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FINAL REPORT  

1. Executive summary 

Carbon isotope discrimination, photosynthesis measurements and infrared thermometry were 
evaluated to monitor grapevine water status differences induced by different irrigation strategies.  

Results showed that stem water potential correlated best with most of the techniques. Pre-dawn and 
midday leaf water potentials did not correlate well with measures of leaf temperature, carbon 
discrimination, or photosynthesis. These measurements were however more useful to quantify the 
irrigation regime applied. It was found that partial root zone drying vines exhibited the least water 
deficits during the season followed by a 4x irrigation treatment, compared to the rain-fed treatment. 
This could also be seen from increased vine vigour at these plots. No significant differences were 
however found in berry characteristics. Grapevine vigour was shown to have a significant effect on the 
measurement of water status using physiological parameters.   

Carbon discrimination analyses showed close relationships with both stem water potential and 
stomatal conductance. Very good distinction between irrigation strategies was shown in the seasonal 
evolution of carbon discrimination, indicating the potential usefulness of this measuring technique.  

The partial root zone drying experiment indicated a significant increase in water use efficiency 
compared to irrigations that received the same amount of water, without any indication of increased 
water stress. More water deficits indicated by carbon discrimination, stem water potential and stomatal 
conductance also seemed to result in lower berry TSS levels and smaller berries. 

As an addition to the project summary discussed an adapted executive summary of the MSc study 
linked to this project is provided to follow. The complete thesis is available online at 
http://scholar.sun.ac.za/ under the title: “The effect of within-vineyard variability in vigour and water 
status on carbon discrimination in Vitis vinifera L. cv Merlot”. 
Measurements of carbon isotope discrimination (CID) have proved to be a tool to assess grapevine 
physiology in order to study the effects of environmental parameters on leaf carbon dioxide (CO2) gas 
exchange and stomatal conductance (gs). Grapevine water deficit stress/strain in reaction to these 
environmental conditions can then be determined by observing the amount of 

13
C absorbed by plant 

material after discrimination of 
13

C has taken place, and this is influenced by the grapevine stress 
condition and can indicate water-use efficiency. 

 Variability in grapevine water status and vigour was determined in order to quantify these 
parameters in different parts of a vineyard. Two separate trials were conducted in Wellington, where 
different irrigation regimes resulted in variability in grapevine water status between plots, and in 
Stellenbosch, where plots of differing vigour and irrigation treatments were assessed. 

 The treatments in the Wellington trial led to differences in grapevine water status, which could be 
quantified by measurements of stem water potential (SWP) and leaf water potential (LWP). Soil 
variability also led to differences in grapevine vigour, which were quantified by measurements of 
pruning mass, leaf area and shoot length. The effect of the variability in grapevine water status on 
grapevine physiology was assessed by measuring CID, which was the main focus of the study. Other 
physiological measurements, such as gs and leaf and canopy temperature were also conducted. The 
effect of these conditions on grape berry composition was also studied. 

 In the Stellenbosch trial, soil water content, plant water status measurements (SWP, pre-dawn 
LWP and LWP), physiological measurements (CID and gs) and berry size measurements were used 
to classify plots into water status treatments (“wet” and “dry” treatments). The effect of vigour 
differences was analysed separately from these treatments by using pruning mass as a covariate in 
the statistical analyses. The effect of vigour variability on the measurements was studied by looking at 
the effect of the covariate on the measurements, while shoot growth rate, shoot length and leaf area 
measurements were conducted as vegetative growth measurements. Differences in measurements 
were then studied between the treatments and between the vigour levels of the different plots. 

 In the Wellington trial, plant water status was determined by irrigation, showing increased stress 
for treatments that received less irrigation. The differences in plant water status then caused 
differences in grapevine physiology between the treatments, leading to increased gs for increased 
irrigation. This of course influenced leaf internal CO2 and therefore CID, although CID was also clearly 
influenced by berry development. Berry size was influenced by irrigation, with larger berries found in 
wetter treatments, while berry chemical composition was influenced by the irrigation regime, with 

http://scholar.sun.ac.za/
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increased irrigation leading to increased pH and leading to trends showing increased total soluble 
solids and malic acid, and reduced total and tartaric acid and colour intensity. 

 In the Stellenbosch trial, plots with higher vigour had increased shoot growth rate, longer shoots 
and increased leaf area, although topping influenced this. Wet treatment vines also showed slightly 
longer shoots and larger leaf areas. There were differences in soil water content between the wet and 
dry treatments, and this led to differences in plant water status. Vigour also influenced pre-dawn LWP, 
especially in the 2007 season, as higher-vigour vines struggled more to rehydrate through the night.  

