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You will notice that this 2015 Winetech
Technical Yearbook takes on a
revolutionary new form from those
published in print only from 2004 to 2014
(11 editions). This 2015 edition is the first
electronic version of the book. In addition
to being electronic this pdf document is
also interactive. Why electronic?
Well firstly because we want our
information to be readily available on
your phone and tablet (be in your pocket
so to speak), we also love trees and last
but not the least, we want to be more
international. Why interactive? So that
the information can be filtered to suit the
specific needs of the user, therefore no
paging through information you are not
interested in. This electronic format also
allows for more articles to be included,
adding more value to this already
valuable information resource, available
to you, for free.
As with previous yearbooks, the 2015
yearbook is a very comprehensive source
of technical information for all individuals
involved in the scientific art of growing
grapes and making wine.
Enjoy!
JAN BOOYSEN
TECHNICAL ADVISOR: WINETECH
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Alternative
pruning methods
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L

abour costs could currently be more than 44% of the total cash expenditure for managing a wine
grape farm (Van Wyk & Van Niekerk, 2013). The average labour cost could increase by a further
34% based on the projected rise in minimum wages (Heyns, 2013). Pruning represents a large
proportion of total labour costs and may constitute 31.7% of the total labour input for pruning,
canopy management and harvest (Archer & Van Schalkwyk, 2007). Although approximately 50% of
South African wine grapes are harvested mechanically, most vineyards are still pruned by hand (Heyns,
2013). The tendency is towards increased mechanised pruning and in the Robertson/Breede River
Valley and Olifants River especially grapevines are being developed on trellis systems appropriate to
mechanical pruning. Even in the Lower Orange River grapevines are nowadays being developed on
T-trellis systems so that they may be mechanically pruned and harvested.
During 1996 to 2013 ARC Infruitec-Nietvoorbij evaluated the impact of manual and alternative pruning
methods, namely mechanical and minimal pruning, on the viticultural and oenological performance
of various wine grape cultivars in the Robertson and Stellenbosch areas. Results from the first phase of
this study, which was completed in 2006, were published in previous issues of Wynboer (Van Schalkwyk
& Archer, 2008a & 2008b). The second phase of this study commenced in Robertson in 2009 and
addressed the following issues:
1) Further investigation into the trends with regard to yield and grape quality of Chardonnay, Chenin
blanc, Colombar, Sauvignon blanc, Ruby Cabernet and Shiraz in the Robertson area; 2) Quantifying
comparisons of the physiological aspects involved in various pruning methods to find fundamental
explanations and test/propose principles. The complete results of this investigation will be covered in a
scientific publication. This article presents only a few of these results.
MATERIAL AND METHODS
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Six cultivars, namely Chardonnay (CY 277 B), Chenin blanc (SN 1064 B), Colombar (CO 2 A), Sauvignon
blanc (SB 316 D), Ruby Cabernet (RC 1 A) and Shiraz (SH 5 C), grafted onto Richter 99 (RY 13), were
established on a Hutton soil type (Soil Classification Work Group, 1991) on the Robertson Research
Farm during 1997.
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CONTENTS

Before planting the soil was criss-crossed with a shift delve plough to a depth of
1.30 m after 6.5 t/ha dolomitic lime had been applied to the surface to adjust the
pH to 6.3. The plant spacing is 3.0 m x 1.5 m. Grapevines from the hand pruning
treatment were trellised as a split cordon 70 cm above the soil surface on a fivestrand extended Perold and the mechanical and minimal pruning treatments
were trellised as a split cordon on a 1.2 m high two-wire trellis system (Zeeman,
1981). At the start of the second phase of the project an adjustment was made to
the irrigation scheduling. Irrigation was scheduled based on DFM soil moisture
probe (Photo 1) and irrigation took place at 70% moisture deficiency by means of
microsprinklers. The compaction on the tractor tracks in the rows was loosened
by a two-prong subsoiler to a depth of 30 cm, to achieve improved water
penetration. Fertilisation was adjusted in line with the soil analyses.
The following pruning treatments were evaluated:
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•

Control – hand pruning was implemented with 12-14 cm bearer spacing.
The number of buds was established at 22-25 per grapevine and controlled
annually by means of a meticulous suckering programme. Apart from
suckering no further leaves or lateral shoots were removed. The canopy was
tipped and topped once or twice, 30 cm above the top foliage wire (Photo 2).

•

Mechanical pruning – grapevines were pruned using mechanical hedge
pruners to approximately 10 cm above and on either side of the cordon.
No bearers were thinned out (Photo 3).

•

Minimum pruning – no winter pruning was applied, but during December
pendant shoots were pruned back to approximately 30 cm above the soil,
using mechanical hedge pruners (Photo 4).

1

During November/December green shoots of the mechanical and minimal
pruning treatments were topped using mechanical hedge pruners to keep the
rows open for irrigation. The top of the canopy was left intact.

PHOTO 1. DFM moisture probe used for irrigation scheduling.
PHOTO 2. Hand pruned trial grapevines in Robertson.
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PHOTO 3. Simulated mechanical pruning in Robertson.
PHOTO 4. Application of minimal pruning (left) and what the grapevines looked like the following winter (right) in Robertson.
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MEASUREMENTS

Statistical analyses

Time studies

Evaluation of the data was based on an analysis of variance. The smallest
significant difference (SSD) was calculated using the Student t-test to compare
the treatment effects.

Time studies were conducted during the first phase (2001-2006) of the evaluation
during the execution of the viticultural actions (pruning, suckering, shoot
positioning, tipping, topping and harvesting) to determine the labour input
(machine and wage costs were not taken into account) (Van Schalkwyk & Archer,
2008b).

CONTENTS

CONTRIBUTING AUTHORS

FOREWORD

1
2
3

VINEYARD

CELLAR

VINEYARD & CELLAR UPDATE

Vegetative and reproductive measurements
Summer shoots were collected from each grapevine just before the harvest
for vegetative (primary and secondary shoot lengths and mass, primary and
secondary leaf surface and mass, internode lengths) and morphological,
reproductive (bunch mass, rachis mass, berry size, berry colour) measurements.
Cane mass of the hand and mechanically pruned grapevines was also determined
at the time of pruning. The general physical condition (percentage rot,
millerandage, etcetera) of the grapes was visually evaluated by the same person
during the harvest. The harvest mass of each grapevine was weighed individually
and the number of bunches counted to determine bunch mass.
Wine
The grapes from all the treatments were harvested by hand. During the second
phase of the evaluation grapes were harvested at two different ripeness degrees
for vinification; white cultivars at a sugar content of 21°B and 23°B and red
cultivars between 23°B and 25°B. The wines were made according to the standard
procedures for small-scale vinification at ARC Infruitec-Nietvoorbij. Six months
after bottling these experimental wines were evaluated sensorially for aroma
intensity and wine quality based on a descriptive sensorial analysis (ten point line
scale method).

RESULTS AND DISCUSSION
Labour input
The implementation of the alternative pruning methods, namely mechanical
and minimal pruning, reduced labour input for pruning by 63.4% and 100%
respectively compared to the hand pruned control (Table 1) (Van Schalkwyk &
Archer, 2008b). Minimal pruning was applied as a summer practice. Mechanical
and minimal pruning reduced the total labour input for pruning, canopy
management and harvest from an average of 193.8 man-hours/ha for hand
pruning to 46.6 and 22.0 man-hours/ha respectively (Van Schalkwyk & Archer,
2008b). The use of tractor-driven pruning/topping machines for mechanical
pruning, opening up of rows and minimal pruning should reduce the manhours for the application of these actions even further. Such machines are very
expensive, however, and will increase the initial pruning cost. Minimal pruning
practices not only reduce the labour cost of existing commercial vineyards, but
also entail advantages for new entrants who do not have the required pruning
expertise and/or labour (Van Schalkwyk & Archer, 2008a; Van Schalkwyk &
Archer, 2008b). The use of tractor-driven pruning machines to prune grapevines
mechanically is increasing, but the high purchase price currently prohibits largescale implementation thereof in South Africa. Successful implementation of the
alternative pruning methods in the South African wine industry should impart
a bigger competitive advantage within the price category on the international
wine market and consequently increase export earnings significantly.

TABLE 1. Average man hours to apply hand and alternative pruning methods on six cultivars in Robertson (2001-2006).
Pruning method

Pruning

Canopy management

Harvest

Total

Hand (hand harvested)

61.4

41.9

90.2

193.8

Hand (mechanical harvested)

61.4

41.9

1.4

104.7

Mechanical*

22.5

19.9

1.4

46.6

0

20.5

1.5

22.0

Minimal**

* Mechanical hedge cutters were used to apply mechanical pruning.
** Skirting of the shoots of the minimal prune treatments were applied with mechanical hedge cutters.
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The calculation for mechanical harvesting was based on the average time it took a
Braud and Gregoire harvester to harvest these treatments in a
Cabernet Sauvignon vineyard at Nietvoorbij that were
part of the investigation (Photo 5).
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Vegetative and reproductive performance
Although all the pruning treatments of the cultivars were
harvested at two degrees of ripeness, only the average values
are presented in this article. Figure 1 represents the vigour for
the respective cultivars and pruning treatments across four
seasons, while Photo 5 shows the appearance of the canopies.
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Measurements of the shoots (collected just before the harvest)
showed that there was an increase in the total shoot length
(principal shoots, as well as all the lateral shoots on a principal
shoot) in all treatments after 2010 (Fig. 1). However, there was a
decrease again in 2013. The smallest change was in Sauvignon
blanc, where the total shoot length of mechanical pruning
remained more or less the same across all four seasons. Longer
lateral shoots across all four seasons in hand pruned Chenin
blanc caused the average total shoot length to be longer than
that of the other cultivars. Total shoot length of mechanically
pruned Sauvignon blanc was generally higher than that of the
other cultivars. The large number of bearer shoots (principal
shoots) and very few and extremely short lateral shoots caused
minimal pruning to produce the shortest total shoot lengths
(Table 2). The number of principal shoots per grapevine ranged
from 19 shoots in hand pruned Chenin blanc to 144 shoots
in minimal pruned Sauvignon blanc. The larger number of
principal shoots from alternative pruning treatments resulted
in more demand points and consequently the number of lateral
shoots, as well as lateral shoot lengths were drastically reduced,
from an average 12.7 for hand, to 8.1 for mechanical and 2.2
for minimal pruning. This was accompanied by a significant
decrease in the average lateral shoot length from 15.51 cm
for hand, to 7.88 cm for mechanical and 3.37 cm for minimal
pruning. Chenin blanc hand pruning had the highest average
lateral shoot length of all the cultivars, while showing the
fewest lateral shoots per principal shoot with minimal pruning.
The differences in total leaf surface among pruning treatments
and cultivars agrees more or less with that found in the shoot
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Hand pruning
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FIGURE 1. The effect of hand and alternative pruning on the total shoot length (main plus lateral shoots)
of six cultivars in Robertson (2010-2013).

Mechanical pruning

Minimal pruning

PHOTO 5. Appearance
of the canopies in
the various pruning
treatments in midDecember 2011.
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lengths. In the case of Sauvignon blanc and Ruby Cabernet hand
pruning, and in the case of Sauvignon blanc mechanical pruning,
produced a bigger total leaf surface per principal shoot in 2010
than in the subsequent seasons (Fig. 2). It should be borne in mind
that these results are the average of two harvest dates and that
during harvesting of the second ripeness degree, a fair amount of
leaf loss had already occurred.
The larger number of bearer shoots and therefore also more
bunches from the mechanical and minimal pruning treatments
resulted in a large increase in production in all the cultivars (Table
2 & Fig. 3). The productions indicated are the averages from the
time when the grapevines came into production in 2001 until the
end of the evaluation in 2013 (Van Schalkwyk & Archer, 2008b).
The alleviation of soil compaction, as well as improved irrigation
and fertilisation applied since 2009, resulted in an obvious
improvement in yield in all six cultivars, as well as across all three
pruning methods (Fig. 3). No data collection took place from 2007
to 2009. Mechanical and minimal pruning more than doubled the
average productions of all the cultivars from 2010 to 2013. The
tendency of Ruby Cabernet to millerandage in the case of high
bud loads meant that there was not such a dramatic increase in
production as with the other five cultivars (Photo 6). Chardonnay,
Ruby Cabernet and Shiraz produced the lowest yields following
mechanical and minimal pruning, while the productions of Chenin
blanc, Colombar and Sauvignon blanc exceeded 40 t/ha in some
seasons (Fig. 3 & Photo 7). The fact that Chenin blanc clone SN 1064
is very susceptible to rot impacted negatively on the productions of
this cultivar, especially when the grapes were harvested at a sugar
higher than 21°B (Table 3); in 2010 practically 100% rot occurred
in the mechanical and minimal pruning treatment (Photo 8). A fair
amount of rot also occurred annually in hand pruned Chenin blanc.
There are nevertheless Chenin blanc clones that are less sensitive to
rot and therefore more suitable to mechanical pruning.
FIGURE 2. The effect of hand and alternative pruning on the total leaf area per shoot (main plus lateral
shoots) of six cultivars in Robertson (2010-2013).
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TABLE 2. The effect of hand and alternative pruning on some of the reproductive and vegetative aspects of six cultivars in Robertson (2010-2013).
Cultivars
Parameters/
Pruning treatments
Number of bunches/vine
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Mec

Min

Hand

Mec

Colombar
Min

Mec

Min

Hand

Mec

Min

Ruby Cabernet
Hand

Mec

Shiraz

Min

Hand

Mec

Min

276

29

113

232

36

146

312

35

145

305

45

125

275

41

122

266

Bunch mass (g)

135.65

103.68

67.51

269.10

264.97

107.20

232.38

139.64

83.02

188.31

123.57

68.57

229.47

133.13

73.72

175.64

111.38

68.92

Bunch volume (ml)

123.83

95.86

63.82

248.84

236.72

97.87

203.2

124.22

71.13

170.06

107.31

58.52

205.50

116.28

64.23

155.62

96.01

62.36

Berry mass (g)

1.24

1.33

1.12

1.51

2.15

1.55

1.83

1.84

1.47

1.69

1.75

1.41

1.50

1.51

1.25

1.27

1.24

1.01

Berry volume (m/l)

1.36

1.35

1.16

1.32

2.02

1.45

1.92

1.94

1.49

1.68

1.76

1.45

1.58

1.57

1.23

1.29

1.25

1.02

Rachis mass (g)

6.48

4.31

2.77

12.86

11.98

4.15

11.81

7.69

5.02

8.16

5.85

3.26

12.78

7.69

4.31

9.46

6.19

3.81

Rachis volume (ml)

5.91

3.93

2.99

11.02

10.54

3.48

10.41

6.77

5.64

7.36

5.00

2.90

11.29

6.81

3.98

8.57

5.55

3.43

19

51

80

27

74

120

25

69

124

27

64

144

28

70

119

26

59

107

13.89

8.67

2.64

12.94

7.57

1.24

14.99

8.34

2.65

12.78

10.04

2.82

10.61

7.36

1.84

10.79

6.58

1.78

Average lateral shoot
length (cm)

9.40

3.82

2.01

20.42

17.00

4.97

14.52

7.32

4.54

17.46

7.50

2.70

14.71

4.38

2.54

16.54

7.25

3.43

Gram grapes/
cm shoot length

1.38

1.73

2.38

1.27

2.56

2.67

1.50

1.69

2.32

1.23

1.14

1.83

2.18

2.08

3.12

1.57

1.30

2.09

Gram grapes/
cm2 leaf area

0.06

0.08

0.13

0.07

0.18

0.23

0.10

0.13

0.22

0.06

0.06

0.13

0.11

0.11

0.19

0.10

0.09

0.19

17.13

14.59

8.27

18.24

13.97

8.04

11.21

10.43

8.22

18.83

21.20

12.72

11.22

9.46

5.86

12.35

12.71

7.52

Average number of laterals/
main shoot

PHOTO 6. Although
Ruby Cabernet (left)
bears numerous
bunches with
mechanical pruning,
millerandage is
common with
mechanical and
minimal pruning (right).
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Sauvignon blanc

128

Leaf area/g grapes

2

Hand

Chenin blanc

36

Number of main shoots/vine
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The larger number of bunches of the alternative pruning
treatments caused the bunches of all the cultivars to be less
compact and therefore generally less susceptible to rot
(Photo 9). Bunch, rachis and berry masses and volumes
decreased in all the cultivars with the application of minimal
pruning compared to that of hand pruning. In all cultivars
except Shiraz mechanical pruning produced bigger berries
than hand pruning as a result of the bunches being less
compact. Minimal pruning produced very small, loose
bunches in the initial evaluation (Van Schalkwyk & Archer,
2008b), but with the adaptation of the irrigation and
fertilisation during the implementation of the second phase
of the evaluation, it was observed that the bunch length and
size of minimal pruned grapevines especially also increased in
recent years as a result of an increase in shoot length.
The increased number of bunches and accompanying higher
productions of alternative pruning caused a general increase
in grams grapes/cm total shoot length and also in grams
grapes/cm2 leaf surface, especially with minimal pruning
(Table 2). In Sauvignon blanc and Ruby Cabernet, however,
there were no difference in grams grapes/cm2 leaf surface
between hand and mechanical pruning. Chardonnay minimal
pruning compared to the other cultivars had more shoots that
did not bear any grapes (data not shown). The grams grapes/
cm total shoot length and also grams grapes/cm2 leaf surface
produced by minimal pruning were considerably higher in
most cultivars than that of hand and mechanical pruning. The
higher productions of alternative pruning also resulted in the
leaf surface/g grapes of this pruning treatment being lower
than that of hand pruning, except in the case of Sauvignon
blanc and Shiraz where it was higher for mechanical pruning
than for hand pruning.

FIGURE 3. The effect of hand and alternative pruning on the yield of six cultivars in Robertson (2001-2013).

VINEYARD & CELLAR UPDATE
TABLE 3. The effect of hand and alternative pruning on the average physical grape condition of six cultivars in Robertson (2010-2013).
Cultivars
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Parameters/
Pruning treatments

Chardonnay

Chenin blanc

Colombar

Sauvignon blanc

Ruby Cabernet

Shiraz

Hand

Mec

Min

Hand

Mec

Min

Hand

Mec

Min

Hand

Mec

Min

Hand

Mec

Min

Hand

Mec

Min

Botrytis (%)

3.94

3.34

3.12

23.62

29.90*

29.46*

675

5.77

10.59

6.15

11.03

12.63

0.44

0.47

0.98

3.00

0.86

1.74

Sunburn (%)

0.99

1.40

6.25

0.15

1.82

3.46

0.36

6.09

5.88

0.93

0.29

1.80

0.86

2.44

4.29

2.03

3.25

5.31

Bunch compactness

2.29

1.51

1.38

2.76

2.39

1.62

1.69

1.12

1.01

2.62

1.86

1.880

1.84

1.20

1.19

1.59

1.52

1.19

* Nearly 100% botrytis rot occurred in 2010 at the vines that should have been harvested at the second degree of ripeness, this was not included in the calculations.
** Bunch compactness was evaluated on a scale of 1-3.
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PHOTO 7. Illustration of
the amount of grapes
harvested from 20
mechanically pruned
Chenin blanc grapevines
in 2012 (left). Two full
crates of grapes per
grapevine were harvested
from most of the minimal
pruning Colombar vines
(right).
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PHOTO 8. Grapes from the
second ripeness degree
(23°B) of Chenin blanc
were almost entirely
subjected to rot in 2011.
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PHOTO 9. Compact
bunches of hand pruned
Chenin blanc (left) and
differences in bunch
compaction of Shiraz
(right) (left = hand,
middle = mechanical and
right = minimal pruning).
8

WINE
Wine results are not provided in this article. Harvesting of grapes at two
different ripeness degrees nevertheless indicated that the white and red
cultivars produced the best wine quality when harvesting took place at 21°B
and 25°B respectively (data not shown). The high productions, shorter shoots,
and much smaller leaf surface of minimal pruned grapevines significantly
delayed ripening in all the cultivars. Sauvignon blanc grapes only achieved
the required sugar concentration for harvesting at the second ripeness degree
(23°B) approximately a month (mid-April) after the harvesting of the first
ripeness degree (21°B). Although hand pruning produced better quality wines
in all cultivars in most seasons, there were seasons when mechanical pruning
produced the best wine quality in some of the cultivars (Chardonnay, Chenin
blanc, Colombar, Sauvignon blanc and Shiraz). In two different seasons minimal
pruned Chenin blanc, harvested at 21°B, produced the best quality wines
because of healthier grapes.

9

CONCLUSIONS AND RECOMMENDATIONS
Alternative pruning definitely saves labour and can more than double productions
due to the increased number of bunches. It also requires mechanical harvesting.
Both the first and second phases of the evaluation showed that the different
alternative pruning methods impacted differently on the vigour of cultivars and
that the effect and extent of the decrease in vigour differed among methods
and cultivars. The higher crop loads and decrease in shoot mass that accompany
alternative pruning methods cause a bigger number of demand points, which in
turn require additional fertilisation and irrigation. This demand was addressed
during the second phase of the evaluation. The result was an increase in vigour and
shoot length combined with production of bigger bunches.
Chardonnay, Chenin blanc, Colombar and Sauvignon blanc produce better quality
wines when harvesting takes place at between 21°B and 22°B, whereas Ruby
Cabernet and Shiraz produce the best wine quality when harvesting takes place at

ALTERNATIVE PRUNING
METHODS
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between 24°B and 25°B, regardless of the pruning method (data not shown). Hand
pruning is recommended for the production of high quality wines. Mechanical
pruning may be used for the production of medium priced wines, whereas minimal
pruning is suitable for the production of rebate and distilling wine.
Although alternative pruning produces higher yields, the question is whether
these productions are sustainable, and what the lifespan is of grapevines
subjected to mechanical and minimal pruning. In the evaluation in Robertson it
was found that Die-back disease (Eutypa lata) occurred increasingly in Colombar,
Chenin blanc and Ruby Cabernet and some of the grapevines also died (Photo
10). The mechanical hedge pruners, as well as the tractor-driven machines
on the market do not make clean cuts. The cuts are very ragged and increase
susceptibility to infection. It is therefore important to limit the incidence of
eutypa by applying a suitable preventative product directly after pruning. The
percentage dead wood in minimal pruned grapevines also increased enormously
over the years; the grapes were therefore increasingly carried on the outside
of the canopy and more sunburn occurred (Photo 11). When the cumulative
production over all 13 seasons is taken into account (Van Schalkwyk & Archer,

Average

Yields of 2007-2009 were not included in the calculation.
FIGURE 4. The effect of hand and alternative pruning on the cumulative yield of
six cultivars in Robertson (2001-2013).
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VINEYARD
PHOTO 10. Eutypa lata
in mechanically pruned
grapevines (left) and a
grapevine that has already
died (right).

CELLAR

3

VINEYARD & CELLAR UPDATE

4

CELLAR TIPS

5

VINEYARD TIPS

17

PHOTO 11. More and more
dead wood builds up with
minimal pruning. Bearer
shoots bud mainly on the
outside of the canopy (left)
and dead wood accumulates
as the canopy expands
(right).
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2008b), it is clear that over the long term there was little difference in the yields
of mechanical and minimal pruning in all six cultivars (Fig. 4). In view of the
healthier grapes and higher wine quality obtained by mechanical pruning, it is
more beneficial to apply mechanical rather than minimal pruning.
The evaluation also showed that mechanical and minimal pruned grapevines
had a higher water and fertilisation requirement than hand pruned grapevines.
This confirms research by Schultz et al. (1999) which found that minimal pruned
Riesling grapevines had a 32% higher water consumption requirement over a
four month period than hand pruned grapevines. A practical problem with the
use of hedge pruners for mechanical pruning is significant accumulation of
bearers, because it is unable to prune the thicker shoots and older wood. This is
not the case when more powerful tractor-driven mechanical pruners are used.
When hedge pruners are used, accumulated bearers should be pruned back with
large pruners from time to time to prevent canopy expansion and retain fertility
near the cordon.
ACKNOWLEDGEMENTS

FOREWORD

1
2
3

VINEYARD

CELLAR

VINEYARD & CELLAR UPDATE

Thanks to the personnel of ARC Infruitec-Nietvoorbij Viticulture division and
Robertson Research Farm for technical assistance. We would also like to thank
Winetech and ARC Infruitec-Nietvoorbij for financial support.
REFERENCES
Archer, E. & Van Schalkwyk, D., 2007. The effect of alternative pruning methods on
the viticultural and oenological performance of some wine grape varieties. South
African Journal of Enology & Viticulture 28(2), 107-139.
Heyns, E., 2013. Die balans tussen man en masjien. WineLand, 25-27.
Schultz, H.R., Cuevas, E., Lissarrague, J.R. & Schmid, J., 1999. Estimating water
consumption and photosynthesis of minimal pruning (MP) and vertical shoot
positioned (VSP) canopies. Proc.’s 11th Meeting of the Study Group for Vine
Training Systems (GESCO), 6-12 June 1999, Sicily, Italy. pp. 200-210.
Soil Classification Work Group, 1991. Soil classification – a taxonomic system for
South Africa. Memoirs on natural resources of South Africa no. 15., Department of
Agriculture & Development, Pretoria.
Van Schalkwyk, D. & Archer, E., 2008a. Die effek van alternatiewe snoeimetodes
op die wingerd- en wynkundige prestasie (Deel 1): Cabernet Sauvignon in die
Stellenbosch-area. Wynboer 227, 13-20.
Van Schalkwyk, D. & Archer, E., 2008b. Die effek van alternatiewe snoeimetodes
op die wingerd- en wynkundige prestasie (Deel 2): Ses kultivars in die Robertsonarea. Wynboer 230, 18-32.

4

CELLAR TIPS

Van Wyk, G. & Van Niekerk, P., 2013. The cost of wine grape cultivation and top
achievers in difficult times (Part 1). Wynboer 284, 73-77.

SUMMARY
Labour costs are continuously increasing and currently could be more than
44% of the total cash expenditure for managing a wine grape farm. This
could increase by a further 34% based on the projected rise in minimum
wages. During 2001-2013 ARC Infruitec-Nietvoorbij evaluated the effect of
different pruning methods, namely hand, mechanical and minimal pruning
at the Robertson Research Farm. Four white and two red cultivars were used.
Growth response, grape composition, morphology, wine quality and labour
requirements were determined.
The first phase (2001-2006) of this research in Robertson proved that
pruning comprised 31.7% of the total labour input for pruning, canopy
management and harvest. Mechanical and minimal pruning reduced the
labour input by 63.4% and 100%, compared to hand pruning.
Vegetative and reproductive parameters measured during the second phase
(2010-2013) of this project proved that the cultivars reacted differently
to the alternative pruning methods. A drastic increase in the number of
principal shoots and thus also bunches per vine occurred. The principal
shoots per vine numbered 19, 74 and 144 for hand, mechanical and minimal
pruning respectively. The average number of bunches per vine varied from
37, 130 to 279 respectively for hand, mechanical and minimal pruning.
Average bunch mass varied from 205.1 g, 146.1 g to 78.2 g respectively for
hand, mechanical and minimal pruning. The higher number of shoots and
bunches and thus higher yields of mechanical and minimal pruned vines
reduced shoot length; number of lateral shoots; number of leaves/shoot;
bunch, berry, and rachis mass; of grapes/cm shoot, gram grapes/cm2 leaf
area; leaf area/g grapes, etcetera. The average leaf area to ripen
1 g of grapes varied from 11.7 cm2, 13.7 cm2 to 8.4 cm2 respectively for hand,
mechanical and minimal pruning.
The average yields of all six cultivars over the whole research period were
13.5 t/ha, 23.2 t/ha and 24.3 t/ha respectively for hand, mechanical and
minimal pruning. However, cultivars adapted differently to these alternative
pruning methods. The yields of Chenin blanc, Colombar and Sauvignon
blanc were more than doubled during the last four seasons with mechanical
and minimal pruning, yielding more than 40 t/ha during some seasons.
White grapes were harvested at 21°B and 23°B, and red grapes at 23°B
and 25°B. The high yields of mechanical, and especially minimal pruning,
resulted in delayed sugar accumulation. Although mechanical pruning, and
in the case of Chenin blanc, minimal pruning, produced better quality wines
than hand pruned vines during some seasons due to healthier grapes, hand
pruning is recommended for producing high priced, mechanical pruning for
middle priced; and minimal pruning for low priced wines and distilling.

Zeeman, A.S., 1981. Oplei. In: J. Burger & J. Deist (eds), Wingerdbou in Suid-Afrika,
185-201.
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For further information contact Danie van Schalkwyk at vschalkwykd@arc.agric.za.
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species cover
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JOHAN FOURIE & KAREN FREITAG
ARC Infruitec-Nietvoorbij, Stellenbosch
KEYWORDS: Biodiversity, cover crops, fynbos,
renosterveld, grapevines, soil cultivation.

INTRODUCTION
Approximately 90% of South African wines are produced within the boundaries
of the Greater Cape Floristic Region (Goldblatt & Manning, 2012), which is
listed as a world heritage site. The expansion of urban and agricultural areas
has reduced the available natural habitat of renosterveld and lowland fynbos.
Employing renosterveld and lowland fynbos species as cover crops in the
grapevine inter row, may help to propagate the use of these species. However,
the ability of these species to establish in the vineyard environment and compete
with the exotic weeds present in vineyards is not known.

FEBRUARY 2015

The aim of the study was to determine the performance and weed suppressing
ability of renosterveld and lowland fynbos species, selected to have a prostrate to
upright habit that does not exceed 50 cm, when used as cover crops in vineyards.
MATERIALS AND METHODS
The trial was conducted in both a full bearing Sauvignon blanc/Richter 99 vineyard
established on a sandy soil (Table 1) at Boschendal farm (33°52’S, 18°58’E),
and a full bearing Cabernet Sauvignon/Richter 110 vineyard established on a sandy
loam soil (Table 1) at Nietvoorbij experiment farm (33°55’S, 18°52’E). The average
annual rainfall at Boschendal farm over the four years of the trial amounted to
1 543 mm, of which 64% precipitated during autumn and winter (March to

* This publication is adapted from a manuscript titled: Fourie, J.C., 2014. Evaluation of indigenous fynbos and renosterveld species for cover crop management in the
vineyards of the Coastal wine grape region, South Africa. South African Journal of Enology and Viticulture 35, 82-89.

RENOSTERVELD
AND FYNBOS

TABLE 1. Analyses of the 0-30 cm soil layer of the sandy soil (SS) at Boschendal and the sandy loam soil (SLS) at Nietvoorbij, determined before the treatments commenced.
Soil

Clay (%)

Silt (%)

Sand (%)

pH (KCl)

Electrical
conductivity
(mS/m)

Organic
C (%)

P

K

(Bray II)

(Bray II)

(mg/kg)

(mg/kg)

Ca

Mg

K

Na

Exchangeable cations (cmol(+)/kg)

SS

6

4

90

5.3

9

0.61

123

57

1.82

0.34

0.15

0.04

SLS

18.9

13.85

67.25

6.6

17

0.47

9.15

90

3.96

0.71

0.24

0.04
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Description

T1

Avena sativa cv. Pallinup (oats) – exotic winter growing annual. Full surface chemical control from bud break.

T2

Festuca arundinacae cv. Cochise (dwarf fescue) – exotic perennial. Chemical control vine row, slash working row.

T3

Indigenous broadleaf annuals (Figures 1-3). Full surface chemical control from bud break.

T4a

Mixture of Ornithopus sativus cv. Emena (pink Seradella) and indigenous broadleaf annuals (Figures 1-3). Full surface chemical control from bud break.

T4b

Mixture of Medicago truncatula cv. Paraggio (burr medic) and indigenous broadleaf annuals (Figures 1-3). Full surface chemical control from bud break.

T5

Mixture of indigenous broadleaf perennials (Figures 4-13). Chemical control vine row, slash working row.

T6

Mixture of indigenous succulents1 (Figures 14-18). Chemical control vine row, slash working row.

T7

Mixture of indigenous broadleaf annuals, broadleaf perennials and succulents (Figures 1-18). Chemical control vine row, slash working row.

T8

No cover crop. Full surface chemical control from bud break.

The succulents could not establish successfully during the 2008/09 season and was replaced by a Dimorphotheca pluvialis monoculture (Figure 2).

August). At Nietvoorbij experiment farm the average annual rainfall amounted to
880 mm, of which 71% precipitated during autumn and winter. The grapevines at
Boschendal were trained onto a Perold trellis system and those at Nietvoorbij onto
a seven strand double lengthened Perold trellis system (Booysen et al., 1992). Eight
treatments were applied (Table 2), with the treatment plots (replications) separated
by two border grapevine rows and five border grapevines within rows.

appropriate Rhizobium leguminosarum strains just before being sown. The seeds
of the indigenous cover crops were soaked in a germination stimulant developed
for renosterveld and fynbos seeds (Cape seed primer®**) for 24 hours. Depending
on the rainfall, supplementary irrigation was applied weekly from April to May
and fortnightly from June to August by means of micro-sprinklers, according to
the guidelines supplied by Fourie et al. (2001).

The indigenous renosterveld and lowland fynbos species (Figures 1-18) were
selected mainly for their decumbent growth habit and soft seed coats. Not being
commercially available, the seeds had to be gathered from the veld during the
previous spring (September/October). Therefore, availability also played an
important role in the choice of species.

According to the norms for grapevines as stipulated by Conradie (1994), sufficient
amounts of phosphate (P) and potassium (K) were available in the sandy soil and
the sandy loam soil, respectively (Table 1). Therefore, 28 kg/ha nitrogen (N) was
applied at the two to six leaf stages of the grass cover crops at both sites, with only
the sandy soil receiving 30 kg/ha K at this stage, whilst the sandy loam soil received
15 kg/ha P just before seedbed preparation to encourage cover crop growth.

* This publication is adapted from a manuscript titled: Fourie, J.C., 2014.
Evaluation of indigenous fynbos and renosterveld species for cover crop
management in the vineyards of the Coastal wine grape region, South Africa.
South African Journal of Enology and Viticulture 35, 82-89.
Seedbeds were prepared early March and the cover crops were sown during
April. The seeds were sown by hand at a density of 300 seeds per m2 (similar to
seeding densities employed for commercial cover crops) and covered using a
rotary harrow (not a rotavator). The N fixing cover crops were inoculated with the

Post-emergence weed control in the vine row was applied with glyphosate at a
rate of 1.44 kg/ha (active ingredient). A selective post-emergence herbicide that
controls annual and perennial grasses, namely fluazifop-p-butyl, was applied at
a rate of 0.63 kg/ha (active ingredient) early June in the treatments in which the
renosterveld and lowland fynbos species were sown as cover crops (T3, T5, T6
and T7). This was done to reduce the competition between these species and the
winter growing grass weeds.
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FIGURE 1. Felicia heterophylla. FIGURE 2. Dimorphoteca pluvialis. FIGURE 3. Scenecio elegans. FIGURE 4. Geranium incanum. FIGURE 5. Hermannia pinnata.
FIGURE 6. Helichrysum petiolare. FIGURE 7. Pelargonium capitatum. FIGURE 8. Gazania krebsiana. FIGURE 9. Steirodiscus tagetes. FIGURE 10. Heliophyla coronopifolia.
FIGURE 11. Lesertia frutescens. FIGURE 12. Roella ciliate. FIGURE 13. Monopsis lutea. FIGURE 14. Cleretum bellidiforme. FIGURE 15. Lapranthus multiradiatus.
FIGURE 16. Drosanthemum striatum. FIGURE 17. Drosanthemum speciosum. FIGURE 18. Drosanthemum floribundum.
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MEASUREMENTS

Despite the control of the winter growing grass weeds during early June, the
cover crops in T3, T5, T6 and T7 did not establish successfully at Nietvoorbij
(Table 3). Oats (T1) DMP was acceptable, thus controlling the winter growing
weeds effectively. Although the cover crops in T4b produced less than one ton
of dry matter per hectare, the winter growing weeds were reduced by 79%
compared to that of the control (T8).

Dry matter production (DMP) by both the cover crops and the associated weeds
was determined just before grapevine bud break (end of August), when the
grapevine berries reach pea size (end of November) and just before harvest (end
of January), according to the procedure described by Fourie et al. (2001).
RESULTS AND DISCUSSION
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At both trial sites, it was observed that the dominant species in the mixture of
indigenous broadleaf annuals was Dimorphotheca pluvialis. Therefore, during the
2009/10 season, this species was established as a mono-crop in T6, replacing the
mixture of indigenous succulents as cover crop.

Cover crop performance and control of winter growing weeds
2008/09 season
At Boschendal, the indigenous cover crops did establish during winter to
a greater or lesser extent (Table 3). However, the DMP in T5, T6 and T7 was
insignificant. The DMP of the indigenous broadleaf annuals in T3 amounted to
1.43 t/ha, which resulted in a 50% reduction of the winter growing weeds. The
cover crops in both T1 and T4a produced acceptable amounts of dry matter
reducing the winter growing weeds effectively (less than 20% of that of the
control). This is an indication that the conditions prevalent in the trial allowed
for effective cover crop management with commercially available exotic annual
winter growing cover crops.

2009/10 season
Similar to the 2008/09 season, the perennial indigenous species did not establish
successfully on both the sandy and sandy loam soils (Table 3). None of the
indigenous mixtures or monocultures performed at an acceptable level to be
considered for cover crop management. Effective weed control in T1 and T4a on
the sandy soil confirmed the trends observed during the previous season. Festuca
arundinacae cv. Cochise (dwarf fescue) (T2) producing approximately one ton of
dry matter per hectare, resulted in the winter growing weeds being suppressed
effectively and significantly on the sandy loam soil and the sandy soil, respectively.
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TABLE 3. Cover crop and weed dry matter production (DMP) on a sandy soil at Boschendal farm and a sandy loam soil at Nietvoorbij experiment farm, measured at the end of August
during the 2008/09 and 2009/10 seasons.
DMP in tons/ha
Boschendal farm

Treatment code
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Nietvoorbij experiment farm

2008/09 season

2009/10 season

2008/09 season

2009/10 season

Cover crops

Weeds

Cover crops

Weeds

Cover crops

Weeds

Cover crops

Weeds

T1

3.39

0.17

5.77

0.13

3.12

0.23

1.99

0.46

T2

0.38

1.23

1.03

0.93

0.51

0.68

0.97

0.18

T3

1.43

0.51

1.14

1.14

0.60

0.66

0.60

0.73

T4a

3.20

0.14

2.63

0.24

–

–

–

–

T4b

–

–

–

–

0.98

0.26

1.17

0.70

T5

0.02

0.80

0.02

2.60

0.09

0.96

0.04

0.94

T61

0.01

1.67

0.59

1.21

0

0.90

0.74

0.55

T7

0.26

1.28

0.11

1.51

0.13

0.74

0.07

1.33

T8

1.01

1.01

2.95

2.95

1.21

1.21

1.59

1.59

LSD (p≤0.05)

1.14

NS2

0.94

1.64

0.92

NS

0.79

NS

During the 2009/10 season the mixture of indigenous succulents was replaced with the indigenous broadleaf annual Dimorphotheca pluvialis..
Data did not differ significantly at the 10% level.
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SUMMARY

CONTROL OF SUMMER GROWING WEEDS
Due to the poor performance of the indigenous
cover crop species, no significant trends were
observed (data not shown).
CONCLUSIONS AND RECOMMENDATIONS
None of the indigenous renosterveld and lowland
fynbos mixtures or monocultures established
successfully under conditions prevalent in a
commercial vineyard. This occurred even though: 1)
care was taken to choose species with soft seed coats,
2) seeds were treated with germination stimulants;
and 3) winter growing grass weeds were controlled
chemically. Despite the last-mentioned precautions,
the species could not compete effectively with the
winter growing weeds of the region.

Boschendal Wine Estate for supplying one of the
trial sites.
** Cape seed primer® is a product of Cape Seed &
Book Suppliers, PO Box 23709, Claremont, 7735,
South Africa.
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These species can, therefore, not be considered for
cover crop management on both sandy and sandy
loam soils in the Stellenbosch wine district and
surrounding areas.

Eight treatments consisting of four treatments
in which renosterveld and lowland fynbos
species were employed as cover crops, and two
treatments in which exotic species were used as
cover crops, were applied for four consecutive
years on both a sandy soil (33°52’S, 18°58’E)
and a sandy loam soil (33°55’S, 18°52’E) in
vineyards near Stellenbosch. A treatment in
which indigenous annuals and an exotic annual
were sown as a mixture, and a control in which
no cover crop was established was also included
in the trial. Effective suppression of the winter
growing weeds was achieved with Avena sativa
cv. Pallinup (oats) on a sandy soil from the third
season onwards. This was also achieved with a
mixture of Ornithopus sativus cv. Emena (pink
Seradella) (50%) and three indigenous broadleaf
annuals (50%), namely Felicia heterophylla,
Dimorphotheca pluvialis and Scenecio elegans.
None of the indigenous renosterveld and
lowland fynbos mixtures or monocultures
had the ability to establish effectively on both
the sandy and medium textured soil or could
compete effectively with the winter growing
weeds commonly found in the vineyards of
the Coastal wine grape region of South Africa.
These species can, therefore, not be considered
for cover crop management on both sandy and
sandy loam soils in the Stellenbosch wine district
and surrounding areas.

For more information contact Johan Fourie at FourieJ@arc.agric.za.
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Modern vineyard managers need to consider
a wide range of factors when making
decisions on practices such as pruning
techniques, irrigation, canopy management,
and harvest date, to name but a few. The
wine producing areas of South Africa pose
a unique challenge with high variability
in climatic conditions, topography, soil
types and management practices. Several
tools are available to the producer to aid
in decision-making, including satellite and
aerial photography derived products, as well
as near real time technologies implemented
in the vineyard. Managers and producers
can benefit greatly from plant (growth),
soil (water) and nutrient data products
derived from remote sensing data collected
throughout the season.
Two complementary projects are currently
focussing on deriving spatial data products.
A Winetech funded project aims at

integrating and validating geographical
information systems (designed to capture,
analyse, manage and present different layers
of geographical and other data), thermal
remote sensing and climate data, with
data collected in Cabernet Sauvignon and
Shiraz vineyards (including transpiration,
soil temperature, canopy growth and
grape ripening). In addition, the “FruitLook”
project, funded by the Western Cape
Provincial Department of Agriculture and
conducted together with eLeaf, provides
spatial maps on growth, water and nutrients
through an operational platform for
vineyards and deciduous fruit produced in
the Western Cape through the portal www.
fruitLook.co.za.
In this article we evaluate the validity and
interpretation of spatial data sources in
relation to field data as generated through
these projects.
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STUDY AREAS AND SELECTED FIELDS
FruitLook has been providing spatial data products related to growth, water
and nutrients for most of the grape and deciduous fruit producing areas of the
Western Cape since 2011 (Figure 1). To evaluate the accuracy of these and other
spatial data products available to the wine and fruit industries, three Cabernet
Sauvignon vineyard blocks were selected and studied in the 2012/13 growing
season. These vineyards are situated in the Stellenbosch, Somerset West and Elgin
regions and represent different climatic conditions.
The Somerset West and Stellenbosch study sites are classified as temperate to
warm and the Elgin site as temperate. The vineyards have normal VSP training
systems and normal viticulture practices were followed at each of these blocks,
with spur pruning and basic canopy management throughout the growing
season. A permanent cover crop is present at the Elgin site, while the other
two vineyards only had a winter cover crop (oats/barley) that was killed in the
beginning of the summer. Drip irrigation is present in the Stellenbosch and Elgin
vineyards and a drip system was installed towards the end of the 2012/13 season
in the Somerset West vineyard.

temperature and relative humidity at different growth vigour areas. In each of the
treatment blocks, canopy temperature and relative humidity were measured in
the bunch zones.
The 2012/13 growing season was slightly cooler and wetter than the 2011/12
season (Table 1 & 2). Growing degree days were 1 886 and the annual and
seasonal rainfall were 837 mm and 328 mm, respectively. About 40% of the
annual rainfall occurred within the growing season. This was the wettest year
compared to the previous five years. Rainfall recorded at the Stellenbosch and
Elgin vineyards in the 2012/13 season was above average with 1 452 and 1 199
mm recorded, respectively.
[SOURCE: GOUDRIAAN, 2013]

SATELLITE DATA

Within each of the three vineyards, areas with different growth vigour (low
to high) were selected. The NDVI (Normalised Difference Vegetation Index)
data derived from multispectral aerial photographs in January 2013 (at 0.5 m
resolution) confirmed the variations in growth vigour in each vineyard (Figure 2).
At each of the vigour areas selected, 15 vines were demarcated from high
resolution aerial photography (NDVI images) for detailed growth measurements,
which commenced in October 2012. In addition to growth measurements, stem
water potential, soil moisture, stomatal conductance, canopy light interception
and leaf chlorophyll content were monitored at the three vineyards throughout the
2012/13 season, with measurements performed around key phenological stages.
In this article we focus on data collected at the Somerset West vineyard during the
2012/13 season, with reference only to the other two sites and previous seasons.
CLIMATIC CONDITIONS
Climatic data obtained from the Agriculture Research Council and the Hortec
weather station networks. Tinytag® sensors monitored in-vineyard ambient

FIGURE 1. The extent of the FruitLook study area (outline in blue) for which
satellite derived data products are available.

FIGURE 2. NDVI images from aerial photography for the Cabernet Sauvignon vineyards in Elgin, Somerset West and Stellenbosch
(from left to right), with the demarcated treatments/subplots in blue rectangles.

SATELLITE DATA

TABLE 1. Key phenological stages related to days after bud break (DAB) and growing degree
days (GDD).
Somerset West 2012/13 season

Stage
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DAB

Date

GDD (°)

Bud break

0

29 September 2012

0

Flowering

49

17 November 2012

104

Ripening begins

111

18 January 2013

424

Véraison

120

27 January 2013

1 191

Harvesting

185

25 March 2013

1 833

Total seasonal 2012/13

–

September-March

1 886

Total seasonal 2011/12

–

September-March

1 866

Total seasonal 2010/11

–

September-March

2 006

Total seasonal 2009/10

–

September-March

1 912

TABLE 2. Rainfall for the Somerset West area for the growing seasons from 2007-2013
(September-August) and FruitLook season (October-April).
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Total annual rainfall (mm)

Seasonal rainfall (mm/season)

September-August

October-April

2007/8

409.7

175.6

2008/9

785.8

229.6

2009/10

442.4

136.2

2010/11

374.6

121.0

2011/12

481.6

202.8

2012/13

836.8

328.0

Growing season

vineyards and their treatments. Measurements included total soluble solids, pH,
titratable acidity and berry mass and volume. Grape yield per vine and bunch
number were determined at harvest. Detailed cane measurements were also
performed during winter pruning on selected canes, including total cane mass
and number of canes.
The key phenological stages achieved at the Somerset West vineyard are shown in
Table 1. Typical GDD were estimated for the key stages and it is shown that most of
the phenological stages were reached slightly later than average. Long term data
sets for the Somerset West vineyard are not available yet, as detailed monitoring
of the site started in 2012/13. With a longer record of phenology and climatic
conditions, comparison between years and sites will be possible with normalised
models such as the “precocity index” (index of relative earliness) and this will allow
us to investigate the impact of climate and site conditions on phenology.
Primary shoot growth was monitored at regular intervals for the different vigour
sites within the Somerset West vineyard, with longer shoots and faster growth in
both the medium and high vigour areas compared to the low vigour plot (Figure
3). Shoot growth was plotted with biomass production (dry biomass) estimated
from the FruitLook data for the same plots (Figure 3). Several interesting
observations can be made. Firstly, there seems to be a good correspondence
in the general slopes of the low and high vigour shoot growth and FruitLook
biomass production curves. Shoot growth generally progressed strongly until
about 50 DAB when it weakened in reaction to a few days with low mean
temperature. The reduction in shoot length (means) between 57 and 65 DAB is
due to many shoots being damaged by the gale force winds, forcing reselection
of generally slightly shorter shoots. After about 80 DAB primary shoot growth
ceased, but not biomass production. This is possible, considering that secondary
shoot growth is still taking place, especially in the higher vigour plots.

The average temperature recorded around bud break at the beginning of
November (DAB = 2) was 11°C and seasonal daily maximum temperatures
exceeding 35°C were recorded in December 2012 (DAB = 80) and again in March
2013 (DAB = 156) (data not shown). Mean February temperature (MFT) for the
season was 21.8°C (long term MFT = 21.05°C), compared to the mean December
temperature of 22.9°C.
Daily average wind speeds varied from 0.5-16 m/s in the month of November
2013. High wind speeds on 30 November 2012 recorded throughout the Western
Cape caused widespread damage to the vineyards, including the Somerset West
vineyard monitored. Here a maximum wind speed of 19.7 m/s was recorded.
SHOOT GROWTH AND BIOMASS PRODUCTION
Growth measurements were focused around important phenological phases.
Weekly measurements were however performed until vegetative growth ceased.
Shoot growth was monitored in the selected 15 vines in each subplot. Once the
shoot length exceeded 5 cm, only selected shoots were monitored further, by
way of monitoring shoot length, the number of nodes and the shoot plastochron
index. Leaf area was measured destructively and grape ripening was monitored
at about weekly intervals by way of triplicate sampling in each of the three

FIGURE 3. Shoot lengths (cm) and accumulated biomass production (kg/ha) measured at
different days after bud burst (DAB) for the high, medium and low vigour plots, respectively,
in Cabernet Sauvignon (error bars represent means and standard errors). Biomass production
data was sourced from FruitLook.
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TABLE 3. Biomass parameters from field measurements and satellite data for the different blocks and vigour (V) plots during the 2012-2013 growing season for the cultivar Cabernet
Sauvignon. H (high), L (low).

(kg)

Derived
yield/
ha
(kg)

Total
pruning
mass
(kg)

Derived
total pruning
mass/ha
(kg/ha)

Yield:
pruning
mass

Derived total
biomass/
grapevine
(kg)

Derived
total
biomass/
ha (kg)

Total
accumulated
biomass

Low:
high ratio
derived

Low:
high ratio
SEBAL total

Somerset West_HV

1.32

3 259

2.76

6 814

0.4

4.08

10 074

18 315

0.62

0.64

Somerset West_MV

1.48

3 654

2.9

7 160

0.41

4.38

10 814

Somerset West_LV

1.32

3 259

1.21

2 987

1.01

2.53

6 247

11 712

Stellenbosch_HV

5.74

14 172

1.82

4 494

3.19

7.56

18 666

15 626

0.71

0.81

Stellenbosch_LV

3.86

9 530

1.48

3 654

2.64

5.34

13 184

12 650

Elgin_HV

4

9 876

1.98

4 889

2.13

5.98

14 765

26 500

Elgin_LV

4.71

11 629

2.4

5 926

2.05

7.11

17 555

24 688

1.19

0.93

Site and plot
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Yield/
vine

In order to obtain a better idea of the correspondence between the FruitLook
and field biomass data, the yield measured per grapevine and total pruning mass
were combined into a “derived total biomass” parameter in order to compare it to
the satellite data for accumulated biomass. It has to be considered that the field
data is a combination of wet (fruit yield) and dry (cane mass) parameters, and
that it does not include sub-canopy (weeds and cover crop) biomass. FruitLook
biomass data present total above plus below ground biomass production within
a pixel. Nevertheless, a good correspondence can be seen between the ratio of
the low to high vigour biomass, indicating that the satellite data is able to convey
the differences seen within vineyard blocks quite effectively. From Table 3 it is
clear that vigour has a clear effect on pruning mass, as expected for the Somerset
West and Stellenbosch sites, but not for the Elgin site. The latter was caused by
plots not being laid out using late-season imaging, where the site differences
become clear. This was addressed in the recent season by adding a low vigour
site. The Somerset West sites showed the largest extremes for both vigour and
pruning mass, but not the highest biomass according to satellite data. The
highest accumulative biomass values were indicated at the Elgin site, which is
probably the result of the permanent cover crop present in every alternate row.
EVAPOTRANSPIRATION
Continuous evapotranspiration (ET) measurements from the Somerset West
vineyard started on 19 December 2012. An OPEC eddy covariance (EC) system
was installed in the middle of the vineyard (Figure 4) and data collected is
representative of the entire vineyard. This system estimates ET not from the soil
water balance, but directly from fluctuations in vertical wind speed and water
concentration and indirectly by solving the surface energy balance, all at 30
minute intervals (Klaasse & Jarmain, 2012).
FruitLook data (growth, water and nutrient related) is estimated at a 30 m spatial
resolution and weekly temporal resolution. Data from a number of satellites (UKDMC 2 and DEIMOS-1 satellites of the DMC, VIIRS, MSG1) is combined with field
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1 DMC = Disaster Monitoring Constellation, VIIRS = Visible Infrared Imaging Radiometer Suite on board
the National Polar-orbiting Operational Environmental Satellite, MSG = Meteosat Second Generation.

FIGURE 4. A photo of the OPEC eddy covariance system used to
estimate ET at the Somerset West vineyard.

SATELLITE DATA
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weather data (NOAA, GSOD, ARC2) in a number of different algorithms (SEBAL,
METEOLOOK, NLook and others) to provide the data. Both the eddy covariance and
FruitLook ET data represent water losses from a surface, including transpiration
(vines, weeds or cover crop), and soil evaporation of intercepted water.
Weekly ET from the Somerset West vineyard extracted from FruitLook, showed an
increase in ET from 15 mm/wk (DAB = 7) to reach a maximum rate of 38 mm/wk
in December 2012 (DAB 73), the same as the reference evapotranspiration (ETo)
at the time (Figure 6). This was followed with a period of lower ET during January
and February 2013 (DAB 87-122) with weekly ET (26-28 mm) about 35% lower
than the reference ET recorded (40 mm). The ET again increased towards the end
of February to 32 mm/wk (DAB 150), whereafter it showed a continued decrease
towards the end of the season (9 mm/wk around DAB 123). The ET data followed
changes in solar radiation and vapour pressure deficit closely throughout the
season (data not shown).
The FruitLook and measured ET generally agreed well, with measured ET
exceeding the FruitLook ET estimates by 1-10 mm/wk in summer (DAB 87-129),
whereas in autumn the ET measured was occasionally lower than the FruitLook
ET estimates (DAB >178).
FruitLook captured the in-field variation in ET within the Somerset West
vineyard throughout the season (Figure 6), with higher weekly estimates of ET
corresponding to the high growth vigour area and lower weekly ET estimates at
the lower growth vigour area (Figure 2 & 5). Seasonal ET estimates (659 and 752
mm for the low and high growth vigour, respectively) varied by approximately
12% between the low and high vigour areas.

FIGURE 5. Evapotranspiration from a vineyard in Somerset West as estimated
in FruitLook, measured in the field using the eddy covariance system, plotted
against the reference evapotranspiration (ETo) from the closest weather station.

This trend persisted if the data of more than one year was considered. The
FruitLook ET data over two seasons (2011/12 and 2012/13) shows that the higher
ET estimates consistently corresponded with higher biomass production related
to the higher vigour areas delineated. The seasonal ET (October-April) ranged
between 394 and 567 mm in 2011/12 and 650 and 752 mm in 2012/13 across the
vineyard (Figure 7), corresponding to more biomass and rainfall (Table 2) during
the 2012/13 season.
Interesting to note is that the vineyard blocks studied in Stellenbosch and Elgin
showed similar trends in the relationship between seasonal ET and biomass
production. However, the seasonal ET from the vineyard block in Elgin was found
to exceed that of the other two vineyards, despite the cooler climate and can
be ascribed to the presence of a permanent, well-established cover crop, which
contributed to the higher ET estimate.
The ET data from FruitLook and that measured using the eddy covariance system,
were also compared to long term ET data collected by Myburgh (2013) from a
Cabernet Sauvignon block. Myburgh (2013) estimated ET from 2009-2013 from a
vineyard with an aggressively growing summer cover/interception crop (Babala)
(except for during 2009/10), which was irrigated frequently and situated in a
warmer climate. It was found that the daily ET increased from <2 mm in spring
(before bud break) to maximum seasonal estimates in summer of 7-9.3 mm,
whereafter the ET decreased to estimates of around 1 mm/d in winter. During
autumn estimates of 3-5 mm/d were found (Figure 8).
2 NOAA = National Oceanic and Atmospheric Administration, GSOD = Global Summary Of the day, ARC
= Agricultural Research Council.

FIGURE 6. Weekly FruitLook ET maps for the Somerset West vineyard in October,
November 2012, January and April 2013, with green square indicating the high
vigour area and the yellow square the low vigour area.
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FIGURE 8. Left to right: Daily average ET (per month) for four years as estimated for a Cabernet Sauvignon vineyard with cover crops
[data taken from Myburgh, 2013] and daily ET estimates derived from the FruitLook 2012/13 data for three vineyards.

