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1. ABSTRACT

A survey type study carried out in 54 experiment plots in commercial Cabernet Sauvignon vineyards
in four wine regions showed that the evolution of water constraints not only depended on soil water
status, but also on soil texture. The effect of soil water status seemed to have dominated the effect of
atmospheric conditions on grapevine water constraints. According to the water constraint
classification based on midday stem water potential, high to severe constraints during berry ripening
reduced yield slightly and improved wine quality in heavier soils in all the regions. In sandy soils, mild
to moderate water constraints prevented severe yield losses and produced high quality wine,
particularly in warmer climates.

2. EXCECUTIVE SUMMARY

The objectives of the project were to determine (i) the extent of soil water depletion in terms of soll
water matric potential ( ), particularly during berry ripening, (ii) the combined effect of \ and
atmospheric conditions on maximum water constraints in Cabernet Sauvignon grapevines and (iii) the
combined effects of |\ and atmospheric conditions on growth and yield responses, as well as on
juice and sensorial wine quality characteristics of Cabernet Sauvignon in various regions. Soil and
grapevine measurements were carried out in the Stellenbosch, Swartland, Lower Olifants River and
Lower Orange River regions in total of 54 experiment plots. With the exception of the Stellenbosch
region, the field work was repeated over two seasons.

A classification for water constraints in Cabernet Sauvignon grapevines according to thresholds for
Y., Ys and total diurnal leaf water potential ( o) based on previously proposed pp thresholds was
compiled. By measuring diurnal grapevine water status over the wide range of climatic, soil and
viticultural conditions, it was established that midday stem water potential ( s) was a slightly better
indicator of the total diurnal water constraints than leaf water potential ( ). Furthermore, for the
purpose of the project, i.e. comparing grapevine water status in 16 to 20 experiment plots situated far
apart, measuring s presented fewer logistical problems than pp. For these reasons, grapevine
water constraints will be discussed in terms of . In the non-irrigated plots in the Stellenbosch
region, the lowest soil water matric potential ( ) during berry ripening amounted to ca. -0.6 MPa
when no irrigation was applied, whereas in the Swartland region the lowest | was ca. -0.3 MPa in
non-irrigated plots. When these , levels were reached, total soil matric potential from bud break
until February ( 1) amounted to ca. 30 MPa® and 20 MPa’® in the Stellenbosch and Swartland
regions, respectively. The extent to which the | levels were reduced by low frequency irrigation in
the Swartland region depended on the amount of water applied per irrigation, which indicated that
larger irrigation volumes seemed be more efficient. Where low frequency irrigation was applied in a
Ioam%/ sand plot in the Lower Orange River region, y and g also amounted to ca. -0.3 MPa and 20
MPa“, respectively.

The variation in cane mass determined at pruning could not be related to root numbers or densities
within a soil textural class in any of the regions. In the Stellenbosch and Swartland regions, relatively
low soil pHkey did not have any serious negative effects on vegetative growth. At most of the
localities, topsoil P contents that were within the norms seemed sufficient to sustain acceptable
vegetative growth. Higher yr tended to reduce vegetative growth, i.e. if compared within a soil
textural class in a given region. Similarly, lower \ resulted in higher grapevine water constraints
during berry ripening under comparable conditions. In the Swartland and Lower Olifants River
regions, grapevine fertility seemed to be influenced by proximity to the Atlantic Ocean, probably via
the effect of the latter on the climate. Berry mass tended to decrease as the number of bunches per
grapevine increased. This trend was probably caused by a competition effect. Under a given set of
conditions, high to severe grapevine water constraints reduced berry mass compared to mild to
moderate constraints. The smaller berries generally reflected in smaller bunches. This trend, in
addition to the bunch numbers, which to some extent depended on the trellis and pruning systems,
determined the size of the yield.

In some of the regions, e.g. the Lower Olifants River and Lower Orange River, juice K tended be
lower in grapes produced in sandy soils than in heavier soils where stronger vegetative growth
occurred. Drier soil tended to caused lower juice K. An increase in vegetative growth also seemed to
have increased juice K content. Although there were some differences in the rate of sugar
accumulation, the TSS at harvest did not show any particular trends with respect to differences in
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water constraints induced by soil texture and/or irrigation strategy. Juice TTA was generally high, i.e.
> 6 g/L, in grapes produced in all the plots, including those in the warmer regions. Juice pH values of
grapes produced in the Stellenbosch at harvest were within acceptable limits, i.e. < 3.5, whereas in
the other regions, juice pH in grapes from some plots could be problematic in terms of wine colour.
High to severe water constraints improved sensorial wine colour and intensified the berry aroma of
the wine. However, in the shallow, sandy soils of the Lower Olifants River and Lower Orange River
regions these water constraint levels had negative effects on wine colour and berry aroma. In the
sandy soils, mild to moderate water constraints produced better colour and berry aroma. Higher wine
colour and berry aroma almost invariably resulted in the highest overall sensorial wine quality. This
trend was consistent in all the regions.

The response of sto |\ is complex, but it seems that water constraint evolution curves can be used
to predict the extent of water constraints that grapevines would experience in a given situation,
particularly in terms of soil texture. This aspect will be important where growers need to select soils
where adequate water constraints will develop if high wine quality is the primary objective. If the slope
of the water constraint evolution curve is low it means that the level of water constraints required to
obtain high quality wine might not be at all reached during the growth season, particularly during berry
ripening. This situation was illustrated by the poor wine quality produced by the deficit irrigated
grapevines in the loamy sand near Lutzville in the Lower Olifants River region. In contrast to the latter
situation, high quality wine was produced by grapevines in the loamy sand near Groblershoop in the
Lower Orange River region, i.e. which had the lowest water constraint evolution. Training the
grapevines in the latter situation onto a T-trellis distributed the high growth vigour over a longer
cordon length, i.e. approximately 6 m. This reduced cane length, bunch size and berry mass which
resulted in the high wine quality, particularly where deficit irrigation was applied.

Although the general grapevine resg)onse models provided statistically significant predictions, some
might not be so accurate, i.e. low R"-values. However, the models showed that Cabernet Sauvignon
grapevines responded similarly in many ways under different conditions. Root density tended to be
higher in soils where the available soil water was low, particularly in soils with high gravel contents.
Irrigation and K should be applied judiciously to avoid excessive vegetative growth, particularly for
vineyards in soils that have high silt contents. In addition to the effect of water supply on berry size, it
seemed that high numbers of bunches per grapevine will also reduce berry size, probably due to
increased competition or sinks for the water and nutrients that are available in a given situation. High
to severe water constraints during berry ripening will reduce berry mass which will reflect in lower
yields. Stronger vegetative growth resulted in bigger bunches, i.e. more berries per bunch, whereas a
competition effect caused by more bunches per grapevine appeared to have reduced bunch mass
and yield. The latter effect is most likely a result from reduced berry mass caused by more bunches
per grapevine.

Wetter soil conditions before véraison will enhance K absorption and accumulation in the berries.
Strong vegetative growth also seemed to increase the juice K levels. The higher K, in addition to
higher TTA caused by lower yield to vegetative growth ratios, and high water constraints during berry
ripening, increased the pH of the juice. High juice pH reflected negatively in the wine colour. Wine
colour was reduced by bigger berries, whereas water constraints during berry ripening improved wine
colour. The berry aroma tended to be more intense where vegetative growth and bunch masses were
lower. Berry aroma and colour were the two primary characteristics that determined overall sensorial
quality of Cabernet Sauvignon wine. There was no direct relationship between wine quality and berry
size. The positive effect of smaller berries on wine colour will probably contribute indirectly to better
quality wine. Wine quality was also not related to yield. Some of the best wines were produced where
flood irrigated grapevines on a T-trellis produced approximately 25 t/ha in loamy sand near
Groblershoop in the Lower Orange River region. In contrast, relatively low wine quality was obtained
where drip-irrigated grapevines on a vertical trellis produced approximately 9 t/ha in a sandy loam soil
near Philadelphia in the Swartland region.

Although the climate, i.e. according to the Képpen and Winkler classifications, varied between the
regions, it did not have specific effects on sensorial wine quality characteristics. Wines of comparable
high quality were produced in all the regions. Similarly, poor wines were produced, irrespective of
differences in climate. Where atmospheric conditions differences occurred within a region, i.e.
according to the Heliothermal Index or the mean February temperature, it also did not seem to have a
pronounce effect on the sensorial wine characteristics evaluated within the scope of the project. The
foregoing indicated that grapevine water constraints dominated the effect of atmospheric conditions
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on sensorial wine quality characteristics. However, it does not rule out that other management
practices such as trellis and pruning systems, canopy management and fertilization could have could
have contributed to the variation in sensorial wine quality.

3. BACKGROUND

Due to the development of excessive water constraints in grapevines, some localities are not suitable
for all cultivars in terms of premium quality wine production. Since soil water content, e.g. expressed
in terms of gravimetric or volumetric percentage, does not provide an indication of the energy
required for the absorption of water from the soil, it would be more realistic to relate grapevine water
constraints to soil water matric potential ( ). Although there is some available information on the
relationship between water constraints in irrigated grapevines and |, knowledge on  in non-
irrigated vineyards, particularly during berry ripening, is limited. Tensiometers are the only reliable
instruments that can be used to determine \ accurately. Unfortunately, the measuring range of
tensiometers only extends to approximately -0.08 MPa which is substantially higher than the
expected in non-irrigated or low frequency irrigated vineyards, particularly during late summer when
the berries ripen. Instruments such as Watermark™ sensors can be used to measure , but there are
some concerns about the accuracy of these electronic instruments (Van Dyk & Myburgh, 1996; J.S.E.
Hofmann, 2005 personal communication).

4. PROJECT AIMS AND PERFORMANCE TARGETS

The objectives of the project were:
(i) To determine what the extent of soil water depletion over the season would amount to in terms of
v, particularly during berry ripening.

(i) To determine the relationship between grapevine water constraints in Cabernet Sauvignon
grapevines and the combined effects of \ and atmospheric conditions.

(i) To determine what the maximum water constraints would amount to in Cabernet Sauvignon
grapevines at a specific locality as predicted in terms of , and atmospheric parameters.

(iv) To quantify the relationships between grapevine responses (growth, yield and quality) and the
combined effect of , and atmospheric conditions for Cabernet Sauvignon vineyards in various
regions.
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5. ESTABLISHING THRESHOLDS FOR THE CLASSIFICATION O F GRAPEVINE WATER
CONSTRAINTS ACCORDING TO PLANT WATER POTENTIAL

5.1 INTRODUCTION

Grapevine water status not only influences growth and yield, but also grape quality. The water status
in grapevines is quantified by measuring predawn leaf water potential (Y pp), midday leaf water
potential (Y,) or midday stem water potential (Ys). Water potential has been widely used over
decades as a measure of grapevine water constraints or water deficits in response to different
irrigation strategies (Myburgh, 2011a and references therein). However, there seems to be good
correlations between Y pp, Y and Y s measured in Chardonnay and Cabernet Sauvignon grapevines
(Williams & Araujo, 2002). Midday Y. and Y s in Merlot grapevines near Wellington also correlated
well with Y pp under field conditions (Myburgh, 2011a).

Water status in grapevines can be classified according to Y pp thresholds. It was proposed that Y pp
values of -0.2 MPa, -0.4 MPa, and -0.6 MPa, respectively, could serve as upper thresholds for
“weak”, “medium” and “strong” water deficits in Shiraz (Ojeda et al., 2002). A similar, but more
general classification was proposed by Deloire et al. (2004). It was also suggested that grapevines
experience no water constraints if Ypp is higher than -0.2 MPa, whereas -0.3 MPa to -0.5 MPa
indicate moderate water constraints (Carbonneau et al.,, 2004). Based on the good relationship
between soil water content and Y pp, the latter is the preferred indicator of grapevine water status for
some researchers. Unfortunately, the logistics required for measuring a large number of plots far
apart in the relatively short predawn period can be problematic if resources are limited. However,
midday Y, could also be used to indicate the level of water constraints in grapevines (Winkel &
Rambal, 1993; Girona et al., 2006; Sousa et al., 2006). In this regard, Y values of approximately -1
MPa, -1.2 MPa, -1.4 MPa and -1.6 MPa were proposed as lower thresholds for “no”, “mild”,
“moderate” and “high” water constraints, respectively (Greenspan, 2005). Similarly, -0.8 MPa, -1.2
MPa and -1.5 MPa were considered to be Y thresholds for “low”, “moderate” and “severe” water
constraints, respectively (Girona et al., 2006 and references therein). Midday Y is also used as a
measure of grapevine water status (Choné et al., 2001; Patakas et al., 2005; Olivo et al., 2009), and
is considered to be a better indicator of water constraints than Y (Van Leeuwen et al., 2009). Since
grapevine water potential can change considerably over the course of the day, measurements at a
specific time might not present a true reflection of the total, or cumulative, diurnal water constraints
(Y 1o) in grapevines. In this regard, it was shown that Y pp correlated exceptionally well with Y 1 if the
predawn period is followed by a normal sunshine day (Myburgh, 2011a). Using the narrow
relationships between Ypp and midday water potential, a classification based on Y  and Yg
thresholds was proposed to qualify water constraints in Merlot grapevines. Thresholds for Y 1, were
also included in the latter classification.

The objective of this part of the project was to compile a water constraint classification specifically for
Cabernet Sauvignon grapevines.

5.2 MATERIALS AND METHODS

Experiment plots: To obtain as much variation as possible in climatic and viticultural conditions,
experiment plots were selected in full-bearing, commercial Cabernet Sauvignon vineyards in the
Stellenbosch, Swartland and Lower Olifants River regions of the Western Cape. Four plots in the
Lower Orange River region of the Northern Cape, i.e. near Groblershoop and Upington, were also
included. The plots were selected in collaboration with experienced viticulturalists who were familiar
with the vineyards in a particular region. Care was taken not to select plots in vineyards with a history
of insufficient growth and/or yield. The total number of plots amounted to 54. Each experiment plot
consisted of at least two rows of six experiment grapevines with two buffer grapevines at each end.
The two experiment rows were buffered by a border row on each side. Soils were classified according
to the system developed for South Africa (Soil Classification Work Group, 1991). The vertical trellis
systems were described according to Booysen et al. (1992).

The climate at the various localities was classified according to the Képpen world classification (Table
5.1), as well as the viticultural climate classification according to the Heliothermal Index (Table 5.2).
The wine quality potential of the localities in terms of temperature indices was classified according to
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(i) the mean February temperature (Table 5.3) and (ii) the Amerine and Winkler index based on the
growing degree days (GDD) (Table 5.4).

Table 5.1. Description of Kdppen climate symbols an  d defining criteria according to Peel et al.
(2007).
151

2™ 3°  Description Criteria
A Tropical Not applicable to regions included in the project.
B Arid Mean annual precipitation < 10 x precipitation threshold®”
- Desert Mean annual precipitation < 5 x precipitation threshold
S - Steppe Mean annual precipitation 5 x precipitation threshold
h - Hot Mean annual temperature 18
k - Cold Mean annual temperature < 18
C Temperate Hottest month Trean > 10 and O < coldest month mean temperature < 18
s - Dry summer Precip. in driest month of summer < 40 and precip. in driest summer month
< (precipitation in wettest winter month /3)
w - Dry winter Precip. in driest winter month < (precip. in wettest summer month /10)
f - Without dry season  Not (Cs) or (Cw)
a - Hot summer Hottest month mean temperature 22
- Warm summer Not (a) and number of month where mean temperature is above 10 4
c - Cold summer Not (a) or (b) and 1  number of months where Tpean iS above 10 < 4
D Cold Not applicable to region included in the project.
E Polar Not applicable to region included in the project.

@ Precipitation threshold varies according to the following rules - if 70% of MAP occurs in winter then Pyyreshoid = 2 X MAT, if
70% of MAP occurs in summer then Pipresnoid = 2 X MAT + 28, otherwise Pypreshoid = 2 X MAT + 14.

Table 5.2. Climatic classification for viticulture according to the Heliothermal Index (HI) as
proposed by Huglin (1987).
Viticultural climatic class Class Class interval
(&)
Very cool HL.3 <1500
Cool HL. > 1500 < 1 800
Temperate HL., >1800<2100
Temperate warm HL+1 >2100<2400
Warm HL.» > 2 400 < 3 000
Very warm HL.3 >3 000

Table 5.3. Wine quality potential classification fo  r the Western Cape according to the mean
February temperature (De Villiers et al., 1996 as adapted from Smart and Dry, 1980).

Mean February temperature Region Wine quality potential
(°C)
17 -18.9 Cold High quality white table wine
19-20.9 Cool High quality white and red table wine
21-229 Moderate High quality red table wine
23-249 Warm Low acid, high pH
> 25 Very warm Low acid, high pH

Table 5.4. Wine quality potential classification ac  cording to the growing degree days (GDD) as
proposed by Amerine and Winkler (1944) and adapted by Le Roux (1974).

GDD Class Wine quality poten tial
<1389 | Quality red and white table wine
1389 - 1666 Il Good quality red and white table wine
1667 - 1943 I Red and white wine and port
1944 - 2220 \% Desert wine, sherry and standard wine

> 2220 \% Desert wine and brandy
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Stellenbosch region: Fourteen experiment plots were selected in Cabernet Sauvignon vineyards in
the Stellenbosch region. These vineyards normally receive low frequency irrigation, i.e. only up six
irrigations over the growing season to these vineyards. The vineyard in which Plots 5 and 6 were
located had previously been irrigated by means of micro-sprinklers, whereas all the other vineyards
had been drip irrigated. To obtain non-irrigated conditions (i.e. dry land or rain fed) for the purpose of
the project, the irrigation lines in the experiment plots were replaced with blank lines. At three of the
localities, two experiment plots, each on a different soil form, were selected in the same vineyard.
They were Plots 1 and 2 (in the Bottelary area), Plots 5 and 6 (in the Devon Valley area) as well as
Plots 13 and 14 (in the Helderberg Coastal area). Plots 3 and 4 were situated next to each other on
the same soil form in the same vineyard. The only difference between these two plots was that Plot 4
received two drip irrigations in early January and middle February, respectively, whereas Plot 3
remained non-irrigated. In the Faure area, Plots 11 and 12 were approximately 100 m apart in two
adjacent vineyards. The geographic co-ordinates, altitude, climatic indices, soil form and viticultural
information are presented in Tables 5.5 and 5.6. The actual locations of the experiment plots are
indicated in Figure 5.1A.

Table 5.5. The locality, soil form, co-ordinates, a ltitude, Képpen climate, Heliothermal Index
(HI), mean February temperature (MFT) and Winkler I ndex (GDD) for selected Cabernet
Sauvignon vineyards in the Stellenbosch region.

Locality Coordinates Altitude Climatic indices
Latitude Longitude (m) Koppen HI MFT () GDD
Bottelary plain -33.89 18.78 158 Csa HI+2 22.7 \%
Devon Valley -33.92 18.83 156 Csb HI+2 21.6 11l
Polkadraai coast -33.97 18.73 76 Csb HI+1 211 1
Helderberg foot hills -33.99 18.85 162 Csa HI+2 23.3 [\
Helderberg -34.03 18.72 75 Csa HI+2 23.3 [\
Faure coast -34.03 18.76 24 Csb HI+1 211 11l
Helderberg coast -34.05 18.81 102 Csb HI+1 21.1 11l
Table 5.6. The locality, soil form and viticultural details of 14 experiment plots in selected

Cabernet Sauvignon vineyards in the Stellenbosch re  gion where soil water status and
grapevine responses were monitored during the 2005/ 06 season.

Plot Locality Soil form Root stock Plant spacing Trellis system
no. (mxm)
1 Bottelary plain Kroonstad 99R 2.7x1.2 Lengthened Perold
2 Bottelary plain Klapmuts 99R 27x1.2 Lengthened Perold
3 Devon Valley Tukulu 99R 25x14 Lengthened Perold
4 Devon Valley®™ Tukulu 99R 25x1.4 Lengthened Perold
5 Devon Valley Oakleaf 101-14 24x1.4 Lengthened Perold
6 Devon Valley Tukulu 101-14 24x14 Lengthened Perold
7 Polkadraai coast Vilafontes 101-14 24x14 Lengthened Perold
8 Helderberg foot hills ~ Tukulu 101-14 25x14 Lengthened Perold
9 Helderberg foot hills ~ Tukulu 101-14 25x1.2 Lengthened Perold
10 Helderberg Wasbank 101-14 27x20 Movable Perold
11 Faure coast Klapmuts 101-14 2.7x1.8 Lengthened Perold
12 Faure coast Klapmuts 101-14 27x1.2 Lengthened Perold
13 Helderberg coast Tukulu 101-14 2.8x1.2 Lengthened Perold
14 Helderberg coast Kroonstad 101-14 2.8x1.2 Lengthened Perold

O Similar to Plot 3, but drip irrigated at a low frequency.
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Figure 5.1. Maps indicating the localities of the e  xperiment plots in (A) the Stellenbosch, (B) Swartl  and, (C) Lower Olifants River and (D) Lower
Orange River wine producing regions.
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Swartland region: In the first season, i.e. 2007/08, six main localities on different soil forms were
selected in this particular region (Table 5.7). Each of these main plots was further divided into three
plots to induce more variability in soil water status and grapevine response (Table 5.8). Grapevines
were either non-irrigated, drip irrigated by means of conventional single dripper lines on the
grapevine rows, or by means of a double drip line system where additional dripper lines were
installed sub-surface in the centre of the work rows. Hence, the total number of plots amounted to
18 in the region. In the 2008/09 season, two plots on a sandy soil near Wellington were also
included. Since the grapevines were planted on ridges, the double row drip line configuration was
not applied at this particular locality. Where applicable, irrigations were applied according to the
growers’ schedule for the particular vineyard. Grapevines irrigated by means of the double line
system received double the volume of irrigation water. Hence, a larger volume of soil was expected
to be wetted. Further details of the localities and experiment plots are presented in Tables 5.7 and
5.8. The actual locations of the six main localities are indicated in Figure 5.1B.

Table 5.7. Locality, co-ordinates, altitude (A), di  stance from the Atlantic Ocean (D), Képpen
climate, Heliothermal Index (HI), mean February tem  perature (MFT) and Winkler Index (GDD)
for selected Cabernet Sauvignon vineyards in the Sw  artland region.

Locality Co-ordinates A D Climatic indices
Latitude  Longitude (m) (km) Kdppen HI MFT GDD
(T)
Wellington 1 -33.63 18.96 148 50.9 Csa HI+3 24.3 \
Wellington 2 -33.63 18.96 135 50.9 Csa HI+3 24.3 v
Perdeberg 1 -33.66 18.84 165 39.3 Csa HI+3 22.9 v
Perdeberg 2 -33.66 18.84 170 38.6 Csa HI+3 22.9 v
Perdeberg 3 -33.69 18.78 116 315 Csa HI+3 22.9 v
Philadelphia 1 -33.67 18.56 128 12.4 Csa HI+2 22.1 ]
Philadelphia 2 -33.68 18.56 132 12.2 Csa HI+2 22.1 ]
Table 5.8. The locality, soil form and viticultural details of 20 experiment plots in selected

Cabernet Sauvignon vineyards in the Swartland regio n where soil water status and
grapevine responses were monitored during the 2007/ 08 and 2008/09 seasons.