 Differences in plant water potential led to differences in grapevine physiology, with increased gs 
for vines from the wet treatment, while higher-vigour vines had slightly increased gs. The differences 
in gs led to gas exchange differences and therefore differences in CID, meaning that water status and 
vigour influenced CID. CID measurements illustrated the long term effect of water status on plant 
physiology, while measurements such as SWP illustrated the short term effects. CID measurements 
therefore proved to be accumulative over the season, in contrast to SWP measurements that were 
much more dependent on the current state of grapevine water status. Other physiological 
measurements showed that wet-treatment vines had higher photosynthetic rates and 
evapotranspiration and lower leaf temperatures, while higher-vigour vines had slightly increased 
evapotranspiration and decreased leaf temperatures. Wet-treatment vines had larger berries, while a 
higher vigour also led to slightly larger berries. Berry composition was influenced by treatment, where 
wet-treatment vines had increased pH and total soluble solids, while higher-vigour vines had 
increased juice pH and, in the 2008 season, decreased total soluble solids. 

 Extremely stressed conditions did not show significant effects on plant water potential, but SWP 
measurements indicated slightly higher stress for the extremely stressed vines and LWP showed 
slightly less stressed conditions for these vines. Measurements of gs showed slightly lower values for 
the extremely stressed vines, while measurements of CID showed large significant differences, with 
the extremely stressed vines having measurements showing high stress. The measurement therefore 
indicated highly stressed conditions accurately, while other physiological measurements, such as 
photosynthetic rate, evapotranspiration and leaf temperatures, only showed trends and no significant 
differences. Measurements of gs reacted to plant water status measurements throughout the diurnal 
measurement days, while CID only reacted slightly with gs changes during these days and was 
perhaps influenced more by berry chemical composition and development at this early stage of the 
season. 

 Vigour and water status therefore influenced grapevine physiology, with a more direct effect by 
water status and an indirect effect by vigour due to microclimatic differences. This also influenced 
berry composition and therefore quality.  In future studies, CID measurements should be done on juice 
from which organic acids have been removed in order to eliminate the effect of seasonal berry 
composition on the measurement.  

 Measurements of CID proved to be an integrative, but sensitive, indicator of grapevine stress, 
especially at the end of the season. It might at best be useful as a post-harvest management tool for 
producers or grape buyers, especially for irrigation control. 

2. Problem identification and objectives  

Van Leeuwen et al. (2007a) as well as many authors studying grapevine water status often mentions 
the array of “tools” available to monitor it. In this project, two of the mentioned scheduling aids were 
assessed, namely stem water potential and carbon isotope discrimination measurements. The latter 
may be used to assess the severity of accumulated grapevine water deficit, which in turn could be 
useful in irrigation management. 

The project migrated from Dr du Toit to myself during the 2007/2008 growing season after the former 
left the service of the University. We had to implement slight change in direction to finalise the MSc 
thesis of the student working on the project. The project was motivated initially and run by Dr du Toit 
with the goal of assessing grapevine reaction to modified irrigation regime (PRD) and to assess 
methods of measuring the reaction of the vines to these treatments, including carbon isotope 
discrimination. This report has been compiled from selected achievements from the project. Certain 
objectives that were modified or not achieved from the original application and initial reports are not 
included here. The report is also focused on the results compiled in a MSc(Agric) thesis written from 
results from the two trials (Wellington and Stellenbosch) (Rossouw, 2010). 
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3. Workplan (materials & methods) 

Milestone 

1. Set up irrigation experiments and validating measurement techniques of water stress 

2. Measuring the effects vigour and water regime on grapevine performance/morphology 

3. Measuring the effects vigour and water regime on grapevine physiology 

4. Measuring the effects vigour and water regime on petiole photosynthetic and nitrogenous 
compounds 

5. Measuring the effects vigour and water regime on carbon discrimination 

6. Measuring the effects vigour and water regime on grape composition 

The field experiment sites that were set up and monitored from 2006 included: 

1) Wellington (Merlot 1) experiment (Collaboration with Nietvoorbij) 

The project at Wellington ran for 3 seasons under the supervision of Dr Philip Myburgh at Nietvoorbij. 
The collaboration yielded valuable information (refer to Results section as well as the MSc thesis of 
Rossouw).   

3) Experiment (Merlot 2) was set up in Stellenbosch in collaboration with the project of Albert Strever, 
and this was the main site where carbon isotope discrimination data were collected and also the main 
site where the MSc student (Rossouw) completed his study. 

The second experiment where treatments were laid out was a Merlot vineyard in the Stellenbosch 
area. The vineyard consisted of a 4 ha block of Merlot. Natural variability in grapevine vigour was 
identified within the vineyard block that will be used as one of the variables. This variability was 
quantified using remote sensing (multispectral) as part of another project, and experimental plots were 
laid out according to the observed variability. 