SATELLITE DATA

The FruitLook ET data for 2012/13, converted to daily ET estimates, was generally
slightly lower than the Myburgh (2013) estimates. The ET estimates in October
ranged from 1.5-3 mm/d (DAB >2), during maximum summer of 4.4-7.2 mm/d
[lower than what Myburgh (2013) found] and during autumn 0.4-1.5 mm/d. The
very different vineyard conditions probably contributed to the differences in the
ET estimates.
ET DEFICIT AND STEM WATER POTENTIAL
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Less negative stem water potentials (-750 to -090 kPa) was measured at the high
growth vigour area in the Somerset West vineyard compared to the low vigour
area (-815 and -1 327 kPa). The highest water potentials were measured during the
measurement cycle about two weeks following véraison. For the corresponding
period, the weekly ET deficits from FruitLook remained less than 1mm/wk for the
2012/13 season, suggesting no (water) stress was experienced by the vines (data
not shown). ET deficit in the 2011/12 season was slightly higher, with a seasonal
total of 16-20 mm, but still with a maximum weekly ET deficit of only 4.5 mm/wk,
indicating no water stress and an ET shortfall of <1 mm/d during that period.
The Stellenbosch and Elgin vineyards showed low ET deficits throughout the
season, with the exception of one week in the Stellenbosch vineyard where ET
deficits of 13.5 and 14.5 mm/wk were estimated (data not shown). This equates
roughly 2 mm/d ET shortfall and was estimated around véraison. The highest
stem water potentials were measured towards the end of the season (-1 300 to 1 500kPa), shortly before the grapes were harvested.
The low ET deficits and relatively high (less negative) stem water potentials
measured during the field campaigns suggest that the vines experienced little
(water) stress in 2012/13 and that no supplementary irrigation was required
during 2012/13 at any of the sites. ET deficit could potentially provide an
indication of water stress development over time. The spatial dimension of the
ET deficit data set can also provide insights on stress variations across a vineyard
over time.
CONCLUDING REMARKS
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Detecting stress in grapevines is important, especially in the period between
véraison and harvesting. Stem water potential is typically measured to monitor
this. The FruitLook ET deficit data possibly represent a useful alternative,
representing an ET shortfall from the potential ET from the specific vineyard.
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In this research, we compared field data related to growth and water with
satellite-derived data across climatic regions and growth vigour variations in
three Cabernet Sauvignon vineyards. We showed that spatial data provided
through the FruitLook portal and derived from aerial photography corresponds
well to field conditions.
Growth data from field measurements, as well as satellite derived data, were
shown to correspond well with regards to shoot growth data. Further work will
involve using the data of other sites to investigate further the effect of the cover
crop and the cultivar (Shiraz vs. Cabernet Sauvignon), as well as to incorporate
other parameters measured in the field, such as leaf area, chlorophyll content and
ripening parameters.
The ET estimates from the FruitLook portal agreed to within 17-25% of ET
measured. The ET deficit showed agreements with stem water potential

measurements and highlighted the small ET shortfalls over the season in areas
which are typically only supplementary irrigated. However, longer term data sets
are needed to draw definitive conclusions.
The data sets discussed here need to be explored further for specific applications,
like winter pruning (timing), canopy management (when to top), water
management (when to irrigate) and nitrogen management (when to fertilise).
Assessments are also needed across a wider range of cultivars and in drier grape
producing regions.
Vineyard growth vigour: The spatial data products derived from satellite
data provide a source of data that could in future be used to monitor the
growth vigour throughout the season, which may further be related to the
vegetative:reproductive ratio, disease/virus incidence/expression or nutrient/
grapevine water status relations.
Vineyard irrigation: The 2012/13 season was relatively cool and wet. Irrigation
seemingly did not play such an important role at the sites that were studied.
For drier and warmer conditions, including heat waves, the ET and ET deficit
data could be used to optimise irrigation applications. The spatial nature of the
data may assist in the division/demarcating of vineyards into different irrigation
blocks, in this way facilitating more efficient water management.
FUTURE WORK (FRUITLOOK 2013/14)
The findings reported here specifically illustrate the potential of growth, NDVI,
evapotranspiration and ET deficit data products derived from remote sensing
data. The measurements will be extended to drier climates where the ET deficit
is expected to be larger. The spatial nitrogen data provided through FruitLook
will also be further investigated and other cultivars, such as Shiraz, exhibiting
different physiological behaviour compared to Cabernet Sauvignon, will be
included.
STUDENT INVOLVEMENT
Two students have been involved in the work reported. Tara Southey (née
Mehmel) is registered for a PhD (Agric) in Viticulture and Christo Kotze is
registered for an MSc (Agric) in Viticulture.
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A collaborative project was launched to integrate satellite and field
data of grapevine growth and water status with the purpose of
validating currently available products. Agreement between shoot
growth and the biomass indicators from satellite data could be
seen, with good distinction between the major delineated vigour
areas. Biomass production curves from FruitLook showed different
phenological stages clearly, with the onset of growth agreeing
with high biomass production and a reduction in growth following
véraison. The FruitLook evapotranspiration (ET) compared well with
that measured, again showing differences across delineated vigour
areas. FruitLook evapotranspiration from a site with permanent cover
crop was higher than other study sites over the season, as expected.
The effects of different elements of vineyards management need to
be further considered. There was some agreement between the ET
deficit estimated using satellite data and the plant water status. For the
studied vineyards ET deficits were very low for the years considered,
corresponding to limited plant water deficits as a result of above
average rainfall years. For the sites considered in this pilot study the
FruitLook growth and water status data accuracy is acceptable, when
data is assessed in a qualitative and quantitative way. Specific ways of
integrating spatial FruitLook and other spatial data with field based
data (e.g. soil moisture) need to be shown before adoption will take
place within the industry.

For more information contact Albert Strever at aestr@sun.ac.za, Caren Jarmain at cjarmain@gmail.com,
Tara Southey at tara@sun.ac.za or Kobus Hunter at HunterK@arc.agric.za.
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INTRODUCTION
Planococcus ficus is currently regarded as both the dominant mealybug species
and as a major pest insect of the South African table grape and wine industries
(Walton, 2003). It not only causes cosmetic damage to grape bunches, but it
also lowers grape production by transmitting various plant diseases and viruses,
resulting in it being characteristically more economically damaging than any
other mealybug species (Holm, 2008).
To date, the most common method of mealybug control in South Africa has
involved the use of such chemical insecticides as organophosphates. Mealybugs
are difficult to control using chemicals, as they tend to hide deep in crevices, under
bark, and on the roots, where chemicals battle to reach them (Walton & Pringle,
2004). Another problem concerning the use of chemical pesticides is the ability of
mealybugs to rapidly build up resistance (Walton & Pringle, 2004). An alternative to
primarily using chemicals in controlling P. ficus is to use EPN within an integrated
pest management (IPM) scheme (Le Vieux & Malan, 2013b). Doing so ensures the
elimination of insect population build-up with resistance to chemicals.

When using EPN in an IPM scheme, it is important to determine the compatibility,
and the interactions, of the nematodes with such agrochemicals as pesticides.
A previous South African study by Van Niekerk and Malan (2014) investigated
the compatibility of two endemic nematodes, Steinernema yirgalemense and
Heterorhabditis zealandica, with two biopesticides, Helicovir™ (nucleopolyhedro
virus) and Cryptogran™ (Cryptophlebia leucotreta granulovirus), two adjuvants
(Nu-Film-P® and Zeba®), and one insecticide (Cyperphos 500 E.C.®). The researchers
found no significant reduction in the levels of nematode infectivity in either
of the nematode species when they were exposed to any of the formulated
products. However, it was found that the organophosphate, Rugby, at the
recommended dose for the control of plant-parasitic nematodes, also eliminates
most EPN (Manrakhan et al., 2013).
Studies by Le Vieux and Malan (2013a, 2014) have shown that EPN, and
specifically S. yirgalemense, have promising potential for use as a biological
control agent, alongside the use of imidacloprid within an IPM programme,

* This article is adapted from a manuscript entitled: Le Vieux, P.D. & Malan, A.P., 2015. Prospects for using entomopathogenic nematodes to control the vine mealybug,
Planococcus ficus, in South African vineyards. South African Journal of Enology and Viticulture 36 (1): 59-70.

EFFECT OF
IMIDACLOPRID
ON EPN

for the control of soil populations of P. ficus. In this study, the compatibility
of simultaneously using EPN with the pesticide imidacloprid (Confidor®) was
determined.
MATERIALS AND METHODS
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The survival of formulated, commercially available Steinernema feltiae and
Heterorhabditis bacteriophora, together with the insecticide imidacloprid
(Confidor®), were tested under laboratory conditions. The pesticide was prepared
at twice the recommended dose, and mixed with the same volume of a nematode
suspension in water to obtain the recommended dose. Suspensions of both
nematode species were prepared at a concentration of 4 000 nematodes/ml.
Treatments contained a mixture of 1 ml of nematode suspension and 1 ml of the
pesticide solution, which was added to a Petri dish, sealed with Parafilm® and left
in a growth chamber at 25°C. Controls contained 1 ml of nematode suspension,
and 1 ml of water. Five treatments, and five control Petri dishes were prepared for
both nematode species. Nematode survival was estimated by means of repeatedly
collecting 10-µl samples from each Petri dish, until 50 IJs were counted, with the
individuals involved being recorded as either dead, or alive. Samples were taken
directly after preparation (0 h), and then again after 6, 12, and 24 h.

To establish the virulence of both nematode species post exposure to the
insecticide, 5 ml of 4 000 nematodes per ml per treatment was prepared, and
kept in a growth chamber for 24 h at 25°C. After 24 h, the 5 ml nematode/
pesticide solution was diluted in 1 L of distilled water, in a measuring cylinder.
After the nematodes had been allowed to settle to the bottom, excess liquid was
then siphoned off, leaving 10 ml of the solution behind. The remaining 10 ml
was used to inoculate five Petri dishes, containing 10 codling moth larvae each,
at a concentration of 100 IJs/insect. Five control Petri dishes, each containing 10
codling moth larvae, received water only, and both were left for 48 h in a growth
chamber at 25°C. The codling moth larvae were then assessed for infection. The
experiment for both nematode species was repeated on a different date.
RESULTS
No significant differences were found between the water, and the imidacloprid,
treatment in terms of H. bacteriophora and S. feltiae larval mortality, over a period
of 24 h exposure on the two different test dates (Fig. 1).
No significant difference was found between the percentage mortality of codling
moth larvae (virulence) inoculated with H. bacteriophora and S. feltiae and then
exposed to imidacloprid for 24 h, and that of those with no previous exposure (Fig. 2).
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FIGURE 1. The mean percentage mortality of formulated Heterorhabditis bacteriophora (A)
and Steinernema feltiae (B) IJs after 0, 6, 12, and 24 h exposure to imidacloprid.

Treatment

FIGURE 2. Percentage mortality of Cydia pomonella post Heterorhabditis bacteriophora (A) and
Steinernema feltiae (B) after 24 h exposure to imidacloprid, and with no previous exposure.
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DISCUSSION
The tests conducted in this study for commercially produced and formulated H.
bacteriophora and S. feltiae, concerning both nematode survival and infectivity
displayed no negative results. Studies conducted in the USA found synergistic
effects between H. bacteriophora and imidacloprid, while another American
study also found that the combination significantly increased the pathogenicity
of H. bacteriophora. In contrast, a study conducted by Cuthbertson et al. (2003),
on the combined use of agrochemicals and S. feltiae for the control of the sweet
potato whitefly, found that imidacloprid significantly reduced the infectivity of
S. feltiae. These results are in contrast to those of others, who found the effects to
be synergistic, when combining S. feltiae and imidacloprid in seeking to control
the oriental beetle.
The results obtained in this study could be considered to be additive, instead
of synergistic, for both commercially produced H. bacteriophora and S. feltiae,
due to the agents concerned acting independently of each other, as opposed
to synergistically. The combination of the agents was found to increase efficacy
in control (more so than if the results had simply been added together). Based
on these data, the mixture of the product imidacloprid and of the two EPN
species concerned indicates compatibility, enabling tank mixtures to be made
for co-application in an IPM for grapevine, which should reduce both costs and
application time.
Recognition of the compatible use of EPN with imidacloprid is pertinent to an
IPM scheme, as both can be simultaneously applied in the field with confidence,
with increasing convenience being experienced with co-application, resulting in
a reduction of costs for the farmer. Nematodes can also be applied periodically
after the application of imidacloprid, so as to eliminate those individuals with
resistance to the chemicals, thus prolonging the effectivity of chemical use, and
avoiding the build-up of resistance that is likely to occur with frequent use.
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SUMMARY
In South Africa, the most common method of mealybug control is the
use of such chemical insecticides as organophosphates. Alternatively,
insect-parasitic nematodes, which are commonly known as EPN, are
lethal parasites of a range of soil-dwelling insects. They can potentially be
used within an integrated pest management programme (IPM) to control
Planococcus ficus, the vine mealybug, which has been found to occur,
in addition, on grapevine roots. Studies concerning the simultaneous
use of EPN with the agrochemical imidacloprid have shown that neither
the viability, nor the virulence, of the EPN was compromised. These
studies have also shown that EPN, and specifically S. yirgalemense, have
promising potential for use as a biological control agent for the control
of soil populations of P. ficus, alongside the use of imidacloprid in an IPM
programme. The combination will prevent the development and persistence
of resistant mealybug populations due to the action of the nematodes.

For further information contact Antoinette Malan at apm@sun.ac.za.
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The vine mealybug, Planococcus ficus, is the dominant mealybug species in South
African vineyards (Walton, 2003; Le Vieux & Malan, 2013a), and it is regarded, in
general, as being more economically damaging than any other mealybug species.
The vine mealybug displays a clear pattern of vertical seasonal movement on
grapevines, where it spends the colder winter months, in colonies on the lower
regions of the plant, under the bark, and underground, down to a depth of 30 cm,
on vine roots, where it feeds on the plant (Walton & Pringle, 2004; De Villiers, 2006).

are emitted from plants damaged by insect feeding provide the nematodes with
specific information regarding the presence of potential insect hosts. Rasmann et
al. (2005) were the first to identify the insect-induced below-ground plant signal,
(E)-β-caryophyllene (released by maize roots), which strongly attracts IJs. De Waal
et al. (2011), on testing the host-seeking ability of six South African EPN species
(including Steinernema yirgalemense), found that the only EPN that displayed a
positive attraction to host in an agar Petri dish test was H. zealandica.

Entomopathogenic nematodes (EPN), of the Heterorhabditidae and
Steinernematidae families, are lethal insect parasites that have mutualistic
associations with the bacteria of the genera Photorhabdus and Xenorhabdus,
respectively. When the infective juveniles (IJs) enter a host, they release their
associated bacteria, which grow rapidly within the nutrient-rich haemolymph,
while producing toxins, and other metabolites, that kill off the insect within 48
hours of infection. Consequently, EPN are used as biological control agents for
a range of pests throughout the world. The capability of IJs to actively disperse
through soil, and to find a host, is an important factor that contributes to the
success of the EPN species as a biocide.

Le Vieux and Malan (2013b) found S. yirgalemense and H. zealandica to be the
most effective endemic EPN isolates for controlling P. ficus, under optimum
laboratory conditions. Extending these studies, the overall objective of the
current study was to gain more insight into the factors affecting the ecology of
S. yirgalemense, in response to olfactory cues produced by grapevine,
Vitis vinifera, roots, and by adult female P. ficus.

Little is known about either the various searching behaviours of EPN, or about the
role of chemical communication in the soil, but it is believed that EPN make use
of chemoreception to find their insect hosts. EPN have been found to respond
to host-associated volatile cues, such as faeces and CO2 (Lewis et al., 2006).
In addition, stimuli are released by healthy plant roots, which might signify a
potential habitat for hosts, thus influencing nematode movement and behaviour
(Lei et al., 1992; Van Tol et al., 2001). Rasmann et al. (2005) and Van Tol et al. (2001)
have identified that plants are not passive victims of herbivorous insects. Instead,
they have identified a tritrophic level of interaction, whereby the stimuli that

MATERIALS AND METHODS
Source of nematodes and insects
IJs were reared at room temperature, using codling moth, and were harvested
within the first week of emerging. Steinernema yirgalemense, which were
originally obtained from previous local surveys, were maintained, and stored, in
the Stellenbosch University nematode collection (Malan et al., 2011).
A laboratory colony of P. ficus was established and reared on butternuts at 25°C,
while C. pomonella eggs and diet were obtained from Entomon Technologies
(Pty) (Ltd), Stellenbosch. These were reared to last-instar larval stage under
diapausing conditions [photoperiod 10:14 (L:D)], at 25°C, and at 60% humidity,
and were stored in the diet, in a closed container in a cold room that was kept at
5°C, until needed.
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Cue attraction response for S. yirgalemense
A three armed olfactometer was assembled. Three small holes were made in
the sides of a 7 cm-diameter petri dish and one small hole, to fit the tip of an
Eppendorf pipette, in the centre of the lid. Three disposable plastic pipettes
were cut to remove the centre column; the front 4 cm and the bulb of each were
then reconnected. The Petri dish, together with the three modified pipettes, was
filled with sterilised river sand, prepared at a ratio of 1:10 v/v of water and sand.
The lid was placed on the Petri dish, and sealed. The tips of the three pipettes
were inserted into the holes in the Petri dish. Of the three bulbs, one contained
nothing (control), the second contained 15 P. ficus adults, and the third contained
0.5 g of V. vinifera roots, cut into small pieces (Fig. 1).
The experimental set-up, containing the study subjects, was left for 6 hours, to
allow a chemical gradient to develop in the sand. Approximately 2 000 nematodes,
concentrated in 100 µl water, were pipetted through a small hole made in the centre
of the lid of the Petri dish, after which the hole was sealed off. The apparatus was
left in a dark growth chamber at 25°C for 24 hours, after which the contents of each
pipette arm were emptied out separately into a Petri dish. After the mealybugs were
removed, the inside of the arm, and the bulb, were rinsed out. Water was then added,
and the IJs were counted, with the aid of a stereomicroscope. The mealybugs were
then placed on moistened filter paper, and they were left for a further 48 hours in
the incubator, after which time each was dissected for the presence of developed
nematodes. Those found were counted, and added to the total that had been found
in the olfactometer arm. The same experiment was repeated on three different test
dates, using fresh batches of nematodes.

FIGURE 1. Assembled three-armed olfactometer, with arm bulbs containing mealybugs,
vine roots and an empty arm bulb that served as control. A total of 2 000 IJs/100 µl water
of Steinernema yirgalemense were pipetted into the centre hole of the Petri dish,
which was then resealed.

RESULTS
Significant differences were evident between the average numbers of
S. yirgalemense IJs found in the three arms of the olfactometer. In the case of
the control a mean of only four nematodes were found, in comparison with the
olfactory arm with the grape vine roots in which 242 nematodes were found and
the arm with mealybugs with 133 IJs (Fig. 2).
DISCUSSION
There is a large gap in the understanding of below-ground interactions and
how roots are able to gain protection from herbivory through chemical defence
mechanisms. As such, studies suggest that the defence mechanisms of roots
may be the same as in above-ground tissues (Hunter, 2001). There is increasing
information that roots secrete chemicals that initiate dialogue between the
plant roots and soil microbes such that infested plants have the ability to attract
predators of the pest, in a ‘cry for help’ (Badri & Vivanco, 2009). Communication
with the surrounding environment is done by utilising the release of volatile
organic compounds. The volatile compounds mostly responsible for defence and
resistance activities are known as terpenes, of which its biosynthesis by roots and
function is an area that has been relatively unexplored (Tholl, 2006).
Vitis vinifera is susceptible to many pathogens and is known to show few
induced responses to their attack. Recently, Lawo et al. (2011) conducted the
first comparative study on the production of volatile metabolites by uninfested
and grape phylloxera infested root tips of the grapevine. Nine terpenes were
identified to be metabolites of the vine root, of which beta-caryophyllene was
produced due to herbivore attack (Lawo et al., 2011). Considering that phylloxera

FIGURE 2. The mean number of Steinernema yirgalemense infective juveniles recovered
from olfactometer arms connected to bulbs containing either adult Planococuss ficus
females, grapevine roots or nothing, 24 hours after inoculation. Different lettering on bars
indicates a significant difference.
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also belongs to the Hemiptera, such as P. ficus, it is likely that the feeding of
P. ficus on the vine roots will also initiate the production of beta-caryophyllene.
It is known that beta-caryophyllene produced by insect herbivory on maize roots,
strongly attracts the IJ of Heterorhabditis megidis (Boff et al. 2001).
The three-armed olfactometer that was designed in this study showed that
artificially damaged V. vinifera roots attracted a significantly larger number of
nematodes than did P. ficus adult females. This test suggests two important
ecological factors concerning S. yirgalemense. One is that S. yirgalemense actively
responds to host cues, and moves towards the source of the organic compounds,
which finding opposes the findings of De Waal et al. (2011), and, secondly, that
S. yirgalemense has a greater attraction to the volatiles produced by roots than
to those produced by the insect, P. ficus, feeding on it. In this instance, it is fair to
deduce that V. vinifera could be involved (under natural conditions) in tritrophic
interactions involving EPNs and such insect herbivores as P. ficus.
The great importance of the olfactometry test is that it is now clear that
S. yirgalemense can detect host and plant cues, and that it will seek out both in the
search for a new host. It is also encouraging to know that V. vinifera roots produce
compounds under stress, such as when damaged by the feeding of insects,
including by the soil stages of weevils, to which S. yirgalemense responds actively.
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SUMMARY
Within the vineyard environment, there are many biotic and abiotic factors that
influence the infectivity of entomopathogenic nematodes. Consequently, the efficacy
of nematodes, as a biological control agent for the control of the vine mealybug,
Planococcus ficus, on the roots of a grapevine is directly affected by such environmental
factors. Results from an olfactometry test indicated a significant difference concerning
the number of S. yirgalemense that were attracted to artificially damaged Vitis
vinifera roots (242 nematodes) and P. ficus (133 nematodes), indicating the active
movement of the nematodes, and the attractiveness of organic compounds produced
by the roots. This study showed that cues from damaged grapevine roots can affect
entomopathogenic nematodes and their abilities as biocontrol agents.

For further information contact Antoinette Malan at apm@sun.ac.za.
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The calibration of herbicide spray pumps and responsible use of plant protection
products was the topic of a workshop for the Eksteenskuil farmers presented by
ARC Infruitec-Nietvoorbij, in collaboration with Terason.
Since 1997 ARC Infruitec-Nietvoorbij has been involved in training and
technology transfer to producers from the Eksteenskuil community near Keimoes
in the Northern Cape. Effective weed control in vineyards is one of the matters
that have been addressed on an ongoing basis. It nevertheless remains a huge
problem for some of the producers, in young vineyards especially (Photo 1).
New vineyards are currently being established on a fairly large scale thanks to
funding from the government and other bodies, for example Farming South
Africa, inter alia by producers who have never owned vineyards. Even though the
establishment cost is being funded by these bodies, producers do not receive
any working capital to manage the vineyards. The lack of working capital is a

huge problem for many new entrants to the grapevine industry, because they do
not have the necessary funds to apply effective weed control. There is no money
for labour to hoe the young vineyards. Consequently many of these young
vineyards are being overgrown by weeds which suppress the growth of young
grapevines. As a result these grapevines take much longer than usual to come
into production. In some blocks the grapevines have not been developed on
trellis systems even after three years. This is detrimental to the capital investment.
In many production vineyards weeds are also a significant problem, the result
being that yields are way below average.
Chemical weed control, instead of hoeing, is being applied on an extensive scale.
In many instances this is ineffective because the spray pumps are not properly
calibrated, or the correct dosage is not being applied. To address this problem,
Danie van Schalkwyk of ARC Infruitec-Nietvoorbij, currently project leader of

PHOTO 1. Example of poor weed control (left) in young vineyards at Eksteenskuil and a few instances where good weed control (right) was applied.
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PHOTO 2. Eksteenskuil farmers measure the volume of water delivered by their
weed control spray pump.
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this training and technology transfer project of Winetech, presented a workshop
last year to teach producers how to calibrate a herbicide spray pump. One of the
spray pumps belonging to Eksteenskuil Agricultural Co-operative was used for
the demonstration. During the demonstration the volumes delivered by the spray
pump heads were measured to illustrate why they do not obtain effective weed
control (Photo 2). Three of the spray heads on the spray beam delivered more or
less the same volume of water, while the other two spray heads produced much
larger volumes. The reason for this was that different types of spray heads had
been installed on the spray beam. Apart from this problem it was discovered,
following discussions with the producers, that sprays were being applied at the
incorrect spray pressure, speed, revolutions, volume of water sprayed per hectare
and insufficient concentrations. Furthermore some of the revolution gauges
on the tractors and pressure gauges on the spray pumps were out of order. Van
Schalkwyk gave practical tips on how to overcome such problems.
Stefan Jordaan from Terason on Kanoneiland, who was also involved in the
workshop, assisted the producers with the application dosages of various
herbicides. Each producer received a herbicide calibration worksheet to assist
them with the calibration of their spray pumps in future. Those who attended the
training should not experience any problems with the calibration of a herbicide
spray pump. They should also be able to assist other producers. The effective
control of weeds, both in bearing and non-bearing young vineyards, should
improve with accurate spray pump calibration and application in future.
Because few Eksteenskuil producers have sufficient knowledge of the correct way
to handle plant protection products, Jordaan was approached to present a course
on the responsible use of plant protection products as part of the workshop.
The 24 producers who participated in this workshop found the course extremely
helpful. An exam was written and only one person did not pass. Certificates

PHOTO 3. Jordaan with some of the Eksteenskuil farmers who received certificates
for the responsible use of plant protection products.

were handed to some of the
participants attending the
course (Photo 3). This certificate
certifies that the person has
sufficient knowledge to use
plant protection products
responsibly. This also adds
value to the producer and his/
her farm when products are
being marketed to foreign
buyers especially. Many of
their products are purchased
by Fairtrade, consequently
they are subject to strict audits
regarding the handling of plant
protection products.
The intention is to present this
training and course to more
producers from the Eksteenskuil
farming community in order to
empower as many producers as
possible with the expertise to
calibrate herbicide spray pumps
and use plant protection products responsibly. The expansion of grapevine
plantings at Eksteenskuil necessitates ongoing training and technology transfer
in this community. This training and technology transfer project is being funded
by Winetech and will continue for as long as funds are available.

For more information contact Danie van Schalkwyk at vschalkwykd@arc.agric.za and Stefan Jordaan at sjordaan@terason.co.za.
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This article is the first
of a series in which the
effect of different soil
management practices,
applied in different wine
grape regions, on the
soil and grapevines will
be discussed. Species
suitable for cover crop
management in the
different regions will
be mentioned, as well
as guidelines to help
maximise cover crop dry
matter production and
weed control efficacy.
In this article the effect
of soil management
on soil compaction,
root distribution, water
runoff and erosion is
discussed.
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INTRODUCTION
Soil tillage can be defined as the management of soil after
soil preparation, to create the most favourable conditions
for grapevine roots. The soil is managed to eliminate weed
competition, maintain the optimal soil physical conditions
created by expensive soil preparation practices, increase water
infiltration and thereby restrict water runoff and erosion,
conserve soil water, as well as improve soil aeration. These
goals can be achieved by manipulating the 0-300 mm soil
layer, also known as secondary tillage. Secondary tillage can
be divided into two categories, namely mechanical cultivation
and minimum tillage. Minimum tillage can be divided into
three categories, namely the slashing of weeds, chemical weed
control and cover crop management. Currently, the abovementioned categories are not used in isolation and the soil
management programs applied in vineyards use more than
one of these techniques.
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The maintenance and possible improvement of soils on a
farm is of the utmost importance to both the producer and
his successors. The consumer also demands that the use
of chemicals, and the negative effect of agriculture on the
environment, must be restricted to the required level. However,
it is also important that the soil cultivation practice applied by
the producer must be sustainable and economically viable. The
extent to which the producer can satisfy the above-mentioned
concerns and demands whilst accommodating the economic
realities, will determine the measure of his success. One of the
determining factors will be the application of the correct long
term soil cultivation strategy. To achieve these goals, a soil
management strategy needs to be applied after soil preparation
which, inter alia strives to maintain the soil physical conditions
created to help ensure a favourable root environment, whilst
restricting water runoff and erosion to a minimum.
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The ploughshares or discs from soil cultivation implements that pass at the same
depth on a regular basis, gradually seal the soil pores at that working depth.
Furthermore, silt and clay particles are washed from the loosened soil to the
deeper soil layers by rain or irrigation, where it clogs the soil pores. This results
in the formation of a compacted soil layer through which the grapevine roots
penetrate with difficulty. The highest degree of compaction takes place when
the soil water content is near field water capacity (Fig. 1). Unfortunately soils are
mostly cultivated at this stage. Regular mechanical cultivation of a non-irrigated
Clovelly soil near Stellenbosch resulted in the near absence of grapevine roots
in the 0-200 mm soil layer (Fig. 2). A permanent sward (consisting mainly of
ryegrass, Medicago species and winter grass) slashed regularly throughout the
grapevine growing season, also resulted in nearly no grapevine roots being
present in the 0-200 mm soil layer. In contrast to this, weeds or cover crops
controlled chemically over the full surface from grapevine bud break to harvest
allowed the grapevine roots to populate the whole soil profile. In doing so,
the grapevine roots could utilise 25% more soil volume than the other two
management practices, the additional soil being the layer that is generally the
most fertile. In cases where the restrictive layer is shallower than 800 mm, this
effect will be even greater.

Bulk density (kg/m3)

CONTENTS

MAINTAINING THE SOIL PHYSICAL CONDITIONS

CONTRIBUTING AUTHORS

FOREWORD
FIGURE 1. Compaction of a Clovelly soil at different soil moisture levels during tillage
(Van Huyssteen & Weber, 1980a).
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FIGURE 2. Root distribution under four different soil cultivation practices
(Van Huyssteen & Weber, 1980b).
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In the event where tractor traffic is allowed on prepared soils, the soil will recompact rapidly (Fig. 3). Mechanical cultivation executed directly after soil
preparation, to level the soil surface or establish cash crops before a vineyard
is established, will cause the soil to compact at the working depth. As a result,
deeper soil layers become nearly inaccessible to the grapevine roots (Fig. 4).

CONTENTS

WATER RUNOFF AND SOIL EROSION
Crusting is caused by the impact of water droplets on the soil surface during
rainfall or irrigation, resulting in the total disintegration of the top 2 mm soil
layer. Although the soil surface crust is very thin, it acts as a seal that restricts
water from penetrating the soil. Crust formation can be prevented by limiting
mechanical soil cultivation to the necessary minimum. The soil should be
covered by means of an actively growing cover crop in the work row and a layer
of dead plant residues (mulch) in the vine row during winter and should also be
mulched during summer. In doing so, water runoff during winter rainfall (Fig. 5)
or irrigation (Fig. 6) and the accompanying erosion (Fig. 7 & 8), will be restricted
to a minimum.
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FIGURE 3. Re-compaction that occurred after two passes with a wheel tractor
on a prepared soil.

Directly after soil preparation, the loosened soil tends to be washed away by
heavy rains. It is, therefore, a wise decision to immediately lay out the vineyard
and establish a cover crop (Fig. 9), in order to prevent erosion that can sometimes
reach catastrophic proportions (Fig. 10).

FIGURE 4. Typical examples of restricted root growth in a (a) non-bearing and (b) full-bearing vineyard, as a result of indiscriminate mechanical
soil cultivation after soil preparation has been done.
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FIGURE 5. Water runoff as a percentage of the total rainfall measured over
34 rain incidents during 1991 on a Glenrosa soil at Nietvoorbij experiment
farm near Stellenbosch (Louw, 1991).

FIGURE 7. Total erosion during seven rain incidents in 1991, measured on a
Glenrosa soil at Nietvoorbij experiment farm near Stellenbosch (Louw, 1991).
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FIGURE 6. Water runoff during an irrigation of 46 mm, which was applied at a rate
of 12 mm/hour on a Glenrosa soil at Nietvoorbij experiment farm near
Stellenbosch (Louw, 1991).

FIGURE 8. Soil erosion observed in a young non-bearing vineyard with no
protective mulch or winter growing cover crop.

Figuur
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FIGURE 10. Severe soil erosion can occur after soil preparation, if a cover crop is not
established to restrict water runoff during rain incidents.
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SUMMARY
FIGURE 9. An excellent stand of rye (Secale cereale cv. Henog) sown full surface at a seeding
density of 150 kg/ha directly after soil preparation was completed. The seeds were left to
germinate on the soil surface as no implement is allowed to pass over the soil at this stage.
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In Part 2, the effect of different soil cultivation practices on the organic
carbon content of soils found in three wine grape regions, will be discussed.

44

Tractor traffic or mechanical cultivation directly after soil preparation will
cause compaction that will make the deeper soil layers nearly inaccessible
to grapevine roots. Weeds or cover crops controlled chemically over the
full surface from just before grapevine bud break to harvest allowed the
grapevine roots to populate the whole soil profile. An actively growing
cover crop during winter and a mulch during summer will restrict water
runoff and erosion to a minimum.

For further information contact Johan Fourie at FourieJ@arc.agric.za.
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This article is the second
of a series in which
the effect of different
soil management
practices, applied in the
different wine grape
regions, on the soil
and grapevines will
be discussed. Species
suitable for cover crop
management in the
different regions will
be mentioned, as well
as guidelines to help
maximise cover crop dry
matter production and
weed control efficacy. In
this article the effect of
soil management on the
soil organic carbon (C) is
discussed.
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INTRODUCTION
Maintaining or improving soil quality is critical for sustainable
production in agriculture (Reeves, 1997). Adding organic
matter to the soil can protect and even improve the structure
of soils. Soil with a clay content of 6% or more may provide
the grapevines with sufficient amounts of nitrogen (N) where
the level of organic carbon (C) in the soil is equal to, or more
than 0.9% (Conradie, 1994). For soils with a clay content of
less than 6%, the application of N may be unnecessary if the
C content of the soil exceeds 0.6%. To achieve these goals,
a soil management strategy needs to be applied after soil
preparation which inter alia strives to maintain or improve the
organic C content of the soil.
ORGANIC C CONTENT OF SOIL
High soil temperatures increase the tempo of organic matter
breakdown, which is also enhanced when the soil is aerated
during mechanical cultivation. Soil cultivation practices that
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keep the soil cool and do not aerate the soil excessively should,
therefore, be applied, to facilitate the slow release of nutrients
and promote the build-up of organic matter. A straw mulch on
the soil surface resulted in the coolest soil temperatures at a
depth of 200 mm, as measured in a medium textured soil during
the growing season of the grapevines (Fig. 1).
Sandy soil (98.6% sand) near Lutzville (31°35’S, 18°52’E),
Olifants River Valley
The organic C content of the 0-300 mm soil layer increased by
25%-55% over a period of five years, where cover crops were
sown annually and the cover crops and weeds were controlled
chemically over the full surface from just before grapevine bud
break to harvest (Table 1). After 10 years an increase of 42%200% occurred. Where no cover crop was sown and the weeds
were controlled mechanically in the work row from bud break,
the organic C content of the soil increased unexpectedly by
10% and 20% after five and 10 years respectively.
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FIGURE 1. Effect of different soil cultivation practices on the soil temperature in a sandy clay loam soil,
as measured at a depth of 200 mm.

CELLAR

TABLE 1. Effect of different soil cultivation practices on the organic carbon (C) content in the 0-300 mm soil layer of a sandy soil near Lutzville, Olifants River Valley.
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Practice

Organic C (%)
1993

1998

% increase

2003

% increase

Rye (Secale cereale), full surface chemical control from just before bud break to harvest (BB)

0.12

0.18

50

0.21

75

Pink Seradella (Ornithopus sativus), BB

0.11

0.17

55

0.21

91

“Paraggio” medic (Medicago truncatula), BB

0.12

0.15

25

0.17

42

“Saia” oats (Avena strigosa), BB

0.10

0.13

30

0.17

70

Grazing vetch (Vicia dasycarpa), BB

0.12

0.18

50

0.36

200

No cover crop, mechanical cultivation from bud break work row, chemical control vine row
from just before bud break to harvest

0.10

0.11

10

0.12

20

No cover crop, BB

0.13

0.13

0

0.11

-15
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TABLE 2. Effect of different soil cultivation practices on the organic carbon (C) content in the 0-300 mm soil layer of a sandy loam soil near Stellenbosch, Coastal Region.
Organic C (%)

Practice

CONTENTS

CONTRIBUTING AUTHORS

1993

1998

% increase

2003

% increase

Rye (Secale cereale), full surface chemical control from just before bud break to harvest (BB)

0.55

0.71

29

1.23

124

“Overberg” oats (Avena sativa), BB

0.53

0.65

23

0.88

66

“Saia” oats (Avena strigosa), BB

0.55

0.73

33

0.90

64

“Kelson” medic (Medicago scutellata), BB

0.43

0.56

30

0.94

119

“Paraggio” medic (Medicago truncatula), BB

0.51

0.68

33

0.69

35

No cover crop, mechanical cultivation from bud break work row, chemical control vine row from just
before bud break to harvest

0.58

0.49

-16

0.62

7

0.55

0.55

0

0.69

25

No cover crop, BB

TABLE 3. Effect of different soil cultivation practices on the organic carbon (C) content in the 0-300 mm soil layer of a sandy clay loam soil near Robertson, Breede River Valley.
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1994

1996

% increase

2003

% increase

Triticale (Triticale), full surface chemical control from just before bud break to harvest (BB)

0.58

0.69

19

0.92

59

Grazing vetch (Vicia dasycarpa), BB

0.61

0.70

15

0.90

48

Rye (Secale cereale)/Faba bean (Vicia faba) mixture, BB

0.54

0.59

9

0.91

69

Triticale/grazing vetch annual rotation, BB

0.60

0.67

12

0.97

62

Triticale/grazing vetch biennial rotation, BB

0.54

0.69

28

0.98

81

Dwarf Fescue (Festuca arundinaceae), perennial grass, work row slashed, chemical control vine row
from just before bud break to harvest (CC)

0.65

0.76

17

0.80

23

No cover crop, mechanical cultivation from bud break work row, CC

0.59

0.54

-8

0.75

27

No cover crop, BB

0.52

0.57

10

0.79

52

These increases were attributed to the weed spectrum being dominated by
annual grasses. Full surface chemical weed control applied where no cover crop
was established, resulted in the organic C of the 0-300 mm soil layer remaining
constant during the first five years. However, thereafter it declined by 15%
compared to the initial level observed. This trend was attributed to the weed
spectrum being dominated by soft herbaceous broadleaf weeds.
Sandy loam soil (18% clay) near Stellenbosch (33°55’S, 18°52’E), Coastal Region
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The organic C content of the 0-300 mm soil layer improved by 23%-33% over a
period of five years where cover crops were sown annually and the cover crops
and weeds were controlled chemically over the full surface from just before
grapevine bud break to harvest (Table 2). After 10 years increases of 35%-

124% were observed. Establishing no cover crop and controlling the weeds
mechanically in the work row from bud break, resulted in a decrease of 16% in
the organic C content after a period of five years. During the following five years
the organic C content increased by 7% compared to the initial value observed.
In the absence of a cover crop, full surface chemical control of the weeds from
bud break resulted in no change in the organic C content of the 0-300 mm soil
layer for a period of five years. However, an increase of 25% was recorded after
another five years. In the case of the last-mentioned two soil cultivation practices
the weed spectrum was dominated by herbaceous annual broadleaf species for
the first five years. During the following five years the spectrum changed to being
dominated by annual grasses. Unfortunately in this instance ryegrass (Lolium
species) was the dominant weed.
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Sandy clay loam soil (27% clay) near Robertson (33°50’S, 19°54’E),
Breede River Valley
The organic C content of the 0-300 mm soil layer increased by between 9%
and 28% over a period of two years, where cover crops were sown annually
and the cover crops and weeds were controlled chemically over the full surface
from just before grapevine bud break to harvest (Table 3). After nine years this
practice resulted in an increase of between 48% and 81%. Dwarf Fescue (Festuca
arundinaceae), a permanent cover crop, increased the organic C level in the 0-300
mm soil layer by 17% over a period of two years, which is similar to that achieved
with the annual cover crops. After another seven years, a further increase of
only 6% was observed. This relatively small increase was attributed to gradual
decline in the performance of this perennial crop over time due to the cover
crop being invaded by weeds. Establishing no cover crop and controlling the
weeds mechanically in the work row from bud break, resulted in a 9% decline in
the organic C content over a period of two years. However, during the following
seven years the organic C content increased by 27% compared to the initial value.
This was attributed to a rapid increase in the winter growing grass annual ripgut
brome (Bromus diandrus). In the absence of a cover crop, full surface chemical
weed control from bud break resulted in a 10% increase in the organic C of the
0-300 mm soil layer after two years. In the following seven years it increased
by another 42%. As for the sandy soil near Lutzville, the weed spectrum was
gradually dominated by annual grass weeds.

Fourie, J.C., 2012. Soil Management in the Breede River Valley Wine Grape Region,
South Africa. 4. Organic matter content and macro-nutrient content of a mediumtextured soil. South African Journal of Enology & Viticulture 33, 105-114.
Fourie, J.C., Louw, P.J.E. & Agenbag, G.A., 2007. Cover crop management in a
Chardonnay/99 Richter vineyard in the Coastal Wine Grape Region, South Africa.
3. Effect of different cover crops and cover crop management practices on
organic matter and macro-nutrient content of a medium-textured soil. South
African Journal of Enology & Viticulture 28, 61-68.
Fourie, J.C., Louw, P.J.E. & Agenbag, G.A., 2007. Cover crop management in a
Sauvignon blanc/Ramsey vineyard in the semi-arid Olifants River Valley, South
Africa. 3. Effect of different cover crops and cover crop management practices
on the organic matter and macro-nutrient contents of a sandy soil. South African
Journal of Enology & Viticulture 28, 92-100.
Reeves, D.W., 1997. The role of soil organic matter in maintaining soil quality in
continuous cropping systems. Soil & Tillage Research 43, 131-167.

In Part 3 the effect of the different soil cultivation practices on the average
amount of irrigation water needed per hectare per year is discussed.
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The use of an annual species as a winter cover crop resulted in the biggest
increase of soil organic matter, irrespective of the wine producing area or soil
type. A permanent cover crop will not achieve the same result due to it being
infested by weeds over the medium to long term. The organic matter content of
the soils may be increased by the winter growing weeds, with the prerequisite
that the spectrum must be dominated by winter growing grass annuals.
REFERENCES
Conradie, W.J., 1994. Vineyard fertilisation. Proceedings of a workshop on
vineyard fertilisation, Nietvoorbij, 30 September, ARC – Fruit, Vine and Wine
Research Institute, Private Bag X5026, Stellenbosch, 7599, RSA.

SUMMARY
The use of an annual species as winter cover crops resulted in the biggest
increase of soil organic matter, irrespective of the wine producing area or
soil type. A permanent cover crop will not achieve the same result due to
infestation by weeds over the medium to long term. The organic matter
content of the soils may be increased by the winter growing weeds, with the
prerequisite that the spectrum must be dominated by winter growing grass
annuals.

For further information contact Johan Fourie at FourieJ@arc.agric.za.
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This article is the third
of a series in which the
effect of different soil
management practices,
applied in the different
wine grape regions, on
the soil and grapevines
is discussed. Cover
crops suitable for cover
crop management in
the different regions will
be mentioned, as well
as guidelines to help
maximise cover crop dry
matter production and
weed control efficacy.
In this article the effect
of soil management on
the average amount of
irrigation water needed
per hectare per annum
is discussed.
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In the previous two publications, the effect of different soil
cultivation practices on soil compaction and subsequent water
runoff and erosion, grapevine root distribution, as well as soil
organic matter content, were discussed.
INTRODUCTION
As water is a scarce commodity in South Africa, it is important
to determine to which extent the different soil cultivation
practices affect the amount of water needed to produce an
acceptable harvest.
EFFECT OF SOIL MANAGEMENT ON THE AMOUNT OF
IRRIGATION WATER NEEDED PER HECTARE PER YEAR
Three trial sites were chosen, each in a different wine grape
region of the Western Cape. The soils were chosen to be
representative of those commonly found in the region. The
vineyards were irrigated by means of micro-sprinklers with a
360° wetting pattern, delivering 25.7 ℓ/h, and mounted in the
upright position.
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Sandy soil (98.6% sand) near Lutzville
(31°35’S, 18°52’E), Olifants River Valley
This study was conducted in a Sauvignon blanc/Ramsey
vineyard trained on a seven-strand double lengthened Perold
trellis system (Booysen et al., 1992). The vines were spaced
1.5 m in the row and 3.0 m between rows. Irrigation of the
cover crops was scheduled in accordance with the guidelines
supplied by Fourie et al. (2001), depending on the availability
of water during winter (Fourie et al., 2005). During the trial
period an average of 106 mm of rain fell from April to August,
while the summer rainfall averaged 33 mm, totalling 139 mm
per season. During summer, the soil water matric potential
was measured by means of mercury manometer tensiometers,
installed on the vine row at depths of 300 mm, 600 mm and
900 mm. Soil water retention curves and drainage curves,
determined by Conradie & Myburgh (2000) for a similar soil
adjacent to the trial site, were used to convert matric potential
to soil water content. Field capacity was estimated at the point
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FIGURE 1. The effect of different soil cultivation practices on the amount of irrigation water needed per hectare per annum for micro-sprinkler
irrigation of a Sauvignon blanc/Ramsey vineyard trained on a seven-strand double lengthened Perold trellis system, situated near Lutzville.
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TABLE 1. Average monthly temperatures (°C) measured near the trial sites situated near Lutzville, Stellenbosch and Robertson.
Month
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Stellenbosch

Robertson

Lutzville

April

17.0

18.1

18.8

May

14.3

15.1

16.2

June

12.7

12.6

14.8

July

12.7

12.0

14.5

August

12.9

12.8

14.8

September

13.9

14.9

15.9

October

16.7

17.5

18.4

November

19.2

20.0

20.5

December

19.8

22.0

20.5

January

21.4

23.2

22.0

February

21.8

23.0

22.1

March

21.3

21.5

21.8
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FIGURE 2. The effect of different soil cultivation practices on the irrigation water needed per hectare per annum for micro-sprinkler irrigation of
a Chardonnay/99 Richter vineyard trained on a seven-strand double lengthened Perold trellis system, situated near Stellenbosch.
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FIGURE 3. The effect of different soil cultivation practices on the irrigation water needed per hectare per annum for micro-sprinkler irrigation of
a Chardonnay/99 Richter vineyard trained on a seven-strand double lengthened Perold trellis system, situated near Robertson.
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where the drainage rate began to decrease. Weekly tensiometer readings, taken
before irrigation, were used to calculate the amount of water needed to restore
the soil to field water capacity. The required amount of water was applied weekly
from bud break (first week of September) to harvest (first week of February).
The average amounts of water applied in the treatments from the 1994/95 to
the 2002/03 seasons are shown in Figure 1. The vineyards in which no cover crop
was sown and in which the weeds were controlled from just before bud break to
harvest, either mechanically (MC) or chemically (BB), required irrigations totalling
816 mm and 813 mm per hectare per annum, respectively. The vineyards in which
BB was applied to three annual species, namely rye (Secale cereale), pink Seradella
(Ornithopus sativus) and ‘Saia’ oats (Avena strigosa), required between 78 mm and
85 mm per hectare per annum less water than those in which no cover crops
were established. Controlling the cover crops chemically at the end of November
(AB) to allow the species to ripen their seeds and die back naturally, caused the
water consumption to increase by 80 mm, 87 mm and 93 mm for pink Seradella
(nitrogen (N)-fixer), rye and ‘Saia’ oats, respectively, compared to the BB treatment
of the species. The amount of irrigation water applied in the AB treatments of
rye and pink Seradella, was similar to the amounts needed by the BB treatments
in which no cover crops were sown. The average amounts of irrigation water
applied in ‘Saia’ oats (NB) and the treatment in which ‘Saia’ oats were mechanically
incorporated into the soil during grapevine bud break (MC) were 11 mm to
15 mm per hectare per year more than those of the BB treatments in which no
cover crops were sown.
In this region with its low annual rainfall and relatively high temperatures
between autumn and spring (March to November) (Table 1), frequently burdened
with water restrictions, a winter growing grain or N-fixing annual should be
established and controlled chemically just before or during bud break. In doing
so, a summer mulch is created which may reduce the amount of irrigation water
needed for micro-sprinkler irrigation by as much as 85 mm per hectare per
annum.
Sandy loam soil (18% clay) near Stellenbosch (33°55’S, 18°52’E),
Coastal Region
This study was conducted in a Chardonnay/99 Richter vineyard trained on a
seven-strand double lengthened Perold trellis system (Booysen et al., 1992). The
vines were spaced 1.5 m in the row and 2.75 m between rows. Irrigation of the
cover crops was scheduled in accordance with the guidelines supplied by Fourie
et al. (2001) for the first 10 weeks after sowing, and only occurred when the
rainfall was insufficient. Thereafter, the cover crops were totally dependent on
the winter rainfall, which was on average 109 mm for June, 127 mm for July and
121 mm for August. During the trial period an average of 515 mm of rain fell from
April to August, while the summer rainfall averaged 109 mm, totalling 705 mm
per season. During summer the soil water content was determined weekly with a
neutron moisture probe (CPN, series number H340502024). The neutron moisture
probe was calibrated against gravimetric soil water content. Plant available water
(PAW) was defined as the water retained between field water capacity and -0.1
MPa. The grapevines were irrigated to field water capacity when approximately
60% PAW was depleted (P.A. Myburgh, personal communication, 1993).
The average amounts of water applied in the treatments from the 1995/96 to the
1999/2000 season are shown in Figure 2. The MC and BB treatments in which no

cover crop was sown required irrigations totalling 233 mm and 231 mm per hectare
per annum, respectively. The vineyards in which BB was applied to three annuals,
namely rye, oats (Avena sativa) and ‘Paraggio’ medic (Medicago truncatula), required
between 34 mm and 50 mm per hectare per annum less irrigation than those in
which no cover crops were established. Controlling the cover crops chemically at
the end of November (AB) to allow the species to ripen their seeds and die back
naturally, caused the water consumption to increase by 39 mm, 51 mm and 55
mm for rye, oats and ‘Paraggio’ medic (N-fixer), respectively, compared to the BB
treatment of the species. The amount of irrigation water needed by rye (AB) was
approximately 10 mm less than those of the BB treatments in which no cover crops
were established. This was attributed to the rainfall being higher in this region
than those of the other two regions, which reduced the need for irrigation from
September to November, as well as the relatively short life cycle of rye. In the case
of oats (AB) and ‘Paraggio’ medic (AB), the amounts of irrigation water needed
exceeded those of the BB treatments in which no cover crops were established by
between 9 mm and 21 mm.
Despite the monthly average temperatures recorded in this region from
September to May being the lowest (Table 1) and the annual rainfall being
the highest, a winter growing grain or N-fixing annual should be controlled
chemically before or during bud break. This will create a summer mulch which
may save up to 50 mm of irrigation water per hectare per annum in this region.
Sandy clay loam soil (27% clay) near Robertson (33°50’S, 19°54’E),
Breede River Valley
This study was conducted in a Chardonnay/99 Richter vineyard trained on a
seven-strand double lengthened Perold trellis system (Booysen et al., 1992).
The vines were spaced 1.5 m in the row and 2.75 m between rows. From April to
August, the cover crops were irrigated according to the guidelines supplied by
Fourie et al. (2001). An average of 178 mm of rain fell from April to August, while
the summer rainfall averaged 100 mm, totalling 278 mm per season during the
trial period. During summer, the irrigation was scheduled as described for the
sandy loam soil near Stellenbosch.
The average amounts of water applied in the treatments from the 1995/96 to
the 2004/05 season are shown in Figure 3. The MC and BB treatments in which
no cover crop was sown required irrigations totalling 631 mm and 592 mm
per hectare per annum, respectively. The vineyards in which BB was applied
to triticale (Triticale cv Usgen 18) and grazing vetch (Vicia dasycarpa) required
between 30 mm and 86 mm per hectare per annum less irrigation than those in
which no cover crops were established. Controlling the cover crops chemically at
the end of November (AB) to allow the species to ripen their seeds and die back
naturally, caused the water consumption to increase by 37 mm and 79 mm for
triticale and grazing vetch, respectively, compared to the BB treatment of the
species. The permanent cover crop, namely dwarf Fescue (Festuca arundinaceae),
that was allowed to grow in the work row throughout the season and slashed
when it exceeded a height of 300 mm, necessitated irrigations totalling 731 mm
per hectare per annum. This exceeded the water consumption of the treatments
in which the cover crops or weeds were controlled during bud break by between
100 mm and 186 mm per hectare per annum. This highly significant difference
is attributed to the relatively high temperatures that occur in this region
during the summer months, especially from December to February (Table 1).
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Establishing a permanent cover crop in the grapevine inter row can, therefore,
not be recommended as a soil management practice in the Breede River Valley
or any other wine grape region where water is a scarce commodity. The results
indicate that a winter growing grain or N-fixing annual should be established
and controlled chemically before or during bud break, to create a summer mulch
which may save up to 86 mm of irrigation water per hectare per annum in this
region.
CONCLUSIONS
Establishing a winter growing grain or N-fixing annual during April and controlling
it chemically during grapevine bud break, resulted in the least amount of irrigation
water being applied in micro-sprinkler irrigated vineyards, irrespective of the soil or
wine grape region in which the grapes were being cultivated.
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In Part 4 the extent to which the different soil cultivation practices achieve
effective and sustainable weed control will be discussed.

SUMMARY
Establishing a winter growing grain or nitrogen fixing annual during
April and controlling it chemically from just before grapevine bud break,
resulted in the least amount of irrigation water being applied in microsprinkler irrigated vineyards, irrespective of the soil or wine grape region in
which the grapes were being cultivated.

For further information contact Johan Fourie at FourieJ@arc.agric.za.
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This article is the fourth of a
series in which the effect of
different soil management
practices, applied in the different
wine grape regions, on the soil
and grapevines is discussed.
In this article the effect of soil
management on the winter
weed stand is discussed.
In the previous three
publications, the effect of
different soil cultivation practices
on soil compaction, subsequent
water runoff and erosion,
grapevine root distribution, soil
organic matter content, as well
as the effect of these practices
on the amount of water needed
to produce an acceptable
harvest, were discussed.
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JOHAN FOURIE
ARC Infruitec-Nietvoorbij, Stellenbosch
KEYWORDS: Weed control, weed suppression, soil cultivation, soil management.
INTRODUCTION
Weeds compete with crops for nutrients and water,
sustain grapevine pests during winter, and may reduce
harvests by as much as 80%. In the Western Cape,
approximately 80% of the weed species (including the
weeds that are herbicide resistant or difficult to control
chemically) germinate during winter. This necessitates
effective and sustainable weed suppression during winter.
EFFECT OF SOIL CULTIVATION PRACTICES ON THE
STAND OF WINTER GROWING WEEDS
To illustrate the effect that soil cultivation practices
have on the winter weed stand, three examples will be
discussed.
The first example is from a Sauvignon blanc/99 Richter
vineyard trained onto a four strand lengthened Perold
trellis system and established on a sandy clay loam soil
(22% clay) near Paarl. The average winter rainfall (from
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grapevine harvest to grapevine bud break) amounted to
775 mm. The average winter weed stand, measured over
a period of five years (2001 to 2005), was significantly
higher in the minimum cultivation treatment in which no
winter cover crop was established compared to that of the
minimum cultivation treatment in which a winter growing
grain annual was established as cover crop (Figure 1). The
reduction in the stand of winter growing weeds achieved
with the cover crop under these edaphic conditions
amounted to 81%.
The second example is from a Chardonnay/99 Richter
vineyard trained onto a seven strand double lengthened
Perold trellis system and established on a sandy loam soil
(17% clay) near Stellenbosch. The average winter rainfall
amounted to 515 mm. The average winter weed stand,
measured over a period of 10 years (1993 to 2002), was
significantly higher in the minimum cultivation treatment
in which no winter cover crop was established compared
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FIGURE 1. The effect of minimum cultivation with a winter growing cover crop (grain species) or no cover crop on the average (2001 to
2005) winter weed stand at the end of August in a Sauvignon blanc/99 Richter vineyard established on a sandy clay loam soil near Paarl.

FIGURE 2. The effect of grain cover crops and nitrogen-fixing broadleaf cover crops on the average (1993 to 2002) winter weed stand at
the end of August in a Chardonnay/99 Richter vineyard established on a sandy loam soil near Stellenbosch.
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178 mm. However, the rainfall was supplemented with full surface irrigation to
ensure that the soil received 16 mm of water weekly from mid-April to mid-June
and fortnightly from mid-June to August. This was done to help ensure sufficient
cover crop growth. The vineyard, therefore, received a minimum of 224 mm of
water during winter. The average winter weed stand, measured over a period
of 12 years (1993 to 2004), was significantly higher in the minimum cultivation
treatment in which no winter cover crop was established than that of the
minimum cultivation treatments in which a cover crop was established, with the
exception of grazing vetch (Figure 3). Once again, the best result was achieved
with a grain species, namely triticale (Triticale cv. Usgen 18). The percentage
reduction in the stand of winter growing weeds with this winter growing annual
cover crop amounted to 90%. The reduction in the weed stand achieved with
the mixture of rye and Faba bean, as well as the annual and biennial rotations of
triticale and grazing vetch, was between 70% and 77%. The perennial cover crop
dwarf Fescue (Festuca arundinacae) reduced the weed stand by 68%. Although
the difference was not statistically significant, the 52% reduction in the weed
stand achieved with grazing vetch was similar to that reported under wetter
conditions (example 2).
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FIGURE 3. The effect of grain cover crops, nitrogen-fixing broadleaf cover crops and
mixtures thereof on the average (1993 to 2002) winter weed stand at the end of August in
a Chardonnay/99 Richter vineyard established on a sandy clay loam soil near Robertson.
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to those of the minimum cultivation treatments in which a cover crop was
established (Figure 2). Effective weed suppression (weed stand less than 80% of
the stand in the treatment in which no cover crop was established) was achieved
with Overberg oats (Avena sativa cv. Overberg) and Saia oats (Avena strigosa
cv. Saia), which reduced the weed stand by 97% and 93%, respectively. Good
results were also achieved with rye (Secale cereale cv. Henog), which reduced
the weed stand by 76%. The nitrogen-fixing cover crops, namely burr medic
(Medicago truncatula cv. Paraggio), snail medic (Medicago scutellata cv. Kelson),
subterranean clover (Trifolium subterraneum cv. Woogenellup), grazing vetch
(Vicia dasycarpa) and Faba bean (Vicia faba cv. Fiord), reduced the weed stand by
between 52% and 62%.
The third example is from a Chardonnay/99 Richter vineyard trained onto a seven
strand double lengthened Perold trellis system and established on a sandy clay
loam soil (26% clay) near Robertson. The average winter rainfall amounted to
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Effective (80% or more) and sustainable weed suppression (five years or more)
can be achieved during winter by using winter growing grain species. The two
oats species and triticale were the most effective. Although the nitrogen-fixing
broadleaf cover crops were less successful, the winter weed stand could still be
reduced by at least 50%. Although the perennial cover crop did reduce the stand
of winter growing weeds significantly, the practice is not recommended due to
the additional water consumed by this cover crop during summer (see Part 3 of
this series in the July edition).

In Part 5 the extent to which the different soil cultivation practices achieve
effective and sustainable weed control during summer will be discussed.

SUMMARY
Effective suppression of the winter growing weeds was achieved with the
winter growing grain annuals. At least a 50% reduction in the stand of
winter growing weeds can be expected with cover crops, irrespective of
the species employed.

