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INTRODUCTION

Nationally and internationally water is becomingmaiting resource to the production of
quality wine grapes. In New Zealand rapid expamsiothis industry has seen growth
into previously considered water-short areas armo&ation of previously considered
large aquifer reserves. Currently irrigation reéskas focused on water use in grape
vines with the aim to reduce water inputs whilsintaining or improving wine quality
but not adversely affecting yield. As water beceraemore scarce resource then this
approach may not give adequate water savings toleesastainable production.

Our experience in both running/using an irrigatswheduling service and an SFF project
looking at vine water use (00/294) tells us thatesi are basically water hogs and will
take almost anything that you can give them. Téisat new, it has been known for some
time, but gives us an important clue when it corttethe possibilities in this area of

water management.

The aim of this project was to set up a replicagetentifically sound trial on a
commercial vineyard looking at pushing the bouretanf water application to find out
what the limits and effects are.

This report is for the third year of the trial asttbuld be read in conjunction with the year
one and two preliminary results reports where #search method and initial findings are
discussed. Table one lists the measurements &tkba trial site this season.

Table one: Measurements taken at the trial site.

M easur ement Samplelocation

Weekly soil moisture 3 monitor bays per plot

Weekly pressure bomb 3 monitor bays per plot

Weekly shoot measurements until trimming 2 shaasifall 4 monitor vines per plot
Cordon bud counts All 4 monitor vines in each plot

Bunch counts All 4 monitor vines in each plot
Weekly berry size 4 berries from all 4 monitor \8rper plot
Preharvest juice analysis 30 berries from all 4 itootays per plot
Harvest juice analysis 100 berries from all 4 mamitays per plot
Harvest bunch number and bunch weight 4 monitoeewin every plot

Point Quadrant

Sap Flow (Heat Pulse) Six treatments in one refgica

Light Interception Using point quadrant method

Stomatal Conductance

Fruit was harvested from the trial and small baithemaking carried out to establish
differences in wine quality.



RESULTSAND DISCUSSION

Soil moisture and Irrigation

Full points on all sites are relatively similar iinitial estimates of FULL varying
between 214mm and 245mm. The soil is an Awatetiesssoil described as a shallow
and stony soil with a sandy loam A horizon overlyi@ horizons of stony loamy sand.
As such Permanent Wilting Point (PWP) was estimate&0% of the FULL points and
Readily Available Water (RAW) was estimated at 3625ULL (approximately 80mm).
Irrigation decisions were made based on soil mmskevels and a season long strategy
aimed at achieving the total irrigation applicaioas above. Suggested irrigation
strategies were put in place at the beginning efstlason with the intention of modifying
as soil moisture or seasonal influences dictattdsummary of the strategies for the six
treatments is shown in Table two. These strategmE® essentially the same for each
year of the trial.

Tabletwo: Irrigation strategy for each treatment.

Treatment REFILL Strategy description

1 65% of FULL | Standard Sauvignon Blanc strategyGood soil
moisture over flowering, slowly drying profile to
refill point until Veraison and holding until harste

2 54% of FULL | Standard strategy with lower refihipt

3 54% of FULL Lower refill point & lower allowablsoil moisture
over flowering

4 54% of FULL | Lower refill point, lower allowableo8 moisture
over flowering & drying to refill by December endl.

5 65% of FULL | Standard strategy switching when dige hit
lower strategy line

6 54% of FULL | Same as treatment 4 with mulch apblearly
November.

Rainfall over the critical flowering period alsosemed good soil moisture levels across
all treatments. Graph one shows rainfall and #lative soil moisture levels for the
Regulated Deficit Irrigation (RDI) treatments; tie@nts one, two, three, four and six.
Table three shows the irrigation applications fuyse treatments expressed as litres per
vine per week.

! See Appendix One for graphs outlining irrigatitrategies.
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Graph one: Control and Regulated Deficit Irrigation soil rewire readings 2004-05
(relative to FULL point)
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Table three: Control and RDI irrigation application 2005-0@rés per vine for week
ending).