Plot  Locality Soil form Irrigation Root Plant spacing Trellis system
no. system @ stock (m x m)

1 Wellington 1 Glenrosa Non-irrigated 99R 25x15 Lengthened Perold
2 Single line drip 99R 25x15 Lengthened Perold
3 Double line drip 99R 25x1.5 Lengthened Perold
4 Wellington 2 Kroonstad Non-irrigated 99R 2.75x 15 Moveable Perold

5 Single line drip 99R 2.75x 15 Moveable Perold

6 Perdeberg 1 Westleigh Non-irrigated 99R 25x1.2 Lengthened Perold
7 Single line drip 99R 25x1.2 Lengthened Perold
8 Double line drip 99R 25x1.2 Lengthened Perold
9 Perdeberg 2 Avalon Non-irrigated 99R 25x1.2 Lengthened Perold
10 Single line drip 99R 25x1.2 Lengthened Perold
11 Double line drip 99R 25x1.2 Lengthened Perold
12  Perdeberg 3 Oakleaf Non-irrigated 143B 3.0x1.2 Lengthened Perold
13 Single line drip 143B 3.0x1.2 Lengthened Perold
14 Double line drip 143B 3.0x1.2 Lengthened Perold
15  Philadelphia 1 Pinedene Non-irrigated 99R 2.75x1.2 Lengthened Perold
16 Single line drip 99R 2.75x1.2 Lengthened Perold
17 Double line drip 99R 2.75x1.2 Lengthened Perold
18 Philadelphia 2 Clovelly Non-irrigated 99R 2.75x1.2 Lengthened Perold
19 Single line drip 99R 2.75x1.2 Lengthened Perold
20 Double line drip 99R 2.75x1.2 Lengthened Perold

@ rrigations were applied according to the growers’ schedule.
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Lower Olifants River region: Two plots were selected at each of four localities in drip irrigated
vineyards (Table 5.9). At each locality one plot was selected in a sandy soil, whereas the second
was in a sandy loam or loamy sand soil (Table 5.10). Each of these main plots on the different
textured soils was further divided into two plots where grapevines were either irrigated according to
the grower’s normal schedule or subjected to water deficits. Hence, the total number of plots
amounted to 16 for the region. In order to induce water deficits, irrigation lines were changed so
that each deficit irrigation plot could be irrigated separately from the rest of the vineyard. In the
sandy soils, the latter was obtained by applying irrigation when mean soil  in the root zones
reached ca. -0.06 MPa. Grapevines in the deficit irrigation plots in the heavier soils were irrigated at
the first visual signs of water constraints, e.g. yellowing of the older leaves or wilted tendrils. The
deficit irrigation strategies were applied from when shoot lengths reached ca. 20 cm. Near Lutzville,
the experiment plots on the different soil textures were selected in the same vineyard, i.e. Plots 9
and 10 in the sandy soil and Plots 11 and 12 in the loamy sand. Further details of the localities and
experiment plots are presented in Tables 5.9 and 5.10. The actual locations of the eight main plots
are indicated in Figure 5.1C.

Table 5.9. Locality, co-ordinates, altitude (A), di  stance from the Atlantic Ocean (D), Képpen
climate, Heliothermal Index (HI), mean February tem  perature (MFT) and Winkler Index (GDD)
for selected Cabernet Sauvignon vineyards in the Ol  ifants River region.

Locality Co-ordinates A D Climatic indices
Latitude  Longitude (M  (km) Kdppen HI MFT GDD
(T)

Kapel 1 -31.76 18.58 58 33.8 BSh HI+3 25.5 \Y
Kapel 2 -31.76 18.57 21 33.0 BSh HI+3 25.5 \Y
Vredendal 1 -31.65 18.50 13 325 BSh HI+3 22.7 \Y
Vredendal 2 -31.64 18.47 65 30.0 BSh HI+3 22.7 \Y
Lutzville 1 -31.59 18.39 22 255 BWh HI+2 22.6 \Y,
Lutzville 1 -31.59 18.39 8 255 BWh HI+2 22.6 \Y,
Koekenaap 1 -31.56 18.24 26 133 BWk HI+2 20.9 1}
Koekenaap 2 -31.56 18.22 10 115 BWk HI+2 20.9 1}

Table 5.10. The locality, soil form and viticultura | details of 16 experiment plots in selected
Cabernet Sauvignon vineyards in the Olifants River region where soil water status and
grapevine responses were monitored during the 2006/ 07 and 2007/08 seasons.

Plot Locality Soil form Irrigation Root Plant spacing Trellis system
no. strategy ® stock (m x m)
1 Kapel 1 Garies Deficit irrigation 110R 2.74 x 1.50 Perold
2 Normal 110R 2.74x1.50 Perold
3 Kapel 2 Valsrivier Deficit irrigation 99R 2.70x 1.50 Lengthened Perold
4 Normal 99R 2.70 x 1.50 Lengthened Perold
5 Vredendal 1 Dundee Deficit irrigation 99R 2.50x1.37 Perold
6 Normal 99R 2.50x1.37 Perold
7 Vredendal 2 Plooysburg Deficit irrigation 99R 2.50 x 1.50 Lengthened Perold
8 Normal 99R 2.50x1.50 Lengthened Perold
9 Lutzville 1 Augrabies Deficit irrigation 99R 2.50 x 1.50 Perold
10 Normal 99R 2.50 x 1.50 Perold
11 Lutzville 2 Dundee Deficit irrigation 99R 2.50 x 1.50 Perold
12 Normal 99R 2.50 x 1.50 Perold
13 Koekenaap 1  Garies Deficit irrigation 110R 2.75x 1.50 Lengthened Perold
14 Normal 110R 2.75x 1.50 Lengthened Perold
15 Koekenaap 2  Avalon Deficit irrigation 110R 2.50 x 1.50 Lengthened Perold
16 Normal 110R 2.50 x 1.50 Lengthened Perold

W “Deficit irrigation” grapevines in sandy and loamy soils were irrigated at ca. -60 kPa and -80 kPa, respectively, whereas

“Normal” ones were irrigated according to the growers’ schedule.
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Lower Orange River region: The micro-sprinkler irrigated vineyard on the farm Melkstroom near
Upington was in a sandy soil which is underlain by a hard, nodular calcareous layer. The flood
irrigated vineyard on the Gannaput farms near Groblershoop was in alluvial soil in one of the many
small tributaries of the Orange River. At each locality, one plot was irrigated according to the
grower’s normal schedule and the other was subjected to water deficits via an irrigation system
which could be controlled separately. The latter was obtained by irrigation when the mean soil
in the root zone reached ca. -0.06 MPa in the sandy soil near Upington. Grapevines in the deficit
irrigation plots in the heavier soil near Groblershoop were irrigated at the first visual signs of water
constraints as mentioned above. Hence, the total number of plots amounted to four for the region.
Further details of the localities and experiment plots are presented in Tables 5.11 and 5.12. The
locations of Melkstroom and Gannaput farms are indicated in Figure 5.1D.

Table 5.11. Locality, co-ordinates, altitude (A), K 0Oppen climate, Heliothermal Index (HI),
mean February temperature (MFT) and Winkler Index ( GDD) for selected Cabernet
Sauvignon vineyards in the Orange River region.

Locality Co-ordinates A Climatic indices
Latitude Longitude (m) Koppen HI MFT GDD
(T)
Upington -28.27 21.15 793 BSh HI+3 26.9 \Y
Groblershoop -28.53 21.52 884 BSh HI+3 26.7

Table 5.12. The locality, soil form and viticultura | details of four experiment plots in selected
Cabernet Sauvignon vineyards in the Orange River re  gion where soil water status and
grapevine responses were monitored during the 2007/ 08 and 2008/09 seasons.

Plot  Locality Soil form Irrigation Root stock Plant spacing Trellis system

no. strategy @ (m xm)
1 Upington Plooysburg Deficit irrigation 99R 275x15 Lengthened Perold
2 Normal 99R 275x15 Lengthened Perold
3 Groblershoop ~ Dundee Deficit irrigation 101-14 3.0x15 T-trellis
4 Normal 101-14 3.0x15 T-trellis

W “Deficit irrigation” grapevines in the sandy soil were irrigated at ca. -60 kPa, whereas those in the heavier soil were

irrigated at the first signs of water constraints. “Normal” grapevines were irrigated according to the growers’ schedule.

Diurnal grapevine water status:  The diurnal Y cycles were measured in selected plots during
various growth stages. A total of 65 diurnal | cycles were measured. Grapevine Y, was
determined by means of the pressure chamber technique (Scholander et al., 1965) according to
the protocol described by Myburgh (2010). The hourly variation in | was measured from predawn,
i.e. from 04:00, until 03:00 the next day. Three mature, intact leaves from separate grapevines
were used per plot for | and g, respectively. In the case of |, leaves that were fully exposed to
the sun were used. The s was measured in leaves covered by means of aluminium foil bags at
least one hour before the measurements were carried out. Due to logistic constraints, g could only
be measured in three grapevines per plot around midday. Total diurnal leaf water potential was
calculated using the trapezoidal rule (Larson et al., 1994) as described by Myburgh and Howell
(2006). To test the validity of using water potential at a specific time of the day as an indicator of
total diurnal water status, the relationship between Y, and pp, | and Ys were determined by
means of linear regression.

Statistical analyses: Statgraphics® was used to determine relationships between variables by
means of simple regressions at the 95% confidence level.

5.3 RESULTS AND DISCUSSION

Given the variation in the water status of the different plots, grapevine water potentials ranged from
high values in frequently irrigated vineyards, e.g. in the Lower Olifants River region, to extremely
low values in the non-irrigated plots in the Stellenbosch and Swartland regions (Appendix 1). This
means that the measured grapevine water potentials were representative of soil conditions that
ranged from near field capacity to almost permanent wilting point. The soil water status will be
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discussed in more detail in Chapter 6. According to the correlation coefficients and standard error
(Table 5.13), pp and midday < appeared to be slightly more accurate indicators of the total
diurnal grapevine water status compared to midday . The latter | was probably influenced by
the effects of short term fluctuations in atmospheric conditions during the day on stomatal control
via partial closure of the stomata. At the localities in the Lower Olifants River and Lower Orange
River regions, the warm, dry atmospheric conditions seemed to have caused an additional
decrease in | during the day, although predawn indicated that water constraints were only
moderate (data not shown). This means that Y pp underestimated the total diurnal water status in
the grapevines.

Table 5.13. Relationships between total diurnal wat er potential ( ¥1,;) and predawn (Y pp),
midday leaf (' Y) and midday stem ( Y s) water potential, respectively, in Cabernet Sauvig  non

grapevines.
Equation n R? Std. error p
Y 1ot = 10.63 — 21.58*Y pp 65 0.8509 2.23 <0.001
Y 1ot =-5.77 — 19.66*Y | 65 0.7953 2.65 <0.001
Y 1ot = 6.24 — 15.06*Y s 65 0.8224 2.47 <0.001

Based on the Ypp thresholds for different water constraint classifications previously proposed
(Ojeda et al., 2002; Deloire et al., 2004), the equations in Table 5.14 were used to estimate
corresponding water constraint, or water deficit, thresholds for Y., Ys and o in Cabernet
Sauvignon grapevines under the given conditions (Table 5.15). The estimated classification of
water constraints according to Y, compared reasonably well with previously proposed thresholds
(Girona et al., 2006 and references therein, Greenspan, 2005). It must be noted that the estimated
Y., Ysand 1y thresholds would probably not be universally applicable, but merely served as a
means to interpret results of the project in relation to previous water potential classifications based
on Y pp thresholds.

Table 5.14. Relationships between predawn ( Ypp) water potential and midday leaf (Y .),
midday stem (Ys) and total diurnal ( Y1) water potential, respectively, in Cabernet
Sauvignon grapevines.

Equation n R? Std. error p

YL =-0.98 + 0.81*Y pp 65 0.6027 0.17 <0.001
Ys=-0.37 + 1.26*Y pp 65 0.8310 0.14 <0.001
Y 1ot = 10.63 — 21.58*Y pp 65 0.8509 2.23 <0.001

Table 5.15. Water constraint thresholds for leaf ( L), stem ( ) and total diurnal (7o) water
potential in Cabernet Sauvignon as estimated fromt  he predawn leaf water potential ( pp)
classifications as proposed by Ojeda et a/. (2002) and Deloire et al. (2004).

Class Water Water potential thresholds
constraints ro (MPa) L (MPa) s (MPa) Tor (MPa’)
| No pp -0.2 . -1.15 s -0.60 Tot 15
I Mild 02> pp 04 -1.15> | -1.30 -0.60> s -0.85 15< 14 19
] Moderate -04> pp -0.6 -1.30> | -1.45 -0.85> s -1.15 19< 1o 24
v High -06> pp -0.8 -1.45> | -1.60 -1.15> s -1.40 24< 14 28
\% Severe pp <-0.8 L <-1.60 s<-1.40 Tot > 28

5.4 CONCLUSIONS

By measuring diurnal grapevine water status over a wide range of climatic, soil and viticultural

conditions, it was established that pp, sand | were equally good indicators of the total diurnal

water constraints, i.e. 4. Since stomatal control over the warmest part of the day could increase
L, it might not be appropriate to use | to quantify the relationship between grapevine water

status and soil water status, which was one of the primary objectives of the project. Measuring pp

to compare water status between grapevines in 16 to 20 experiment plots situated far apart within
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ca. one hour will present fewer logistical constraints than measuring s. For these reasons, s will
be used (i) to compare the grapevine water status between different plots and (ii) to relate growth,
yield and quality responses to grapevine water status.
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6. GENERAL GRAPEVINE RESPONSES IN DIFFERENT VITICU LTURAL REGIONS

6.1 INTRODUCTION

It should be noted that this project did not follow the conventional field trial approach where
grapevines were subjected to a set of treatments under the same atmospheric, soil and viticultural
conditions. The primary objective was to quantify grapevine responses in order to identify trends in
general grapevine responses to variations in atmospheric, soil and viticultural conditions within a
region. A further objective was to determine if the identified grapevine response trends occurred
throughout the four regions.

6.2 MATERIALS AND METHODS

Soil chemical and physical status: Soil pH, electrical conductivity of the saturated soil extract
(EC.), Bray 2 P and K, exchangeable cations (i.e. Na, K, Ca & Mg) and organic C content were
determined. The soils were analysed by a commercial laboratory (BEMLAB, Strand) according to
their standard methods. Soil particle analyses were determined according to the standard methods
used by BEMLAB. Soil texture was classified according to a texture chart (Soil Classification
Working Group, 1991).

Atmospheric conditions:  Most of the weather data were obtained from the ARC Institute for Soil
Climate and Water in Pretoria. In the Stellenbosch region, atmospheric conditions were recorded
hourly at Nietvoorbij and Elsenburg. Since weather stations could not be installed near all the plots
in the Stellenbosch region, an automatic weather station was mounted on a light trailer so that it
could be transported to the plots where the diurnal grapevine water potential cycles were
determined. When Y cycles were measured on 15 February 2006 in the Devon Valley area, an
automatic weather station was temporarily installed at Plots 3 and 4. In the Swartland region,
atmospheric conditions were recorded at Wellington (Landau), Perdeberg (Mooigeleé) and
Philadelphia (Fig. 1B). To obtain more representative weather data for the purpose of this project,
automatic weather stations were also installed and operated by ARC Infruitec-Nietvoorbij near the
Wellington, Perdeberg 3 and Philadelphia plots, respectively. In the Lower Olifants River region,
atmospheric conditions were recorded at Kapel, Vredendal, Lutzville and Ebenhaeser (Fig. 1C). In
the Lower Orange River region, automatic weather stations were installed near the Upington and
Groblershoop plots on the farms Melkstroom and Gannaput, respectively (Fig. 1D). The latter
weather stations were also installed and operated by ARC Infruitec-Nietvoorbij for the duration of
the porject.

Soil water status: The neutron scattering technique was used to measure soil water status at 20
cm, 30 cm and 60 cm in the shallower soils, e.g. the gravelly soils in the Lower Orange River
region, and at 30 cm, 60 cm and 90 cm depths in the deeper soils, e.g. alluvial soils in the Lower
Olifants River region. Two access tubes were installed in the grapevine row ca. 50 cm from a
grapevine trunk in each plot. The neutron probe (HYDROPROBE 305DR, CPN, California) was
calibrated against . For this purpose, two sets of tensiometers were installed at 15 cm, 30 cm
and 60 cm in the shallower soils, and at 30 cm, 60 cm and 90 cm depths in the deeper soils. The
relationship between neutron probe count ratio and \ was determined for each depth. These “soil
water characteristic curves” were used to convert all neutron probe count ratios to  values.
Examples of soil water characteristic curves for a sandy and a sandy loam solil, respectively, are
presented in Figure 6.1 and Figure 6.2. Soil water status was measured once a week from bud
break until harvest and once a month after harvest and during winter. In some soils, however, rapid
drying limited the number of points that could be obtained by the weekly measurements. Hence,
soil water status measurements had to be carried out more frequently as soon as these soils began
to dry out. The tensiometers in the plots near Groblershoop were vandalised shortly after they were
installed. Consequently, the soil water content was measured by means of the neutron scattering
technique. In order to determine the soil water characteristic curves for these plots, the neutron
probe was calibrated against gravimetric soil water content. Soil water characteristic curves of
undisturbed soil core samples were determined in the laboratory, and used to convert soil water
content to \ in the plots near Groblershoop. Total soil water matric potential ( ) was calculated
using the trapezoidal rule as described for 14 in Chapter 5. Irrigation volumes were recorded by
means of water meters in each of the irrigated plots at the same frequencies as the soil water
measurements.
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Figure 6.1. An example of the relationship between the soil water matric potential and
neutron probe count ratio (CR) for a sandy soil.
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Figure 6.2. An example of the relationship between the soil water matric potential and
neutron probe count ratio (CR) for a sandy loam soi l.

Root studies: Root structure was characterised in each soil form at the different localities in the
Cabernet Sauvignon vineyards after the field work had been completed. The profile wall method of
Bohm (1979) was used to qualify and quantify root distribution within the constraints imposed by
this method. Trenches were dug across the grapevine row between two experiment grapevines,
with the trench sides 15 cm from each grapevine. Where possible, the vertical sections across the
grapevine rows for mapping the roots were 2.4 m wide and 90 cm deep. Exposed roots were
mapped using a portable steel grid, divided into 10 cm squares and were classified into four
classes, i.e. fine (< 0.5 mm &), medium (0.5 mm to 2.0 mm @), coarse (2.0 mm to 5.0 mm &) and
thick (> 5.0 mm @).

Midday grapevine water status:  Grapevine water status in grapevines during berry ripening was
determined by measuring midday Y, and Y in all experiment plots using the pressure chamber
technique as discussed in Chapter 5. In each plot, water potential was measured in three
grapevines. The midday water potential measurements were carried out at least three times
between véraison and harvest. In all regions, except the Lower Orange River region, three teams
were used to complete measurements in all plots between 12:00 and 13:00.

Vegetative growth: To determine growth vigour, a hanging balance was used to weigh the
combined cane mass of all the experiment grapevines in each plot at pruning (June to August). To
allow more realistic comparison between the different plots, vegetative growth was also quantified
in terms of kg canes per meter cordon length (data not shown). Due to a miss understanding, the
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grapevines in Plots 15 and 16 in the Lower Olifants River region were accidentally pruned by the
grower during the 2007/08 season.

Yield and its components:  All bunches from a plot were picked by hand and counted using
mechanical counters. Grapes were weighed to obtain the total mass per plot. Mean yield per
grapevine was calculated and converted to tonnes per hectare. To allow more realistic comparison
between the different plots, yield was also quantified in terms of kg grapes per meter cordon length
(data not shown). Bunch mass was determined by dividing total grape mass per plot by the number
of bunches per plot. The number of bunches per grapevine was calculated by dividing the total
number of bunches per plot by the number of experiment grapevines per plot. Due to a miss
understanding, the grapevines in Plot 8 in the Swartland region were accidentally harvested by the
grower during the 2008/09 season. Fresh berry mass was determined in all plots at harvest. Berry
samples were obtained by picking 20 berries along the longitudinal axis from each of 10 bunches,
i.e. 200 berries per plot. Berries were removed by cutting through the pedicle as close as possible
to the berry using a small pair of scissors (Van Schalkwyk, 2004).

Juice analyses: At harvest, juice analyses were carried out using the same ten bunches picked for
determining berry mass. The objective was to harvest grapes when the sugar reached a target
content of approximately 24°B, but due to logistical constraints, this was not always possible. The
total soluble solids (TSS), total titratable acids (TTA) and pH in the juice was determined according
to the standard procedures of the winery at ARC Infruitec-Nietvoorbij near Stellenbosch. The Na, K,
Ca and Mg as well as the P and total N contents in the juice were determined by a commercial
laboratory (BEMLAB, Strand). Since K is by far the most abundant element in grape juice, only K
will be discussed for the purpose of this report.

Wine sensorial characteristics: Forty kilograms of grapes were picked from the experiment
grapevines at each plot. The grapes were micro-vinified at the experiment winery of ARC Infruitec-
Nietvoorbij at Stellenbosch according to their standard procedures for red wine as reported
previously (Myburgh, 2011b). A maximum of 10 bottles were bottled. After bottling, wines were
stored at 14 until it was evaluated. Wines were s ubjected to sensorial evaluation by a panel of at
least 12 experienced wine tasters from the South African wine industry. The evaluation was carried
out approximately six months after harvest during August. Wine characteristics were scored by
means of a 100 mm long unstructured line scale. The descriptor on the left hand side of the scale
was “None”, i.e. meaning that the attribute was not recognisable in the wine, and on the right hand
side “Prominent” was the descriptor. The primary sensorial wine characteristics were colour,
flavour, taste and overall wine quality. The flavour characteristics consisted of (i) fresh vegetative
aroma, i.e. herbaceous, fresh cut grass, green pepper, eucalyptus, mint, green beans, asparagus
and olives, (ii) dry vegetative aroma, i.e. hay or straw, tea and tobacco, (iii) berry intensity, i.e.
blackberry, raspberry, strawberry and blackcurrant and (iv) spicy aroma, i.e. liquorice, aniseed,
black pepper and cloves. The taste characteristics were acidity, fullness (body) and astringency.
The character and quality potential of the experimental wines was divided into the following
cla0073ses: (i) < 40% is unacceptable, (ii) 40% to 50% is low, (iii) 50% to 60% is moderate, (iv)

60% to 70% is high and (v) > 70% is excellent. Following the sensorial evaluation, wines were
analysed by a commercial laboratory (Integral Laboratories, Paarl) for residual sugar, volatile
acidity, total acidity, malic acid, pH, alcohol and K contents. This wine analytical data will not be
discussed in this report since it was beyond the scope of the project.

Statistical analyses: Statgraphics® was used to determine relationships between variables by
means of simple regression at the 95% confidence level.

6.3 RESULTS AND DISCUSSION

6.3.1 Stellenbosch
Experiment plots: For a detailed description of the experiment plots and irrigation management
refer to Chapter 5 (Tables 5.5 & 5.6).