The statistical layout consisted of a 3 x 2 factorial design with 3 Vigour levels (low, medium and high), 
and two irrigation regimes (rain-fed and irrigated).Soil water content was monitored using neutron 
probe readings taken down to 1.2 m from access tubes installed the previous year in 8 locations 
throughout the vineyard covering all of the vigour classes. 

Treatment effects on plant water status/physiology, vegetative growth, yield and berry composition 
were the main concerns, and many of the parameters were followed from pea-size until harvest.  

Petiole sugar and nitrate content and grapescan analysis were mentioned in the reports, and a total 
analysis of berry characteristics by the Foss Winescan laboratory at the University of Stellenbosch.  

Preliminary results of 2006 and research by van Leeuwen (2007) and Gaudillere et al., (2002) have 
shown that carbon isotope analyses (12C/13C) have great potential to be a more sensitive method 
than the conventional leaf water potential measurements to compare the capacities of soil and canopy 
management in vineyards to induce mild water stress and therefore this measurement will be the 
major research aspect. 

4) Experiment (Merlot 3) was set up on Hillcrest estate (Durbanville) in collaboration with their 
viticulturist.  

5) Experiment (Merlot 4) was set up in Montagu in collaboration with VINPRO (Klein Karoo). The site 
was less intensively monitored with the main aim to look at the amount of stress over the whole 
season and relate it to berry and wine quality. 

6) Experiment (Chardonnay 1) has been running for two years at Graham Beck (Robertson) in 
collaboration with the viticulturist. The goal here was similar to Merlot 4. 

4. Results and discussion  

Soil water content 

The Wellington Merlot (Merlot 1) site consisted of five irrigation treatments. Rain-fed, two applications 
per season on the vine row, four applications per season on the vine row, four applications per season 
between the vine row, and partial root-zone drying (PRD). The soil water contents during the season 
are illustrated in Figure 1 (Data provided by Dr. Philip Myburgh).  
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Physiological measurements 

 

Stomatal conductance and photosynthesis measurements that were performed in the Merlot vineyard 
are shown in Figure 2. It was found that PRD had significantly greater transpiration rates and stomatal 
conductance compared to the other irrigation treatments. It is commonly found when PRD is 
compared to conventional irrigation that stomatal opening is significantly reduced, hence reducing 
water consumption. However, from the data it could be deduced that PRD had the most luxurious 
water use, and it seems that in this experiment it was correlated to the increased frequency of 

Figure 1 Effect of number of drip irrigations and position of irrigation lines (A & B), as well as (C) partial 
                 root zone drying (PRD) on the variation in soil water content measured during the 2005/06 sea- 
                 son near Wellington. (Myburgh, 2006 Nietvoorbij). 
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irrigations. With an increase in the frequency of irrigation events, transpiration rates increased and 
hence photosynthetic rate also significantly increased, possibly due to greater gas exchange. Based 
on the data it could be prematurely concluded that PRD was significantly less stressed compared to 
other, less intensively irrigated treatments.   

 

Figure 2: Stomatal conductance and photosynthesis measurements of Wellington Merlot (Vertical bars denote 
0.95 confidence intervals).  

The higher transpiration rates found in the more frequently irrigated treatments also related very well 
with measurements of leaf temperature (Figure 3) collected using a hand-held infrared thermometer 
with field-of-view set to measure most of the canopy surface perpendicular to it. Canopy leaf 
temperature of PRD treated vines was found to be significantly lower compared to other irrigation 
treatments. This measure may be related to the increased transpiration rate and indirectly to the 
intensity of water deficits.  

 

Figure 3: Canopy temperature for the Wellington Merlot trial (Vertical bars denote 95 % confidence intervals). 

Grapevine performance/morphology 

The yield, pruning mass and leaf area results are presented within the report of Dr Myburgh, 
Nietvoorbij as well as the MSc thesis linked to this report. 

The average yield, shoot lengths and leaf areas for the Stellenbosch Merlot trial is shown in Table 1. 
No statistical differences could be detected between treatments except significant differences in vigour 
between main shoot length and lateral shoot area for the sites with differing vigour. It was however 
realised within the more detailed work of Mr Rossouw, that considerable within-plot as well as 
between season differences in pruning mass occurred (refer to figs 4.11 and 4.12 in the thesis) and 
that it may not be appropriate to visually classify vigour levels as in Table 1 from the multispectral 
image. His thesis therefore worked with plots of specific stable low or high pruning masses rather than 
a global vigour classification of all plots. 
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Table 1:  Performance/morphology of Stellenbosch Merlot in 2007 