For further information contact Johan Fourie at FourieJ@arc.agric.za.
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This article is the fifth of a series
in which the effect of different soil
management practices, applied in
the different wine grape regions,
on the soil and grapevines is
discussed. In this article the effect
of these practices on the summer
weed stand is discussed.
In Parts 1-4 (see the May to August
issues of WineLand), the effect of
different soil cultivation practices
on soil compaction, water runoff
and erosion, grapevine root
distribution, soil organic matter
content and the amount of water
needed to produce an acceptable
grape harvest were discussed. The
ability of different cover crops to
suppress winter growing weeds,
were also illustrated.
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PART 2

PART 3

JOHAN FOURIE
ARC Infruitec-Nietvoorbij, Stellenbosch
KEYWORDS: Weed control, weed suppression, soil cultivation, soil management.

INTRODUCTION
Weeds can tolerate a wide range of habitat conditions
and have the ability to increase rapidly if not controlled.
Soil cultivation practices applied during winter, as
well as from grapevine bud break to harvest, act as a
selective force in the development of a weed population.
It is important to evaluate the weed control efficacy
of different soil cultivation practices applied over the
medium to long term.
EFFECT OF SOIL CULTIVATION PRACTICES ON THE
STAND OF SUMMER GROWING WEEDS
The summer weed stand is affected not only by the soil
management practices applied just before grapevine
bud break (end of August/first week of September)
or during the grapevine growing season, but also by
the soil management practices applied during winter,
namely establishing a cover crop or not. The weed
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control efficacy of different soil management practices is
illustrated by the following two examples:
Sandy loam soil, Stellenbosch
A variety of soil management practices were applied
in a Chardonnay/99 Richter vineyard trained onto a
seven strand double lengthened Perold trellis system
and established on a sandy loam soil (17% clay) near
Stellenbosch, an area with a relatively cool climate (Table
1). The average summer rainfall amounts to 190 mm,
with the average supplementary irrigations applied
full surface by means of micro-sprinklers amounting
to between 183 mm and 288 mm, depending on the
management practice applied.
From 1993 (first year of treatment application) to
1998 (sixth season), with the exception of 1995, total
suppression of the summer growing weeds was achieved
up to the end of November with rye (Secale cereale
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TABLE 1. Long term mean of the average daily temperatures measured near Stellenbosch
and Robertson.
Months
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Temperature (°C)
Stellenbosch

Robertson

September

13.9

14.9

October

16.7

17.5

November

19.2

20.0

December

19.8

22.0

January

21.4

23.2

February

21.8

23.0

March

21.3

21.5

FIGURE 1. The effect of rye (Secale cereale cv. Henog) controlled chemically from just before
bud break (in the foreground) and controlled chemically at the end of November (in the
background) on weed growth from grapevine bud break to the end of November.

FIGURE 2. The effect of two cover crop management practices applied to a burr medic (Medicago truncatula cv. Paraggio) and a snail medic (Medicago scutellata cv Kelson), as well as two
practices in which no cover crop was sown and full surface chemical control and mechanical control were applied from bud break, respectively, on the weed stand at the end of November
in a Chardonnay/99 Richter vineyard near Stellenbosch.
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FIGURE 3. The effect of two cover crop management practices applied to grazing vetch (Vicia dasycarpa), Faba bean (Vicia faba cv. Fiord) and a subterranean clover (Trifolium subterraneum
cv. Woogenellup), as well as two practices in which no cover crop was sown and full surface chemical control and mechanical control were applied from bud break, respectively, on the
weed stand at the end of November in a Chardonnay/99 Richter vineyard near Stellenbosch.

TABLE 2. The effect of different soil cultivation practices on the dry matter production (DMP) of weeds growing from the beginning of September to the end of November.

3

Treatment

VINEYARD & CELLAR UPDATE

1993

1994

1995

1996

1997

1998

0b

0c

0.22 b

0a

0d

0b

2.23 ab

2.26 b

3.06 a

1.83 a

2.72 ab

2.31 a

0b

0c

0.26 b

0a

0d

0b

Overberg oats, CN

0.66 b

0c

3.84 a

0.70 a

3.59 a

1.24 a

Saia oats (Avena strigosa cv. Saia), CB

0.01 b

0c

0.22 b

0a

0d

0.08 b

Saia oats, CN

0.26 b

0.01 c

4.34 a

0a

0.95 c

1.11 ab

No cover crop, CB

0.90 b

2.70 b

1.78 b

1.60 a

1.61 bc

1.28 ab

No cover crop, controlled mechanically from the beginning of September

3.43 a

4.76 a

3.32 a

2.05 a

1.84 bc

1.82 a

Rye (Secale cereale cv. Henog), chemical control from just before grapevine bud
break (CB)
Rye, controlled chemically end of November (CN)

4
5

Overberg oats (Avena sativa cv. Overberg), CB
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DMP in tons per hectare1

Values in columns followed by different letters differ significantly at the 5% level.
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FIGURE 4. The effect of two cover crop management practices applied to triticale (Triticale cv. Usgen 18) and grazing vetch (Vicia dasycarpa), as well as two practices in which no cover crop was sown
and full surface chemical control or mechanical control were applied from bud break, respectively, on the weed stand at the end of November in a Chardonnay/99 Richter vineyard near Robertson.
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FIGURE 5. The effect of four cover crop management practices, as well as two practices in which no cover crop was sown and full surface chemical control and mechanical control were applied
from bud break, respectively, on the dry matter production of the weeds growing from grapevine bud break to the end of November in a Chardonnay/99 Richter vineyard near Robertson.
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cv. Henog) and Overberg oats (Avena sativa cv. Overberg) where these cover
crops were controlled chemically from just before grapevine bud break (CB)
(Table 2). Total suppression was also achieved with the CB treatment of Saia
oats (Avena strigosa cv. Saia) during 1994, 1996 and 1997. The cover crops and
summer mulches in these three soil management practices improved weed
control by more than 80% (referred to as effectively) up to the end of November
for six consecutive seasons compared to the weed control achieved in the
two treatments in which no cover crops were established. Due to the absence
of weeds or insignificant weed stand in these treatments during summer, no
chemical control was necessary during the grapevine growing season. Total
suppression of the summer growing weeds was also achieved with Overberg
oats and Saia oats which was controlled chemically by the end of November
(CN), during 1994 and 1996, respectively. During the fifth (1997) and sixth (1998)
seasons, however, weed suppression was not significant in these two treatments.
The results clearly indicate that rye (CN) was ineffective (Table 2, Figure 1).
Although the CB treatments of the nitrogen (N)-fixing broadleaf species did not
control the summer growing weeds as effectively as the grain species (Figures 2
& 3, Table 1), total weed suppression was achieved up to the end of November
during 1994 with a burr medic (Medicago truncatula cv. Paraggio) and a snail
medic (Medicago scutellata cv. Kelson) (Figure 2). The burr medic (CB) controlled
the weeds effectively during 1997 and significantly during 1998, while effective
control was achieved with the snail medic (CB) during 1993 and 1996. As far as
the other N-fixing broadleaf cover crops were concerned, the CB treatment of
Faba bean (Vicia faba cv. Fiord) reduced the weed stand significantly during 1994
compared to the weed stand in the treatments in which no cover crops were
established (Figure 3). Effective weed suppression was achieved with Faba bean
(CB) during 1993, 1996 and 1997, as well as with grazing vetch (Vicia dasycarpa)
(CB) during 1993.
Sandy clay loam soil, Robertson
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A variety of soil management practices were applied in a Chardonnay/99 Richter
vineyard trained onto a seven strand double lengthened Perold trellis system
and established on a sandy clay loam soil (27% clay) near Robertson, an area with
warmer summer temperatures compared to Stellenbosch (Table 1). The average
summer rainfall amounted to 100 mm, with irrigations applied full surface by
means of micro-sprinklers during summer amounting to between 378 mm and
603 mm on average, depending on the management practice applied.
During 1995 (third season of application), the summer weed stand measured
at the end of November was significantly lower in the cover crop treatments
than in the treatments in which no cover crops were sown (Figures 4 & 5). The
CB treatment of triticale (Triticale cv. Usgen 18) controlled the weeds effectively

from 1996 (fourth season) onwards, with total control being achieved during
2001, 2002 and 2003 (Figure 4). With the exception of the year 2000, effective
control was achieved with the rye/Faba bean mixture (CB) from 1998 and the
triticale/grazing vetch annual rotation (CB) from 1999 (Figure 5). Total control was
achieved with these two treatments from 2001 to 2003, except for the triticale/
grazing vetch annual rotation (CB) during 2002. Effective weed control was
achieved with the CB treatment in which triticale and grazing vetch were rotated
biennially during 1998 and total control from 2001 to 2003. Effective control with
triticale (CN) was first achieved during 1997 (fifth season) and continuously from
2001 (ninth season) onwards, with total control being realised in 2001 and 2003
(Figure 4). Using grazing vetch as a cover crop, the earliest effective control was
achieved after six seasons (1999). With the exception of 2002, grazing vetch (CN)
gave effective control from 2001 onwards, while this level of control was achieved
only during 2002 and 2003 as far as grazing vetch (CB) is concerned.

In Part 6 the effect of the different soil cultivation practices on grapevine
performance is discussed.

SUMMARY
Controlling the cover crops chemically from just before grapevine bud
break (CB), generally resulted in the best control of the summer growing
weeds. In Stellenbosch, with its relatively cool summers, long-lasting total
or at least effective control of the summer growing weeds was achieved
immediately, with rye (CB) or oats (CB). In Robertson with its warmer
summer temperatures compared to Stellenbosch, the cover crops took
longer to suppress the summer growing weeds, as triticale (CB) could only
suppress the weeds effectively from the fourth season onwards compared
to no cover crop (CB). Total weed control is possible to a greater or lesser
extent from the ninth season onwards with triticale, a mixture of triticale
and Faba bean, as well as with an annual and biennial rotation of triticale
and grazing vetch, where CB is applied. Although some positive trends
did occur, it is not advisable to postpone the chemical control of the cover
crops to the end of November in both regions, as it may allow the weeds
to proliferate over time. The permanent cover crop could not control
the summer growing weeds effectively. Total weed suppression or an
insignificant weed stand in November allows for no weed control during
the grapevine growing season.

For further information contact Johan Fourie at FourieJ@arc.agric.za.
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cover crops and weed control as part of an integrated
approach to the cultivation of grapevines (PART 6)
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This article is the sixth of a series
in which the effect of different soil
management practices, applied in
the different wine grape regions,
on the soil and grapevines is
discussed. In this article the effect
of these practices on the yield of
quality grapes is discussed.
In Parts 1-5, the effect of different
soil cultivation practices on
soil compaction, water runoff
and erosion, grapevine root
distribution, soil organic matter
content, the ability to suppress
weeds and the amount of water
needed to produce an acceptable
grape harvest, were discussed.
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PART 2

PART 3

INTRODUCTION
Maintaining or even improving agricultural soils is of
the utmost importance to both producers and the next
generation of farmers. An increase in herbicide resistant
weed species make the use of biological or non-specific
control techniques increasingly important. It is, however,
also important that the soil management practices
applied by producers are sustainable, as far as both the
efficacy and the economy of the practice is concerned.
PRODUCTION OF QUALITY GRAPES
The effect of the different soil management practices on
grape yield is illustrated by the following examples:
Non-irrigated sandy loam to sandy clay loam soil,
Stellenbosch
Different soil management practices were applied in a
Chenin blanc/101-14 Mgt vineyard trained onto a five
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strand lengthened Perold system and established on a
sandy loam (15% clay) to sandy clay loam (26% clay) soil.
The average seasonal rainfall amounted to 705 mm. The
grape yield of the treatment in which a mulch was left
on the soil surface during the grapevine growing season
was significantly higher than that of the treatments in
which mechanical cultivation or slashing occurred during
the same period. Chemical weed control during the
grapevine growing season also resulted in the grape yield
being 21% less than that of the mulched treatment.
Irrigated sandy soil, Lutzville
A number of soil management practices were applied
in a Sauvignon blanc/Ramsey vineyard trained onto a
seven strand double lengthened Perold trellis system
and established on a sandy soil (17% clay) near Lutzville.
The average seasonal rainfall amounted to 139 mm. The
grapevines were irrigated full surface by means of micro-
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FIGURE 1. The effect of different soil
cultivation practices on the yield of nonirrigated Chenin blanc/101-14 Mgt vines
established on a sandy loam to sandy clay
loam soil near Stellenbosch.
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FIGURE 2. The effect of chemical control
applied just before grapevine bud break
or at the end of November to rye (Secale
cereale cv. Henog) and Saia oats (Avena
strigosa cv. Saia), as well as two practices
in which no cover crops were sown, on the
average yield (1994/1995 to 1998/99) of
irrigated Sauvignon blanc/Ramsey vines
established on a sandy soil near Lutzville.
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FIGURE 3. The effect of chemical control
just before grapevine bud break or at the
end of November to grazing vetch (Vicia
dasycarpa) and pink Seradella (Ornithopus
sativus cv. Emena), as well as two practices
in which no cover crops were sown, on the
average yield (1994/1995 to 1998/99) of
irrigated Sauvignon blanc/Ramsey vines
established on a sandy soil near Lutzville.
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FIGURE 4. The effect of chemical control
just before grapevine bud break or midOctober to rye (Secale cereale cv. Henog)
and Saia oats (Avena strigosa cv. Saia),
as well as two practices in which no
cover crops were sown, on the average
yield (1999/2000 to 2002/03) of irrigated
Sauvignon blanc/Ramsey vines established
on a sandy soil near Lutzville.
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FIGURE 5. The effect of chemical control
applied just before grapevine bud break
or mid-October to grazing vetch (Vicia
dasycarpa) and pink Seradella (Ornithopus
sativus cv. Emena), as well as two practices
in which no cover crops were sown, on the
average yield (1999/2000 to 2002/03) of
irrigated Sauvignon blanc/Ramsey vines
established on a sandy soil near Lutzville.
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FIGURE 6. The effect of chemical control
applied just before grapevine bud break
or at the end of November to rye (Secale
cereale cv. Henog), Overberg oats (Avena
sativa cv. Overberg) and Saia oats (Avena
strigosa cv. Saia), as well as two practices
in which no cover crops were sown, on
the average yield (1994/1995 to 1998/99)
of irrigated Chardonnay/99 Richter vines
established on a sandy loam soil near
Stellenbosch.
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FIGURE 7. The effect of chemical control
just before grapevine bud break or at the
end of November to burr medic (Medicago
truncatula cv. Paraggio) and snail medic
(Medicago scutellata cv. Kelson), as well as
two practices in which no cover crops were
sown, on the average yield (1994/1995
to 1998/99) of irrigated Chardonnay/99
Richter vines established on a sandy loam
soil near Stellenbosch.

FIGURE 8. The effect of two cover crop
management practices applied to triticale
(Triticale cv. Usgen 18) and grazing
vetch (Vicia dasycarpa), as well as two
practices in which no cover crop were
sown and full surface chemical control
or mechanical control were applied from
bud break, respectively, on the average
yield (1994/1995 to 2004/2005) of irrigated
Chardonnay/99 Richter vines established
on a sandy clay loam soil near Robertson.

SOIL
TILLAGE

CONTRIBUTING AUTHORS

FOREWORD

1

VINEYARD

2

CELLAR

3

VINEYARD & CELLAR UPDATE

4

CELLAR TIPS

5

VINEYARD TIPS

67

Grape yield in tons per hectare

CONTENTS

sprinklers during summer. During winter, irrigations were given to ensure that
the cover crops received 18 mm on a weekly basis during the first eight weeks,
and fortnightly thereafter. On average, irrigations amounted to between 738
mm and 831 mm. The grapevines therefore received an average of between 877
mm and 970 mm of water per season, depending on the soil cultivation practice
applied.
As measured from 1994/95 (second season of application) to 1998/99 (sixth
season) significant differences in the average grape yields were observed
between treatments (Figures 2 & 3). These yields were significantly higher in the
rye (Secale cereale cv. Henog), Saia oats (Avena strigosa cv. Saia), grazing vetch
(Vicia dasycarpa) and pink Seradella (Ornithopus sativus cv. Emena) treatments
that were controlled chemically from just before grapevine bud break (CB) than
that of the treatments in which no cover crops were established (Figures 2 & 3).
The highest average yields were achieved with the CB treatments of the two
nitrogen fixing cover crops, namely pink Seradella and grazing vetch (Figure
3). Although the average grape yield in the treatment where grazing vetch was
controlled chemically at the end of November (CN) (Figure 3), exceeded that of
Saia oats (CB) (Figure 2) by 0.6 tons per hectare, the results indicate that CN is not
the preferred cover crop management practice on these sandy soils.
Controlling a cover crop chemically during mid-October (CO) from the seventh
(1999/2000) to tenth (2002/03) season did not improve the average grape
yield compared to the corresponding CB treatment, with the exception of pink
Seradella (CO) (Figures 4 & 5). The results indicate that rye and pink Seradella
should preferably be used as cover crops during the later full bearing stages

FIGURE 9. The effect of four cover crop
management practices, as well as two
practices in which no cover crop were
sown and full surface chemical control
and mechanical control were applied from
bud break, respectively, on the average
yield (1994/1995 to 2004/2005) of irrigated
Chardonnay/99 Richter vines established
on a sandy clay loam soil near Robertson.

of grapevines established on these sandy soils irrespective of CB or CO being
applied. Where grazing vetch is decided upon, CB should preferably be applied
(Figure 5).
Irrigated sandy loam soil, Stellenbosch
A variety of soil management practices were applied in a Chardonnay/99 Richter
vineyard trained onto a seven strand double lengthened Perold trellis system
and established on a sandy loam soil (17% clay) near Stellenbosch. The average
seasonal rainfall amounted to 705 mm. Irrigations amounted to between 183
mm and 288 mm. The grapevines, therefore received an average of between 888
mm and 993 mm of water per season, depending on the soil cultivation practice
applied.
From 1994/95 to 1998/99, the CB treatments of rye, Overberg oats (Avena
sativa cv. Overberg oats), Saia oats, as well as the burr (Medicago truncatula
cv. Paraggio) and snail (Medicago scutellata cv. Kelson) medics, produced
significantly more grapes than the corresponding CN treatments and the
treatments in which no cover crops were sown (Figures 6 & 7).
Controlling the cover crops during mid-October resulted in the same trend
described for CN treatments (data not shown).
Irrigated sandy clay loam soil, Robertson
A variety of soil management practices were applied in a Chardonnay/99
Richter vineyard trained onto a seven strand double lengthened Perold trellis
system and established on a sandy clay loam soil (27% clay) near Robertson. The
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average seasonal rainfall amounted to 278 mm. During summer the grapevines
were irrigated full surface by means of micro-sprinklers to field water capacity
when approximately 60% plant available water was depleted. During winter,
supplementary irrigations were given to ensure that the cover crops received
18 mm on a weekly basis during the first eight weeks and fortnightly thereafter.
This resulted in the average irrigations applied amounting to between 562 mm and
731 mm. The grapevines therefore received an average of between 840 mm and
1 009 mm of water per season, depending on the soil cultivation practice applied.
From 1994/95 to 2004/05 (11 seasons), the average grape yield in triticale
(Triticale cv. Usgen 18) (CB), triticale (CN) and grazing vetch (CB) was significantly
higher than that of the treatment in which no cover crop was sown and the
weeds were controlled mechanically from grapevine bud break (MC) (Figure 8).
Although not significant, the grape yield in these three cover crop treatments
also exceeded that of no cover crops (CB) by between 0.88 and 1.06 tons per
hectare. Similar trends were observed for the rye/Faba bean (Vicia faba cv. Fiord)
mixture, triticale/grazing vetch being rotated annually and triticale/grazing vetch
rotated biennially, with the grape yield in these treatments exceeding that of the
no cover crop (CB) treatment by 1.10, 1.18 and 1.94 tons per hectare, respectively
(Figure 9). Although the perennial cover crop did not reduce the average grape
yield significantly over the long term compared to no cover crop (CB), the
practice is not recommended due to the additional water consumed by this cover

crop during summer (refer to Part 3 in the July issue), as well as poor control of
the summer growing weeds (refer to Part 5 in the September issue).

In Part 7 different aspects of cover crop management are discussed, which
will help to optimise cover crop performance.

SUMMARY
Irrespective of the edaphic conditions, grape yield was maximised where
the cover crops were controlled chemically from just before grapevine
bud break, leaving a mulch on the soil surface during summer. Chemical
control can be postponed to mid-October on sandy soils, where pink
Seradella is used as cover crop. Although grape yield was not affected
negatively where grazing vetch (sandy soil) and triticale (sandy clay loam
soil) were controlled chemically as late as the end of November, this
practice is not recommended, as it increases the need for water (refer to
Part 3 in the July issue). For the same reason the use of a permanent cover
crop is also not recommended.

For further information contact Johan Fourie at FourieJ@arc.agric.za.
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This article is the last of a series (of
seven) in which the effect of different soil
management practices, applied in the
different wine grape regions, on the soil
and grapevines is discussed. In this article
guidelines are supplied that will promote
cover crop growth and the use of cover
crop rotation systems to the benefit of the
producer and the environment.
In Parts 1-6, the effect of cover crop
management on water runoff and erosion,
grapevine root distribution, soil organic
matter content, weed growth, grape
yield and the amount of water needed to
produce an acceptable grape harvest, were
discussed.
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PART 2

PART 3

PART 4

INTRODUCTION
To reap the benefits that cover crops offer, the
producer should select the cover crop species and
cover crop management strategy that will maximise
the amount of dry matter produced, thereby creating
a quality mulch for the grapevine growing season.
The following guidelines will help the producer to
achieve this goal:
GENERAL GUIDELINES TO HELP ENSURE
THE SUCCESSFUL CULTIVATION OF
COVER CROPS
As part of seedbed preparation, the mulch of the
previous year should be incorporated into the
soil with a disc harrow at least four weeks before
the seeding date. In doing so, the increased
microbiological activity, which creates a nitrogen

PART 5

PART 6

PART 7

deficit in the top soil (0-300 mm) over the short
term, will not coincide with the sowing of the seeds.
If this is not done, the cover crop will not establish
properly and fail to produce enough dry matter. This
step is unnecessary where a planter is used. In this
instance, the weeds should be controlled chemically
approximately two to three weeks before the cover
crops are established.
In cases where the phosphate (P) levels in the
soil are less than 20 mg/kg, 25 kg of P should be
applied to the soil for incorporation during seedbed
preparation. This should be done every two to three
years, to not only help supply in the nutritional needs
of the cover crops, but also to avoid the build-up of
exceptionally high levels of P in the top 150 mm soil
layer. If a planter is used, the application of P can be
done during planting.
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FIGURE 2
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FIGURE 1. A stand of triticale (Triticale cv. Usgen 18) at the end of August on a sandy clay loam soil near Robertson. It was sown during April and cultivated under micro-sprinkler irrigation.
FIGURE 2. A stand of oats (Avena sativa cv. Cederberg) at the end of July on a sandy soil near De Doorns. It was sown during April and cultivated under micro-sprinkler irrigation.

1

VINEYARD

Soils that tend to form a thick surface crust will have to be tilled again just before
the cover crop seeds are sown. After the seeds have been sown, it should be
covered with a thin layer of soil (maximum 25 mm) with a cultivator, disc harrow
or rotary harrow (not a rotavator). This step is unnecessary where a planter is
used.

To help maximise dry matter production, the cover crops should receive
approximately 18 mm of irrigation or rain per week during the first eight weeks
after planting and fortnightly thereafter. Under dryland conditions, the cover
crops should be established only after the first significant amount of rain (16 mm
or more within two to three days).

2
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All the cover crops should receive potassium (K) just after planting and again at
the two to six leaf stages where the K content of the soil is less than 4% of the
cation exchange capacity (or less than 70 mg/kg, where the cation exchange
capacity norm cannot be applied). The grain species and brassicas (Table 2)
should receive nitrogen (N) at the two to six leaf development stages according
to the guidelines stipulated in Table 1. The legumes (Table 2) do not need this
additional N, as N is fixed from the atmosphere. To promote this, the legumes
should be inoculated with a suitable Rhizobuim species. Where seedbed
preparation cannot be done in advance due to a lack of rain or irrigation, all the
cover crops should receive half of the N just after being established, to avoid
a deficit of N during germination and the initial growth stages due to the high
microbial activity induced by the incorporation of organic matter into the soil.
The other half should still be applied at the two to six leaf stages. Under these
circumstances, special care should be taken to remove most of the residues from
the soil surface.

MOST SUCCESSFUL SPECIES AND THEIR SEEDING DATES PER WINE
PRODUCING REGION
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Seed predation and seed dormancy may prevent the cover crops from
establishing themselves at the densities required for effective weed suppression
and dry matter production. The suitable cover crops should, therefore, be sown
annually at seeding densities that will help the cover crops to compete effectively
with or suppress the winter growing weeds (Table 2).

Coastal region
Rye (Secale cereale cv. Henog), triticale (Triticale cv. Usgen 18) and Overberg
oats (Avena sativa cv. Overberg) should preferably be sown during the first two
weeks of April, while Saia oats (Avena strigosa cv. Saia) and the two Medicago
species produced the highest amount of fibre if established during late March,
as illustrated in Table 3. Under circumstances where full surface irrigation is not
available, the first autumn rains will enable the producer to sow.
Breede River Valley
Triticale, the oats species and grazing vetch (Vicia dasycarpa) should preferably be
sown during the second week of April, while the burr medic (Medicago truncatula
cv. Paraggio) produces the highest amount of fibre if sown during the last week
of March, as illustrated in Table 4. Rye can be established from the second week
of April to the first week of May. In this region, the winter rainfall does enable
cover crop management during most winters. Full surface irrigation with microsprinklers will, however, eliminate the risk involved and improve the performance
of the cover crops.

SOIL
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TABLE 1. Effect of the grapevine vegetative growth on the amount of N that may be applied to promote cover crop growth.
Vegetative growth of grapevines

Amount of N to be applied (kg/ha)

Poor

21-28

Balanced

14-21

Vigorous

7-14

CONTENTS
TABLE 2. The seeding density at which the cover crop species should be sown to help ensure that cover crops establish at densities required for effective weed suppression and dry matter
production.
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Cover crop species

Seeding density (kg/ha)
<12% clay in soil

Rye (Secale cereale cv. Henog)

80

100

grain

Triticale (Triticale cv. Usgen 18)

80

100

grain

Overberg oats (Avena sativa cv. Overberg)

80

100

grain

Saia oats (Avena strigosa cv. Saia)

80

100

grain

Grazing vetch (Vicia dasycarpa)

40

50

legume

Burr medic (Medicago truncatula cv. Paraggio)

15

20

legume

Snail medic (Medicago scutellata cv. Kelson)

20

25

legume

Pink Seradella (Ornithopus sativus cv. Emena)

20

25

legume

50/40

60/50

legume

Canola (Brassica napus)

10

10

brassicas

Caliente 199 (Brassica juncea cv. Caliente 199)

10

10

brassicas

Faba bean (Vicia faba cv. Fiord)/rye mixture
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TABLE 3. Effect of seeding date on the dry matter production (DMP) of cover crops at the end of August on a sandy loam soil near Stellenbosch.
DMP (tons/ha)
Cover crop species
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Collective name

>12% clay in soil

CELLAR TIPS

VINEYARD TIPS

71

Seeding date
19-22 March

1-9 April

2-5 May

Rye (Secale cereale cv. Henog)

4.77

6.30

2.95

Triticale (Triticale cv. Usgen 18)

4.60

5.55

3.79

Overberg oats (Avena sativa cv. Overberg)

5.69

8.88

1.90

Saia oats (Avena strigosa cv. Saia)

8.90

8.39

2.88

Burr medic (Medicago truncatula cv. Paraggio)

6.62

4.42

4.20

Snail medic (Medicago scutellata cv. Kelson)

5.09

4.70

4.48
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TABLE 4. Effect of seeding date on the dry matter production (DMP) of cover crops at the end of August on a sandy clay loam soil near Robertson.
DMP (tons/ha)
Cover crop species

CONTENTS

Seeding date
23-26 March

7-12 April

1-7 May

Rye (Secale cereale cv. Henog)

5.19

6.18

6.43

Triticale (Triticale cv. Usgen 18)

5.06

8.35

7.40

Overberg oats (Avena sativa cv. Overberg)

4.99

7.07

6.04

Saia oats (Avena strigosa cv. Saia)

4.39

6.81

6.09

Burr medic (Medicago truncatula cv. Paraggio)

5.67

2.86

1.61

Grazing vetch (Vicia dasycarpa)

4.56

6.32

3.90

CONTRIBUTING AUTHORS
TABLE 5. Effect of seeding date on the dry matter production (DMP) of cover crops at the end of August on a sandy soil near Lutzville.
DMP (tons/ha)
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Cover crop species

Seeding date
25-31 March

13-18 April

6-12 May

Rye (Secale cereale cv. Henog)

5.08

5.92

4.72

Saia oats (Avena strigosa cv. Saia)

4.97

5.85

4.07

Pink Seradella (Ornithopus sativus cv. Emena)

6.09

6.40

4.63

Burr medic (Medicago truncatula cv. Paraggio)

6.58

5.25

5.10

Grazing vetch (Vicia dasycarpa)

5.96

6.73

4.49

Olifants River Valley
Rye, Saia oats, pink Seradella (Ornithopus sativus cv. Emena) and grazing vetch
should preferably be sown during the second week of April, while the burr medic
produces the highest amount of fibre if sown during the last week of March, as
illustrated in Table 5. In this semi-arid region cover crop management can only be
applied if full surface micro-sprinkler irrigation is available.

VINEYARD & CELLAR UPDATE

Lower Orange River region

CELLAR TIPS

Rye, burr medic and grazing vetch should be sown where the micro-sprinkler
irrigation is not capable of wetting the whole of the soil surface in the inter-row
(work row). Full surface micro-sprinkler irrigation allows the producer to consider
the oats species and pink Seradella for cover crop management as well. All
species should be sown during the last two weeks of March.
COVER CROP ROTATION STRATEGIES
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The cover crops need to be rotated to prevent pests and diseases from building
up against them. Therefore, the following medium to long term strategy, based

on research done at ARC Infruitec-Nietvoorbij since 1991 to the present day,
is suggested:
Soils containing more than 12% clay
First year after soil preparation – rye or triticale.
Second and third year – burr or snail medics.
Fourth and fifth year – oats species.
Sixth and seventh year – rye, triticale or the brassicas.
Thereafter an annual rotation of rye, triticale, the oats species or the brassicas.
Soils containing less than 12% clay
First year after soil preparation – rye.
Second and third year – pink Seradella or grazing vetch.
Fourth year – Saia oats or rye.
Fifth year – pink Seradella, grazing vetch or the brassicas.
Thereafter an annual rotation of the above-mentioned species.
Following the above-mentioned guidelines, sufficient cover crop growth and
effective weed suppression can be achieved (Figure 1 and 2).

For further information contact Johan Fourie at FourieJ@arc.agric.za.
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Biofumigation potential of Brassicaceae as a green manure
and their host status for root-knot and ring nematode under
controlled conditions.
INTRODUCTION
High plant-parasitic nematode numbers reduce grapevine growth and yield.
Root-knot nematode (Meloidogyne spp.) in general is considered to be the
economically most important. Ring nematode (Criconemoides xenoplax) is
widely distributed throughout vineyards in most countries and is regarded as
economically the second most important plant-parasitic nematode in South
African vineyards and stone fruit orchards. In California, it was found that
grapevine yield could be reduced by between 10% and 25%, if ring nematode
numbers exceeded 500/kg soil.
Green manuring basically means the incorporation of green plant material into
the soil, while still growing, as a supplement to the soil. Certain crops, specifically
crops from the brassicaseae family, have a biocidal effect on soilborne diseases,
nematodes and weeds, due to certain biologically active compounds being
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released during the maceration and incorporation processes. This technique,
defined as biofumigation, relies on the fumigant action of volatile compounds,
released during biodegradation, for the suppression of plant pathogens. In South
Africa, cover crops are planted in a rotation system, prior to the planting of a cash
crop or in the grapevine inter-rows during winter.
Cover crops can play an important role in the suppression of root-knot
nematodes, provided that they have a poor host status. If cover crops are to be
incorporated into vineyard soils, the nematode host status of the crops must be
known, to help prevent an increase in the number of economically important
plant-parasitic nematodes.
Certain cover crops, when they are applied as green manure and correctly
managed, also have the potential to suppress certain nematode species, by
means of the so-called ‘biofumigation effect’ that takes place. Another aspect
that can play a role in the suppression of nematodes, with specific reference to
root-knot nematode, is the trap-cropping potential of certain crops.
The primary objective of this study was to determine the ability of five cover
crops to suppress root-knot and ring nematodes, when applied as green
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FIGURE 1. Root-knot nematode gall index on tomato (Solanum lycopersicum), planted in
infected soil, treated with green manure of five different cover crops: Pallinup oats, white
mustard, canola, Caliente 199, and Nemat.

FIGURE 2. Number of root-knot nematode galls 60 days after inoculation of five different
cover crops: Pallinup oats, white mustard, canola, Caliente 199 and Nemat, with tomato as
control.

manure to the infected soil, in a controlled environment (laboratory bioassay).
A secondary objective of the study was to determine the root-knot and ring
nematode host status of these cover crops in glasshouse trials.
RESULTS AND DISCUSSION
Green manure laboratory bioassay
Root-knot nematodes
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Canola (Brassica napus cv. AV Jade) or Pallinup oats (Avena sativa cv. Pallinup)
did not control the root-knot nematodes (Fig. 1). However, green manuring
with white mustard (Sinapis alba cv. Braco), Caliente 199 (Brassica juncea cv.
Caliente 199) and Nemat (Eruca sativa cv. Nemat) resulted in the numbers of
root-knot nematode galls being significantly reduced, compared to that of the
control. This correlates well with previous studies, which reported a reduction
of nematodes with the application of certain brassica crops as green manure,
in comparison with the application of non-brassica crops. The formation of the
active ingredients, with the most emphasis on isothiocyanate (ITC), is believed
to give the suppressant effect required. In a previous study in Australia, oneyear-old Semillon grapevines were planted in pots and inoculated with root-knot
nematode. Brassica species were established annually in the pots under the vines,
slashed after three months and then incorporated into the soil. This was repeated
for three consecutive years. A gradual decline in the root-knot nematodes was
observed, with the best results being obtained in the third year. The vines in the
pots that received the green manure also showed a growth response, indicating
the secondary effect of the green manure applications involved. In a field study
in Australia, the green material of the brassicas was incorporated into the soil at
a depth of 180 mm after 10 weeks. A significant reduction in the number of root
galls in response to root-knot nematode infestation was observed.

Different types and concentrations of glucosinolates (GSL) are found to be
present in the different brassica crops, with canola not being considered to
have a very active composition of GSL’s. Therefore, it was to be expected that
canola crop residues would not have the same biofumigation effect on root-knot
nematode as would the other brassica species.
Ring nematodes
None of the cover crops suppressed the ring nematodes (data not shown),
indicating that biofumigation did not have any effect on ring nematode. Ring
nematodes are, in general, considered to be more difficult to control than most of
the plant-parasitic nematodes. The ITC concentration necessary to suppress ring
nematodes effectively is, therefore, expected to be higher than that needed to
suppress root-knot nematodes. Future research should consider the application
of higher volumes of green manure, as well as the enhancement of contact time
and concentration. In doing so, the suppression of ring nematodes may yet be
achieved.
Cover crop host trials in the glasshouse
Root-knot nematodes
The number of root-knot galls on the root system of the tomato (Solanum
lycopersicum), was significantly higher than those of the cover crops tested (Fig.
2). This exemplifies what can occur in terms of the impact of the wrong crop on
the root-knot nematode population, as such a crop can host the full development
of the latter’s life cycle, and also cause a population build-up in the soil.
Canola had the highest gall index rating of the brassica crops, although it did
not differ significantly from Caliente 199 and white mustard (Fig. 2). Although
relatively few, the root galls on canola were very prominent, being comparable

NEMATODES

Previous research, in which certain Brassicaceae and Capparaceae crops
were tested for their crop host status for root-knot nematode, indicated
that some species or cultivars can be classified as non-hosts, others
as maintenance crops, and some as good hosts. Canola, Caliente 199
and white mustard are, therefore, classified as maintenance crops for
root-knot nematode. The results of the current study support previous
studies in which the reproduction of root-knot nematode, on certain
brassica crops, was compared to that on other crops that were not
known to have biofumigation properties. The brassica crops were found
to be hosts (maintenance crops) for root-knot nematode, but they were
significantly less so than were the tomato plants. Together with the
forage sorghum, the number of eggs that were present in the case of
the brassica crops was the lowest of all the crops considered.
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The number of root-knot galls on the root system of Nemat was
significantly lower than those of the other crops, except Pallinup oats,
indicating that Nemat is a poor host for root-knot nematode (Fig. 2).
The galls that were present were only a slight enlargement of the root
tissue (Fig. 3). Nemat reduced root-knot nematode reproduction, due
to the interruption of the life cycle, or due to the slowing down of the
reproduction rate. This could have a significantly suppressing impact
on the root-knot nematode population development in the field. This
supports previous studies which showed that Nemat reduced the
development and the reproduction of root-knot nematode in pot trials,
where the evaluation was based, not only on the presence of root
galls on the roots, but also in the suppression of all the developmental
stages of the females, resulting in no egg production.
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FIGURE 3. Root-knot nematode galls and egg masses present on the different crop roots.
A = canola; B = Caliente; C = Pallinup oats; D = Nemat; E = white mustard; F = tomato.

to those on the susceptible tomato roots (Fig. 3). Canola is considered to be a
poor biofumigation crop, because of the impact that its GSL spectrum might
have on its root susceptibility. It may, therefore, over the medium to longer
term, sustain a population build-up of root-knot nematode better than the other
brassica crops. The root gall index of white mustard and Caliente 199 did not
differ significantly from one another and from canola, with all three having few
root galls (Fig. 2). However, the root galls and egg masses in the root system of
Caliente 199 were prominent (Fig. 3). Fewer galls and egg masses were present
on the roots of white mustard, compared to those present on Caliente 199 and
canola, with the distribution throughout the root system not being uniform.

Although Pallinup oats is not a brassica crop, it is widely accepted
that the species has a poor host status for a wide range of soilborne
problems, including that of root-knot nematode. This was confirmed
in the current study, as Pallinup oats, which showed the second lowest
root gall index, did not differ significantly from the Nemat treatment
(Fig. 2). Pallinup oats can, however, not be classified as a non-host, or as
a trap crop, as root gall formation and egg mass production did occur
on the roots (Fig. 3). It is clear, with a focus on root-knot nematode
population suppression, that Pallinup oats can be used as part of a
cover crop rotation programme, without the risk of stimulating the
root-knot nematode population in the soil where it is planted.
Ring nematodes
The tomato had significantly higher ring nematode numbers than those of the
cover crop treatments and the control, with the exception of Nemat (Fig. 4).
Of all the cover crop treatments the ring nematode numbers were the highest
for Nemat and the lowest for canola, with these two treatments differing
significantly. None of the cover crop treatments, however, differed significantly
from the control in which no vegetation was propagated. Although the ring
nematode population observed for Nemat, white mustard and Pallinup oats
tended to be higher than that of the control, it does not indicate that these
species are good hosts for ring nematode, but rather a maintenance crop
for ring nematode. The number of ring nematodes present in the canola
and Caliente 199 tended to be lower than the control, thus enabling it to be

NEMATODES

Biofumigation is a definite option as part of an integrated approach for nematode
management. The biological interactions that take place, when incorporating
green manure, in itself, can have a positive secondary impact on the suppression
of plant-parasitic nematodes, in the form of biological diversity stimulation.
Future research should determine the crop host status for most cover crops that
form part of cover crop or rotation systems, as well as look at the possibility of
combining such considerations with other chemical and biological options in
establishing a long-term solution for nematode management.

C. xenoplax per 250 ml soil
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of the crop employed is a critical factor with regard to the disruption of the life
cycle of certain soilborne pests.
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FIGURE 4. Ring nematode cover crops, Pallinup oats, white mustard, canola,
Caliente 199, and Nemat, 60 days after inoculation with nematodes.
Inoculated soil was used as control, and tomato were used as an additional treatment.

classified as poor hosts. It can be expected that, if canola and Caliente 199 is
planted as part of a cover crop system, it will neither cause a ring nematode
population build-up nor maintain the population, but suppress the population
over the long-term.
CONCLUSIONS
Nemat and Pallinup oats should be used as part of an integrated pest
management programme to help suppress the population build-up of rootknot nematode in the soil. Nemat seems to function as: 1) a biofumigation crop,
directly suppressing these nematodes and 2) a poor host, thus preventing a
population build-up during its growing period. Pallinup oats is a poor host for
root-knot nematode. Although none of the species biofumigated ring nematodes
successfully, canola or Caliente 199 may reduce the population during its
growing period.
A well-planned cover crop rotation programme, which includes the abovementioned species should be applied in vineyards or orchards during their
dormant stage, used as a rotation crop in a cash-cropping system; or employed
prior to the replanting of trees. When employed prior to the replanting of
grapevines or trees, the replant disease complex plays a role and the host status

Much research has been done, indicating the specific type of GSL that is
present in certain brassica species, as well as the types of ITC that are formed
after maceration when the GSL comes in contact with the enzyme myrosinase
(MYR) reaction. In future research, it would be advantageous if a specific lethal
concentration could be determined for the constant effective suppression of
root-knot nematode. In addition, it would be useful to determine the lethal
concentration of ITC that is likely to be effective in the continuous suppression of
ring nematode, keeping in mind all the above-mentioned factors that can play a
role in effective biofumigation.
ACKNOWLEDGEMENTS
The authors would like to thank Winetech, Dried Fruit Technical Services and the
National Research Foundation of South Africa (NRF-THRIP TP2011060100026) for
their funding of the project.

SUMMARY
Laboratory bioassays were undertaken to determine the potential of
Pallinup oats (Avena sativa cv. Pallinup), white mustard (Sinapis alba cv.
Braco), canola (Brassica napus cv. AV Jade), Caliente 199 (Brassica juncea
cv. Caliente 199), and Nemat (Eruca sativa cv. Nemat) to suppress rootknot (Meloidogyne javanica) and ring nematode (Criconemoides xenoplax),
when applied as green manure. Additionally, the host status of these
crops was determined during glasshouse trials. Results from the green
manure bioassays showed significant suppression of root-knot nematode
by white mustard, Caliente 199 and Nemat. However, no significant
differences were found in the ring nematode numbers in the green
manure bioassays. In the root-knot nematode glasshouse host trials,
Nemat was classified as a poor host. In the case of ring nematode, canola
was found to have a suppressing effect on the population, while Caliente
199, white mustard and Pallinup oats showed a similar trend. The results
are the first to show the effect of biofumigation on ring nematode.

For further information contact Niel Kruger at niel@terason.co.za.
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INTRODUCTION
The phenomenon of abnormal graft union enlargement seems to increasingly
occur in vineyards, with serious economic implications (Gardiman et al.,
2007; Hunter et al., 2011). Although symptoms occasionally already appear in
nurseries, plants usually develop normally in nurseries. Exposure to vineyard
environments initiates expansion of graft unions, whereas rootstocks show
retarded growth. Rootstocks then appear visibly thinner than scions and
graft unions excessively large. This often results in death of whole vines. Field
observations indicated that the phenomenon could be mainly rootstock,
terroir and/or cultivation related, without conclusive involvement of harmful
pathogens in either the stocks collected or the source mother material. In order
to determine conditions for vascular connection and efficiency, research on
graft unions generally focused on the transport of pathogens (Gambetta et al.,

2009 and references therein), water (Bavaresco & Lovisolo, 2000), and nutrients
(Schaefer, 1981; Gardiman et al., 2007). Focus has also been on importance
of carbohydrates (Schaefer, 1981; Hunter et al., 1996; Hunter et al., 2004),
nitrogenous compounds/proteins and phenolic substances (Schaefer, 1981) for
callus formation. The role that anti-oxidant enzymes, e.g. peroxidases, may play
in wound protection (Pinto et al., 2008) and reactivation of growth (Schaefer,
1981; Gardiman et al., 2007) also received attention. None of these studies
however provides a satisfactory clue/explanation for occurrence of abnormal
graft union enlargement.
The reasons for abnormal graft union development may be multiple and the aim
of this study was therefore to provide answers on the likely factors involved in the
incidence of abnormal graft union enlargement.

The experimental
vineyard at Grondves
Farm (Vititec),
Stellenbosch.
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The experimental vineyard was established at Grondves Farm (Vititec),
Stellenbosch, during spring of 2008/2009 using a vine by post training system
(1.5 x 1.0 m) in heavy (clayey) and light (sandy) soil with normal (9.2 mm drip
irrigation/week) and overly wet (18.4 mm/week) seasonal soil water conditions
for each soil type (Photo 1). A total of 32 treatment combinations were used
per soil type and irrigation treatment, as follows: Sauvignon blanc (Sb)/R110,
Cabernet Sauvignon (CS)/R110, Sb/101-14 Mgt, CS/101-14 Mgt; Warm/cold
callus (each at a commercial nursery) per cultivar-rootstock combination; Hot
water (30 min. at 50°C)/no treatment per cultivar-rootstock per callus procedure;
Restricted (30 x 30 x 30 cm hole without loosening sides of walls)/unrestricted
root volume per cultivar-rootstock per callus procedure per water treatment.
Layout comprised four blocks (representing two soil types and two irrigation
treatments) with 10-vine treatment parcels randomised within each of four subblock replications. Measurements mostly included size dimensions, scoring and
mass determinations. Data were subjected to multivariate statistical analysis,
including principal component analysis (Rencher, 2002; Anon., 2011). Results
after the nursery phase and trends over three seasons are presented.
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Results after nursery phase
After the nursery phase, warm callused vines had noticeably thicker graft unions;
diameters of the rootstock and graft scion were also larger (Table 1). No clear
pattern for graft union quality emerged between warm and cold callused vines.
Thicker graft unions of warm callused vines had no effect on strength of the graft
union. In general, root, cane, rootstock and graft union mass was clearly stimulated
by warm callusing. Graft scion mass was higher for cold callused vines. No obvious
effect related to hot water treatment occurred. Rootstock 101-14 Mgt realised lower
rootstock and root mass compared to R110, particularly under warm callusing
conditions. The original material from the mother block was divided into two
bundles for the different treatments during callusing. Differences were therefore
induced during callusing and/or during the nursery phase.
General trends over three seasons
Principle component analysis of means over three years showed that PC1
(explaining 82% variation) separated mainly cultivars, Cabernet Sauvignon
having thicker graft unions and rootstock diameters than Sauvignon blanc.

TABLE 1. Growth parameters measured before planting in vines obtained from nurseries.
Diameter

Graft union
circumference

Graft union

Rootstock*

WHSbMgt(1)

65.20

18.48

WNSbMgt(2)

67.77

19.83

WHCSMgt(3)

66.43

WNCSMgt(4)

67.30

WHSbR(5)
WNSbR(6)
WHCSR(7)

Treatment (no.)

1

RESULTS AND DISCUSSION

MATERIALS AND METHODS

Mass/vine

Graft scion

Quality of
graft union

Roots

Canes

Rootstock

Graft scion

Graft union

9.45

11.57

3.57

23.93

18.15

22.50

4.70

3.79

8.76

11.30

4.20

21.52

17.10

19.93

4.60

4.00

19.22

8.64

11.45

3.83

19.91

15.58

18.95

4.40

4.06

19.00

9.57

12.77

3.87

24.67

20.49

23.01

4.78

4.19

65.93

19.17

9.73

11.82

4.07

22.89

16.01

25.06

3.78

4.12

66.17

19.47

9.81

11.77

4.03

26.45

15.24

25.91

3.48

4.00

65.00

18.95

9.13

12.15

4.37

24.39

17.22

22.15

4.39

4.06

WNCSR(8)

66.07

19.53

9.14

12.20

4.30

30.61

20.31

22.42

4.59

4.23

Average std deviation

66.23
0.94

19.21
0.41

9.28
0.43

11.88
0.48

4.03
0.27

24.30
3.24

17.51
2.02

22.49
2.32

4.34
0.46

4.06
0.14

CHSbMgt(9)

47.23

12.20

8.42

8.33

4.03

12.73

11.03

14.16

5.09

4.66

CNSbMgt(10)

51.60

14.57

8.38

8.83

3.63

12.32

10.21

15.63

3.86

3.20

CHCSMgt(11)

53.73

14.93

8.26

8.35

4.07

8.47

13.05

13.44

4.67

3.81

CNCSMgt(12)

54.63

14.65

8.44

8.88

4.00

10.41

12.24

14.75

5.02

3.68

CHSbR(13)

48.07

13.00

7.96

8.03

4.10

13.36

9.00

14.01

4.38

2.90

CNSbR(14)

48.33

13.55

8.65

8.52

4.43

18.10

9.01

11.88

4.68

4.19

CHCSR(15)

55.39

15.34

8.53

9.56

4.61

10.50

17.75

16.02

6.48

4.66

CNCSR(16)

49.90

14.13

7.81

8.40

4.47

9.74

10.94

12.87

4.09

3.36

Average std deviation

51.11
3.19

14.05
1.06

8.31
0.29

8.61
0.47

4.17
0.32

11.95
2.98

11.65
2.84

14.10
1.38

4.78
0.81

3.81
0.66

Order of letter of occurrence from left to right: W = Warm callus or C = Cold callus; N = No hot water treatment or H = Hot water treatment; Sb = Sauvignon blanc or CS = Cabernet Sauvignon;
Mgt = 101-14 Mgt or R = Richter 110. Data present average (std deviation) of 30 nursery stocks (3 replications x 10 vines); Diameters were measured in two directions – averages presented; *
Measured in two internodia; Quality of graft unions evaluated by cutting union and scoring extent of vascular system fusion of graft scion and rootstock from 1-5 (best).
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The PC2 separated warm and cold callus (additional 18% variation), warm callus
tending to result in thicker graft unions and thinner rootstocks and cold callusing
increasing size below the graft union (that of rootstock) (data not shown). Data
was therefore also analysed for each cultivar-rootstock combination over the
three year period to reduce impact of cultivar-rootstock combination (masking
effects of other treatments) and to determine which of the treatments, including
soil type, could be best associated with graft union thickness and rootstock
diameter (below graft union). Quadrant results of PCA’s indicated treatments
most likely associated with thicker or thinner graft unions and part of the trunk
below the graft union (rootstock) (Table 2).

It seems highly likely that warm callusing would lead to thickest graft unions and
thinnest rootstocks, irrespective of graft combination. Cold callusing is likely to
result in thinnest graft union and thickest rootstock. The latter in particular may
be an indication that better growth and more balanced development with less
xylem and phloem translocation restrictions may be expected with cold callusing.
Regressions of graft union and rootstock diameter with cane mass during three
years indeed showed that rootstock diameter per se is better associated with
aboveground growth than graft union diameter (Fig. 1). Observations regarding
growth potential of a graft combination may therefore be more accurate if
focused on diameter of the rootstock.

TABLE 2. Treatment combinations best associated with thicker or thinner graft union or below graft union (rootstock) occurrence (average of 3 seasons).
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Treatment combinations in PCA quadrants for all cultivars/rootstocks
Cabernet Sauvignon/

Cabernet Sauvignon/

Sauvignon blanc/

Sauvignon blanc/

101-14 Mgt

R110

101-14 Mgt

R110

Thickest below graft
union (rootstock)

Thinnest
graft union

CRCNW

CUCHN

CRCHW

CRCHW

CUCNN

CRCNN

Thinnest
graft union

3
4
5

Thinnest
graft union

Thickest below graft
union (rootstock)

Thinnest
graft union

Thickest below graft
union (rootstock)

CRCHN

CUCHN

CUCHW

SUCNW

CRCNN

CUCHN

CUCNW

SRCHW

CRCNW

CUCNN

SUCNN

SRCHW

SUCNN

SRCNW

CRCNW

CRCNN

CUCNW

SRCHW

CRCNN

CRWHN

CRCNW

CUCNN

CUCNN

SUCHW

CRCHW

SRCNW

SUCHN

CRCHN

SRCNN

CRWHW

CRCHW

CRCHN

CUCHN

CUWNN

SRCHN

SUCHW

SUCHW

CUWHN

SUCHN

SRCNW

SUCHN

CRCHN

SRCNW

CRWHN

SUCNN

SUCNW

CUCHW

SUCNW

SUCNW

SRCNN

CUWNN

SUCNN

SRCNN

2

Thickest below graft
union (rootstock)
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Thinnest below
graft union
(rootstock)

Thickest
graft union

Thinnest below
graft union
(rootstock)

Thickest
graft union

Thinnest below
graft union
(rootstock)

Thickest
graft union

Thinnest below
graft union
(rootstock)

Thickest
graft union

CUCHW

CRWNN

CUCHW

CRWNN

SRWNW

CUWHW

SRCHN

CUWHW

CUWNW

CUWNN

SRCHN

CUWNN

CRWNW

CRWHN

CRWNN

CUWNW

CRWNW

CUWHW

CUWHW

SUWHN

SRWNN

CRWNN

CRWNW

SRWNW

CRWHW

SRWHW

CUCNW

SUWHW

SUWNN

CUWNW

CRWHN

CRWHW

SUWHN

SUWHW

SRCHW

SUWNW

SUWHN

CRWHW

SRWHN

SUWHW

SRWHN

CUWHN

SUCHN

SRWHW

SRWHW

SUWNN

SUWHN

SUWNN

SRWNW

CUWNW

SUWNN

CUWHN

CUWHN

SUWNW

SRWNN

SUWNW

CRWNW

SRWNW

SRWHN

SRWNN

SRWHW

SRWHN

SUWNW

SRWNN

SUWHW

Order of letter of occurrence from left to right: S = Sandy soil or C = Clayey soil; U = Unrestricted planting hole or R = Restricted planting hole; W = Warm callus or C = Cold callus;
N = No hot water treatment or H = Hot water treatment; N = Normal soil water conditions or W = Overly wet soil conditions.
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FIGURE 1. Regressions of graft union and rootstock diameter with cane mass (average of three seasons).
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Most vine deaths occurred during the second growth season, where after
numbers were stable (Table 3 – reduced data). Large increases in deaths occurred
from the first to second season and highest numbers were found in clayey
soil, under normal and wet conditions. This is in contrast to largest increases in
graft union diameter found from the first to second season in sandy soil under
normal water conditions (data not shown). Sandy, wet soil seemed overall better
conditions for survival, followed by sandy soil conditions with normal irrigation.
Under clayey soil conditions most vines died under wet conditions, whereas

TABLE 3. Number of dead vines found in the different seasons in a normal irrigated and double than normal irrigated clayey and sandy soil.
First season (2008/09)
TRMT*
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under sandy soil conditions most vines died with normal irrigation; this is
comprehensible, since water logging (e.g. in wet, clayey soil) and drought (e.g. in
dry, sandy soil) may both lead to poor growth or death. Although rootstock R110
under clayey soil conditions seemed to have caused more vine deaths, no factor
can be singled out as causing deaths. Cane starch contents (three years) also
showed no major differences between treatments (data not shown); these vines
survived critical phases of development and environmental impact and serious
abnormalities are not expected.

Clayey soil

Second season (2009/10)

Sandy soil

Clayey soil

Third season (2010/11)

Sandy soil

Clayey soil

Sandy soil

N

W

N

W

N

W

N

W

N

W

N

W

1-8

4

0

3

1

21

25

3

1

21

25

3

1

9-16

3

7

9

3

14

27

14

5

14

27

14

5

17-24

1

5

6

0

10

17

4

0

10

17

4

0

25-32

6

6

5

4

15

22

9

6

15

22

9

6

Total

14

18

23

8

60

91

30

12

60

91

30

12

* For treatment descriptions refer to Table 1. N = Normal water conditions, W = Overly wet conditions. Treatments 1-16 were planted with unrestricted root volume and 17-32 with
restricted root volume.
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General
Any restriction in the graft union immediately after grafting and during
callusing, whether from physical damage/improper grafting technique, poor
callus formation or poor fusion/integration of vascular tissue of both scion and
rootstock, would limit translocation in xylem and phloem tissue. Transport of
mainly water, N-containing compounds, and minerals from roots via the xylem
and sucrose, amino acids, and minerals from shoots via the phloem, would
be affected (Mohr & Schopfer, 1995). Of primary concern is availability and
quantities, also at the graft union cut, of auxin and cytokinin. Presence of auxin
is important for cambium development, xylem and phloem cell differentiation
and formation of adventitious roots, whereas the presence of cytokinin is a
requirement for callus formation and differentiation. Most importantly though,
is the balance between these two hormones. In tissue culture, a relatively high
auxin:cytokinin ratio would result in callus formation, a high auxin:cytokinin ratio
in root formation and a low auxin:cytokinin ratio in shoot formation. Gibberellin
is important for synthesis of starch breakdown enzymes, meaning that availability
of reserve-energy for further callus formation, initial shoot growth and root
development may be restricted either way if this hormone is deficient.
During early stages of callusing, hormones for any development can only be
sourced from existing quantities in mother material wood. If present in deficient
quantities or already in imbalanced quantities, this will impact negatively on
callus and growth processes. Apart from the physiological impact of graft
union restrictions, mere physical restriction or disruption would primarily lead
to a symptom similar to that of girdling (Hunter & Ruffner, 2001), i.e. a visual
swelling/expansion of the area above the restriction because of pressure
created in the phloem by downward movement of solutes and water from
leaves and accumulation above the restricted area. In this study, larger graft
unions already developed during the nursery phase, e.g. for warm callused
vines. Such graft unions are bound to develop further in the vineyard. The
second growth season seemed most critical in the survival of young vines; this
may be a carry-over effect from the first season that may already have started
with a graft combination being physiologically and physically under-developed
and imbalanced. Assuming that warm, humid callusing conditions may lead to
imbalances, it may be argued that warm conditions during callusing would firstly
lead to faster root development and that young, actively growing roots may
release large amounts of hormones such as cytokinins. As roots will be actively
absorbing water (in particular), this may create root pressure that would force
premature and too fast movement of xylem sap towards an area (graft cut) that is
not yet sufficiently developed (in terms of callus and cambium tissue) to “receive”
and “transfer” (over the graft cut) such flow on the one hand and contents of sap
on the other hand. Such sap would most likely contain cytokinin, which would
then accumulate at the graft cut (if flow through or around the cut is restricted).
Such situation may easily lead to hormone imbalances in all regions of the young
vine and finally an insufficiently developed graft union. Pressure may also result
in an increase in cell size, swelling of the graft union area and finally a larger than
normal graft union.