Soil chemical status: In many soils, the relatively low pHcy, i.e. < 5.5, indicated that the acidity
could be problematic in terms of grapevine growth and yield (Appendix 2 - Table 12.1). The lowest
PH«eny occurred in the sandy topsoil in Plot 7 and in the sandy clay loam layer below 60 cm in Plots
3 and 4. According to the P norms based on the clay content, i.e. 20 mg/kg, 25 mg/kg and 30
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mg/kg for < 6%, 6% to 15% and > 15% clay, respectively (Van Schoor et al., 2000), this element
was low in many of the plots, particularly in the layers deeper than 30 cm. According to the K norm
for the Coastal region, i.e. 70 mg/kg, this element seemed to be adequate in the topsoil layers of
most plots. However, in Plots 8, 9, 10 and 14, low K throughout the soil profile could lead to
deficiencies that need to be rectified annually. With the exception of the subsoil in Plot 12 in the
Faure coastal area, there were no indications of excessive salinity or sodicity in any of the soils.
The low organic C contents were typical for the soils in the Coastal region.

Soil physical status:

The soil texture varied considerably between plots (Appendix 2 — Table 12.2). This variation is
typical for the soils of the Western Cape. The clay content varied between 2.6% and 40.4% which
indicated that substantial differences in the plant available water could be expected between the
various plots. Large soil texture differences also occurred within a vineyard block, e.g. in the case
of Plots 1 and 2 on the Bottelary plain. The high fine sand content in Plot 7 (Polkadraai) indicated
that the sand fraction probably consisted of wind blown sand from the False Bay coast.

Soil water status: The soils in all plots remained relatively wet until November, i.e. \ was higher
than -0.1 MPa (Appendix 3 - Table 13.1). In most soils, y decreased rapidly in December and
January. However, during the later part of the season, i.e. when the berries ripen,  varied
considerably between the plots. During February, when water content in most of the non-irrigated
plots reached a minimum, mean \ varied between -0.1 MPa and -0.68 MPa in the different soil
types. The lowest \, occurred in two of the sandy soils, i.e. Plots 7 and 10. In March, rainfall
caused mean y in some soils to increase slightly (data not shown). This effect was mainly caused
by an increase of the water content in the top soil layer. In some plots, e.g. Plots 2, 7 and 12,
grapevines were subjected to low  in the later part of the season compared to wetter conditions,
e.g. in Plots 4 and 9. In the case of Plot 4, the low frequency irrigation caused  to remain higher
than -0.1 MPa until February, whereas Plot 9 was in a low lying position where waterlogged
conditions occurred.

Root system characteristics: ~ With the exception of Plot 10, where a hard lateritic layer limited the
root depth to 70 cm, roots could be studied to at least 90 cm. Root numbers and distribution varied
considerably between the different soil forms (Table 6.1). Furthermore, in most plots root numbers
increased from the top soil layer to the second one. With the exception of Plot 13, the highest root
concentrations occurred either in the 30 cm to 60 cm or the 60 cm to 90 cm layers. The low pHcy
in the subsoil did not seem to have had any negative effects on root number or distribution in this
particular layer. Similarly, the low pHicy, in the sandy topsoil of Plot 7 did not seem affect root
development. The highest root densities (Table 6.2) occurred in Plots 1 and 8 where the soils
contained a high coarse sand fraction (Appendix 2 — Table 12.2). However, this did not occur in
Plot 10 where the coarse sand fraction was also high. In the sandy loam soils, root densities varied
between 137 and 181 roots per m> In the loamy sand, e.g. Plots no 11 and 12, root densities
tended to be lower compared to the sandy loam soils.

Grapevine water status: Mean midday s values lower than -1.4 MPa indicated that grapevines
in Plots 8, 10, 11, 12 and 14 were subjected to severe water constraints during berry ripening
(Table 6.2). In the case of Plot 7, sremained relatively high although \t was of the highest. The
lack of response to the dry soil was probably caused by the virus infection. Grapevines in most of
the other soils only experienced moderate to high water constraints. Water constraints in the low
frequency irrigated grapevines in Plot 4 were moderate compared to the high constraints in the
non-irrigated grapevines in the adjacent plot. An accidental “irrigation” which occurred when the
blank pipe burst during January caused the mild water constraints in grapevines in Plot 6 during
berry ripening.

Vegetative growth: Visual observation revealed that grapevines in the drier plots showed high
water constraint symptoms such as yellowing of the older leaves as the season progressed. In the
more severe cases, limited leaf shed occurred, which increased bunch exposure to direct sunlight.
At some localities, e.g. in Plots 1, 8 and 11, water constraint symptoms manifested as early as
December, whereas in others, e.g. Plots 2, 4 and 6, grapevines only showed signs of water
constraints during late February. In most vineyards it was evident that grapevines in the non-
irrigated experiment plots experienced visually more water constraints compared with the
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Table 6.1. Root numbers and depth distribution in 14 plots in Cabernet Sauvignon
vineyards at selected localities in the Stellenbosc h region where soil water status and
grapevine responses were measured during the 2005/0 6 season.

Plot  Locality Soil texture Root numbers Distribution (%)
no. 0-300 300-600  600-900 0-300 300-600  600-900
1 Bottelary plain Sand 100 156 371 15.9 24.9 59.2
2  Bottelary plain Sandy loam 109 135 90 32.6 40.4 26.9
3 Devon Valley Sandy loam 105 137 150 26.8 34.9 38.3
4 Devon Valley® Sandy loam 105 137 150 26.8 34.9 38.3
5 Devon Valley Sandy loam 52 154 169 13.9 41.1 45.1
6 Devon Valley Sandy loam 64 132 100 21.6 44.6 33.8
7  Polkadraai coast Sand 125 199 143 26.8 42.6 30.6
8 Helderberg foot hills Loamy sand 114 322 224 17.3 48.8 33.9
9  Helderberg foot hills Loamy sand 115 73 172 31.9 20.3 47.8
10 Helderberg Sand 86 91 - 48.6 51.4 -
11  Faure coast Loamy sand 34 101 110 13.9 41.2 449
12  Faure coast Loamy sand 104 110 32 42.3 44.7 13.0
13  Helderberg coast Loamy sand 124 96 71 42.6 33.0 24.4
14  Helderberg coast Loamy sand 43 96 77 19.8 44.3 35.9

W Refer to Tables 5.5 and 5.6 for more details of the plots.
@ Similar to Plot 3, but drip irrigated at a low frequency.

surrounding grapevines that had been irrigated. According to the pruning mass measured in July
2006, grapevines planted in the deep red and yellow soils of the Devon Valley showed the
strongest vegetative growth, whereas the poorest growth occurred in the oldest vineyard trained on
a low trellis system, i.e. Plot 12 (Table 6.2). Although the pHc) was relatively low in many of the
soils, particularly in Plot 7, it did not seem to affect cane mass negatively. The relatively low P and
K contents, as discussed above, also did not seem to have any negative effects on vegetative
growth. This suggests that the topsoil probably contained adequate P and K to sustain the
vegetative growth. Since the P and K contents were adequate in the soil of Plot 12, the relatively
poor vegetative growth compared with the other plots was probably caused by the salinity and/or
sodicity as discussed above. However, the age of these particular grapevines could also have
caused the low growth vigour. The low frequency irrigation did not have any positive effects on the
cane mass of grapevines in Plot 4 compared to the ones in Plot 3. Since the trellis systems, as well
as canopy and other management practices varied between vineyards, it could also have
contributed to the variation in growth. It should be noted that vegetative growth did not necessarily
increase with increased root densities. Although the highest root densities occurred in Plots 1 and
8, the grapevines in these particular plots showed relatively poor growth vigour compared to ones
in heavier soils where the root densities were appreciably lower, e.g. Plot 6.

Yield and its components:  Berry masses were generally relatively high, i.e. > 1.2 g (Table 6.2).
This indicated that the relatively high  during the first part of the season (Appendix 3 - Table
13.1) did not induce water constraints that could have restricted pre-véraison berry growth.
However, berry shrinkage caused by high to severe water constraints during the final stages of
ripening could have contributed to the berry mass variation between plots. Factors such as clone
differences and/or different viticultural practices could also have caused differences in berry mass.
The foregoing was probably also the reason for the variation in bunch mass and yield. Similar to
the vegetative growth, grapevines in the deep red and yellow soils of the Devon Valley produced
the highest yields, whereas the lowest yields were obtained in the oldest vineyard trained on a low
trellis system, i.e. Plot 12, and in the sandy soils (Table 6.2). The low frequency irrigation did not
have any positive effects on the yield produced by grapevines in Plot 4 compared to the ones in
Plot 3.

Juice characteristics:  The first grapes, i.e. those from Plots 13 and 14, were harvested at the end
of February. Although the objective was to harvest the grapes when the TSS reached 248, grapes
from Plot 14 had to be harvested at relatively lower sugar content due to severe bunch rot that was
induced by rain. In the case of Plots 6 and 7, it was decided to harvest the grapes at lower sugar
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Table 6.2. Root density, stem water potential ( Ys), cane mass and yield components of non-irrigated Cabernet Sauvignon in 14 plots differing in
soil texture at selected localities in the Stellenb  osch region during the 2005/06 season.

Plot Locality Soil Roots Ys Cane mass Yield components
no.® texture per m? (MPa) (tha) Bunches Berry mass Bunch mass Yield
per grapevine (9) (9) (t/ha)
1 Bottelary plain Sand 290 -1.3 2.7 20 1.18 92 55
2 Bottelary plain Sandy loam 155 -1.4 4.3 22 1.18 113 7.8
3 Devon Valley Sandy loam 181 -1.3 4.3 32 1.40 126 11.6
4 Devon Valley® Sandy loam 174 1.1 4.0 29 1.33 119 10.0
5 Devon Valley Sandy loam 174 -1.3 4.3 43 1.33 117 14.9
6 Devon Valley Sandy loam 137 -0.7 5.5 38 1.62 129 14.7
7 Polkadraai coast Sand 216 -1.2 25 19 1.77 154 8.7
8 Helderberg foot hills Loamy sand 306 -15 2.2 35 1.05 86 8.7
9 Helderberg foot hills Loamy sand 167 -1.1 2.6 24 1.46 116 9.3
10 Helderberg Sand 105 -1.5 2.2 32 1.10 112 6.6
11 Faure coast Loamy sand 113 -1.6 3.2 29 1.22 123 7.4
12 Faure coast Loamy sand 114 -1.6 1.7 17 1.15 88 4.6
13 Helderberg coast Loamy sand 135 -1.2 2.1 21 1.71 95 5.8
14 Helderberg coast Loamy sand 100 -1.6 3.1 24 1.98 115 8.1

W Refer to Tables 5.5 and 5.6 for more details of the plots.
@ Similar to Plot 3, but drip irrigated at a low frequency.
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ering in soil texture at selected localities in the

Plot  Locality Soil Juice characteristics at harvest Wine quality characteristics

no.® texture K TSS TTA pH Colour Berry aroma Overall

(mg/L) (B) (9/L) (%) (%) (%)

1 Bottelary plain Sand 1090 24.9 5.9 3.44 82.7 55.9 62.1

2  Bottelary plain Sandy loam 919 25.8 7.1 3.27 83.3 55.8 67.5

3 Devon Valley Sandy loam 857 23.8 7.3 3.22 81.0 61.8 61.6

4 Devon Valley® Sandy loam 829 24.3 8.2 3.15 72.0 50.6 51.1

5 Devon Valley Sandy loam 1027 24.7 7.7 3.25 82.4 50.0 66.0

6 Devon Valley Sandy loam 1124 22.9 7.7 3.14 67.2 43.5 47.6

7  Polkadraai coast Sand 1216 22.7 7.7 2.78 55.2 41.2 40.5

8 Helderberg foot hills Loamy sand 902 24.0 7.0 3.30 85.2 45.1 53.4

9  Helderberg foot hills Loamy sand 779 24.0 6.6 3.27 78.2 52.0 52.9

10  Helderberg Sand 998 24.0 7.1 3.26 82.7 51.5 57.4

11  Faure coast Loamy sand 1253 24.3 6.2 3.44 80.4 56.9 65.3

12  Faure coast Loamy sand 1030 24.8 6.0 3.54 83.7 48.2 64.6

13  Helderberg coast Loamy sand 885 23.4 6.4 3.25 82.0 54.8 62.2

14  Helderberg coast Loamy sand 728 21.9 7.2 3.25 66.6 50.3 54.2

M Refer to Tables 5.5 and 5.6 for more details of the plots.
@ Similar to Plot 3, but drip irrigated at a low frequency.
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contents when the latter failed to increase over a period of 14 days during the second half of
March. It should be noted that grapevines in Plot 7 was virus infected which could have influenced
berry ripening, via reduced water constraints as discussed above. Although s was not measured
in March, severe water constraints in grapevines during this particular period could have delayed
sugar accumulation. The juice K content did not show any particular trend with respect to locality or
soil texture (Table 6.3). With the exception of Plot 1, TTA in grapes from all plots was higher than 6
g/L. Visual observation showed that berries in Plot 1 were substantially more exposed to direct
sunlight than those in Plot 2 in the same vineyard. The visually observed difference in vegetative
growth was confirmed by the 37% lower cane mass of grapevines in Plot 1 compared to those in
Plot 2 (Table 6.2). Hence, higher berry temperatures probably increased the rate of malic acid
respiration in grapes from Plot 1, which resulted in lower TTA and higher pH compared with those
from Plot 2. Juice pH levels were lower than 3.5 in grapes from all plots, except in those from Plot
12. Grapevines in Plot 7 had exceptionally low pH (2.78), which was probably also a result of the
virus infection. This result suggested that high pH would be unlikely to have any negative effects on
wine quality characteristics, particularly colour.

Wine quality characteristics: Perusal of the data revealed that higher overall sensorial quality
was almost invariably associated with higher sensorial colour and berry aroma of the wine for all
the regions. The other wine characteristics were not so well related to overall quality.
Consequently, it was decided to present and discuss only sensorial colour, berry aroma and overall
wine quality characteristics in this report. With the exception of Plots 6, 7 and 14, grapevines in all
the plots produced wines with excellent colour, i.e. > 70% (Table 6.3). The problems with virus
infection and delayed ripening encountered in the case of Plot 7 could have had negative effects on
the wine colour. In the case of Plot 14, the grapes were harvested before optimal ripeness. In
addition, the relatively large berries produced in this particular plot could have reduced wine colour.
For most of the plots the berry aroma intensity was moderate to high. Low berry aroma intensity
was obtained where delayed ripening occurred, and the grapes had to be harvested before the
target TSS level was reached. Fifty percent of the plots produced high overall wine quality. In the
case of Plots 6 and 7 moderate to high colour in combination with low berry aroma resulted in low
overall wine quality, i.e. < 50%.

6.3.2 Swartland

A comprehensive discussion on the effects of climate and water deficits of the response of
Cabernet Sauvignon, with particular reference to sugar loading and anthocyanin biosynthesis in
selected plots, in this region was presented by Mehmel (2010).

Experiment plots: For a detailed description of the experiment plots and irrigation management
refer to Chapter 5 (Tables 5.7 & 5.8).

Soil chemical status: The soil pHcy in this particular region was generally higher compared to
the Stellenbosch region (Appendix 2 - Table 12.3). In the case of the Perdeberg 1 locality, the
relatively low pHc, i.e. < 5.5, indicated that the acidity could be problematic in terms of grapevine
growth and yield. There were no indications of excessive soil salinity or sodicity that could have
had negative effects on grapevine growth and yield in any of the plots. According to the P norms,
this element was adequate in the topsoil layer in most of the plots, but extremely low in the deeper
layers. According to the K norm for the coastal region (Van Schoor et al., 2000), this element was
excessively high in the heavier soils at Wellington 1 and Perdeberg 3. With the exception of the
deepest layer at Philadelphia 1 and the topsoil at Philadelphia 2, K appeared to be inadequate to
sustain grapevine yield and growth in most plots. With the exception of the Wellington 1 and
Perdeberg 3 localities, low K could lead to deficiencies that need to be rectified annually. The low
organic carbon contents were typical for the soils in the Coastal region.

Soil physical status:

As in case of the Stellenbosch region, soil texture varied considerably between localities (Appendix
2 — Table 12.4). At most localities, fine sand was the dominant particle size of the total sand
fraction. This was probably due to the shale parent material in which these soils developed. Large
soil textural differences also occurred within a vineyard block, e.g. in the case of Perdeberg 1 and
2. The clay content varied between 0.8% and 50.8% which indicated that substantial differences in
the plant available water between the various plots could be expected.
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Soil water status: Irrigation amounts applied between bud break and harvest by the growers not
only varied between localities, but also between seasons at a given locality (Appendix 4 - Table
14.1). In the case of Wellington 1 and 2, approximately 23 mm was applied per irrigation, whereas
approximately 14 mm was applied per irrigation at Perdeberg 1 and 2. The grower near Wellington
deliberately applied more frequent irrigation to obtain higher yields. At Perdeberg 3, only ca. 11 mm
was applied per irrigation. At Philadelphia 1 and 2, applications were 7 mm and 8 mm per irrigation,
respectively. Irrigation amounts applied by means of the double line drip systems that wetted a
bigger soil volume were double the amounts applied by means of the single lines (data not shown).
In the non-irrigated plots, the lowest \, amounted to ca. -0.3 MPa near Wellington, whereas the
highest \ occurred near Philadelphia (Appendix 3 - Tables 13.2 & 13.3). The lowest , values
were considerably higher than the ca. -0.6 MPa in some of the sandy soils in the Stellenbosch
region. Except for Wellington 1 (in both seasons) and Wellington 2 (in the 2008/09 season),
irrigation did not increase |\ substantially. The plots at Wellington 2 were in a low lying position
where lateral subsurface flow of water from the higher land probably caused the high \ until
December (Appendix 3 - Tables 13.3). The wet soil in early summer was the reason why the
grapevines were planted in on ridges at Wellington 2. The foregoing indicated the small irrigations
were insufficient to increase the soil water content in comparison to no irrigation. However, this
does not rule out the possibility that the bigger soil volumes wetted by the double line drip systems
could have influenced grapevine response. In most of the plots the soils was drier, i.e. yr values
were higher, in 2007/08 than in 2008/09.

Root system characteristics:  Root numbers and depth distribution varied considerably between
the plots (Table 6.4). There were no trends in root structure development that could be related to
soil texture in this particular region. As a consequence, soil texture also did not seem to have any
effect on root density (Table 6.5).

Table 6.4. Root numbers and depth distribution in C  abernet Sauvignon vineyards at
selected localities in the Swartland region where s oil water status and grapevine responses
were measured during the 2007/08 and 2008/09 season s.

Plot no. @ Locality Soil texture Root numbers Distribution (%)

0-300 300-600  600-900 0-300 300-600  600-900

mm mm mm mm mm mm
1,2&3 Wellington 1 Sandy loam 67 171 156 17.0 43.4 39.6
4&5 Wellington 2 Sand 49 74 81 24.0 36.3 39.7
6,7&8 Perdeberg 1 Sandy clay loam 105 126 75 34.3 41.2 24.5
9,10&11 Perdeberg 2 Sand 126 47 18 66.0 24.6 9.4
12,13&14 Perdeberg 3 Sandy clay loam 26 53 62 18.4 37.6 44.0
15,16&17 Philadelphial  Sand 85 168 160 20.6 40.7 38.7
18,19&20 Philadelphia2  Sandy loam 318 106 67 64.8 21.6 13.6

U Refer to Tables 5.7 and 5.8 for more details of the plots.

Grapevine water status: At Wellington 1, high and severe water constraints occurred in the non-
irrigated grapevines during the two seasons, respectively, whereas single line drip irrigation
reduced the water constraints to moderate in both seasons (Table 6.5). In the case of the double
line system, only mild water constraints occurred due to the larger wetted soil volume. In the sandy
soil at Wellington 2, high water constraints occurred, irrespective of the irrigation system. At
Perdeberg 1, severe water constraints occurred in the non-irrigated grapevines in the sandy clay
loam soil during the two seasons. Single line drip irrigation could not reduce the water constraints
compared to the non-irrigated grapevines in the 2007/08 season, but in the following season only
moderate water constraints occurred. In the case of the double line system, high and mild water
constraints occurred during the two seasons, respectively. In the sandy soil at Perdeberg 2, severe
water constraints occurred in the non-irrigated grapevines during both seasons. Similar to
Perdeberg 1, single line drip irrigation could not reduce the water constraints compared to the non-
irrigated grapevines in the 2007/08 season, but in the following season only moderate water
constraints occurred. In the sandy clay loam soil at Perdeberg 3, water constraints were high,
irrespective of the irrigation system for both seasons with the exception of the non-irrigated
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Table 6.5. Effect of irrigation system on stem wate r potential ( ), cane mass and yield components of Cabernet Sauvi  gnon in 20 plots at selected
localities in the Swartland region during two vinta ges. Root density was only determined for each loca  lity.

Plot Locality Soil Irrigation Roots s Cane mass Yield components
no. ¥ texture system @ per m? (MPa) (t/ha) Bunches per Berry mass Bunch mass Yield
grapevine (9) (9) (t/ha)

2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009
1 Wellington 1 Sandy loam Non-irrigated 138 -1.3 -1.7 2.3 4.3 34 33 0.96 0.92 80 72 7.2 6.4
2 Single drip 138 -1.0 -11 3.7 5.0 37 44 1.34 1.10 124 100 12.1 11.6
3 Double drip 138 -0.7 -0.8 5.2 7.5 35 33 1.40 1.17 134 119 12.6 10.4
4 Wellington 2 Sand Non-irrigated 122 - -1.3 - 2.1 - 36 - 0.99 - 108 - 10.3
5 Single drip 122 - -1.3 - 3.2 - 35 - 1.09 - 102 - 9.5
6 Perdeberg 1 Sandy clay loam Non-irrigated 72 -1.8 -15 1.9 2.3 31 45 0.74 0.78 96 89 10.0 13.3
7 Single drip 72 -1.5 -1.1 1.8 2.7 33 45 0.96 0.98 95 111 10.4 16.5

8 Double drip 72 -1.3 -0.7 2.0 2.7 37 - 1.13 - 109 - 135 -
9 Perdeberg 2 Sand Non-irrigated 114 -1.7 -1.5 1.1 1.9 36 37 0.92 0.94 82 104 9.8 12.3
10 Single drip 114 -15 -11 1.2 1.8 27 40 1.01 0.93 109 104 10.0 13.8
11 Double drip 114 -1.4 -0.6 1.7 2.3 28 41 1.16 1.08 119 128 10.9 17.4
12 Perdeberg 3 Sandy clay loam Non-irrigated 48 -15 -1.4 2.7 4.0 28 26 1.16 1.22 134 131 10.3 9.3
13 Single drip 48 -1.3 -1.3 2.8 3.4 30 28 1.14 1.06 113 109 9.5 8.5
14 Double drip 48 -1.3 -1.3 4.6 5.0 32 24 1.27 1.09 151 145 13.3 9.6
15 Philadelphia1  Sand Non-irrigated 152 -1.5 -1.4 2.0 1.9 20 15 1.02 0.97 118 84 7.1 3.8
16 Single drip 152 -15 -1.2 2.1 2.8 21 14 0.98 0.96 97 79 6.3 3.4
17 Double drip 152 -1.3 -1.2 2.2 2.3 20 20 1.04 1.10 149 117 8.5 7.1
18 Philadelphia2  Sandy loam Non-irrigated 151 -1.1 -1.2 2.6 2.5 13 16 1.23 0.98 180 150 7.2 7.3
19 Single drip 151 -1.0 -1.0 3.4 2.8 14 18 1.21 1.20 166 170 7.2 9.1
20 Double drip 151 -1.0 -0.8 4.6 4.4 15 18 1.47 1.37 192 167 8.9 9.0

U Refer to Tables 5.7 and 5.8 for more details of the plots.
@ |rrigation applied according to growers’ schedule. Double line drip received double the volume of water as the single drip line.
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grapevines in the 2007/08 season, when water constraints were severe). The high water
constraints were caused by the low irrigation volumes applied (Appendix 4 - Table 14.1). At
Philadelphia 1, the irrigation system also had a limited effect on s, and grapevine water
constraints were severe to high during both seasons in this sandy soil. In the sandy loam soil at
Philadelphia 2, moderate water constraints occurred during the 2007/08 season, irrespective of
the irrigation system. However, in the following season high water constraints occurred in the
non-irrigated grapevines, whereas single line drip irrigation reduced the water constraints to
moderate. In the case of the double line system only mild water constraints occurred, due to the
larger wetted soil volume.

