into the HPLC system. In 
the second (LC-HR/MS), the level of natamycin in the wine is 
determined by directly injecting the sample into a detection 
system, using liquid chromatography, coupled with high reso-
lution mass spectrometry. At the same time, the OIV’s Member 
States decided to adopt a provisional intervention limit of 5 
µg/L for natamycin (Resolution OIV-SCMA 461-2012).

•	 A modification to the method for determining dry extract on the 
definition of sugar inversion (Resolution OIV-SCMA 465-2012).

•	 A modification to the method for evaluating the sugar content 
of musts, concentrated musts and grape sugar by refrac-
tometry by adding data relating to the alcoholic strength by 
volume (Resolution OIV-SCMA 466-2012).

Decisions on economy and law
•	 The OIV’s Member States adopted two new definitions for 

products with a reduced or low alcohol content. One of these 
was the definition for beverages from the partial dealcoholi-
sation of wines, for which the alcoholic strength by volume 
must be between the minimum alcoholic strength by volume 
and 0.5% vol. (Resolution OIV-ECO 433-2012) and the oth-
er, the definition for beverages from the dealcoholisation of 
wines, for which the alcoholic strength by volume must be 
less than 0.5% vol. (Resolution OIV-ECO 432-2012).

•	 “Wine vinegar” is now defined and incorporated in Chapter 6, 
“Products derived from grapes, grape must or wine” in Part 
1 of the International Code of Oenological Practices (Resolu-
tion OIV-ECO 401-2012).

•	 An important update to the OIV International Standard for La-
belling Spirituous Beverages of Vitivinicultural Origin was ad-
opted (Resolution OIV-ECO 402-2012). This is the first update 
since 2003. This resolution is an important step in standardis-
ing labelling rules for spirituous beverages of vitivinicultural ori-
gin. The standard is a recommendation by the OIV to Member 
States and aims to facilitate international trade by providing 
consumers with accurate information, as well as taking into 
account the development in international regulations, particu-
larly in accordance with WTO and TRIPS agreements.

•	 Finally, the General Assembly adopted the general principles 
of organic vitiviniculture (Resolution OIV-ECO 460-2012), 
which should form the basis for the definition of guidelines 
for organic vitivinicultural production. The resolution contains 
six principles, including the ban on the use of GMO’s and 
inputs derived from GMO’s.

The full text of the resolutions adopted by the 10th OIV General 
Assembly will be made available soon. 

For further information contact Wendy Jonker at wendyj@nda.agric.za
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improve the dry matter production of these species over 11 years. 
Total winter weed suppression and summer weed control was 
achieved with winter growing cover crops controlled chemically 
from grapevine bud break after eight years of application. Effective 
weed control was not achieved with a permanent cover crop or 
mechanical cultivation. These two practices should not be applied 
in a vineyard during the first five seasons after being established, 
as it may lead to early season N-deficiencies and affect shoot 
growth and yield negatively. Cover crop management with winter 
growing annuals resulted in an increase in soil organic matter to 
such an extent that it showed the potential to supply in the fertil-
iser needs of the grapevines during the post harvest period.

The full text final report can be downloaded from the Winetech 
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The project was carried out in the following regions: Stellenbosch, 
Lower Olifants River, Lower Orange River and Swartland.

A study carried out in 54 experiment plots in Cabernet Sauvignon 
vineyards in four wine regions showed that the evolution of water 
constraints in grapevines not only depends on soil water content, 
but also on soil texture. Results indicated that soil water status 
seemed to have dominated effects of atmospheric conditions on 
grapevine water constraints. According to a classification based 
on midday stem water potential, high to severe water constraints 
during ripening reduced yield on heavier soils in all the regions, 
but improved wine quality. In sandy soils, mild to moderate water 
constraints prevented severe yield losses and produced high 
quality wine, notably in the warmer regions.

The full text final report can be downloaded from the Winetech 
Research Output Database. Click on the following link:

http://www.sawislibrary.co.za/dbtextimages/MyburghPA10.pdf
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FUNDED RESEARCH RESULTS
Grape classification systems: Development of a bonus-based 
approach towards equitable remuneration for quality grapes

Grape quality assessment for specific cultivars and wine types is 
of utmost importance to winemakers. Parameters that are 
currently used for the grading of grapes differ from cellar to cellar 
and there are no specific guidelines to apply. Our objective with 
this research was to create a classification system that was based 
on the most important viticultural and oenological para meters.

We processed data from grape loads during three vintages at 
several cellars and these data indicated large variances in the 
acid and pH amongst cultivars, e.g. Sauvignon blanc had a nar-
row range for TA and pH whilst the range for Chenin blanc was 
wider. The data showed that the classification of grapes on the 
basis of single parameters such as too low acidity or too high pH 
was not accurate in determining the quality of the grapes.

The report gives us a list of parameters and a system to use for 
the grading of grape loads at cellars.

The full text final report can be downloaded from the Winetech 
Research Output Database. Click on the following link:

http://www.sawislibrary.co.za/dbtextimages/EllisLP1.pdf

Loftie Ellis
Wine Quality Consultants

Sampling of grapes from loads at cellars.
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