Despite it not being certain/clear that an over-sized graft union would
necessarily eventually be less efficient or lead to death of a young vine,
it is possible that a larger than normal graft union may be the result of a
combination of events during the callus period (increased size resulting
from root activity) and during the nursery period (increased size resulting
from high leaf activity forcing sap downwards in the phloem as described
above – creating symptoms similar to that caused by girdling). Either way, it
may be expected that neither roots, nor graft union or shoots would develop
optimally if imbalances in abiotic and biotic factors already impact during
early development of graft combinations. Any stressful event, during or after
vineyard establishment, may worsen the situation and lead to death of a young
vine. Abiotic factors may contribute to this when, for example, soils are still
too cold in spring time, especially when the vineyard is established in heavy
soils and after a wet winter. Under such circumstances, root activity would
be delayed (our research already showed that root activity is dependent on
soil temperature – not published) and may result in a build-up of phloemtranslocated substances at (above) the graft union (which is most likely a
restriction to normal translocation under any circumstances). Further, when
young vine establishment (e.g. preparation of planting holes) is not done
judiciously in the first place, distribution of the root system will be restricted
and more often lead to poor root development and distribution. Under such
circumstances, the root system would be the restricting organ preventing
or reducing phloem flow/utilisation (downwards) in the plant (because of
a lack of root activity and growth). A build-up of nutrients and thickening
of graft union would result, irrespective of a vascular system being formed
during callusing and in the nursery. This may even lead to a situation where
transpiration by leaves is faster than water absorption (and movement across
the graft union), the likely result being embolisms in the xylem and in worse
cases desiccation, followed by vine death. If such limitations on growth already
occur during the first year after establishment, vines may survive, but when
(injudicious) practices are applied during the second year, vines may not be
able to withstand additional stress caused by further physiological and physical
imbalances.
CONCLUSIONS
The study provided answers on the origin and prevention of graft union
abnormality (over-sized graft union). It indirectly addressed economic viability
of young vineyards, as well as sustainability of production and grape and wine
quality. It investigated the impact of various technical (during production of
grafted plant material) and field (during establishment and management of
vines) factors. Warm callusing surfaced as being the most important factor
impacting on graft union abnormality for the selected graft combinations.
ACKNOWLEDGEMENTS
We are grateful to ARC and Winetech for funding, Vititec for availability of
location, ARC farm personnel for technical support and Viticulture Department
technical staff, G.W. Fouché, A. Marais, C. Paulse and V. Jones, for assistance.
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SUMMARY
Factors involved in incidence of abnormal, excessive graft union
enlargement were investigated. Material of Sauvignon blanc, Cabernet
Sauvignon, Richter 110 and 101-14 Mgt was collected. Combinations of Sb/
R110, CS/R110, Sb/101-14 Mgt and CS/101-14 Mgt were warm and cold
callused. Hot water treatment/no treatment was done for each combination.
After the commercial nursery phase, vines were evaluated and planted in
the field using a vine by post training system (1.5 x 1.0 m), in clayey and
sandy soils, with normal and overly wet seasonal conditions, and restricted
and unrestricted root volume availability for each soil type. After the
nursery phase, warm callused vines had noticeably thicker graft unions;
diameters of both rootstock and graft scion were larger. Graft union quality
between warm and cold callused vines was similar. Generally, below- and
aboveground growth and graft union mass were stimulated by warm
callusing, whereas graft scion mass was higher for cold callused vines. No
obvious effect could be related to hot water treatment. Rootstock 101-14
Mgt realised lower root mass compared to R110, particularly with warm
callusing. Differences were induced during callusing and/or in nursery.
General trends over three seasons of study in the field showed that cultivars
could be separated, Cabernet Sauvignon having thicker graft unions and
rootstock diameters than Sauvignon blanc. Warm callusing would likely
lead to thickest graft unions and thinnest rootstocks, irrespective of graft
combination, whereas cold callusing is likely to result in thinnest graft union
and thickest rootstock, therefore a more balanced vine. Rootstock diameter
per se was better associated with aboveground growth than graft union
diameter. Most vine deaths occurred during the second growth season
and did not increase after that; large increases and highest numbers were
found in clayey soil under normal and wet conditions. In clayey soil most
vines died under wet conditions and in sandy soil most vines died with
normal irrigation. Cane starch contents were similar. Visual evaluation of
fusion/integration of vascular systems of graft unions and measurements
of graft union and cane size indicated no recognisable relationship
between vascular system restriction and normal or over-sized graft unions.
Among various grafted plant material production techniques and vineyard
management practices, warm callusing surfaced as the most important
impact factor on graft union abnormality. The study indirectly addressed the
economic viability of young vineyards and sustainability of production.

For further information contact Kobus Hunter at Hunterk@arc.agric.za.

Mealybug control is critical
where new, virus-free vineyards
(foreground) border leafroll
infected vineyards (background
and above the road)
(photo: Gerhard Pietersen).

LEAFROLL
MANAGEMENT
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The wine industry has developed a comprehensive strategy to stop the
spread of leafroll to, and within, newly planted virus-free vineyards.
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This strategy is based on research, commissioned and funded by Winetech,
that was conducted over many years by Prof Gerhard Pietersen of the
University of Pretoria.

JULY 2015

To prevent the leafroll virus from spreading to virus-free blocks (primary spread):
1. Remove all virus-infected grapevines in adjacent vineyards; these serve as
sources of the virus.
2. Where the above is not feasible, mealybug and other vectors in infected
vineyards should be carefully monitored and rigorously controlled, so that
they do not spread to the virus-free blocks.

LEAFROLL
MANAGEMENT

3. Workers and implements should never move from a virus and/or mealybug
infested block to virus-free blocks.
To prevent leafroll from spreading within new vineyards (secondary spread):
1. Treat grapevines with a systemic insecticide such as imidacloprid shortly
after planting and bud burst (follow registration holder’s instructions),
so that virus-bearing (viruliferous) mealybugs do not have the opportunity
to establish in the vineyard and multiply.
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2. Remove all grapevines that display symptoms of leafroll immediately.
Of concern is a trend recently noticed in the industry. Producers who are loathe
to commit to the cost and effort involved in following the abovementioned
strategy, began to rely solely on treating their new vineyards once a year, and
even every second year only, with a soil application of imidacloprid to keep them
virus-free.
The objective of soil applications of systemic insecticides (for example Confidor®,
Provado® and Kohinor®) which contain imidacloprid as active ingredient, is to curb
outbreaks of mealybug in newly planted, virus-free vineyards and to prevent the
secondary spread of leafroll from infected grapevines to adjacent grapevines in
such blocks.
Research conducted by ARC Infruitec-Nietvoorbij has shown that first and second
instar larvae, or crawlers, of the vine mealybug, Planococcus ficus (Signoret), are
still able to transmit grapevine leafroll-associated virus 3 (GLRaV-3) to virus-free
indicator plants (Cabernet franc) before the imidacloprid applied to the soil
shortly after bud burst takes effect and kills the mealybugs.
IMPLICATION FOR THE INDUSTRY’S LEAFROLL STRATEGY
•

Producers cannot rely only on soil applications of systemic insecticides such
as imidacloprid to keep newly planted vineyards virus-free, i.e. prevent
primary spread of leafroll.

•

The leafroll strategy will only be successful if all the elements thereof are
applied.

•

Imidacloprid is applied mainly to prevent secondary spread of leafroll within
new, virus-free plantings.

•

Although imidacloprid has a long residual effect, it should not be used in the
same vineyard year after year. This will increase the chances of the mealybug
developing resistance to the insecticide. Applications of imidacloprid should
be alternated with registered insecticides containing other active ingredients.

HOW DO SYSTEMIC MEALYBUG INSECTICIDES WORK?
The insecticide is applied to the soil where the active ingredient is taken up
by the grapevine’s roots and distributed throughout the vascular system of
the plant. Systemic insecticides do not kill insects as quickly as for example
domestic insecticides which have a rapid knock-down effect. Imidacloprid,
the active ingredient of systemic mealybug insecticides, is taken up when
the mealybug feeds on the phloem sap of the grapevine. It binds irreversibly
to the synapses in the insect’s nervous system until it reaches a level where
the insect is paralysed and eventually dies. Mealybugs usually stop feeding
within 24 hours, but can live for up to three days before dying.

SUMMARY
The wine industry’s strategy to curb the spread of leafroll entails inter
alia the removal of virus-infected grapevines, where possible, and
careful monitoring and control of vectors such as vine mealybug in all
vineyards. Recent research has shown that the vine mealybug is still
able to transmit the leafroll virus to grapevines that have been treated
with a systemic insecticide (active ingredient, imidacloprid). Therefore
producers cannot rely on soil application of systemic insecticides such
as imidacloprid alone to keep newly planted vineyards virus-free.

The final report of project WW 05/21 (Determining reaction time of grapevine mealybug crawlers
to systemically applied imidacloprid) can be downloaded at http://www.sawislibrary.co.za/
dbtextimages/AllsoppE.pdf or http://ow.ly/MQSjx.

For further information contact Elleunorah Allsopp at allsoppe@arc.agric.za or Gerhard Pietersen at gerhard.pietersen@up.ac.za.

FRUIT PEST
Male with spots on wings.
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Spotted wing drosophila (Drosophila suzukii), or SWD, is a vinegar fly originating
from Asia, but unlike most vinegar flies, D. suzukii is able to attack fully
intact susceptible ripening and ripe fruit. Currently, susceptible fruit include
blueberries, caneberries and cherries. In some cases, wine and table grapes may
be affected dependent on compromised berries due to cracking, disease and bird
damage. Wine grapes are however not a comparatively good host fruit. Larvae
develop within fruit rendering it unmarketable. Damage is therefore similar to
that of true fruit flies, as the larvae feed in the developing fruit, which contribute
to secondary infections by bacteria and fungi. D. suzukii has not yet been
documented from South Africa, or indeed Africa, but is able to survive within all
important susceptible fruit producing regions. It is currently present in North and
South America, Europe, the UK and Asia.

JULY 2015

BIOLOGY
Up to 15 generations have been recorded per year, although generations overlap
early in the season, while the life cycle (from egg to adult) can be completed
in 10 days at 25°C. Due to its high reproductive capacity and ability to disperse
easily, it is particularly important to be aware of the presence of this pest as it
may cause significant economic losses within a short time period. Growers have
been known to harvest and ship perceived uninfected fruit only to face rejections
at their destination.
ECONOMIC IMPACT AND THREAT
Crop losses of 20-40% have been reported in Washington and Oregon on
berry crops, amounting to yearly management costs ranging between US$12

1 Trap design for SWD
(photo: Kate Mitchell, SU).

FRUIT PEST

2 Female with serrated ovipositor
(photo: Vaughn Walton, OSU).
3 Difference between SWD and
Drosophila melanogaster pupae
(photo: Vaughn Walton, OSU).
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Damaged grapes where SWD can lay their eggs. (photo: Vaughn Walton, OSU).
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and US$16. This does not take into account the loss of export markets, which
is associated with the threat status of this pest. The risk of introduction is via
movement of fresh fruit between countries, as the larvae are difficult to detect
in fruit. Suitable habitats for establishment include natural areas, cultivated
agricultural land and glasshouses, as well as urban areas in agricultural regions.
Other pathway causes for introduction include cut flowers, food, as hitchhikers
and on ornamentals.
Damage symptoms to look out for include:
•
•
•
•
•

Small holes in fruit with sap leaking out.
Splitting of grape berries.
Development of early mould, wrinkling and softening.
Dark spots on white grapes and vice versa on black grapes.
Presence of either larvae or pupae at infestation site.
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Molecular tools are available for identification, through DNA barcoding
techniques. No reliable diagnostic features have been identified for eggs, larvae
and pupae. Adults of most Drosophila species have the same basic features; they
are no larger than 3 mm in length with prominent red eyes, light brown body
with some black striping. Males also tend to have a solid black abdomen and be
slightly smaller than the females. Female D. suzukii are the only drosophilid with
a prominent ovipositor that allows this particular species to pierce the skin and

lay eggs in undamaged susceptible fruit. Males exhibit black spots towards the
outside edge of the wing that give the species its common name.
MONITORING AND SURVEILLANCE
Traps can be made from any 250-750 ml clear plastic containers, with a tight
fitting lid. Small holes (±3 mm) in the sides will allow flies to enter, and mostly
exclude larger non-target insects. The trap should be baited with a combination
of apple cider vinegar and wine, with a small drop of liquid soap.
MANAGEMENT
Control currently is reliant on chemical pesticides and targets egg-laying adults.
This method of control however needs to be employed weekly as adults only
make up 5-10% of the total population and newly emerging adults again attack
fruit as soon as the residual of the sprayed pesticides wear off. This phenomenon
necessitates many applications to manage SWD. Post-harvest mitigation
treatments are available for exporting fruit into pest free areas.
REFERENCES
Invasive Species Compendium, www.CABI.org. Accessed 16 October 2014,
modified 7 October 2014.
Walton, V.M., Lee, J., Bruck, D. & Dreves, A.J., 2010. Recognizing fruit damaged
by spotted wing drosophila (SWD), Drosophila suzukii. OSU Extension Service,
EM 9021.

For further information contact Pia Addison at pia@sun.ac.za.

SHIRAZ COLOUR

CONTENTS

CONTRIBUTING AUTHORS

Shiraz
wine colour
PHILLIP MINNAAR1 & KOBUS HUNTER1, 2
1
ARC Infruitec-Nietvoorbij, Stellenbosch
2
Department of Viticulture and Oenology, Stellenbosch University, Stellenbosch
KEYWORDS: Row orientation, ripeness levels, anthocyanins, sensory attributes, Shiraz wine.

DECEMBER 2015

FOREWORD

1

VINEYARD

2

CELLAR

3

VINEYARD & CELLAR UPDATE

4

CELLAR TIPS

5

VINEYARD TIPS

87

INTRODUCTION
Anthocyanins are responsible for the red colour of grape
skin. During wine production these anthocyanins are released
during maceration and fermentation. Although they are determined
genetically, their levels in grapes can be affected by environmental
factors, grape ripeness levels and viticultural practices. For example, in
the Northern Hemisphere, it was found that anthocyanin concentrations
increased in the skins of Cabernet Sauvignon, Merlot and Nebbiolo grapes
where the grapevines were planted in NS row orientations, i.e. high light exposure
(Chorti et al., 2010). Similarly, Pinot noir grapes harvested from fully exposed
grapevines planted in EW row orientations, showed higher anthocyanin levels than grapes
harvested from dense canopies (Cortell et al., 2007). Shiraz and Cabernet franc grapevines
planted in NS row orientations and exposed to moderate light in the Northern Hemisphere, also
showed increased anthocyanin levels (Tarara et al., 2008). Anthocyanin levels were lower in Shiraz
and Cabernet franc wines made from grapes originating from dense canopies than in wines produced
from grapes grown on vines with exposed canopies (Ristic et al., 2007). Shiraz wines made from fully exposed
grapes (open canopies) grown on vines planted in EW orientations, showed lower anthocyanin levels, compared to
wines made from grapes where the vines had dense canopies (Hunter & Volschenk, 2008). Merlot grapes grown under dense canopy

SHIRAZ COLOUR

TABLE 1. Total anthocyanins (ppm) in Shiraz wines as affected by row orientation and grape ripeness levels. Shiraz grapes harvested at approximately 22°B, 24°B and 26°B.
Total anthocyanins

Row orientation
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ca. 22°B

ca. 24°B

ca. 26°B

NS

169.72 (±2.95)

160.58 (±3.06)

215.03 (±3.96)

EW

166.43 (±2.35)

162.41 (±3.00)

245.54 (±2.78)

NE-SW

213.12 (±2.81)

195.42 (±2.70)

295.18 (±2.06)

NW-SE

214.42 (±3.33)

199.68 (±3.23)

278.11 (±3.56)

TABLE 2. The average scores (%) of sensory attributes of Shiraz wines as affected by row orientation and grape ripeness levels. The data represents wine samples of grapes collected over
three consecutive vintages.
Row
orientation
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Colour intensity

Overall quality

ca. 22°B

ca. 24°B

ca. 26°B

ca. 22°B

ca. 24°B

ca. 26°B

NS

45.67 (±7.45)*

53.76 (±4.44)

63.59 (±4.13)

41.95 (±3.09)

46.43 (±4.35)

48.08 (±4.95)

EW

34.32 (±6.77)

43.88 (±5.04)

53.61 (±4.71)

34.64 (±4.75)

40.18 (±5.51)

41.63 (±4.48)

NE-SW

49.29 (±6.61)

59.00 (±4.98)

69.49 (±3.82)

44.42 (±4.65)

48.48 (±4.94)

51.58 (±4.05)

NW-SE

48.59 (±5.04)

59.34 (±4.55)

69.45 (±3.16)

44.67 (±3.71)

48.64 (±4.88)

50.97 (±3.20)

* Value in brackets indicates standard deviation.

conditions showed lower anthocyanin levels than grapes grown under open
canopy conditions. Research on Cabernet Sauvignon and Shiraz grapevines in
the Southern Hemisphere showed that low diurnal temperatures and moderate
light exposure could result in grapes with high anthocyanin levels. The literature
reviewed indicates that grape variety, viticultural practices and row orientation
have an effect on the anthocyanin accumulation in grapes.

technique. Wine titratable acidity and pH were also measured. A panel of judges
comprising winemakers and ARC staff, who are experienced in wine sensory
evaluation, evaluated the wines sensorially.
RESULTS AND DISCUSSION

MATERIALS AND METHODS

There were no notable differences in titratable acidity and pH among wines for
the different treatments (data not shown). Differences were however observed for
anthocyanin levels (Table 1). Wines produced from grapes planted in NE-SW and
NW-SE row orientations (moderate light exposure), were higher in anthocyanin
levels than wines produced from grapes planted in NS (high light exposure) and
EW (less interior exposure/diffused light) row orientations. Anthocyanin levels
were higher in the aforementioned wines produced from grapes harvested at
approximately 26°B.

The experimental site in Robertson comprised vines planted in four row
orientations with five replicates per orientation, each confined to a separate
vineyard block with a surface area of 1860 m2. The vines were planted in NorthSouth (NS), East-West (EW), Northeast-Southwest (NE-SW) and NorthwestSoutheast (NW-SE) orientations. Row spacing was 2.7 m and vine spacing was 1.8
m, respectively. The grapevine canopies consisted of three to four leaf layers from
side to side. Grapes were harvested at approximately 22°B, 24°B and 26°B from
both sides of the canopy. Wines were made according to a standardised smallscale winemaking procedure in the Nietvoorbij Research Cellar. Wine samples
were analysed for their anthocyanin levels using a liquid chromatographic

Wines produced from grapes harvested at approximately 22°B, 24°B and 26°B
and planted in four different row orientations showed differences in sensory
attributes (Table 2). Wines produced from grapes planted in NE-SW and NWSE row orientations (moderate light exposure), scored higher percentages in
colour intensity and overall quality than wines produced from grapes planted
in NS (high light exposure) and EW (less interior exposure/diffused light) row
orientations. The higher percentages in colour intensity correlated with higher
anthocyanin levels. Grapes planted in EW row orientations, scored the lowest
percentage in colour intensity and overall quality. This correlated with the lower
anthocyanin levels.

To improve understanding of the effect of row orientation and ripeness levels on
the anthocyanin levels of Shiraz grapes, anthocyanins in Shiraz wines produced
from grapes planted in four different row orientations and harvested at three
different ripeness levels, were determined. The effect of row orientation on
certain sensory attributes was also determined.

SHIRAZ COLOUR
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This investigation reports on the effect of different row orientations and grape
ripeness levels on the anthocyanin levels and sensory attributes of Shiraz wines.
Anthocyanin levels differed in wines among treatments and grape ripeness
levels. Wine sensory attributes were also affected by treatment and varied among
grape ripeness levels. The anthocyanin level of wines showed differences in NWSE/NE-SW and NS/EW row orientations for all three ripeness levels. Differences
induced in anthocyanin levels by the different row orientations (treatments/light
interception), particularly in wines produced from grapes planted in NW-SE and
NE-SW row orientations (treatments), were verified by increased anthocyanin
levels. Therefore, moderate light exposure/interception of grape bunches is
conducive to increased anthocyanin accumulation. The results should however,
only be applied to wines produced from grapes cultivated on a flat terroir, trained
to a vertical-shoot-positioned trellis system and planted in clayey loam soil.
Different results may be obtained from a commercial vineyard block, a different
terroir and different climatic conditions. Furthermore, a specific grapevine row
orientation is not necessarily applicable to all environments.

Chorti, E.S.G., Ferrandino, A. & Novello, V., 2010. Effect of different cluster sunlight
exposure levels on ripening and anthocyanin accumulation in Nebbiolo grapes.
American Journal of Enology & Viticulture 61, 23-30.
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Wines made from Shiraz grapes planted to four different row orientations
(NS, EW, NE-SW, NW-SE) and harvested at three different ripeness levels
(22°B, 24°B, 26°B) were analysed for their anthocyanins levels, i.e. colour
pigments in wine. The results indicated that anthocyanin levels were highest
in wines made from grapes harvested from vines planted in NE-SW and NWSE row orientations.

For further information, contact Phillip Minnaar at minnaarp@arc.agric.za.
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From a climatic point of view much can still happen this season to change the dry
situation, but many producers are already making plans to try and cope with less
water.

DECEMBER 2015

however, and with excessive supply production will level out and may even
decrease. In the case of intensive irrigation, a small decrease in water supply
will not cause large losses in production.

The dry conditions which have prevailed since August 2014 have caused very low
levels in large catchment dams, as well as farm dams, at the end of September.
Soil profiles are also drier than usual in areas in the coastal region that are
generally at field capacity at the time of bud burst.

•

Water management and irrigation scheduling are obviously specific to the
area and region and dependent on the wine objectives and production levels
to be achieved. The following principles may be important, however, in the
development of a strategy where water resources are very limited:

Under local conditions it was found that wine quality and water consumption
efficiency (kg grapes per cubic metre water produced) improved when
irrigation took place at increased soil moisture deficiency levels, in other
words drier soil.

•

Moisture stress during flowering and set are extremely detrimental to
production, but at other stages in the course of the season the grapevine is
able to handle a fair amount of moderate moisture stress. Moderate stress
during the period after set until véraison is especially beneficial to curb
excessive growth.

•

It has already been proven that an increase in water supply will cause an
increase in production in a given situation. The relationship is not absolute,

VINEYARD WATER
MANAGEMENT
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This soil profile in the Wellington area shows
soil moisture to be below field capacity at
the time of bud burst. Winter rainfall was
therefore insufficient to moisten the soil as
usual to full capacity.
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An unnecessarily large canopy surface
results in high water consumption.

•

A large canopy surface also results in high water consumption. Unnecessary
shoots may be removed to reduce demand points. Likewise timely tipping
and topping actions may be used to prevent excessively large canopies.

•

Effective, deep soil preparation and a well-established and distributed root
system enlarges the buffer capacity of the grapevine and are invaluable in dry
years. The root depth and distribution should be known, because excessive
irrigation past the root zone will result in losses.

•

The value of a good cover crop should not be underestimated; not only is
run-off restricted, but so too evaporation. With regard to evaporation, losses
are also bigger if small irrigations are given at short intervals. Evaporation is
also higher if drops fall directly onto warm plastic strips.

•

It goes without saying that the grapevine’s competitors should be eliminated
and in dry years it makes sense to kill weeds and cover crops at an earlier
stage.

•

The size of the crop will begin to play a role after véraison. If the grapevines
bear too heavily, delayed ripening will ensue or grapes may even be unable
to reach the desired degree of ripeness. Crop adjustments should therefore
be done before véraison.

In this vineyard weeds compete with scarce nutritional and water resources.

The most important principle is nevertheless to measure the soil and plant water
status. Only with sufficient, reliable information can the choice of irrigation
strategy be implemented successfully.
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For more information contact Hanno van Schalkwyk at hanno@vinpro.co.za.
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EXENCE ® DEVELOPMENT AND SELECTION

INTRODUCTION
Wine yeast strains are generally selected based on their ability to rapidly initiate
fermentation and to produce desirable aroma compounds. Exence® is one such
natural hybrid recently selected at the Institute for Wine Biotechnology (IWBT),
at Stellenbosch University, South Africa, based on its aromatic properties.
The focus of this study is to compare Exence® to Cross Evolution®, another
natural hybrid yeast previously selected at the IWBT, in terms of fermentation
performance, as well as the chemical and sensory properties of the finished
wines. Additionally, the application of non-Saccharomyces yeast, a strain of
Metschnikowia pulcherrima, isolated in the Maule region of Chile, secreting an
enzyme with α-arabinofuranosidase activity was investigated. Flavia® MP346
(Metschnikowia pulcherrima) in combination with Exence® was examined for its
ability to bring about additional changes to the final wine composition.

Parental strains underwent sporulation on potassium acetate plates followed
by mass mating on YPD plates to generate a vast number of hybrid strains, as
confirmed by PCR fingerprinting (Figure 1). This population of hybrids was then
subjected to directed evolution using continuous cultures. These chemostat
cultivations were conducted in synthetic grape must (200 g/ℓ sugar) over
a period of 70 generations, where the nitrogen content and fermentation
temperature were used as the selection pressures to produce an aromatic
yeast with low nitrogen requirements, as well as being able to ferment at low
temperatures. During the course of this selection process, samples were plated
and the presence of hybrids was routinely confirmed by colony PCR. These
samples provided 95 isolates that were used for subsequent fermentations in
synthetic grape must containing 200 g/ℓ sugar and 50 mg/ℓ nitrogen. Based on
the fermentation kinetics, and major volatiles (higher alcohols, volatile fatty acids
and esters) produced, 12 hybrids, confirmed by karyotyping, were selected for
further screening. Small scale winemaking trials were conducted in three white
cultivars: Chenin blanc, Chardonnay and Sauvignon blanc. One specific hybrid
named Exence® was then selected for commercialisation, based on the sensory
and chemical analyses (major volatile profiles) of these wines.

EXENCE®

Natural hybrid development
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strains
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Natural hybrid screening

95 hybrids screened in
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for fermentation and
aromatic
characteristics

Sporulation

12 hybrids
screened in
3 white cultivars
for fermentation
and aromatic
characteristics
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Twenty litre Sauvignon blanc fermentations were conducted
in triplicate at 20°C in 2014 at the IWBT. Table 1 summarises
important initial grape must parameters such as: sugar level, pH,
titratable acidity (TA) and yeast assimilable nitrogen (YAN). In order
to ascertain the impact that Flavia® has on fermentation kinetics
and the aroma profile of wines, fermentations were inoculated
with Flavia® on day zero, and with the S. cerevisiae strain, Exence®,
24 hours later at a 1:1 ratio (Table 2). In order to reduce the risk of
slow or incomplete fermentation due to a lack of yeast assimilable
nitrogen (YAN), nutrients were supplied in the form of an organic
nutrient, Fermaid O (20 g/hℓ corresponding to 8 mg/ℓ YAN) at the
onset of the fermentation, and again when one third of the sugars
were metabolised. These additions of Fermaid O (40 g/hℓ in total)
supplied approximately 16 mg/ℓ of organic nitrogen.
TABLE 2. Summary of inoculation and nutrient additions applied.

FIGURE 1. The workflow for the development and screening for suitable hybrids leading to the
commercialisation of Exence®.
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Chemical parameter

Result

Total sugar

218 g/ℓ

Total SO2

26 ppm

Free SO2

3 ppm

pH

3.42

TA

6.37 g/ℓ

YAN

207 mg/ℓ

Day 0

Day 1

Day 3

Cross
Evolution®
(25 g/hℓ)

–

Fermaid® O (20
g/hℓ)

–

Fermaid® O (20
g/hℓ)

Exence®
(25 g/hℓ)

Fermaid® O (20
g/hℓ)

Fermaid® O (20
g/hℓ)
Exence®

Exence®
(25 g/hℓ)
Fermaid® O (20
g/hℓ)

Exence® + Flavia®

Flavia®
(25 g/hℓ)
Fermaid® O (20
g/hℓ)
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FIGURE 2. Fermentation kinetics (A) and population dynamics of Sauvignon blanc fermentations mediated by yeast strain Cross Evolution® (B) (Saccharomyces cerevisiae),
Uvaferm Exence® (Saccharomyces cerevisiae) (C), Flavia® MP346 (Metschnikowia pulcherrima) and Exence® (D).
Results are the average of triplicate fermentation treatments.
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All treatments reached dryness within nine days (Figure 2A), as confirmed by
chemical analyses. The fermentations mediated by Exence® proceeded more
rapidly than those conducted by Cross Evolution®. The sequential fermentations,
inoculated with Flavia®, displayed a pattern similar to that of the Exence®
fermentation, suggesting the Flavia® had little to no effect on the fermentation
performance of Exence®. This may be attributed to the rapid decline in the Flavia®
population during the first 24 hours of the fermentation (Figure 2D). Flavia® could
no longer be detected after day three. In contrast, Cross Evolution® and Exence®,
irrespective of the inoculation modality, maintained a high population for four
days following inoculation, followed by a slight decrease in the population size
(Figure 2B-D).

MAJOR VOLATILES (VOLATILE ACIDITY, HIGHER ALCOHOLS, VOLATILE
FATTY ACIDS, ESTERS AND VOLATILE THIOLS)
To evaluate the impact of the different yeast strains on wine aroma, the major
volatile concentrations (esters, higher alcohols and fatty acids) were determined
by gas chromatography with a flame ionisation detector (GC-FID) and the volatile
thiols by liquid chromatography with a mass spectrophotometer detector (LC-MS).
VOLATILE ACIDITY
Acetic acid and ethyl acetate are the primary contributors to volatile acidity;
conferring a vinegar-like and nail polish character to wine respectively. Exence®
produced significantly lower levels of volatile acidity (acetic acid and ethyl
acetate) than Cross Evolution® (Figure 3B and C). The production of acetic acid

EXENCE®

A.

CONTENTS

CONTRIBUTING AUTHORS
B.

C.

FOREWORD

1

VINEYARD
.

2

CELLAR

FIGURE 3. Glycerol (A) and volatile acidity, as shown by (B) acetic acid, (C) ethyl acetate as measured (GC-FID) in bottled wine. Fermentations were mediated by Cross
Evolution® (Saccharomyces cerevisiae), Uvaferm Exence® (Saccharomyces cerevisiae), and Flavia® MP346 (Metschnikowia pulcherrima) with Exence®. Results are the average
of triplicate fermentation treatments, with the error bars showing the standard deviation between replicates. The letter notes a significant difference (p ≤ 0.05).
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and ethyl acetate corresponds to that of glycerol (Figure 3A), where the Cross
Evolution® fermentations produced high levels of glycerol and acetic acid,
whereas Exence® produced significantly lower levels. The increase in glycerol
production indeed results in an imbalance in the redox potential which the cell
strives to correct via an increased production of acetic acid (generating NADH).
This explains why a higher production of glycerol is commonly correlated with an
increase in volatile acidity.
HIGHER ALCOHOLS
Exence produced significantly higher levels of higher alcohols than Cross
Evolution® (Figure 4A). Interestingly, despite its rapid decline in population
numbers (Figure 2D), the use of Flavia® in concert with Exence® brought about
an even greater increase in the total concentration of higher alcohols. In the
case of the pure Exence®, this increase is attributed to higher levels of 2-phenyl
®
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ethanol, isoamyl alcohol, isobutanol, but lower levels of butanol (Figure 4B-E).
Furthermore, in the fermentation where Flavia® was present, this increase is linked
to elevated levels of isoamyl alcohol and isobutanol. It is possible that during
bottle ageing, higher alcohols would be converted to acetate esters. If that were
to be the case, the Exence® and Flavia® with Exence® treatment would result in
comparatively higher levels of this ester than Cross Evolution®.
ESTERS
The yeast strain Cross Evolution® produced more acetate esters than Exence®
(Figure 5A), due to an increased production of 2-phenylethyl acetate and isoamyl
acetate (Figure 5B and C). The use of Flavia® in sequential fermentations with
Exence® brought about a further decrease in the production of esters, as illustrated
in Figure 4C and D. Overall, the Exence® and Cross Evolution® treatments produced
similar levels of ethyl esters and volatile fatty acids (data not shown).
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Volatile thiols are derived from non-volatile, non-glycosylated, S-cysteinylated
conjugates which are degraded by yeast during alcoholic fermentation. The
release of volatile thiols is generally associated with the nitrogen status of
the grape must and the yeast strain utilised, as strains vary in their ability
to release thiols. The use of Cross Evolution® and Exence® produced similar
levels of 3-mercaptohexyl acetate (3MHA), conferring passion fruit, guava
and gooseberry aromas (Figure 6A). Interestingly, Exence® released a higher
concentration of 3-mercaptohexan-1-ol (3MH), the precursor for 3MHA,
than Cross Evolution®, but when sequentially inoculated with Flavia®, the

FIGURE 4. Total higher alcohols (A), 2-phenyl ethanol (B), isoamyl
alcohol (C), isobutanol (D) and butanol (E) as measured (GC-FID)
in bottled wine. Fermentations were mediated by Cross Evolution®
(Saccharomyces cerevisiae), Uvaferm Exence® (Saccharomyces
cerevisiae), or Flavia® MP346 (Metschnikowia pulcherrima) with
Exence®. Results are the average of triplicate fermentation
treatments. The error bars indicate the standard deviation between
replicates and the letter the significant difference (p ≤ 0.05).

concentration of 3MH increased even further (Figure 6B). 3MH is associated
with grapefruit, passion fruit, guava and gooseberry flavours.
SENSORY EVALUATION
Frequency of citation was used to evaluate the sensory profiles of the wines.
Judges underwent training to identify generic characteristics commonly
associated with wine. This was followed by two weeks of training focused on the
descriptors most relevant to the wines in question. Judges evaluated the wines
(in triplicate with a 10 min break between replicates) by selecting the five most
pertinent descriptors from the list provided.
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FIGURE 5. Total acetate esters (A), 2-phenyl acetate (B), isoamyl acetate (C), and hexyl acetate (D) measured (GC-FID) in bottled wine.
Fermentations were mediated by Cross Evolution® (Saccharomyces cerevisiae), Uvaferm Exence® (Saccharomyces cerevisiae) and Flavia® MP346
(Metschnikowia pulcherrima) with Exence®. Results are the average of triplicate fermentation treatments, with the error bars showing the
standard deviation between replicates. The letter notes a significant difference (p ≤ 0.05).

FIGURE 6. The level of volatile thiols: (A) 3MHA (3-mercaptohexyl acetate) and (B) 3MH (3-mercaptohexan-1-ol) measured (LC-MS) in bottled
wine following the fermentation of Sauvignon blanc juice by yeast strain Cross Evolution® (Saccharomyces cerevisiae), Uvaferm Exence®
(Saccharomyces cerevisiae), Flavia® MP346 (Metschnikowia pulcherrima) with Exence®. Results are the average of triplicate fermentation
treatments, with the error bars showing the standard deviation between replicates. The letter notes a significant difference (p ≤ 0.05).
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FIGURE 7. The attributes used to describe the Sauvignon blanc wines fermented by: (A) Cross Evolution®,
(B) Exence® and (C) Flavia® and Exence®. The font size is indicative of how frequently the attributes were
used, the font orientation and colour are of no importance.
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The frequency with which attributes were used to describe wines is illustrated
in the word clouds in Figure 7. The font size is proportional to how frequently
attributes were used, but the colour and orientation is of no significance. These
figures clearly illustrate that the dominant attribute in all cases was tropical
fruit. The Cross Evolution® wines were more frequently described by the fruity
descriptors (tropical, dried and yellow fruit, citrus) with a slight green/vegetable
character described as fresh and plant-like. This predominantly fruity description
is possibly due to the comparatively high production of esters (Figure 5A). In the
case of Exence®, green and vegetable descriptors were used as often as the other
fruity traits (citrus and white fruit). In contrast, the Flavia®-Exence® sequential
fermentation was described as green and vegetable-like almost as often as
having a tropical aroma. This suggests that the use of Flavia® in combination
with Exence® greatly enhanced the release of the greener varietal character of
Sauvignon blanc. Additionally, the progressive increase in spiciness shown in
Figure 7B and C, may be associated with elevated levels of 2-phenyl ethanol
(Figure 4B).
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CONCLUSION
This study clearly illustrates the tremendous influence that yeast selection
has on the fermentation kinetics and the chemical and sensory profiles of the
resultant wines. This is shown by the sensory data, whereby the Cross Evolution®
wines correlated most strongly with fruity characteristics, the Flavia® and Exence®
treatment with a combination of fruity and green traits, and Exence® falling
between these two poles. Additionally, Exence® produced significantly lower
levels of volatile acidity and esters, and higher levels of higher alcohols and
volatile thiols.
Several trials conducted across Europe have reported that Exence® effectively
releases volatile thiols, produces desired aromas, and generates low levels
of volatile acidity. As a whole, these studies confirm that Exence® is a strong
fermenter, producing wines with a desirable aromatic profile often described as
tropical fruit, fresh, and plant-like.

SUMMARY
Yeast selection plays a pivotal role in the development of the overall aroma
profile of wine. This study compares Exence®, a recently commercialised
yeast strain, to Cross Evolution® for fermentative ability and the production
of desired aroma compounds. The use of a Metschnikowia pulcherrima strain,
Flavia® MP346, in sequential fermentations with Exence® was also examined.
The results clearly illustrate the importance of yeast selection as a tool
to modulate wine aroma in order to obtain the desired wine style.
Furthermore, the data shows that the inclusion of Flavia® had no discernible
impact on fermentation kinetics, but significantly affected wine aroma.

For further information contact Benoit Divol at divol@sun.ac.za.
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INTRODUCTION

MATERIALS AND METHODS

Winemakers put a lot of effort into producing good quality wine. It is therefore
critically important that the wine reaches the consumer in an unaltered state. It
is well known that high storage temperatures may adversely affect the quality
of wine. This is due to the breakdown of favourable aroma compounds, such
as certain esters and thiols for instance. There is also a belief that a variation in
temperatures that wines are stored at may also adversely affect its quality.

Two white wines were used in this study, which included a commercial 2009
Sauvignon blanc (closed with a cork), as well as a 2010 Chenin blanc (sealed with
a screw cap). The 2010 wine was collected soon after bottling, while the 2009
had been bottled for roughly a year. These wines were then exposed to different
temperature changes for 46 days, which were supposed to simulate temperatures
when shipped from Cape Town (in summer) to Europe. Some of the wines were
thus exposed to 30°C for eight hours, then to 37°C for eight hours and finally
to 20°C for the final eight hours per day for one week. This was supposed to
simulate one week that the wine would have spent on the Cape Town harbour
in a container in summer time. The wines were then moved to a constant 15°C
for 30 days (simulating time spent on sea). After this the wines were exposed to
simulated European winter conditions for one week, which included storing them
at -4°C, 4°C and 8°C for eight hours per day.

The shipping of wine and how this affects the sensory composition of wine
has not received sufficient attention in the past. A few studies have shown that
keeping wine at higher temperatures leads to the development of unwanted
colour in white wines, with a loss in the fruity aroma (Hopfer et al., 2012).
Some research has shown that wine can be exposed to very high temperatures,
as well as large temperature variations when stored or transported in containers
in the harbour or when shipped (Meyer, 2002; Rodriguez-Bermejo et al., 2007).
Meyer (2002) found the largest temperature variations that wines are exposed
to when shipping containers are stored in the harbour, with those on the sea
being relatively constant. The main aim of this work was to investigate the effect
of different temperatures to which wine might be exposed to on the sensory
composition of South African white wines.

The rest of the wines were left for 46 days at a constant -4°, 15° and 37°C. The
average temperature of the 15°C and variable temperature treatments were very
similar over the 46 day trial period.
The wines were then sensorially evaluated by a trained sensory panel of eight
judges using descriptive analyses. This sensory method makes use of a line scale
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where panellists have to indicate the intensity of a certain aroma or taste that
they have been calibrated for. The panel consisted of postgraduate students and
staff of the Department of Viticulture and Oenology, Stellenbosch University. All
tasting were conducted in a blind manner and in a random order. After this first
trial with four treatments, we also exposed additional bottles of the 2010 Chenin
blanc wine to 37°C and 15°C for 7 and 14 weeks for a triangular tasting. For more
detail Du Toit and Piquet (2014) can be consulted.

and assessed after one and two weeks. After one week a triangular tasting
showed that the panel could not distinguish between these two treatments, but
after two weeks they could, indicating that after such a short period of time the
wine already underwent a drastic change at such a high temperature.

RESULTS AND DISCUSSION
In Table 1 the sensory results of the Chenin blanc wine can be seen. It is clear
that those wines left at a constant 37°C had much higher levels of yellow colour,
sulphur off odour, over-aged aroma and a burning aftertaste, which are all
negative characteristics often used to describe white wines that were left for
too long at high temperatures. These wines were also rated significantly lower
in terms of positive aroma characteristics, such as tropical and fruity aromas.
However, no significant differences could be observed between the -4°C, variable
and 15°C treatments. Similar results were obtained with the Sauvignon blanc
wines, but some of the positive fruity aroma compounds were slightly lower
in the variable and 15°C treatments compared with that of the -4°C treatment.
However, these differences were, although significant, still small (around 3%
decreases), while the wines left at 37°C had much larger decreases in fruity
aromas and high increases in negative associated sensorial characteristics as
found in the Chenin blanc wine. It thus appears that temperature variations do
not seem to play such a large role in white wines matured in the bottle, but rather
the average temperature it is exposed to. A white wine thus stored at say 2-12°C
(which is a temperature variation of 10°C), will thus age much slower than the
same wine left at say 20-22°C (which is a temperature variation of only 2°C). These
simulated shipping temperatures also did not affect the sensory characteristics
of the wines to such a large extent, but high temperatures of up to 50°C during
summer has been recorded in some shipping containers.
As the tasters could clearly distinguish the 37°C treatments from the rest after
46 days, we were interested to assess whether they could perceive it at an earlier
stage. The Chenin blanc wine was thus also stored at a constant 15°C and 37°C

High temperatures are known to increase acid hydrolysis of certain fruity esters,
as well as the hydrolysis of 3-mercaptohexanonacetate, which is responsible
for the passion fruit and guava aromas in Sauvignon and Chenin blanc wines
(Coetzee et al., 2012). These breakdown reactions do not need oxygen and can
thus proceed even if the wines are closed under screw cap, which should be kept
in mind by the producer when shipping or storing wines.
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TABLE 1. Mean sensory scores (out of 100) for Chenin blanc after the 46 days temperature trial. Different letters indicate significance at p<0.05.
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Treatment
Sensory characteristic

-4°C

Variable temperatures

15ºC

37ºC

Straw colour

11.5±2.3a

11.8±3.1a

11.2±2.4a

19.7±1.0b

Sulphur off odour

5.2±7.9a

4.7±7.65a

4.6±6.2a

24.4±9.6b

Tropical

50.0±18.6a

46.4±16.7a

44.6±18.5a

11.7±7.0b

Fruity

37.2±12.1a

33.8±13.6a

34.9±11.8a

12.9±7.3b

Over-aged

7.4±a

7.5±a

6.8±a

27.3±b

Burning sensation

9.3±9.4a

10.7±9.9a

9.8±9.6a

28.3±13.3b

For more information contact Wessel du Toit at wdutoit@sun.ac.za.
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INTRODUCTION

ESTERS

This article is one of a series which covers the fungal and bacterial origins of
wine aromas. These articles detail esters, aldehydes, volatile fatty acids, volatile
phenols, sulphurous compounds and higher alcohols. The old adage “one man’s
trash is another man’s treasure”, holds true with these compounds.

Esters are the class of volatile compounds that are responsible for a general
“fruity” smell in wines. They are some of the most abundant aromatic compounds
within wine (Pretorius & Lambrechts, 2000). Esters are found in grapes in small
amounts, but most of the esters in wine are formed during fermentation or
during wine ageing. Esters can be classified as either volatile esters (or neutral
esters) and acid esters (or non-volatile esters). The neutral esters are produced
through enzymatic reactions; acid esters are formed in simple hydrogen-ioncatalysed esterification (Margalit, 2004). This simple acid catalysed reaction is
slower than enzymatic esterification, but may be responsible for aged characters
of wine. Additionally, acid catalysed esterification may occur faster in wines of a
lower pH (Edwards et al., 1985). Therefore, esters not only contribute significantly
to the sensory impact of newly fermented wine, but the aged product as well.

A winemaker may make a Sauvignon blanc table wine within which they would
like to have dominant aromas of grapefruit, gooseberry and passion-fruit
and perceptible acetaldehyde would be viewed as a fault. However, another
winemaker may wish to make a wine that emulates sherry, at which point
maximising acetaldehyde production would be intrinsic to the style of the wine.
The same is also true with esters. A winemaker may wish to create a young
wine that is similar to Beaujolais Nouveau or a fresh white wine that is meant
for immediate sale. In these cases, the formation and retention of esters during
fermentation will be critical to wine style. Another vigneron may wish to make
a Pinotage table wine that has deep flavours of smoke, earth and a varied
assortment of berries. In this case, the winemaker might view isoamyl acetate (an
ester) as a fault and attempt to minimise its impact on their wine by controlling
viticultural and winemaking practices which will influence this compound.

Volatile esters are produced in such high quantities during fermentation that
the concentration surpasses the synthesis/hydrolysis equilibrium point, and
they cannot be maintained. During ageing, volatile esters decrease as they react
hydrolytically and finally achieve equilibrium (Pretorius & Lambrechts, 2000).
Non-volatile esters contribute relatively negligible aromas and flavours in wine;
however they may somewhat soften the tartness of highly acidic white wines
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such as those hailing from Chablis (Margalit, 2004). Volatile esters are a major
component of fermentation bouquet and rapidly dissipate after fermentation
(Boulton et al., 1996). Therefore, wines such as those famous in Germany around
fall, Federweißer also known as neu wein, rely heavily on fermentation esters as
they are wines in which fermentation was stopped and bottled for quick sale.
There are two groups of esters, namely aliphatic and phenolic. Only the aliphatic
monocarboxylic esters make a significant impact in wine. The monocarboxylic
acid esters can be further broken down into those formed from ethanol and
saturated fatty acids. The second group are those formed from acetic acid and
higher alcohols. It is true that the monocarboxylic acids are the most significant
esters for most wines, however meth- and ethanolic esters have been found
to be associated in the aroma of Muscadine wines (Lamikanra et al., 1996). The
physiological function of esters formed during fermentation is unclear (Pretorius
& Lambrechts, 2000).
Esters can arise in two ways: from acetates, ethanol and higher alcohols or from
ethanol and straight chained fatty acids. Esters which form from acetates, ethanol
and higher alcohols include:
• Ethyl acetate, isobutyl acetate, isoamyl acetate and 2 phenethyl acetate.

FOREWORD

Esters which form from ethanol and straight chain fatty acids include:
• Ethyl hexanoic acid, ethyl octanoic acid and ethyl decanoid acid.
The esters formed from fatty acids are not nearly as important in wine production
as the acetate esters. They are more significant in products of distillation
(Zoecklein et al., 1999).
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The mechanism by which yeasts form esters has been theorised by many, but a
consensus has not been reached. Some believe that the reaction is catalysed by
an enzyme called alcohol acetyltransferase (AAT). This reaction uses alcohol (as a
substrate), co-enzyme A and ATP to form an ester (Boulton et al., 1996; Mason &
Dufour, 2000; Zoecklein et al., 1999). Esters may also be formed through simple
hydrogen-ion-catalysed reactions.
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Oenoccoccus oeni and other lactic acid bacteria have esterases and can affect
the ester concentration of a wine during malolactic fermentation. This is done
through either ester synthesis or hydrolysis, which will complement or detract
from wine aroma, depending on the esters produced or metabolised by the strain
(Davis et al., 1985).
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Esters are usually associated with “general fruit” rather than attributing a specific
aroma; however, they are not always pleasant (e.g. ethyl acetate) (Pretorius &
Lambrechts, 2000; Zoecklein et al., 1999). Ethyl acetate, which has a detection
threshold of 12-14 ppm, is also present in acetic acid and contributes to the
vinegar (or nail polish) aroma at 120-160 mg/ℓ. The perception of VA as a fault
is a function of the ethyl acetate:acetic acid ratio (Margalit, 2004; Pretorius &
Lambrechts, 2000).
Esters are generally thought to be more important to the aroma of white wines;
their significance in red wine aroma is less understood. Esters are critical in the
production of Pinotage wine. If uncontrolled, this variety develops a pungent,
banana aroma from isoamyl acetate, which is not only produced during
fermentation, but also found within the grape itself (Van Wyk et al., 1979). Esters

can be a major contributor to varietal aroma as well. This is especially true in
Pinot noir from Burgundy, which contains four particular esters that contribute to
its characteristically fruity aroma (Moio & Etievant, 1995).
Native yeasts such as Hansenula anomala and Kloeckera apiculate produce an
abundance of ethyl acetate. Therefore, yeast strain can affect the formation of
certain esters. Lema et al. (1996) found that the concentration of total esters was
more dependent on the size of the initial yeast culture, rather than the yeast
strain itself. However, the concentration of the esters produced was different
from strain to strain. Saccharomyces yeast generally produce roughly the same
concentrations of esters, but their distribution differs. Non-Saccharomyces yeast
can produce many more esters than Saccharomyces, but may not always be
pleasant. Nonetheless, this may be a reason why natural fermentations produce
wines of greater complexity (Boulton et al., 1996).
Volatile esters are an important component of the fermentation bouquet, and
they rapidly dissipate after fermentation (Boulton et al., 1996). Further, must
conditions, such as high solids and high fermentation temperatures (>15°C),
can decrease the amount of potential esters formed during fermentation
(Boulton et al., 1996; Margalit, 2004).
ALDEHYDES
Acetaldehyde constitutes around 90% of all the aldehydes found in wine. It is a
normal yeast fermentation by-product and is an intermediary in the process of
diacetyl forming from pyruvic acid (Pretorius & Lambrechts, 2000).
Acetaldehyde is the penultimate compound produced during the conversion
of sugar to ethanol. Sugar is metabolised through glycolysis, which allows for
the formation of ATP and NADH, providing cellular energy. The end product
of glycolysis is two pyruvate molecules. Pyruvate is then enzymatically
decarboxylated to form acetaldehyde. Acetaldehyde is then enzymatically
converted to ethanol. Not all the acetaldehyde produced by the yeast cell is
converted to ethanol, as it is used to maintain a redox balance within the cell.
Therefore, some of the acetaldehyde remains in the cell, some is excreted, and
the rest is converted into alcohol. Notably, ethanol is able to oxidise back into an
aldehyde (Swiegers et al., 2005). Acetaldehyde can also increase in wine through
enzymatic oxidation of ethanol by film yeast. These yeasts utilise ethanol as
their primary carbon source for growth. Film yeast are regularly exploited in the
production of sherry, but must be controlled when creating table wine. Further,
yeast differ widely in their ability to produce acetaldehyde. In general, low
acetaldehyde-producing yeast generate less acetic acid and acetoin than their
higher-producing cousins (Romano et al., 1994). Therefore, these yeast can be
selected in order to create a more “fresh” wine style. Cellar temperature during
bulk wine storage is critical for the control of film yeast. Temperatures of 8-12°C
are ideal for restraining oxidative yeast film formation (Zoecklein et al., 1999).
Aldehydes commonly convey a nutty or bruised apple aroma (Swiegers et al.,
2005). This compound is intrinsic to oxidative wine styles, such as sherry and
Vin jaune (yellow wine); however, where these characteristics are desired in the
aforementioned styles, they are viewed as a fault in typical table wines. In fact,
where aldehydes are intrinsic to the Savagnin dominant Vin jaune wines of Jura,
aldehydes in the Vin de paille (also Savagnin dominant) wines from this region,
would be viewed as a fault.
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Besides affecting wine aroma, aldehydes may be
intricately linked to colour development of red wines.
Aldehydes interact with phenolic compounds during
wine ageing, which promotes the formation of tanninanthocyanin polymerisation. The role of acetaldehyde in
wine colour stability may be of little to no significance
(Somers & Wescombe, 1987; Timberlake & Bridle, 1976;
Swiegers et al., 2005).
Free acetaldehyde in young wine is usually less than
75 ppm. Although, if oxidative reactions induce higher
acetaldehyde concentrations then SO2 is used to neutralise
the aromatic impact of acetaldehyde and form the less
aromatic product, acetaldehyde-α-hydroxysulfonate
(Zoecklein et al., 1999). It requires 1.45 mg of SO2/mg
of acetaldehyde for the latter to be completely “bound”
(Hornsey, 2007). Unfortunately, SO2 is not always a positive
tool in decreasing the sensory impact of acetaldehyde.
Increasing amounts of pre-fermentative SO2 correlates
with higher acetaldehyde production, since SO2 inhibits
aldehyde dehydrogenase, which converts acetaldehyde
to ethanol (Frivik & Ebeler, 2003; Ribereau-Gayon et al.,
2006). Further, incorrect timing of the SO2 addition leads
to the degradation of acetaldehyde-α-hydroxysulfonate by
lactic acid bacteria, thereby releasing SO2 and halting, or
prolonging, malolactic fermentation (Osborne et al., 2000).
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Wine is commonly referred to as a “complex matrix” and
this is certainly true. However, by breaking wine down into
its fundamental components, we can begin to understand
how to better manage our vineyards and wineries to
attain the wine styles that our markets desire. Esters and
aldehydes could be considered a fault or aromas that are
intrinsically valuable to our wine style, depending upon
what we are trying to achieve. To this end, it is crucial to
understand how these compounds arise and how vintners
can manage them effectively and efficiently.
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INTRODUCTION
The colour and tannin composition of red wines are crucial to its quality and ageing
potential. Anthocyanins contribute to the colour of red wines, while tannins are
responsible for its astringency and also contribute to the full bodied mouthfeel of
red wines. During red wine ageing, these anthocyanins are transformed into more
stable wine pigments due to their association with certain co-pigments or with
tannin compounds. The stabilisation of colour of red wines is very important to the
red wine producer. Tannins that can be added to wine are available to the producer
for a number of years. These tannins can consist of either grape derived tannins
(condensed) or oak derived tannins (hydrolysable) or a mixture of the two. Suppliers
of these tannins claim that the addition of these tannins may lead to a better colour,
increased colour stability and increase the mouthfeel of red wines. However, very
little research has been done to assess the validity of these claims. The main aim of
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this work was thus to investigate the effect of different tannin additions to Shiraz
grape must and the effect it has on the phenolic and colour composition of the
young wines, as well as after ageing.
MATERIALS AND METHODS
Healthy Shiraz grapes from the Stellenbosch area (2004 vintage) were used for
this experiment. One ton of grapes was harvested, crushed and the skins and juice
equally divided into 20 ℓ buckets. SO2 was added at 50 mg/ℓ and different tannin
additions were made according to the supplier’s recommendations. The exogenous
tannins that were added consisted of hydrolysable tannins or a mixture of the latter
with condensed tannins (according to the suppliers). These different types of tannins,
as well as their concentration used are indicated in Table 1. A pectolytic enzyme was
also included as a treatment, which was added at two different dosages.
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TABLE 1. Treatments applied to the Shiraz must.
Treatment and dosage

Abbreviation used

Pectolytic enzyme 30 mg/ℓ

E30

Pectolytic enzyme 50 mg/ℓ

E50

Tannin A: Mixture of condensed and hydrolysable tannin 100 mg/ℓ

TA100

Tannin A: Mixture of condensed and hydrolysable tannin 300 mg/ℓ

TA300

Tannin B: Hydrolysable tannin 100 mg/ℓ

TB100

Tannin B: Hydrolysable tannin 100 mg/ℓ

TB300

Tannin C: Hydrolysable tannin 100 mg/ℓ

TC100

Tannin C: Hydrolysable tannin 100 mg/ℓ

TC300

Tannin D: Mixture of condensed and hydrolysable tannin 300 mg/ℓ

TD300

Tannin D: Mixture of condensed and hydrolysable tannin 500 mg/ℓ

TD500

Tannin D: Mixture of condensed and hydrolysable tannin 1000 mg/ℓ

TD1000

Tannin E: Mixture of condensed and hydrolysable tannin 300 mg/ℓ

TE300

Tannin E: Mixture of condensed and hydrolysable tannin 500 mg/ℓ

TE500

Tannin E: Mixture of condensed and hydrolysable tannin 1000 mg/ℓ

TE1000

Control wine: No tannin or enzyme addition

Control

All the musts were then inoculated with the yeast Saccharomyces cerevisiae Actiflore
C and Dynastart added as a nutrient. Fermentations were conducted at 24°C and
punched down manually two to three times a day to mix the must and skins. After
fermentation the skins were pressed in a basket press and the free run and press
wine mixed. The wines were then inoculated with Oenococcus oeni MBR B1 and the
nutrient Malostart also added. Malolactic fermentation was conducted at 20°C and
after the completion of MLF 50 mg/ℓ SO2 was added to the wines. The wines were
then bottled under screw cap and stored at 15°C until analysed.
Analyses on the wines include spectrophotometric analyses such as colour density,
anthocyanin concentrations, total red pigments, total phenolics and tannin levels.
Analyses were performed after alcoholic fermentation, after MLF and on a regular
basis during ageing. In this article we will only report on those wines after alcoholic
fermentation or MLF and after 12 months bottle ageing.
RESULTS AND DISCUSSION
In Figure 1 the total phenolic concentrations of the wines can be seen just after
alcoholic fermentation and after 12 months ageing. The addition of a higher dosage
of the pectolytic enzyme, as well as higher levels of tannins, especially tannins D and
E at 1 000 mg/ℓ, led to higher total phenolic levels after alcoholic fermentation. After
12 months of ageing the differences between the treatments became smaller, with
the wines treated with the high dosages of tannin additions E having higher total
phenolics than the control wine.

FIGURE 1. Total phenolics (AU) after alcoholic fermentation (AF) and after 12
months ageing (12 months).
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FIGURE 2. Tannin concentrations (g/ℓ) after malolactic fermentation (AMLF) and after
12 months ageing (12 months). Data represents the average of three repeats.

FIGURE 3. Colour density (AU) after alcoholic fermentation (AF) and after 12 months
ageing (12 months). Data represents the average of three repeats.

FIGURE 4. Total red pigments (AU) after alcoholic fermentation (AF) and after 12 months ageing
(12 months). Data represents the average of three repeats.

