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Introduction
Regionality in wine is a desirable trait, needed to mark the distinctiveness and sense of place that a
wine has, especially in international markets. The influence of soil on wine qualities is undisputed,
but poorly documented. There are direct effects of soil (such as nutrient availability) and indirect
effects (such as influences on vine vigour, its subsequent management and resulting changes in fruit
exposure) and separating out the two can be problematic as environmental and soil factors can vary
significantly within even a small area. This complicates investigations into soil effects on wine
qualities while industry interest in soil influences on grapevine and wine is growing and relevant.
The influence of vine water status and its effect on vine performance, grape characteristics and wine
composition has been widely studied in the past (Chaves et al. 2007; Poni et al. 1993; Roby and
Matthews 2004). It is clear that irrigation has a significant influence on vine vegetative growth, berry
development, and fruit composition.
As well, there are site-related factors influencing grape and wine quality and investigations on this
are numerous and largely done outside of New Zealand (Conradie et al. 2002; Morlat and Bodin
2006; van Leeuwen et al. 2004). The climate and soils of New Zealand necessitate irrigation in the
vast majority of its vineyards, yet there are few published attempts to try to understand the effects of
site on wine production, e.g. Imre and Mauk (2009) in Central Otago, Bramley et al. (2011) in
Marlborough, and Tesic et al.(2002) in Hawke’s Bay.
Soil is an important factor determining vine growth and influencing fruit composition. Bramley et al.
(2011) reported that vineyard variability in New Zealand's Wairau Valley is due to soil variations that
are commonly expressed within a single row. Parameters of soil characteristics like texture,
structure, water holding capacity, nutrient content, and others have been successfully used to
determine differences within different vineyards (de Andrés-de Prado et al. 2007).
The vine’s responses to these changes are influenced by the particular characteristics of the place
it is growing, showing as changes in juice (e.g. pH, titratable acidity (TA), °Brix), yield components
(crop load, number of clusters per vine), and vegetative growth (canopy density, leaf area index)
(Jackson and Lombard 1993; Smart and Robinson 1991). Other, less commonly measured
parameters may also change (e.g. vine water status, carbon isotope ratios, leaf or juice osmotic
potential), and these can be used to establish differences between different grapevines planted in
different places and under different management regimes, such as irrigation frequency and/or
amount (Downton and Loveys 1978; Gaudillère et al. 2002).
This report focusses on a trial where vine performance in two contrasting soils, but with similar vine
material, are compared. To investigate a management practice, laid over this is an irrigation
treatment where the applied water is reduced by approximately fifty percent.
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Materials and Methods
The two vineyard areas in Waipara, Canterbury, New Zealand have distinct soil types (Gravelly
Sandy Loam (GSL) and Clay Loam (CL), Figure 1) with both sites having VSP-trained Pinot noir
clone 115 of similar ages (in 2013, the start of the experiment, the vines were 10 and 9 years old,
resp.). These sites were under different management (for example, vines at GSL were 3-cane
pruned and those at CL spur pruned), which also resulted in different irrigation strategies. In each
vineyard, replicated plots of 5 contiguous vines each (with buffer vines on either side) were chosen
to be controls (CON) or carry the Reduced Irrigation (RI) treatment. RI consisted of removing every
other irrigation emitter. Irrigation amount and frequency was determined by each property's vineyard
manager.

Figure 1. GSL and CL soils in the trial sites.

Because mesoclimate has a significant effect on vine growth and management, weather data was
collected and analysed to help put the vine responses into context. Reported here are results from
the 2014-2015 season, which was the second season that the treatments had been in place.

Results
Growing Degree Days (GDD base 10°C) accumulation was different between the two sites, with the
GSL vineyard having consistently lower temperatures, leading to a 200 GDD lower total (Figure 2).
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Figure 2. GDD accumulation at the experimental sites.

Rainfall and irrigation were also different between the sites. Precipitation varied considerably during
the 2014-2015 season, with a peak in November and another in April, though it should be noted that
both trials were harvested by early April (Figure 3).
GSL, due to the free-draining soil, received the most water through irrigation, being regularly applied
from early shoot growth through the season. CL, with higher water holding capacity soils and a desire
for lesser vine growth, applied water primarily through early season shoot growth and berry
development

Figure 3. Precipitation (blue part of bars) and irrigation (orange part of bars) in the GSL (top) and CL
(bottom) vineyards, 2014-2015.
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Differences between sites and treatments were recorded, but not in all parameters measured. For example,
for many canopy measurements site was not a significant factor, but irrigation was. Table 1 shows results for
total vine leaf area (by the method of Lopes and Pinto (2005), leaf layer number and percent gaps (Smart
and Robinson, 1991), where RI reduced leaf area at CL, LLN at both sites, and increased percent gaps at
GSL. Visibly, there were striking contrasts between the treatments (Figure 4).