  High   Medium    Low   

Bunch nr Dry 21.0 ± 1.5 23.5 ± 1.5 26.5 ± 3.3 

 Wet 22.5 ± 3.5 19.8 ± 0.8 22.8 ± 1.6 

Yield Dry 4.29 ± 0.73 3.47 ± 0.69 2.69 ± 0.06 

 Wet 3.69 ± 0.28 4.71 ± 0.96 2.95 ± 0.31 

Main shoot length Dry 154.9 ± 5.8 142.1 ± 11.6 140.0 ± 13.0 

 Wet 157.5 ± 5.6 140.3 ± 2.3 150.3 ± 8.8 

Lateral shoot length Dry 70.7 ± 21.4 53.6 ± 5.6 54.5 ± 1.5 

 Wet 117.8 ± 25.5 79.5 ± 6.0 68.2 ± 10.1 

Lateral shoots Dry 12.3 ± 1.4 11.5 ± 1.0 13.5 ± 0.6 

 Wet 15.3 ± 1.2 14.8 ± 0.3 13.7 ± 1.2 

Main shoot leaves Dry 19.5 ± 2.9 17.5 ± 3.0 18.7 ± 4.4 

 Wet 16.5 ± 1.3 14.8 ± 2.8 17.3 ± 2.9 

Main shoot leaf area Dry 2139.4 ± 223.6 2190.6 ± 58.2 2178.4 ± 300.0 

 Wet 2094.5 ± 124.2 1736.5 ± 432.4 2152.1 ± 301.7 

Lateral shoot leaves Dry 27.33 ± 3.3 21.25 ± 1.8 23.0 ± 1.3 

 Wet 39.17 ± 6.3 34.25 ± 3.8 27.8 ± 5.0 

Lateral shoot leaf area Dry 1181.6 ± 222.3 778.8 ± 173.6 1039.5 ± 152.6 

 Wet 1816.7 ± 381.1 1257.0 ± 182.3 1114.3 ± 175.3 

 

The effects Vigour and water regime on grapevine water status 

Measuring the pre-dawn leaf water potential has been the preferred method of measuring water stress 
in grapevines. It is therefore prudent that this method was used to validate new methods in the field. 
Our data however showed poor correlation between pre-dawn leaf water potentials and treatment 
effects (Figure 4). Irrigated vines sometimes showed lower water potentials than rain-fed vines and no 
significant differences between treatments on other occasions. Another issue was the level of 
variability within treatments, which made the data difficult to interpret.  
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Figure 4: Pre-dawn leaf water potentials of Wellington Merlot measured on two separate instances 11 Jan (left) 
and 2 Feb 2006 (right) (Vertical bars denote 95 % confidence intervals).  

The comparison between midday leaf water potential (LWP) and stem water potential (SWP) showed 
the value of excluding the environmental effect on water potential measurements by using the latter 
technique (Figure 5). Although stomatal conductance indicated significant differences between 
treatments (Figure 6), no differences could be detected from LWP measurements. However, a close 
correlation could be found between stomatal conductance and SWP, and it is concluded that SWP on 
the same day, was a more reliable indicator of water status in the vineyard. This is in accordance with 
other researchers’ work (Chone et al., 2001). 

 

Figure 5  Comparison between the measure of midday leaf water potential and stem water potential 
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Figure 6 Stomatal conductance measured simultaneous to the leaf/stem water potential measurements for the 
Wellington Merlot trial (Vertical bars denote 0.95 confidence intervals). 

Wellington Merlot 2007 results 

The irrigation effect on Wellington Merlot grapevine water status can be seen in Figure 7. Rain-fed 
irrigation treatments showed significant early signs of stress as can be seen in the stem water 
potential measurements. Similarly the 2 x irrigation treatments underwent significantly higher stress 
compared to higher frequently irrigated grapevines. PRD and 4x irrigated grapevines showed 
significantly less stress in comparison during the season while only at the end reached moderate 
levels, never crossing the level that can be considered as water stresses. Interestingly the 4 x within 
the work row treatment that received the same volume as the PRD treatment showed lower stress 
levels as the PRD treatment and can therefore be considered that there was a PRD effect present. 

The effect of vigour and irrigation regime in Stellenbosch Merlot can be seen in Figure 8 and Figure 9 
for both leaf and stem water potential respectively. Factorial analyses indicate that there is both a 
significant vigour (P=0.00001) and an irrigation (P=0.019) effect present. It is interesting that the 
medium vigour class showed the most severe effect of stress that was recorded during the season. 

 

Figure 7 Stem water potential of Merlot in Wellington during the 2007 season (Vertical bars denote the standard 
error, Days after véraison on x –axis). 
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Figure 8  Leaf water potential of Merlot grown in Stellenbosch during the 2007 season. Names include both 
treatment of either vigour (High, low or med) and irrigation (Dry or wet). Vertical bars denote the standard error. 