FIGURE 5. Anthocyanin concentrations (mg/ℓ) after alcoholic fermentation (AF) and after
12 months ageing (12 months). Data represents the average of three repeats.
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Total phenolic levels in general also decreased during this time, which was
probably due to polymerisation and possible precipitation. In Figure 2 the tannin
concentrations of the wines can be seen. After MLF the 50 mg/ℓ enzyme treatment
and certain A, C and D tannin treatments led to higher tannin levels in the wines
compared to the control. After 12 months of ageing these levels decreased, with only
the 1 000 mg/ℓ D and E tannin treatments having much higher tannin levels in the
wines.
In Figure 3 the colour density of the wines can be seen. The colour density after
alcoholic fermentation was only slightly higher where the enzyme at 50 mg/ℓ was
added and certain tannin treatments were performed. However, these differences
were small and not observable with the naked eye, while after 12 months of ageing
all treatments had similar colour densities. These trends were also reflected in the
total red pigments, which is basically the pool of all colour pigments in the wine
(Figure 4). The anthocyanin concentrations can be seen in Figure 5. Again small
differences existed between the treatments after alcoholic fermentation, with
basically only the enzymatic treatments leading to higher levels of these compounds
in the wine compared to the control treatments. Again after 12 months very little
differences were observed between these treatments.

These results thus showed that the tannin additions did not drastically change the
colour composition of the Shiraz wines during ageing. It thus seems that the addition
of these tannins did not increase the colour stability or lead to higher colour levels
in the treated wines. It should also be kept in mind that this work was done with
healthy Shiraz grapes with a good phenolic content. Different results were obtained
in Cabernet Sauvignon wines made from must with a high level of Botrytis infection
in terms of colour, which will be addressed in a follow-up article. The addition of
tannin in this work also did not lead to higher extraction of colour compounds from
the skins, but the addition of a pectolytic enzyme did increase these compounds,
which is probably due to disruption of the grape cell wall by the enzyme.
However, the total phenolic and tannin profiles of some wines were increased, which
affected the taste of the wine, which will also be reported on later. Total phenolic
levels of wines can thus be increased with tannin additions, but this will probably
only happen when high levels of tannins are added to the grape must, which should
be kept in mind by the wine producer.
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INTRODUCTION
Wine production includes two fermentation processes, i.e. alcoholic fermentation
performed by yeast, and malolactic fermentation (MLF) performed by lactic acid
bacteria (LAB). The yeasts drive the alcoholic fermentation process by converting
sugar to alcohol, carbon dioxide and other compounds that affect the aroma
and taste of wine (Ribéreau-Gayon et al., 2006). Malolactic fermentation is an
enzymatic reaction where l-malic acid is decarboxylated to l-lactic acid and CO2,
and contributes to the flavour complexity and microbiological stability of the
wine, as well as the reduction of total acidity (Lonvaud-Funel, 1995). Malolactic
fermentation is not mandatory for wine production, but is usually desired in the
production of red, certain sparkling and full-bodied white wines (Davis et al., 1985).
In the beginning of alcoholic fermentation, a large number of non-Saccharomyces
yeast (wild yeast) species are present, but the final stage of fermentation is usually
dominated by alcohol-tolerant Saccharomyces cerevisiae strains (Ribéreau-Gayon
et al., 2006). Non-Saccharomyces yeasts have different oenological characteristics
to S. cerevisiae and some species can enhance aroma and improve complexity of
wines (Ciani & Comitini, 2011; Jolly et al., 2014). During alcoholic fermentation,
both Saccharomyces and non-Saccharomyces yeasts may also deplete the nutrients
found in wine. These deficiencies, combined with toxic metabolites produced by
the yeasts, can inhibit the growth of LAB (Fornachon, 1968; Ribéreau-Gayon et al.,
2006). Despite considerable research, MLF remains a difficult process to initiate
and control (Krieger & Arnink, 2003). The interaction between non-Saccharomyces
yeasts and LAB is another factor that needs investigation.
The aim of this study was therefore to determine the effect of three different nonSaccharomyces yeast species on MLF and wine flavour.
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MATERIALS AND METHODS
Three non-Saccharomyces yeast species, i.e. Hanseniaspora uvarum (Y0858),
Schizosaccharomyces pombe (Y0197) and Torulaspora delbrueckii (M2/15),
from the ARC Infruitec-Nietvoorbij micro-organism culture collection, and a
commercial Saccharomyces cerevisiae strain, N 96, (Anchor Bio-Technologies) were
used in small-scale Chenin blanc winemaking trials. A commercial lactic acid
bacteria culture, Viniflora® oenos (Chr Hansen, Denmark) was used to induce MLF
after completion of alcoholic fermentation. Seven treatments in duplicate were
evaluated, i.e. H. uvarum with and without MLF, Sc. pombe with and without MLF,
T. delbrueckii with and without MLF, and the reference treatment, S. cerevisiae with
MLF. A standardised winemaking protocol was followed and the fermentations
were conducted in 20 litre stainless steel containers at an ambient temperature
of ca. 15°C. After the fermentation, wines were bottled according to standard
practices for white wine production. The wines were subjected to descriptive
sensory evaluations five months after bottling.
RESULTS AND DISCUSSION
All the Chenin blanc wines fermented to dryness within 13 days, including those
fermented with the less fermentative non-Saccharomyces yeasts. However, in the
non-Saccharomyces yeast treatments, the naturally occurring S. cerevisiae yeasts
were responsible for completing the alcoholic fermentation (data not shown).
The non-Saccharomyces yeast treatments contained lower alcohol levels than the
S. cerevisiae yeast treatment.
All the relevant treatments completed MLF successfully, with wines fermented
with Sc. pombe being the fastest. Sc. pombe is known to degrade malic acid and
this resulted in the malic acid concentration being lower, at the end of alcoholic
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fermentation, than the other two non-Saccharomyces yeast
treatments. Overall, the non-Saccharomyces yeast treatments
completed MLF faster than the S. cerevisiae yeast treatment.
Sensory analyses of the wines showed that the different nonSaccharomyces yeasts produced wines with varying flavour
profiles (Figure 1). Chenin blanc wines produced with H. uvarum
that did not undergo MLF, scored higher for most of the sensory
attributes, as well as overall quality. The wines produced with
Sc. pombe scored the lowest for most of the attributes.
Comparing the data, it is evident that some aroma and flavour
was lost when the non-Saccharomyces fermented wines
underwent MLF, leading to lower scores for overall quality.
CONCLUSIONS
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Wines produced with non-Saccharomyces yeasts had slightly
lower alcohol levels and completed MLF faster than wines where
only S. cerevisiae was used. The different non-Saccharomyces
yeasts led to the production of wines with different flavour
profiles. Although non-Saccharomyces yeasts may enhance wine
flavour, this contribution may be negated by MLF. It is evident
from this brief investigation that the interactions between the
different non-Saccharomyces yeasts and LAB are complex and
need further investigation.
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FIGURE 1. Sensory attributes of Chenin blanc wines fermented with different nonSaccharomyces and Saccharomyces yeasts, with and without malolactic fermentation (MLF).
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The use of non-Saccharomyces yeasts to improve wine complexity and quality
is growing in popularity. In this study, Saccharomyces cerevisiae, and the nonSaccahromyces yeast species, Hanseniaspora uvarum, Schizosaccharomyces
pombe and Torulaspora delbrueckii were used for small-scale Chenin blanc
wine production. These yeasts treatments were compared and their effect on
malolactic fermentation (MLF) was investigated. The wines produced with
non-Saccharomyces yeasts had lower alcohol levels than the wines produced
with S. cerevisiae only. Wines produced with non-Saccharomyces yeasts also
completed MLF faster than wines produced with only S. cerevisiae. The different
non-Saccharomyces yeasts yielded wines with different flavour profiles and in
this study, H. uvarum produced wines of better flavour and quality. However,
some flavour was lost when the wines produced with non-Saccharomyces yeasts
underwent MLF. Non-Saccharomyces yeast species may enhance wine flavour, but
this contribution may be negated by MLF.
REFERENCES
Ciani, M. & Comitini, F., 2011. Non-Saccharomyces wine yeasts have a promising role
in biotechnological approaches to winemaking. Annals of Microbiology 61, 25-32.

VINEYARD TIPS

110

Davis, C.R., Wibowo, D., Eschenbruch, R., Lee, T.H. & Fleet, G.H., 1985. Practical
implications of malolactic fermentation. A review. American Journal of Enology
and Viticulture 36, 290-301.
Fornachon, J.C.M., 1968. Influence of different yeasts on the growth of lactic acid
bacteria in wine. Journal of the Science of Food and Agriculture 19, 374-8.
Jolly, N.P., Valera, C. & Pretorius, I.S., 2014. Not your ordinary yeast: Non-Saccharomyces
yeasts in wine production uncovered. FEMS Yeast Research 14, 215-237.
Krieger, S. & Arnink, K., 2003. Malolactic fermentation: A review of recent research
on timing of inoculation and possible yeast-bacteria combinations. Proceedings of
the 32nd annual New York Wine Industry Workshop. June 2003, New York. pp. 60-73.
Lonvaud-Funel, A., 1995. Microbiology of the malolactic fermentation: Molecular
aspects. FEMS Microbiology Letters 126, 209-214.
Ribéreau-Gayon, P., Dubourdieu, D., Donéche, B. & Lonvaud, A., 2006. In:
Ribéreau-Gayon, P. (2nd ed.). Handbook of Enology. The Microbiology of Wine and
Vinifications, Vol. 1. John Wiley & Sons Ltd., England.

For further information contact Heinrich du Plessis at dplessishe@arc.agric.za.

PINOTAGE
FLAVOURS

Non-Saccharomyces yeasts, MLF and

Pinotage flavours

CONTENTS

HEINRICH DU PLESSIS & NEIL JOLLY
ARC Infruitec-Nietvoorbij, Stellenbosch
KEYWORDS: Alcoholic fermentation, lactic acid bacteria, Hanseniaspora uvarum,
Schizosaccharomyces pombe, Torulaspora delbrueckii.

CONTRIBUTING AUTHORS

MATERIALS AND METHODS

FOREWORD
INTRODUCTION

1

VINEYARD

2

CELLAR

3

VINEYARD & CELLAR UPDATE

4

CELLAR TIPS

5

VINEYARD TIPS

111

APRIL 2015

Wine production involves two fermentation processes, i.e. alcoholic fermentation
performed by yeast, and malolactic fermentation (MLF) performed by lactic acid
bacteria (LAB). Malolactic fermentation is not essential for wine production, but is
usually desired in the production of red, certain sparkling and full-bodied white
wines (Davis et al., 1985). During the alcoholic fermentation sugar is converted
into alcohol, carbon dioxide (CO2) and other compounds that affect the aroma
and taste of wine (Ribéreau-Gayon et al., 2006). Malolactic fermentation is an
enzymatic reaction where l-malic acid is decarboxylated to l-lactic acid and CO2,
and contributes to the flavour complexity and microbiological stability of the
wine, as well as to the reduction of total acidity (Lonvaud-Funel, 1995).
In the beginning of alcoholic fermentation, a large number of non-Saccharomyces
yeast (wild yeast) species are present, but the later stage of fermentation is usually
dominated by alcohol-tolerant Saccharomyces cerevisiae strains (Ribéreau-Gayon
et al., 2006). Non-Saccharomyces yeasts have different oenological characteristics
to S. cerevisiae and some species can enhance wine aroma and complexity of
wines (Ciani & Comitini, 2011; Jolly et al., 2014). During alcoholic fermentation,
both Saccharomyces and non-Saccharomyces yeasts may also deplete nutrients
found in wine. These deficiencies, combined with toxic metabolites produced by
the yeasts, can inhibit the growth of LAB (Fornachon, 1968; Ribéreau-Gayon et al.,
2006). Despite considerable research, MLF remains a difficult process to initiate
and control (Krieger & Arnink, 2003). The interaction between non-Saccharomyces
yeasts and LAB is another factor that needs investigation.
This study is a follow up on a similar study conducted with Chenin blanc (Du
Plessis & Jolly, 2015). The aim of this study was to determine the effect of three
different non-Saccharomyces yeast species on MLF and flavour of Pinotage wines.

Three non-Saccharomyces yeast species, i.e. Hanseniaspora uvarum (Y0858),
Schizosaccharomyces pombe (Y0197) and Torulaspora delbrueckii (M2/15),
from the ARC Infruitec-Nietvoorbij micro-organism culture collection,
and a commercial Saccharomyces cerevisiae yeast strain, N 96 (Anchor BioTechnologies), were used in small-scale Pinotage winemaking trials. A commercial
lactic acid bacteria culture, Viniflora® oenos (Chr Hansen, Denmark) was used
to induce MLF after completion of alcoholic fermentation. Seven treatments
in duplicate were evaluated, i.e. H. uvarum with and without MLF, Sc. pombe
with and without MLF, T. delbrueckii with and without MLF, and the reference
treatment, S. cerevisiae with MLF. A standardised winemaking protocol was
followed and the fermentations were conducted at an ambient temperature of
ca. 23°C. Pinotage grapes were crushed, pooled and then divided into 70 litre (L)
fermentation bins and fermented to between 0 and 5°B after which the juice and
skins were separated and pressed. The pooled free-run and pressed wine of each
treatment was then transferred to 20 L stainless steel containers and fermented
further until dry (<4 g/L residual sugar). After the fermentation, wines were
bottled according to standard practices for red wine production. The wines were
subjected to descriptive sensory evaluations five months after bottling.
RESULTS AND DISCUSSION
All the Pinotage wines fermented to dryness within 10 days, including those
fermented with the less fermentative non-Saccharomyces yeast species. However,
in the non-Saccharomyces yeast treatments, the naturally occurring S. cerevisiae
yeasts were responsible for completing the alcoholic fermentation. The alcohol
and volatile acidity levels did not vary much between the Saccharomyces
reference yeast and the non-Saccharomyces yeast treatments.
All treatments completed MLF successfully with Pinotage wines fermented with
Sc. pombe finishing within nine days. Sc. pombe is able to metabolise malic acid,
which gives it a distinct advantage over the other yeast species. The S. cerevisiae
reference treatment completed MLF after 16 days and the H. uvarum and
T. delbrueckii treatment completed MLF after 13 days. As previously observed with
the Chenin blanc wines, the non-Saccharomyces yeast treatments completed MLF
faster than S. cerevisiae only treatment (Du Plessis & Jolly, 2015). These results indicate
that non-Saccharomyces yeasts have a positive effect on the progression of MLF.
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Sensory attributes of Pinotage wines fermented with different yeasts, with
and without MLF are shown in Figure 1. Wines fermented with T. delbrueckii
without MLF scored highest for “berry” and “fruity” aroma, as well as “overall
quality” and were preferred by most of the tasting panel. However, the
T. delbrueckii treatment that underwent MLF scored lower for most of the
sensory attributes. It is clear that some aroma and flavour were lost when
the T. delbrueckii wines underwent MLF, leading to lower scores and overall
quality. For the H. uvarum treatment, the opposite effect was observed
and the H. uvarum wines improved after MLF. Wines produced with nonSaccharomyces yeasts, irrespective of MLF treatment, scored higher for
“overall quality” than wines produced with S. cerevisiae only.
CONCLUSIONS
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Pinotage wines produced with non-Saccharomyces yeasts did not differ
much from wines produced with S. cerevisiae only, with regard to alcohol
and volatile acidity levels. However, the non-Saccharomyces fermented
wines completed MLF faster than wines where only S. cerevisiae was used.
The wines produced with non-Saccharomyces yeasts were better than the
S. cerevisiae only wines. The effect of MLF on wines produced with different
non-Saccharomyces yeasts can be positive or negative, depending on the
species or strain used. It was beneficial for Pinotage wines produced with
H. uvarum and unfavourable for wines produced with T. delbrueckii. It is
clear that the interactions between the different non-Saccharomyces yeasts
and LAB are complex and need further investigation.
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FIGURE 1. Sensory attributes of experimental Pinotage wines fermented with different nonSaccharomyces and Saccharomyces yeasts, with and without malolactic fermentation (MLF).
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SUMMARY
The use of non-Saccharomyces yeasts to improve wine complexity and quality
is growing in popularity. In this study, Saccharomyces cerevisiae and the nonSaccharomyces yeast species, Hanseniaspora uvarum, Schizosaccharomyces
pombe and Torulaspora delbrueckii were used for small-scale Pinotage wine
production. The various yeast treatments were compared to each other and
their effect on malolactic fermentation (MLF) was investigated. The wines
produced with non-Saccharomyces yeasts did not differ much from wines
produced with S. cerevisiae only with regard to alcohol and volatile acidity
levels. However, wines produced with non-Saccharomyces yeasts completed
MLF faster than wines produced with S. cerevisiae only. The wines produced
with non-Saccharomyces yeasts were better, with regard to overall quality, than
wines where only S. cerevisiae was used. Malolactic fermentation may have a
positive or negative effect on flavour and quality, but it depends on the nonSaccharomyces yeast species or strain used.
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This article is one of a series which covers the fungal and bacterial origins of
wine aromas. These articles detail esters, aldehydes, volatile fatty acids, volatile
phenols, sulphurous compounds and higher alcohols. The old adage “one man’s
trash is another man’s treasure”, holds true with these compounds.
When the winemaker typically thinks of volatile phenols, usually the first
compounds to come to mind are 4-EP and 4-EG, which produce an unpleasant
“band-aid”- or “barnyard”-like aroma. However, there are volatile phenols which
are intrinsic to the aroma of some wines, such is the case with 4-vinylphenol/4vinylguiacol which provide Gewürztraminer with a carnation and clove-like
aroma.
In terms of sensorial impact, higher alcohols (fusel alcohols) in distillates are
a major concern. These compounds can provide the consumer of the distilled
product with an unpleasant “solvent-like” aroma. In wine, these compounds can
produce a pleasant earthy/mushroom aroma which is commonly associated
with wines made from botrytis affected fruit. Also, fusel alcohols can contribute
positively to the aroma of an aged wine.
HIGHER ALCOHOLS
Alcohols (a chain of carbons and hydrogen with at least one -OH group) are
classified as higher alcohols when they have more than two carbon atoms
(Jackson, 2008; Zoecklein et al., 1999). “Fusel oil” is the term given to all the
higher alcohols present within a wine (Boulton et al., 1996). The German word
“fusel” literally translates to “rot gut” or “bad liquor”. Although most higher
alcohols are a by-product of fermentation by yeast, some are found in the
grape and are sustained through the fermentation process (e.g. 2-ethlyl-1hexanol, benzyl alcohol, 2-phenylethanol, 3-octanol and 1-octen-3-ol). The
straight chain higher alcohols are considered to have the most significant
sensorial impact [e.g. 1-propanol, 2-methyl-1propanol (isobutyl alcohol),
2-methyl-1-butanol and 3-methyl-1-butanol (isoamyl alcohol)] (Pretorius &
Lambrechts, 2000). Yeast commonly synthesises the following higher alcohols
during normal fermentation: isoamyl alcohol (solvent-like odour), active amyl
alcohol, isobutyl alcohol and 1-propanol, listed in descending concentration.
The function of these alcohols is currently unknown (Boulton et al., 1996;
Ribereau-Gayon et al., 2006).
These higher alcohols are mostly produced from the deamination of nitrogen
from amino acids, for example, arginine, which has a free α-amino group. In
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FIGURE 1. Formation of higher alcohols from nitrogenous amino acids.

contrast, yeast cannot cleave the aromatic ring around the nitrogen atom in
other amino acids, such as proline (Klingshirn et al., 1987; Garret & Grisham, 1999;
Salmon & Barre, 1998). The biochemical pathway for the creation of fusel alcohols
is similar to the formation of amino acids, such as leucine and valine, aside from
the last few steps. The transformation from amino acid to fusel alcohol occurs by
way of the amino acid becoming a keto-acid (a molecule that has a carboxyl and
ketone group). Then, the compound is decarboxylated to form an aldehyde and
reduced by NADH to form its corresponding alcohol (Figure 1).
The subsequent reduction of aldehyde into alcohol maintains the redox balance
within the cell (Margalit, 2004; Pretorius & Lambrechts, 2000). If nitrogenous
compounds are lacking in the must (i.e. ammonia or free amino nitrogen),
the yeast will be forced to scavenge nitrogen from available amino acids and
the transamination process will leave behind fusel alcohols as a by-product
(Boulton et al., 1996; Margalit, 2004; Ribereau-Gayon et al., 2006; Webster et al.,
1998). The converse is also true: an excess of nitrogen leads to less formation
of fusel alcohols (Aragon et al., 1998). The formation of higher alcohols does
not always require an amino acid precursor. For example, α-Ketoisocaproate
forms as a reaction between α-Ketobutyrate (a product of pyruvate) and acetyl
CoA. This product is a precursor to leucine and isoamyl alcohol (RibereauGayon et al., 2006). Anabolically formed higher alcohol from sugars can occur
during fermentation using the aforementioned pathways (Boulton et al., 1996).
Hence, chaptilisation can increase fusel alcohol concentration (Klingshirn et
al., 1987). Roughly 35% of the fusel alcohols found in wine come from glucose
(Zoecklein, 1999). As the amino acid content of a juice rises, the concentration
of catabolically formed higher alcohols increases (e.g. those formed through
the Ehrlich mechanism), which spurs a corresponding decrease in anabolically
formed higher alcohols (Giduci & Zaomonelli, 1993). Higher alcohols are also
produced by spoilage yeast and bacteria, which cause off-aromas. Noble rot can
lead to the formation of 1-octen-3-ol, which creates a pleasant mushroom odour
due to the enzymatic degradation of linoleic acid.
Higher alcohols generally have little influence on the sensory impact of table
wines. Their impact is much greater in products of distillation (Boulton et al.,

1996). The high molecular weight of fusel alcohols gives them higher boiling
points. Therefore, it is crucial to maintain a temperature of around 80ºC (±5ºC)
during distillation to attain ethanol. If the temperature surpasses this range, a
distillate of concentrated fusel oil may result. Higher alcohols may be most fully
appreciated in fortified wines such as Port (Pretorius & Lambrechts, 2000).
Although it varies based on aromatic intensity, the impact of higher alcohol
on the sensory characteristics of table wine may be limited. If harvest rains
dilute the must, then the aromatic intensity will decrease, and the impact of
fusel alcohols will increase (Ribereau-Gayon et al., 2006). Straight-chain high
alcohols have a low threshold of detection. At low concentrations (<0.3 g/ℓ)
they can contribute to the complexity of wine aroma (Pretorius & Lambrechts,
2000). However at higher concentrations, they can be overpowering. Likely,
the most significant aspect of higher alcohols is their function in the formation
of esters. Fusel alcohols affect wine ageing by undergoing esterification with
organic acids. The pace of these reactions is slower than the esterification that
occurs during fermentation. Therefore, it takes a prolonged period of bottle
ageing before these tertiary bottle esters can become perceivable (LaGuerche
et al., 2006). Higher alcohols may account for half of aromatic constituents in
a wine and can even contribute a unique herbaceous aroma (Jackson, 2008).
Boulton et al. (1996) claim a low fusel component in dessert wines results in a
thin and simple product. Some higher alcohols are derived from phenolics, such
as 2-phenylethanol, or phenethyl alcohol. Although this alcohol is not generally
classified as a higher alcohol, many believe it should be considered as such, as
it is highly aromatic and causes a rose-like scent (Boulton et al., 1996). Aside
from phenethylethanol, most higher alcohols will have an unpleasant odour at
high concentrations.
Winery practices can influence the rate of higher alcohol formation during
fermentation. Elevated fermentation temperatures, the encouragement of
an aerobic environment, excessive turbidity within the must, chaptalisation,
and fermenting within pressure tanks all encourage the production of higher
alcohols. An increased pH will also result in larger amounts of fusel alcohols.
Conversely, the addition of SO2 suppresses fusel alcohols (Zoecklein et al., 1999).
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The concentrations at which yeast forms higher alcohols is dependent upon
the genus, species and strain. Although yeast manufacturers claim their strains
produce fusel alcohol, this may not be of consequence to the winemaker. The
level of higher alcohol is generally so low in table wine that it is unnoticed; a
concentration high enough for perception may be found off-putting (Boulton
et al., 1996). Regardless, studies show the strain of yeast significantly impacts
on the amount of higher alcohols produced (Antonelli et al., 1999; Mateo et
al., 1991). Herraiz et al. (1990) noted a marked difference in higher alcohol
production among apiculate yeast when compared to S. cerevisiae. Yeast that
carry out a portion of alcoholic fermentation (e.g. Kluyveromyces thermotolerans)
produce more fusel alcohols than the more robust fermenters such as
Schizosaccharomyces pombe. This suggests more fusel alcohols are found in
wines produced from wild fermentations. Similarly, the same is likely true in
wines where the commercial yeast used includes a blend of a non-Saccharomyces
species, which partly ferments the must before the fermentation is taken over by
a Saccharomyces strain (Boulton et al., 1996).
VOLATILE PHENOLS
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We normally think of phenolics as major contributors to a wine’s mouthfeel
and colour. However, the phenolics in the grape are a source of hydrocinnamic
acid esters. These esters, most importantly ferulic and coumaric acid esters,
can be synthesised into volatile phenols by yeast. There are two “classes” of
phenols. There are the vinylphenols (4-vinylphenol [4-VP] and 4-vinylguaiacol
[4-VG]) which are found in white wines and there are the more commonly
discussed ethylphenols (4-ethylphenol [4-EP] and 4-ethylguaiacol [4-EG]) which
are found in red wines. These compounds are found at low concentrations
and have a very low sensory threshold. Volatile phenols are associated with
aromas described most commonly as “medicinal”, “barnyard”, “sweat” and
“animal”. The most common culprit in the production of these compounds
is the Brettanomyces and Dekkera species of yeast (Pretorius & Lambrechts,
2000). It should be noted that 4-vinylguaiacol is not always considered a fault,
as in Gewürztraminer it is associated with clove/spicy aroma. 4-vinylphenol is
responsible for a carnation-like aroma in Gewürztraminer (Stefanini et al., 2000).
This component of the varietal aroma of Gewürztraminer is likely due to an
unusually high quantity of ferulic and coumaric acids present in the juice
of this variety.
The volatile phenols are always found together in wine (i.e. a wine with 4-VP will
also have 4-VG). The sensory threshold for the combination of vinylphenols is
over twice that of the ethyl-phenols (Table 1).
Volatile phenols are microbial derived products formed from odourless
precursors which are present in all grapes (ferulic and coumaric acids). It was
assumed that lactic acid bacteria were culprits for the production of off volatile
phenol aromas in wines. However, it has been demonstrated that off phenol
aromas are more likely to arise from Brettanomyces/Dekkera (Chatonnet et al.,
1995). S. cerevisiae can produce the vinylphenols through the decarboxylation
of cinnamic acids (coumaric or ferulic). Coumaric acid is decarboxylated to form
4-VP and ferulic acid forms 4-VG. This decarboxylase activity of S. cerevisiae is why
these vinylphenols are intrinsic to the varietal aroma of Gewürztraminer. This
formation of vinylphenols can only happen during alcoholic fermentation and
will not continue to occur while the wine is stored on yeast lees.

Brettanomyces/Dekkera (Brett) is the microbe which produces volatile phenols of
most concern to makers of red wines, 4-ethylphenol and 4-ethylguaiacol. Brett can
infect wine at any part of the winemaking process, but is most notably an issue
during barrel ageing of wines, as the micro-organism can be found up to 8 mm
deep in the wood (Malfeito-Ferreira et al., 2004). Brett has the same decarboxylase
activity previously mentioned and can synthesise vinylphenols. Brett further
reduces the vinylphenols by a vinylphenol reductase to form the more odiferous
ethylphenols that we associate with this wine fault. Brettanomyces contaminations
are most easily avoided by judicious hygiene, including sulphuring red wines
to >0.5 ppm of free molecular SO2 during barrel ageing after the completion of
malolactic fermentation. All of the methods for barrel cleaning currently available
to the winemaker will not sanitise the barrel and cannot completely remove
Brettanomyces from the crevices within the wood. However, ozone and steam
may delay the onset of infection by killing the yeast on the surface of the wood
and significantly reducing some of the population in shallower areas of the stave
(up to 2 mm). It is for this reason that sensorial monitoring of barrelled wine is of
utmost importance. If one detects Brettanomyces, one can minimise the impact
by removing the wine from the vessel and topping it up with sulphur to a free
molecular SO2 of 0.5-0.8 ppm and undertaking sterile filtration on the lot (Braulio
et al., 2011). Dosing the wine with Dimethyl dicarbonate prior to bottling if the
infected lot is to be blended with uninfected wine will further protect the wine
from potential spoilage in bottle (Renouf et al., 2008).
Currently, there are few methods for the winemaker to “clean up” 4-EP and 4-EG
in a wine after a Brett infection. The most promising low cost method is through
fining with yeast lees (Chassagne et al., 2005). More high tech/high cost methods
have also been developed, such as a procedure using reverse osmosis/adsorption
(Ugarte et al., 2005), the use of esterified cellulose as a filtration medium (Larcher et
al., 2012), and using a molecularly imprinted polymer (Garde-Cerdan et al., 2008).
CONCLUSION
Wine is commonly referred to as a “complex matrix”. However, by breaking wine
down into its fundamental components, we can begin to understand how to
better manage our vineyards and wineries to attain the wine styles that our
markets desire. Higher alcohols and volatile phenols could be considered a fault
or aromas that are intrinsically valuable to our wine style, depending upon what
we are trying to achieve. It is crucial to understand how these compounds arise
and how vintners can manage them effectively and efficiently.
TABLE 1. Sensory threshold of volatile phenols in wine (Lambrechts & Pretorius, 2000).
Compound

Sensory threshold in wine (µg/ℓ)

4-vinylphenol

770

4-vinylguaiacol

440

4-vinylguaiacol + 4-vinylphenol [1:1]

752

4-ethylphenol

605

4-ethylguaiacol

110

4-ethylphenol + 4-ethylguaiacol [10:1]

369
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INTRODUCTION
This is the final article in a series of three which covers the fungal and bacterial
origins of wine aromas. These articles detail esters, aldehydes, volatile fatty acids,
volatile phenols, sulphurous compounds and higher alcohols. The old adage “one
man’s trash is another man’s treasure”, holds true with most of these compounds.
The article herein will deal primarily with volatile acidity and hydrogen sulphide,
which are nearly unanimously classified as wine faults by vintners.
Some sulphurous compounds can be pleasant, as is the case with grape derived
thiols that are intrinsic to the “passionfruit”, “box wood”, and “grapefruit” aromas
of Sauvignon blanc. However, the sulphurous compounds which are purely
derived from yeast are not considered valuable to the vintner.
The volatile fatty acids are likely only considered to be contributors of positive
aromas by those who produce vinegar. In wine, the volatile fatty acids are
responsible for a major fault when they accumulate beyond their sensory
threshold.
VOLATILE FATTY ACIDS
The volatile fatty acids found in wine consist primarily of short-chain fatty
acids (tails of less than 6 carbons) and medium-chain fatty acids (tails with 6-12
carbons). The short and medium-chain fatty acids are the most studied fatty acids
in wine and are responsible for what is known as volatile acidity (VA).
VA is a measure of all the steam distillable volatile acids present in wine. These can
include acetic, lactic, formic, butyric and propionic acid (Zoecklein et al., 1999).
Other organic acids, excepting acetic acid, are of little consequence to wine flavour

and aroma. Around 90% of all the volatile acidity in wine comes from acetic acid,
which, in conjunction with ethyl acetate, possesses a vinegar-like aroma (Pretorius
& Lambrechts, 2000). Yeast produce acetic acid during fermentation within
the range of 100 mg/ℓ-200 mg/ℓ, depending on the yeast strain and vigour of
fermentation (e.g. temperature and juice nutrient status) (Boulton et al., 1996). This
usually occurs during the beginning lag phase of fermentation (Whiting, 1976).
Excessive acetic acid production is usually an indicator of microbial spoilage by
Acetobacter and Gluconobacter (Boulton et al., 1996).
Acetic acid from microbial sources is derived through various pathways. One
mode is through the degradation of sugars by lactic acid bacteria via the
phosphoketolase process (the way in which bacteria can break down residual
sugar). Alternatively, acetic acid can simply be produced as part of the citric
acid cycle. Acetobacter and Gluconobacter can oxidise ethanol to acetic acid
enzymatically with alcohol dehydrogenase (first oxidised to acetaldehyde then to
acetate with aldehyde dehydrogenase) (Swiegers et al., 2005).
Acetic acid (e.g. high VA) is a common issue when creating ice wines. Under ice
wine conditions, the yeast are under high osmotic stress conditions. In order
to adapt to this condition, yeast cells will exude glycerol, which prevents the
movement of water from the yeast cell into the must. Glycerol is formed through
a NADH dependent enzymatic reaction. The subsequent conversion of NADH to
NAD+ changes the redox balance, which is corrected for by the production of
acetic acid, shifting the redox potential back to equilibrium (Erasmus et al., 2004).
Thus, this results in excessive levels of acetic acid.
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Giudici and Zambonelli (1992) suggest that perhaps the reason for acetic acid
production by yeast in normal table wines is due to acetic acid’s role as an
intermediate in the formation of acetyl Coenzyme A (CoA) from acetaldehyde.
However, Boulton et al. (1996) state that a consensus has not been reached
concerning the mechanism of the enzymatic formation of acetic acid.
Pretorius and Lambrechts (2000) suggest that a typical VA of an unspoiled wine
is around 200-400 ppm. There is no given “threshold of detection” for VA. The
perception of these compounds can differ between wines, since high levels
of sugar and ethanol mask them (Corison et al., 1979; Zoecklein et al., 1999).
Further, winemakers expect an increase in VA of about 60-120 mg/ℓ in barrelaged wine after one year. This is not necessarily due to microbial spoilage,
but rather the degradation of the hemicellulose of the oak barrel itself. Also,
phenolic compounds can oxidise over time to form peroxide, which oxidises to
acetaldehyde and, after, to acetic acid (Zoecklein et al., 1999).
SULPHUR COMPOUNDS
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Sulphur compounds can be pleasant or disagreeable and generally have a
low threshold of detection. Volatile sulphur compounds, such as thiols, are
responsible for the ripe/fruity aromas of Sauvignon blanc and are formed
during fermentation (Tominaga et al., 1998). They can also contribute a “boxtree like aroma” in the same variety (Tominaga et al., 1996). Further, sulphurous
compounds at low concentrations may cause a perceived “minerality” in some
wines (Goode, 2005). Additionally, Lactobacillus can metabolise methionine,
which forms volatile sulphur compounds, such as methanethiol, dimethyl
disulphide and propionic acid. Oenococcus oeni also metabolises methionine;
current research suggests that the most significant by-product is propionic acid,
which contributes a chocolate aroma and may be partially responsible for the
pleasing and complex aroma profile of malolactic fermentation (Pripis-Nicolau et
al., 2004).
The molecule H2S is the most studied sulphur compound. Normally considered
aversive, H2S can have a pleasing aromatic impact by providing a “yeasty” flavour
to wine at low levels. Higher concentrations of H2S have a “rotten egg” aroma and
a very low sensory threshold of 10-100 µg/ℓ Pretorius & Lambrechts, 2000). In
order to synthesise sulphur-containing amino acids, yeast can reduce sulphite to
sulphide, which is then enzymatically combined with a nitrogenous compound
to form cysteine or methionine. If those nitrogenous compounds are not present,
the result is the release of hydrogen sulphide, which freely bypasses the cell wall
(Kaiser, 2010). Deficiencies in vitamin B5 have also been found to be limiting in
juices that produce H2S. This vitamin is important for the formation of Coenzyme
A, which is necessary for the formation of methionine and cysteine. Without this
enzyme, these amino acids cannot form, and the sulphur produces hydrogen

sulphide (Wang et al., 2003). However, a vitamin deficiency is extremely rare and
difficult to test for in a lab (Boulton et al., 1996).
H2S can also result from:
• Reduction of elemental sulphur from spray residues (relatively uncommon).
• Presence of other sulphur containing compounds (glutathione).
• High or very low juice turbidity (recommended ~0.5% turbid).
• Low redox potential of must (e.g. reductively held or tall/skinny tanks).
• Release of bound sulphurous compounds in yeast lees during lees ageing.
The impact of lees on H2S production isn’t always negative though. The
mannoproteins of yeast can form disulphide bridges with sulphur compounds
and lessen their aromatic impact.
Excessive SO2 use leads to the formation of H2S by inhibiting acetaldehyde
reduction to ethanol. If a deficiency is also present in O-acetylserine and
O-acetylhomoserine (precursory compounds necessary for the formation of
sulphur containing amino acids), H2S is produced from the enzymatic reduction
of sulphite (from SO2). This gives the yeast a sulphur source to produce these
amino acids (Margalit, 2004). A high metal ion (e.g. residual copper from
Bordeaux mixture) concentration within the must suppresses cellular respiration,
which lowers redox potential and ultimately, elevates H2S levels (Boulton et al.,
1996). If the redox potential of a must is not increased during H2S formation
(e.g. aerated must), the H2S can react with other compounds such as ethanol
and sulphur containing amino acids to form mercaptans (most notably, methyl
mercaptan). The details of the mechanism of the formation of mercaptans
are currently unknown. These molecules create a pungent, rotten cabbage
aroma. Mercaptans can be easily oxidised to form a less aromatic disulphide.
This misleads winemakers into believing the problem has dissipated, although
mercaptans can re-form under reductive bottle conditions. Yeast strains differ
widely in their propensity to form H2S and are chosen based on this characteristic.
CONCLUSION
Wine is commonly referred to as a “complex matrix”. By breaking wine down into
its fundamental components, we can begin to understand how to better manage
our vineyards and wineries to attain the wine styles that our markets desire.
Volatile fatty acids and sulphurous compounds which are purely microbially
derived should be avoided. It is crucial to understand how these compounds
arise and how winemakers and viticulturists can manage them effectively and
efficiently.
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Fortified wines, also known as liqueur or dessert wines, are fermented or partly
fermented wines to which a distilled beverage of grape origin (usually brandy)
has been added. Many different styles of fortified wine have been developed.
These include Port and Madeira (Portugal/Madeira Islands), Sherry (Spain), vins
doux naturels (France), Marsala (Sicily), Commandaria (Cyprus), the aromatised
wine Vermouth, Mistelle, and low-end fortified wines, i.e. Thunderbird and
Wild Irish Rose. Port wine (also known simply as Port) is a grape spirit fortified
wine from the Douro Valley in the northern provinces of Portugal. The term
“Port” is protected in the European Union, referring to wines from the Douro
region of Portugal only. Wines are fortified to preserve it (alcohol is a natural
antiseptic), and to add distinct flavours to the finished product. A high sugar
content, and (fusel) alcohols from the brandy used in fortification, give Port its
most distinguishing features. Subsequent ageing and blending differentiate the
various Port styles. It is typically a sweet red wine, but also comes in dry, semi-dry
and white varieties. However, Port is much more than this simplistic definition.

FRANCOIS VAN JAARSVELD & FRANCOIS OCTOBER
ARC Infruitec-Nietvoorbij, Stellenbosch
KEYWORDS: Port, styles, Cape, fortification, maturation,
blending, sweetening.
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HISTORY
Since the 1660s, as a result of tensions between England and France, Bordeaux
wines became impossible to secure, and England looked towards its trading
partner, Portugal. The richer, red table wines of the Upper Douro in Portugal were
agreeable to the British palate, and were exported to England. Transformation
of the wines known then to the rich, fortified dessert wines known today was a
gradual process. A small amount of brandy was originally added to preserve the
wine for barrel shipment. However, in 1820 a vintage occurred with very high
sugars that were not totally fermented to alcohol, resulting in a semi-sweet wine
that was enthusiastically received by the British. Being a controversial practice at
the time, it was only much later (1900) that the sweet, fortified wine style became
universal Port production practice.
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THE GRAPES
Port wine is usually produced from a wide range of grape varieties. Twenty eight
red and 19 white cultivars are authorised in the Douro. An important factor in
premium Port production is the choice of grapes. In Port, as opposed to single
varietal character wines, complexity is achieved by blending, with each variety
adding their own characteristics, and building up to the final complexity. In
Portugal, Port is preferably produced from red grapes, i.e. Touriga Nacional,
Touriga Francesca, Tinta Roriz, Tinta Cão, Tinta Barocca, Tinta Amarela, Tinta
Francisco, Bastardo, Mourisco Tinto, Cornifesto, Souzão, Alvarelhao, Mourisco,
Mourisco de Semente or white grapes, i.e. Codega, Gouveio, Malvasia Fina,
Viosinho, Rabigato, Esgana Cão and Folgasão. Red varieties have the colour,
fruitiness and sugar content required to produce good Port. Grapes are grown
and fermented in the upper Douro Valley in northern Portugal, and the wine is
transported down river to the city of Porto for maturation and ageing in buildings
called lodges, in Vila Nova de Gala, at the mouth of the river.
PRODUCTION
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Port is traditionally produced by crushing grapes at a sugar content of 22.524.5°Brix, followed by quick fermentation with punching-down or pumping-over,
and pressing to remove juice from the skins. Fortification with neutral grape
spirit to 18-22% ABV (ratio wine to spirit approximately 5:1, v/v) is performed
when wine has fermented to 12-13°Brix (half the original sugar content has
been converted into alcohol), and aged in 550-620 ℓ oak barrels. Fermentation
takes place in either traditional open casks or in modern, closed, stainless steel
fermenters or autofermenters to promote early extraction of anthocyanins and
tannins. Winemakers may either use deeply pigmented grape varieties, apply
thermovinification, add sulphur dioxide (100 mg/ℓ), punch down the cap or
pump the wine over, or combine press fractions with free-run, to extract as much
colour and flavour as soon as possible when the correct sugar level has been
achieved. The press fraction from red Port is fortified to the same level as the freerun. The press fractions might be aged separately or combined immediately with
the free-run. The period of maturation depends on the type of Port produced.
Fortification is the addition of clean, high-proof alcohol spirits to stop
fermentation, leaving the desired residual sugar around 40 g/ℓ D-glucose and
70 g/ℓ D-fructose. Red and white Ports are fortified when half the original sugar
content has been fermented. Semi-dry Port is fortified at a later stage, but before
the end of fermentation, and dry white Port when fermentation is complete.
Although grape brandy is most commonly added to produce fortified wines,
neutral spirit that has been distilled from grapes, grain, sugar beets, or sugarcane,
may also be used. Regional appellation laws may dictate the types of spirit that
are permitted for fortification. Guardente is a 76-78 vol% grape-derived spirit
produced from various areas of Portugal, with quality being rigorously regulated
by the Instituto do Vinho do Porto (IVP). The source, method of distillation, degree
of rectification, and final quality of spirits will impact on final Port quality.
Fortifying spirit used in Portugal is not highly rectified. Consequently, it contains
increased levels of flavourants and higher alcohols, giving Portuguese Port a
distinctive character. The fortification spirit contributes to the distillation aroma
of Port. Spirit as fortification agent, therefore, is not only used to increase the
alcohol concentration, and to prematurely arrest yeast fermentation and enhance
wine preservation, but it can also enhance the volatile content and add aroma
complexity (Rogerson & Freitas, 2002).

MATURATION, BLENDING, SWEETENING AND PORT STYLES
Blending can be performed at different stages of production depending on the
particular Port style. In the Douro in Portugal, blending of the individual wines
begins shortly after transfer to Porto.
Maturation occurs in large wooden casks of about 525 ℓ capacity (or pipes).
Racking (quarterly or yearly) and slight fortification to compensate for
evaporation losses during ageing, is performed. The type and duration of
maturation depend on the style of wine required.
Port can be divided into two major categories according to the manner of ageing.
The two overarching Port styles are ruby (bottle-aged) and tawny (barrel-aged
or wood Ports). Different ruby, i.e. Ruby, Reserve, Late Bottled Vintage (LBV),
Vintage and Single Quinta Vintage, and tawny styles, i.e. Tawny, Reserve Tawny (a
Tawny without an indication of age), Colheita Tawny (single vintage) and Tawny
with an indication of age, i.e. 10, 20, 30 and 40 year old Tawny exist, differing in
composition, vintage, ageing period and colour, whether from a single estate or
not. Ruby Port is the most extensively used type.
Ruby wines are stored in tanks made of stainless steel to prevent oxidative ageing
and to preserve its rich claret colour, or in barrels, but for much shorter periods
of time, i.e. 2-3 years, after which it is bottled and sold as Ruby Port. Fractional
blending with older or reserve blends added to 2 or 3 year old Ruby Ports, in
turn becoming the reserve for the following year, is commonly performed in
the development of Ruby Port to match the style of the brand to which it is
to be sold. The final mix, therefore, may contain several reserve blends, plus
optional amounts of sweeter and drier wines. Tawny style wine is obtained by
blending different wines that have been aged for different periods of time in
wooden casks; the age indicated on the bottle is an average of all blended wines
(Rudnitskaya et al., 2007). As a result, they are exposed to gradual oxidation and
evaporation and obtain a golden-brown colour. Only long-ageing periods in oak
produce high quality Tawny Port. Quality, long-aged Tawny Ports, are produced
in a manner similar to Ruby Port, but never with added white Port. Inexpensive
Tawny Ports are not necessarily older than Ruby Ports and are produced from the
lighter coloured “Mourisco” cultivar, aged at warmer temperatures, and may be
derived from a mixture of ruby and white Ports. Reserve Tawny Port (Tawny with
no indication of age) is a basic blend of wood-aged Port wine that has spent at
least two years in barrels.

PORT

CONTENTS

CONTRIBUTING AUTHORS

FOREWORD

PORT-LIKE WINES
Many countries produce wines by techniques similar to those used in Portugal.
In only a few instances, however, do the wines pose serious competition
to Port. Australian and South African Port-like wines are the primary Port
alternatives. Various procedures are used in countries producing Portlike wines to improve pigmentation extraction where intensely coloured
varieties are not grown. Procedures to improve pigmentation include
thermovinification (heating the juice or pomace), exposing the fruit to steam
or boiling water (used in Australia and eastern North America), or fermenting
must to dryness and sweetening with must concentrate or fortified must.
Baking or heating by various methods, i.e. storing wine in barrels on the top
of wineries or direct heating with oxygen sparging, giving wine a distinctive
oxidised-caramelised character, is applied in the production of baked Port, a
method not used in traditional Port.
Apart from traditional Portuguese varieties, cultivars used outside Portugal
in the production of Port-like wines, i.e. New World “Ports”, include Shiraz,
Grenache and Carignan in Australia, Hermitage (Cinsaut) in South Africa, and
Concord in eastern parts of Canada and the United States. Carignan, Petite
Sirah and Zinfandel are used in the cooler, and Sousão, Rubired and Royalty in
the hotter regions of California.
South African winemakers and Port-like wine producers are making
considerable efforts to further improve South African Port-like wines with
much success. Leading Port-like wine producers have formed the South
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Most Port is not vintage dated. Wines of superior quality from a single vintage,
bottled between the second and third year of maturation, become Vintage
Port. Wine from a single vintage-aged in cooperage for about five years before
bottling, may be designated Late-bottled Vintage (LBV). Single-estate (quinta)
Ports are usually produced from a single vintage. Vintage character Ports often
are produced from finer quality Ruby Ports coming from the Cima Corgo region
of the Douro.
Most Ruby and Tawny Port undergo fining and stabilisation before bottling, i.e.
tartrate stabilisation by rapid cooling and holding of the wine at -10°C for two
weeks, followed by addition of Kieselsol to yield a stable clear wine, and filtration.
Vintage Ports are not filtered before bottling, since the thick sediment that forms
is considered important in the development and ageing potential of the wine.
During racking, blending and ageing, the sugar content of Port may drop below
the desired level. To bring the sugar levels back to the desired level, special
sweetening wines, i.e. jeropiga, or juice concentrated under vacuum may be used
for sweetening. Jeropiga is Port wine fortified to 20% alcohol when a cap begins
to form on the fermenting must. White (branca), reddish (loira) and intensely
red (tinta) jeropigas can be used for sweetening. Tinta jeropigas contain added
elderberry juice, but are no longer authorised for sweetening of Port. Special
wines may also be used for colouration of Port; these special wines are produced
by a process called repisa. During the process of repisa the remaining must, after
half the must is run off in the usual manner, is treaded or extensively pumped
over to extract additional colour.

African Port Producers Association (SAPPA) to pool their knowledge, lay down
guidelines regarding terminology for labelling, sugar and alcohol levels, to
encourage the use of traditional Portuguese Port varieties and acceptance
of guidelines for the main styles of Cape Port, i.e. Ruby, Vintage, Vintage
Reserve, Late-Bottled Vintage and Tawny. Guidelines are based on Portuguese
regulations, but adapted to suit local conditions. The name selected for use
on export labels is “Cape”, and outside South Africa the wines are known as
Cape Ruby, Cape Vintage and Cape Tawny. The best Port-like wines are made
from blends that include Touriga Nacional, Touriga Francesca, Tinta Barocca,
Tinta Roriz, Cornifesto and Souzão. SAPPA has set the following guidelines for
different styles of Port-like wines:
• Ruby – lighter style, ruby coloured, non-vintage Port, aged in wood for at
least six months;
• Vintage – a Port with a vintage date and bottled after about two years in
wood;
• Vintage Reserve – a Port made from exceptionally good years, aged about
two years in wood and vintage dated;
• Late-Bottled Vintage – a Port with a vintage date and bottled after 4-5 years
in wood; and
• Tawny – a Port-aged for many years in wood, with a tawny colour, no need
to carry an age indication.
Therefore, terroir and distinct conditions and processes such as viticultural
conditions and the winemaking and ageing process, ensure that there is not a
unique Port, but several Ports, whose colours range from white to deep purple,
that present a wide variety of flavours, including vintage, late-bottled vintage,
crusted, indication of age, colheita, reserve, white, tawny, ruby, and rosé.
The ageing process is an important factor affecting the antioxidant activity of
Port wines, with Tawny Port showing the least antiradical activity and amount of
anthocyanic compounds owing to their “oxidative” ageing in wooden barrels.
PORT PHENOLICS, COLOUR AND AROMATIC CHARACTER
Phenolics and their role in wine colour, flavour and quality, and their health
promoting effects as antioxidant agents, are well known. Phenolic compounds of
grapes used in Port wine production, or present and identified in young Ports, or
Ports with date of harvest and indication of age, include flavonols, flavanols, and
hydroxybenzoic and hydroxycinnamic acids, and anthocyanins, with quantitative
differences observed (Andrade et al., 2001; Ho et al., 1999). Some phenolic
compounds in Port are derived from wood extraction (ageing in wooden barrels)
and/or degradation of tannins during ageing. The anthocyanin content decreases
sequentially from must to Ruby to LBV to Tawny Ports due to dilution by the wine
spirit during fortification, and to “loss” of anthocyanins and oxygen exposure
during ageing (Pinho et al., 2012).
Stable complex pigments resulting from the displacement of anthocyanins
during ageing of Port are responsible and crucial for the changing of wine colour
from bright red to a more brick red hue (Dallas & Laureano, 1994).
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Wine spirit used for fortification affect the acetaldehyde concentration in Port red
wines, thereby affecting colour stability and taste, and preventing metabolism
of lactic acid bacteria (Pissarra et al., 2005). The high sugar content retained after
fortification tends to mask the bitterness of tannins, but not their astringency.
SO2 significantly affects Port wine colour, i.e. polymeric pigment colour and
anthocyanin colour, decreasing and increasing as SO2 increases, respectively
(Skurray et al., 2002).
In terms of aroma, Port wine is a very complex beverage, with diverse contributions
originating from the grape (primary, varietal aroma), yeast metabolites (secondary
aroma), wood maturation/ageing (tertiary aroma) and fortification spirit (distillation
aroma). Higher alcohols derived from the fortifying spirits are important in the
distinctiveness of Ports. Oak lactones, and other oxygen heterocycles, donating
a sugary oxidised fragrance, have also been isolated. Esters of 2-phenylethanol
contribute to the fruity, sweet fragrance of Ports. Acetals isolated from Tawny Ports
contribute to the oxidised character of Port.
Tawny (cask-aged) and vintage (bottle-aged) Port aroma and sensory
characteristics change during maturation (2-40 or more years) due to changes
in the volatile composition. Port, given extensive wood-ageing, shows high
concentrations of diethyl and other succinate esters that contribute to the basic
Port fragrance. In cask-aged Ports, evaporation and oxidation losses, enhanced
by racking, contribute to decreases in Port wine aroma. In contrast to cask-aged
Ports, bottle-aged Port wines mature in a more “closed” system and undergo
limited oxidation, and less drastic changes in composition.
Clearly, grape and must composition as affected by viticultural practices and
terroir characteristics, and oenological practices, including wine spirit quality
used in Port wine-making, affect Port quality.
CONCLUSIONS
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Port is a complex, fortified wine with a distinctive character. The type and
duration of maturation, and the production stage during which blending is
performed, depend on the particular Port style. In terms of aroma, Port wine
is a very complex beverage, with diverse contributions originating from the
grape (primary, varietal aroma), yeast metabolites (secondary aroma), wood
maturation/ageing (tertiary aroma) and fortification spirit (distillation aroma).

The term “Port” is protected in the European Union where it is applied only to the
wines from the Douro region of Portugal. Guidelines set for South African Ports
are based on Portuguese regulations, but are adapted to suit local conditions.
The name selected for use on export labels is “Cape”, and outside South Africa the
wines are known as Cape Ruby, Cape Vintage and Cape Tawny.
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Acetaldehyde (ethanal; C2H4O) is a low molecular weight, flavour compound
found in a wide variety of aromatic foods and beverages that have, prior to their
final stage of production, undergone a degree of fermentation (McCloskey &
Mahaney, 1981; Jackowetz et al., 2010). Acetaldehyde has been known to be a
product of alcoholic fermentation by yeasts for almost a hundred years, but its
presence in wine was not confirmed until 1984 by Dittrich and Barth. It is one
of the most important aldehydes (carbonyl compounds) and constitutes more
than 90% of the total aldehyde content in wine. Aldehydes, together with a large
number of other volatile compounds, are responsible for wine aroma (Liu &
Pilone, 2000).
PRODUCTION
Acetaldehyde is primarily a product of yeast metabolism of sugars during the
first stages of alcoholic fermentation. It is the last precursor in yeast fermentation
before ethanol is formed, and is produced when pyruvate, the end product
of glycolysis, is converted by the enzyme, alcohol dehydrogenase (ADH), to
acetaldehyde. Conversely, a secondary source of acetaldehyde production in red
wine, which usually occurs after ageing, is oxidation (exposure to air/oxygen) of
ethanol, once again facilitated by the enzyme, alcohol dehydrogenase (Jackowetz
et al., 2010).

TEMPERATURE AND ACETALDEHYDE PRODUCTION LEVELS
Controversy still persists regarding the influence of fermentation temperature
on acetaldehyde production levels. It was previously reported that acetaldehyde
concentration levels, relative to 12, 18 and 24°C, increased significantly at a
fermentation temperature of 30°C, which was in direct contrast to reports by
Amerine and Ough in 1964 that fermentation temperature does not affect the
final aldehyde content. Jackowetz et al. (2010) reported that cooler fermentation
temperatures, in a strictly oxygen-regulated environment, actually led to higher
acetaldehyde levels, which could be as a result of a reduced reutilisation of
acetaldehyde by the yeasts during the last stages of fermentation.
PRODUCTION LEVELS AND STAGE OF FERMENTATION
Production levels of acetaldehyde during the early stages of fermentation, differ
widely from the final acetaldehyde concentration in wine (Cheraiti et al., 2010)
due to reutilisation by the yeast cells (Jackowetz et al., 2010; Li & Mira de Orduña,
2010), as well as degradation by bacteria (Jussier et al., 2006) during the last
stages of fermentation.
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SENSORIAL DETECTION
The oenological concentration levels of acetaldehyde vary between different
types of wine, e.g. white, red and sherry/port wines. Due to its low sensory
threshold (Longo et al., 1992) acetaldehyde has been detected at concentration
levels of ca 80 mg/ℓ for white wines, ca 30 mg/ℓ for red wines and ca 300
mg/ℓ for sherries (McCloskey & Mahaney, 1981). The very high acetaldehyde
production levels in sherries are due to the fact that this wine style is produced
under oxidative conditions. In table wines, high levels of acetaldehyde are
undesirable, but at low levels in wine acetaldehyde gives a pleasant, fruity
aroma. At higher levels, it nevertheless imparts an irritating odour that has been
described as a green, grassy, nutty or apple-like aroma. In sherry/port wines the
high acetaldehyde concentrations are considered to be a unique feature of that
style (Liu & Pilone, 2000).
The high acetaldehyde levels in sherry/port wines also contribute to the
increased colour observed in these wines, compared to normal red wines. Rapid
polymerisation of anthocyanins and phenolics (e.g. catechins, tannins) occur in
the presence of acetaldehyde, which assists in the formation of condensation
products that have higher colour intensities and stabilities (Osborne et al., 2006).
Furthermore, acetaldehyde indirectly enhances and stabilises wine colour in that
it strongly binds sulfur dioxide, which is known to have a decolourising/bleaching
effect in wine (Liu & Pilone, 2000).
HEALTH RELATED PROBLEMS ASSOCIATED WITH HIGH ACETALDEHYDE
LEVELS IN WINE
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It is crucial for winemakers to monitor and control acetaldehyde levels in
wine since, in excess, it can pose several health-related problems. Besides its
positive sensorial attributions in wines, numerous studies have shown that the
administration of large concentrations of acetaldehyde can lead to a range of
behavioural effects, notably those linked with symptoms of hangover such as
vomiting, restlessness, nausea, confusion, sweating and headaches. Further,
acetaldehyde has been shown to have several fundamental etiologic roles in
the pathogenesis of liver fibrosis (Mello et al., 2008) and fetal injury during
pregnancy (Quertemont et al., 2005). In addition, chronic alcohol consumption
is often observed in patients who suffer oesophageal and gastric cancers as a
result of the carcinogenic effect of high acetaldehyde levels. Although no legal
limits for concentration of acetaldehyde are currently imposed, the importance of
screening acetaldehyde levels in alcoholic beverages has now been given special
attention as a result of health concerns (Salaspuro, 2011).
ROLE OF SULPHUR DIOXIDE (SO2)
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The total sulphur dioxide (SO2) content in wine consists of varying levels of
free and bound SO2. Other than SO2 being directly added to grape must/wine
as a preservative during vinification, its presence in wine can be attributed to
yeasts, which produce it to varying extents. Acetaldehyde, being chemically very
active, has a strong affinity for SO2. It therefore binds with free SO2 (specifically
the bisulphite ion, HSO3-1) to form a complex compound known as ‘hydroxysulphonate’, which accounts for the largest percentage of the total SO2 content.
This bisulphite-acetaldehyde complex reduces the potent sensory effects of
acetaldehyde, and the antimicrobial, anti-enzymatic and antioxidant properties
of SO2 (Jackowetz et al., 2010). A lack of SO2 could lead to spoilage of the wine.