Vegetative growth: Visual observation during the season revealed that grapevines in the drier
non-irrigated soils showed symptoms of water constraints such as yellowing of the older leaves
and drying of the tendrils. Irrigation applied by means of the conventional single dripper lines on
the grapevine rows tended to increase cane mass of grapevines compared to the non-irrigated
ones in the same soil (Table 6.5). Furthermore, it was evident that the double line drip, which
wetted a bigger soil volume, had a more pronounced effect on the vegetative growth than the
conventional single line drip. The variation in vegetative growth could not be related to the
variation in root densities. Except for the two localities near Philadelphia, grapevines generally
showed stronger vegetative growth in the 2008/09 season than in 2007/08. This trend was
probably caused by the drier soil conditions in 2007/08 (Appendix 3 - Tables 13.2 & 13.3). The
P contents in the top layer of most soils seemed sufficient to sustain adequate vegetative
growth. In the case of Perdeberg 3 and Philadelphia 2, where the P contents were less than 20
mg/kg throughout the root depth, cane mass was relatively high compared to some of the other
localities. At Perdeberg 1, high soil acidity and low K could have caused the low cane mass
compared to most of the other localities.

Yield and its components: The number of bunches per grapevines were comparable between
the two seasons for most of the plots, but in some plots, e.g. Perdeberg 2, there was a distinct
increase during the 2008/09 season (Table 6.5). Grapevine fertility, as quantified in terms of the
number of bunches per grapevine, decreased towards the Atlantic Ocean. This trend could be
described by the following simple regression model:

NOgunches = 8.414 + 0.0112*D? (R?=0.9859; s.e. = 1.68; p=0.0071;n=4) 6.1

where Nogynches iS the mean number of bunches per meter cordon length at a given locality, i.e.
irrespective of soil texture and irrigation system, and D is the distance to the ocean (km). The
possibility that the variation in atmospheric conditions affected grapevine fertility needs further
investigation. Berry mass of the non-irrigated grapevines varied considerably between plots.
With the exception of Perdeberg 3, grapevines in the non-irrigated plots produced relatively
small berries, i.e. < 1 g per berry. At most localities, irrigation tended to increase berry mass
compared to the non-irrigated grapevines. This trend was more pronounced for the double line
drip system than the single line system. The variation in berry mass reflected to some extent in
the bunch mass. However, the differences in yield between plots seemed to be a function of
bunch mass as well as the number of bunches per grapevine.

Juice characteristics: In the 2007/08 season K in juice produced by grapevines in the heavier
soils tended to be higher compared to the ones in the sandy plots (Table 6.6). The
exceptionally high juice K at Plots 1 and 3, i.e. > 3000 mg/L, must have been caused by
experimental error, most probably contamination (W.J. Conradie, personal communication
2007). In most of the plots, juice K tended to be lower in the 2008/09 season. Due to the
uneven ripening, as well as logistical difficulties, it was not possible to harvest grapes of the
different plots at the target sugar content of 24B. In the case of Plot 1, where dry soil
conditions probably delayed ripening, the grapes had to be harvested at 22.7B to avoid yield
loss under the warm atmospheric conditions near Wellington. With the exception of Plots 1, 8
and 10, juice TTA was surprisingly high, i.e. > 6 g/L in the 2007/08 season. In the following
season, juice TTA levels were even higher in grapes produced from all plots. Due this seasonal
difference in juice TTA, the pH was lower in the 2008/09 season than in the first season. In the
first season, juice pH values higher than 3.5 occurred which could have negative effects on
wine colour. However the higher juice K levels in 2007/08 could also have contributed to higher
pH in some of the plots. Although the irrigation strategies tended to reduce water constraints
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Plot Locality Soil Irrigation Juice characteristics at harvest Wine quality characteristics
no. @ texture system @ K TSS TTA pH Colour Berry aroma Overall
(mglL) (B) (g/L) (%) (%) (%)
2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009
1 Wellington 1 Sandy loam Non-irrigated 7457 1686 22.7 22.6 5.9 7.7 3.53 3.31 63.3 92.2 56.8 48.3 52.9 59.8
2 Single drip 1934 784 24.4 24.3 6.3 7.4 3.61 3.33 65.9 93.1 46.0 48.9 51.5 65.5
3 Double drip 5299 1141 23.3 24.5 6.6 7.8 3.47 3.36 35.0 68.6 33.2 47.3 30.0 53.1
4 Wellington 2 Sand Non-irrigated - 871 - 24.7 - 6.8 - 3.31 - 83.2 - 47.8 - 58.7
5 Single drip - 1028 - 25.0 - 7.3 - 3.33 - 91.3 - 58.1 - 62.0
6 Perdeberg 1 Sandy clay loam  Non-irrigated 739 570 24.8 24.5 6.8 9.2 3.41 3.06 80.8 83.6 47.6 44.8 53.8 58.6
7 Single drip 766 959 25.1 23.8 6.8 8.1 341 3.17 70.5 85.3 55.9 44.7 55.2 60.1
8 Double drip 1744 - 24.5 - 5.7 - 3.42 - 75.6 - 63.4 - 62.6 -
9 Perdeberg 2 Sand Non-irrigated 1404 624 23.9 249 6.5 8.1 347 3.24 65.0 89.2 37.9 57.1 44.8 58.8
10 Single drip 971 778 23.8 25.0 5.8 6.8 3.54 3.37 70.7 89.1 51.7 50.3 54.5 63.4
11 Double drip 924 800 24.4 252 6.2 7.1 3.52 3.30 63.2 71.2 41.5 38.8 53.2 52.5
12 Perdeberg 3 Sandy clay loam  Non-irrigated 972 817 25.0 25.7 6.8 8.0 3.59 3.40 74.5 89.6 64.9 66.3 60.4 62.7
13 Single drip 2517 670 23.9 221 7.6 10.3 3.56 3.20 60.9 74.8 39.9 38.2 47.6 48.8
14 Double drip 837 1435 24.1 25.3 7.6 9.3 3.57 3.32 47.8 89.2 38.7 49.5 46.9 56.3
15 Philadelphial  Sand Non-irrigated 975 620 23.6 249 7.9 9.2 3.48 3.24 49.3 89.8 29.4 41.3 39.9 59.8
16 Single drip 883 2143 24.5 25.4 7.5 8.5 3.52 3.31 63.3 87.6 51.5 47.3 51.5 58.3
17 Double drip 1993 1051 242 24.3 7.0 10.0 3.48 3.20 51.8 74.2 40.6 40.9 43.0 45.3
18 Philadelphia 2  Sandy loam Non-irrigated 1639 714 23.4 23.3 7.5 10.6 3.43 3.13 51.5 68.4 46.5 46.0 44.9 50.4
19 Single drip 1877 888 23.0 23.7 8.6 9.4 343 3.21 26.0 65.8 34.6 47.5 31.4 45.2
20 Double drip 1405 1842 23.3 24.2 8.6 9.8 3.50 3.25 31.5 38.7 43.9 25.8 35.6 33.3

U Refer to Tables 5.7 and 5.8 for more details of the plots.
@ Irrigation applied according to growers’ schedule. Double line drip received twice the amount of water as the single drip line.



Final report26

compared to non-irrigated grapevines, it did not appear to have any consistent trends regarding
effects on juice TSS, TTA or pH during any of the seasons.

Sensorial wine quality characteristics: In the heavier soils, lower water constraints induced by
irrigation, particularly the double line system, tended to reduce the sensorial colour and berry
aroma of the wines produced from non-irrigated grapevines (Table 6.6). In the case of the sandy
soils, irrigation seemed to have had a positive effect wine colour and berry aroma compared to no
irrigation. At most of the localities, higher wine colour and/or berry aroma resulted in the highest
overall sensorial wine quality. This was similar to the trend observed in the Stellenbosch region.
Near the coast, non-irrigated grapevines produced the best wine, whereas in the warmer areas
irrigation, e.g. the single drip line plot in the heavier soil near Wellington produced the best wine.

6.3.3 Lower Olifants River
A comprehensive discussion of the response of Cabernet Sauvignon to climate, soil texture and
irrigation strategy in this region was presented by Bruwer (2010).

Experiment plots: For a detailed description of the experiment plots and irrigation management
refer to Chapter 5 (Tables 5.8 & 5.9).

Soil chemical status: ~ With the exception of Plots 7 and 8 near Vredendal, soil pHkcy was higher
than 6.0 which indicated that there were no severe acidity problems in any of the soils ((Appendix
2- Table 12.5). The relatively high pHkc) was most probably caused by lime applications to avoid
acidification under the drippers, particularly in the sandy soils. Acidification under the drippers is a
common problem in the Lower Olifants River region. The only signs of salinity occurred in the
subsoil of Plots 15 and 16 near Koekenaap. However, it is unlikely that salinity levels of ca. 86
mS/m would have any significant negative effects on grapevine growth and yield. In the case of the
sandy soils near Lutzville and Koekenaap, the low P levels, i.e. < 20 mg/kg when the clay is less
than 6%, could have negative effects on grapevine growth and yield. With the exception of Plots 5
and 6 near Vredendal, the P levels were acceptable in the topsoil layer considering the higher clay
content compared to the sandy soils. According to the 100 mg/kg K norm for the Lower Olifants
River region (Van Schoor et al., 2000), deficiencies could be expected in the case of Plots 7 and 8,
i.e. the sandy soil near Vredendal. The organic carbon contents were generally low, i.e. < 0.2%, in
the heavier soils and even less in the sandy soils.

Soil physical status:  Clay contents varied between ca. 2% in the sandy soils and ca. 20% in the
sandy loam soils (Appendix 2- Table 12.6). The fine sand fraction in the soils tended to increase
with an increase in distance from the Atlantic Ocean, whereas the medium sand tended to
decrease further away from the ocean. The fine sand content also seemed to be a function of
altitude. Approximately 90% of the variation in the fine sand content in the top soil could be
explained at the hand of the geographical position by means of the following multiple linear
regression equation:

Fine sand = 18.96 + 0.423*A + 0.96*D (R2 =0.8914;s.e.=6.1;p 0.05) 6.2

where A is altitude (m) and D distance from the ocean (km). The model can basically be regarded
as a quantification of the effect of wind blowing in a westerly direction from the ocean on the
distribution of fine sand in the study area. This suggests that the prevailing winds carried the fine
sand particles further and higher inland. Theoretically, the model implies that the fine sand fraction
should be ca. 19% in soils near the ocean.

Soil water status: The irrigation amounts that the growers applied from bud break until harvest in
March varied between 303 mm and 711 mm for the sandy soils during the two seasons (Appendix
4 - Table 14.2). For the heavier soils, the irrigation varied between 108 mm and 551 mm. In the
2006/07 season, the deficit irrigated grapevines in the sandy soil received on average ca. 41% less
water, whereas grapevines in the deficit irrigation plots in the heavier soils received ca. 60% less.
In the 2007/08 season, ca. 30% and ca.71% less water were applied to the deficit irrigated
grapevines in the sandy and heavier soils, respectively. Since severe water constraints had
negative effect on grapevine performance in some of the deficit irrigation plots in the sandy soils,
the irrigation was increased in the following season. On the other hand, irrigation of the deficit
irrigated grapevines in the heavier soils was further reduced in the second season to restrict
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excessive vegetative growth. Seasonal  and 7 varied considerably between the plots
(Appendix 3 - Tables 13.4 & 13.5). These results indicated that grapevines in some plots were
subjected to high ; throughout the season, e.g. in Plots 2 and 14, compared with the deficit
irrigation plots, e.g. in Plots 1 & 13, during both seasons. In general, \ was substantially higher
compared the plots in the Stellenbosch and Swartland regions. The higher ; also resulted in 7
values being lower compared to the latter regions.

Root system characteristics:  Root studies were carried out during October 2007 in each of the
two soil forms at the four localities. With the exception of Plots 13 and 14, where dorbank limited
the root depth to 70 cm, roots could be studied to at least 90 cm. To allow comparison of root
systems between the different plots, the vertical sections in all plots were 90 cm deep and 2.4 m
wide, which was the row width in most plots. Root numbers and depth distribution varied
considerably between plots (Table 6.7). However, in most plots root density increased from the 30
cm deep layers to the deeper ones. With the exception of Plots 13 and 14, roots were more or less
evenly distributed through the soil profile. In the case of Plots 1 to 12, root densities tended to be
higher in the sandy soils than in the heavier ones. The reverse trend occurred for the two
Koekenaap localities. The highest root densities occurred in soils with a high coarse sand fraction,
e.g. Plots 1 and 8 (Appendix 2 — Table 12.6). However, this trend was not consistent in all sandy
soils with a high coarse sand fraction, e.g. in Plots 9 and 10. In the loamy soils, root densities
varied between 135 and 216 roots per mZ. In the loamy sand near Lutzville, i.e. Plots 11 and 12,
root densities tended to be lower compared to the sandy loam soils (Table 6.7).

Table 6.7. Root numbers and depth distribution in C  abernet Sauvignon vineyards at
selected localities in the Lower Olifants River reg ion where soil water status and grapevine
responses were measured during the 2007/08 and 2008 /09 seasons.

Plot Locality Soil texture Root numbers Root dist ribution (%)
no.® 0-300 300-600 600-900 0-300 300-600 600-900
mm mm mm mm mm mm
P1&2 Kapel Sand 181 219 275 26.8 324 40.7
P3&4 Kapel Sandy loam 136 117 224 28.5 24.6 47.0
P5&6 Vredendal Sandy loam 202 178 182 35.9 31.7 32.4
P7&8 Vredendal Sand 260 227 240 35.8 31.2 33.0
P9&10 Lutzville Sand 97 148 129 25.9 39.6 345
P11&12 Lutzville Loamy sand 56 119 58 24.0 51.1 24.9
P13&14 Koekenaap Sand 151 61 - 71.2 28.8
P15&16 Koekenaap Sandy loam 133 249 237 215 40.2 38.3

W Refer to Tables 5.9 and 5.10 for more details of the plots.

Grapevine water status: In the sandy soils near Kapel, Vredendal and Lutzville, deficit irrigation
caused high to severe water constraints compared to the moderate constraints in the more
frequently irrigated grapevines (Table 6.8). In the sandy soil near Koekenaap, deficit irrigation
caused high water constraints compared to no constraints in the more frequently irrigated
grapevines in the 2006/07 season. In the following season, when mild water constraints occurred in
the frequently irrigated grapevines, deficit irrigation only induced moderate constraints. In the sandy
loam soils near Kapel and Koekenaap, deficit irrigation only caused high water constraints
compared to the moderate constraints in the more frequently irrigated grapevines during the
2007/08 season. In the sandy loam soil near Vredendal, grapevines experienced mild to moderate
water constraints during the two seasons, irrespective of the irrigation strategy. In the loamy sand
near Lutzville the frequently irrigated grapevines only experienced mild to no water constraints
during the two seasons. In the 2006/07 season, deficit irrigation induced moderate water
constraints, but in the following season only mild water constraints occurred, irrespective of the
irrigation strategy.
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Table 6.8. Effect of irrigation strategy on stem wa  ter potential (), cane mass and yield components of Cabernet Sauvi gnon in 16 plots in drip

irrigated Cabernet Sauvignhon vineyards at selected localities in the Lower Olifants River region durin g two vintages. Root density was only
determined for each locality.
Plot Locality Soil texture Irrigation Roots s Cane mass Yield components
no. @ strategy @ per m? (MPa) (t/ha) Bunches per Berry mass Bunch mass Yield
grapevine ) ) (tha)
2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008
1 Kapel 1 Sand Deficit 313 -1.31 -1.61 1.2 1.6 51 43 0.82 0.78 59 57 7.4 6.2
2 Normal 313 -1.10 -1.09 1.6 2.7 56 49 0.93 1.03 85 90 11.7 114
3 Kapel 2 Sandy loam Deficit 221 -1.13 -1.33 4.4 4.9 46 35 0.84 0.95 90 121 10.5 11.0
4 Normal 221 -1.04 -1.13 4.6 4.7 45 42 1.01 1.02 106 117 12.1 12.9
5 Vredendal 1 Sandy loam  Deficit 260 -1.09 -0.90 4.1 5.4 37 34 1.32 1.45 168 133 18.2 14.7
6 Normal 260 -0.91 -0.85 4.7 6.7 32 32 1.38 1.39 164 136 15.2 14.0
7 Vredendal 2 Sand Deficit 337 -1.36 -1.49 1.1 1.1 44 44 1.15 0.90 95 62 11.1 8.0
8 Normal 337 -1.04 -1.08 2.3 2.3 45 43 1.24 1.12 115 122 13.8 14.9
9 Lutzville 1 Sand Deficit 173 -1.37 -1.25 1.8 3.1 23 43 0.98 1.05 82 86 6.1 10.5
10 Normal 173 -0.85 -0.96 2.5 3.7 35 46 1.11 1.33 123 108 12.2 13.9
11 Lutzville 2 Loamy sand  Deficit 108 -0.90 -0.63 6.0 8.3 38 42 1.17 1.29 183 109 19.6 131
12 Normal 108 -0.72  -0.61 6.1 8.3 34 36 1.37 1.32 196 120 20.4 12.2
13 Koekenaap 1 Sand Deficit 147 -1.20 -1.14 1.8 2.7 30 40 1.52 1.25 134 124 10.1 12.6
14 Normal 147 -0.58 -0.78 25 3.3 31 37 1.53 1.38 139 151 11.0 14.4
15 Koekenaap 2 Sandy loam  Deficit 287 -1.09 -1.15 4.0 4.0 31 35 1.34 1.24 132 108 11.8 10.9
16 Normal 287 -0.91 -0.93 4.0 4.0 34 35 1.47 1.40 160 156 15.3 15.5

W Refer to Tables 5.9 and 5.10 for more details of the plots.
@ “Deficit irrigation” grapevines in sandy and loamy soils were irrigated at ca. -60 kPa and -80 kPa, respectively, whereas “Normal” ones were irrigated according to the growers’ schedule.
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Vegetative growth: Visual observation during the season revealed that grapevines on the drier
plots showed water constraint symptoms such as yellowing of the older leaves. In the more severe
cases, limited leaf shed occurred, which increased leaf and bunch exposure to direct sunlight. At
some localities grapevines in the deficit irrigation plots, e.g. in Plots 1 and 9, water constraint
symptoms manifested as early as December, whereas in others, e.g. Plots 5 and 11 in the heavier
soils, grapevines showed no signs of water constraints throughout the season. The grapevine
canopies in the normal irrigated plots did not show any visual signs of water constraints,
irrespective of soil type. At each of the localities, cane mass of grapevines in the sandy soils was
lower compared to the ones in the heavier soils during both seasons (Table 6.8). In the sandy soils
near Lutzville and Koekenaap, the low P levels did not seem to have had negative effects on cane
mass compared to the other soils. The low K contents in the soil could have contributed to the cane
mass being the lowest in the sandy soil near Vredendal, i.e. Plots 7 and 8. Vegetative growth of the
frequently irrigated grapevines in the sandy soils was on average 50% lower compared to the
frequently irrigated ones in the heavier soils. In the sandy soils, deficit irrigation reduced cane mass
by approximately 30% compared to the more frequently irrigated ones during both seasons. Hence,
30% to 40% less irrigation generally caused a 30% decrease in cane mass under the given
conditions. Cane mass of grapevines in the heavier soils did not show this trend although 60% to
70% less irrigation was applied.

Yield and its components:  Similar to the Swartland region, the number of bunches per grapevine
decreased towards the Atlantic Ocean (Table 6.8). This trend could also be described by a simple
regression model as follows:

NOgunches = 20.637 + 0.0081*D? (R2 =0.9160; s.e. =1.18; p =0.0429; n = 4) 6.3

where Nogynches IS the mean number of bunches per meter cordon length at a given locality, i.e.
irrespective of soil texture and irrigation strategy, and D is the distance to the ocean (km). It is
interesting to note that the slopes of the models were comparable for the Lower Olifants River and
the Swartland regions. However, the y-intercept for the Lower Olifants River region was more than
double the value for the Swartland region. The difference in y-intercepts and similarity in the slopes
means that there were more bunches per meter cordon length in the Lower Olifants River region
than in the Swartland region at a given distance from the ocean. However, due to the non-linearity
of the trends, the difference in bunch numbers between the two regions decreased as the distance
from the ocean increased. Although spur spacing also determine the number of bunches, it is
unlikely that this practice would differ substantially between the two regions. The foregoing
indicates that the difference in climate between the two regions probably influenced grapevine
fertility. Furthermore, the results obtained in the Lower Olifants River region confirmed the effect of
proximity to the Atlantic Ocean on grapevine fertility, probably via its effect on the climate (Bruwer,
2010). However, it is important to note that the regression model will only be valid for Cabernet
Sauvignon within the ranges of the variables used in the models, e.g. within ca. 50 km from the
ocean.

Bunch numbers per gapevine did not show any particular trend with respect to soil texture. The
observed variability within a soil textural class was probably due to differences in pruning styles or
intensities. For most plots, bunch numbers were comparable between the two seasons. The deficit
irrigation applied in 2006/07 did not seem to have any negative effect on bunch numbers in the
following season. Berry mass ranged from small, i.e. approximately 0.8 g per berry, to more than
1.5 g per berry, which can be considered as relatively large berries. Berry mass also did not show
any particular trend with respect to locality and/or soil texture. Under the given conditions, berry
mass decreased linearly with the number of bunches per grapevine. This negative relationship
suggested that berry mass was reduced by a competition effect. The only exception was berries
from Plot 9 that were relatively small in relation to the low bunch numbers during the 2006/07
season. This contradiction was probably caused by experimental error. If this outlier value is
ignored, berry mass correlated reasonably well with the number of bunches per grapevine (R2 =
0.5377).

The smaller berries reflected in smaller bunch masses (Table 6.8). The differences in bunch
masses contributed to the variation in yield between plots. On average, deficit irrigation reduced
yield of grapevines in the sandy soils by ca. 30%, whereas yield of grapevines in the heavier soils
was only ca. 5% lower during both seasons. It should be noted that the deficit irrigation grapevine
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in Plot 5 produced more grapes than their counterparts in the more frequently irrigated Plot 6
during both seasons (Table 6.8). At this stage there are no explanations for this unexpected trend.
However, if the yield is ignored, the mean yield reduction caused by deficit irrigation was still only
ca.13% for the heavier, more fertile soils in both seasons. The foregoing indicated that vineyards in
the sandy soils were more sensitive to water deficits compared to ones in the heavier soils, in spite
of the fact that the latter ones received 60% to 70% less irrigation water.