 

Figure 9  Stem water potential of Merlot in Stellenbosch during the 2007 season. Vertical bars denote the 
standard error. 

The measurement of stomatal conductance (gs) of Wellington and Stellenbosch Merlot can be seen 
can be seen in Figure 10 and Figure 11 respectively. Large significant differences could be found 
between different irrigation regimes with the 4x irrigation treatment showing the highest gs levels 
throughout the season. The rain-fed treatment had constantly very low gs values and confirms that 
these vines undergo high amounts of stress throughout the growing season. It is also seen that the 2x 
irrigation treatments had initially higher gs, probably after an irrigation event, but was severely reduced 
to the levels perceived in dry land treatments. Interestingly again, PRD treatments had significantly 
lower gs values compared to vines receiving the same amount of water in the 4x irrigation in the work 
row. This supports the existing literature that PRD reduces stomatal conductance and transpiration 
rates compared to control vines that receive the same amount of water by partial closure of the 
stomata. This will increase their water use efficiency measured as the amount of yield produced per 
litre of irrigation water. 

A significant effect of irrigation could be found (P=0.023) in Stellenbosch Merlot but not in vigour class. 
This may be expected because the grapevine gs may be more affected by water availability than by 
the exposed leaf area. This result may give an indication that the same trend will be observed in 
carbon discrimination and it is expected therefore that carbon discrimination would be more affected 
by water regime than vigour class.  
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Figure 10 Stomatal conductance of Wellington Merlot grapevines. Vertical bars denote the standard error and 
days after véraison on x-axis). 

 

Figure 11  Stomatal conductance of Stellenbosch Merlot grapevines. Vertical bars denote the standard error. 

Measuring the effects vigour and water regime on carbon discrimination 

The measurement of carbon discrimination has recently gained popularity under researchers of a 
range of crops including wheat, conifers, grapevines and the like. The bases behind the measure is 
that a plant under stress will discriminate against the uptake of 

13
C (the naturally abundant form of 

carbon in the air) and have a preference to the stable isotope 
12

C. More 
12

C carbon is then 
incorporated into sugars which is stored in the fruit of the plant (its storage organs).  The ratio between 
the two stable isotopes may then be used as a very fine measure of water stress and preliminary 
results indicate that the norm lies between the ratio of -20 and -30 between stressed and unstressed 
vines respectively. 
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Figure 12 Carbon discrimination measurements of Wellington Merlot berries (Vertical bars denote a significant 
difference P<0.05). 

It can be seen in Figure 12 that the ratio of carbon isotopes related very well with the measures of 
physiology (Pn and Gs), SWP and canopy temperature. It seems to again lower with an increase in 
irrigation frequency and the expected decrease in plant water stress. It is however difficult to directly 
correlate these measurements due to their nature. Plant water status and physiology is measured at a 
fixed point in time while carbon discrimination relates to the stress perceived during the season as a 
whole, or up to the date the sample is taken. Further work needs to be done on the seasonal variation 
of this measurement and diurnal changes. These aspects will be addressed in the following year.  

The analysis of carbon discrimination in Wellington Merlot grapevines is shown in Figure 13. 
According to (Van Leeuwen et al., 2007a) water stress occurs between values of -20 and -27, with a 
more negative value indicating a lower amount of stress. The evolution in carbon discrimination 
reveals a very interesting picture in that it reflects the measurements of both SWP and stomatal 
conductance. It seems that at véraison, when sugar accumulation starts, there are no significant 
differences in carbon discrimination between treatments. There should be little to no stress present at 
that stage, but for some reason all treatments have high CID values. This wash shown by (Rossouw, 
2010) to be probably linked to the inability of the technique to discriminate between sugars and acids 
as carbon source in this period of ripening, which is a very important factor to take into consideration 
when conducting these measurements on unripe samples. After véraison there was a large difference 
in carbon discrimination evolution with dry land treatments having the highest values. This is followed 
by the two 2x irrigations, and lastly with the 4x irrigations and PRD having the lowest amount of stress 
during the season. The result of PRD is interesting since there were definitely significantly lower 
stomatal conductance and lower stem water potentials measured in these vines compared to the 4 x 
irrigations that receive the same amount of water. This may be an indication that the PRD treatments 
adjusted their physiology to adapt to the irrigation regime, possibly increasing its water use efficiency. 
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Figure 13  Carbon discrimination measurements in the Wellington Merlot trial during ripening in 2007 

There were significant differences in carbon isotope discrimination between the wet and dry 
treatments in both the 2007 and 2008 seasons (P < 0.01) in Stellenbosch (Figure 14 and Figure 15). 
The carbon isotope discrimination (CID) measured for the vines from the wet treatment had more 
negative values than those measured for the vines from the dry treatment. This corresponds with the 
literature, which shows that increased water deficit leads to decreased discrimination against 13C and 
a less negative CID value (Bodin & Morlat, 2006). The results of the effect of the water deficit status 
on CID can be attributed to lower stomatal conductance for the dry treatment vines, resulting in 
decreased gas exchange and photosynthesis and less leaf internal CO2. This leads to less CO2 
supply to Rubisco (Lal et al., 1996) and more 13C absorption for these vines than those from the wet 
treatment. 