Dete 0911 1611 2311 3011 0712 1412 21/12 28/12 04/01 11/01 18001 25001 01/02 0802 1502 22/02 01/03 0803 1503
1 2% 2% 39 B B X6 26 8 51 583 M 13 0 %6 2% 2 I I
2 0 2% 39 P I 26 26 13 15 40 16 13 0 13 13 13 19 20 19
3 0 0 33 0 ¥ % 183 26 12 2Zr 13 13 0O 0 O o0 13 13 13
4 0 0 3] 0 % 0 0 22 2 2 1 0o 0 O O O0 13 13 13
6 0 5 H 0O 2 0 0 20 2 14 1 o 0O O O O 13 13 13

The early part of the season was relatively dnhwite trial site receiving rainfall of
40mm in October, 32mm in November and 54mm in Dém¥m While this is only
marginally below the long term average it very heded to the Southern Valleys
Irrigation Scheme being shut off. Irrigation begaarlier than either of the previous two
seasons and all treatments received irrigation pmgir to and at flowering. All
treatments also received irrigation late Deceminelr early January and again just prior
to harvest. Irrigations close to harvest were @nhall, providing just enough moisture to
assist the ripening process. While the mulch tneat received similar amounts of
irrigation to treatment four, it's irrigation wapg@lied less frequently in larger amounts to
penetrate the mulch.

Graph two shows rainfall and the relative soil mais levels for the Partial Rootzone
Drying (PRD) treatment, treatment Five. Table fenows the irrigation applications for
this treatment. Treatment 5a and 5b refer to radter sides of the vine as required for
PRD treatments.
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Table four: Partial Rootzone Drying irrigation application 2008 (litres per vine for
week ending).

0911 1611 2311 3011 0712 14/12 21/12 2812 04/01 11/01 1801 2501 01/02 0802 1502 22/02 01/03 0803 1503
(3] 7 i) 0o 0 0 0 484 IV 0 ©®©¥ 0 0 B B B 0 0 o0
0 0 0 24 24 ¥ 48 0 1 1 48 40 0 0 0 0 R &H R

This season five irrigation switches were necessaiy there were clear soil moisture
differences between the two sides of the vine. Jdiemoisture graphs clearly show one
side of the vine drying while the other was beingt.wFor the third season it was not
possible to achieve a lower irrigation applicattban the control treatment. In order to
achieve a distinct wetting and drying of the pmfitrigation application had to match or
be slightly greater than the control. It appe&asswetting and drying of the profile is a
key component of partial rootzone drying and givére higher rainfall in the
Marlborough district irrigation savings less thastandard deficit irrigation treatment are
not possible while achieving this.

Table five shows seasonal crop water use, raiafadl irrigation application for the six
treatments. Crop water use has been calculated) tise soil based model developed
during the previous Sustainable Farming Fund pt@é£94.



Table five: Estimated Crop Water Use, Rainfall and Irrigatigpplication from I
November 2005 until harvest.

% of CWU
Irrigation Irrigation less effective
Treatment CWU Rainfall (L/vine) (mm) rainfall
1 312 235 666 124 86
2 271 235 389 71 68
3 247 235 245 43 53
4 222 235 152 27 49
6 243 235 161 30 39
5a 275 235 358 66
5b 305 235 328 61
PRD Ave 290 235 686 127 103

Table five shows that as irrigation application mased actual crop water use also
declined. Average crop water use for the PRD rmeat was slightly less than the
control but more than treatment two. This patteas been the same for all three seasons
and shows that a PRD treatment despite receivimjasi amounts of irrigation to the
control makes better use of that water as crotuaespiration) is lower. Treatment six
again had higher crop use compared to treatment d@spite receiving similar amounts

of irrigation. The mulch appears to ensure mogsttetention in the soil which is
available to the vine for use.

Pressure Bomb

Midday pressure bomb readings were taken each waethe same day as the soil

moisture readings. Unbagged (leaf water potenealyes were sampled between 11lam
and 1pm. Whenever overcast conditions were presadings were not taken. This was
due to the fact that the previous year's data sdowery low (no stress) readings on

overcast days and this was consistent with previessarcher’s experiences. Weather
conditions on eleven of the possible twenty fivgsdallowed a full set of readings to be

taken. Graph three shows all pressure bomb resdiiom the unbagged leaves. Values
on the y-axis are increasingly negative.



Graph Three: Midday leaf water potential (unbagged).
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Pressure bomb readings this season again appearndine with soil moisture readings.
Pressure bomb readings of -12 to -14 appeared t@espond with the lowest soil
moisture readings. Treatments 1 and 5 showedetist vater stress while treatments 4
and 6 showed the most. This is a very encouraggaglt as it is in line with last season
and shows the potential of this technology in sgttarget soil moisture levels based on
vine stress.