Juice characteristics: The rate of berry ripening varied to such an extent between plots that
harvest dates extended over a two month period. However, berry ripening tended to be slower as
the distance from the ocean decreased. This trend seemed to be caused by local climatic effects
resulting from the proximity of the Atlantic Ocean (Bruwer, 2010). Juice K did not show any
particular trend with respect to locality, soil texture and/or irrigation strategy (Table 6.9). In the
2006/07 season, the exceptionally high juice K at Plots 4, 9 and 13, i.e. > 3000 mg/L, must have
been caused by experimental error, probably contamination as discussed previously. In the
following season, the high juice K values for Plots 6 and 7 were probably caused by the same
reason. Due to the uneven ripening as well as logistic difficulties, it was not possible to harvest
grapes of the different plots at the target sugar content of 24B. The juice TSS, TTA and pH at
harvest were not influenced by soil texture and/or irrigation strategy in any of the two seasons.
Similar to sugar content, the rate of juice TTA decrease during berry ripening also seemed to be
related to the distance from the ocean. For most plots, the juice TTA was high in both seasons, i.e.
> 6.0 g/L. This trend was surprising, given the relatively warm atmospheric conditions, as well as
the fact that grapevines in the sandy soils experienced high to severe water constraints where
deficit irrigation was applied. For grapes from some plots, juice pH was relatively high, i.e. > 3.5,
which could be problematic in terms of wine colour.

Sensorial wine quality characteristics: The distance from the Atlantic Ocean did not seem to
have any effect on wine colour during both seasons (Table 6.9). However, within a specific locality,
grapevines in the sandy soils, e.g. Plots 1 and 2 tended to produce better wine colour during both
seasons compared to those in the more fertile sandy loam soils, e.g. Plots 3 and 4. High to severe
water constraints tended to improve wine colour where deficit irrigation was applied in the sandy
soils during both seasons. This trend was less consistent for the wines produced from grapevines
in the heavier soils. The berry aroma character was more intense in the wines produced on the
sandy soils with the exception of Koekenaap. However, similar to the Stellenbosch and Swartland
regions, overall wine quality was enhanced by the combination of higher colour and berry aroma.
Within a specific locality, grapevines in the sandy soils tended to produce better overall wine quality
during both seasons compared to those in the more fertile sandy loam soils. Since wine colour, but
not berry aroma, also showed the latter trend, it indicated that wine colour had a more dominant
effect overall wine quality than berry aroma in the Lower Olifants River region.

6.3.4 Lower Orange River
Experiment plots: For a detailed description of the experiment plots and irrigation management
refer to Chapter 5 (Tables 5.11 & 5.12).

Soil chemical status : There were no acidity, salinity or sodicity constraints in any of the soils
(Appendix 2 - Table 12.7). Except for low P in the subsoil of the sandy soil near Upington, there
were no nutrient deficiencies that could have negative effects on grapevine response. The Ca
contents were exceptionally high compared to all the soils in other regions. The organic carbon
contents in the sandy soil were slightly higher compared to the sandy soils in the Lower Olifants
River region. The almost 1% organic carbon in the top layer of the loamy sand was the highest of
all the plots included in the project.

Soil physical status: Except for the hard calcareous layer in the subsoil at Upington, there were
no other physical constraints that could have negative effects on grapevine response (Appendix 2 -
Table 12.8).

Soil water status: In the case of the plots in the sandy soil near Upington, the grower applied
irrigations at a high frequency, i.e. three or more irrigations per week. Although some of the plots in
the Lower Olifants River region were irrigated at high frequencies, irrigation amounts were
generally lower compared to the amounts applied near Upington (Appendix — 4 Table 14.3). This
difference illustrated the higher irrigation amounts applied by means of micro-sprinklers compared
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on in 16 plots in drip irrigated Cabernet

Plot Locality Soil texture Irrigation Juice characteristics at harvest Wine quality characteristics
no. ® strategy @ K TSS TTA pH Colour Berry aroma Overall
(mg/L) (B) (9/L) (%) (%) (%)
2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008
1 Kapel 1 Sand Deficit 1320 1428 256 237 7.4 6.2 3.35 3.8 886 767 752 589 643 537
2 Normal 1176 987 239 239 8.6 6.0 3.16 3.6 865 70.0 635 522 636 68.6
3 Kapel 2 Sandy loam Deficit 1463 1699 245 25.2 9.5 8.4 3.21 3.7 62.3 67.2 47.4 44.3 46.8 51.8
4 Normal 3229 1426 22.6 24.2 9.0 7.4 3.22 3.5 55.3 59.3 30.5 41.7 43.4 52.0
5 Vredendal 1 Sandy loam  Deficit 1378 2180 24.0 24.1 6.7 6.6 3.45 3.6 67.7 52.8 31.3 30.7 47.6 50.0
6 Normal 1866 11458 26.0 24.0 6.8 6.9 3.46 3.7 71.9 61.5 38.8 63.3 52.0 46.2
7 Vredendal 2 Sand Deficit 1496 7943 254 23.8 6.8 5.6 3.45 3.8 74.1 84.8 39.6 61.5 49.6 58.8
8 Normal 1740 916 271 254 7.8 6.6 3.52 3.6 796 848 556 472 579 685
9 Lutzville 1 Sand Deficit 3244 949 25.8 244 5.9 6.1 3.50 3.6 78.1 71.7 42.8 41.5 545 70.5
10 Normal 1628 1133 245 25.3 7.0 6.5 3.47 3.6 63.2 58.7 54.1 58.2 46.8 50.6
11 Lutzville 2 Loamy sand  Deficit 914 2911 250 253 6.5 6.6 3.66 3.7 465 601 249 469 448 520
12 Normal 2196 1887 23.7 25.6 6.4 6.5 3.74 3.8 48.1 55.4 33.1 39.0 41.8 40.2
13 Koekenaap1l Sand Deficit 4982 2440 24.6 25.1 7.4 7.6 3.29 3.4 84.9 81.7 20.7 41.3 59.1 57.0
14 Normal 1164 2068 242 246 9.2 8.2 3.22 3.4 655 726 513 429 516 507
15 Koekenaap 2 Sandyloam  Deficit 1314 2891 28.1 25.9 7.4 7.2 3.42 35 78.7 64.5 46.4 45.3 55.3 53.7
16 Normal 820 1314 25.8 23.9 7.5 6.9 3.39 3.5 48.6 75.5 40.9 58.9 45.9 42.8

U Refer to Tables 5.9 and 5.10 for more details of the plots.

()

“Deficit irrigation” grapevines in sandy and loamy soils were irrigated at ca. -60 kPa and -80 kPa, respectively, whereas “Normal” ones were irrigated according to the growers’ schedule.
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to drip irrigation applied at similar frequencies. The irrigation amounts applied varied substantially
during the two seasons. However, in each season approximately 40% less water was applied to
the deficit irrigated grapevines compared to the more frequently irrigated ones. Due to the high
water holding capacity of the soil near Groblershoop, the deficit irrigation grapevines did not have
to be irrigated from October until harvest. However, during both seasons the plot that was irrigated
according to the growers’ schedule also became gradually drier as the season progressed
(Appendix 3 - Tables 13.6 & 13.7). A possible reason for this unplanned “deficit irrigation” was that
the water which was applied to the short row lengths in the plots by means of flood irrigation was
insufficient to wet the soil profile over the root depth. Consequently, there was little difference in
and yr between the normal and deficit irrigation plots, particularly in the 2008/09 season. The
values of ca. 0.3 MPa during berry ripening in the loamy sand near Groblershoop were comparable
to the values obtained in the non-irrigated plots in the Swartland region.

Root system characteristics:  In the sandy soil near Upington, fewer roots occurred in the topsoil
than in the subsoil (Table 6.10). This was probably due the warm, dry atmospheric conditions that
caused unfavourable conditions in the gravelly topsoil between irrigation. In the loamy sand near
Groblershoop, most of the roots occurred from the surface to depth of 60 cm. Similar to the trend
observed in the Olifants River valley, root density was considerably higher in the gravelly, sandy
soil near Upington compared to the alluvial soil near Groblershoop (Table 6.11). In the
Stellenbosch region the highest root numbers and density also occurred in a gravelly, sandy soil in
the Helderberg foothills.

.Table 6.10. Root numbers and depth distribution in Cabernet Sauvignon vineyards at
selected localities in the Lower Orange River regio  n where soil water status and grapevine
responses were measured during the 2007/08 and 2008 /09 seasons.

Plot Locality Soil texture Root numbers Root distribution (%)
@
no. 0-300 300-600  600-900 0-300 300-600 600-900
mm mm mm mm mm mm
1&2 Upington Sand 324 368 312 32.3 36.7 31.1
3&4 Groblershoop Loamy sand 275 168 27 58.5 35.7 5.7

U Refer to Tables 5.11 and 5.12 for more details of the plots.

Grapevine water status: During the 2007/08 season, deficit irrigation induced high water
constraints compared to mild constraints in the more frequently irrigated ones in the plots near
Upington (Table 6.11). In the following season, when considerably more irrigation was applied,
deficit irrigation only induced moderate water constraints, whereas the frequently irrigated ones
experienced no constraints. Due to the similarity in soil water status and gradual drying of the soil,
the grapevines in both plots near Groblershoop experienced high water constraints during berry
ripening in the 2007/08 season. Due to slightly wetter conditions in 2008/09, i.e. lower yr, the
grapevines only experienced moderate water constraints.

Vegetative growth: The vegetative growth did not show any visual symptoms caused by deficit
irrigation in any of the plots during the two seasons. As expected, cane mass was lower in the
sandy soil than in the loamy sand (Table 6.11). Although the P content was low in the sandy sail, it
did not seem to have a negative effect on the cane mass which was comparable to that of
grapevines in the other regions. Similar to the results obtained in the other regions, the higher cane
mass was not related to a higher root density. In the plots near Upington, deficit irrigation reduced
vegetative growth during both seasons. In the heavier soil near Groblershoop deficit irrigation had
no effect on cane mass compared to more frequent irrigation in the 2007/08 season. However, in
the following season deficit irrigation reduced cane mass, i.e. when yr was higher in the deficit
than in the normal plot (Appendix 3 - Table 13.7).

Yield and its components: In the case of the plots in the sandy soil near Upington, bunch
numbers were slightly lower in the 2008/09 season than in the 2007/08 season, probably due to
seasonal variation (Table 6.11). However, deficit irrigation in the first season did not appear to have
had a negative carry-over effect on bunch numbers in the following season. Due to the high
bearing potential of the T-trellis, relatively large bunch numbers occurred in the plots near
Groblershoop. At this particular locality, bunch numbers were lower in the case of the deficit
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Table 6.11. Effect of irrigation strategy on stem w  ater potential ( ), cane mass and yield components of Cabernet Sauvi  gnon in four plots at
selected localities in the Lower Orange River regio  n during two vintages. Root density was only determ ined for each locality.

Plot Locality Soil Irrigation Roots s Cane mass Yield components
no.® texture strategy @ per m? (MPa) (t/ha) Bunches per Berry mass Bunch mass Yield
grapevine 9 (€)) (Vha)
2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009
1 Upington Sand Deficit 372 -1.2 -1.1 29 2.0 56 45 0.99 0.77 69 88 9.4 9.6
2 Sand Normal 372 -0.8 -0.6 4.4 4.2 61 42 1.23 1.07 86 124 12.5 12.6
3 Groblershoop Loamy sand Deficit 196 -1.2 -11 3.5 1.9 237 196 1.04 0.83 49 48 27.5 22.2
4 Loamy sand Normal 196 -1.2 -1.1 3.2 3.3 237 242 1.08 0.86 44 46 25.3 26.6

U Refer to Tables 5.11 and 5.12 for more details of the plots.
@ “Deficit irrigation” grapevines were irrigated at ca. -60 kPa, whereas “Normal” ones were irrigated according to the growers’ schedule.

Table 6.12. Effect of irrigation strategy on juice and wine quality characteristics of Cabernet Sauvig non in four plots at selected localities in the
Lower Orange River region during two vintages.

Plot  Locality Soil Irrigation Juice characteristics at harvest Wine quality characteristics
no. texture strategy @ K TSS TTA pH Colour Berry aroma Overall
(mglL) (B) (9/L) (%) (%) (%)
2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009
1 Upington Sand Deficit 3660 970 263 228 6.4 6.9 3.68 355 433 853 327 557 37.0 640
2 Sand Normal 3109 849 23.3 23.3 8.8 7.8 3.58 3.47 60.5 77.7 42.9 41.3 49.4 44.8
3 Groblershoop Loamysand  Deficit 1558 730 26.9 25.0 8.3 6.7 3.56 3.26 73.1 84.5 59.2 51.3 63.3 63.5
4 Loamy sand  Normal 2271 801 26.4 24.0 7.0 6.9 3.53 3.33 69.0 75.5 54.0 43.2 64.4 49.8

U Refer to Tables 5.11 and 5.12 for more details of the plots.
@ “Deficit irrigation” grapevines were irrigated at ca. -60 kPa, whereas “Normal” ones were irrigated according to the growers’ schedule.
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irrigated grapevines during the 2008/09 season. This corresponded with the lower cane mass
which indicated that a negative carry-over effect might have been induced by the deficit irrigation.

In the sandy soil near Upington, deficit irrigation reduced berry mass compared to more frequent
irrigation. Furthermore, deficit irrigation produced relatively small berries, < 1 g per berry in both
seasons (Table 6.11). As expected, berry mass did not differ between the plots near Groblershoop
in any of the seasons. However, in the 2008/09 season berries were also relatively small. In the
sandy soil, the effects of the water constraint differences reflected in bunch mass, but this trend did
not occur in the loamy sand. Bunch masses on the T-trellis were considerably smaller than on the
vertical trellis. In fact, the bunch mass on the T-trellis was by far the smallest compared to all the
other plots in the different regions as discussed above. However, due to the high bunch numbers,
yields on the T-trellis were relatively high compared to the yields produced on vertical trellises in
the other regions. In the case of the sandy soil, the effect of water constraints on bunch mass
reflected in lower yields. In the loamy sand, the lower yield produced by deficit irrigation in the
2008/09 season corresponded with the lower cane mass which could be indicative of a negative
carry-over effect as discussed above.

Juice characteristics:  Juice K levels were relatively high during the 2007/08 season, particularly
in grapes produced in the sandy soil where K contents exceeded 3000 mg/L (Table 6.12). In the
following season, juice K was substantially lower. In the sandy soil, water constraints tended to
increase juice K during both seasons which indicated that the smaller berries could have caused a
concentration effect. The opposite trend occurred in the loamy sand, probably due to enhanced K
uptake in the wetter soil. Deficit irrigation did not have any consistent effect on juice TSS in both
soils. Similar to the Lower Olifants River region, juice TTA levels were relatively high, i.e. > 6,
during both seasons. In the case of grapevines in the sandy soil near Upington, higher water
constraints seemed to have reduced the TTA compared to more frequent irrigation. This trend did
not occur in the heavier soil near Groblershoop. In the 2007/08 season, juice pH was relatively
high, i.e. > 3.5, which could be problematic for wine colour. Deficit irrigation did not have any
consistent effects on juice pH of grapes produced in the two different soils. However, juice pH
tended to be higher in the sandy soil near Upington compared to the heavier alluvial soil near
Groblershoop. Furthermore, deficit irrigation tended to increase juice pH in grapes produced on the
sandy soil.

Sensorial wine quality characteristics: In the 2007/2008 season, sensorial colour of the wines
produced in the loamy sand near Groblershoop tended to be better compared to wines produced in
the sandy soil near Upington (Table 6.12). In the case of the sandy soil, the high water constraints
seemed to have had a negative effect on wine colour and berry aroma. However, in the following
season, when more irrigation was applied, the deficit irrigation tended to produce better wine colour
and berry aroma compared to more frequent irrigation. This indicated that wine colour and berry
aroma will be enhanced by mild to moderate water constraints, whereas no as well as high
constraints will have negative effects under the given conditions. In the loamy sand, deficit irrigation
tended to improve wine colour and berry aroma in both seasons. Similar to the trend in the other
regions, higher wine colour and berry aroma resulted in the highest overall sensorial wine quality. It
must be noted that the high wine quality characteristics produced in the loamy sand were
comparable to that of wines produced in other regions, but that the yields obtained on the T-trellis
in the Lower Orange River region were substantially higher.

6.4 CONCLUSIONS

In the non-irrigated plots in the Stellenbosch region the lowest  during berry ripening amounted
to ca. -0.6 MPa, whereas in the Swartland the lowest was ca. -0.3 MPa when no irrigation was
applied. When these |, levels were reached, yr amounted to ca. 30 MPa? and 20 MPa? in the
Stellenbosch and Swartland regions, respectively. The extent to which these | levels were
reduced in the Swartland region, depended on the amount of water applied per irrigation, i.e. larger
irrigation volumes seemed be more efficient. Where low frequency irrigation was applied in a Ioamzy
sand in the Lower Orange River, y and yr also amounted to ca. -0.3 MPa and 20 MPa“,
respectively. The variation in cane mass could not be related to root numbers or densities within a
soil textural class in any of the regions. In the Stellenbosch and Swartland regions, relatively low
soil pHcyy did not have serious negative effects vegetative growth. At most of the localities, topsoil
P contents which were within the norms seemed sufficient to sustain acceptable vegetative growth.
Higher yr tended to reduce vegetative growth, if compared within a soil textural class in a given
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region. Similarly, lower , resulted in higher grapevine water constraints during berry ripening, i.e.
if compared within a soil textural class at a given locality. In the Swartland and Lower Olifants River
regions, grapevine fertility seemed to be influenced by proximity to the Atlantic Ocean, probably via
its effect on the climate. Berry mass tended to decrease as the number of bunches per grapevine
increased. This trend was probably caused by a competition effect. Under a given set of conditions,
high to severe grapevine water constraints reduced berry mass compared to mild to moderate
constraints. The smaller berries generally reflected in smaller bunches. This trend, in addition to the
bunch numbers, which to some extent depended on the trellis and pruning systems, determined
the size of the yield.

In some of the regions, e.g. the Lower Olifants River and Lower Orange River, juice K tended be
lower in grapes produced in sandy soils than in heavier soils where stronger vegetative growth
occurred. Juice K did not show any particular trends with respect to locality and/or irrigation
strategy. Furthermore, juice K showed seasonal variation within a region, but this could not be
explained by the variables monitored in the project. Although there was some differences in the
rate of sugar accumulation, the TSS at harvest did not show any particular trends with respect to
differences in water constraints induced by soil texture and/or irrigation strategy. Juice TTA was
generally high, i.e. > 6 g/L, in grapes produced in all the plots, including those in the warmer
regions. Juice pH values of grapes produced in the Stellenbosch at harvest were within acceptable
limits, i.e. < 3.5, whereas in the other regions juice pH in grapes from some plots could be
problematic in terms of wine colour.

High to severe water constraints improved sensorial wine colour and intensified the berry aroma of
the wine. However, in the shallow, sandy soils of the Lower Olifants River and Lower Orange River
regions these water constraints levels had negative effects on colour and berry aroma. In such
soils, mild to moderate water constraints produced better colour and berry aroma. Higher wine
colour and berry aroma almost invariably resulted in the highest overall sensorial wine quality. This
trend was consistent in all the regions. Although the climate, i.e. according to the Képpen and
Winkler classifications, varied between the regions, it did not have specific effects on sensorial
wine quality characteristics. Wines of comparable high quality were produced in all the regions.
Similarly, poor wines were produced, irrespective of differences in climate. Where atmospheric
conditions differences occurred within a region, i.e. according to the Heliothermal Index or the
mean February temperature, it also did not seem to have a pronounce effect on the sensorial wine
characteristics evaluated within the scope of the project. The foregoing indicated that grapevine
water constraints dominated the effect of atmospheric conditions on sensorial wine quality
characteristics. However, it does not rule out that other management practices such as trellis and
pruning systems, canopy management and fertilization could have could have contributed to the
variation in sensorial wine quality.

The general growth, yield and wine quality responses of Cabernet Sauvignon grapevines to
different water constraint classes based on the data in this report, as well as the findings of Bruwer
(2010) and Mehmel (2011) are summarised Table 6.13. The purpose of this summary is to serve
as a guideline for the cultivation for Cabernet Sauvignon, particularly irrigation management.
However, it should be regarded as a first departure and must be updated in future when more
information is generated through experience and continued research.



Table 6.13. Growth, yield and quality responses of

potential ( s).

Cabernet Sauvignon grapevines to different water c
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onstraint classes based on midday stem water

Water constraint

Response

Vegetative growth

Yield components

Juice characteristics

Sensorial wine characteristics

Active growth tips throughout the
growing season; Long shoots; Long
internodia; Poor light penetration in
bunch zone; Yellowing of older
leaves in bunch zone.

Berry mass > 1.4 g; Yield may
decline if buds are excessively
shaded early in season.

High K, low TTA & high pH if leaves
are shaded; High TTA & low pH if
berry temperature is reduced; Sugar
accumulation retarded; Juice dilution
OCCUrs.

Wine colour & overall quality < 50%.

Active growth tips late in the growing
season; Poor light penetration in
bunch zone; Limited yellowing of
leaves inside canopy; Maximum
vegetative growth.

Berry mass 1.2 g
yield.

1.4 g; Maximum

K 1400 1900 mg/L; TTA 6.8 to 8.0
g/L; pH 3.4 to 3.6; Lower TTA &
higher pH if leaves are shaded,;
Higher TTA & lower pH if berry
temperature is reduced; Sugar accu-
mulation may be retarded; Juice
dilution may occur.

Wine colour 60% to 70%; Overall
quality 45% to 50%.

Pre-véraison: Drooping of second
tendril from apex; Post-véraison:
Limited active shoot tips; Leaves
could show para-helionastic move-
ment; No yellowing of leaves;
Vegetative growth reduced by ca.
30%.

Berry mass 1.1 g
reduced by ca. 5%.

1.2 g; VYield

K 1100 1400 mg/L; TTA 6.9t0 7.5
g/L; pH 3.4 to 3.5; Lower TTA &
higher pH if leaves are shaded,;
Higher TTA & lower pH if berry
temperature is reduced; Sugar accu-
mulation may be retarded; Juice
dilution may occur.

Wine colour 65% to 85%; Max. berry
character if clay < ca. 5%; Overall
quality 50% to 65%.

Inactive shoot tips pre-véraison;
Limited drying of tendrils; Leaf
folding, drooping & para-helionastic
movement; Limited yellowing of
basal leaves; Increased bunch ex-
posure; Vegetative growth reduced
by ca. 40%.

Limited berry shrinkage; Berry mass
1.0 g 1.1 g; Yield reduced by ca.
30%.

K 1000 1100 mg/L; TTA7.0to 7.6
g/L; pH ca. 3.4, Higher TTA & lower
pH if leaves are exposed; Sugar
accumulation may be limited.

Wine colour 75% to 80%; Max. berry
character if clay > ca. 5%; Overall
quality ca. 60%.

class
No
s -0.60
Mild
-0.60> s -0.85
Moderate
-0.85> g -1.15
High
-1.15> ¢ -1.40
Severe
s<-1.40

Shoot elongation stops at pea size
berries; Dessicated shoot tips pre-
véraison; General drying of tendrils;
Leaf shedding may occur; Yellowing
of basal & bunch zone leaves; Leaf
shedding occurs; Excessive bunch
exposure; Vegetative growth re-
duced by ca. 55%.