The values of the measurements lie in the range of -24 to -26.8 (indicating moderate water deficits) for 
the 2007 season and -25.2 to -26.4 (indicating weak to absent water deficits) for the 2008 season 
(Van Leeuwen et al., 2007b). The measurement for the 2008 season shows this result, due to it being 
a wetter season than the 2007 season. It is also important to note that the measurement season in 
2008 covered a longer period than that of 2007, which could also have influenced measurements due 
to berry development effects (see section further on in the thesis). 

Differences between the treatments seem to have been bigger in 2008 than in 2007 and this was also 
noted for plant water measurements. Plant water status therefore affected grapevine physiology and 
carbon discrimination. 
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Figure 14 ANOVA computed for covariates at their means of the carbon isotope discrimination ratios for the wet 
and dry treatments (2007) (P < 0.01) (vertical bars denote 0.95 confidence intervals). 
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Figure 15 ANOVA computed for covariates at their means of the carbon isotope discrimination ratios for the wet 
and dry treatments (2008) (P < 0.01) (vertical bars denote 0.95 confidence intervals). 

It seems that, as the seasons progressed, the significance of the difference between the CID values 
for the wet- and dry-treated vines increased (Figure 16 and Figure 17). This can easily be seen by 
looking at the results for the 2008 season, which had a much longer measuring period than the 2007 
season. This result might follow from the accumulative nature of the CID measurement in reaction to 
stress. The seasonal development of CID for the 2008 season shows that the vines had some of the 
highest stress levels at the start of the measuring season (both treatments had CID values indicating 
weak to moderate water deficits) when vines were at the pea-size phenological stage, and the stress 
level declined after that and reached a minimum when the vines were at véraison (both treatments 
had CID values indicating no stress). This corresponds with plant water potential measurements, 
which also showed some of the lowest water deficits during this stage. The values before véraison 
indicated higher stress levels, probably because of juice composition consisting of high levels of 
organic acids at this stage (see discussion later). At véraison there was a turning point in the CID 
measurements and this should have a lot to do with juice composition, as the predominant carbon 
molecules change from acids to sugars (see discussion later). CID measurements after véraison 
indicated increases in water stress, which for the wet treatments showed increases for the subsequent 
two weeks, after which it remained stable until harvest. The CID measurements for the dry-treatment 
vines showed increased stress after véraison until about two weeks before harvest, when they 
indicated weak to moderate water deficit stress until harvest time. Increased water deficit after 
véraison again corresponds with increased deficits according to plant water potential measurements.  

 The seasonal development of the CID values could not easily be seen during the 2007 season 
because of the short length of the measuring period, which was focussed on the latter part of the 
season, but differences in the measurements between the wet and dry treatments can be seen 
throughout the season. The CID measurements in this study did not only indicate plant stress because 
of changes in stomatal aperture and leaf internal CO2, but because the measurements were done on 
raw berry juice they were also influenced by the seasonal development of the berries. Organic acids 
are the predominant carbon molecules in the early season until véraison, while sugars are the 
predominant carbon molecules after véraison. These molecules have different biosynthetic pathways 
(Gaudillere, personal communication, 2008), which influence their CID values. This can probably 
explain the CID values at around pea size, which indicated the high stress in the 2008 season.  

 CID measurements on raw juice after véraison should be more trustworthy than that before 
véraison as it seems that the turning point at véraison can be instrumental in the separation of water 
deficit and berry development effects on CID. The fact that there existed a link between seasonal CID 
measurements and plant water potential measurements (PDWP, SWP and LWP) from véraison as 
both showed low water deficits at véraison and increased water deficit stress after véraison, could 
show that CID reacts to plant water status during this stage. It must also be remembered that CID is 
an accumulative measurement and it should therefore be the most accurate at harvest, when berry 
organic acids will also not have a large influence on the measurement. 

 There were no significant differences between the CID measured in samples taken from the 
shade and the sun parts of the rows in both seasons, but the CID values for the sun-exposed vines 
were a little less negative in the 2008 season that the shade-exposed vines, with a weak significant 
difference (P < 0.1). This indicated slightly higher stress for the samples taken from vines receiving 
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more direct midday sun, corresponding with slightly lower photosynthetic rates for these vines, which 
could have influenced carbon fixation. 