Shoot Measurements

Shoot measurements were taken from four shoots foamvines in each plot making a
total of 54 measurements per treatment. These urerasnts were taken from™2
November until the %L February. Shoot growth is shown in Graph four #retrends
suggest the lower irrigation treatments had loweswth rates however the only
significant difference was between treatment 14nd

Graph four: Shoot growth curves.
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Graph five: Shoot lengths on"®January.
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Graph six: Leaf area of main and lateral leaves 8rnj@nuary 2006.
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On 9" January 15 shoots per replicate (45 per treatnveait® collected and measured.
All leaves and laterals were stripped, counted lanafiarea measured. The length of all
shoots is shown in Graph five and the total leehas shown in Graph six. The shoot
lengths show a similar result to the shoot growditacthat was measured on a weekly
basis, with little difference between the treatrseand few statistically significant

differences. However, the leaf area for the dinieatments is lower than the control
treatment but also not significantly so. This appeto suggest that the vines have



adapted somewhat to the drier conditions as statilst different shoot growth was
achieved in the first year of the trial.

Berry Weight

Berry weight was measured weekly from™bBebruary to harvest via a 100 berry
destructive sample and is shown in Graph sevenyBgze was also measured on the
vine from 19" January onwards and is shown in Graph eight.

Despite irrigating all vines at flowering there wesignificant (p=0.05) differences in
berry weight and berry diameter when samples bagalrthis trend held at harvest. The
final berry weights at harvest showed that the diginrigation treatments (including
PRD) had the highest berry weights. The lowerttneats had the lowest berry weights
and diameters.

Irrigation at flowering is critical to ensuring agleate fruit set and reduced irrigation and
or rainfall in the weeks following set will redudgerry size. This is an important
consideration for growers wishing to maximise yielith reduced irrigation availability.

Graph seven: Berry weight 15 February 2006 to harvest
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Graph eight: Berry growth over the growing season
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Pre Harvest Juice analysis

Berry samples were taken from "™ 5-ebruary through to harvest and analysed by
Hortresearch. For each treatment 360 berry samyges taken (120 from each replicate).
These were selected from vines in the same balgeambnitor vines. Graphs nine, ten
and eleven show the brix, titratable acidity andgilthe pre harvest berry samples.

Graph nine: Brix levels of sampled fruit
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Graph ten: Titratable acidity levels of sampled fruit.
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Graph eleven: pH levels of sampled fruit
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In summary the lower irrigation treatments tendechave lower titratable acidity and
higher pH. There were significant difference betwehe lowest and highest irrigation
treatments for both titratable acidity and pH.
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Harvest

The intention of this trial is to determine the tbesanagement practice when water
availability is limiting, therefore it was deterneidh to try to harvest the treatments as
close to a desired level of ripeness as possiltkerahan harvesting on one date and
monitoring the resulting juice analysis. The fallng criteria were set to determine
harvest date:

Brix - approx 21

TA - < 10g/L

Flavours - mix of herbaceous and tropical characters but without excessive
greenness

For each treatment a 1200 berry sample (400 fraamnthnitor vines in each replicate)
was analysed at harvest as well as analysis optegsed juice. Table six shows the
harvest date and juice analysis of the 1200 bearypde and Table seven shows the
actual juice analysis of the pressed juice.

Tablesix: Harvest date and analysis of the berry sampleratba

Treatment Harvest Brix T/IA PH
Date

1 17/03/2006 20.6 11.1 2.93
2 17/03/2006 20.5 9.2 3.00
3 16/03/2006 20.9 8.9 3.02
4 16/03/2006 20.2 8.1 3.04
5 17/03/2006 20.6 10.2 2.96
6 16/03/2006 21.8 8.9 3.12

There was no significant difference between thex Brivels at harvest, however there
were significant (p=0.05) differences between twelst and highest irrigation treatments
for titratable acidity. The pH of the mulch tream was significantly different from the
other treatments.

Table seven: Analysis of pressed juice.

Treatment Brix T/A pH

1 22.0 10.4 291
2 21.4 9.7 3.01
3 20.5 9.9 2.98
4 22.4 9.3 3.01
5 21.9 10.4 2.88
6 20.9 9.0 3.08
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Slitting

The level of splitting this year was virtually nexistent and not measured as a specific
parameter. This is the result of better waterlaldity at cell division and less rainfall
over harvest.

Bunch weight/ Bunch number

The number of bunches and their weight for eackhefmonitor vines was recorded.
This is shown in Table eight.

Table eight: Bunch number and weight for monitor vines.

Treatment 1 2 3 4 5 6

Bunches per vine monitor vines 71 74 64 76 78 71
Ave bunch weight monitor vines (g) 94 86 75 70 97 59
Average berries per bunch 52 61 57 59 58 55
Average berry weight (g) 182 141 132 120 1.67 1.07

Bunches numbers per vine showed little differeneéwben the treatments however
bunch weight was significantly (p=0.05) lower ftwetlower irrigation treatments. The
reason for the reduced bunch weight was primatily i a decreased berry size.