Berries shrink or shrivel; Berry mass
< 1.0 g; Yield reduced by ca. 40%;
Negative carry over effects to next
season could occur.

K <1000 mg/L; TTA < 6.8 g/L; pH
3.4 10 3.5; Lower TTA & higher pH if
berry temperature is increased,;
Sugar accumulation limited.

Wine colour 75% to 80%; Overall
quality 55% to 60%.
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7. RELATIONSHIPS BETWEEN GROWTH CONDITIONS AND GRAP EVINE RESPONSES

7.1 INTRODUCTION

Grapevine research is usually carried out by means of field experiments or under controlled
conditions in glass houses. This means that the results are collected for one set of soil and
atmospheric conditions. Depending on the purpose of the experiment, only one rootstock will be
used and the same viticultural practices, e.g. trellis and pruning systems, will be applied to all the
grapevines. This approach could limit the extrapolation of the results to localities where the soils
differ and other atmospheric conditions prevail. The purpose of this study was to combine the
results obtained in the different regions in an effort to determine if trends in grapevine responses
were valid under a wide range of soil and climatic conditions.

7.2 MATERIALS AND METHODS

The soil water status and general grapevine responses data presented in Chapter 6, as well as the
soil chemical and physical properties presented in Appendix 2 were used. Perusal of the data
revealed that midday s was related to the highest , i.e. the wettest layer in the soil profile on
the day that s was measured. Since there was not a simple linear relationship for all the data,
simple regressions were calculated for each region separately. With the exception of the
Stellenbosch region, the regressions between s and \ were also calculated separately for the
sandy and heavier soils within a region. The slope and y-intercept of each relationship was plotted
against the five soil particle size classes, i.e. clay, silt, fine sand, medium sand and coarse sand. In
the case of the particle size classes, the mean value of each class was calculated for the different
region/basic soil texture combinations. The variability in the measured root density, vegetative
growth, yield and quality responses for the pooled data were explained by means of multiple linear
regressions.

Statistical analyses: Statgraphics® was used to determine relationships between variables by
means of simple and multiple linear regressions at the 95% confidence level. Only variables that
made a significant contribution to a model, i.e. p  0.05, were included in the models. The objective
was not to include more than four variables in a model.

7.3 RESULTS AND DISCUSSION

7.3.1 Midday grapevine water status

Effects of soil water matric potential: There were considerable variations in the relationship
between s and \ for the different region/basic soil texture combinations (Table 7.1). The slopes
of the sandy loam or loamy sand soils were relatively low compared to the sandy soils. This means
that grapevines in the heavier soils would experience less water constraints than ones in sandy
soils at the same |\ value. The reason for this difference is because the unsaturated hydraulic
conductivity (K) is generally higher in heavier soils than in sand at a given  (Fig. 7.1). However,
when the soil water content in sand is near saturation, i.e. high y, water flows relatively fast
through the high number of coarse pores. This allows grapevines to absorb water more readily
compared to the heavier soils where there are less coarse pores. As the sandy soils begin to dry
out, the K decreases substantially more than in heavier soils, which causes water constraints to
develop more rapidly than in sandy loam or loamy sand soils. The latter effect of K on s in
grapevine in different textured soils is illustrated by the data for the Lower Olifants River region
(Fig. 7.2). For the purpose of this project the relationship between sand \, will be referred to as
water constraint evolution curves. The seven curves are summarised in Figure 7.3.

Table 7.1. Equations for the relationship between s  tem water potential (MPa) and soil matric
potential (MPa) for Cabernet Sauvignon in different region/soil texture combinations.

Region/soil Slope Y-intercept R? Standard Significance
Stellenbosch 8.79 -0.365 0.5140 %r.rfé p 0.0039
Swartland/Sand 8.20 -0.440 0.5618 0.22 p 0.0001
Swartland/Sandy loam 2.64 -0.815 0.6560 0.17 p 0.0001
Lower Olifants River/Sand 10.98 -0.792 0.7142 0.16 p 0.0001
Lower Olifants River/Sandy loam 3.06 -0.872 0.5119 0.09 p 0.0001
Lower Orange River/Sand 7.88 -0.528 0.5739 0.14 p 0.0004
Lower Orange River/ Loamy sand 1.45 -0.694 0.8681 0.08 p 0.0001
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The unsaturated hydraulic conductivity is primarily determined by the texture and porosity in soils.
Hence, it is not surprising that the slopes of the water constraint evolution curves related
exceptionally well to the silt content (Fig. 7.4). The latter fraction allows relatively fast water flow to
take place as the soil dries out. The y-intercept of the water constraint evolution curves also related
exceptionally well to the coarse sand contents (Fig. 7.5). This indicates that the initial unsaturated
flow of water is controlled by the coarse pores, i.e. near-saturation flow will be lower if there are
less coarse present in the soil. The foregoing explains why s in grapevines in the alluvial soils in
the Lower Olifants and Lower Orange River regions remained relatively high throughout the
season, and did not respond to the deficit irrigation strategies compared to grapevines in the sandy
soils. The reason that only one relationship existed for the Stellenbosch region was probably
because most of the soils had a relatively high coarse sand content (Appendix 1 — Table 12.2).
This could have played a dominant role in the unsaturated hydraulic properties, and the response
of sto w.

Soil matric potential (MPa)
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Figure 7.3. Water constraint evolution curves, i.e. the relationship between midday stem

water potential in Cabernet Sauvignon grapevines an d soil water matric potential, in
different textured soils in four wine growing regio ns.

Effects of atmospheric conditions: Although determining the effect of atmospheric conditions on
grapevine water status was one of the primary objectives of the project, this aspect was not further
investigated due to the following reasons. When the effects of soil texture and hydraulic
conductivity are taken into consideration, | seemed to be a dominant factor in controlling
grapevine water status. In this regard, s was better related to \ than . This was because ¢
was measured in covered leaves which minimised the effects of prevailing atmospheric conditions.
Measuring the diurnal cycles showed that | is influenced by short term fluctuations in atmospheric
conditions. This means that the variation in | caused by atmospheric conditions can only be
realistically explained on an hourly or even shorter basis (Myburgh, 2011a). However, for a
combined explanation of the | variation in a number of plots, \, for each plot was considered.
When the variation in |, as a function of the atmospheric conditions and , was explained by
means of multiple linear regression models, the strong influence of \ caused the contribution of
the atmospheric variables to be statistically insignificant. It must be noted the foregoing does not
rule out the possibility that the combined effects of atmospheric conditions and | could be
explained by other modelling techniques. However, the latter aspect was beyond the scope of the
project.



Final report40

12

10

Slope (MPa/MPa)

2 L y=-05561x +11.075
R?=0.7585

0 1 1 1
0 5 10 15 20

Silt (%)

Figure 7.4. The relationship between the slopes of = water constraint evolution curves and the
silt content in soils.

0.0 . . ; ;
y=0.0311x - 0.9695
R?=0.8267

02 f
g
= 04
o
Q
o
o 06 |
£

08 |

10

0 5 10 15 20 25

Coarse sand (%)

Figure 7.5. The relationship between the y-intercep  ts of water constraint evolution curves
and the coarse sand content in soils.

7.3.2 Root density: Although root distribution patterns are generally quite variable, the variation in
root density between the soils was well related to soil texture. However, there was a distinct
difference between the effect of soil texture in the sandy soils, i.e. < ca. 5% clay, compared to the
heavier soils. In the sandy soils root density decreased with an increase in the clay content, which
indicated that slightly higher soil water availability probably reduced the need to form more roots
per unit soil volume. This is probably why the root density increased with an increase in the sand
content, particularly the fine sand. The need to form more roots was further increased in sandy
soils containing a high volume percentage gravel and stone, e.g. Plot 1 in the Stellenbosch region,
compared to the other sandy soils. However, this does not rule out the possibility that the bigger
wetted soil volume caused by the micro-sprinklers could have contributed to the exceptionally high
root density in and Plots 1 and 2 in the Lower Orange River region compared to the drip irrigated
vineyards. In the case of the sandy soils, the variation in root density could be explained by means
of the following multiple linear regression model:

Densityroots = 24.2 — 20.39*Cl + 3.56*Sandy; + 4.91*Gryy  (R2 = 0.8293; s.e. = 54; p = 0.0003) 7.1
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where Densityroots IS root density (roots per m?), Cl is clay content (%), Sandg; is fine sand content
(%) and Gry,, is gravel content in the soil (volume%). Surprisingly, the rootstocks, i.e. 99Richter and
101-14 Mgt, did seem to have an effect on the root density in the sandy soils. This suggested that
the soil textural effect dominated possible effects of these two rootstocks.

In the heavier soils, root density decreased non-linearly with an increase in the clay content which
also indicated that higher soil water availability probably reduced the need to form more roots per
unit soil volume. In contrast to the sandy soils, there appeared to be a rootstock effect on root
density in the heavier soils (Fig. 7.6). As the clay content increased, 99Richter tended to form
slightly more roots than 101-14 Mgt. Since 110Richter and 143B were only used as rootstock in
one plot each, they were not considered for the simple linear regression equations.

500
®99R  (y =4437 - 88.26*In(x); R2 = 0.7456; s.e. = 23; p= 0.012)
450 |- 4 110R
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Figure 7.6. The relationship between grapevine root density and soil clay content as

determined in different experiment plots.

7.3.2 Vegetative growth: Vegetative growth, as quantified in terms of cane mass at pruning,
increased with an increase in silt content. This was probably due to higher water retention and
unsaturated hydraulic conductivity in soils with a high silt content as discussed above. As expected,
a decrease in the mean \ from October until December reduced cane mass, i.e. vegetative
growth was lower in the drier soils. Cane mass increased with the K content, which was the only
macro nutrient that showed a definite trend throughout all the regions. The variation in cane mass
could be explained by means of the following multiple linear regression model:

Mcane = 0.76 + 0.055*Si + 6.72% \ ocepes + 0.00207*Kssi (R? = 0.5002; s.e. =0.41; p 0.0001) 7.2

where Mcapne is cane mass (kg per grapevine), Si is silt content (%), w_octpec IS Mean soil water
matric potential from October until December (MPa) and Ks,; is potassium content in the soil
(mg/kg). It is interesting to note that the cane mass of the grapevines on the T-trellis fitted in this
model, although the permanent structure of grapevines on this particular trellis differed substantially
from that of grapevines on vertical trellises. The exceptionally high cane mass, i.e. approximately 8
t/ha, produced by grapevines in the loamy sand near Lutzville in the Lower Olifants River region in
the 2007/08 season seemed to be outliers for some unknown reason(s). If the cane mass values
for these two values are ignored, R* and the standard error are, 0.5612 and 0.33, respectively.

7.3.3 Yield and its components: The berry mass decreased as the number of bunches per
grapevine increased. This suggests that that the smaller berries were caused by a competition
effect. It could be that the latter effect dominated or masked the effect of soil water content on berry
development. Lower s during berry ripening also resulted in smaller berries. This indicates that
high to severe water constraints during ripening caused berry shrinkage. The variation in berry
mass could be explained by means of the following multiple linear regression model:
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Maerry = 1.61 - 0.00849*NOgynches + 0.375* s (R*=0.4168;s.e.=0.15; p 0.0001) 7.3

where Mgeqy is berry mass (g per berry), NOgunches IS NUMber of bunches per meter cordon length
and s is mean midday stem water potential during berry ripening (MPa). The increase of bunch
mass with an increase of cane mass showed that stronger shoot growth results in heavier bunches.
However, where there were more bunches per unit cordon length it had a negative effect on bunch
mass. The lower bunch masses were probably caused by a competition effect. The variation in
bunch mass could be explained by means of the following multiple linear regression model:

Maunen = 134.9 + 30.5* Mcane - 1.83*NOgunches (R*=0.4593; s.e. =24.6; p 0.0001) 7.4

where Mgyneh IS bunch mass (g per bunch), Mcape is cane mass (kg/m cordon length) and NOgynches
is number of bunches per meter cordon length. The latter two variables also significantly explained
the variation in number of berries per bunch (data not shown). As expected yield increased with the
number of bunches per grapevine. Since the majority of the grapevines were trained onto vertical
trellises, the variation in bunch numbers was caused by differences in-row plant spacing and
pruning styles, e.g. the space between spurs. Bigger bunches also increased yield. It was evident
that water constraints during berry ripening had a significant negative effect on yield. The variation
in yield (t/ha) could be explained by means of the following multiple linear regression model:

Yield = 5.92 + 0.1037*NOgunches + 0.055*Mgunch + 3.65* s (R?=0.7837;s.e.=2.14;p 0.0001) 7.5

where NOogynches IS NUMber of bunches per grapevine, Mgynch is bunch mass (g per bunch) and s is
mean midday stem water potential during berry ripening (MPa).

7.3.4 Juice characteristics:  Drier soil from bud break until harvest caused lower juice K. This
suggested that K will be more readily absorbed and translocated to the grapes when the soil is
relatively wet. An increase in vegetative growth also seemed to have caused more translocation of
K from the leaves to the berries. The variation in juice K (mg/berry) could be explained by means of
the following multiple linear regression model:

Juice K = 1.1 - 0.024* 7 + 0.453* Mcane (R*=0.2273;s.e.=0.66; p 0.0001) 7.6

where 7 is total soil water matric potential from September until February (MPaZ) and Mcane IS
cane mass (kg per grapevine). It must be noted that the exceptionally high juice K concentrations in
grapes from some of the plots in the Lower Olifants River region were not considered for the
model. The juice TTA decreased with an increase in yield to cane mass ratio. High to severe water
constraints during berry ripening also resulted in lower TTA per berry, probably due to an increase
in the rate of acid breakdown. The variation in juice TTA (g per berry) could be explained by means
of the following multiple linear regression model:

TTA =0.0117 - 0.00027*Yield:Mcane + 0.00257* ¢ (R? = 0. 3436; s.e. = 0.0014; =0.0001) 7.7

where Yield:Mc,qe is yield to cane mass ratio, both in t/ha, and s is midday stem water potential
(MPa). As in the case of juice K, the exceptionally high juice K concentrations were not included in
the TTA model. As expected, juice pH decreased with an increase in TTA. On the other hand, juice
pH increased significantly with an increase in the K contents. The variation in juice pH could be
explained by means of the following multiple linear regression model:

PH3juice = 3.89 - 0.0801*TTA + 0.000089*K jice (R*=0.4240; s.e. =0.13; =0.0001) 7.8
where TTA is total titrable acidity (g/L) and Kj,ice potassium content (mg/L) in the juice.

7.3.5 Sensorial wine quality: Wine colour decreased with an increase in berry mass. This was
probably due to dilution of the berry contents. Wine colour decreased with an increase in juice pH.
Wine colour improved with a decrease in s during berry ripening. The variation in sensorial wine

colour (%) could be explained by means of the following multiple linear regression model:

Colour = 165.8 - 17.6*Mgery - 26.8*DHyice - 13.8* s (R?=0.3054; s.e. =12.5;p 0.0001) 7.9
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where Mgery is berry mass (g per berry), pHjice is pH in the juice and s is mean midday stem
water potential during berry ripening (MPa). Sensorial berry aroma of the wines tended to decrease
with an increase in cane mass which indicated that strong vegetative growth could have had
negative effect on the development of berry aroma. Berry aroma also declined with an increase in
yield which indicated towards a possible competition or dilution effect, but due to the high yields
produced on the T-trellis in the Lower Orange River region, yield could not make any significant
contribution to a linear regression model. However, the decline in berry aroma with an increase in
bunch mass made a significant contribution, which in a way reflected the effect of yield on this
particular aroma. The variation in sensorial berry aroma could be explained by means of the
following multiple linear regression model:

AroMageny = 64.98 - 1.83*Mcane - 0.1059*Mgynch (R*=0.2689; s.e.=8.8;p 0.0001) 7.10

where Aromagey is the sensorial berry aroma in the wine (%), Mcane is cane mass (t/ha) and Mgynch
is bunch mass (g per bunch). The variation in the berry aroma was probably also a function of
prevailing atmospheric conditions, hence the poor correlation when only grapevine variables were
used in the model. Sensorial overall wine quality increased with an increase in berry aroma and
colour. The variation in overall wine quality (%) could be explained by means of the following
multiple linear regression model:

Overall quality = 12.56 + 0.332*Aromagey + 0.355*C (R2 =0.7869; s.e.=4.04;p 0.0001) 7.11

where Aromag.r, is sensorial berry aroma (%) and C is sensorial colour of the wine (%).

7.4 CONCLUSIONS

The response of sto \ is complex, but it seems that water constraint evolution curves can be
used to predict the extent of water constraints that grapevines would experience in a given
situation, particularly in terms of soil texture. This aspect will be important where grower need to
select soils where enough water constraints will develop if high wine quality is the primary
objective. If the slope of the water constraint evolution curve is low it means that the desired level
of water constraints to obtain high quality might not be reached at all during the growth season,
particularly during berry ripening. This situation is illustrated by the poor wine quality produced by
the deficit irrigated grapevines in the loamy sand Lutzville in the Lower Olifants River region. In
contrast to the latter situation, high quality wine was produced by grapevines in the loamy sand
near Groblershoop in the Lower Orange River region, i.e. where the lowest water constraint
evolution curve occurred. Training the grapevines onto the T-trellis distributed the high growth
vigour over a longer cordon length, i.e. approximately 6 m. This reduced cane length, bunch size
and berry mass which resulted in the high wine quality, particularly where deficit irrigation was
applied.

Although the general grapevine response models provided statistically significant predictions, some
might not be so accurate, i.e. low R®-values. However, the models showed that Cabernet
Sauvignon grapevines respond similarly in many ways under different conditions. Although root
densities depend on the soil textural characteristics, deep soil preparation is required to reduce soil
physical and chemical constraints before vineyards are being planted. Irrigation and K should be
applied judiciously to avoid excessive vegetative growth, particularly in soils with high silt contents.
In addition to the effect of water supply on berry size, it seems that high numbers of bunches per
grapevine will also reduce berry size, probably due to increased competition or sinks for the water
and nutrients available in a given situation. High to severe water constraints during berry ripening
will reduce berry mass which will reflect in lower yields. Stronger vegetative growth results in bigger
bunches, i.e. more berries per bunch, but a competition effect caused by more bunches per
grapevine will reduce bunch mass and yield. The latter effect most likely results from reduced berry
mass caused by more bunches per grapevine.

Wetter soil conditions before véraison will enhance K absorption and accumulation in the berries.
Strong vegetative growth also seems to increase the juice K levels. The higher K will, in addition to
higher TTA caused by lower yield to vegetative growth ratios and high water constraints during
berry ripening, increase the pH of the juice. High juice pH reflected negatively in the wine colour.
Wine colour was reduced by bigger berries, whereas water constraints during berry ripening
improved wine colour. More vigorous, high yielding grapevines tended to produce wines with lower
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berry aroma intensity compared to less vigorous ones, which were in many case subjected to
moderate to high water constraints. Berry aroma and colour are the two primary characteristics that
determine overall sensorial quality of Cabernet Sauvignon wine. There was no direct relationship
between wine quality and berry size. The positive effect of smaller berries on wine colour will
contribute indirectly to better quality. Wine quality was also not related to yield. Some of the best
wines were produced where flood irrigated grapevines on a T-trellis produced approximately 25
t/ha in loamy sand near Groblershoop in the Lower Orange River region. In contrast, relatively low
wine quality obtained where drip-irrigated grapevines on a vertical trellis produced approximately 9
t/ha in sandy loam soil near Philadelphia in the Swartland region.

8. RECOMMENDATIONS

- The direct effect of unsaturated hydraulic conductivity on grapevine water constraints should be
determined, but in order to achieve this, the latest technology and instrumentation to determine
this complicated soil property should be evaluated for accuracy and applicability under field
conditions.

- The survey type of research must be extended to determine water constraint evolution curves for
other important cultivars.

- Viticultural practices, e.qg. trellis systems, should be adapted for situations where the slopes of the
water constraint evolution curves have low values, and it would impossible to subject grapevines
to the water constraint levels required to produce high quality Cabernet Sauvignon wines.

- The possibility to model the effect of soil water status and atmospheric variables on diurnal
grapevine water potential patterns must be further pursued.

- Growers can reduce irrigation to increase grapevine water constraints to improve the wine
quality, particularly in sandy loam or loamy sand soils.

- Deficit irrigation should only be applied if growers will be compensated for possible yield losses.

- Since severe water constraints will reduce yield and wine quality of Cabernet Sauvignon in sandy
soils, irrigation should be applied so that grapevines only experience moderate water constraints.

- The objective of irrigation must be to maintain adequate vegetative growth, and not to reduce
berry mass.

- Water constraint classifications must be compiled and refined for other important cultivars.

- Irrigation and K should be applied judiciously to avoid excessive vegetative growth, particularly
for vineyards in soils with high silt contents.

- Since grapevine water constraints responded to the wettest layer, interpretation of soil water data
for irrigation scheduling should focus on the water status in this particular layer.
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11. APPENDIX 1 - PREDAWN, MIDDAY STEM, MIDDAY LEAF AND TOTAL DIURNAL
GRAPEVINE WATER POTENTIAL WHEN DIURNAL CYLCLES WERE MEASURED

Table 11.1. Predawn (

pp), Midday leaf (

L), midday stem (

potential in Cabernet Sauvignon grapevines when diu

experiment plots at selected localities in the Stel

s) and total diurnal (
rnal cycles were measured in

lenbosch and Swartland regions.