 In the 2007 season, there was no significant effect of the covariate on CID (P > 0.1). The 
covariate, however, had a significant effect on CID in 2008 (P < 0.05). There was a weak correlation 
between pruning mass and CID (r

2
=0.2006, P < 0.1), with vines with a higher vigour having more 

negative (less stressed) CID ratios in 2008. A weakly significant difference was found between CID 
ratios of vines with different vigour. No correlation was found in 2007, with no significant differences (P 
> 0.1). This effect in 2008 corresponds to claims in the literature, which state that pruning mass can be 
negatively correlated with CID (Stamatiadis et al., 2007). This negative correlation could be due to 
microclimate differences between the vigour, influencing leaf stomatal conductance. The stomatal 
conductance for the vines with higher vigour was higher than that of vines with lower vigour in 2008 
(Section 4.3.5.2 of the thesis), leading to increased leaf internal CO2 and subsequent carbon 
discrimination, as more CO2 is available for discrimination by Rubisco. 

 It can further be said that CID was therefore influenced more by water status than vigour, and this 
may be expected, as stomatal conductance and leaf gas exchange may be influenced more by water 
status than exposed leaf area. The reason for this is that root hormonal signals (influenced by root 
water status) are a large determinant of stomatal aperture (Davies et al., 2002), influencing CO2 
supply to Rubisco and the ability of the enzyme to discriminate against 
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Figure 16 ANOVA computed for covariates at their means of the seasonal evolution of carbon isotope 
discrimination ratios for the wet and dry treatments (2007) (vertical bars denote 0.95 confidence intervals). 
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Figure 17 ANOVA computed for covariates at their means of the seasonal evolution of carbon isotope 
discrimination ratios for the wet and dry treatments (2008) (vertical bars denote 0.95 confidence intervals). 

Measuring the effects vigour and water regime on grape composition 

Berry chemical composition is shown in Table 2. Surprisingly, little significant differences could be 
found between treatments. 

Table 2 Chemical analysis of Wellington Merlot trial berries at harvest in 2006 

 

Although the rain-fed treatment had seemingly the highest anthocyanin content at pH 1 it showed the 
lowest extractability of all of the treatments. The PRD treatment, as expected, showed the lowest 
anthocyanin levels at both pH 1 and 3,2. This was expected due to a much thicker canopy structure 
and low level of stress during the growing season. This could also be related to the higher pH and 
lower TSS values. These differences were however not large enough to be statistically significant 
(P<0.05). This in itself seems unusual since the treatments were so extremely different and vines 
appeared to have much thicker canopies and shoots.  

Further laboratory analyses done on berries from the Wellington Merlot experiment were conducted 
using the Winescan®. The results were somewhat surprising because large significant differences 
could be found between treatments with this type of analyses that could not be detected using 
traditional methods. The berries of the Wellington Merlot experiment were harvested approximately at 
the same ripeness levels (between 23 and 24°B). In Figure 18 the pH and Total acidity at harvest are 
shown. A small increase in pH could be seen as the frequency of irrigations increased from rain-fed up 
to PRD treatments and this was also evident in the total acid content, except for the 4x on the vine row 
treatment (this could be an experimental error).  
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Figure 18  Winescan® analyses of the Wellington Merlot berries at harvest in 2006; pH and total acid. (Vertical 
bars denote a significant difference P<0.05). 

Closer examination revealed that the increase in pH may be due to lower tartaric acid; 4 x and PRD 
irrigations having significantly lower concentrations compared to the rain-fed treatment (Figure 19). 
Whether this is a stress induced difference or a canopy density effect is not known at this stage. 
However, as expected from vines with thicker canopies there is a tendency towards higher potassium 
levels (Figure 20) in treatments of higher frequent irrigations, like PRD, and also higher alpha amino 
acids. Furthermore, the analyses of colour indicated that the rain-fed irrigations had a significantly 
more intense colour that was associated with higher concentrations of anthocyanins (Figure 21). 

 

Figure 19: Winescan® analyses of the Wellington Merlot berries at harvest in 2006; Tartaric and Malic acids. 
(Vertical bars denote a significant difference P<0.05). 

 

Figure 20  Winescan® analyses of the Wellington Merlot berries at harvest in 2006; Potassium and alpha amino 
N. (Vertical bars denote a significant difference P<0.05). 
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Figure 21  Winescan® analyses of the Wellington Merlot berries at harvest in 2006; Potassium and alpha amino 
N. (Vertical bars denote a significant difference P<0.05). 

Changes in berry composition were followed every week in both experiments for 2007, however only 
the harvest data are reported for the Wellington trial (Table 3). The 4x Irrigation treatments had 
significantly lower TSS content, larger berries and lower titratable acidity compared to the dry land and 
2x irrigated treatments. The PRD treatments also had larger berries than low irrigated vines, but not 
smaller than the higher irrigated treatments. No significant differences between treatments could be 
found for juice pH and TAA.  