Yield Analysis

Table nine shows the yields on a per hectare lf@asal irrigation treatment.

Tablenine: Total yield per hectare for each treatment.

Treatment 1 2 3 4 5 6
Yield. (t/ha) 11.9 10.8 10.8 9.6 12.8 8.1
Yield % control 100% 91% 91% 81% 108% 68%

The yield for treatments one and five was signiftbadifferent from treatments four and
six. This is consistent with expectations and icord that reducing irrigation below 40%
of ETc will reduce yield.

The weight of fruit from each bay was also recorttedetermine if soil type variability

down rows was significantly affecting yield. Graphkelve shows bay fruit weights for
each of the treatments.

14



Graph twelve: Weight of fruit per bay.
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There is consistency with last two seasons withb#neweights. There is more variation
in those treatments with lower irrigation levelghe reasoning is that as the soil becomes
lighter there is less buffering capacity within theil to combat the lower irrigation
regimes. Hence the effect on variation is moremdits&c on the lower irrigation
treatments.
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Scientific Contribution and measurement

As part of this project, Hort Research was conéchdd measure actual vine water use,
using sap flow sensors in the vine stem, as wepragiding measurements of canopy
leaf area and an assessment of the treatment sespditeaf stomatal conductance. We
have subsequently used a simple model to link wagerto the vine’s total leaf area and
the prevailing microclimate. For this calculatidhe local climate data.é. daily global
radiation, air temperature, relative humidity, wepeed and rainfall) were obtained from
the NIWA climate station at the Woodbourne airp(station number G13585). Our
measurement and modelling approach enables usripaze actual vine water use (from
sap flow) against the amount of irrigation appliedier the various irrigation treatments.
This approach also enables a qualitative measumant water stress that can not be
obtained from measurements of soil water contaenteal

M easur ement details

Sap flowin the vine trunk

For Year 3 of this trial, the Project ManagementfDattee requested Hort Research to
expand the sap flow measurements to include thieesvrom each of the irrigation
treatments. To achieve this task, a total of 18 remts of heat-pulse sensors and
associated electronic controllers were construciied. probes were installed in the vines
in early January, and they were operated contirlyays until mid-March (about one
week before harvest). As with previous years of tiied, we used the T-max method
(Green et al, 2003) to measure vine sap flow.

For the Tmax method, one temperature probe (1.2 dram.) is placed 12.5 mm
downstream from a linear heater, and a seconderaferprobe is placed a further 30 mm
downstream (Figure 1). A brief pulse of heat (100oWr 2 s) is applied to the heater
probes. The heat pulse travels along with the ngpwiap stream, and the time for a
maximum temperature rise at the first temperatumbe is used to calculate the sap
velocity (= a distance over a time). This velodgythen integrated over the conducting
sapwood area to yield a measure of the volume flate, expressed in litres per hour.
The second ‘reference’ probe compensates for amgkgbaund changes in stem
temperature that might otherwise affect the measent. Once the probes were installed,
the stem section of each vine was wrapped in alwmirfoil, in the vicinity of the
probes, to minimise the effects of radiant heatingtem temperatures.

Signals from the sensors were measured using twicated data loggers (Campbell
CR10X), equipped with solar panels (12 V, 5 W) andtiplexers (model AM25T). Raw
data from the loggers was manually downloaded, ewery 7-10 days, before being
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processed and archived. All measurements were dexdviaito units of litres of water per
vine per hour. The data were then summed to estigialy and cumulative vine water
use from mid-January through until about a weekigefirape harvest.

Figure 1. A total of 18 sets of sap flow probeseveistalled into the vines at the trial site
at Nautilus Estate. Sap flow was measured oncey @@ minutes using the T-max heat-
pulse method (Green et al., 2003).

Vine |leaf area

Two methods were used to assess canopy leaf arsidy,Rvhole shoots were sampled in
mid-January to determine shoot length and leaf.afeaotal of 15 shoots were
destructively sampled from each row of vines, gyvia total of 45 shoots from each
irrigation treatment. These shoot samples were ltineaght back to the lab and separated
into their respective leaf, shoot and fruit mateasub-sample was taken to determine
leaf area as well as the oven-dried weight of edadot component. Destructive sampling
of whole shoots and a determination of vines’ k&fas took about 2 a day to complete
for each treatment. Destructive sampling allowsaf@recise measure of canopy leaf area
and biomass allocation, yet it is very time conswni

A quicker alternative was provided by the pointdyaa (PQ) method which is based on a
non-destructive measure the leaf layer number (LUN)this case, a slender rod is
pushed through the leaf canopy and the numberadfcientacts with the rod is recorded
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by a data logger. The vines total leaf arda,(m?), is calculated using the following
eqguation

A = LLN (WTh) [Eq 1]

where W and h are the width and height of the can@p), respectively, and the

parameter k is the canopy extinction coefficierte Tappropriate value of k = 0.6 has
been determined from PQ measurements on grape(@reen et al, 2006). The PQ
measurements take about ¥2 an hour to completa (fmal of 8-10 vines) and the results
are comparable to shoot data (Green et al (20@@ytran accuracy of +/- 10% compared
with destructive sampling).