Therefore, due to this phenomenon, more SO2 is usually added to a wine containing
high concentrations of acetaldehyde, not only to bind it, but also to limit further
formation of acetaldehyde. Addition of SO2 could lead to more available free SO2
that will protect the wine’s taste and aroma (Liu & Pilone, 2000). However, as a
result of escalating consumer awareness of the adverse health risks related to SO2,
efforts have been prioritised to reduce the SO2 contents of wines (Osborne et al.,
2006).
ACETALDEHYDE DEGRADATION DURING MALOLACTIC FERMENTATION
The concentration of acetaldehyde in wine can be reduced by appropriate yeast
strain selection, as well as the prevention of oxidation during vinification. In
most cases, the reduction of acetaldehyde after alcoholic fermentation can be
accomplished by wine lactic acid bacteria (LAB). Homo- and heterofermentative
wine LAB of the genera Lactobacillus and Oenococcus are capable of degrading
free and SO2-bound acetaldehyde (Osborne et al., 2000). Metabolism of the
acetaldehyde moiety of SO2-bound acetaldehyde by LAB results in the release of
free SO2 which in turn inhibit LAB growth.
SACCHAROMYCES CEREVISIAE
Saccharomyces cerevisiae is the most important wine yeast and is responsible for
the metabolism of grape sugar to alcohol (ethanol) and carbon dioxide (CO2). It
can grow in high sugar concentrations, as well as at low pH, and can survive in
relatively high ethanol concentrations too. Due to these unique characteristics
it is able to effectively ferment grape musts (with high sugar concentrations) to
ethanol, giving it a competitive advantage over other yeasts.
The large variety of commercially available Saccharomyces cerevisiae strains
is partially responsible for the differences in acetaldehyde concentrations in
wines, which is attributed to the varied rates at which these yeasts produce
acetaldehyde during alcoholic fermentation (Longo et al., 1992).
Although wine yeasts are the primary producers of acetaldehyde during alcoholic
fermentation, this metabolite, at high production levels, may have an inhibitory
effect on the kinetics of Saccharomyces cerevisiae by either lengthening its lag
phase and/or slowing down its growth rate. Conversely, it has been reported
that, for ethanol-stressed Saccharomyces cerevisiae, the lag phase was shortened
and the growth rate stimulated at low acetaldehyde concentrations, implying
that acetaldehyde may play a role in preventing ethanol-induced stress and
growth inhibition of yeast cells (Stanley et al., 1993). High concentrations of
acetaldehyde, intracellularly and extracellularly, may also retard or inhibit ethanol
formation by yeast, resulting in sluggish or stuck fermentations (Liu & Pilone,
2000).
Acetaldehyde triggers the transcription and expression of several HSP genes
that are responsible for the synthesis of heat shock proteins (Hsp), of which one
protective protein, Hsp104p, has been shown to resist in vitro stress factors (e.g.
cold, glucose starvation, oxidative, osmotic, ethanol and/or acetaldehyde stress)
in certain yeast cells (Aranda et al., 2002). This, and the fact that the stimulatory/
inhibitory effect of acetaldehyde could be a redox-based mechanism (Vriesekoop
et al., 2007), need to be investigated more closely to address growth conditions
related to acetaldehyde and ethanol stress.
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NON-SACCHAROMYCES YEASTS
This group of yeasts includes a wide variety of genera, i.e. Candida, Kloeckera,
Hanseniaspora, Pichia, Torulaspora, Saccharomycodes and Zygosaccharomyces.
Non-Saccharomyces yeasts are naturally present in all wine fermentations and
are metabolically active, therefore their metabolites can affect wine quality.
The realisation that non-Saccharomyces yeasts can contribute significantly to
the flavour and quality of wine has led to more detailed investigations into
its properties, as well as the study of mixed fermentations, which involve the
co-inoculation of Saccharomyces cerevisiae with one or more different nonSaccharomyces strains.
Furthermore, most of these yeasts are susceptible to the adverse conditions of
wine (e.g. pH, SO2 and ethanol concentrations) and die off eventually, but there
are certain species (e.g. Brettanomyces spp. and Zygosaccharomyces spp.) that
are tolerant of ethanol and may even be found in bottled wine. Other species,
like Saccharomycodes ludwigii can produce large amounts of acetaldehyde that
negatively affects wine aroma, while Candida stellata has shown great variability
in acetaldehyde production (Romano et al., 1997).
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Volatile thiols play an integral role in the passion fruit, grape fruit and guava aromas
of different types of white wines. This is especially true for Sauvignon blanc and
possibly Chenin blanc wines. The three most important positive volatile thiols in
white wines are normally 3-mercaptohexanol (3MH), 3-mercaptohexanol acetate
(3MHA) and 4-mercapto-4-methylpentan-2-one (4MMP). These volatile thiols are
formed by the yeast during alcoholic fermentation from certain precursors present in
the must. The perception threshold values (in other words the lowest concentrations
where we start to smell them in wine) are 60, 4.2 and 0.8 ng/ℓ for 3MH, 3MHA and
4MMP respectively. These very low values show the sensitivity humans have towards
these compounds and analytical methods should thus be able to detect and quantify
these compounds at such low levels. This, together with the fact that these sulphur
containing compounds are sensitive to oxidation and thus not very stable, makes
the analysis of these compounds a huge challenge. The Department of Viticulture
and Oenology, Stellenbosch University, embarked on developing a new method for
volatile thiol analysis in white wines, as well as to perform a screening to determine
levels of these compounds in South African Sauvignon blanc wines.
We initially screened the levels of 4MMP, 3MHA and 3MH in 28 different South
African Sauvignon blanc wines from the 2011 vintage. We used a GCMS method
in a laboratory in Slovenia for this purpose. The levels for 4MMP ranged from 3-35
ng/ℓ, with an average of 10 ng/ℓ. The ranges were 12-720 ng/ℓ and 453-3 452 ng/ℓ
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for 3MHA and 3MH respectively, with average values of 158 and 970 ng/ℓ.
We tried to implement this method at the DVO, but due to various reasons,
we were not successful in this regard. We thus decided to attempt to analyse
for 3MH and 3MHA with a novel ultra-performance liquid chromatography
tandem mass spectrometry method, in collaboration with the University of
Milan. In this method, extensive sample preparation is required where the
thiols are concentrated and quantified using UPLC-MS/MS after derivatisation.
Although this method still requires extensive sample preparation and specialised
equipment, it is in general shorter and easier to perform than traditional
sampling preparation methods using mercury, which pose a potential health
hazard. Using this novel method, excellent recovery and precision were achieved
for 3MH and 3MHA. Limits of quantification, in other words, the minimum
concentration of these compounds that we could accurately determine, were
0.07 ng/ℓ for 3MH and 1.68 ng/ℓ for 3MHA. This is much lower than the sensory
perception threshold of these two compounds which make this method ideal for
quantification of these compounds in white wines. We then further quantified the
3MH and 3MHA levels in 11 additional South African Sauvignon blanc wines from
the 2012 and 2013 vintages. We found average 3MHA levels of 313 ng/ℓ, with a
range of 18-1 029 ng/ℓ. Average 3MH levels were found to be 1 320 ng/ℓ, with a
range of 820-2 262 ng/ℓ.
Differences in 3MH and 3MHA can be due to vintage effect, the usage of SO2 and
or glutathione in the must and yeast strains used. The hydrolysis of 3MHA to 3MH
also occurs during bottle ageing, even when wine is closed under screw cap.
Bottle storage temperature is critical in this regard, with this degradation rate
occurring faster at a higher temperature. This new breakthrough UPLC-MS/MS
method, funded by Winetech, opens the doors for further research projects on
volatile thiols in wine.
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At commercial harvest it is often assumed that the levels of the two sugars in
grapes, i.e. glucose and fructose, are the same (glucose-fructose value or GF
value = 1). However, during ripening the fructose component increases and
mature grapes usually contain more fructose than glucose (GF level < 1). The
glucophilic wine yeast, Saccharomyces cerevisiae, preferentially uses glucose
rather than fructose during fermentation so the glucose level declines faster
than the fructose level. Residual sugar in wine is therefore made up of fructose.
If the difference between glucose and fructose levels becomes too big, S.
cerevisiae fermentations can cease. A fermentation starting with more fructose
than glucose (GF value < 1) should hypothetically lead to a higher probability of
reaching a glucose-fructose imbalance towards the end of fermentation.
A limited number of investigations have shown that differences in glucose and
fructose levels occur in South African grape musts, and the GF values of some
grapes at commercial harvest can vary between 0.96 to as low as 0.77. The
extent to which these differences occur was not known, as separate glucose
and fructose analyses were not routinely done in the past. In order to gain a
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better understanding of glucose and fructose levels in South African grape
musts, commercial grape musts were analysed over five vintages. Subsequently,
laboratory-scale fermentations were conducted to ascertain the effect of GF
values on yeast performance.
MATERIALS AND METHODS
Commercial grape must samples were analysed enzymatically for glucose and
fructose by two commercial wine laboratories. The GF value was calculated
by dividing the glucose concentration by the fructose concentration. In a
subsequent series of laboratory-scale fermentation trials, previously frozen grape
musts were spiked with glucose or fructose. This altered the GF value to emulate
those found in commercial grape musts. The spiked musts were inoculated with
three commercial S. cerevisiae wine yeast strains readily obtainable in South
Africa. The wine yeasts strains were coded as Rf1, Rf2 and Rf3. The residual
sugar in the wines at the end of fermentation were determined by the Rebelein
method. In the final trial another 17 coded commercial yeasts were also
evaluated for their ability to ferment low (more fructose) and high (more glucose)
GF value grape musts.

FERMENTATION AND
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TABLE 1. Residual sugar of wines after Saccharomyces cerevisiae yeast strain (Rf1, Rf2 and Rf3) fermentation at 22°C of grape musts with varying initial glucose-fructose values (without
yeast nutrient addition).
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Glucose-fructose value at start
of fermentation (GF)

Initial sugar concentration at
start of fermentation (°B)

1.26

Residual sugar1 (g/ℓ)
Rf1

Rf2

Rf3

25.0

-2

2.8

3.9

1.15

23.5

2.9

2.4

2.1

1.06

22.5

2.0

8.0

2.0

1.03

22.0

2.3

2.0

1.7

1.05

21.5

4.0

2.0

-2

0.85

21.5

2.4

2.1

2.2

0.94

22.5

3.5

2.9

2.2

0.79

22.5

4.7

2.6

3.2

0.81

23.0

2.7

2.3

1.7

0.94

23.5

26.0

18.0

38.0

0.86

24.5

36.0

26.0

38.0

0.78

25.5

84.0

56.0

26.0

Average value of two fermentations..
Not analysed.
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The results of the analyses of 1 508 grape must samples are shown in Figure 1 as
a distribution based on GF values plotted against degree of grape ripeness (total
sugar in g/ℓ). The majority of the GF values lie between 0.8 and 1.2, irrespective of
the degree of ripeness. Vintage effects can be noted with e.g. 2008 having generally
more glucose than fructose (GF value > 1). Some samples had GF values outside
the 0.8 to 1.2 range. However, it is musts with GF values lower than 1, representing
more fructose than glucose which potentially could lead to difficult and stuck
fermentations.
The laboratory-scale fermentation trials tested the hypothesis that an initial low
GF value could lead to fermentations with undesired residual sugar. The first two
test yeasts were chosen due to their representation of two ends of a spectrum of
an ability to utilise fructose during fermentation. The third strain was marketed
as a ‘fructophilic’ yeast, with the ability to utilise fructose and glucose at a similar
rate. A residual sugar value of 5 g/ℓ was chosen as the cut-off value for completed
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FIGURE 1. Glucose-fructose (GF) values relative to degree of ripeness (total glucose + fructose) of grape must samples over
five vintages (10 g/ℓ sugar equals approximately 1°B).
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fermentations. Wine with residual sugar equal or lower than this value can be
classified as dry according to South African legislation (South African Liquor
Products Act 60 of 1989).
Table 1 shows that without addition of yeast nutrients, the three test yeasts
differed in their ability to ferment the individual grape musts. A GF value of
greater than one (more glucose), in a Balling range of 21 to 25°B, resulted in
dry wines. In the same Balling range, a GF value below one (more fructose
than glucose) led to stuck fermentations, especially at 23.5°B and higher. The
fructophilic yeast only fared better than the other two yeasts in the 25.5°B must.
In the following trial the grape must was supplemented with a high dose of
a commercial yeast nutrients (inactive yeast, di-ammonium phosphate and
thiamine). The differences in residual sugar levels between the three yeasts were
bigger than in the absence of yeast nutrition (Table 2). Generally, the nutrient
addition led to better sugar utilisation for low GF value musts, especially at
higher Balling (23-25°B), although the wines were still not dry. In contrast to the
previous trial, the yeast nutrient addition resulted in residual sugar in some high

GF value (more glucose) musts as well. The nutrients may have accelerated the
utilisation of glucose leading to a glucose-fructose imbalance.
In the final trial a wider range of yeasts were tested (Table 3). It is evident how
the various commercial yeasts differed in their ability to ferment in the same
matrix. Most of the fermentations did not go to dryness. However, the data shows
that all the fermentations, with the exception of two, had higher residual sugar
values where the initial GF value was smaller than one, compared to the same
yeast where the initial GF value was greater than one. This is further evidence
that initial GF values have an impact on fermentation, albeit possibly as part of a
larger yeast nutritional interaction.
During higher temperature conditions grapes will ripen quicker, and grapes at
optimum flavour ripeness may more often have higher fructose than glucose
levels. In these scenarios judicious yeast choice, together with the optimal level of
yeast nutrition, will help prevent lagging and stuck fermentations. The possibility
of lagging fermentations occurring can also be predicted from detailed sugar
analyses of the grape musts at harvest, or just prior to the onset of fermentation.
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TABLE 2. Residual sugar of wines after Saccharomyces cerevisiae yeast strain (Rf1, Rf2 and Rf3) fermentation at 22°C of grape musts with varying initial glucose-fructose values (with yeast
nutrient addition1).
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Residual sugar2 (g/ℓ)

Glucose-fructose value at
start of fermentation (GF)

Initial sugar concentration
at start of fermentation (°B)

Rf1

Rf2

Rf3

1.17

26.0

3.7

13.9

15.3

1.25

25.8

3.8

11.8

11.0

1.04

24.0

2.8

2.8

4.4

1.29

23.5

2.8

2.3

5.0

1.02

21.0

4.0

4.0

6.0

0.93

21.0

3.0

6.0

3.0

0.94

22.5

4.0

3.0

4.0

0.86

23.0

4.0

35.0

3.0

0.80

23.0

7.0

25.0

8.0

0.83

23.5

3.0

10.0

5.0

0.84

24.5

3.1

5.0

6.4

0.74

24.5

5.0

11.0

9.0

0.75

25.0

8.0

15.0

8.0

0.84

26.0

5.9

11.2

14.5

1 Yeast nutrients added to each must (50 g/hℓ).
2 Average value to two replicate fermentations.
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TABLE 3. Residual sugar after yeast fermentation of two grape musts1 at 26°B with different glucose-fructose values.
Commercial Saccharomyces cerevisiae
yeast strain
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Residual sugar2 (g/ℓ)
Grape must A
GF level < 1 (0.74) 26°B

Grape must B
GF level > 1 (1.32) 26°B

Rf1

11.0

1.3

Rf2

11.0

8.5

Rf3

11.4

35.8

Ty9

21.6

12.5

Rf4

29.6

6.8

Ty7

26.2

13.3

Ty5

13.7

26.2

Rf5

23.3

8.2

Ty3

14.2

5.3

Ty1

25.3

16.1

Ty6

12.2

2.6

Ty10

31.2

29.3

Ty11

22.7

9.1

Ty12

6.8

3.0

Ty13

13.8

0.4

Ty14

16.3

2.4

Ty15

27.7

18.2

Ty16

3.5

1.0

Ty17

18.4

7.2

Ty18

15.1

10.0

Yeast nutrients added to each must (50 g/hℓ).
Average value of two replicate fermentations.
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SUMMARY
Commercial grape musts often contain higher fructose levels than glucose levels for most cultivars. This can lead to ineffective
fermentation by the glucophilic wine yeast, Saccharomyces cerevisiae. In this study commercial grape must samples were
analysed to determine glucose and fructose levels. Subsequently glucose and fructose spiked grape musts were used to test the
fermentation effectiveness of a number of commercial yeasts. It was shown that yeasts differ in their ability to ferment grape must
where the fructose levels are higher than the glucose levels, especially if the sugar concentration is high. The use of yeast nutrition
can, in some cases, be beneficial to these fermentations. However, the most important consideration remains the yeast strain used
for the fermentation.

For further information contact Neil Jolly at jollyn@arc.agric.za.
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WHO AM I?
Most winemakers know the feared five-letter word “Brett” all too
well. Brettanomyces bruxellensis is a famous red wine spoilage yeast,
responsible for financial losses within the wine industry yearly.
Contaminated wine can usually not be readily commercialised and
ridding contaminated wineries of this yeast is a difficult task.
B. bruxellensis produces various spoilage compounds that not only affect
the aroma profile of the wine, but also the appearance of the wine, often
resulting in a colour loss and haze. These compounds include acetic
acid (Scheffers, 1961 & Freer, 2002) and fatty acids (Rozès et al., 1992;
Malfeito-Ferreira et al., 1997 & Licker et al., 1998). However, B. bruxellensis
is best known for the production of volatile phenolic compounds that
are generally considered to have a negative impact on the organoleptic
properties of the wine. Although the metabolic pathway leading to the
production of these volatile phenols has been elucidated more than
20 years ago, the enzymes catalysing the 2-step reaction have only
been identified recently, following the sequencing of B. bruxellensis’
genome (Curtin et al., 2012a; Piškur et al., 2012; Crauwels et al., 2014).
Concurrently, research has allowed significant advances in our global

understanding of B. bruxellensis, especially concerning this yeast’s
peculiar ability to survive and develop in a matrix as harsh as wine.
This article provides an overview of these recent research findings.
MY GENETIC MAKE-UP
The first genome sequencing was attempted in 2007. However, only a
partial sequence (40% of whole genome) could be assembled (Woolfit
et al., 2007). The first whole genome sequence was actually released
in 2012 (Curtin et al., 2012a), i.e. 16 years after that of Saccharomyces
cerevisiae. The strain whose genome was sequenced had been isolated
from an Australian wine. A few months later, the whole genome
sequence of the initially partially sequenced French B. bruxellensis strain,
was also made publicly available (Piškur et al., 2012). Finally, the genome
of one more strain, this time isolated from beer, was sequenced in
2014 (Crauwels et al., 2014). Strain variability, complexities and unusual
characteristics of this yeast were evident from the former two sequenced
genomes, with chromosome numbers ranging from 4 to 9 (depending
on the strain) in comparison to the 16 found in all strains of S. cerevisiae.
In addition, unlike what was originally assumed that B. bruxellensis was
a haploid organism, it was demonstrated to rather exhibit an intricate
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TABLE 1. Summary of physiological characteristics of 35 B. bruxellensis strains.
The percentage indicates the number of strains that tested positive for the
particular character. Adapted from Conterno et al. (2006).
Character tested

Isolates (%)

Carbon source assimilation
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FIGURE 1. Cell morphology of two different strains of B. bruxellensis. A – oval yeast shaped cells in chain.
B – pseudohyphae structures (elongated cells).

ploidy with one strain being diploid and the other triploid. Moreover, in a recent study, the
genome sequences of the three strains were compared in order to explore the genome
plasticity and diversity among the different isolates. It was reported that the beer strain had a
significantly altered genome sequence in comparison to the two wine strains. The study also
revealed that the genomes of the two wine isolates, even though very different, were more
similar to one another than compared to the beer isolate. In particular, 20 genes present in
both wine strains are absent in the beer strain. These genes could possibly confer a specific
adaption to living in wine (Crauwels et al., 2014).
These studies have already shed some light on the complexity and huge diversity observed
among strains. The availability of the full genome sequences is a significant step forward that
will certainly allow for more in-depth investigations to better comprehend morphological and
physiological characteristics, as well as specific adaptations associated with B. bruxellensis.
WHAT DO I LOOK LIKE?

3

VINEYARD & CELLAR UPDATE

4

CELLAR TIPS

5

VINEYARD TIPS

135

Winemakers usually detect B. bruxellensis contamination when it is already too late (i.e. when
the yeast has started producing off-flavour compounds). This yeast is indeed not easy to detect
using classical microbiology techniques. Its ability to go undetected involves morphological and
physiological adaptations, such as changes in cell morphology and entry into a viable but nonculturable (VBNC) state, respectively. Figure 1 illustrates two different strains of B. bruxellensis
and their unique morphology. Some strains of B. bruxellensis can exhibit normal yeast shape-like
morphology, with or without chain formation (Figure 1A) while others develop pseudohyphal
structures (i.e. long, branching filamentous cells) (Figure 1B) (Louw, 2014). Pseudohyphae
development has been reported in other yeasts, such as S. cerevisiae, to be due to nutrient
(especially nitrogen) deprivation and also as a result of oxidative stress responses (Gancedo,

Arginine, cellulose, proline, tartrate

0

Adonitol

6

Arabinose, citrate, starch

9

Lactose, mannitol, raffinose
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Ethanol
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Nitrate
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Temperature growth
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Sulphite tolerance
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FIGURE 2. The enzymatic conversion of hydroxycinnamic precursors by the Pad and Vpr enzymes into volatile phenolic compounds adapted from Chatonnet et al. (1992).
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FIGURE 3. The sulphur dioxide tolerance of B. bruxellensis’ three genotypes and the corresponding mean maximal sulphur dioxide tolerance
(mg/ℓ molecular SO2). The size of the circles is indicative of the frequency of that particular phenotype adapted from data Curtin et al. (2012b).
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2001; Zaragoza & Gancedo, 2000; Lo & Dranginis, 1997). This phenomenon and the
triggers responsible for this morphological change have nevertheless been poorly
investigated, from genetic, as well as physiological points of view, in B. bruxellensis.
It therefore remains unclear as to the advantage the yeast gains through its ability
to alter its cell morphology.
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In some strains, clumping of cells can also be observed. Cell morphology and
aggregation evolve throughout growth and could explain the unsuccessful
treatment of spoiled wine containing preservatives such as sulphur dioxide (SO2),
as the flor mass could protect the inner cells.
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WHAT CAN I SURVIVE ON?
Unravelling the spoilage mechanisms of B. bruxellensis is of the utmost
importance. However, preventing spoilage from occurring in the first place
remains the primary goal in spoilage management of this yeast. In order
to prevent the occurrence and spoilage caused by this yeast, its nutritional
requirements and resistance to common preservatives such as SO2 used during
winemaking must be elucidated. Numerous studies have indeed shown the
resilience of B. bruxellensis to survive and grow in wine, a medium where carbon
and nitrogen sources are limited and where high concentrations of SO2 and other
inhibiting factors such as ethanol are present (Conterno et al., 2006).

BRETTANOMYCES

CONTENTS

CONTRIBUTING AUTHORS

FOREWORD

B. bruxellensis has also been reported to exhibit extremely diverse metabolic and
physiological characteristics that are highly strain specific. Table 1 summarises
some of the various compounds utilised and favourable conditions that can be
associated with B. bruxellensis strains. The range of carbon and nitrogen sources
that can be assimilated includes compounds such as ethanol, glycerol, nitrate
and proline under aerobic conditions (Table 1) (Conterno et al., 2006; Dias et
al., 2003;Woolfit et al., 2007). B. bruxellensis is also able to grow at temperatures
ranging from as low as 10°C to as high as 37°C. Growth has even been observed
at a pH as low as 2 (Table 1). Clearly, this is a yeast very well adapted to
winemaking conditions where limited nutrients and low pH occur (Conterno
et al., 2006). B. bruxellensis strains are actually characterised by their ability to
grow on very low amounts of carbon and nitrogen sources, originating at least
in part from yeast cell autolysis (Chassagne et al., 2001). In recent studies, it
was confirmed that B. bruxellensis growth was not influenced by the amount
of residual nitrogen and that in fact this yeast was able to reach populations
higher than 106 cfu/mℓ in synthetic wine, containing as little as 6 mg N/ℓ (Childs
et al., 2014). High sugar musts had neither a positive nor a negative effect on
the growth of B. bruxellensis, in the presence of SO2. However, high ethanol
concentration, because of high sugar must, induced a delay in growth (Childs et
al., 2014; Chandra et al., 2014). Unfortunately, strain variance makes it difficult to
draw final conclusions with regard to factors that would prevent growth.
WHAT DO I DO TO YOUR WINE?
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Volatile phenols are associated with off-flavours and are the end-products of a
two-step enzymatic process (Figure 2) where hydroxycinnamic acid precursors,
namely p-coumaric, ferulic and caffeic acids, that naturally occur in red wine,
are converted into volatile phenols (Chatonnet et al., 1992, 1995; Smit et al.,
2003 & Suárez et al., 2007). Certain yeasts, including some S. cerevisiae strains,
only possess the phenolic acid decarboxylase (PAD) gene and lack the second
vinyl phenol reductase (VPR) gene involved in the conversion of the vinyl
intermediates into their final ethyl end-products (Edlin et al., 1998; Oelofse, 2008
& Tchobanov et al., 2008). In most cases, the presence of these precursors does
not lead to the production of off-flavours (neither vinyl intermediates nor ethyl
end-products) as most commercial S. cerevisiae strains possess neither of these
two genes. However, after decades of active research, it was recently discovered
that B. bruxellensis possesses both genes, explaining its ability to produce the
ethyl derivatives.
The enzyme activity of the Pad protein is optimal at a temperature of 40°C and
a pH of 6.0 (Godoy et al., 2008).The enzyme’s affinity towards substrates was
reported to depend on the particular species and strain of Brettanomyces, with
that of B. bruxellensis showing high specificity towards p-coumaric and ferulic
acids (Godoy et al., 2014). Enzyme activity of the Vpr protein is stable at pH 3.4
and in the presence of ethanol, but optimally active at pH 6 and a temperature of
25°C (Godoy et al., 2008). The sequence of the B. bruxellensis’ PAD gene was found
to be more closely related to bacterial homologues than to yeast homologues,
probably explaining why this gene was only identified in 2012 following the
first genome sequencing (Curtin et al., 2012a). However, the former authors
could not identify any obvious VPR gene. Only after extensive research was
the VPR gene very recently identified by another team (Granato et al., 2014).
This is an incredible discovery, as the VPR gene was actually found to be a Cu/
Zn superoxide dismutase (SOD gene) that incidentally possesses vinyl phenol

reductase activity in B. bruxellensis. Indeed, the SOD gene of B. bruxellensis has
a significantly altered cofactor (NAD(P)+/NAD(P)H) binding site, unlike the SOD
homologues in S. cerevisiae and other yeasts (Granato et al., 2014). This could
explain why S. cerevisiae is unable to convert vinyl phenols into ethyl phenols,
although it possesses a SOD gene with Cu/Zn superoxide dismutase activity.
The discovery of these two genes will certainly now allow scientists to perform
more in-depth studies, focussed on the expression of these two genes and
on the activity of the corresponding enzymes under winemaking conditions
in an attempt to better characterise the factors influencing their expression
and activity. This could ultimately lead to alternative ways to combat spoilage,
through a gene targeted approach. Hopefully in the near future, products to
identify the various factors, in wine, that influence the expression of these two
genes (both positively and negatively) or able to inhibit the activity of their
respective enzymes, could become available, which would be a huge advantage
for the wine industry.
I THRIVE EVEN IN THE PRESENCE OF SO2
B. bruxellensis’ strains have been reported to possess once again a diverse, highly
strain dependent degree of tolerance to SO2 (Duckitt, 2012; Vigentini et al.,
2013). From genetic studies, microbiologists were able to distinguish three major
groupings (A, B and C) based on molecular SO2 resistance (mean values from low
to high molecular SO2 in mg/ℓ) and their respective genotypes, as illustrated in
Figure 3 (Vigentini et al., 2008, 2013; Curtin et al., 2012b). The prevalence of these
groupings are indicated by the size of the circle, the larger the circle, the more
prevalent the phenotype. This figure highlights the diversity, as well as the range
of SO2 tolerance from as low as 0.03 mg/ℓ to 0.60 mg/ℓ molecular SO2 (Curtin et
al., 2007). However, these are averages and some strains exhibit much higher
degrees of SO2 tolerance. This tolerance to SO2 clearly reflects an adaptation
to wine as a living medium, but it is not the only survival mechanism that B.
bruxellensis has developed.
Indeed, the challenge for winemakers to identify and/or detect B. bruxellensis is
further complicated by the fact that this yeast can reportedly enter into a viable
but non-culturable (VBNC) state (Millet & Lonvaud-Funel, 2000; Du Toit et al.,
2005; Serpaggi et al., 2012). First described in bacteria, this physiological state
is characterised by the ability of the cells to remain viable while temporarily
losing their ability to multiply, therefore not forming colonies on solid culture
medium. Yet, this conventional method (i.e. plating on solid medium) is the
most widely used technique to detect the presence of B. bruxellensis, potentially
leading to false negative outcomes. Entry into the VBNC state in B. bruxellensis
leads to a decrease in cell size, reduced glycolytic flux but conserved spoilage
capabilities, similar to what is observed in bacteria (Serpaggi et al., 2012). This is
extremely problematic for winemakers as the presence of B. bruxellensis growth
can therefore go unnoticed while they continue to spoil the wine. Furthermore,
studies indicate that the VBNC state is induced by the presence of SO2, if the
concentration is within the strains’ tolerance range (Du Toit et al., 2005; Agnolucci
et al., 2010 & Serpaggi et al., 2012). In its recent resolution OENO 462-2014,
the OIV subsequently recommends maintaining molecular SO2 concentrations
between 0.5 and 0.8 mg/ℓ to prevent B. bruxellensis’ development and exit from
VBNC state.
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CONCLUSION
After browsing through this article, the readers might be tempted to think that
considering all the complexities associated with B. bruxellensis, no clear solution will
emerge any time soon to the B. bruxellensis spoilage pandemic. Indeed, researchers
have not yet fully elucidated how B. bruxellensis can survive, grow in wine, and
incidentally spoil it, and how to prevent this from happening with 100% guarantee.
However, things are not as bleak as they seem. Research has allowed significant
advances in our global understanding of B. bruxellensis, especially with regard to
this yeast’s peculiar ability to survive and develop in a matrix as harsh as wine.
Significant strides have indeed been made in very recent years on B. bruxellensis
research and the importance of these research findings cannot be formulated
enough. Researchers continuously shed new light on B. bruxellensis’ biology.
The sequencing of the genome of three strains is a significant step forward with
promises of great discoveries. Even though gaps remain, our understanding of B.
bruxellensis adaptation mechanisms has never been so advanced. Current research
on B. bruxellensis will not only lead to a better understanding of its ability to survive
and grow in wine, but also to make more accurate recommendations with regard
to SO2 management and potentially to the development of other agents or tools to
prevent B. bruxellensis development. In the meantime, good winemaking practices,
including good cellar and barrel hygiene, through proper sanitation and shortened
barrel-life, to limit the risk of spoilage as prevention are highly recommended.
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Extraordinary yeasts
KARIEN O’KENNEDY
Institute for Grape and Wine Sciences, Stellenbosch University, Stellenbosch
KEYWORDS: Yeast, fermentation, Saccharomyces.
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Local scientists have made a significant breakthrough with regard to the
discovery of rare and exceptional yeasts in South African red wines.

populations during fermentation and may consequently make a significant
contribution to the wine’s eventual sensorial quality.

The extremely sensitive detection methods available nowadays have enabled
a team of scientists led by Prof Florian Bauer and Dr Evodia Setati to make
revolutionary findings with regard to rare and exceptional yeasts in South African
red wines.

The question is now posed whether the contribution is positive or negative.
Are these yeasts partially responsible for South African terroir?

Dr Setati and her team at the Institute for Wine Biotechnology, Stellenbosch
University, have found that some of these yeasts may occur in relatively large

The investigations were conducted on three Cabernet Sauvignon vineyards
adjacent to each other in the Polkadraai area. Management of the three
vineyards differs, namely biodynamic, IPW (integrated production of wine) and
conventional. All three vineyards are more or less the same age and the same
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trellis system was used for all three. Micro-organisms were isolated from the
juice and fermenting must and identified by means of two methods, namely the
culture of organisms on plates, as well as more sophisticated molecular (DNA)
methods. The following findings emerged:
• The most commonly found microbes on grapes are the oxidative yeasts (which
require oxygen) such as Cryptococcus and Rhodotorula. They disappear as soon
as fermentation begins.
• The biodynamic vineyard harboured a bigger population of microbes with
potential biocontrol characteristics, for example Cryptococcus which is active
against Botrytis.
• Candida, Pichia and Metschnikowia (also oxidative yeasts) and the fermentative
yeasts, Hanseniaspora/Kloeckera species, occur in much smaller quantities on
grapes, except when the grapes are bruised – in which case they occurred in
bigger quantities.
• Before fermentation Saccharomyces cerevisiae, the principal wine yeast, could
only be isolated from the juice deriving from the biodynamic vineyard.
• The must from the biodynamic vineyard displayed the biggest microbial
diversity, followed by the IPW vineyard.
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• Different viticultural cultivation practices, as well as different vintages,
resulted in large differences in microbe population. There were moreover large
differences within the same vineyard.
• In the biodynamic vineyard a certain Kazachstania specie was isolated for the
first time. Kazachstania yeasts are closely related to Saccharomyces yeasts. Their
contribution to the sensorial quality of wine is being investigated.
• The biodynamic juice had the biggest yeast population: 2.3 x 106 colony
forming units (CFU), compared to conventional and IPW juices with 2.35 x 104
and 8.43 x 104 CFU respectively. The biodynamic fermentation was also the
quickest to run its course.
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• In all three fermentations Saccharomyces cerevisiae was the dominant yeast
from the middle of fermentation onwards.
The conclusion of this research is that the manner in which we cultivate vineyards
is one way to manipulate the population size, as well as the types of yeasts that
occur. It is not possible, however, to rely on a specific consortium of yeasts year
after year. We have to determine which yeasts are positive and which are negative
so as to find out how to boost the positives and suppress the negatives by means
of specific viticultural techniques.
In another project at the IWBT it was found, for example, that many nonSaccharomyces yeasts participate in fermentation for much longer than the
commonly accepted 5% alcohol limit, provided oxygen is made available to
them. This type of research is also being conducted in various other wineproducing countries at present. Each country is in search of its own characteristic
fingerprint. Spontaneous fermentation, which was long avoided, is winning
favour in the search for authenticity, terroir, carbon footprint and cost savings.
South Africa has the advantage of an incredible diversity of soil and climate,
combined with an exceptional variety of microbes.
Research in this regard is ongoing. The projects were partially funded by
Winetech.
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Oxygen plays an important role in wine production. The exposure of red wines to
small amounts of oxygen can be beneficial to the wine’s development in terms
of colour stability and the softening of tannins during barrel ageing. However,
in general the addition of oxygen in white wine is not wanted. This is due to
the development of a brown colour, a decrease in fruitiness in the wines and an
increase in acetaldehyde levels. Factors affecting the consumption of oxygen in
white wines are not completely clear, which is probably due to the large chemical
differences existing between white wines from different cultivars, areas and
vintages. The main aim of this work was thus to follow the decrease in dissolved
oxygen concentrations in a number of white wines and to try to link these with
the chemical composition of the wines.
MATERIALS AND METHODS
We obtained 13 young Sauvignon blanc wines from the 2010 vintage just after
the completion of alcoholic fermentation. These wines were collected from
different commercial wineries before any SO2 additions were made after alcoholic
fermentation and transported to the Department of Viticulture and Oenology,
Stellenbosch University. The wines were collected in 20 ℓ canisters into which
N2 gas had been previously blown. The pH of these wines ranged from 3.2 to
3.5 with alcohol levels ranging from 12.3% to 13% v/v. Each wine was then
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FIGURE 2. Reduction in dissolved oxygen levels in the wines that did
receive SO2 (Fracassetti et al., 2013).

FIGURE 1. Reduction in dissolved oxygen levels in the wines that did not receive
SO2 (Fracassetti et al., 2013).
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No SO2 addition

SO2 addition

Oxygen (mg/ℓ)

-5.27

-4.98

SO2 free (mg/ℓ)

-5.8

-15.3

SO2 total (mg/ℓ)

-20.6

-38.1

GSH (mg/ℓ)

-6.1

-9.2

GSSH (mg/ℓ)

2.1

1.5

Total hydroxycinnamic acids (mg/ℓ)

-3.90

3.38

Cu (mg/ℓ)

-0.052

-0.053

Fe (mg/ℓ)

-0.076

-0.016

280 nm (AU)

2.74

2.99

420 nm (AU)

0.050

0.035

440 nm (AU)

0.036

0.024

divided into two treatments, one that received no SO2 addition, with the other
half receiving 30 mg/ℓ SO2. All the wines were then saturated with oxygen and
the wines placed at 37°C for 60 days to enhance the oxidation process. Oxygen
levels were monitored daily during this period and wine samples drawn at the
beginning and end of the experiment for chemical analyses. Analyses included
free and total SO2, glutathione (GSH) analyses, oxidised GSH, grape reaction
product, range of phenolic compounds such as caffeic acid, caftaric acid,
catechin, coumaric acid, ferulic acid etc., Cu, Fe, as well as absorbencies at 280 nm
(total phenolics) and 420 and 440 nm (brown and yellow colour).

RESULTS AND DISCUSSION
In Figures 1 and 2 the oxygen consumption rate in the 13 wines can be seen.
Figure 1 represents those wines to which no SO2 was added and Figure 2 those
to which the 30 mg/ℓ SO2 was added just before the start of the experiment. It
is clear that the rate of oxygen consumption differed to a large extent between
the different wines. Where no SO2 was added, most of the oxygen was consumed
after 40 days, but certain wines still had measurable levels of dissolved oxygen
after 60 days. Where SO2 was added, the oxygen consumption rate dropped much
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quicker, with some wines having most of their oxygen being consumed after only 10 days.
SO2 is added to wines to serve as an anti-microbial and anti-oxidative agent. SO2 is added
to juices and musts to inhibit oxidation by inhibiting or destroying oxidation enzymes
such as laccase. In musts the addition of SO2 would thus retard the consumption of
oxygen, by inhibiting the oxidation enzyme which drives the oxidation process. However,
in wines the opposite happens, where chemical oxidation takes place which is a much
slower process than enzymatic oxidation that would occur in juice or must. In wines the
oxidation of phenolic compounds leads to the formation of quinones, as well as hydrogen
peroxide (H2O2). The function of SO2 is thus not to remove oxygen from wine, but to rather
react with the H2O2, thereby removing it. The latter compound is a strong oxidant in wine
and SO2 therefore protects the wine by removing this compound. SO2 also has a bleaching
effect in white wines and juice by reducing oxidised quinones back to phenolics, thereby
lowering the brown colour which could happen during oxidation. SO2 thus speeds up the
consumption of oxygen in wine by removing the products of oxidation.
In Table 1 a summary of some of the main components of all 13 wines that were measured
at the beginning and the end of the trail can be seen. The total oxygen consumption
was a little bit higher in those wines to which no SO2 was added. Losses in glutathione
(GSH), free SO2 and total SO2, was much higher in the wines to which SO2 was added. The
formation of oxidised GSH, was lower in the wines that received SO2, probably due to
the latter compound removing the oxygen before it could decrease the GSH. However,
the total hydroxycinnamic acid concentrations (sum of caftaric, fertaric, coumaric acids
etc.), were lower in the wines that did not receive any SO2 after fermentation, as these
compounds are substrates for oxidation in wines. Increases in brown and yellow colours
(420 and 440 nm) were also higher in the wines that did not receive any SO2, as expected.
This is probably due to the bleaching effect of SO2 on brown quinones.
It is clear that oxygen consumption in white wines does not follow a strict set of rules and
can be influenced by a number of different factors. SO2 is clearly playing a large role in
rapidly reducing oxygen levels in wines. Oxygen levels in white wines with higher levels
of SO2 and copper will therefore probably decrease faster. It is well known in the wine
industry that around 1 mg/ℓ oxygen reacts with about 4 mg/ℓ SO2. This would mean that
if a wine contains about 3 mg/ℓ O2, about 12 mg/ℓ SO2 will be removed from the wine.
A study by Van der Merwe in 2013 have shown oxygen levels to range from 0.7 mg/ℓ to
7.5 mg/ℓ in South African white wines after bottling. This should be kept in mind by the
producer on deciding possible ageing potential of his or her white wine.
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Sauvignon blanc is an important white wine cultivar in South Africa. Different
styles of Sauvignon blanc wines can be found in South Africa, but it is well
known that three distinct styles, greener and fruitier, or a combination of these
two, are often found. The greener style of Sauvignon blanc wines is often due to
methoxypyrazines, while volatile thiols, among other compounds, contribute to
the tropical, fruity styles of Sauvignon blanc wines. The main methoxypyrazine
in Sauvignon blanc wine is normally 2-isobutyl-3-methoxypyrazine (IBMP), while
the three main volatile thiols in wine are 4-mercapto-4-methylpentan-2-one
(4MMP), 3-mercaptohexan-1-ol (3MH) and 3-mercaptohexan-1-ol acetate (3MHA).
Of these, 3MH occurs at the highest concentrations in Sauvignon blanc wines.
IBMP has been reported to occur at a few ng/ℓ up to 40 ng/ℓ in South African
wines, while levels of 3MH have been reported to occur up to 3 500 ng/ℓ, with
even higher levels reported in New Zealand Sauvignon blanc wines. Methods
currently exist to measure levels of these compounds in wine. This could give
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the winemaker an idea of what style of wine to expect from a certain chemical
analysis. It should be kept in mind that sensory interactions may occur between
these compounds that might influence how they are perceived. The main aim of
this study was to investigate the sensory interaction between 3MH and IBMP in a
neutral Sauvignon blanc wine when added at different concentrations.
MATERIALS AND METHODS
We used a Sauvignon blanc white wine which was first treated with a special
resin, as well as a high dosage of activated carbon to strip the wine of most of
its aroma compounds. The resin and carbon were then filtered from the wine.
This neutral white wine was then spiked with different levels of 3MH, as well as
IBMP. The levels that we chose were that which were just below or at the reported
sensory threshold value (60 ng/ℓ for 3MH and 1-2 ng/ℓ for IBMP), a low level, a
medium level, a high level, as well as a very high level reported in wines. These
were 70, 250, 1 500, 3 000 and 6 000 ng/ℓ for 3MH, while IBMP was spiked at 0.5,
1, 2, 15 and 40 ng/ℓ.
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A sensory panel consisting of seven women and one man was used to assess
the spiked wines. The sensory procedure used was sensory descriptive analyses.
This is a sensory technique often employed at the Department of Viticulture
and Oenology. During this process, the panel is trained with certain standards
which mimic those aromas that occur in the wines to be tested. These included
guava, grapefruit, passion fruit, freshly cut grass, green pepper and asparagus in
the specific spiked wines. The panel was then trained to recognise these aromas
in wine, as well as to indicate an intensity score for each aroma out of 100. This
ensured that the panel, when doing a blind tasting of the actual samples to be
tested, was calibrated, well-trained and gave good reproducible results. The
panel conducted the tasting in closed booths which prevented communication
between themselves and the wine samples were given to them in a random
order. They all evaluated the samples in a blind manner, each sample had a three
digit unique code.
RESULTS AND DISCUSSION
Higher levels of IBMP, when added alone to the neutral wine, led to the wines
being rated higher in overall green, asparagus, green grass and green pepper
attributes. A clear increase in the intensity of these aroma characteristics was
seen as the levels increased from 0.5 to 40 ng/ℓ. Green pepper and especially
overall green flavour increased with an increase in IBMP concentration. The
overall green intensity was rated at about 35 (out of 100) at 1 ng/ℓ and increased
to about 48 at 2 ng/ℓ, with the 15 and 40 ng/ℓ additions being rated as 55 and 72
intensity units, respectively.
The additions of only 3MH gave rise to descriptors such as passion fruit, guava,
grapefruit and overall tropical increasing with an increase in 3MH levels. The two
dominant descriptors used by the panel were guava and overall tropical. This
is interesting, as other European researchers have found their panels to rather
use the term passion fruit and grapefruit. This could be due to these panels not
being as familiar with guava as the South African panel. At levels of 250 ng/ℓ and
lower the predominant descriptors for 3MH were guava and overall tropical, but
at levels higher than 1 500 ng/ℓ, the other descriptors such as passion fruit and
grapefruit were also used by the panel, although still to a lesser extent. At 3 000
ng/ℓ for instance, the panel described 3MH yielding an intensity value of around
22, 32, 43 and 59 (out of 100) for passion fruit, grapefruit, guava and overall tropical
respectively. It thus seems that both IBMP and 3MH at higher levels may contribute
to a more complex wine with more descriptors linked to these compounds.
However, when these two compounds were added as a mixture, higher levels of
3MH in the presence of low levels of IBMP led to more tropical descriptors, while
more green descriptors were rated higher in the presence of high IBMP and low
3MH levels. Although more descriptors were used at higher levels of these two
compounds, the intensity of the descriptors were not always high when IBMP
and 3MH were both present at comparable levels (both present at medium or
at high levels for instance). This indicates a clear interaction/suppression when
both these compounds are present in the wine. We found an IBMP level of 40
ng/ℓ to significantly lower the overall tropical intensity of 3MH when the latter

compound was present at levels lower than 1 500 ng/ℓ. However, at 3MH levels of
3 000 and 6 000 ng/ℓ, the addition of 40 ng/ℓ IBMP did not decrease the overall
tropical aroma to the same extent. At 6 000 ng/ℓ 3MH, the descriptors of passion
fruit were beginning to be suppressed by even small levels of IBMP (0.5 ng/ℓ),
while overall tropical and grapefruit were suppressed only at levels 1 and 2 ng/ℓ
of IBMP respectively. The guava character seemed to be the least sensitive to
suppression by IBMP, with 15 ng/ℓ IBMP required to induce suppression of this
characteristic. On the other hand a dosage of 6 000 ng/ℓ 3MH also decreased some
green characteristics associated with IBMP, such as green pepper and overall green.
However, this occurred mostly at IBMP levels of 2 to 40 ng/ℓ. Further detail of these
sensory interactions can be found in the article of Van Wyngaardt et al., 2014.
What does this mean for the wine producer? Depending on the style of wine
required, Sauvignon blanc grapes can be harvested at a lower Balling to obtain
higher levels of IBMP, which will yield more green pepper, overall greener styles
of wines. Skin contact will probably also increase levels of IBMP. If a more tropical
style of Sauvignon blanc is required, higher levels of 3MH, as well as 3MHA
is required. Winemaking actions that might increase volatile thiol levels are
machine harvesting, the addition of SO2 to grapes during machine harvest and
crushing, the control of oxygen during crushing, the correct yeast choice and
storage of wine at a cooler temperature. Volatile thiol levels of higher than
1 500 ng/ℓ would probably yield more tropical, guava, passion fruit style wines,
with greener styles of Sauvignon blanc being obtained at IBMP levels higher than
15 ng/ℓ. However, as this work indicated, sensory interaction may occur, with a
wine having both green and tropical characteristics when these compounds are
present at higher levels. Such a wine can also be expected to be more complex,
with probably more descriptors being linked to it. It should finally also be
mentioned that, although they are impact aroma compounds in most Sauvignon
blanc wines, it is not only volatile thiols and methoxypyrazines that contribute
to the aroma of Sauvignon blanc wines, with other compounds such as terpenes
and esters also potentially playing important roles.
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Secretion of
hydrolytic enzymes by
non-Saccharomyces yeasts –
a relevant trait for winemaking?
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INTRODUCTION
The inoculation of non-Saccharomyces yeasts together with Saccharomyces
cerevisiae provides an opportunity for winemakers to create distinct wine
styles. Non-Saccharomyces yeasts display divergent intracellular metabolisms
that significantly contribute to these alterations, however, such activities alone
cannot explain all the differences observed from the fermentations carried
out by pure cultures of S. cerevisiae. The secretion of hydrolytic enzymes (e.g.
proteases, glycosidases and pectinases) is known to be much stronger in
non-Saccharomyces yeasts than in S. cerevisiae. This trait has been reported
repeatedly in literature and identified as one of the main contributions of
non-Saccharomyces yeasts. The aim of the current study was to screen a large
collection of non-Saccharomyces yeasts for pectinase, β-glucosidase and protease
activity all at pH 3.5 and to test the actual secretion of hydrolytic enzymes
during fermentation of synthetic grape juice. Isolating the genetic sequences of
these enzymes was also attempted in order to characterise them further and to
evaluate their global impact on wine in the future.
GENERAL SCREENING FOR HYDROLYTIC ENZYME ACTIVITY
A large collection of non-Saccharomyces yeasts were screened for hydrolytic
activities of oenological interest: β-glucosidase, pectinase and protease (Table 1).

This was carried out by spotting the different yeasts on a solid medium containing
substrates related to the activity investigated. The results show that the secretion
of these enzymes is strongly strain-dependent. At times, the results were also
substrate-dependent (data not shown). This was not particularly surprising
since the nature of the substrate may impact the activity of enzymes in general.
Moreover, the substrates tested in these assays are not found in grape juice/wine
and substrate specificity might limit the activity of these enzymes against wine
compounds. It must also be stressed that these enzymes are primarily involved
in the construction, maintenance and remodelling of the yeast cell walls and not
specifically designed to be active against wine relevant substrates. Their potential
activity against the latter compounds is somewhat fortuitous. Nevertheless, the
assays show whether or not the yeasts secrete the sought enzymes.
Overall, the results showed that pectinase activity is rarely encountered amongst wine
yeasts and was only found in Klyveromyces marxianus in this study. β-glucosidase and
protease activities are more frequent, but strong protease activity was only found in
Metschnikowia pulcherrima and Zygoascus meyerae strains.

HYDROLYTIC ENZYMES

TABLE 1. Screening of non-Saccharomyces yeasts isolated from grape juice or wine for pectinase, glycosidase and protease activity (+: activity, -: no activity, v: strain dependent).
Yeast species

CONTENTS

CONTRIBUTING AUTHORS

FOREWORD

1
2
3
4

VINEYARD

CELLAR

VINEYARD & CELLAR UPDATE

CELLAR TIPS

β-glucosidase

Pectinase

Protease

Brettanomyces anomalus*

-

-

-

Brettanomyces bruxellensis

-

-

-

Candida asparagi*

+

-

+

Candida azyma*

+

-

+

Candida azymoides*

-

-

+

Candida cantarelli*

-

-

-

Candida intermedia*

-

-

-

Candida lusitaniae

-

-

+

Cryptococcus flavescens

+

-

-

Filobasidium capsuligenum*

-

-

-

Hanseniaspora guilliermondii

-

-

+

Hanseniaspora opuntiae

v

-

v

Hanseniaspora uvarum

v

-

-

Hanseniaspora vinae

v

-

-

Issatchenkia terricola

-

-

+

Kazachstania aerobia

-

-

+

Kluyveromyces marxianus*

-

+

-

Lachancea thermotolerans

v

-

-

Metschnikowia chrysoperlae*

-

-

+

Metschnikowia fructicola

-

-

+

Metschnikowia pulcherrima

v

-

v

Pichia caribbica*

+

-

+

Pichia manshurica*

-

-

-

Phaemoniella prunicola

-

-

-

Rhodotorula mucilaginosa

+

-

+

Starmerella bacillaris

-

-

-

Wickerhamomyces anomalus*

+

-

+

Zygoascus meyerae

-

-

+

* Only one strain tested.
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Pectinases are by and large the most utilised commercial enzymes in the wine
industry. These enzymes originate from filamentous fungi and are used to
break down the grape pectin network, thereby facilitating clarification and the
extraction of various compounds during maceration, increasing juice yield and

liberating potential aroma precursors. Unfortunately, very few yeasts display this
activity. An extensive study conducted at the Institute for Wine Biotechnology
at Stellenbosch University, has previously shown that, although S. cerevisiae
possesses a pectinase-encoding gene, its expression and secretion are null or too
weak to be of any significance for winemaking. Only one strain of Saccharomyces
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paradoxus and a S. cerevisiae/S. paradoxus hybrid were shown to display some
activity. In the current study, we showed that, amongst non-Saccharomyces
yeasts, only Kluyveromyces marxianus exhibits considerable pectinase activity
under laboratory conditions. In literature, this yeast has actually been successfully
used to increase the extraction of juice from cocoa beans, thanks to its pectinase
activity. It would therefore be of great interest to test this species in coinoculation with S. cerevisiae under winemaking conditions.
Β-GLUCOSIDASE ACTIVITY
β-glucosidase activity was found to be much more common than pectinase
activity. It was expected because β-glucans and glycosylated proteins are
essential components of the yeast cell walls and the yeasts need β-glucosidases
to build, maintain and remodel their cell walls when the environmental
conditions change. In winemaking, these enzymes are useful to liberate
glycosylated aroma precursors such as monoterpenes. This activity was
found in Hanseniaspora spp., Metschnikowia spp., Candida azyma, Candida
oleophila and Lachancea thermotolerans. Very strong activity was also
identified in Schwanniomyces polymorphus var. africanus and Schwanniomyces
pseudopolymorphus, although these yeasts were not isolated from wine. Using
molecular biology techniques, we attempted to retrieve the gene(s) encoding the
extracellular β-glucosidase(s) of S. polymorphus var. africanus, but unfortunately,
we were not successful. With genome sequencing becoming more affordable, we
suggest that this route be taken to retrieve these genes in order to evaluate their
relevance for winemaking.
PROTEASE ACTIVITY
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A few months ago, Australia and New-Zealand authorised the use of proteases
to eliminate protein haze formation. It is likely that the OIV and other countries
will follow suit. Proctase, a pepsin isolated from the fungus Aspergillus niger, can
now be commercialised in Australia and New-Zealand. Extracellular protease
activity is not very common in yeasts, but we observed it in a few species. Those
displaying the strongest activity, were Metschnikowia pulcherrima and Zygoascus
meyerae. We successfully isolated genes encoding extracellular acid proteases
in these two species and they seem to be active against haze-forming grape
proteins. Moreover, their activity against grape must proteins in general could
liberate assimilable nitrogen in the form of amino acids and alter the overall
aroma profiles of the wine. Full characterisation and assessment of their activity
in grape juice is currently underway at the Institute for Wine Biotechnology in
collaboration with the University of Bordeaux, France.
ENZYMES SECRETED BY SELECTED NON-SACCHAROMYCES YEASTS
DURING WINE FERMENTATION
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In order to investigate whether the enzymes identified above are actually
secreted under winemaking conditions, fermentations were carried out in
synthetic grape juice using pure cultures of S. cerevisiae, M. pulcherrima and

L. thermotolerans, as well as mixed cultures of S. cerevisiae with the individual
non-Saccharomyces yeasts. The results show that, overall, the yeasts secreted
a wide range of proteins, mostly including extracellular (cell wall related)
enzymes, but also certain intracellular enzymes. The latter included enzymes
involved in sugar metabolism (glycolysis) and it is not known whether they were
released upon autolysis or if the yeasts secreted them actively. Amongst the
extracellular enzymes identified, M. pulcherrima was found to secrete a variety of
mannoproteins including several β-glucosidases and β-glucanases which could
be of oenological interest. Unfortunately, no protease could be found amongst
the secreted proteins, probably because the M. pulcherrima strain used in the
fermentation experiment differed from the one shown to have strong protease
activity and whose protease-encoding gene had been retrieved as described
above. In addition, this M. pulcherrima strain did not persist long in fermentation
and the medium used was not real grape must and therefore lacked the
appropriate substrates that would typically induce protease activity in the yeast.
Further investigations are currently on-going to identify the conditions under
which M. pulcherrima secretes this protease. The data also revealed possible
existence of different types of interactions between yeasts when two species are
co-inoculated at high cell concentrations. These should be further investigated
in order to maximise the positive activities of non-Saccharomyces yeasts while
retaining fermentation reliability.
CONCLUSION
This study confirmed that non-Saccharomyces yeasts secrete hydrolytic enzymes
of oenological interest. Pectinase activity is rare, but K. marxianus displays a
strong activity that could potentially be exploited. β-glucosidase activity is
fairly common and the corresponding enzymes are indeed secreted during
fermentation when selected non-Saccharomyces yeasts are co-inoculated with S.
cerevisiae. Fermentations using real grape must will now be performed to assess
the activity on aroma precursors. Strong protease activity was identified in M.
pulcherrima and Z. meyerae and the genes encoding the relevant enzymes have
been isolated. Further investigations are currently on-going in our environment
to identify the best way to exploit this interesting enzyme activity. Overall, these
exciting results are a stepping stone towards a better understanding of the
contribution of non-Saccharomyces yeasts in wine. The use of carefully selected
yeasts could provide an easy-to-use tool to address various technological issues,
as well as to modulate the aromatic profile of wines.
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The idea of using preselected and mass produced yeast for the wine industry
emerged in the late 19th century and is one of the oldest forms of science-driven
biotechnology. At the time, the yeasts were commercialised in a wet form and
their use was limited to a few wineries. In the second half of the 20th century, the
optimisation of the drying process allowed the widespread application of active
dried yeasts (ADYs). A majority of winemakers worldwide are now inoculating
their grape musts with these ADYs. Initially, the rationale behind the inoculation
of selected yeasts was to ensure smooth and complete fermentations leading
to the production of aromatically faultless wines. Later on, yeast manufacturers
selected and/or generated new yeast strains based on a range of properties,

such as the ability to handle various environmental conditions (e.g. low nitrogen,
cold temperature and high alcohol) and to produce and release specific aroma
and flavour compounds (e.g. high concentrations of glycerol, esters and volatiles
thiols).
At the end of the 20th century, several hundred yeast strains were produced and
marketed globally, and all belonged to the genus Saccharomyces, the best wine
fermenter. Inoculation of a selected starter culture also tends to rapidly repress
indigenous yeasts including other Saccharomyces and many non-Saccharomyces
species, thereby limiting their impact while fulfilling the primary goal behind
this now common winemaking procedure. However, many wine professionals
also suggested that the widespread use of a limited number of strains may
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lead to a reduction in wine style diversity and perhaps a loss of specific “terroir”
character. Indeed, certain non-Saccharomyces yeasts possess oenologically
relevant properties, including the production of specific metabolites which differ
in nature and/or concentration from those produced by Saccharomyces spp., and
the secretion of extracellular hydrolytic enzymes. This claim led to the selection
of a limited number of non-Saccharomyces yeasts that are now commercialised
(Table 1).
The positive characters that these species can confer to wine are highlighted in
Table 1. These include reduced production of acetic acid, increased production
of glycerol and organic acids and an overall ability to positively alter the wine
organoleptic profile. However, the nature of these properties remains vague and
incompletely characterised. The aim of our study was therefore to systematically
evaluate the actual potential of these yeasts with regards to the production
of wine-active metabolites when interacting with Saccharomyces cerevisiae.
Indeed, the fermentation capacity of these yeasts is limited and co-inoculation
or sequential inoculation with S. cerevisiae is mandatory to ensure complete
fermentation. Complex and only partially understood interactions then occur
between the two species and the outcome of fermentation is not only the result

of the individual yeasts’ metabolism, but also that of their interactions which
include competition for nutrients and antagonistic behaviour.
FERMENTATION KINETICS
The yeasts Lachancea thermotolerans, Torulaspora delbrueckii, Starmerella
bacillaris, Pichia kluyveri and Metschnikowia pulcherrima were sequentially
inoculated in a synthetic grape must with S. cerevisiae, the latter being added
48 hours after the different non-Saccharomyces yeasts. The fermentations were
noted Sc for pure S. cerevisiae, which was used as a reference, and LtSc, TdSc,
SbSc, PkSc and MpSc for the mixed cultures, respectively. S. cerevisiae was
inoculated 24 hours after the non-Saccharomyces yeasts. The typical fermentation
kinetics profiles are shown in Figure 1.
The fermentation carried out by S. cerevisiae in pure culture was the fastest and
that by the mixed culture with P. kluyveri the slowest. It seems that the presence
of the non-Saccharomyces yeast induces a delay in the fermentation with the
sugar concentration decreasing more slowly at the beginning. Nevertheless, all
yeasts combinations fermented to dryness within a few days after the S. cerevisiae
pure cultures. A number of reasons could explain the delay observed in the mixed
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TABLE 1. Characteristics of the most studied non-Saccharomyces yeasts with direct application in the wine industry – MCFA: medium chain fatty acids.
Yeast species

Commercialised strains

Reduced acetate levels.
Improved organoleptic profile.