Table 1. Irrigation treatment effects on vine canopy parameters measured at veraison. There were no
significant site differences. * indicates significance at p=0.05, ** p=0.01 *** p=0.001.
Parameter
Leaf Area (/m row)

LLN

Percent Gaps

Site

CON

RI

Significance

GSL

2.84

1.92

ns

CL

3.03

1.21

***

GSL

2.14

1.59

**

CL

3.04

1.27

**

GSL

3.8

10.6

*

CL

2.3

22

ns

Figure 4. Vines in mid-March at CL, demonstrating typical differences between Control (top) and RI
(bottom) treatments.
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The degree of leaf greenness (measured with a Minolta SPAD-502) was different between
treatments (Figure 5), but again, not between sites. At GSL, SPAD values were similar between
treatments shortly after veraison, but then began to diverge, despite regular applications of
irrigation water.

Figure 5. Leaf greenness as measured with a Minolta SPAD-502 at three different times during
the ripening period. Comparisons through the ripening period are significant at p=0.05.

Indications of vine carbohydrate status were not affected by treatment in the second season of the
trial, though they were different between sites. Table 2 shows that the 3-cane pruned vines at GSL
had significantly higher root starch and pruning weights compared to the spur-pruned vines at CL.

Table 2. Irrigation treatment and site effects on dormant season root carbohydrates (% dry
weight) and vine pruning weights (kg/m row). * indicates significance at p=0.05, ** p=0.01.

Site

Treatment

GSL

CL

Signif.

CON

RI

Signif.

Root Soluble Sugars

2.50

2.90

ns

2.80

2.80

ns

Root Starch

11.9

9.0

*

10.3

10.3

ns

Pruning weight

1.00

0.45

**

0.66

0.54

ns

Conclusions
It was suspected that the differences in vegetative growth caused by RI would result in changes in
vine carbohydrate storage, especially after two seasons of the treatments being in place. However,
this was not the case, with neither vine pruning weights or root percent starch being affected.
These parameters were, however, different between sites, with GSL having higher values than CL.
Many other parameters relating to plant water status were measured (e.g. stem water potential,
leaf tissue osmotic potential and proline concentration and δ13C stable isotope composition), but no
significant differences were found between Control and RI. As the physiological measurements
indicated no signs of water stress per se, yet the vines had obvious visual effects via leaf area
reduction and leaf yellowing, it appears that the vines are compensating for the reduction in water
supply by limiting transpirational water losses through production of a lower amount of leaf area
early in the season and then late season leaf abscission. This was accomplished despite a lack of
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statistically significant changes to pruning weight or stored carbohydrate, although preliminary data
from the third season of the trial indicates treatment responses are appearing.
In conclusion, grapevines in this trial appear able to compensate for a chronic reduction in irrigation
of approximately 50% for two consecutive seasons though alteration of vegetative growth,
therefore maintaining a "normal" range of physiological measurements of vine water status.
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Abstract
With water availability becoming more of an issue, the question of how much water vines need to
consistently produce quality fruit year after year is more and more important. As soil has a large
impact on water supply, a trial was set up in Waipara Valley, New Zealand, commercial vineyards
to examine how Pinot noir vines growing in gravelly sandy loam (GSL) and clay loam (CL) soils
responded to delivery of approximately half the normal amount of water through the growing
season. During the 2014-2015 season (Sep-Apr), rainfall at GSL was 192mm with 135mm and
73mm irrigation applied for the control and reduced irrigation (RI) treatments, respectively. At CL
rainfall was 181mm and irrigation 39mm (control) and 21mm (RI). Mid-season leaf area
assessments showed slightly lower vine leaf area in RI, and Point Quadrat analysis showed that RI
reduced leaf layer number (LLN) in both soils, though percent gaps was significantly increased
only at GSL. However, by March there was considerable basal leaf yellowing and abscission,
leading to a large change in fruit-zone canopy openness. Despite the changes to canopy structure,
vine pruning weights and root carbohydrates were unaffected by RI. GSL had slightly more
vigorous vines than at CL, with slightly higher canopy LLN and root carbohydrates, and almost
double the vine pruning weights (per metre of row). Though the GSL soil held less water, the more
frequent irrigation meant the vines could grow more than the vines on CL soil. The experiment
suggests that vines cope with reduced water availability by slight reductions in leaf production early
in the season, but as fruit ripening progresses, leaf abscission is the primary means of reducing the
vine's water demand. However, there was no effect on overall vine pruning weights or
carbohydrate storage.
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