Leaf stomatal conductance

Transpiration losses are controlled by leaf stor(taig pores on the leaf surface through
which CO2 enters and water vapour escapes). Dilneglaytime the stomata are open
and the plants photosynthesise (absorb CO2) amdpira (lose water). Leaf stomata
open to a lesser degree under levels of low ligidt/a increasing temperature and
vapour pressure deficit (Jarvis, 1976). Leaf stanadso partially close in dry soils. This

action will reduce evaporative losses and curtesdpctivity. At night the stomata are

normally closed so that nocturnal transpiratiorséssare negligible.

Leaf stomatal conductance and leaf transpiratiors weeasured using a CIRAS-2
portable photosynthesis system (PP Systems, Hestioe, UK). Measurements were
made on six sunlit and six shaded leaves from é&@etment, at 5-7 day intervals and
between the hours of 0900-1100. This is the timerwmaximum conductance often
occurs. The effect of irrigation on leaf functioancbe assessed directly, in a matter of
minutes, by taking the ratio of conductance’s ia tfteatment and control vines. A 50%
reduction in leaf transpiration means a 50% reductn vine transpiration, all other
factors being equal. Measurements were been doneunlit and shaded leaves to
examine whether they behave differently to watersst

Modelling potential vine water use

In general, vine water consumption depends on tacters: the atmospheric demand for
water that is defined by the local microclimates thne leaf area that is determined by
the number of shoots and the leaf area per shodttre response of the leaves to their
aerial and soil environment. A standard crop-faetoproach is used to relate the water
use to the prevailing weather and time of year. ptecedure is based on guidelines
given by the Food and Agriculture AdministratiolA() of the United Nations (Allen et
al, 1999). Measured values of global radiation,tamperature, relative humidity and
wind speed are used to calculate a reference eatiporate ETo [mm d’] as
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whereRy [MJ m? d¥] is the net radiation, G [MJ td ] is the ground heat flux, T°C]

is the mean air temperature, es [kPa] is the dataraapour pressure at the mean air
temperature, ea (kPa) is the mean actual vapossyme of the air,2[m s-1] is the mean
wind speed at 2 m height, s [F@'] is the slope of the saturation vapour-pressursuge
temperature curvey, [66.1 Pa] is the psychometric constant, af@.45 MJ kg-1] is the
latent heat of vaporisation for water. Climate datathis calculation were obtained from
the Woodbourne airport (NIWA station number G13585)

ET, = Eq. [2]

Equation [2] defines the rate of evaporation expedtom an extensive surface of green
grass cover, of a short, uniform height, that isvaty growing, completely shading the
ground, and not short of water. To account for éfiect of the plant-physiological
characteristics of the grape vines, we define g@-caefficient,Kc, which relates the
reference evaporation rat&To, to the actual crop water us&Tc. For routine
calculations of vine transpiration, the followinguation was used:

ET, =K..ET, Eq. [3]

whereKc is a dimensionless number that could varies betvad®ut 0.1 (young vines)
and about 0.7 (vigorous grape canopies with laegé drea). The particular value K¢
defines the maximum rate of water use expected ruoptmum (or non-limiting) soil
water and fertility conditions and achieving futbduction potential in a given growing
environment. For simplicity, the following equatiaras used here to estimate a value for
the vine crop factor as

K :1—ex;{_ kA%AGj Eq. [4]

Thus, the crop factoKc depends on the total leaf aredr (from Eq. [2]) and the
corresponding vine density (here Ag = 4.05 of ground area per vine). Treatment
effects on vine water status can then be deternfioed the ratio of measured sap flows
(i.e. actual transpiration loss) in each treatmefdtive to the values d&T¢ determined
via Eq. [3].