Reduction in MCFA.
Increase in higher alcohols.
Reduction in acetate.
Increase in polyols.

Concerto™ (Chr. Hansen)

Reduced acetate levels.
Increased titrable acidity.

Reduction in MCFA.
Increase in higher alcohols (especially butanol, but not only).
Reduction in acetate (stronger than with T delbrueckii).
Increase in polyols.

Metschnikowia pulcherrima

Flavia™ (Lallemand)

Reduced acetate.
Increased glycerol levels.
Increase in MCFA.
Improved wine aroma profile (in particular
through glycosidase activity.
Reduction in ethanol content (when coupled with
oxygenation).

Increase in MCFA.

Pichia kluyveri

Frootzen™ (Chr. Hansen)

Increase in thiols content.

Reduction in MCFA.
Increase in esters and acetate.

Not commercialised yet.

Reduced acetate.
Increased glycerol.
Fructophilic character.
Increased succinic acid concentration.

Reduction in MCFA.
Slight increase in higher alcohols.

Lachancea thermotolerans

c
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Starmerella bacillaris

d
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Mixed culture with S. cerevisiaea,b
(as per our study)

Prelude™ (Chr. Hansen)
Zymaflore® AlphaTD n. Sacch. (Laffort Oenologie)
Biodiva™ (Lallemand)

Torulaspora delbrueckii

CONTENTS

Mixed culture with S. cerevisiaea,b
(as reported in literature)

In comparison to S. cerevisiae pure culture. b Some of these characteristics are strain dependent. c Formerly known as Kluyeromyces thermotolerans.
Formerly known as Candida zemplinina.

TABLE 2. A summary of the significant alterations observed in various chemical compounds when using mixed starter cultures compared to pure culture of S. cerevisiae (-: decrease; 0:
no change; +: increase; a double sign indicates a strong variation). Td: Torulaspora delbrueckii; Lt: Lachancea thermotolerans; Mp: Metschnikowia pulcherrima; Sb: Starmerella bacillaris;
Pk: P. kluyveri; nd: not determined.
Compounds

Td

Lt

Mp

Sb

Pk

Acetic acid

-

--

-/0/+*

-

++

Succinic acid

+

+

nv

0

Glycerol

+

+

nv

++

Other polyols

++

++

nv

0

Higher alcohols

+

++

0/++*

+

++

Acetate esters

+

+

0/+*

+

-

Medium chain fatty acids

-

-

-/+*

-

-

++

+

-/0*

+

+

0

0

0/+*

0

+

Primary metabolites
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Aroma compounds

Other fatty acids
Ethyl esters
* Strain dependent.
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culture fermentations, including the partial depletion of nutrients used by the
non-Saccharomyces yeasts and the presence of inhibitory compounds produced
by the latter yeasts.
After about one third of the sugars had been consumed, the yeasts
L. thermotolerans, T. delbrueckii, S. bacillaris and P. kluyveri started to decline
(data not shown). The presence of L. thermotolerans could no longer be detected
at half fermentation. However, M. pulcherrima died off very rapidly after
S. cerevisiae inoculation (data not shown). This early decline of nonSaccharomyces yeasts has been attributed to a number of factors including their
lower tolerance to ethanol compared to S. cerevisiae and the rapidity at which
S. cerevisiae assimilates nutrients and produces biomass. Our studies show that
other factors, such as the lack of oxygen could also play a role. In this regard,
it should also be considered that M. pulcherrima is a Crabtree-negative yeast and
this could also account for its very early disappearance.
ALTERATION OF WINE AROMATIC PROFILE
The production of a variety of compounds potentially impacting the wine
organoleptic profile was evaluated using different analytical techniques
(enzymatic assays, HPLC and GC-FID).
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Generally, the presence of the non-Saccharomyces yeasts greatly influenced
the final wine composition, with the exception of M. pulcherrima which only
impacted the level of medium chain fatty acids produced (Table 2).
The presence of most non-Saccharomyces yeasts led to a reduced concentration
of acetic acid in the final wine, L. thermotolerans yielding the most severe
reduction. However, the presence of P. kluyveri led to an increase. In parallel, the
amount of glycerol produced was greater, especially in the case of S. bacillaris. It
was also observed that T. delbrueckii and L. thermotolerans produced much more
of the other polyols than S. cerevisiae. All these results suggest that the nonSaccharomyces yeasts respond to osmotic stress and redox balance related issues
differently than S. cerevisiae. Further investigations are nevertheless required
before final conclusions can be drawn. In future studies, the impact of the polyols
produced on the wine’s mouthfeel should also be evaluated.
The non-Saccharomyces yeasts studied also impacted the production of major
volatile compounds. An increase in the concentrations of higher alcohols, acetate
esters and fatty acids other than medium chain fatty acids was observed (except
for M. pulcherrima). Of particular interest, L. thermotolerans produced high
amounts of butanol and propanol and T. delbrueckii high amounts of isobutyric
acid. The amount of higher alcohols produced by L. thermotolerans nevertheless
remained under the detection threshold of these compounds and is unlikely to

have a strong impact on the wine aromatic profile. The level of isobutyric acid
produced by T. delbrueckii however, is above the detection threshold and this
could impact on the overall wine aroma. Biologically speaking, these enhanced
productions of higher alcohols and fatty acids also reveal different requirements
of these different species for redox balancing.
In the case of M. pulcherrima, different strains were tested and, from our data, it
is clear that strong strain variance occurs. Other studies in our environment show
that, overall, this species does positively influence the aromatic profile of wine,
but that this influence might be more associated with some extracellular enzyme
activities, especially glycosidases activity, than with intracellular metabolism.
The substrates of the reactions catalysed by these latter enzymes were however,
not supplied to the synthetic grape juice medium used in this study. Moreover,
certain strains of this species display extracellular acid protease activity which
could also impact on wine composition. Further work is currently on-going in our
environment on this topic. Finally, similar comments can be made for P. kluyveri
which has been selected on the basis of its high potential to release volatile
thiols. However, the precursors of these compounds were not supplied in our
medium and the full potential of P. kluyveri was therefore not assessed.
CONCLUSIONS
The inoculation of selected non-Saccharomyces yeasts in wine, together with
S. cerevisiae, clearly provides a tool to winemakers to modulate the organoleptic
profile of wines or to address recurring problems, such as high acetic acid. The
fermentations presented above, were performed several times and distinct
patterns emerged. Nevertheless, the data indicate that for every species of yeast,
large strain-specific variations may occur, as was clearly observed in the case
of M. pulcherrima. It is therefore likely that current studies do not fully reflect
the true oenological potential of certain species. A more systematic approach,
investigating several strains of these species in real grape must, is therefore
being undertaken, especially on strains isolated from South African grape must
as part of other Winetech-funded projects. Their full characterisation and future
use could bring in unique organoleptic profiles, reinforcing the South African
identity of the wines. The secretion of extracellular hydrolytic enzymes is another
relevant characteristic of non-Saccharomyces yeasts. This aspect has also been
investigated and will be reported in a follow-up article.
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Protein deposits in white wine are an aesthetic
problem and unacceptable to the consumer. The
use of bentonite to prevent this problem has
disadvantages, but research indicates there may be
promising alternatives.
Winemakers prevent the problem of protein
deposits in white wine by removing proteins from
the juice or wine by means of bentonite. The use
of bentonite has several disadvantages however,
and over the past 20 years there has been ongoing
research to find alternatives.
Recently various alternatives were identified,
the most promising of which appears to be the
protease, Proctase®. This article provides a short
overview of the proteins responsible for instability,
as well as the factors that impact on their stability.

THE PROTEINS
The two principal groups of proteins responsible
for instability are chitinases and thaumatin-like
proteins (TLPs). Beta-glucanases may also cause
instability, but occur in much smaller quantities in
wine and therefore they do not make a significant
contribution. The amount of chitinases and TLPs
that occur in wine depends on the cultivar, vintage,
grapevine disease and pressing conditions.
Chitinases and TLPs are known as pathogen related
proteins, in other words, proteins produced by the
grapevine following an attack by fungi or viruses.
Over the centuries the grapevine has adapted to
such an extent however, that these proteins may be
formed even if there is no pathogen that stimulates
it (constitutive expression).
Chitinases and TLPs are resistant to fungal
infections as a result of their globular structure
and multiple disulphide bridges and consequently
proteases deriving from fungi such as Aspergillus
niger cannot effectively break down these proteins
in their natural form. Over the past 20 years indepth research has been conducted into the
structures of these proteins, leading to a better
grasp of white wine protein instability and the
prevention thereof.
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Temperature plays a very important role in the structure of proteins and proteins
differ in respect of their sensitivity to temperature. Chitinases are more sensitive
than TLPs and may denaturate within minutes at temperatures above 40°C,
compared to TLPs where this may take weeks. Denaturation basically means that
the protein unfolds and loses its globular appearance, as well as its specific action
(for example enzymatic action). Denaturation also causes the exposure of parts of
the protein that would otherwise be sheltered against the environment. If these
recently exposed parts of the protein are hydrophobic, they attract adjacent
proteins that also have exposed hydrophobic parts. Their objective is to move
away from the aqueous environment by forming aggregates. The bigger these
aggregates, the more visible they become to the naked eye. Only proteins that
denaturate, therefore result in a protein deposit. Not all TLPs result in a deposit,
because some of them may fold up again should conditions become favourable.
IONIC STRENGTH
Proteins in wine pH are positively charged. They repel each other in a process
known as electrostatic repulsion. The smaller they are, the more readily they
remain in suspension. Electrostatic repulsion also counters hydrophobic
attraction. There are many components with negative charges in wine that may
bind to proteins and by so doing reduce electrostatic repulsion. Examples of
wine components that may bind to proteins are sulphate (SO4), polyphenols,
polysaccharides and organic acids. Sulphate plays the biggest role in the
formation of aggregates and in more than one way (not just the influence on
ionic strength).
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Beta-plate stru

In the course of time, protein instability may also take place without exposure
to high temperatures. This indicates that other factors also impact on protein
structure. Research has found that a change in wine pH may result in protein
unfolding. This is the case with chitinases especially. TLPs are more stable under
altered pH conditions.

H-bridge

1. Proteins in young wines are stable and not visible to the naked eye. Increased
storage temperature or wine pH may result in changes in protein structure
(unfolding). Such unfolding may then expose the hydrophobic (water averse)
or hydrophylic (water loving) interior parts of the protein.
2. Only proteins with hydrophobic interior parts are able to attract each
other and form aggregates. Wine salts and sulphates may aid the process.
Hydrophylic proteins may fold up again with cooling.
3. Protein aggregates may also bind to other wine components, such as for
example polyphenols, to form even bigger compounds which eventually
become visible to the naked eye and are deposited.

Disulphide bridge

c ture

Hydrophobic interaction

FIGURE 1. The basic structure of a protein (illustration: Shutterstock ).
©

THREE PHASES OF PROTEIN INSTABILITY
Protein aggregates that are visible to the naked eye and that may be deposited
due to gravity are formed by a mechanism that consists of three phases:
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THE ROLE OF TEMPERATURE

More thorough knowledge of the specific proteins involved in instability, their
structure, as well as the mechanism by which they unfold and aggregate, will
eventually result in more effective strategies to measure and prevent instability.
The protease enzyme, Proctase®, which derives from the fungus Aspergillus niger,
is able to prevent instability by further breaking down of the proteins that have
already unfolded due to heat, and by so doing prevent hydrophobic interactions
and aggregate formation. This nevertheless has a minimal influence on proteins
that are still in a natural globular form.
REFERENCE
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Acid production
and consumption
by wine yeasts
INTRODUCTION
The final aroma and taste of a wine is dependent on
the chemical composition of the starting must, which is
subsequently transformed and conditioned by wine microorganisms, such as yeast and bacteria that are responsible
for alcoholic and malolactic fermentation. Organic acids
are one important group of organoleptic compounds that
are metabolised or produced by yeast during alcoholic
fermentation. The total acidity is an important quality
parameter, and wines with too low acid contents will taste
flat, while too high acid levels will lead to wines with an
excessively sharp acidic or sour taste. This acidity-related
perception is due to the combined sensory impact of
several grape- and micro-organism-derived organic acids.
However, while all organic acids contribute to the overall
acidity of the product, each acid also imparts its own unique
sensory characteristic to the wine. This important aspect
has been somewhat neglected in the past. The Winetechfunded research project reported on here, more specifically
investigated the impact of yeast and fermentation
conditions on the type and amount of organic acids
produced and/or consumed during fermentation.
Grape-derived organic acids include primarily tartaric, malic
and citric acid, while succinic, acetic and pyruvic acid evolve
during alcoholic fermentation. All of these acids make an
important contribution to the character and quality of the
finished wine by impacting the organoleptic characteristics
and influencing microbiological stability (Margalit, 1997;
Ribereau-Gayon et al., 2000, 2006). Although grape-derived
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FIGURE 1. Fermentation rate (as determined by weight loss) for commercial wine yeast strains A to E in the cool climate ‘white’ (top frame)
and warm climate ‘red’ (bottom frame) anaerobic fermentation conditions.
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TABLE 1. Summary of the main grape- and yeast-derived organic acids in wine.
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Level ranges (g/ℓ)

Characteristic

Reference

Tartaric acid

4.5-15

Tart taste

Ribereau et al., 2006

Malic acid

2-6.5

Sour taste

Ribéreau et al., 2000

Citric acid

0.5-1.0

Freshness

Kalathenos et al., 1995

Acetic acid

0.2-0.6

Vinegar sour aroma

Bely et al., 2005

Pyruvic acid

0.01-0.5

Slightly sour

Usseglio, 1995

Succinic acid

0.5-1.5

Salty bitter taste

Margalit, 1997
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FIGURE 2. Yeast-derived organic acid levels at the end of anaerobic fermentation in both ‘red’ and ‘white’ wine fermentation conditions
for the five yeast strains. Succinic acid (top frame), acetic acid (middle frame) and pyruvic acid (bottom frame) levels are shown.
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organic acids contribute the highest proportion of titratable acidity in wines, it
has been shown that fermentation-derived acids such as succinic, acetic, pyruvic
and lactic acids also contribute to the taste (fresh, tart, sour and sharp) and
stability of wines. These acids may be produced by yeast at comparatively high
concentrations and influence the overall acid-balance of the wine.
Final wine acidity is influenced by the combination of viticultural and
fermentation parameters. From the viticultural side, grape berry ripening
correlates to increased sugar concentrations while acidity declines. As a result,
cooler wine regions generally have lower sugar levels and higher levels of acidity.
From the fermentation perspective, a combination of physical (temperature),
chemical (pH and sugar content) and microbiological (yeast and bacterial
species/strains present or inoculated) factors together impact the levels of final
wine acids.
Several studies have looked at the individual impact of specific parameters
on wine acidity. Factors that affect the production of acetic acid in particular,
have been extensively studied: acetic acid concentrations have been found to
increase in high sugar containing musts (Erasmus et al., 2004), as well as with
aeration during fermentation (Aceituno et al., 2012). The impact of fermentation
temperature on organic acid production has also proven to be a critical factor
influencing the production of organic acids under fermentative conditions.
Significant increases in succinic and acetic acid production have, for instance,
been noted with increasing fermentation temperatures. Acids such as succinic
and pyruvic acid have also been found to be influenced by pH variations in wine
(Shimazu & Watanabe, 1981; Agarwal et al., 2007).
In addition, the influence of different yeast species and strains on organic acid
production has also been considered in a few earlier studies: several authors
have reported on the influence of Saccharomyces, as well as of some nonSaccharomyces yeast, on some organic acids present in wine. However, these
studies were focusing on individual factors such as yeast strain, pH, sugar or
temperature, and did not consider the complexity of the combination of different
wine yeast strains combined with differences and changes in environmental
parameters, as well as the composition of the must. Our study therefore
investigated the acid production and utilisation profiles of different yeast strains
under different fermentation conditions.
FERMENTATION KINETICS
Five commercial wine yeast strains were inoculated to ferment in small scale
fermentations in a synthetic grape must. The impact on both grape-derived
acids (tartaric, citric and malic acid) and fermentation-derived acids (succinic,
acetic and pyruvic acid) was evaluated. Two different fermentation conditions
were selected to reflect relatively extreme wine-like conditions, the first
condition corresponding to what may be encountered in a cool climate white
wine fermentation (150 g/ℓ of sugar, a low pH of 3, and a cold fermentation
temperature of 15°C), while the second may closely reflect a warmer climate red
wine fermentation (250 g/ℓ of sugar, a pH of 4 and a fermentation temperature
of 30°C). These two fermentation settings provide the basis for comparisons
between different wine yeast strains under very different winemaking conditions.
The strains showed similar trends in overall fermentation rates for each of the
conditions, with the exception of strain D, which showed a generally slower

fermentation rate, compared to the other four strains in both conditions tested.
All strains fermented to dryness (less than 5 g/ℓ residual sugar), with strain A
resulting in the lowest residual sugar and strain B the highest in both ‘red’ and
‘white’ wine fermentation conditions.
IMPACT OF YEAST STRAINS ON GRAPE-DERIVED ACIDS
For each of the experiments chemical analyses (for organic acids and sugar)
were conducted at three different stages of fermentation; during the early and
later stages of fermentation and at the end of alcoholic fermentation. In general,
a slight decrease in the overall concentration of the grape acids was observed
(10-20% of initial amounts). While there were no significant differences in grapederived acids (tartaric, malic and citric acids) between most of the strains under
anaerobic conditions, strain D fermentations resulted in significantly reduced
levels of all three acids at the end of fermentation.
IMPACT OF YEAST STRAINS ON FERMENTATION-DERIVED ACIDS
In contrast to the grape acids, fermentations inoculated with different yeast
strains showed significant differences in the concentrations of fermentationderived organic acids, and these differences were strongly influenced by the
specific fermentation conditions employed. For instance, succinic acid increased
throughout fermentation for all strains in the two fermentation conditions,
but significant differences were observed between strains in terms of the final
concentrations of succinic acid produced. Under anaerobic conditions in both
the ‘red’ and ‘white’ wine fermentations, strains A and C produced higher succinic
acid levels while strain D produced relatively lower succinic acid levels by the end
of fermentation. The remaining strains B and E showed intermediate production
levels of this acid. Similar differences were also observed between these strains at
the other two earlier time-points of fermentation.
Acetic acid levels in all fermentations increased rapidly at the beginning of
fermentation, with notable differences in fermentations carried out by different
strains. Under anaerobic red wine conditions, strain C produced relatively higher
acetic acid levels (up to 0.4 g/ℓ), compared to other strains such as strain D (as
low as 0.136 g/ℓ). Similar acetic acid differences between these strains were also
observed at the earlier stages of fermentation, highlighting the strong impact
of the selection of yeast strains on acetic acid production. On the other hand,
differences between final acetic acid concentrations in fermentations carried out
in the white wine setting, were less pronounced. However, two strains
(D and E) still showed extremely low production levels of acetic acid under these
conditions.
With regard to pyruvic acid production, most pyruvic acid was produced early
during fermentation, and slowly re-absorbed as fermentation proceeded in the
white wine anaerobic fermentations. The opposite trend was observed in the case
of the red wine fermentation setting: here, pyruvic acid levels were initially low,
but increased throughout fermentation for all strains. The impact of yeast strain
identity on pyruvic acid production was also evident throughout, as well as at
the end of fermentation. Towards the end of fermentation there were significant
differences in the red wine conditions as fermentations conducted by strains A,
C and E showed significantly higher pyruvic acid concentrations, compared to
the others. In contrast, pyruvic acid levels in the white wine fermentation were
extremely low for all five strains. Fermentations conducted by strain D resulted
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in relatively low pyruvic acid levels in both white and red wine fermentation
settings, while strain C resulted in undetectable levels of pyruvic acid in the white
wine setting. In contrast, strain C was one of the highest pyruvic acid producers
(along with strains A and E) in the red wine setting. This highlights the impact
of fermentation conditions in terms of changing (exacerbating or reversing)
individual strain characteristics, such as organic acid production.
CONCLUSIONS
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Large variations in organic acid production in wine have been reported
previously. The factors responsible for these have however, not received much
scientific attention. Our data suggests a strong influence of:
•

the inoculated yeast strain,

•

the stage of fermentation, and

•

environmental and chemical conditions during fermentation. These three
factors are also inter-connected and together influence the organic acid
outcomes of a given fermentation. For example, differences between
strains in our study were moderated, or strongly influenced by changes to
the fermentation conditions, including changes to the pH, fermentation
temperature, initial sugar concentration and aeration.
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As a practical outcome, the findings can aid the development of guidelines for
winemakers with regard to strain selection and management of fermentation
conditions in order to better control acid evolution during fermentation. Our
results identified higher, moderate and lower producers of specific organic acids
in both white and red wine fermentation settings. The information generated,
will therefore assist winemakers to make informed decisions in terms of strain
selection under various conditions for improved acidity management of their
wines.
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Tannins play an important role in the quality of red wines. Tannins contribute
to the mouth feel, colour stability and play an important role in the bottle
ageing of red wines. Grape tannins consist mostly of large polymers of catechinderived moieties, which polymerise to form so-called condensed tannins. The
other source of tannins in red wines is hydrolysable tannins, which originate
from oak wood, but levels of these tannins are normally much lower than those
coming from grapes. The composition of grape and especially wine tannins can
be very complex and measuring tannin levels in wines is still a great challenge.
A number of methods are available to determine tannin levels in grapes and
wines. Some of these methods require very expensive equipment and technically
specialised personnel. However, certain spectrophotometric analyses can be
performed in a cellar or wine laboratory which can yield valuable information to
winemakers about the tannin, colour and phenolic composition of their wines.
Spectrophotometric analysis requires access to a spectrophotometer which
basically sends a beam of light through a small sample of the wine. The light can
be in the ultraviolet, visible or infrared region and how it is reflected or absorbed
can give an indication of the composition of the wine.

This is especially relevant for phenolic compounds, such as anthocyanins and
tannins, which absorb in the visible and/or UV region of light. This characteristic
can then be used to determine the concentration of these compounds in
red wines. Anthocyanins are relatively easy to determine in red wines, where
their absorbency at 520 nm (red) gives an indication of their concentration.
However, tannins are more complex to measure in wines, due to their complex
composition. A method using precipitation of tannins with methyl cellulose
has been developed in recent years to measure tannin concentrations in grapes
and wine in the UV region of light. It has been found that this method can
also give an indication of the astringency of red wines. This method requires
that a small amount of red wine is mixed with methyl cellulose. The methyl
cellulose then reacts with the tannins and forms an insoluble precipitate in the
presence of ammonium sulphate, which is then removed by centrifugation.
Spectrophotometric measurements can thus be taken of the wines before
and after precipitation with methyl cellulose and used to measure tannin
concentrations. This is done by drawing up a standard curve with epicatechin and
comparing the spectrophotometric values with this curve. Typical values that are
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TABLE 1. Tannin concentrations of the different red wine cultivars.
Cabernet Sauvignon

Merlot

Shiraz

Pinotage

Other cultivars

49

46

60

13

72

Average tannin concentration (mg/ℓ)

1 740

1 880

1 610

1 540

1 660

Minimum tannin concentration (mg/ℓ)

3 210

2 780

2 770

1 960

3 210

Maximum tannin concentration (mg/ℓ)

370

710

700

1 000

310

Number of samples tested
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obtained for red wines are thus in the range of a few hundred to a few thousand
mg/ℓ epicatechin equivalents. However, although relatively simple, the method
still requires a precipitation step with subsequent centrifugation. This leads to the
generation of more wastage and takes an experienced analyst about 45 minutes
to perform on a few samples.
The Department of Viticulture and Oenology, Stellenbosch University, have
thus started a research project with funding from Winetech to develop a much
faster method which would enable us to measure the tannin, anthocyanins and
total phenolic concentrations of a large number of wines within a few seconds.
We used 240 red wines to establish the novel tannin measuring method.
These included wines from different cultivars (mainly Cabernet Sauvignon,
Shiraz, Pinotage and Merlot) with some other cultivars including Sangiovese,
Nebbiolo, Carmenere, Pinot noir, Grenache noir, Ruby Cabernet, Tempranillo,
Tinta Barroca, Tinta Amarella, Monastrell, Barbera, Durif, as well as 37 blends. The
vintages of these wines ranged from 2000 to 2012. These wines consisted of 119
commercially bottled red wines and 121 experimental red wines made in the
experimental cellar of the DVO.
The wines’ tannin concentrations were analysed using the traditional
precipitation of tannin with methyl cellulose, while a sample of all the wines were
also scanned in a spectrophotometer from 200 to 700 nm, with 2 nm intervals.
We then used the relevant statistical software to investigate wavelength regions
which could be used to build a model with the ability to determine the tannin
concentrations without using the actual precipitation step with methyl cellulose.
However, to take into account the high variability which may occur in tannin
concentrations we had to investigate a broad range of wines with a wide range
of tannin concentrations, hence the large number of samples used. The software
then uses part of the data to validate the model that was built from the relevant
wavelength regions.
The model that we thus developed and validated is able to determine tannin
concentrations of red wines simply by diluting a small sample of red wine,
obtaining the scan at the relevant wavelengths in the spectrophotometer
and entering the absorbance values into the model. Furthermore, with a new
spectrophotometer obtained by funding from the Institute for Grape and Wine
Sciences (IGWS), we are now able to scan 96 wines simultaneously, thereby

increasing drastically our capacity to analyse tannins in red wines. Using these
methods we obtained average tannin concentrations of 1 640 mg/ℓ, with a range
of 310-3 210 mgℓL for the 240 red wines tested. The average, minimum and
maximum tannin values for Cabernet Sauvignon, Merlot, Shiraz, Pinotage and
the other cultivars combined are shown in Table 1. Cabernet Sauvignon had the
highest range in terms of tannins concentrations, in other words the difference
between the maximum and minimum values. We only tested 12 Pinotage
samples, which should be expanded in the future.
We also tried to predict the tannin concentrations of samples using only the
data from individual cultivars to build the model. However, this was often
not successful, due to the model requiring sufficient variation in the samples
(thus from different cultivars), to be able to determine tannin concentrations
effectively. For further detail on this work refer to Aleixandre-Tudo et al., 2015. We
are also in the process of validating the method for red grape samples. During
the 2014 and 2015 vintages we have analysed a few hundred red grape samples
with this method which will increase the database for future use.
The final aim of this project is thus to establish a large database on tannin,
anthocyanin and total phenolics levels of South African red wines and grapes,
which would be accessible to the wine industry. This could be very useful to the
wine producer, as these analyses can yield valuable information regarding the
colour and mouthful of wines. The aim is for winemakers to analyse their wines
and to introduce these values into the database. The database should then give
the wine producer an idea of how the level of his/her wine(s) compare to others
in South Africa (low, medium or high) in terms of tannins, anthocyanin and total
phenolic concentrations. This could assist the wine producer in having to classify
his/her wine in terms of colour, astringency and fullness.
ACKNOWLEDGEMENTS
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The practice to inoculate grape
juice or crushed grapes with
pure culture yeast or leaving it
to the yeast flora to complete
the alcoholic fermentation
leads to different discussions
and the different viewpoints
have different supporters.
Spontaneous or native
fermentation is sometimes
referred to as natural
fermentation. This is however
incorrect, because pure culture
yeast also consists of “natural”
yeasts, which can also ferment
naturally.

Spontaneous fermentation:
Yes or no?
CHARL THERON
Vino Fino Oenological Advice
KEYWORDS: Spontaneous fermentation, natural fermentation, pure culture yeast.

The former professor Fogelsang of Fresno
University in California warned winemakers
in Wine Microbiology (1997) against the
potential risks of spontaneous fermentation.
The lack of predictability is most
troublesome in comparison with yeast inoculation. Nevertheless some winemakers
have applied the practice over years and they are convinced that distinctive
differences are obtained by it. Rhys Vineyards, Chalk Hill and Kuleto Estate are three
such Californian cellars. They work principally with estate-grown grapes, which
make the management of viticulture practices, picking time and a more consistent
micro-flora of yeast on the grapes easier. The lack of predictability of spontaneous
fermentation is consequently mitigated to a certain extent.
RHYS VINEYARDS
Spontaneous alcoholic and malolactic fermentation (MLF) have been applied
at the cellar for eight years. The Chardonnay grapes, which comprise 20% of
the total crop are picked at a sugar content of 21,0-21,5 degrees Brix although
more emphasis is placed on the pH of the grapes. It must preferably be more
than 3,0-3,1. Whole bunch pressing is applied and approximately 700 litres juice
is obtained per ton of grapes. Sulphur dioxide is added at a dosage of 15-20
mg/ℓ and after the juice is allowed to settle for 6-10 hours before it is transferred
to barrels. 25% new barrels from the Francois Frere and Damy cooperages
are usually used. The barrels are kept in an underground cellar at 10-13°C
and fermentation commences only after 3-4 weeks. Alcoholic fermentation is
completed after approximately 6 months. The Chardonnay is left on the lees for
10-11 months, without stirring and alcoholic fermentation and MLF is afterwards
completed in a tank. Natural clarification occurs in the tank and the wine is
bottled unfined and unfiltered, two years after the vintage. It is however essential
that the barrels are individually monitored analytically during the process in
order to identify and correct any deviations as soon as possible.
CHALK HILL
This cellar produces mainly Chardonnay, Sauvignon blanc and a Bordeaux blend
red wine without inoculations. The handpicked Chardonnay is bunch pressed and
750-800 litres juice are obtained from one ton of grapes if a pressure of 1,5-2,0
bar is applied. Sulphur dioxide is added to the juice at a dosage of 15-20 mg/ℓ.
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After the settling of the juice it is strived to obtain a clarity degree of 300-400
NTU. Acid and yeast nutrient additions are made if it is required. The settling
lees is filtered and if the quality is sufficient it is added to the racked juice. The
alcoholic fermentation commences after 5-8 days and is completed within
10 days at a temperature of approximately 13-15°C. The wine is inoculated with
MLF cultures and MLF is completed within months. It is bottled unfiltered.
The red wines of the cellar are made with yeast inoculations, because stuck
fermentations can occur if grapes with high sugar content are fermented at a
high temperature.
KULETO ESTATE
Eleven different cultivars are grown on the estate. Although low sulphur dioxide
levels are preferred by the winemaker, he believes that at least 15-20 mg/ℓ is
required to eliminate unwanted micro-organisms. If no sulphur dioxide is used
the alcoholic fermentation tends to stick/become stuck. Alcoholic fermentation
and MLF took place at approximately 15,5°C. Comparative experiments of bunch
pressed Chardonnay at different sulphur dioxide levels, with different or no yeast
inoculations and no or limited skin contact were executed by the cellar. The
spontaneously fermented wine exhibited the most complex mouthfeel and was
also the only wine with a fully completed MLF.
About half of the cellar’s red wine is made with spontaneous fermentation. If
the temperature is managed properly during fermentation even grapes having a
high sugar concentration can be fermented dry. Zinfandel wines with an alcohol
content of 16,5% A/V have already been produced in this way.
Conclusively it can be stated that although decisions and processes regarding
the time of picking, skin contact, fermentation temperature, skin fermentation,
barrel type and age, juice oxidation, yeast autolysis and MLF can limit the yeast
influence, spontaneous fermentation will exhibit more prominent unique
characteristics and more complex wines. The influence of the grape origin will
consequently be accentuated by it (Stern, 2014).
REFERENCE
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Alternative
rosé wines
CHARL THERON
Vino Fino Oenological Advice
KEYWORDS: Alternative, rosé, wines.

Rosé wines are sometimes seen as inferior to white and red wines by some wine purists, because it lacks
tepidity and is often a blend of white and red wines. The English proverb “do not judge a book by its
cover” can however be applied in this case. The international mecca of rosé wines, Provence in SouthEast France, is based on certain standards which are regulatory prescribed and controlled and the wines
can definitely not be described as inferior to other wines. Unfortunately local guidelines or promotional
activities for rosé wines do not exist and the use of the term “blanc de noir” contributes to the confusion
about rosé wines. The only regulatory difference is that blanc de noir wines can only be made from red
grapes, but rosé wines can be made from red grapes or by blending white and red wines. Initially it was
attempted to differentiate the visual colour differences between blanc de noir and red wines analytically,
but it was terminated due to the surpassing of colours between the two classes. Although some local
winemakers have personal colour preferences for blanc de noir and rosé wines it cannot be enforced.

MARCH 2015

Australia has a wine competition for so-called
alternative cultivars. In the case of alternative rosé
wines at least 85% must be made from cultivars
other than Pinot noir, Shiraz, Grenache, Merlot and
Cabernet Sauvignon or in the case of blends it must
contain at least 51% of the mentioned cultivars
(according to this definition Pinotage rosé can also
be classified as an alternative rosé). The cultivars
which are the most popular for this purpose in
Australia include Sangiovese, Barbera, Trollinger,
Blaufrankisch, Zinfandel, Mourvèdre, Primitivo,
Tempranillo, Mataro, Zweigelt and Cabernet Franc.
During a tasting of these wines in Australia the
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2013 HAHNDORF HILL ROSÉ
2013 Simon Gilbert Saignee Rosé, 2013 Hahndorf Hill Rosé and 2013 Nepenthe
Winemaker Select Zinfandel Rosé were the best. For all these wines the
grapes originated from specific grapes of vineyards, where specific cultivation
practices were applied.
2013 SIMON GILBERT SAIGNEE ROSÉ
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The wine is mid-salmon in colour with a clean nose of red fruits, including cherry
and strawberry. The subtle palate with soft acid has spicy tannin and savoury
notes on the dry finish. It consists of 85% Sangiovese from the Mudgee area, west
of the lower Hunter Valley, 14% Shiraz from Orange and 1% Barbera, also from
Mudgee. The machine harvested Sangiovese is only destemmed, then cooled
and approximately six hours skin contact is allowed, before it is partially drained.
The settled juice is heated to 15°C before it is inoculated with pure culture yeast
(Zymaflore, QA 23 and Enoferm) and fermented in stainless steel at 14-16°C. No
malolactic fermentation (MLF) is applied and after fermentation it is racked from
the thick lees, a sulphur dioxide addition is made to 25 mg/ℓ free and the wine is
cooled until the final blending. The machine harvested Shiraz is made in the same
way, except for a skin contact period of 12 hours. The Barbera is made as red wine
and after the final blend is made the wine is fined with skimmed milk and an acid
adjustment is made, if required.

The wine is vibrant salmon pink in colour and has aromas of strawberries,
cherries, florals and spearmint. The juicy sweetness on the palate, filling the
mouth with strawberries and other red fruits, is followed by a spicy finish.
It is made from 65% Trollinger and 35% Blaufrankisch grapes which are
both produced in the cool Adelaide Hills area. The hand harvested grapes
are destemmed and crushed, before skin contact is allowed for 8-16 hours.
Fermentation with inoculated yeast takes place in stainless steel.
2013 NEPENTHE WINEMAKER SELECT ZINFANDEL ROSÉ
The wine has a bright mid-pink colour with blackberry, cassis and white pepper
aroma. It has a light, dry taste and reminds of Cabernet. It is made from single
vineyard grapes from the Adelaide Hills. The machine harvested grapes is left for
six hours before it is destemmed and crushed and is consequently pressed in a
bag press. The juice is cold settled for four days and racked before it is fermented
in stainless steel to retain freshness in the wine.
REFERENCES
Anonymous, 2014. Exploring the options for “alternative” rosé. Wine & Viticulture
Journal, March/April 2014: 80-82.
Anonymous, 2014. “Alternative” rosés – don’t judge them by their colour.
Wine & Viticulture Journal, March/April 2014: 83-84.

For further information contact Charl Theron at vinofino@mweb.co.za.
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Global warming
and the wine industry

Global warming has, for a significant time, been a topical subject which
attracts the attention of different interest groups and its influence on
agriculture can be substantial. Global warming is the result of increasing
concentrations of the so-called greenhouse gasses – carbon dioxide, methane,
nitrogen sub oxide and ozone – which are liberated in the atmosphere. These
gasses are absorbed in the atmosphere where the contained heat is then
liberated. It leads to a temperature increase of the atmosphere. Different
indicators are utilised to monitor the temperature change like the increase in
soil surface temperature, atmospheric temperature, ocean temperature and
sea levels and the decrease in the appearance of glaciers, snow coverage and
ice formation.
Global agriculture industries have had to adjust out of sheer necessity over years
due to changing climatic conditions or natural disasters like droughts, floods,
fires or diseases. This is also applicable to different international wine industries.
Phylloxera as an insect or a fungal disease like downy mildew would for example
nearly have destroyed some wine industries if the necessary solutions were not
found. Global warming is also a natural reality which needs to be addressed by
different wine industries. Seeing that wine industries are only one of different

The extremity of global warming.

CHARL THERON
Vino Fino Oenological Advice
KEYWORDS: Global warming, greenhouse gasses.

APRIL 2015

agricultural industries, governments will be nationally responsible to attend to
global warming.
If the average temperature of the global soil surface will be 1.5°C higher in 2030
than in 1900 different changes will occur. The suitability of certain cultivars in
certain regions will for example change considerably. The cultivation of a climate
sensitive cultivar like Pinot noir will for example be limited to only a few areas.
Climate change may however also lead to a more reliable climate in certain regions
with potentially better harvests and opportunities for new cultivars and wine styles.
In Anatolia, Turkey, where the average maximum temperatures during the harvest
range from 42-45°C and the annual rainfall is only slightly more than 100 mm, the
cultivars Emir, Bogaskere and Okuzgozu are cultivated successfully.
Rainfall projections until 2030 indicate that drier winters but wetter summers can
be expected due to global warming. This can lead to wetter conditions during
ripening and the harvest, as well as possible floods during these periods.

GLOBAL
WARMING
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Seeing that the potential occurrence of fungal diseases can be promoted by these
conditions, the managing of sound quality grapes, as well as the resulting wines
will become a challenge. In general ripening will be earlier, harvest times will be
compressed, an increased need for irrigation and increased frost risk will develop. More
heat radiation as result of higher soil temperatures may lead to earlier ripening, grapes
and juice with higher sugar and potassium concentrations and lower concentrations of
total acid, nitrogen and flavour precursors. Viticulture practices to delay ripening can
be applied as counteractions for the influence of high temperatures. Increased canopy
to protect the grapes against heat waves can however create more humid conditions
which will increase the pest and disease risks in the vineyard.

CONTRIBUTING AUTHORS

The management of vineyards during heat waves as result of global warming, in order
to maintain the grape quality is one of the most important challenges. The South
Australian definition of a heat wave is five successive days with a maximum daily
temperature above 35°C or three successive days with a maximum daily temperature
above 40°C.

FOREWORD

Heat damage can influence the yield and quality of the grapes and cultivars also differ
regarding the magnitude of the damage. The potential damage includes acid reductions
and less colour development which cannot necessarily be compensated by additional
irrigation. It is essential that the irrigation equipment of farms function well and is
also maintained properly to manage heat waves successfully. Prior to heat waves the
following actions must be implemented:
• Sufficient irrigation must be applied to saturate the root zone area.
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• The possible application of a sunscreen spray like Surround™ must be considered.
It must however be ensured that these products are approved for use on grapes for
winemaking.
• Actions like leaf removal or canopy manipulation must be reconsidered if it may lead
to increased berry exposure.
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During heat waves sufficient irrigation should be applied to ensure that the turgor
of the vines is recovered during the night prior to another heat wave. If overhead
irrigation is applied it must be done overnight to avoid foliage burn. Sufficient irrigation
after a heat wave is also important to replace lost soil moisture and decrease the soil
temperature.
The later pruning of vineyards can also delay ripening, which can decompress the
harvest and delay the maturation of certain cultivars to cooler periods (Krstic & Barlow,
2014).
Global warming will have an important influence on grapes, but cellar activities will also
have to be adjusted to accommodate the changes in the grapes. The cooling burden
of cellars will most probably be increased, but acid adjustments by means of acid
additions or pH adjustment will also become more important. New additives, which are
presently unknown, will most probably be developed to neutralise the negative impact
of global warming.
REFERENCE
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Krstic, Mark & Barlow, Snow, 2014. Vintage 2030 and beyond: Producing quality wines in
warmer times. Wine & Viticulture Journal, March/April 2014: 52-57.

For further information contact Charl Theron at vinofino@mweb.co.za.
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Winemakers intentionally developed and adjusted certain winemaking practices
over years to prevent, limit or promote oxygen contact with wine. The different
stages of the applications and the magnitude of exposure are not always clear.

Oxygen uptake is determined by contact surface, temperature and exposure time. It
can dissolve in the juice or wine during the complete winemaking process from the
crushing of the grapes until just prior to bottling. If the juice or wine is exposed to
any movement the contact surface for potential oxygen uptake is increased. Oxygen
exposure of juice or wine with resulting potential uptake of it must be managed
properly, seeing that excess oxygen can lead to oxidation and insufficient exposure
can lead to reductive wine faults. Consequently the question arises when the oxygen
exposure is too much or too little. Examples of winemaking practices which are
aimed at specific oxygen management are the following:

• The reductive making of certain white wines comprises the planned exclusion of
oxygen from the picking of the grapes, during the transport to the cellar, the offloading, crushing and destalking, during cooling, until the juice is in the tank.
• The use of oak barrels allows the uptake of minute quantities of oxygen, which
enhance the polymerisation of tannins. These bigger tannin molecules taste softer.
Small quantities of oxygen are also beneficial for yeast growth and a shortage of it
can lead to sluggish fermentations and sulphide formation.
• Micro oxygenation (MOX) is generally applied to add trace quantities of oxygen
to red wines during winemaking and maturation. The effect of wooden barrels is
imitated and it can also improve the sensory observation of tannins.

OXYGEN

• Oxygen or air can also be added with venture systems during the fermentation
and racking of red wines.
The Australian Wine Research Institute (AWRI) has a project to address uncertainties
regarding the stage and quantities of oxygen addition in order to obtain a certain
wine style. The key aims of the project are the following:
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• The determination of the oxygen which is absorbed in the juice during
winemaking and what the influence of oxygen exposure is on the eventual wine
style and composition.
• The identification of the most important grape and yeast based volatile and
non-volatile compounds which are influenced by oxygen management during
winemaking.
• The influence of oxygen modulated compounds on the wine style and sensory
wine characteristics.
• The development of improved measuring instruments to monitor oxygen
exposure during winemaking.
• To compose practical advice about the stage and oxygen dosages during
winemaking.
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• The improvement of malolactic fermentation by using oxygen during the alcoholic
fermentation.

actions which are applied uncontrolled oxidation will occur during the
process.
• High dissolved oxygen concentrations of up to 9 mg/ℓ will occur during the
crushing of the grapes. This is very close to the oxygen saturation level of grape
juice. The crushing process is consequently a potential source of oxidative damage
in the case of aromatic cultivars like Sauvignon blanc.
• The oxygen uptake is less during the pressing process. If inert presses and inert
gasses in the receiving bin are used the dissolved oxygen concentration will not
exceed 2 mg/ℓ. The dissolved oxygen concentration will also decrease as result
of the enzymatic use of oxygen if the juice is not transferred. Major differences
between inert presses and press actions versus conventional oxidative presses
were also observed during the press cycle.
• The dissolved oxygen concentration in the receiving tank after pressing is very low
as result of the enzymatic oxidation which uses the oxygen.
Above-mentioned confirms that the role of oxygen during winemaking is decisive.
Winemakers can consequently influence the wine style and other applicable factors
by applying different oxygen management practices before and after alcoholic
fermentation. The flavour, texture and stability of the final wine and the prevention of
reductive flavours will be influenced by it (Howard, 2014; Mirabel & Renouf, 2014).
REFERENCES

Preliminary results of the project which measure the dissolved oxygen in juice or
wine are the following:

Howard, Cathy, 2014. Oxygen – another tool for the winemaker’s kit bag.
Wine & Viticulture Journal, July/August 2014: 16-21.

• Detrimental enzyme activated oxidation can occur during the mechanical
harvesting of grapes. Depending on the equipment used and the mechanical

Mirabel, Marie & Renouf, Vincent, 2014. Pure T 228L – natural protection against
premature oxidation of white wines. shuilizen@taransaud.com.

For further information contact Charl Theron at vinofino@mweb.co.za.
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Best practices in malolactic
fermentation (MLF) management
MLF in process.
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Malolactic fermentation is an integral part of winemaking which cannot be
ignored. It can however be beneficial or detrimental and it is important that
winemakers are well informed about it in order to make the right decisions.
The execution of the decisions is also important to ensure that the required
results are obtained in the wines.

Three different MLF genera, Oenococcus, Pediococcus and Lactobacillus, can
convert the malic acid in wine into lactic acid. Only one Oenococcus species, but
different Pediococcus and Lactobacillus species occur. Oenococcus oeni usually
dominates because it has a higher resistance against the conditions occurring in
wine. It is also the most desirable bacteria for MLF in wine because it can develop
pleasant characteristics in wine while other species can cause spoilage like
mousiness, sweaty and sauerkraut characters.
The end result of MLF is the decrease of the fixed acid concentration and
increase in pH of the wine. The pH can increase with 0.3 or more units. The pH
increase can however create favourable conditions for undesirable malolactic
bacteria. Desirable MLF is usually acceptable in cool regions with a high fixed
acid concentration to create a better balance in wines. Seeing that nutrients
in the wine are also utilised during the process, such wines will be more stable
against potential spoilage bacteria. It is not only as result of the utilisation of
the nutrients, but also possibly due to the formation of toxins by the lactic acid,
which can inhibit the growth of the spoilage bacteria. As result of the formation
of other compounds during MLF the flavour profile and mouth feel of wines
can also change. Diacetyl, which exhibits a buttery character, is an important
compound formed during MLF. Its formation is influenced by the bacteria
species, inoculation concentration of the MLF pure cultures, duration of the MLF,
temperature, oxygen, pH and yeast lees contact. Ester compounds which can
influence the wine flavour positively can also be formed during MLF.

CHARL THERON
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Malolactic bacteria are however sensitive to the circumstances which occur
in wine. It is mainly influenced by the alcohol concentration, sulphur dioxide
concentration, pH and temperature. The restricting roles played by these factors
are summarised in Table 1.
After the winemaker has decided to allow MLF it must also be decided whether
it will be spontaneous or inoculated and when the stage of inoculation will
be. If spontaneous MLF is preferred, the greatest risks remain the uncertainty
regarding the strain or species which will dominate it, as well as the result of the
MLF. If spontaneous MLF is preferred the monitoring of the process is of cardinal
importance. It will mainly be sensory evaluation, because the undesirable
compounds are not easily analysed. The limiting of temperature fluctuations is an
important factor in the management of spontaneous MLF.
If inoculations with MLF pure cultures are preferred it can be done at five
different stages: Co-inoculation with pure culture yeast with bacteria inoculation
first; co-inoculation with pure culture yeast with simultaneous inoculation of
the yeast and bacteria; co-inoculation with pure culture yeast with the yeast
inoculation first; co-inoculation with pure culture yeast, but with the bacteria
inoculation after completion of the MLF; up to five months after the completion
of MLF. The best practice to ensure a fast and sound MLF is to obtain an
Oenococcus oeni population of more than 106 per ml as soon as possible. Direct
inoculation with a MLF culture is the quickest, safest and cleanest method
to obtain it. As result of the influence of different factors on MLF in wine as

MALOLACTIC
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TABLE 1. The optimal conditions of malolactic fermentation (AWRI, Bartowsky 2014).
Factor
Temperature (°C)

pH

CONTENTS
Alcohol (% v/v)

Total SO2 (mg/ℓ)
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Wine type

Limiting concentration

Optimal concentration

White

<16, >24

18 - 22

Red

<15, >25

18 - 22

White

<3.1

>3.2

Red

<3.0

>3.1

White

>13.5

<12.5

Red

>14.0

<13.0

White

>30

<15

Red

>30

<15

TABLE 2. MLF-problems which can occur and their solutions [Amanda Tanga, CHR Hansen (Pty) Ltd].
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Factor

Problem

Solution

Temperature

Too warm or cold.

Maintain 18-22ºC.

Alcohol

Inhibiting in various degrees.

1. Inoculate with alcohol tolerant strain.
2. Alcohol reduction prior to inoculation.

Free fatty acids

C10 and C12 fatty acids formed by certain yeasts inhibit MLF. Apparently
bigger problem in cool regions.

1. Add MLF nutrient which binds free fatty acids.
2. Use yeast not forming free fatty acids.

SO2

SO2 inhibits MLF.

Decrease SO2 concentration with H2O2 or blending and re-inoculation.

Phenolic compounds

Phenolic compounds have anti-microbial properties. Mainly a problem with
Merlot with extended skin contact.

1. Blend with other cultivars.
2. Use co-inoculation before completion of skin contact.

Cell count

MLF can only occur with cell count of >106/ml.

1. Re-inoculate to increase cell count.
2. Wait until cell count is high enough.

pH

pH-tolerance varies from 2.9-3.4.

1. Use right strain for pH.
2. Use adjusting protocol if pH <2.9.

Malic acid

AMG commences difficult if malate concentration <1g/ℓ.

1. Add malic acid to increase concentration.
2. Blend with wines to increase concentration.

indicated in Table 1, different problems can occur during MLF. The most common
problems and their solutions are summarised in Table 2.A sluggish or stuck MLF
can be treated in two different ways. Firstly the tank can be mixed and inoculated
with a double dosage MLF culture after bacteria nutrient was also added to
the tank. The second solution is the application of an adjustment procedure.
Wine with optimal conditions where MLF has not taken place is inoculated with
a suitable MLF culture after bacteria nutrient was also added to the wine. The

stuck wine is gradually added to the inoculated wine on a 1:1 basis after MLF has
started properly in the inoculated wine (Howard, 2014).
REFERENCE
Howard, Cathy, 2014 .Best practice in managing MLF whether adopting
a cultured approach or leaving it up to nature. Wine and Viticulture Journal
29(6): 18-25.

For further information contact Charl Theron at vinofino@mweb.co.za.
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The French word “terroir” is unique and cannot really be translated.
Technically it includes everything around the vine which can influence the
vine. It includes consequently amongst others the topography, climate,
geology and soil type. These unique characteristics of a site create unique
growth conditions for a vine, which consequently produces unique grapes
to produce an unique wine eventually.

The cliché that winemaking starts in the vineyard is accepted by most people,
but it may be more correct to state that the focus of winemakers should be to
produce wines that are of the same or better quality than the grapes which were
utilised for it. In spite of that it is however a reality that geographical indications
are one of the oldest forms of intellectual property. It is however not only an
indication of the origin of the products, but also of its characteristics, which
are the result of the combination of natural and human inputs. In this way
geographical indications represent the cultural heritage of those who use it. The
French Appellation d’Origine Contrôlée (AOC) system is probably the most known
example of the regulated use of geographical indications, which offers trade
protection to products like Champagne, Calvados, Cognac, Bordeaux, Roquefort
and many more. Other countries apply the same principle more or less in the
same way and the South African Wine of Origin system, which was implemented
in 1973 has the same aims. Different levels of origin indications varying from the
smallest (single vineyard) to demarcations as big as the Western Cape are utilised
to apply the system.
In recent years the terroir concept led to the development of local actions.
The Terroir Wine Competition was initiated to compare wines from specific
origin in order to identify leading regions for specific wines. Participation in the
competition is consequently limited to wines that are certified as prescribed
wines of origin. The Cape Vintner Classification (CVC) attempts to promote terrain
specific wines which reflect the soil type, topography, climate and microclimate

JULY 2015

in their style and quality. Membership is therefore limited to estate owners, who
comply with prescribed wine quality, technical and environmental standards,
cellar door facilities, as well as ethical and social responsibilities.
A narrow margin however exists between basic geographical indications and
terroir, seeing that the marketing advantages of the terroir concept can easily
lead to the misleading use of it.
Except for the influence of salinity little is known about the influence of
soil and soil characteristics on grape production, grape composition or the
sensory characteristics and composition of wines. It also appears that the
recommendations in this regard are rather based on expert opinions than
quantitative research. The influential publication on the role of soil on terroir
(Seguin, 2008) however confirmed that the physical properties of soil and the
influence of it on the water stress of vineyards are of utmost importance and
cultivation on slopes is also better than on flat lands. Other French research
stated that better wines are usually made from poor soils. It must however be
borne in mind that French research is usually executed in regions where irrigation
is not applied or allowed. Although it is possible that better French wines are
made from poor soils it is possible that very good wines can also originate from
very fertile soils. The considerable variation in soil characteristics over a short
distance (in tens of metres) impedes the conclusions about the influence of soils.
Different procedures known as “precision viticulture” can be applied to overcome
these problems. The use of the terroir concept on larger geographical regions is
consequently not scientifically based, but is rather used for marketing purposes
(Bramley, 2014).
REFERENCES
Bramley, Rob, 2014. Smarter thinking on terroir. Wine & Viticulture Journal,
July/August 2014: 53-58.
Seguin, G., 1986. Terroirs and pedology of wine growing. Experientia 42: 861-873.

For further information contact Charl Theron at vinofino@mweb.co.za.
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Bentonite is most probably one of the additives mostly used by wine cellars.
As a fining agent it can facilitate the settling process during the clarification of
grape juice and wine or it can be used for the protein stabilisation of wines.
As result of lees losses it can however lead to considerable product losses and
also contribute considerably to the solid waste volume of cellars.

The development of an effective, cheap alternative for bentonite has been
researched intensively. Last year the use of the two enzymes, Aspergillopepsin I
(A1) and Aspergillopepsin II (A2) was legalised in Australia and New Zealand. Both
are proteolytic enzymes which can break down the proteins causing turbidity
in wine. Scientists investigated the use of proteolytic enzymes for this purpose
for a long time, but due to the resilience of the proteins causing turbidity and
the relatively low enzyme activity under normal winemaking conditions limited
success was obtained until it was found that a combination of the two mentioned
enzymes is active between 60-80°C. This is also the temperature zone where the
proteins responsible for turbidity are susceptible for enzymatic breakdown. The
two most important protein types responsible for wine turbidity are thaumatinelike proteins and chitinases. If A1 and A2 enzymes are added to grape juice before
the onset of alcoholic fermentation and the juice is heated and kept at 70°C for
1 minute the proteins will be more susceptible to breakdown by the enzymes.
Although it is usually thought that heating of juice is detrimental, it is not true for
such a short period. Contrary to this belief it can instead lead to the liberation of
certain flavour compounds. It can also have other advantages like the decrease
of laccase activity, which can otherwise cause browning, and the fermentation
process can also be faster.
In spite of the success that can be obtained with the A1 and A2 enzymes, a
few practical problems exist. Presently there is only one Japanese commercial
supplier of the product named “Proctase”, which was originally developed as
a digestive drug for human use, but as result of the potential use in the wine

AUGUST 2015

industry other suppliers may also become interested. The juice heating is also
of paramount importance for the use of the enzymes, but wine cellars do not
always have suitable equipment for the heating and the retention of the juice
at a certain temperature. It is however possible to utilise mobile units for that
purpose. A third problem is the lab test for protein stability. The so-called heat
test where a wine sample is kept for 6 hours at 80°C and then compared with an
untreated sample is used by most cellars. The heat test checks for the presence
of all proteins corresponding with a bentonite fining which removes all proteins.
However, not all proteins cause turbidity in wine. Wine treatment with the A1 and
A2 enzymes removes only the potential turbidity-forming proteins from wine
and the heat test can consequently not be used for testing the treated wine. High
pressure liquid chromatography is required to determine the concentration of
selective proteins. Smaller cellars usually do not have such laboratory equipment.
Australian researchers are investigating the development of an adjusted heat test
or other methods.
A cost analysis was also done to compare the bentonite and enzyme treatment
financially. Processing conditions, heating and cooling equipment, pumping
equipment, enzyme and bentonite purchases and product losses were taken into
account. In the case of Sauvignon blanc, Chardonnay and Riesling wines it was
found that enzyme treatment is the most beneficial for wines with high protein
concentrations. The analysis also indicated that the inline dosing of bentonite is
cheaper than the enzyme treatment. This advantage can however only be utilised
by bigger cellars seeing that expensive equipment is required for it.
Apart from the A1 and A2 enzymes other enzymes and resins are also being
investigated for protein stabilisation, but none have been commercially
investigated (Logan, 2015).
REFERENCE
Logan, Sonya, 2015. Brilliant ideas for alternatives to bentonite – progress and
payoffs. Wine & Viticulture Journal, March/April 2015: 33-38.