Tot) Water

Region Locality If’(lo(tl) Date Water potential (MPa)
PD L S Tot
Stellenbosch Bottelary plain 1 11/08/2005 -0.48 -1.23 -0.80 15.4
2 11/08/2005 -0.38 -0.69 -0.60 11.6
Bottelary plain 1 12/21/2005 -0.52 -1.24 -0.91 15.0
2 12/21/2005 -0.57 -1.44 -0.95 19.9
Bottelary plain 1 03/08/2006 -1.07 -1.47 -1.43 21.9
2 03/08/2006 -0.39 -1.81 -1.40 31.1
Faure coast 11 11/16/2005 -0.32 -0.80 -0.41 10.3
12 11/16/2005 -1.01 -1.38 -0.72 17.2
Faure coast 11 12/27/2005 -0.48 -1.21 -0.89 20.4
12 12/27/2005 -0.32 -1.26 -1.09 20.6
Faure coast 11 02/22/2006 -0.70 -1.76 -1.56 30.9
12 02/22/2006 -0.70 -1.97 -1.91 34.3
Devon Valley 5 11/22/2005 -0.26 -0.70 -0.35 10.5
6 11/22/2005 -0.88 -0.96 -0.41 11.1
Devon Valley 5 01/04/2006 -0.86 -0.93 -0.58 14.0
6 01/04/2006 -0.83 -1.26 -0.76 18.4
Devon Valley 5 02/15/2006 -0.83 -1.56 -1.55 28.0
6 02/15/2006 -0.58 -1.34 -0.82 17.5
Devon Valley 3 02/15/2006 -0.48 -1.40 -0.85 18.6
4 02/15/2006 -0.39 -1.57 -1.44 26.0
Swartland Wellington 1 1 01/28/2009 -0.53 -1.90 -1.82 335
2 01/28/2009 -0.42 -1.60 -1.25 22.5
3 01/28/2009 -0.78 -1.43 -0.85 19.4
Wellington 2 4 01/28/2009 -0.42 -1.58 -1.25 24.9
5 01/28/2009 -0.58 -1.52 -1.40 24.9
Perdeberg 1 6 01/28/2009 -0.45 -1.83 -1.66 32.1
7 01/28/2009 -0.74 -1.30 -0.93 18.7
8 01/28/2009 -0.40 -1.13 -0.58 16.3
Perdeberg 2 9 01/28/2009 -0.41 -1.71 -1.49 334
10 01/28/2009 -0.33 -1.20 -0.92 21.8
11 01/28/2009 -0.68 -1.05 -0.63 17.2
Perdeberg 3 12 01/28/2009 -0.37 -1.52 -1.32 25.7
13 01/28/2009 -0.48 -1.43 -1.19 24.1
14 01/28/2009 -0.32 -1.45 -1.19 24.0
Philadelphia 1 15 01/28/2009 -0.52 -1.64 -1.38 29.2
16 01/28/2009 -0.24 -1.65 -1.43 29.1
17 01/28/2009 -0.22 -1.59 -1.24 27.9
Philadelphia 2 18 01/28/2009 -0.17 -1.56 -1.30 26.8
19 01/28/2009 -0.83 -1.46 -0.90 215
20 01/28/2009 -0.22 -1.38 -0.79 18.7

U Refer to Tables 5.5, 5.6, 5.7 and 5.8 for more details of the plots.
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Table 11.2. Predawn ( pp), midday leaf (), midday stem ( ) and total diurnal (  1o) water
potential in Cabernet Sauvignon grapevines when diu rnal cycles were measured in
experiment plots at selected localities in the Lowe r Olifants River and Lower Orange River
valley regions.

Region Locality rl:’olo(tl) Date Water potential (MPa)

PD L S Tot
Lower Olifants River valley  Kapel 1 1 11/01/2006 -0.30 -1.20 -0.90 214
2 11/01/2006 -0.19 -1.35 -0.77 20.1
Kapel 2 3 11/01/2006 -0.43 -1.30 -0.91 22.3
4 11/01/2006 -0.18 -1.16 -0.93 21.1
Kapel 1 1 12/19/2006 -0.22 -1.62 -1.48 27.3
2 12/19/2006 -0.25 -1.48 -0.90 20.8
Kapel 2 3 12/19/2006 -0.48 -1.45 -0.91 23.3
4 12/19/2006 -0.35 -1.30 -0.87 21.1
Kapel 1 1 01/30/2007 -0.34 -1.52 -1.30 28.2
2 01/30/2007 -0.33 -1.57 -1.03 18.8
Kapel 2 3 01/30/2007 -0.37 -1.64 -1.03 22.7
4 01/30/2007 -0.36 -1.53 -0.85 17.9
Lutzville 1 9 11/01/2006 -0.47 -1.23 -1.06 20.6
10 11/01/2006 -0.56 -1.13 -0.95 16.6
Lutzville 2 11 11/01/2006 -0.48 -1.11 -0.68 16.3
12 11/01/2006 -0.38 -1.15 -0.64 15.7
Lutzville 1 9 12/19/2006 -0.52 -1.53 -1.46 25.9
10 12/19/2006 -0.57 -1.35 -1.13 18.0
Lutzville 2 11 12/19/2006 -1.07 -1.28 -0.70 15.6
12 12/19/2006 -0.39 -1.01 -0.63 13.4
Lutzville 1 9 01/30/2007 -0.32 -1.83 -1.70 29.8
10 01/30/2007 -1.01 -0.90 -0.54 12.4
Lutzville 2 11 01/30/2007 -0.48 -1.28 -0.89 15.9
12 01/30/2007 -0.32 -0.91 -0.71 12.1
Lower Orange River valley ~ Upington 1 11/30/2006 -0.70 -1.49 @ 20.7
2 11/30/2006 -0.70 -1.25 @ 17.0
Upington 1 01/18/2007 -0.70 -1.50 -0.80 21.6
2 01/18/2007 -0.88 -1.50 -0.53 19.8
Upington 1 02/13/2007 -0.86 -1.40 -0.93 22.8
2 02/13/2007 -0.83 -1.37 -0.58 20.0
Groblershoop 3 11/28/2006 -0.83 -1.55 @ 19.8
4 11/28/2006 -0.58 -1.59 @ 19.7
Groblershoop 3 01/16/2007 -0.43 -1.38 -0.80 22.2
4 01/16/2007 -0.48 -1.32 -0.81 224

Groblershoop 3 02/15/2007 -0.39 -1.87 (3) (3)

4 02/15/2007 -0.53 -1.83 ” ”

W'Refer to Tables 5.9, 5.10, 5.11 and 5.12 for more details of the plots.
@ Not determined.
© pressure chamber broke while cycle was being measured.
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12. APPENDIX 2 — SOIL CHEMICAL AND PHYSICAL ANALYSE S

Table 12.1. Chemical analyses of soils in the exper iment plots in selected Cabernet Sauvignon vineyard s in the Stellenbosch region where soil and
grapevine water status were monitored.

Plot  Locality Soil depth pH ey ECe P K Exchangeable cations (cmol(+)/kg (63
no. (cm) (mS/m) (mg/kg) (mg/kg) Na K Ca Mg (%)
1 Bottelary plain 0-30 5.2 8.1 24 82 0.04 0.21 1.37 0.44 0.32
30-60 51 8.0 5 56 0.08 0.14 1.29 0.61 0.43
60-90 55 8.0 3 30 0.10 0.08 1.14 0.61 0.24
2 Bottelary plain 0-30 5.5 8.4 56 94 0.05 0.24 2.09 0.61 0.39
30-60 5.4 10.9 59 51 0.06 0.13 1.97 0.63 0.30
60-90 54 15.1 5 33 0.08 0.09 1.77 1.66 0.20
3 Devon Valley 0-30 5.9 8.5 44 235 0.05 0.60 2.87 0.74 0.44
30-60 5.8 9.2 10 67 0.07 0.17 2.18 0.66 0.28
60-90 4.3 6.2 5 28 0.05 0.07 1.07 0.33 0.17
4 Devon Valley 0-30 5.9 8.5 44 235 0.05 0.60 2.87 0.74 0.44
30-60 5.8 9.2 10 67 0.07 0.17 2.18 0.66 0.28
60-90 4.3 6.2 5 28 0.05 0.07 1.07 0.33 0.17
5 Devon Valley 0-30 54 11.7 47 159 0.06 0.41 2.79 0.63 0.47
30-60 5.1 7.8 62 80 0.06 0.20 2.13 0.66 0.41
60-90 4.7 8.3 29 45 0.09 0.11 1.60 0.66 0.37
6 Devon Valley 0-30 4.9 11.5 14 197 0.08 0.50 2.14 0.68 0.65
30-60 4.9 8.1 13 123 0.08 0.32 241 0.72 0.67
60-90 4.8 8.1 5 74 0.09 0.19 1.76 0.47 0.40
7 Polkadraai coast 0-30 4.8 6.7 38 42 0.04 0.11 1.01 0.27 0.26
30-60 54 6.3 15 76 0.06 0.19 1.45 0.40 0.20
60-90 5.7 15.8 3 30 0.18 0.08 2.37 1.40 0.27
8 Helderberg foot hills 0-30 5.7 5.3 16 38 0.04 0.10 1.83 0.59 0.67
30-60 5.2 51 8 31 0.06 0.08 1.07 0.56 0.53
60-90 51 6.5 3 66 0.06 0.17 1.31 0.79 0.29
9 Helderberg foot hills 0-30 5.2 7.1 16 38 0.05 0.10 1.72 0.72 0.34
30-60 51 7.4 10 16 0.07 0.04 1.56 0.83 0.37
60-90 4.9 9.2 2 8 0.12 0.02 0.80 1.23 0.13
10 Helderberg 0-30 5.9 8.9 109 59 0.06 0.15 3.16 0.75 0.61
30-60 6.3 4.9 116 39 0.05 0.10 3.16 0.88 0.48
60-90 55 5.0 37 45 0.05 0.12 2.05 0.63 0.34

@) Refer to Tables 5.5 and 5.6 for more details of the plots.
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Table 12.1 - continued. Chemical analyses of soils in the experiment plots in selected Cabernet Sauvig  non vineyards in the Stellenbosch region
where soil and grapevine water status were monitore  d.

Plot Locality Soil depth pH ki ECe P K Exchangeable cations (cmol(+)/kg (03
no. (cm) (mS/m) (mg/kg) (mg/kg) Na K Ca Mg (%)
11 Faure coast 0-30 5.8 7.0 28 141 0.10 0.36 2.12 0.42 0.31
30-60 5.9 7.9 15 86 0.12 0.22 2.07 0.42 0.22
60-90 5.6 20.7 2 103 0.17 0.26 2.47 0.63 0.31
12 Faure coast 0-30 5.8 56.8 71 178 0.20 0.45 3.08 0.74 0.52
30-60 5.4 18.8 23 106 0.10 0.27 1.63 0.44 0.16
60-90 6.2 96.2 3 226 1.21 0.58 2.95 4.06 0.12
13 Helderberg coast 0-30 6.9 13.7 40 103 0.06 0.26 7.85 0.79 0.59
30-60 5.1 7.1 27 49 0.07 0.12 1.98 0.76 0.54
60-90 5.0 8.1 15 31 0.09 0.08 1.73 0.84 0.43
14 Helderberg coast 0-30 6.5 5.8 51 49 0.05 0.13 3.09 0.94 0.54
30-60 5.9 5.8 38 25 0.07 0.06 2.29 0.82 0.37
60-90 5.4 8.5 11 23 0.11 0.06 2.49 1.16 0.40

@) Refer to Tables 5.5 and 5.6 for more details of the plots.
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egion where soil and grapevine water status

Plot Locality Soil Stone Clay Silt Fine sand Medium Coarse Soil textural class
no.® depth (Vol%) (%) (%) (%) sgz;i sgz;d

(cm)

1 Bottelary plain 0-30 51 3.6 5.8 29.7 28.2 32.7 Sand
30-60 65 4.6 4.6 32.9 30.0 27.9 Sand
60-90 22 3.0 5.0 317 32.6 27.7 Sand

2 Bottelary plain 0-30 21 14.4 17.4 47.9 14.2 6.1 Sandy loam
30-60 25 18.2 18.8 45.8 12.4 4.8 Sandy loam
60-90 21 40.4 24.2 28.6 4.6 25 Clay

3 Devon Valley 0-30 2 13.8 10.0 43.4 20.4 12.4 Sandy loam
30-60 2 19.6 8.6 42.6 18.6 10.6 Sandy loam
60-90 2 20.9 9.6 42.7 18.0 9.2 Sandy clay loam

4 Devon Valley 0-30 2 13.8 10.0 43.4 20.4 12.4 Sandy loam
30-60 2 19.6 8.6 42.6 18.6 10.6 Sandy loam
60-90 2 20.9 9.6 42.7 18.0 9.2 Sandy clay loam

5 Devon Valley 0-30 3 15.8 11.6 36.1 21.1 154 Sandy loam
30-60 3 15.2 10.8 34.8 21.0 18.2 Sandy loam
60-90 4 16.2 11.2 35.5 19.4 17.7 Sandy loam

6 Devon Valley 0-30 19 17.2 16.4 34.9 14.8 16.7 Sandy loam
30-60 28 18.6 16.0 34.3 14.8 16.3 Sandy loam
60-90 47 18.8 13.6 33.8 15.5 18.3 Sandy loam

7 Polkadraai coast 0-30 14 3.8 4.0 85.0 5.4 1.9 Sand
30-60 37 4.8 5.4 80.3 4.9 4.6 Sand
60-90 34 25.8 15.4 49.3 5.2 4.3 Sandy clay loam

8 Helderberg foot hills 0-30 40 3.6 4.6 14.0 26.7 51.1 Sand
30-60 46 6.4 5.8 174 23.3 47.1 Loamy sand
60-90 37 4.4 6.4 19.9 26.1 43.2 Sand

9 Helderberg foot hills 0-30 3 10.2 9.2 38.3 23.8 185 Loamy sand
30-60 9 14.2 7.0 37.7 23.9 17.2 Sandy loam
60-90 19 23.4 7.0 33.0 21.0 15.6 Sandy clay loam

10 Helderberg 0-30 19 2.8 6.8 21.9 23.3 45.2 Sand
30-60 20 2.6 6.8 23.2 22.1 45.3 Sand
60-90 24 5.4 6.6 19.6 19.3 49.1 Sand

@) Refer to Tables 5.5 and 5.6 for more details of the plots.
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ellenbosch region where soil and grapevine

Plot Locality Soil depth Stone C‘I)ay Soilt Fineosand Medilam Coarze Soil textural class
no.® (cm) (Vol%) e e (€3) 33,2) 33,2)
11 Faure coast 0-30 5 6.2 10.2 51.6 22.8 9.2 Loamy sand
30-60 8 6.6 11.8 49.2 22.4 10.0 Loamy sand
60-90 23 14.0 8.8 49.7 19.2 13.3 Sandy loam
12 Faure coast 0-30 6 54 11.8 52.6 14.7 15.5 Loamy sand
30-60 14 6.6 8.4 47.1 17.1 20.8 Loamy sand
60-90 3 50.2 15.0 24.1 4.3 6.4 Clay
13 Helderberg coast 0-30 26 8.0 9.6 33.4 20.9 28.1 Loamy sand
30-60 39 14.8 7.0 28.9 18.9 30.4 Sandy loam
60-90 36 16.4 8.6 24.0 20.7 30.3 Sandy loam
14 Helderberg coast 0-30 16 6.8 2.4 37.1 22.4 313 Sand
30-60 30 7.6 7.0 34.6 25.3 25.5 Loamy sand
60-90 51 19.0 8.0 23.3 17.7 32.0 Sandy loam

@) Refer to Tables 5.5 and 5.6 for more details of the plots.
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Table 12.3. Chemical analyses of soils in the exper iment plots in selected Cabernet Sauvignon vineyard s in the Swartland region where soil and
grapevine water status were monitored.

Plot Locality Soil depth pH ke ECe P K Exchangeable cations (cm ol(+)/kg C
no. (cm) (mS/m) (mg/kg) (mg/kg) Na K Ca Mg (%)
12& 3 Wellington 1 0-30 5.6 7.6 23 191 0.07 0.49 2.79 1.60 0.86
30-60 51 9.8 8 149 0.15 0.38 2.55 1.72 0.82
60-90 54 9.0 3 148 0.17 0.38 2.54 1.89 0.57
91-120 4.6 11.2 5 74 0.15 0.19 1.56 1.09 0.40
4&5 Wellington 2 0-30 6.0 11.3 36 39 0.01 0.10 1.30 0.29 0.45
30-60 5.3 4.8 28 51 0.01 0.13 0.81 0.25 0.35
60-90 5.1 5.7 20 63 0.02 0.16 1.03 0.10 0.37
91-120 5.2 7.0 9 79 0.13 0.20 151 0.18 0.18
6,7&8 Perdeberg 1 0-30 4.8 16.1 28 45 0.25 0.12 3.01 1.10 0.85
30-60 4.0 16.9 9 30 0.37 0.08 2.51 1.02 0.16
60-90 3.7 33.0 7 17 0.89 0.04 1.55 1.70 0.32
91-120 3.6 41.2 3 18 0.89 0.05 1.61 1.75 0.25
9,10 & 11 Perdeberg 2 0-30 5.7 6.5 39 40 0.03 0.10 1.31 0.35 0.49
30-60 5.7 5.6 12 33 0.08 0.09 1.40 0.73 0.40
60-90 5.9 7.9 7 19 0.16 0.05 0.91 0.69 0.35
91-120 6.6 26.0 4 30 0.70 0.08 1.22 1.83 0.23
12,13 & 14 Perdeberg 3 0-30 5.9 135 19 148 0.18 0.38 2.90 1.16 0.66
30-60 6.4 13.6 14 126 0.26 0.32 3.56 1.77 0.68
60-90 7.4 36.0 4 182 0.42 0.47 7.80 3.72 0.25
91-120 7.8 35.7 2 177 0.39 0.45 16.66 4.39 0.30
15,16 & 17 Philadephia 1 0-30 6.2 4.8 40 47 0.02 0.12 1.46 0.14 0.34
30-60 6.2 4.1 29 45 0.03 0.12 1.24 0.09 0.14
60-90 6.1 5.2 15 57 0.07 0.15 0.99 0.11 0.23
91-120 5.9 11.3 6 276 0.56 0.70 2.36 2.25 0.14
18,19 & 20 Philadelphia 2 0-30 6.3 23.0 13 159 0.46 0.41 2.67 0.86 0.34
30-60 54 16.5 10 46 0.24 0.12 2.20 0.73 0.10
60-90 51 11.9 14 37 0.23 0.09 1.89 0.68 0.35
0-30 55 28.2 9 63 0.36 0.16 2.18 1.24 0.30

) Refer to Tables 5.7 and 5.8 for more details of the plots.
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Table 12.4. Soil particle size analyses and textura | class where soil and grapevine water status were measured in selected Cabernet Sauvignon
vineyards in the Swartland region.

Plot Locality Soil depth Stone C‘I)ay S;ilt Fineosand Medium Coarse Soil textural class
no.® (cm) (Vol%) (%) (%) (%) ng;j S?,Z;j
1,2&3 Wellington 1 0-30 4 13.8 12.0 41.7 16.0 16.5 Sandy loam
30-60 3 17.0 12.8 39.2 13.6 17.4 Sandy loam
60-90 1 18.8 14.0 37.9 14.3 15.0 Sandy loam
91-120 3 18.4 14.2 437 13.7 10.0 Sandy loam
4&5 Wellington 2 0-30 1 0.8 2.0 53.6 36.0 7.6 Sand
30-60 1 0.8 2.0 57.0 32.6 7.6 Sand
60-90 1 0.8 2.0 53.1 36.5 7.7 Sand
91-120 1 7.0 3.8 47.6 35.4 6.2 Sand
6,7&8 Perdeberg 1 0-30 25 23.2 8.6 35.0 18.7 145 Sand clay loam
30-60 7 31.2 8.0 36.3 14.5 10.0 Sand clay loam
60-90 4 33.8 11.4 39.2 11.0 4.6 Sand clay loam
91-120 1 26.8 16.0 45.2 8.4 3.6 Sand clay loam
9,10&11 Perdeberg 2 0-30 1 3.2 2.0 18.1 44.7 32.0 Sand
30-60 1 7.8 3.0 18.4 37.2 33.6 Sand
60-90 1 7.8 3.0 18.6 42.0 28.6 Sand
91-120 1 16.8 4.0 18.0 36.0 25.2 Sandy loam
12,13 & 14  Perdeberg 3 0-30 2 20.8 13.6 41.7 13.1 10.8 Sandy clay loam
30-60 3 27.8 15.0 40.4 10.6 6.2 Sandy clay loam
60-90 2 50.8 17.2 24.6 4.0 3.4 Clay
91-120 1 44.0 15.8 28.6 5.4 6.2 Sandclay
15,16 & 17  Philadephia 1 0-30 1 1.8 1.0 46.8 43.8 6.6 Sand
30-60 1 0.8 2.0 44.0 47.2 6.0 Sand
60-90 1 2.8 2.0 56.5 32.7 6.0 Sand
91-120 3 24.6 7.2 39.8 21.6 6.8 Sandy clay loam
18,19 & 20  Philadelphia 2 0-30 1 18.8 8.0 52.8 16.4 4.0 Sandy loam
30-60 1 14.8 6.2 56.3 18.4 4.2 Sandy loam
60-90 1 10.8 8.0 56.0 20.4 4.8 Sandy loam
0-30 1 22.8 8.0 48.2 15.4 5.6 Sandy clay loam

™ Refer to Tables 5.7 and 5.8 for more details of the plots.



Table 12.5. Chemical analyses of soils in eight plo

Sauvignon vineyards in the Olifants River region.

ts at different localities where soil and grapevine
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water status were measured in Cabernet

Plot  Locality Soil depth pH e Ec P K Exchangeable cations (cmol(+)/kg) C

no.® (cm) (mS/m) (mg/kg) (mg/kg) Na K ca Mg (%)
PL&2 Kapel 1 0-30 6.9 18.8 145 209 0.34 0.53 321 2.45 0.20
30-60 6.2 16.6 29 341 0.50 0.87 2.66 371 0.08

P3 &4 Kapel 2 0-30 5.7 134 139 230 0.29 0.59 4.48 211 0.43
30-60 7.1 16.9 6 232 0.33 0.59 6.27 2.92 0.18

60-90 6.7 18.0 126 175 0.28 0.45 4.18 2.68 0.18

P5&6 Vredendal 1 0-30 7.2 20.5 19 180 0.14 0.46 5.74 2.20 0.28
30-60 7.0 14.2 12 120 0.13 0.31 3.58 1.29 0.19

60-90 6.3 12.3 100 113 0.52 0.29 3.35 1.37 0.08

P7&8 Vredendal 2 0-30 5.5 8.3 118 88 0.08 0.23 1.81 0.47 0.17
30-60 5.7 8.4 16 73 0.08 0.19 0.96 0.64 0.06

P9&10  Lutzville 1 0-30 8.0 11.1 4 127 0.09 0.33 8.40 0.91 0.18
30-60 8.0 114 4 83 0.08 0.21 8.45 0.89 0.20

60-90 8.1 17.0 2 132 0.15 0.34 17.55 2.26 0.18

P11&12  Lutzville 2 0-30 7.7 14.6 25 273 0.12 0.70 9.92 1.27 0.21
30-60 7.7 133 23 210 0.09 0.54 11.66 1.22 0.27

60-90 7.7 155 20 184 0.08 0.47 9.47 1.13 0.28

P13&14 Koekenaap 1 0-30 6.9 8.9 12 116 0.08 0.30 1.85 0.93 0.19
30-60 6.0 7.9 13 180 0.16 0.46 1.88 1.63 0.06

P15 & 164 Koekenaap 2 0-30 6.4 15.1 45 224 0.53 0.57 1.75 1.93 0.18
30-60 7.6 87.6 8 363 1.49 0.93 9.75 2.88 0.18

60-90 7.6 85.6 8 354 1.56 0.90 13.96 3.09 0.22

M Refer to Tables 5.9 and 5.10 for more details of the plots.
@ Too stony for soil sampling.



Table 12.6. Estimated stone fraction, soil particl
water status were measured in selected Cabernet Sau

e size analyses and bulk density in eight plots at

vignon vineyards in the Olifants River region.