Results
Vine transpiration determined from sap flow

Figure 2 shows the rates of sap flow measuredenctintrol vines (T1 averaged over
three vines) compared with corresponding ratesapfflow measured in vines from the
lowest irrigation treatment (T4 received 30% of theter given to the control vines). The
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effect of withholding irrigation water is quite abus in these diurnal traces of sap flow.
Transpiration from the T4 vines dropped to abou3® of the control vines. The T4
vines received only a small amount of irrigatioadi&g up to early January (Table 1). As
a result, soil moisture levels for the T4 vines evguite low compared with the other
irrigation treatments. Neutron probe measurement$en the wetted strip revealed a
difference of about 50 mm in root zone soil moistunder the drippers (Table 2). This
eguates to about 20 days of vine water use, orageer
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Figure 2. The diurnal pattern of sap flow in thapggvine stem was measured using the
Tmax heat-pulse method of Green et al. (2003). Hareepresents the control (100%)
irrigation treatment and T4 represents the 30%@4tments. A large rainfall of 55 mm
was recorded around ®3anuary.
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Figure 3. As for Figure 2, showing the diurnal pattof actual vine water use in the
control vines (T1) compared with vines from the tiéatment that received only 30% of
the control, on average.

Any reduction in sap flow relative to the contrslindicative of a mild water stress — all
other factors being equal. A large rainfall of ab& mm occurred between 24-25
January. Sap flow in vines from the T4 treatmenteased significantly following this
rainfall. Sap flow on all vines was very low on $sieatwo rainy days. A few days later sap
flow in the previously stressed T4 vines had receddo be almost the same as in the
control vines (Figure 2). The late January rainfiedls quickly consumed by the vines. In
the absence of further irrigation the T4 vines bee@rogressively more stressed through
until final harvest (Figure3).

Leaf stomatal conductance

Vine water use is determined by a number of fadtwekiding vine leaf area, prevailing

microclimate (expressed as the potential evap@aemand, mm/d), and the availability
of soil water. Grape leaves can exercise mild abrdwer their transpiration loss via

stomata on the under side of the leaf surface.ddgree of control is characterized by
the leaf stomatal conductance. This was measuresixosunlit leaves and six shaded
leaves at weekly intervals from flowering until hast.

The leaf stomatal conductance results are in quading agreement with the sap flow
measurements, with conductance’s of the deficigated vines being reduced by
between 45 to 75% relative to the control vinegFes 4 & 5). Otherwise the seasonal
pattern of leaf conductance was similar in all timeants and reflected different weather
patterns on each day. The vines ‘normal responseértvironmental conditions is
reasonably well understood (Green et al., 2004gs€rdata could be used to determine
the vines response to water stress, providing tiks smoisture content and water
retention properties are known.

Leaves from the control vines (T1) tended to hagldr stomatal conductance compared
to the deficit irrigated vines, and this implieg@ater transpiration loss for those vines,
and a lower level of water stress. As expectedstiaged leaves tended to have a lower
stomatal conductance compared with the sunlit leal/his is because stomata tend to be
less open in the shade. A similar 45%-75% redudtiaconductance was observed in the
shaded leaves under the lowest irrigation volumes T4 and T6) compared with the
control (i.e. T1). We were surprised to see thé &amatal conductance of the PRD
vines remained similar to the control (data notvampo This result indicates that the PRD
vines had a similar water status, yet they werented as receiving only 30% of the
irrigation water.
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Figure 4. The effect of irrigation treatment (T1)T6n the average leaf stomatal
conductance measured on 6 sunlit leaves betwedrotirs 0900 to 1100.
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Figure 5. The effect of irrigation treatment (T1)T6n the average leaf stomatal
conductance measured on 6 shaded leaves betweleouts0900 to 1100.

Treatment effects on vine leaf area

The control vines received almost twice the iriigat over the whole growing season,
compared with the other deficit irrigated vines iflea2). They tended to be more
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vigorous, presumably because of this greater waipply, and they ended the season
with a slightly greater leaf area compared to tefcd irrigation vines (Figure 5). There
was a reasonable correspondence between trendseirieaf area (i.e. vigour) and the
total amount of irrigation water applied over thewing season. For example, just
before harvest the total leaf area of the contiés reached about 5.3 er vine. The
corresponding leaf area of the T4 vines (30% oftrodhwas about 3.5 fmper vine, on
average. This represents a reduction in leaf ayemfhctor of about 1/3 as a result of the
reduced irrigation.

B 5-Jan O 2-Feb O 6-Mar

8.0

Vine Leaf area [m2]

1 2 3 4 5 6

Treatment

Figure 5. Treatment effects on the late-seasonloewvent of vine leaf area as calculated
from the point quadrat methods. Control vines areaiment 1; deficit irrigation
treatments 2-4 receive between 50 and 30% of th&alprespectively; PRD vines are
Treatment 5; and the vines in Treatment 6 are nedl@nd get 30% of control.