For further information contact Charl Theron at vinofino@mweb.co.za.
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During the 1980’s and 1990’s some
wine critics propagated dark coloured,
full-bodied, heavy red wines. This
was exemplified by tannic wines with
relatively high alcohol content. The
use of phenolic ripeness as criterion
for harvesting contributed to this
phenomenon. These wines were usually
medal winners, but were not necessarily
favourites of public consumers. Over
the last few years pressure has been
internationally applied to produce wines
with lower alcohol. Traditional Bordeaux
and Burgundy wines with alcohol
levels between 12.5 to 13.5% have
consequently become popular again.

The alcohol content of Californian Napa Cabernet
Sauvignon wines increased from an average of 13.2%
in 1981 to an average of 15.2% in 2013. A research
survey by the Californian wine giant, E&J Gallo, found
that persons between 25 to 45 years are interested to
experiment with wine and other alcoholic beverages
by adding fruit, sparkling water and ice to it in order to
develop wine based cocktails.
In 2007 market research by the Californian cellar,
Francis Ford Coppola, in the United Kingdom found
that 28% of the respondents were concerned about
the alcohol content of the wines they buy. The
same research found in 2013 that the percentage
of concerned respondents increased to 40%. This
confirms the international concern about wines with
relatively high alcohol content. The most important
reasons for the concern are health, social responsibility
and the taste of the wine, but countries like the
United Kingdom (UK), New Zealand and Scandinavian
countries adjusted their tax structures according to the
alcohol content of the wines and also restricted the
marketing and promotion of high alcohol wines.
The New Zealand government initiated partnerships
with 17 wine cellars to research the production of
lower alcohol wines without the addition of water

OCTOBER 2015

or using alcohol reduction technology. The research
program will last for 7 years and NZ$ 13 million
was budgeted for it. Both viticulture and cellar
procedures will be addressed. The challenges in the
vineyard will be to produce grapes with lower sugar
concentrations, without having natural higher fixed
acid concentrations. Sites that naturally produce lower
acid grapes must be identified and viticulture practices
like lower leaf-grape ratios, irrigation, fertilisation,
yield and Botrytis options will be investigated. Water
addition prior to alcoholic fermentation or to wine is
not permitted in New Zealand and alcohol reduction
technology like reverse osmosis and spinning cone
are seen as too expensive for low alcohol wines.
Cellar practices like the harvest time, pressing, the
termination of alcoholic fermentation to ensure
balanced wines, yeast selection and temperature
control will consequently be investigated. As a result
of the cool climate of New Zealand, the production of
typical cultivar wines with the necessary balance and
an alcohol content of 9% is definitely possible.
In order to investigate the viticulture and cellar
practices for the production of lower alcohol wines,
the definition of wines with a lower alcohol content
needs to be clarified. The origin of the wine is playing
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a determining role in this regard. The cool climate of New Zealand lends itself to
the production of balanced wines with an alcohol content of 9%, in comparison
to a low alcohol of 13% in California, which would otherwise have been 16%.
It would however be wrong to focus only on the alcohol content, because the
sensory alcohol of alcohol correlates with other wine components. The primary
aim should consequently be the production of balanced wines. Total acid,
pH, flavour complexity, tannins, sugar and carbon dioxide concentrations all
contribute to it. Alcohol contributes to the body of wine and can also emphasise
the observation of tannins. Sweetness can soften the perception of both acidity
and tannins and can also create the impression of full-bodied mouthfeel. Acids
and tannins amplify each other and carbon dioxide also contributes to the
mouthfeel of wines.
If a cellar considers the production of lower alcohol wines, certain policy
decisions have to be taken before actions are initiated in the vineyards and cellar,
such as:
• Cultivars like Chardonnay, which require high alcohol concentration for the
necessary wine style, must rather be replaced by cultivars likes Riesling and
Malvasia Bianca, which can also be fragrant at lower alcohol content.
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• Emphasis must rather be placed on wine styles with a lower alcohol and tannin
concentration, as well as the positive use of carbon dioxide.
Different possibilities can also be investigated in the vineyard to produce lower
alcohol wines:
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• Sites producing grapes with lower fixed acids must be identified, for example
those with hot nights above 21°C and lower diurnal fluctuations.
• Irrigation after veraison must be limited. This will push the vine into
senescence and develop earlier tannin formation.
• Fruit must not be thinned too much. A higher yield will assist faster fruit
ripening.
• Laterals must be removed.
• Canopy must be limited, because direct sunlight into the fruit zone will
promote the breakdown of malic acid during ripening.

• Leaf-pluck must be applied in the fruit zone, unless heat waves threaten
sunburn.
• Regular berry tasting can initiate the picking of early lots.
Winemakers can also apply certain cellar practices to ensure lower alcohol
concentrations in wine:
• The addition of untoasted oak dust or shavings at the destemmer can limit the
observation of green flavours in red grapes.
• If thermovinification is used in red wine macerations, the sugar content of the
juice can be increased between 1.0 to 1.5 degrees Balling.
• Alcoholic fermentations at higher temperatures can decrease the alcohol
content of the wine between 0.25 to 1.0%.
• Similar decrease can be obtained if open fermenters are used.
• If malolactic fermentation (MLF) is not applied, yeast which can break down
malic acid can be used.
• In case of white wines with a high fixed acid content, the alcoholic
fermentation can be terminated to leave sufficient residual sugar for better
balance in the wine with a lower alcohol content. In such cases the necessary
precautions must be taken to prevent the re-fermentation of the wine.
• If alcohol reduction methods like the spinning cone or nanofiltration are
considered, trials must be executed to ensure that the necessary balance is
maintained in the wine.
• Modern tannin products, which can be used to remove the green character
from wines, will also help that the influence of the alcohol content on the body
of the wine is not so obvious (Crowe & Stern, 2015).
REFERENCES
Crowe, Alison, 2015. Lower Alcohol Wine: A Winemaker’s Toolbox.
Wine Business Monthly, June 2015: 28-33.
Stern, Eric, 2015. Balancing Alcohol Levels in Wine. Wine Business Monthly,
June 2015: 34-38.

For further information contact Charl Theron at vinofino@mweb.co.za.
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Grapes can be sorted
to decide on the
viability of whole
bunch fermentation.
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Although winemaking still consists
of the processes where the sugar in
the grapes is converted into wine
by alcoholic fermentation, some
winemakers will always query the
individual processes and equipment
used for it. Opinions about it can
consequently change overnight.
A typical example is the role of
stems during winemaking, as
well as its impact on the taste
of the wine. The destemming of
grapes, for example, used to be
a standard practice, because the
stems can impart a bitter and
tannic taste to the wine. Whole
bunch fermentation for red wines
has however, for different reasons,
gained support from
some winemakers.

CHARL THERON
Vino Fino Oenological Service
KEYWORDS: Whole bunch fermentation, destemming.

Due to the very competitive wine market, cellars are
forced to initiate unique actions in the cellar in order
to obtain a market niche. The use of whole bunch
fermentation for red wines is one of the techniques which
can be applied to obtain it. It can however not be used
for all red cultivars. Pinot noir and Shiraz are the cultivars
that can be considered sometimes. Cabernet Sauvignon,
Cabernet Franc and Merlot are usually not considered,
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because these cultivars already have some of the so-called
green character in their aroma profile. This character is
usually not preferred by winemakers and it will only be
accentuated more by whole bunch fermentation.
Whole bunch fermentation for red wines is the
fermentation of the grape bunch without removing the
stem or breaking the berries. The influence of whole
bunch fermentation is thus twofold in nature. Apart
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from the presence of the stems, the berries are also not broken. A process
similar to maceration carbonique consequently develops where internal berry
fermentation can occur to impart a unique character to the wine. Seeing that
mechanical harvesters and grape crushers with destemmers were only developed
over the past 50 years, it is implicit that all red wines were previously made with
whole bunch fermentation. The technique was originally applied in the Burgundy
and Rhône Valley wine regions of France. The full-bodied Shiraz wines from the
most northern Rhône area, Côte Rôtie, are made with whole bunch fermentations
varying from 30 to 100% and are also sometimes fermented with Viognier. The
most southern Rhône areas, Hermitage, Cornas and St Joseph, apply whole
bunch fermentation more according to the required wine style than tradition. In
Burgundy contradictive viewpoints exist concerning whole bunch fermentation.
Seeing that Pinot noir is their most important red cultivar and inherently contains
limited tannins, it offers potential for the utilisation of whole bunch fermentation
to add more tannin to the wine. Opposers of whole bunch fermentation do
however claim that such tannins only add a herbaceous, vegetal, green character
to wine, which is rather seen as a disadvantage than an advantage. The use
of whole bunch fermentation has recently attracted attention again. It can be
due to riper stems, with more lignin, which are used for it. Such stems can give
tobacco, spicy, floral and peppery flavours to a wine. The ripeness of the stems
is influenced by the climate and therefore vintage differences will occur. The
decision concerning the use of whole bunch fermentation must consequently be
reviewed continuously.
Winemakers in the USA, France and Australia also have different viewpoints,
which must be considered before whole bunch fermentation is applied:
• The use of stems during fermentation can probably impart more freshness to
wine.
• The presence of stems during fermentation causes a decrease in the total acid
concentration and a pH increase.

• As result of the stem contact, the tannin structure of the wine will change.
The nature of the tannins can however vary from subtle to firm.
• The ripeness of the stems is very important and is mainly determined by the
vineyard site and vintage. Increasing ripeness will cause more spicy characters
and decreasing ripeness will cause more herbaceous flavours in the wines. The
correct stage can be determined by tasting the stems during ripening. As soon
as the coarse tannins are substituted by a pleasant softness, the grapes can be
harvested and whole bunch fermentation applied. After two years maturation
the flavours can also change from the unpleasant herbaceous to the more
acceptable tobacco flavours.
• Whole bunch fermentation is not preferable in young vineyards or with bigger
clusters.
• The method of stem contact also plays a role. A difference exists for example
between the adding of stems to crushed grapes and the fermentation of
whole bunches. In the latter instance the character caused by intracellular
fermentation also plays a role.
• Whole bunch fermentation cannot be used in large open fermenters, because
punch downs are rather difficult.
Different ways of whole bunch fermentation can be used. The percentage stems
can for example vary from 0.5 to 100% or more and stem contact can be obtained
in different ways. The stems can first be put into the fermentor, followed by
destemmed grapes, or stems can be put on top of crushed grapes and punched
down, or stems and crushed grapes can be packed in layers. Alternatively, grapes
that are not destemmed or crushed, or a combination of the different options can
be applied (Howard, 2015).
REFERENCE
Howard, Cathy, 2015. Whole bunch fermentation: A wild card inclusion in red
winemaking. Wine & Viticulture Journal, May/June 2015: 16-25.

For further information contact Charl Theron at vinofino@mweb.co.za.
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Skin fermentation during red winemaking.

SKIN CONTACT

Managing skin
contact during red
wine fermentation
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CHARL THERON
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KEYWORDS: Skin contact, red wine fermentation, punchdown, pumpover.

Skin contact is a basic requirement during red winemaking, unless other
techniques like thermovinification are used to extract colour from the skins.
Different factors like the duration of skin contact, cultivar, fermentation
temperature and the ways in which skin contact is applied, play an important
role in the result that is eventually obtained.
During red wine fermentation the formed carbon dioxide carries the skins to the
surface of the container. This is known as the cap and the management of it will
determine the extraction of the colour and tannins from the skins, which will
eventually determine the colour and taste of the wine. The correct management
of the cap will also influence the potential development of detrimental microorganisms, determine an equal temperature in the cap and fermenting juice,
promote the alcoholic fermentation by the addition of air (oxygen) and prevent
the drying out of the skins.
The handling of grapes after destemming plays an important role in the onset
of alcoholic fermentation. Vigorous crushing will cause the extraction of more
astringent and bitter tannins, because the concentration of insoluble solids is
increased by it. Extraction methods causing the damage or breaking of the seeds,
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must also be prevented. Minimal crushing of the berries prolongs the alcoholic
fermentation, decreases phenolic extraction and also increases the fruity flavours
of the wine. The volatile flavour compounds in the fermenting juice can also be
lost at higher temperatures, because they are removed by the formed carbon
dioxide and volatilise more at higher fermentation temperatures. In the case of
whole bunch fermentations, some of the flavours are retained in the unbroken
berries and only released into the wine after the vigorous fermentation.
The management of skin fermentation during red winemaking differs between
red cultivars and techniques like pumpovers, punchdowns or cold soaking
are consequently applied differently. In case of Pinot noir, grapes are only
destemmed or whole bunch fermentation is used. Although the same principles
are sometimes applied with Cabernet Sauvignon, berries are sometimes only
broken by loose crusher rollers. The application of cold soaking is also an
important principle decision, which needs to be made for red winemaking. It
comprises the cooling of crushed grapes or bunches to such a temperature that
the onset of alcoholic fermentation is delayed. The initial colour and flavour
extraction from the grapes is consequently in an alcohol-free medium and
coarse tannins, bitterness or excessive astringency are prevented. Tannins are
then eventually only extracted afterwards by the formed alcohol. If spontaneous
alcoholic fermentation is also preferred, cold soaking will create an opportunity
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for such yeasts to initiate the fermentation. In case of Pinot noir, cold soaking
is advantageous if it is maintained at 10°C for four to five days. In order to limit
spoilage organisms and excessive oxidation in open fermenters during cold
soaking, the surface of the fermenters can be covered with a plastic sheet over
the cap and a sulphur dioxide solution and dry ice can be used twice daily to
exclude air. During cold soaking the cap must not be punched down more than
twice daily. In case of Cabernet Sauvignon and Merlot, where colour extraction is
usually sufficient, cold soaking is applied for a shorter period.
Mixing the juice and skins during alcoholic fermentation can be done by
pumpovers or punchdowns. In both cases it must always be ensured that the
cap is properly wet. Punchdowns can be done with different equipment by
breaking the cap and submerging the skins under the fermenting juice. There
are many types of manual punchdown tools, but cellars also use pneumatic
designs sometimes. It can be moved on a conveyor rail to different containers.
Punchdowns work best with open fermenters or small fermenters with large
lids. Punchdowns are also seen as a gentler form of extraction and consequently
preferred for more delicate wines like Pinot noir. The frequency of punchdowns
during the peak of alcoholic fermentations depends on the punchdown
equipment, but is usually not more than four times daily. In the case of
pumpovers, the wine is removed from the fermenter through a bottom racking
valve and circulated over the cap to wet the skins. Different spraying methods
can be used to wet the cap and sometimes fermenters, equipped with automated
pumpover systems, are used to save time and labour. A more oxidative pumpover

Epoxy coated open concrete fermenters with cooling plates for punchdowns.

technique is the so-called rack and return method, where all the liquid is
removed underneath the cap to another container from where it is sprayed over
the cap to cover the fermenting juice. In some cases of the latter technique, the
seeds can be removed from the tank bottom after all the juice has been removed.
Aeration plays an important role during red wine fermentation to polymerise and
soften tannins, to stabilise colour and supply oxygen to the yeasts for a sound
fermentation. In case of pumpovers, a venture design can for example be used at
the delivery side of the hose. Aeration should however be limited when only
5° Balling still need to be fermented.
Apart from temperature and Balling readings during alcoholic fermentation,
it is important to taste the fermenting juice regularly to monitor the colour
and astringency of it. It is also applicable if wine is left on the skins for further
maceration after fermentation, which is sometimes done with Pinot noir.
Higher temperatures do not only accelerate the fermentation rate, but also
increase the extraction of colour and tannins. If moderate extraction is required,
the fermentation temperatures must be lower, which will also prolong the
duration of fermentation (Cohen, 2015).
REFERENCE
Cohen, Remi, 2015. Cap management during fermentation. Vineyard & Winery
Management, September/October 2015: 31-35.
www.vwmmedia.com.

For further information contact Charl Theron at vinofino@mweb.co.za.
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• Fermentation is the conversion of
one product to another by yeasts
and bacteria.
• Yeasts and bacteria are so small
that they are only visible with a
microscope.
• Yeasts and bacteria can be
beneficial or detrimental.
• Different yeasts and bacteria have
different names.
• Beer and wine cannot be made
without fermentation.
• Three different fermentations are
important to cellars.
• First (alcoholic) fermentation,
second (malolactic) fermentation
and third (secondary)
fermentation.

PART 1
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PART 2

Wine is made by fermenting the juice in grapes with
yeasts. The yeasts used for fermentation can either be the
yeasts occurring naturally on grapes, in which case it is
called spontaneous or native fermentation, or it can be
yeasts bought by the cellars, which is added to the grapes
or juice. This is referred to as pure culture yeast. If the
yeasts occurring on the grapes are used, it is unknown
what type of yeast it is and the result of the fermentation
is also unknown. If pure culture yeast is used, the yeast is
known and winemakers know what to expect from it.
The difference between white and red wine, namely
whether fermentation is executed with (red wine)
or without (white wine) skins has been discussed in
previous articles. In both cases the juice will however
start to ferment, because the sugars in the juice act as
a nutrient for the yeasts. The most important change
occurring during fermentation is the breakdown of the
sugar to alcohol, gas (carbon dioxide) and energy (heat).
Wine does however not only consist of alcohol, but also
the compounds which we can taste and smell (flavours).

JANUARY 2015

Some of these tastes and flavours originate from the
grapes, but some are also formed during fermentation.
Seeing that the sugars in the juice are the source of the
alcohol, the concentration of the alcohol in the wine will
be determined by the sugar content of the grapes – the
higher the sugar content of the grapes and resulting
juice, the higher the alcohol content of the wine will be.
Winemakers can consequently follow the fermentation by
measuring the sugar or alcohol content of the grape juice
during fermentation. It is however more practical and
easier to measure the sugar content and a Balling meter
is used to do this.
During fermentation the Balling content of the juice will
decrease, until all the sugar has been fermented and
the wine will be dry. Seeing that heat is formed during
fermentation, the temperature will increase. This can
cause the evaporation of alcohol and flavours, but if the
temperature rises too high the yeasts will be killed, which
means that the sugar cannot be converted to alcohol
anymore. This is referred to as a stuck fermentation. It can
be prevented by cooling the fermenting juice, but if it is
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cooled excessively the yeasts can also be killed and a stuck fermentation can also
occur. It is consequently important that the temperature is also measured during
fermentation to ensure that it is not fermenting too cold or hot by adjusting
the fermentation, if necessary. Temperature is measured with a thermometer
and it is usually done together with the sugar reading (degrees Balling) of the
fermenting juice. For practical reasons a thermometer and Balling meter are
usually combined in the same hydrometer. White wines are usually fermented at
a lower temperature than red wines. The third product of the first fermentation is
a gas (carbon dioxide) which is actually not needed in wine. It is however a very
dangerous gas, which can suffocate people, because they cannot breathe in the
presence of it. It has consequently been responsible for the death of many people
in cellars and certain safety precautions must be complied with to prevent it.
When pure culture yeast is used, it is usually dried yeast, purchased in sealed
bags. The bags must be kept in a refrigerator until it is used. The dried yeast
cannot be added to the juice as such, but must be dissolved in water (rehydrated)
before added to the juice. Read the prescriptions on the bags explaining how it
should be done.

FOREWORD

After the completion of the first fermentation, when all the sugar has been
fermented, the turbidity in the young wine will settle to the bottom of the
container and the wine will gradually become clearer. In the case of white wine
cellars will usually apply clarification processes like fining and/or filtration to
enhance the clarification of the wine.
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FIGURE 1. Balling meter and thermometer.
FIGURE 2. Carbon dioxide warning sign.
FIGURE 3. A yeast cell seen under a microscope.

•
•
•
•

Cellars must be properly ventilated to remove carbon dioxide.
Containers filled with carbon dioxide must be well ventilated with fans.
Containers must be tested with suitable meters before it is entered.
It is not sufficient to smell for the presence of carbon dioxide in any
container.
• If tanks are entered, a harness with a rope leading to the outside of the
tank must be worn.
• Somebody else must always be on the outside of the tank to pull the
person in the tank to the outside, if necessary.
• Never enter a tank without a gas mask to rescue somebody inside the
tank.

For further information contact Charl Theron at vinofino@mweb.co.za.
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• Fermentation is the conversion of
one product to another by yeasts
and bacteria.
• Bacteria can be round or rod
shaped if seen with a microscope.
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• Bacteria can be beneficial or
detrimental.
• Malolactic and acetic acid bacteria
are the most important bacteria in
wine.
• Only malolactic acid bacteria
can however cause bacterial
fermentation.
• Three fermentations are important
in cellars.
• First (alcoholic) fermentation,
second (malolactic) fermentation
and third (secondary)
fermentation.
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SECOND (MALOLACTIC) FERMENTATION
Tartaric acid and malic acid are the most important acids
in wines, originating from the grapes. During the ripening
of grapes the concentration of both acids decrease, which
causes the grapes to taste less acidic. In warmer wine
countries the acids decrease more than in cold countries,
which can cause the wines to taste thin and watery. To
prevent this the mentioned acids are sometimes added to
the juice or wine. Ripening is however not the only reason
for the decrease in the acid concentration. As indicated
by the name, malolactic bacteria can convert the malic
acid in the juice or wine to lactic acid. The lactic acid
is however a weaker acid than malic acid and the acid
concentration of the wine will consequently decrease.
During the process carbon dioxide is also formed and the
process is called malolactic fermentation (MLF). Different
MLF bacteria occur and it can be beneficial or detrimental
for wine quality. The bacteria causing it, occur naturally
on grapes in which case it is referred to as spontaneous
MLF. If spontaneous MLF is allowed, the bacteria and the
influence on the wine quality are unknown. In such cases
it usually happens after the first (alcoholic) fermentation

and if grapes are pressed late in the season, the lower
autumn temperatures can prevent spontaneous MLF,
because the lower temperatures are not optimal for the
bacteria. It can also be pure MLF bacteria cultures bought
by the cellars, which are added to the juice. If pure
cultures are used, the bacteria and the results of the MLF
are known. Contrary to alcoholic fermentation, MLF is not
essential for winemaking and winemakers have a choice
to prevent or facilitate it. Once the decision is made by
the winemaker, certain actions must be implemented
to prevent or promote MLF. To prevent MLF, wines must
be racked and clarified immediately after the alcoholic
fermentation is completed and the sulphur dioxide
concentration must be adjusted. To allow spontaneous
MLF the wine must be left on the fermentation lees and
the sulphur dioxide concentration must not be increased.
If the wine is however inoculated with pure culture
bacteria, it need not be left on the fermentation lees
but the sulphur dioxide must still not be increased. To
monitor the MLF process wine samples must be analysed.
During the MLF the malic acid concentration decreases
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and the lactic acid concentration increases. If all the malic acid is converted to
lactic acid, the malic acid concentration will practically be nullified.
THIRD (SECONDARY) FERMENTATION
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Secondary fermentation can be caused by yeasts or bacteria and can be desired
or undesired. It usually occurs after the primary (alcoholic) and/or second
(malolactic) fermentation have been completed. It is undesired when it is not
planned, for example when sweetish wines start fermenting again in tanks,
bottles or bag-in-the-box (BIB) causing the wine to become cloudy and fizzy. It is
desired in the case of bottle fermented sparkling wine (Cap Classique) when dry
wine is sweetened in the bottle and pure culture yeast is added to it to create a
second fermentation in the bottle. The formed gas will cause the sparkle in the
sparkling wine.
FIGURE 1. A bacteria as seen with a microscope.
FIGURE 2. Bottle fermentation for bottle fermented sparkling wine (Cap Classique).
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For further information contact Charl Theron at vinofino@mweb.co.za.
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Which
yeast?
KARIEN O’KENNEDY
Institute for Grape & Wine Sciences, Stellenbosch University
KEYWORDS: Yeast, fermentation, glucose, fructose.
The two most important considerations for an optimal fermentation are: The
yeast must have the ability to ferment to dryness in the given conditions without
becoming sluggish or stuck and within the time frame required for process
optimisation; and the sensory profile of the yeast must complement and promote
the varietal character of the grapes. These two aspects go hand in hand. However,
the yeast’s fermentation capabilities are always more important than its aromatic
profile.
IMPORTANT YEAST FACTS:
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• The majority of white wine yeasts cannot ferment colder than 15°C. The best
practice to follow is to decide on a certain drop in sugar per day, i.e. 2°Balling,
and to control the temperature accordingly.
• Do not use yeasts with a high nutrient demand on low YAN musts, even if you
do a nutrient addition. The highest quality commercial nutrients can never

FEBRUARY 2015

offer the equivalent of a naturally high YAN must. Rather use a yeast with a low
demand on initially low YAN juice.
• Some yeasts can produce elevated levels of volatile acidity (VA) during
fermentation. There are times when this can be managed and then there are
times when the use of such yeasts must be avoided, i.e.:
– Any degree of Botrytis infection where the juice already has a baseline VA;
– High Balling juice (the higher the Balling, the higher the VA concentration
formed);
– Low YAN juice;
– Juice with a turbidity lower than 50 NTU.
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• Some yeast rehydration nutrients can lower VA formation in an indirect way by
strengthening the yeast cell membrane. Yeast-yeast co-inoculations can also
lower the final VA concentration in the wine.
• Yeasts (Saccharomyces cerevisiae) always utilise glucose faster than fructose.
However, there are differences between yeasts in terms of their affinity
for fructose. The fructose utilisation ability of yeasts is a very important
consideration in the case of Chardonnay and late ripeners, such as Cabernet
Sauvignon and Shiraz. It has been observed in South Africa that as early
as at harvest Chardonnay already can have higher fructose than glucose
concentrations. Cabernet and Shiraz are usually picked at fairly high
sugar levels and, because the discrepancy between glucose and fructose
concentrations becomes bigger the longer the fermentation, it can become a
contributing factor to lagging or stuck fermentations.
• A glucose:fructose imbalance is only when the ratio of glucose to fructose
exceeds 1:10, e.g. 0.5 g/ℓ glucose versus 9 g/ℓ fructose (0.5 x 10 = 5). It is not
considered an imbalance if the ratio is smaller.
• Glucose addition to adjust the ratio is illegal.
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• “Prevention is better than cure.” By fermenting red wine at lower temperatures,
the toxicity of alcohol becomes less. Yeasts are sensitive to high temperatures
at the start and at the end of fermentation and it therefore is advised to start
and end fermentation at temperatures below 25°C. The use of enzymes during
fermentation will ensure that the same amount of extraction or more can be
obtained as in the case of high fermentation temperatures.
• Lower red wine fermentation temperatures are also more favourable for MLF
bacteria, seeing that they are even more sensitive to alcohol than yeasts.
• Avoid yeasts that form SO2 during fermentation if MLF is being considered.
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• Avoid yeasts with high nutrient demands on Shiraz, which has a greater
tendency to reductiveness.
• Do not use glycerol formation as a criterion for yeast selection. It is not
possible to distinguish a difference in mouthfeel at the concentrations found
in dry wines.
• Use thiol enhancing yeasts on grape varieties such as Sauvignon blanc, Chenin
blanc and Colombard.
• Use ester enhancing yeasts on grape varieties such as Chardonnay, Viognier
and Riesling.
• Use the recommended yeast dosage – in South Africa it is normally between
20-30 g/hℓ due to our specific conditions (cold fermentation, high sugars, etc.)
• Rehydrate correctly and avoid temperature shocks. The latter affect yeast
viability and aroma formation negatively.
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For further information contact Karien O’Kennedy at kennedy@sun.ac.za.
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PRACTICAL GUIDELINES FOR DEALING WITH HIGH-SUGAR MUSTS:

Q: What classifies as high-sugar musts?

2
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A: Any grapes arriving at the cellar at
24°Balling or higher.

Q: Why is this a potential problem
for yeasts?
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A: Yeasts are living organisms and therefore have
specific genetic capabilities and limitations.
Very few yeasts can ferment 26°Balling to dryness –
no matter how good the conditions.

Q: What are the most important factors
to bear in mind when fermenting
high-sugar musts?
A: Initial grape sugar concentration, juice YAN,
fermentation temperature, oxygen availability and
potential alcohol. Botrytis infection is an additional
factor that can make fermentation challenging.

• It is only a minority of yeasts that can deal with high sugar levels. Select a yeast with a high
alcohol tolerance, a low nutritional need and good fructose utilisation.
• Depending on how high the sugar is, increase the yeast dosage to as high as 45 g/hℓ. This
will compensate for the yeasts that will die as a result of the preservative effect of high sugar
concentrations.
• Use rehydration nutrition at the recommended dosage – usually about 30 g/hℓ. Rehydration
nutrients provide the fermenting yeast with additional sterols and long chain fatty acids, which
strengthen the yeast cell membrane, thereby enhancing viability and vitality.
• Do not perform cold maceration and do not allow extended skin contact. The risk for microbial
spoilage is too big. Use enzymes for flavour, colour and tannin extraction.
• High sugars are often associated with high pH. Undertake the necessary pH/acid adjustments
before fermentation.
• Make sure the SO2 addition is sufficient (at last 50 ppm). If co-inoculation with bacteria is being
considered (which is highly recommended), use a lower dose of SO2.
• Avoid yeasts that form SO2 together with malolactic fermentation (MLF) co-inoculation.
• If MLF co-inoculation will not be carried out, consider lysozyme addition to suppress bacterial
growth during fermentation. This will allow the yeast time to finish fermentation at a natural
pace, because competition with other micro-organisms can hamper yeast growth. Take note that
lysozyme is classified as an allergen. It is also of animal origin (chicken egg).
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FIGURE 1. The yeast cell membrane.
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• Inoculate at 20°C and keep the fermentation temperature below 25°C. The
closest to 20°C, the better. At these temperatures the alcohol is less toxic to the
yeast cell membrane and the yeast therefore is able to function effectively for
a much longer time, i.e. to take up sugar and nitrogen and to secrete hydrogen
ions and alcohol into the medium. If the cell membrane starts struggling as a
result of alcohol toxicity, these processes can no longer take place efficiently
and the internal pH of the medium (6-7) falls to that of the surrounding
medium (3-4). Most yeast enzymes do not function at wine pH and the
fermentation therefore will stop, with associated cell death and a semi sweet
wine.
• MLF bacteria are even more sensitive to alcohol toxicity, and co-inoculation
will be affected negatively if the fermentation temperature is higher than 25°C.

• Alternatively macro-oxygenation with molecular oxygen during fermentation
can stimulate the production of sterols and long chain fatty acids and thus the
regeneration of the cell membrane resulting in improved alcohol tolerance.
• Remove the wine from the skins as soon as possible. In sluggish fermentations
the skins can be a source of spoilage organisms.
• Also remove the dry wine from the yeast lees as soon as possible after
fermentation and add sufficient amounts of SO2. The percentage of dead cells
will be very high in the lees, which could potentially absorb colour. The lees
can also become a source of sulphur-like off flavours. There are commercial
products that rather could be considered to help with improving the
mouthfeel and finish of the wine before bottling or bulk shipping.

• Make sure that the temperature of the cap does not become too high by
regularly punching down or pumping over. It must preferably not exceed 30°C.

3
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• Always use complex yeast nutrition for high-sugar grapes. It can be combined
with DAP.
• Ensure that the maximum admissible dosage (60 mg/ℓ) of thiamine (a vitamin)
is added.
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• If fermentation slows down towards the end, add pure yeast cell walls. These
will bind to the medium chain fatty acids that are formed by the stressed yeast
in a desperate attempt to regenerate its cells membrane that was damaged.
Long-chain fatty acid synthesis only takes place in the presence of sufficient
oxygen and therefore is interrupted in an anaerobic fermentation. Mediumchain fatty acids in high concentrations are toxic to yeast and lactic acid
bacteria.

SUMMARY
Choose the correct yeast. Use enough yeast. Ferment at approximately
22°C (red wine). Use rehydration and complex nutrition.
Monitor the fermentation speed very closely. Contact your yeast supplier
at the first sign of a slow or sluggish fermentation. A very close eye needs
to be kept on volatile acidity in particular. Concentrations of
0.7 g/ℓ and above that are accompanied by very slow fermentation can
be an indication of bacterial growth (with the exception of certain yeasts
for which this concentration can be normal under high sugar conditions).

For further information contact Karien O’Kennedy at kennedy@sun.ac.za.
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After the fermentation of wine the yeast and other turbidities will settle to the
bottom of the container. It is however a slow process and other clarification
methods (like fining and filtration which have been discussed previously) are
usually applied to clarify it. Before the wine is sold it must be stabilised. This is
necessary to assure that whatever can be seen, smelled or tasted in the wine
does not change over a certain period. Such a wine is stable. If it does change
within a certain time the wine is unstable. We can see whether the wine is clear or
which colour it is, we can smell the flavours in the wine and we can taste whether
the wine is acidic, dry (without sweetness), sweet or bitter. Different types of
stabilities are important in wine, namely microbiological,
oxidative, tartrate, protein, colour and metal stability. Seeing
that consumers do not like the change of wine over a certain
period wine must be stable before it is sold.
MICROBIOLOGICAL STABILITY
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If living yeasts or bacteria occur in wine it can grow and multiply
if the existing conditions are suitable. It can cause haziness
in the wine, gas can be formed in the wine and undesirable
flavours can also be formed in the wine. The bag of a Bag-inthe-box (BIB) packaging can for example inflate as result of the
formed gas. These undesirable changes in the wine can only
be prevented by removing or killing the yeasts or bacteria to
prevent its development. The removal of it can be done by
sterile filtration. Special filtration is used, but it must be applied
correctly to be effective and contamination after the filtration
must be prevented. The yeasts and bacteria can be killed by
pasteurising the wine or the addition of preservatives to the
wine. Pasteurisation is the heating of the wine to a certain
temperature within a closed system. Different preservatives can
be used, but it must be assured that it is legal. Preservatives are
also very specific and kill only certain yeasts or bacteria. The
quantities which are added must also be controlled. Sulphur
dioxide is generally used during winemaking and certain yeasts

VINEYARD TIPS

190

and bacteria are very sensitive to it. It is however not sufficient to protect wine
against the growth of yeasts and bacteria.
OXIDATIVE STABILITY
If wine is exposed to excessive air the colour of the wine will change and
undesirable flavours and tastes will develop. White wine will for example change
to a yellow colour initially, but become brown eventually. It can be prevented
by limiting the contact with air or removing the substances, which can change
during air contact, from the wine. After completion of the alcoholic fermentation
the wine contains much carbon dioxide which prevents the wine
from air contact. If the wine is however racked, fined or matured
after the fermentation the carbon dioxide evaporates and air
contact must be limited. It can be done by topping containers
with topping wine, preventing hoses and valves from sucking air
and the ends of hoses must always be below the wine surface.
Air contact can however not be prevented completely in this way
and sulphur dioxide in the wine or the use of inert gasses like
nitrogen and argon can be used to replace the air from empty
containers. Certain fining agents can also be used to remove the
wine compounds beforehand which can be changed by the air
contact.
METAL STABILITY
If the copper or iron concentration of wine is too high it can
cause a haze in the wine. The most important sources of copper
or iron contamination are the use of copper sulphate in the
vineyard or cellar or exposure to copper or mild steel in the
cellar. The latter can occur if mild steel equipment or tanks are
not painted or coated properly. The general use of stainless steel
in the cellar eliminates the problem mostly.

Consumers do not like wine with faulty colour or haze.

For further information contact Charl Theron at vinofino@mweb.co.za.
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Tartaric acid and malic acid are the most important acids which occur in the
grapes and eventual wine. The concentration of these acids in wine play an
important role in the taste of wine. At a low concentration the wine will taste
insipid and watery and excessive acidity causes an unbalanced acid taste. The
acid concentration is usually higher in cold than warmer wine countries. If the
acid concentration is too low winemakers may add the acids to the juice or the
wine. The acid concentration will however decrease during the winemaking due
to different reasons. The malic acid concentration will decrease if malolactic
fermentation (MLF) occurs in the wine, because the malic acid is converted to
lactic acid during MLF. If the MLF is prevented the malic acid concentration will
remain unchanged. The tartaric acid concentration will however always decrease
during winemaking. Tartaric acid occurs in different forms in juice and wine and
one of the forms is known as cream of tartar. When juice or wine is chilled the
cream of tartar precipitates as fine crystals. This phenomenon can be seen on the
inside of crushers, settling tanks or fermentation tanks. It is also sometimes seen
on the bottom of wine corks of red wines. Seeing that white wines are usually
made at lower temperatures, more cream of tartar will precipitate. Consumers
usually do not want to see or taste crystals after wines are chilled in a freezer
and wines must consequently be stabilised to prevent the crystal precipitation.
Different processes can be applied to obtain tartrate stability. Wine can either
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both be chilled to a temperature just above the freezing point of the wine and
kept at the low temperature for a certain period or the precipitation of the
crystals can be prevented by the addition of certain additives or application of
certain processes. If the first mentioned process is used the excessive cream of
tartar is precipitated as crystals, which is removed by cold filtration.
COLOUR STABILITY
Colour stability in white wines will prevent the browning or unacceptable
darkening of the wine, but in the case of red wines colour changes or the
precipitation of excessive colour must be prevented. The darkening of white
wine occurs when the wine is exposed to air contact for example ullage on the
top of tanks or barrels or during processes like rackings, pump overs, filtration
or bottling. It can be prevented by managing the mentioned processes properly
to limit air exposure and ensuring that the free sulphur concentration is high

Bentonite

Carbon

Bentonite finings are used for protein stability.

enough. The browning of red wines is prevented in the same way as for white
wines, but the colour sedimentation in young red wines can be prevented in the
same way as for the tartrate stabilisation of wine, by cooling it.
PROTEIN STABILITY
The proteins in wine originate mainly from the grapes, but can also originate from
fining agents like gelatine, egg white or casein which are used during winemaking.
In the case of white wines that are exposed to high temperatures, for example in
the display windows of shops, the wines can become turbid if it was not stabilised
properly. White wines are stabilised against protein turbidity by fining it with
bentonite prior to bottling. In the case of red wines a bentonite fining is usually
unnecessary, because the tannins originating from the skins react with the proteins
in the wine to stabilise the wine. It is however still important to test the stability of
the wine, to determine whether it should be fined with bentonite.

For further information contact Charl Theron at vinofino@mweb.co.za.
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Maturation

Maturation can also be seen as the ageing of something. As time passes anything
will consequently age, but if it is done intentionally there must be a reason for
doing it. In the case of wine maturation it is sometimes wrongly believed that
only wood maturation is used. It is wrong because wine can also mature in tanks
or bottles, but the influence of the maturation will differ. In the case of tank or
bottle maturation the material used for the container (stainless steel, coated
cement or glass) has no influence on the maturation, because nothing can be
extracted from it. The maturation process in tanks or glass is therefore only an
ageing process when the wine components can interact or change over time.
It will often lead to the softening of the wine.
The barrel (wood) maturation of wine originated coincidentally. Due to the
physical properties of barrels they were initially only used as containers. Barrels
are durable and also more mobile than tanks. Cellars did however experience that
wine kept or transported in barrels developed in a different way than the original
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wine and that another dimension was actually added to the wine. Contrary
to tank or bottle maturation taste and flavour components can be extracted
from the wood. Due to the porosity of barrels air, which contains oxygen, can
migrate into the wine. During barrel maturation reactions between oxygen,
wine and wood compounds will occur. A barrel consists of bent staves of 25-27
mm and two heads on both ends. The staves and heads are kept together by
metal hoops. Depending on the size of the barrel six to eight metal hoops can
be used. Galvanic hoops are preferred because they do not rust so easily. The
middle section of a barrel is called the bilge with a bung hole, which is use for
the filling or emptying of the barrel, in the middle of one of the staves. The bung
hole can be closed with a silicon or wooden bung. Different capacities of barrels
can be assembled, but 225, 228, 300, 400, 500 and 600 litre barrels are usually
the standard sizes. Apart from these relatively small barrels, big barrels, known as
“stukvats”, with capacities of thousands of litres can also be made. Smaller barrels
will obviously add more wood character to the wine.
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In the case of brandy maturation in South Africa the size of the barrels used
are legally prescribed. In addition to different capacities the shapes of barrels
can also vary and names like Bordeaux or Burgundy barrels, butts, pipes and
puncheons are often used. The assembly of barrels is a unique craft, which
requires much manual labour, but many of the processes are increasingly
mechanised. In order to bend the staves, a combination of water and heat is
used. Traditionally an open fire was used for it, but this process is nowadays also
executed with other heating sources. Apart from the fact that heat is needed for
the bending of the staves, it also contributes to a process known as the toasting
of the wood. The temperature and duration of the toasting determine the degree
of toasting and barrels are sold with different degrees of toasting, referred to as
light, medium or heavy toasting. The degree of toasting is important because
different toasting will add flavours like vanillin, coconut, cloves, toasted bread,
almonds and coffee to the wine. Cellars can consequently decide which toasting
they prefer to add a specific flavour to their wine.
The maturation period in barrels is determined by the age and capacity of the
barrel, the type and style of wine and can range from a few months to years. The
amount of wood character, which is extracted during maturation, decreases with
the increasing age of the barrel. The inside surface of the barrel is also gradually
covered by cream of tartar and colour compounds, which prevents further wood
extraction and air migration into the barrel. In the case of white and red wines
barrels are consequently used for only three to four years. In order to utilise
the barrel maturation process optimally the temperature and humidity must

The assembly of barrels.
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preferably be controlled during maturation. A relative humidity of 65% and a
constant temperature between 15-20°C are preferred.
A three hundred litre barrel weighs 358 kg. It is thus important for safety reasons
that barrels are stacked correctly. The size of the cellar, number of barrels, costs,
fire hazards and accessibility of the barrels play an important role in the choice of
barrel stacking. Different stacking methods can be used:
• The easiest method is a single layer of barrels on the cellar floor where wooden
blocks are used to prevent the rolling of the barrels.
• Barrels can be stacked on top of each other and wooden blocks are used to
prevent barrel movement.
• Barrels can be stacked on logs between layers and wooden blocks again used
to prevent barrel movement.
• Permanent wood or steel structures in maturation cellars can be used.
• Metal barrel cradles which can be moved by fork lifts can be used.
During maturation wine evaporates from the barrels creating an air space in the
barrels. If this space is left vacant for too long, white or red wines can become
sour (the volatile acid concentration or “VA” of the wine becomes too high). After
the barrels are filled it can be topped up weekly with sound topping wine during
the first month and monthly thereafter. Samples of the wine can simultaneously
be drawn to analyse the volatile acidity and sulphur dioxide concentration of the
wine in order to make the necessary adjustments if required.

Temperature and humidity control in a maturation cellar with barrel cradles.

For further information contact Charl Theron at vinofino@mweb.co.za.
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Maturation

Before a barrel is filled with wine, it must always be cleaned and physically
inspected to ensure that its condition is acceptable and suitable for maturation.
It is especially important to ensure that barrels are not leaking before they are
filled. It must also be differentiated between the preparations of new or used
barrels.
New barrels are usually wrapped in plastic when they are delivered at cellars.
After the plastic is removed, the inside of the barrel is inspected visually by
inserting a small inspection light through the bung hole of the barrel. It must
especially be checked whether the toasting level of the barrel is according to
the request of the cellar and blisters have not been formed after the toasting.
If physical problems are identified, the barrel supplier should be requested to
attend a mutual inspection. The further preparation of new barrels should not
continue, unless the cellar is satisfied with it. If it will be used immediately after
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delivery at the cellar, it can be cleaned with a cold or hot treatment. With the hot
treatment the barrel is filled with at least 20 ℓ hot (80°C) chlorine free water and
closed with a bung, after the plastic has been removed. The barrel is rotated to
cover the inside with the hot water and inspected for any leaks. Treated, chlorine
free water must be used, because chlorine containing water can cause a mouldy
character to develop in barrels. With the cold water treatment the barrel is filled
with cold chlorine free water, closed with a bung and left for 48 hours. Thereafter
it is emptied, allowed to drain and rinsed with chlorine free water and drained
again. If any leaks occur, the barrel must be left for an hour before the cold
treatment is applied again. If leakages still occur, the barrel supplier must be
requested to attend to it.
If new barrels are not used immediately after delivery, it must be left with the
plastic wrapping until it is used. During the stocking of the barrels, it must be
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kept in a location with 75-80% humidity, free of draughts, away from
light and covered with a tarpaulin to prevent UV rays. Prior to use, after
the plastic wrapping has been removed, the above-mentioned cold
treatment can be applied.
During the maturation of wine in barrels, cream of tartar and colour
substances precipitate on the inside of the barrels. Wood contact and air
migration into the barrel are consequently prevented and such barrels
must be treated before further use. After barrels were emptied, they
must be attended to as soon as possible to prevent them from drying
out. Seeing that above-mentioned precipitates can occur in barrels,
they must be removed. It is preferable to do this with a high pressure
rinsing process, otherwise specialised companies must be used for it.
Emphasis must be placed on the cleaning of the surface in and outside
the bunghole of the barrel. If barrels are not filled immediately after
emptying, the following procedure is recommended for the stocking of
the barrels: After the barrel has been left to drain overnight, it is dosed
with 10 g liquid sulphur dioxide (SO2) per 225 ℓ which is followed by 5 g
monthly. A sulphur wick (6 g SO2) can be burnt in barrels, instead of the
solution. The barrels must be kept at a low temperature of approximately
10°C in a location isolated from direct sunlight, draughts or temperature
fluctuations to prevent them from drying out. Only barrels treated in

this way, must be considered for re-use. Used barrels can be cleaned in
the same way as new barrels, but a used barrel must always be smelled
before it is used, to ensure that it cannot spoil the wine with off-flavours.
If off-flavours occur in such a barrel, special attention should be given to
it before it is filled with wine.
During the barrel maturation of wine, certain quality control
procedures need to be applied. Each barrel should physically be
checked for any leaks and safe stacking monthly and if humidity is
controlled, such equipment should be checked weekly. The sensory
and analytical controls of wine differ between different wine types. In
case of fortified wines, it is done annually, but in case of unfortified
wines, it should be done monthly. In spite of the differences between
individual barrels, a representative sample is evaluated at big cellars.
The individual barrel samples of 10 barrels are mixed before it is tasted
and the volatile acidity (VA) and SO2 concentrations are analysed. If the
representative sample exhibits a problem, the 10 barrels are evaluated
in the same way individually. In the case of unfortified wines, the
barrels must be topped up with sound topping wine and the required
SO2 adjustments made. If these procedures are not applied regularly, it
can lead to oxidised wines with a high va concentration.

For further information contact Charl Theron at vinofino@mweb.co.za.
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Look after your drip systems
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System effectiveness is one of the biggest advantages of drip
irrigation. The design of drip irrigation is aimed at minimising water
loss as a result of evaporation and/or runoff. In terms of system
effectiveness (the efficiency with which water is delivered to the
irrigation system from the irrigation dam or tap point on the farm’s
border, to the point where it lands on the soil) drip irrigation performs
the best with 90%, followed by micro sprinklers with 80% system
effectiveness.
Correct maintenance of the system is very important to ensure that
the effectiveness remains consistently high, so that all grapevines/
trees receive sufficient water for maximum yields and quality. The
great advantage of drip system effectiveness is therefore lost if
maintenance is not correct. Basic maintenance actions for drip systems
may include rinsing of lines, monitoring of effectiveness,
basic maintenance and chemical treatment.
RINSING OF DRIP AND MAIN LINES

CELLAR TIPS

Rinsing of drip lines (Photos 1A-1D) is considered the basis of
maintenance and should be undertaken regularly. Flow speed is very
important and should be at least 0.5 m/second for effective rinsing of
drip lines. An easy way to determine flow speed is to see how long it
takes to fill a 1 litre container. Twelve seconds or less are sufficient for
16 mm and 17 mm lines and eight seconds or less suffice for 20 mm
lines.

VINEYARD TIPS

Rinse taps on main and sublines (Photos 2A and 2B) are a prerequisite
for a good irrigation system. These enable the producer/worker to
rinse these pipes only, especially if a pipe has burst, to ensure that
sand does not get into the drip lines.
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photo 1 C & D
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PHOTOS – Gert Engelbrecht (Photos 1A-1D and 4); Willem Botha, Netafim (Photos 2A, 2B, 3, 6A and 6B) and Jaco van der Westhuizen, Vredendal Irrigation (Photo 5).

MONITORING
It is important to monitor the pressure regularly at the end of the furthest
drip line. A basic pressure gauge (Photo 3) may be used. The pressure should
correspond to that of the design specification of the system.

VINEYARD & CELLAR UPDATE

The flow rate of the drip emitters can also be tested by using a measuring
cylinder (Photo 4). Measure the water that drips into the cylinder over a period of
30 seconds for example and convert this to litres/hour.
BASIC MAINTENANCE
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It is very important to walk through irrigation blocks during irrigation to
look for burst pipes and leaks so that these may be addressed immediately.
Basic system components to be kept amongst supplies include different types
of joints (Photo 5), as well as extra drip lines. It is important that the drip to be

used in the joint should distribute the correct amount, for example 2.3 litres/hour
or 4 litres/hour. Do not hit blocked drips or squeeze them with a pair of pliers.
This may damage the pipe as well as the drip.
CHEMICAL TREATMENT
Chemical treatment of drips takes place if there is a blockage problem that
cannot be sorted out by means of normal maintenance. Always try to apply the
application directly to the drip lines and not to the main lines. The dirt coating
that is dislodged from the main lines will be rinsed through to the drip lines
and the blockage will become even worse. Products that are used mostly for
this purpose are hydrogen peroxide (H2O2 – Photo 6A) and hydrochloric acid
(HCl – Photo 6B). The nature of the problem will determine the product (or
combination), as well as the amount, to be used. Contact your irrigation expert
for a correct recommendation in this regard.
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Is it possible to wind the arms of young grapevines too many times around the
cordon wire? Winding of cordon arms (Photo 1) is a practice that is sometimes
applied, but it is not recommended for the following reasons:
• As the cordon arm increases in thickness, the wire cuts into the wood, which is
one of the reasons why bearers die back (Photo 2).
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• The cordon wire cannot be recycled when the grapevines are uprooted.
To prevent the cordon wire from cutting into the wood, it is recommended that
young arms be wound around the wire one and a half to two times only.

PHOTO 1. This arm was wound around the cordon wire five times, which will
definitely cause the wire to cut into the wood.
PHOTO 2. It is clearly noticeable on this old arm how the cordon wire cuts into
the wood and that the bearer has died.
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The decision about which pruning strategy
to use is very important. Initial clean
pruning may be an option, to be followed
later by short pruning. Alternatively these
may be combined into one action, or one
could even opt for hedge pruning followed
by clean and short pruning in one go. This
may impact on the canopy management
to be applied, as well as bud fertility and
therefore yield.

4
SUMMARY

1 This grapevine underwent clean pruning followed by short pruning at a later stage (approximately four weeks later). Note the
number of water shoots. 2 This grapevine was subjected to clean and short pruning in one action. Note that there are far fewer
water shoots than in Photo 1. In the case of hedge pruning followed by clean and short pruning in one action, there will also be few
water shoots. 3 This vineyard first underwent clean pruning followed by short pruning at a later stage (approximately four weeks
later). Note the dense canopy. A lot of suckering is required, and if this does not take place, fertility will be compromised and more
pruning will be required the following winter. 4 This vineyard underwent clean and short pruning in one action. The grapevines on
Photos 3 and 4 underwent short pruning on the same day. Note that the grapevines on this photo do not have dense canopies at all.
The same result is obtained when starting off with hedge pruning, followed by clean and short pruning in one action. Considerably
less suckering and pruning will be required in winter. The canopy is better aerated and receives more light, which improves fertility
and facilitates disease control.

It is good practice to do clean and
short pruning in one action, especially
when grapevines will not be suckered.
Considerably fewer water shoots are
obtained. Canopies are better aerated and
receive more light. Less suckering is required
and there will be less pruning the following
winter. Labour is reduced and fertility and
quality improved. If the objective is to
spread out labour across the season, first
implement hedge pruning, followed by
clean and short pruning in one action. Note
that it is not wrong to do an initial clean
pruning followed by final pruning, but
accept that more suckering will be required.
If suckering does not take place, canopies
will be dense and a lot of pruning will be
required the following winter.
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The roots of nursery vines may be trimmed back slightly to facilitate planting, but it is very important to use the correct technique.
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AUGUST 2015

2

3

PHOTO 1. The roots of the grapevine were trimmed back to 5 cm before planting. This technique is incorrect. Too many reserves that are stored in the roots are sacrificed. The grapevine
requires these reserves for initial root growth in spring. PHOTO 2. No roots were trimmed back before planting the grapevine. This technique is incorrect as well. Many of the roots curl up
in the plant holes, with the result that downward growth cannot take place. PHOTO 3. The roots are trimmed back to approximately the length of the pruning shears before the grapevine
is planted. This is the correct technique. The remaining roots still have sufficient reserves for good growth and are also able to spread out evenly across the mound of soil in the plant hole.
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PHOTOS 4A & B. A J-shaped root system develops if no roots are trimmed back.
The roots may also curl up in a spiral shape around the grapevine if they are
too long. They may even strangle or suffocate the grapevine.
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Cover crops can be used in various ways in the course of
the growing season. The selection of a suitable method
depends on various factors that may include the following,
inter alia: the vigour of the grapevines, ground water levels,
incidence of frost, incidence of undesirable nematodes, the
weed status of the vineyard and the current biomass of the
cover crop that was planted. Producers have wide-ranging
requirements, furthermore the vineyards and the surface
status of the vineyard will determine which choice is suited
to each specific production unit. Care should be taken not to
follow recipes without further ado, and an attempt should
be made, as far as possible, to manage the cover crops of
each vineyard block optimally during the growing season.
The following photos illustrate examples of various
techniques that are implemented to address the
requirements of both grapevines and producers:
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PHOTO 1. Oats cover crop which is sprayed with contact herbicide before bud burst. This cover crop suppresses weeds successfully and remains upright after the implementation
of the spraying action. The cover crop was sprayed before bud burst to eliminate competition with the grapevines (photo: Francois Viljoen). PHOTO 2. Triticale cover crop which is
sprayed with systemic herbicide before bud burst. This cover crop disintegrates in due course after the spraying action. The cover crop was sprayed before bud burst to eliminate
competition with the grapevines. PHOTO 3. Alternative rows of triticale sprayed with systemic herbicide before bud burst. Every second row is retained for wind protection and
the withdrawal of ground water during years of high rainfall. Such rows are usually rolled flat before veraison. PHOTO 4. Triticale cover crop which is sprayed with contact herbicide
before bud burst. In view of the fact that the triticale remains upright after being sprayed, it is rolled flat with a roller to form a cover layer.
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PHOTO 5. Lupin cover crop planted in organic vineyards. The crop was rolled flat to form a cover layer, mainly to suppress weeds and sustain the levels of ground water (photo: Johan
Viljoen). PHOTO 6. Example of a roller that is used to flatten cover crops. PHOTO 7. Oats cover crop that was sprayed before it could bud. This cover crop is baled and the bales may be
used for other purposes (photo: Francois Viljoen). PHOTO 8. Example of a baler that fits between the vineyard rows (photo: Francois Viljoen).
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PHOTO 9. Lupin cover crops that are cut into the soil with a disc. Here the cover
crop is used to accumulate organic matter in the soil, as well as a source of
green fertilisation (photo: Francois Viljoen). PHOTO 10. Triticale cover crop is
flattened with a disc in areas where the possibility of frost is high. This practice
improves aeration under the grapevines so that cold air does not accumulate
and cause frost damage (photo: Francois Viljoen). PHOTO 11. Given high vigour
circumstances and sufficient soil moisture, ‘Medics’ is able to continue growing
throughout spring. It will die spontaneously to form a good cover crop (photo:
Francois Viljoen). PHOTO 12. A cover crop of subterranean clover which typically
dies spontaneously in December/January and forms a good cover crop.
PHOTO 13. Permanent cover crops such as ‘Fescue’ are used in vigorously
growing vineyards. These cover crops are typically trimmed with a shrub beater
so that the growth of the cover crop keeps competing with the growth of the
grapevine (photo: Francois Viljoen).
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1. Smart-Dyson

2. Balletrok
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1. Smart-Dyson

2. Balletrok

1.1 Pruning

2.1 Pruning

Space bearers upwards, 10-12 cm apart.

Space bearers to the left, 10-12 cm apart.

Space bearers downwards (horizontally to straight down), 10-12 cm apart.

Space bearers to the right, 10-12 cm apart.

Prune bearers with two buds.

Prune bearers with two buds.

1.2 Shoots positioned to one side

2.2 Shoots positioned to both sides

±50 cm shoot length, tuck in upright shoots between foliage wires and leave lateral shoots
outside foliage wires.

±50 cm shoot length, tuck in upright shoots between foliage wires and leave lateral shoots
outside foliage wires.

±100 cm shoot length, tuck in upright shoots between foliage wires.
Separate lateral shoots from foliage and allow bottom foliage wire to rest on bottom shoots.

±100 cm shoot length, tuck in upright shoots between foliage wires.
Separate lateral shoots from foliage and allow to hang at approximately 90º.
If shoots do not remain at 90º by themselves, it is too early to let the shoots hang downwards.

After approximately two weeks the bottom foliage wire may be fastened 30 cm below the cordon in order to position the shoots straight down.
Only tip/top upright shoots.

As the shoots and bunches become heavier, the bottom shoots are pulled increasingly
downwards. Shoots slant downwards.
Only tip/top upright shoots.

Research, training and technology transfer
Winetech encourages the production of quality wines and other grape-based products through the application of environmentally friendly
practices and the best technologies. Winetech supports training and education at all levels, including the development of resource poor and new
entrant producers.

CORE
FUNCTIONS

RESEARCH

TECHNOLOGY
TRANSFER

Winetech’s primary interest is to build a strong
and healthy South African Wine Industry through
co-operative (participative) Research and
Development initiatives.

Winetech focuses on generic
research that benefits the entire
South African Wine Industry.

Winetech ensures that the results obtained
from industry funded research is timeously
communicated in a clear and practical way in
order for industry to implement new technologies.
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