Final reports7

different localities where soil and grapevine

Plot Locality Soil Stone Clay Silt Fine sand Medium Coarse sand  Soil textural class
no.® depth (Vol%) (%) (%) (%) sand (%)
(cm) (%)
P1&2 Kapel 1 0-30 7 2.8 5.6 71.4 11.7 8.5 Sand
30-60 20 3.0 6.0 64.6 12.9 135 Sand
> 60@ - - - - - - Dorbank
P3&4 Kapel 2 0-30 1 15.6 12.6 54.1 11.5 6.2 Sandy loam
30-60 2 21.8 13.6 51.7 9.0 3.9 Sandy clay loam
60-90 1 17.8 134 46.5 16.2 6.1 Sandy loam
P5 &6 Vredendal 1 0-30 1 10.2 19.2 62.3 7.8 0.5 Sandy loam
30-60 1 7.6 15.0 70.6 6.6 0.2 Sandy loam
60-90 1 7.4 14.2 59.1 17.2 2.1 Loamy sand
P7 &8 Vredendal 2 0-30 1 1.4 0.4 79.6 15.6 3.0 Sand
30-60 1 0.8 14 78.4 15.4 4.0 Sand
> 60 - - - - - - Dorbank
P9 & 10 Lutzville 1 0-30 2 0.4 2.4 48.3 45.3 3.6 Sand
30-60 3 1.6 2.0 45.9 46.8 3.7 Sand
60-90 7 2.6 4.4 38.4 345 20.1 Sand
P11 & 12 Lutzville 2 0-30 1 7.0 5.2 50.0 34.8 2.8 Loamy sand
30-60 1 5.2 6.6 49.2 36.3 2.7 Loamy sand
60-90 1 3.6 9.6 59.5 25.9 1.4 Loamy sand
P13 & 14 Koekenaap 1 0-30 1 0.8 3.8 46.9 44.1 4.4 Sand
30-60 1 3.0 2.8 44.0 44.6 5.6 Sand
> 60 - - - - - - Dorbank
P15 & 16 Koekenaap 2 0-30 1 11.2 9.2 29.5 43.3 6.8 Sandy loam
30-60 1 19.4 9.0 32.1 34.0 5.5 Sandy loam
60-90 1 18.4 10.6 34.6 31.0 5.4 Sandy loam

WRefer to Tables 5.9 and 5.10 for more details of the plots.
@ Too stony for soil sampling.



Table 12.7. Soil chemical properties in the vineyar

ds where soil and grapevine water status were monit
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ored in the Orange River region.

PIoEl) Locality Depth pH ey Ec P (gray 1 K Exchangeable cations (cmol “/kg) C
no. cm mg/k mg/k %
(cm) (mS/m) (mg/kg) (mg/kg) = = = Vg (%)

1&2 Upington 0-30 7.7 30.1 16 204 0.28 0.52 18.53 2.89 0.29
30-60 7.6 21.2 4 267 0.21 0.68 19.02 2.46 0.20

3&4 Groblershoop 0-30 6.5 455 80 255 0.34 0.65 14.57 6.05 0.89
30-60 6.5 36.2 36 112 0.39 0.29 15.41 6.01 0.32

U Refer to Tables 5.11 and 5.12 for more details of the plots.

Table 12.8. Soil physical properties in the vineyar

ds where soil and grapevine water status were monit

ored in the Orange River region.

Plot Locality Depth Stone Clay Silt Fine sand Medium sand Coarse sand Soil textural class
no.® (mm) (Vol%) (%) (%) (%) (%) (%)
1&2 Upington 0-30 37.6 2.4 4.5 60.1 25.2 7.7 Sand
30-60 42.0 0.8 5.0 58.4 241 11.7 Sand
3&4 Groblershoop 0-30 0 6.8 16.4 60.8 7.4 8.6 Loamy sand
30-60 0 5.8 17.8 62.9 6.8 6.7 Loamy sand

U Refer to Tables 5.11 and 5.12 for more details of the plots.
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13. APPENDIX 3 — MEAN MONTHLY SOIL WATER MATRIC POT ENTIAL

Table 13.1. Mean monthly soil water matric potenti al (Y\) and total soil water matric potential ( Y1) in 14 non-irrigated plots in Cabernet
Sauvignon vineyards at selected localities inthe S tellenbosch region during the 2005/06 season.

Plot Locality Soil texture Mean monthly Y mn (MPa) Y mr
no.® September October November December January February M Paz)

1 Bottelary plain Sand -0.003 -0.004 -0.036 -0.099 -0.234 -0.278 15.7

2 Bottelary plain Sandy loam -0.027 -0.028 -0.053 -0.141 -0.426 -0.582 29.1

3 Devon Valley Sandy loam -0.015 -0.019 -0.036 -0.067 -0.106 -0.157 9.6

4 Devon Valley®” Sandy loam -0.009 -0.017 -0.032 -0.065 -0.053 -0.071 6.3

5 Devon Valley Sandy loam -0.008 -0.011 -0.032 -0.131 -0.246 -0.310 17.7

6 Devon Valley Sandy loam -0.016 -0.018 -0.028 -0.084 -0.155 -0.127 10.9

7 Polkadraai coast Sand -0.012 -0.012 -0.021 -0.107 -0.452 -0.684 28.7

8 Helderberg foot hills Loamy sand -0.018 -0.018 -0.034 -0.114 -0.216 -0.243 15.6

9 Helderberg foot hills Loamy sand -0.010 -0.011 -0.013 -0.026 -0.081 -0.099 5.7

10 Helderberg Sand -0.011 -0.013 -0.035 -0.138 -0.452 -0.667 29.8

11 Faure coast Loamy sand -0.023 -0.030 -0.061 -0.171 -0.245 -0.288 20.2

12 Faure coast Loamy sand -0.008 -0.009 -0.020 -0.139 -0.484 -0.616 294

13 Helderberg coast Loamy sand -0.005 -0.008 -0.016 -0.075 -0.220 -0.293 14.3

14 Helderberg coast Loamy sand -0.005 -0.006 -0.013 -0.078 -0.204 -0.492 16.8

@ Refer to Tables 5.5 and 5.6 for more details of the plots.

@ Similar to Plot 3, but drip irrigated at a low frequency.



Table 13.2. Mean monthly soil water matric potenti
Cabernet Sauvignon vineyards where soil and grapevi

al (Yy) and total soil water matric potential from Septem

ne water status were monitored in the Swartland reg  ion during the 2007/08 season.

Final report60

ber until harvest ( ¥ yr) in 18 plots in

)

Plot no. ¢ Locality Soil texture Irrigation Y v (MPa) Y vt
system “ Sep Oct Nov Dec Jan Feb (Mpaz)

1 Wellington Sandy loam Non-irrigated -0.007 -0.027 -0.071 -0.180 -0.256 -0.279 20.6
2 Single line drip -0.006 -0.024 -0.025 -0.053 -0.094 -0.062 7.0
3 Double line drip -0.008 -0.016 -0.015 -0.037 -0.074 -0.048 5.2
6 Perdeberg 1 Sandy clay loam  Non-irrigated -0.031 -0.050 -0.086 -0.172 -0.246 -0.290 21.8
7 Single line drip -0.034 -0.044 -0.081 -0.155 -0.199 -0.161 17.6
8 Double line drip -0.028 -0.050 -0.090 -0.149 -0.188 -0.248 18.8
9 Perdeberg 2 Sand Non-irrigated -0.011 -0.023 -0.062 -0.142 -0.202 -0.268 17.3
10 Single line drip -0.016 -0.029 -0.067 -0.124 -0.155 -0.213 14.9
11 Double line drip -0.018 -0.033 -0.072 -0.154 -0.213 -0.313 194
12 Perdeberg 3 Sandy clay loam  Non-irrigated -0.027 -0.074 -0.128 -0.199 -0.247 -0.272 24.3
13 Single line drip -0.013 -0.037 -0.080 -0.116 -0.125 -0.165 13.6
14 Double line drip -0.011 -0.039 -0.079 -0.090 -0.093 -0.151 11.7
15 Philadelphial Sand Non-irrigated -0.004 -0.035 -0.069 -0.107 -0.142 -0.163 13.3
16 Single line drip -0.005 -0.019 -0.061 -0.140 -0.151 -0.171 14.0
17 Double line drip -0.004 -0.015 -0.057 -0.118 -0.131 -0.179 12.6
18 Philadelphia2  Sandy loam Non-irrigated -0.008 -0.016 -0.035 -0.090 -0.134 -0.150 10.8
19 Single line drip -0.004 -0.010 -0.033 -0.094 -0.118 -0.123 9.7
20 Double line drip -0.009 -0.016 -0.042 -0.073 -0.079 -0.083 7.8

U Refer to Tables 5.7 and 5.8 for more details of the plots.
@ Irrigation applied according to growers’ schedule. Double line drip received double the volume of water as the single drip line.



Table 13.3. Mean monthly soil water matric potenti
selected Cabernet Sauvignon vineyards where soil an

al (Y) and total soil water matric potential from Septem
d grapevine water status were monitored in the Swar
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ber until February (Y yr) in 20 plots in
tland region during the 2008/09 season.

)

Plot no. ¢ Locality Soil texture Irrigation Y v (MPa) Y vt
system © Sep Oct Nov Dec Jan Feb (Mpaz)

1 Wellington 1 Sandy loam Non-irrigated -0.006 -0.020 -0.070 -0.192 -0.291 -0.328 22.6
2 Single line drip -0.003 -0.024 -0.067 -0.094 -0.098 -0.104 10.3
3 Double line drip -0.005 -0.015 -0.041 -0.076 -0.044 -0.084 6.7
4 Wellington 2 Sand Non-irrigated - -0.010 -0.020 -0.016 -0.171 -0.312 115
5 Single line drip - -0.009 -0.012 -0.012 -0.038 -0.043 3.0
6 Perdeberg 1 Sandy clay loam  Non-irrigated -0.005 -0.010 -0.047 -0.136 -0.140 -0.219 13.6
7 Single line drip -0.007 -0.012 -0.048 -0.122 -0.073 -0.138 10.0
8 Double line drip -0.009 -0.012 -0.036 -0.123 -0.109 -0.160 11.1
9 Perdeberg 2 Sand Non-irrigated -0.007 -0.011 -0.048 -0.120 -0.211 -0.275 16.2
10 Single line drip -0.020 -0.016 -0.047 -0.108 -0.154 -0.197 13.2
11 Double line drip -0.016 -0.013 -0.037 -0.113 -0.107 -0.143 10.7
12 Perdeberg 3 Sandy clay loam  Non-irrigated -0.024 -0.032 -0.098 -0.176 -0.243 -0.266 21.2
13 Single line drip -0.011 -0.023 -0.070 -0.130 -0.163 -0.162 14.4
14 Double line drip -0.007 -0.019 -0.070 -0.117 -0.158 -0.156 13.6
15 Philadelphial Sand Non-irrigated -0.003 -0.008 -0.032 -0.092 -0.139 -0.151 10.6
16 Single line drip -0.005 -0.009 -0.029 -0.105 -0.158 -0.164 11.8
17 Double line drip -0.004 -0.009 -0.042 -0.072 -0.123 -0.165 10.1
18 Philadelphia2  Sandy loam Non-irrigated -0.013 -0.023 -0.059 -0.082 -0.122 -0.125 10.8
19 Single line drip -0.015 -0.013 -0.030 -0.060 -0.083 -0.075 7.0
20 Double line drip -0.016 -0.016 -0.034 -0.057 -0.080 -0.073 7.1

U Refer to Tables 5.7 and 5.8 for more details of the plots.
@ Irrigation applied according to growers’ schedule. Double line drip received double the volume of water as the single drip line.



Table 13.4. Effect of irrigation strategy on mean
February (Y wur) in 16 plots in drip irrigated Cabernet Sauvignon
2006/07 season.

monthly soil water matric potential (

Y v) and total soil water matric potential from Septem

vineyards at selected localities in the Lower Olifa
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ber until

nts River region during the

Plot Locality Soil texture Irrigation Mean monthly ¥ v (MPa) Y vt
no.® strategy Sept Oct Nov Dec Jan Feb (MPa?)
1 Kapel 1 Sand Deficit irrigation -0.007 -0.009 -0.042 -0.044 -0.033 -0.012 4.2
2 Normal -0.007 -0.006 -0.011 -0.017 -0.023 -0.018 21
3 Kapel 2 Sandy loam  Deficit irrigation -0.005 -0.011 -0.041 -0.063 -0.104 -0.060 7.7
4 Normal -0.005 -0.008 -0.013 -0.057 -0.049 -0.082 5.2
5 Vredendal 1 Sandy loam  Deficit irrigation -0.014 -0.014 -0.039 -0.067 -0.082 -0.085 7.7
6 Normal -0.011 -0.012 -0.022 -0.029 -0.037 -0.014 34
7 Vredendal 2 Sand Deficit irrigation -0.013 -0.013 -0.037 -0.028 -0.037 -0.037 4.3
8 Normal -0.012 -0.010 -0.010 -0.007 -0.011 -0.010 15
9 Lutzville 1 Sand Deficit irrigation -0.009 -0.014 -0.020 -0.064 -0.056 -0.044 5.5
10 Normal -0.018 -0.011 -0.029 -0.050 -0.033 -0.067 5.0
11 Lutzville 2 Loamy sand  Deficit irrigation -0.007 -0.010 -0.036 -0.029 -0.073 -0.085 5.9
12 Normal -0.005 -0.005 -0.007 -0.012 -0.011 -0.023 1.5
13 Koekenaap1 Sand Deficit irrigation -0.004 -0.005 -0.012 -0.043 -0.065 -0.019 4.2
14 Normal -0.005 -0.006 -0.005 -0.006 -0.005 -0.006 0.8
15 Koekenaap 2  Sandy loam  Deficit irrigation -0.008 -0.008 -0.024 -0.078 -0.096 -0.083 7.7
16 Normal -0.007 -0.006 -0.009 -0.048 -0.043 -0.028 3.8

U Refer to Tables 5.9 and 5.10 for more details of the plots.
“Deficit irrigation” grapevines in sandy and loamy soils were irrigated at ca. -60 kPa and -80 kPa, respectively, whereas “Normal” ones were irrigated according to the growers’ schedule.

(2



Table 13.5. Effect of irrigation strategy on mean
February (Y wur) in 16 plots in drip irrigated Cabernet Sauvignon
2007/08 season.

monthly soil water matric potential (

Y v) and total soil water matric potential from Septem

vineyards at selected localities in the Lower Olifa
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ber until

nts River region during the

Plot Locality Soil texture Irrigation Mean monthly Y v (MPa) Y vt
no.® strategy @ Sept Oct Nov Dec Jan Feb (MPa’)
1 Kapel 1 Sand Deficit irrigation -0.004 -0.005 -0.029 -0.029 -0.058 -0.024 4.1
2 Normal -0.005 -0.006 -0.006 -0.015 -0.019 -0.016 1.7
3 Kapel 2 Sandy loam  Deficit irrigation -0.005 -0.008 -0.046 -0.077 -0.075 -0.071 7.4
4 Normal -0.007 -0.008 -0.021 -0.028 -0.052 -0.063 4.4
5 Vredendal 1 Sandy loam  Deficit irrigation -0.023 -0.023 -0.016 -0.026 -0.034 -0.047 4.1
6 Normal -0.018 -0.026 -0.045 -0.070 -0.073 -0.086 8.1
7 Vredendal 2 Sand Deficit irrigation -0.013 -0.012 -0.030 -0.020 -0.054 -0.038 4.3
8 Normal -0.011 -0.011 -0.010 -0.012 -0.013 -0.011 1.7
9 Lutzville 1 Sand Deficit irrigation -0.008 -0.007 -0.022 -0.044 -0.044 -0.029 4.1
10 Normal -0.015 -0.011 -0.024 -0.012 -0.026 -0.016 2.7
11 Lutzville 2 Loamy sand  Deficit irrigation -0.015 -0.019 -0.044 -0.060 -0.064 -0.074 7.1
12 Normal -0.015 -0.018 -0.037 -0.008 -0.017 -0.016 2.9
13 Koekenaap1 Sand Deficit irrigation -0.004 -0.005 -0.022 -0.006 -0.021 -0.023 2.1
14 Normal -0.005 -0.005 -0.005 -0.005 -0.005 -0.006 0.8
15 Koekenaap 2  Sandy loam  Deficit irrigation -0.012 -0.010 -0.030 -0.033 -0.047 -0.076 5.0
16 Normal -0.006 -0.006 -0.007 -0.015 -0.027 -0.023 21

W Refer to Tables 5.9 and 5.10 for more details of the plots.
“Deficit irrigation” grapevines in sandy and loamy soils were irrigated at ca. -60 kPa and -80 kPa, respectively, whereas “Normal” ones were irrigated according to the growers’ schedule.

()



Table 13.6. Effect of irrigation strategy on mean monthly soil water matric potential (

February (Y y7) in four plots in Cabernet Sauvignon vineyards at

selected localities in the Lower Orange River regio

Y v) and total soil water matric potential from Septem
n during the 2007/08 season.
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ber until

Plot Locality Soil texture Irrigation Mean monthly ¥ v (MPa) Y mr

no.® strategy @ Sept Oct Nov Dec Jan Feb (MPa’)
1 Upington Sand Deficit -0.014 -0.042 -0.042 -0.042 -0.029 -0.021 5.3
2 Sand Normal -0.015 -0.035 -0.013 -0.014 -0.012 -0.012 2.7
3 Groblershoop Loamy sand Deficit -0.024 -0.020 -0.034 -0.125 -0.321 -0.350 20.9
4 Loamy sand Normal -0.022 -0.016 -0.028 -0.096 -0.338 -0.368 20.5

EZ Refer to Tables 5.11 and 5.12 for more details of the plots.

Table 13.7. Effect of irrigation strategy on mean monthly soil water matric potential (

February (Y 1) in four plots in Cabernet Sauvignon vineyards at

selected localities in the Lower Orange River regio

Y v) and total soil water matric potential from Septem
n during the 2008/09 season.

“Deficit irrigation” grapevines in sandy and loamy soils were irrigated at ca. -60 kPa and -80 kPa, respectively, whereas “Normal” ones were irrigated according to the growers’ schedule.

ber until

Plot Locality Soil texture Irrigation Mean monthly ¥ v (MPa) Y mr

no.® strategy @ Sept Oct Nov Dec Jan Feb (MPa’)
1 Upington Sand Deficit -0.007 -0.014 -0.022 -0.033 -0.033 -0.028 3.6
2 Sand Normal -0.008 -0.016 -0.018 -0.009 -0.012 -0.013 2.0
3 Groblershoop Loamy sand Deficit -0.030 -0.036 -0.045 -0.097 -0.165 -0.353 16.3
4 Loamy sand Normal -0.021 -0.024 -0.010 -0.067 -0.139 -0.246 114

EZ Refer to Tables 5.11 and 5.12 for more details of the plots.

“Deficit irrigation” grapevines in sandy and loamy soils were irrigated at ca. -60 kPa and -80 kPa, respectively, whereas “Normal” ones were irrigated according to the growers’ schedule.



14. APPENDIX 4 — IRRIGATION VOLUMES

Table 14.1. Monthly irrigations (mm) applied by mea

and 2008/09 seasons.

ns of single line drip systems at different localit
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ies in the Swartland region during the 2007/08

Locality October November December January Total

07/08 08/09 07/08 08/09 07/08 08/09 07/08 08/09 07/08 08/09 07/08 08/09
Wellington 1 0 0 54 14 46 63 53 45 64 73 217 195
Wellington 2 - 0 - 0 - a7 - 76 - 0 - 123
Perdeberg 1 9 0 11 12 51 38 41 73 11 35 122 157
Perdeberg 2 12 0 12 16 63 35 34 67 22 43 144 162
Perdeberg 3 0 0 0 0 24 0 21 0 45 45 0
Philadelphia 1 0 0 2 0 0 24 12 0 2 16 31
Philadelphia 2 0 0 2 0 25 18 14 22 9 41 50 81

WRefer to Tables 5.7 and 5.8 for more details of the plots.
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Table 14.2. Monthly irrigations (mm) applied by mea  ns of single line drip systems at different localit ies in the Lower Olifants River region during
the 2006/07 and 2007/08 seasons.
Plot Locality September October November December January February March Total
no.® 06/07 07/08 06/07 07/08 06/07 07/08 06/07 07/08 06/07 07/08 06/07 07/08 06/07 07/08 06/07 07/08
1 Kapel 1 61 19 38 59 35 21 57 54 64 38 44 72 79 64 378 327
2 53 19 54 59 90 86 103 54 156 103 44 72 79 64 579 457
3 Kapel 2 36 23 5 55 55 9 19 0 0 21 22 55 29 79 166 242
4 37 18 23 54 82 67 87 63 81 96 22 61 29 50 361 409
5 Vredendal 1 88 0 73 0 0 0 0 0 0 29 0 0 0 0 161 29
6 41 0 35 39 71 132 69 78 91 94 244 0 0 0 551 343
7 Vredendal 2 59 5 35 34 38 22 60 17 47 13 51 34 24 31 314 156
8 54 3 41 34 109 33 102 17 104 80 85 87 53 49 548 303
9 Lutzville 1 24 45 13 45 44 21 0 53 41 36 37 81 24 0 183 248
10 21 50 13 45 61 54 26 53 120 47 30 48 33 24 304 321
11 Lutzville 2 63 0 28 0 38 0 8 0 0 0 0 0 0 0 137 0
12 63 0 57 0 71 0 26 41 120 38 30 24 33 5 400 108
13 Koekenaap 119 34 92 147 52 0 0 64 0 36 24 0 97 118 384 399
14 83 45 89 82 95 102 118 71 130 91 86 60 110 59 711 510
15 Koekenaap 55 22 42 36 6 0 0 10 0 32 12 0 0 15 115 115
16 55 22 42 35 24 39 2 33 29 50 46 67 24 0 222 246

W Refer to Tables 5.9 and 5.10 for more details of the plots.

Table 14.3. Monthly irrigations (mm) for two irriga  tion strategies applied by means of micro-sprinkler s near Upington in the Lower Orange River
region during the 2007/08 and 2008/09 seasons.

Season Plot no. ™ Strategy September October November December January February Total
2007/08 Upington 1 Deficit 75 49 0 97 94 120 436
Upington 2 Normal 929 48 56 156 119 240 717
2008/09 Upington 1 Deficit 149 241 35 98 115 74 713
Upington 2 Normal 181 256 38 336 232 136 1178

WRefer to Tables 5.11 and 5.12 for more details of the plots
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15. Accumulated outputs  (Phase 1)

Technology developed, products and patents
None

Human resources development/training

Student level (BSc, MSc, PhD, Post doc) Cost to project (R)

1. | G. Engelbrecht, Hons. BSc. Agric. None
(Viticulture) project. Commenced January
2006 -completed December 2006

2. | A. Wessel, M.Sc. Agric. (Soil science) thesis. | R100 000
Commenced September 2005 — terminated

December 2007

3. | R.J. Bruwer, M.Sc. Agric. (Viticulture) thesis. | None
Commenced August 2006 - completed
March 2010

4. | T.O. Mehmel, M.Sc. Agric. (Viticulture) thesis.
Commenced January 2007 - completed
December 2010

5.

Publications (popular, press releases, semi-scientific, scientific)

Bruwer, R.J., 2010. The edaphic and climatic effects on production and wine quality of Cabernet
Sauvignon in the Lower Olifants River region. Thesis, University of Stellenbosch, Private Bag
X1, Matieland 7602, South Africa.

Mehmel, T.O, 2010. Effect of climate and soil conditions on Cabernet Sauvignon grapevines in
the Swartland region with special reference to sugar loading and anthocyanin biosynthesis.
Thesis, University of Stellenbosch, Private Bag X1, Matieland 7602, South Africa.

Presentations/papers delivered
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wine quality in the Lower Olifants River region. Vinpro/Winetech information day, Robertson, 16
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