A similar reduction in leaf area was observed mntulched vines (T6) that also received
about 30% of the irrigation given to the controhei This implies that the mulching
treatment (at least in this third year) was not/\effective at reducing water stress under
the low irrigation regime. In contrast, the PRDaan(treatment T5) were given about %2
the irrigation of the control vines (359 L/vied. 665 L/vine) yet they actually ended the
season with slightly higher leaf area (5.7a1. 5.3 nf). This result is not consistent with
the other reduced-irrigation treatments that albvetd a reduction in leaf area
corresponding with the lower irrigation volumes. Wht is possible that root signalling
may have enhanced the water use efficiency of tRéd2 vines, we have no additional
measurements to confirm this possibility. The vodsmof irrigation delivered to the PRD
vines should be re-checked for accuracy beforeréisislt is examined further.
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Measurement and modelling to quantify vine water use

The potential water use of the vines was calculatadEquations [1-3] on the basis of

measured canopy leaf area and daily climate data the Woodbourne airport located

some 1-2 km away. The results are shown as thénedh Figures 6-11 for the various

irrigation treatments. This calculation reflecte #xpected water use for a “well watered
vine” of a given leaf area. For comparison, theualkctwater use of the vines, as
determined by the total daily sap flow through #iee stem, is shown by the blue lines
of Figures 6-11. The ratio between the actual hebtential water use provides a direct
measure of water stress ‘felt’ by the vines. Weo gidot the seasonal volumes of
irrigation on the same graphs, using scales thathm@e. by a factor of 7), to enable a
comparison between daily water use and the weeldjpation volumes.

Seasonal irrigation volumes closely matched patémiater use of the control vines
(Figure 6). The actual water use of the controksirfT1; Figure 6) and the PRD vines
(T5; Figure 10) was also found to be very similarthe potential rates of water use
calculated via Equations [1-3]. This result impheses from these two treatments were
supplied with adequate levels of soil moisture heitt root zones (via irrigation and

rainfall) thereby limiting symptoms of water stredlsat could otherwise affect

transpiration and productivity.
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Figure 6. Daily vine water use as measured with fi@y sensors (blue line) and
modelled on the basis of prevailing microclimate &me leaf area (red line). Results are
for the control irrigation treatment where the wmeceive 100% to match their water use
(symbols).
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Figure 7. Dalily vine water use as measured with fi@y sensors (blue line) and
modelled on the basis of prevailing microclimate &me leaf area (red line). Results are
for the T2 treatment where the vines receive 50%hefirrigation needed to match their
water use (symbols).
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Figure 8. Daily vine water use as measured with fi@yw sensors (blue line) and
modelled on the basis of prevailing microclimate &me leaf area (red line). Results are
for the T3 treatment where the vines receive 40%hefirrigation needed to match their

water use (symbols).

12.0

ETc

T4 - -A - R

10.0 ~

8.0

6.0

4.0 -

Vine water use [L/d]

2.0 1

0.0 -
01/Oct

01/Nov

02/Dec

02/Jan

02/Feb

05/Mar

r 45

r 30

r 15

-0
05/Apr

Irrigation [L/weekK]

Figure 9. Dalily vine water use as measured with fi@y sensors (blue line) and
modelled on the basis of prevailing microclimate &me leaf area (red line). Results are
for the T4 treatment where the vines receive 30%hefirrigation needed to match their
water use (symbols).
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Figure 10. Daily vine water use as measured wiih f@wv sensors (blue line) and

modelled on the basis of prevailing microclimate &me leaf area (red line). Results are
for the RPD treatment (T5) where the vines rec8¥ of the irrigation needed to match
their water use (symbols).
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Figure 11. Daily vine water use as measured wih f@wv sensors (blue line) and
modelled on the basis of prevailing microclimate &me leaf area (red line). Results are
for the T6 treatment where the vines are mulched,they receive 30% of the irrigation
needed to match their water use (symbols).

On the other hand, there were times during the ig@weason when the vines from the
reduced irrigation treatments did exhibit wateesst For example, vines from both the
T4 and T6 treatments, that each received only 30%eocontrol irrigation volume, had
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measured sap flows that were < 50%E0¢ during mid January, just prior to the large
rainfall of the 24 Thereafter, all vines recovered their water stdiack to the point
where measured sap flows matcl&i@d throughout the month of February. However, by
early March the reduced irrigation treatments oagain exhibited symptoms of water
stress with actual transpiration rates declinirrgulgh until harvest.

Discussion and Conclusions.

The potential productivity of grapevines in a givdmatic region is largely determined
by their total leaf area and by the fraction ofviem that are exposed to full sunlight,
provided that other factors (e.g. water and nutrsresses, insect and disease pressures)
are not limiting vine growth and fruit developmeB8itmple means to assess canopy leaf
area may prove helpful, in the future, as the gramhistry seeks to improve the
efficiency of irrigation management regimes.