Table 3: Grape composition analysis of the Wellington Merlot trial (2007). 

 

The harvest analyses of the Stellenbosch Merlot trial can be seen in Table 4. No significant 
differences could be found between treatments. The reader is referred to (Rossouw, 2010) for further 
results and analysis along with the adapted layout of the trial. From his results, the physiological 
changes induced by differences in water status and vigour in different parts of the vineyard also led to 
differences in berry development. Because of the larger influence of water status on physiology, there 
were larger effects on berry development than on vigour. The vines from the wet treatment had bigger 
berries than those from the dry treatment due to more water being available for cell expansion, while 
the higher-vigour vines had slightly larger berries than the lower-vigour vines. Berry size influenced the 
dilution of berry compounds, and water status therefore had a larger influence on berry compounds 
than vigour. Berry sugar content, acid concentration and colour were largely influenced by water 
status and only slightly by vigour. 
  

  T1 T2 T3 T4 T5 T6 ANOVA P= 

TSS (˚B) 26.65
a
 ± 0.83 26.3

a
 ± 0.33 22.58

b
 ± 0.41 26

a
 ± 0.98 22.08

b
 ± 0.68 24

ab
 ± 0.36 0.00012  

pH 3.29 ± 0.03 3.31 ± 0.02 3.31 ± 0.01 3.3 ± 0.04 3.29 ± 0.01 3.3 ± 0.03  ns 

TTA (g/L) 14.15 ± 0.18 10.51 ± 0.16 9.18 ± 0.15 8.72 ± 0.24 7.06 ± 0.13 6.96 ± 0.1 ns 

Berry size 
(g) 1.01

 a 
± 0.03 1.08

 a 
± 0.05 1.49

 b 
± 0.03 1.27

 c 
± 0.04 1.46

 b 
± 0.06 1.36

 bc
 ± 0.03 0.0001 
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Table 4: Grape composition analysis of the Stellenbosch Merlot trial (2007). 

  High Medium Low 

Bunch nr Dry 21.0 ± 1.5 23.5 ± 1.5 26.5 ± 3.3 

 Wet 22.5 ± 3.5 19.8 ± 0.8 22.8 ± 1.6 

Yield Dry 4.29 ± 0.73 3.47 ± 0.69 2.69 ± 0.06 

 Wet 3.69 ± 0.28 4.71 ± 0.96 2.95 ± 0.31 

Berry size Dry 1.542 ± 0.017 1.495 ± 0.050 1.550 ± 0.016 

 Wet 1.537 ± 0.011 1.505 ± 0.056 1.478 ± 0.061 

TSS (˚B) Dry 23.8 ± 0.8 23.2 ± 1.7 23.8 ± 0.4 

 Wet 23.6 ± 0.4 24.1 ± 0.2 24.0 ± 0.8 

pH Dry 3.15 ± 0.09 3.11 ± 0.01 3.12 ± 0.09 

 Wet 3.17 ± 0.08 3.16 ± 0.12 3.19 ± 0.04 

 

Conclusions 

Results of the trials within this study indicated that not only does novel measuring techniques correlate 
well with the each other, but may be much more sensitive to indicate water deficit stress than 
traditional means of measurement. This may be true both on the level of vine physiological 
measurements and analyses of berry quality. In particular, the use of stem water potential, carbon 
discrimination and leaf temperature measurements are areas of interest that seem to be very sensitive 
to grapevine water status.  

The further importance of this study will be to apply these methods where vigour variability occur 
within a vineyard, for different cultivars in different regions and further validation would be needed. 

This study specifically also showed that CID measurements may contribute to the difficult task of 
managing irrigation in an environment with differing grapevine water potential and vigour. 
Furthermore, it adds a “tool” to the available toolbox for analysing plant responses that is superior to 
only monitoring the soil and environment in the effort to improve fruit composition and quality, with the 
ultimate goal of producing wine of an excellent quality. There are some negative aspects of the 
measurement however; including the difficulty of sampling sugars that recently assembled and the 
removal of organic acids out of the samples. The cost is also high, while there is normally a delay 
when waiting for CID results. These aspects might contribute to the difficulty of incorporating CID 
measurements into grape production. 
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4. Total cost summary of project  

 

 Year  CFPA Deciduous DFTS Winetech THRIP Other TOTAL 

Total cost in real terms for year 1 2006     108000   108000 

Total cost in real terms for year 2 2007     50000   50000 

Total cost in real terms for year 3 2008     82900   82900 

Total cost in real terms for year 4          

Total cost in real terms for year 5          

TOTAL        240900 

 

 

 

 

 