An undeniable asset of the PQ method for leaf a@egarmination is that it does not
involve the cutting and destruction of shoots. Than-destructive method allows for
repeated measurements in the same place durirentite growing season. Furthermore,
the PQ method provides additional information abthé leaf canopy (e.g. canopy
density and the number of internal/external leav@s)t is not possible from shoot
sampling alone. However, the method may not betigeddor routine measurements by
vineyard staff since it still takes too long, esp#¢ towards the end of the growing
season when canopy areas and leaf densities thr@ratighest.

Sap flow and stomatal conductance are ideal rdsdaals to quantify the degree of
water stress induced by the various irrigationtimeats i.e. this can be expressed via the
respective ratios between control and treatmenteglResults presented in Figures 4 &
5 show large difference in stomatal conductancesutite different irrigation treatments.
Similarly, Figures 6-11 show large differences (56%tmore) in daily sap flow (water
loss of whole vines) compared to the potential dparation losses. Both leaf area and
climate data are needed to calculate, with cegtathie potential water of grape vines.
Stomatal conductance may well be a useful toolifagation consultants to rapidly
assess the water status of vines. However, thaittanswould also need to measure, or
be able to calculate leaf stomatal conductancerndnda-stressed’ conditions, in order to
confirm the degree of water stress.

Further research effort, and additional analysisexperimental data from this trial,

including fruit growth and soil moisture, is needadorder to unravel the link between
plant and soil water status, irrigation demand fanid quality using both a measurement
and modelling approach.
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Winemaking Summary

Method

The fruit was hand harvested and whole bunch pdasseg a Diemme AR40 airbag
press with a target recovery of 600 litres per ®nHard pressings were not recovered.
Due to the high variability of the harvest weights did not believe we would get
meaningful juice extraction rates and thereforendititake the pressing to completion.
Sixty grams/tonne of PMS was added as the prestoaded. The juice was chilled with
dry ice and settled in tank using pectolytic enzyrdeice analysis was completed.

Chaptalisation and de-acidification were not nedatiexlyear

After 24 hours settling the clear juice was racteed 1000 litre “fermenta-bag” and
inoculated with EC1118 yeast. Two standard addktiof DAP were made, 150 ppm on
day 2 and 100 ppm on day 4 of ferment. Brix andperature were monitored daily. The
wines were fermented using chilled water as a ngatedium and good temperature
control was achieved.

Once the wines were dry 60 ppm SO2 was added a&lithd 000 ppm of Bentonite.

Fifty litres of each wine was then racked off ahdled for 2 weeks at <5 oC to partially
cold stabilise. The wines were then filtered tlglo@a pad filter to bottle. Treatments 4
and 6 were not filtered to clarity due to the filldocking.

A summary of the harvest/wine data follows:
Trial Number 1 2 3 4 5 6

Harvest data

Harvest date 21/4 18/4 18/4 17/4 21/4 17/4
Brix 22.0 21.4 20.5 22.4 21.9 20.9
Titratable acidity (g/L) 104 9.7 9.9 9.3 104 9.0
pH 2.91 3.01 2.98 3.01 2.88 3.08
Additions

Potassium bicarbonate (g/L) - - - - - -
Sugar (g/L) - - - - - -
DAP (ppm) 250 250 250 250 250 250
Superfood (ppm)

Wine analysis

Titratable acidity (g/L) 9.9 8.9 9.6 8.3 95 8.9
PH 2.90 2.98 2.95 3.03 2.94 2.94
Residual sugar 1.9 6.7 3.8 3.1 2.6 35
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Harvest

The trials were picked over a 5 day period in @iterlpart of what was an early season.
Juice analysis was in the range we were lookingvfthr the exception of Trail 3 where
the brix was below target.

Fermentation

The ‘white ferment-a-bags’ used for fermentatiomeha double skin and allow external
cooling. Trial 2 required re-inoculation as it eidt ferment initially. It also ended up
with the highest level of residual sugar

Results

The wines at bottling showed less significant défeces in flavour and aroma profiles
than the previous year. The later picked, highep< tended to show greener characters
even though they were sugar ripe (particularlyaetrol — treatment 1). The lowest
cropped, treatment 6 seemed to have marginally palsge weight with a slightly ripe
fruit spectrum. The differences in flavour profdleemed lees apparent than may be
expected due to the yield differences. The eahgen and relatively short picking
window between treatments may have resulted in i@ marrow spectrum of flavours.
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