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EXECUTIVE SUMMARY 

 
Better wine quality without environmental compromise:  a summary of 

trial results from the Gimblett Gravels project (Year 2) 

Report to New Zealand Wine Growers and the Gimblett Gravels Technical Group 

Green SR, van den Dijssel C, Sivakumaran S, Balfour W, Kingston C November 2005 
 
HortResearch is running a three-year trial at Craggy Range vineyards (CRV) to monitor the 
water and nitrogen budget of the vines and the vineyard soil. The trial is funded from the 
Ministry of Agriculture and Forestry’s Sustainable Farming Fund with additional support 
from NZ Wine Growers, Hawke’s Bay Regional Council, and the Gimblett Gravels 
Technical Group (GGTG). The trial also forms part of the wider Focus Vineyard project. 
 
Grapes from the Gimblett Gravels often have very low levels of yeast-available nitrogen 
(YAN). This often results in a stuck or sluggish fermentation and increases the risk of 
contamination by other micro-organisms. The GGTG has identified effective management of 
water and nutrients as a key research priority. The challenge is both economic (finding the 
best way to maintain consistent wine quality) and environmental (minimising the high-risk of 
leaching from excessive or inappropriate use of water and fertilizers). 
 
A range of nitrogen treatments has been established on the trial site. The aim is to raise the 
levels of YAN > 140 mg/L in the grape juice, by applying nitrogen in such a way that grape 
yield, wine quality and the receiving environment are not compromised. The control 
treatment follows normal practice at CRV to apply a single dressing of ~25 kg N/ha in the 
autumn, followed by a spring dressing of 5 kg N/ha as calcium-ammonium nitrate. Other 
nitrogen treatments include compost (~200 kg N/ha), fertigation (40 kg N/ha in two sprays) 
and foliar applications of Urea (0.5% as one to five sprays applied from flowering to 16 
oBrix), and Wuxal-amino (three sprays from flowering to 16 oBrix). 
 
Micro-vinification was carried out on batch sample of grapes (~50 kg per treatment) to assess 
treatment effects on wine quality. Juice samples were analysed for YAN, Brix, pH, and 
titratable acid (TA). Supporting data were collected through the season (microclimate, soil-
moisture, soil-nitrogen, vine growth, biomass allocation, and nitrogen uptake) for the purpose 
of developing a model of the water and nitrogen budget of the vines. The model is being 
developed to help assess the environmental ‘footprint’ of vineyard production. 
 
This report presents results from Year 2 of the trial. All juice samples were prepared and 
analysed by staff at EIT. Brix levels were very low [21.8 in Year 2 (control) cf. 23.4 in Year 
1 (control)] compared with the target value of 23 oBrix. Foliar treatments consistently had 
lower Brix than in the control. The old compost treatment had the lowest Brix level of 20.8, 
or about one unit less than the control. This is consistent with a delay in maturity of about 1 
week, all other factors being equal. The highest Brix level of 22.0 was found in grapes from 
the new compost treatment.  
 
All pH levels were lower in Year 2 than Year 1. The control vines had a juice pH of 3.4 units 
(cf. 3.6 in Year 1). pH was increased by about 0.1 units under the new compost treatment. A 
similar elevation of pH was observed the previous year under the compost treatment. The 
lowest juice pH was from the foliar application of urea on four occasions. 
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The TA of red wine musts should generally be in the 6 to 8 g/L range. In general the levels of 
TA were very low under all treatments. The control treatment achieved a must TA of just 4.8 
g/L, while a much lower value of TA = 4.6 g/L was recorded from the compost treatment. A 
similar result of low TA under compost was also found in Year 1. 
 
YAN levels were also very low compared with the target level of 140 mg/L desired by the 
winemakers. The control vines had a YAN of just 61 mg/L. The major component was in the 
form of alpha-amino acids (~75%), with the remaining fraction (~25%) in the form of 
ammonia. The Wuxal treatment produced the largest YAN of 79 mg/L. The lowest YAN was 
just 47 mg/L and this was recorded from the single application of urea pre-verasion. A 
similarly poor result of low YAN from the single, early foliar spray was found the previous 
year. 
 
So far the trial results at CRV have shown the new compost treatment to be the most 
beneficial in terms of raising the YAN levels in the grape must at harvest. Foliar application 
of urea has been tried with no measured benefit or increase in leaf /fruit nitrogen levels. On 
these stony soils, any nitrogen deficiencies or maintenance may be better corrected or 
supplied through soil applications. A casual observation from one of the GGTG vineyards 
has reported acceptable levels of juice YAN achieved following a delay in harvest on vines 
that received a spring (cf. autumn) fertilizer application. In the third season of this trial, two 
different nitrogen fertilizers (calcium ammonium nitrate and ammonium sulphate) will be 
applied in the spring time.  
 
 
 
For further information please contact: Steve Green 
 HortResearch Palmerston North 
 Tennent Drive, Private Bag 11030 
 PALMERSTON NORTH, NZ 
 Tel:  +64 356 8080 
 Email: SGreen@hortresearch.co.nz 
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BACKGROUND 

The Gimblett Gravels (GG) are situated in the heart of the Hawke’s Bay Region. The current 
vineyard area is about 800 ha, with eighty percent being planted in premium red grape 
varieties (predominantly Merlot). Since 1998 there has been a four-fold increase in land area 
being used for wine grape production. Future expansion is likely to continue because wines 
from the GG region are now receiving international acclaim for their premium quality and 
unique flavours.  
 
Grapevines on the GG are dependent on a regular supply of water and nutrients to maintain 
their productivity. This is because the soil is free-draining gravel with little organic matter 
and a very low water holding capacity. Vineyards on the Gimblett Gravels sit on top of the 
Heretaunga Plains unconfined aquifer system. This is the region’s largest aquifer system, 
provides domestic water for a population of 143,000 and is used by large horticultural, 
agricultural and food processing industries. Thus, it is vital for the region’s economic and 
environmental well-being that best management practices are adopted for water, fertilizer and 
agrichemical use in order to reduce the risk of contamination of this important regional water 
resource.  
 

THE WINE MAKERS’ PROBLEM 

Grapes from the Gimblett Gravels often have very low levels of yeast-available nitrogen 
(YAN). This can result in a stuck or sluggish fermentation and increase the risk of 
contamination by other micro-organisms. Winemakers sometimes need to add artificial 
nitrogen to speed up the fermentation process. However, the use of additives in wine is 
becoming less desirable in a market place that favours the purchase of natural foods and food 
products. Winemakers are seeking alternative methods to increase levels of YAN in the grape 
juice.  
 
Low levels of YAN appear to be related to a combination of vine water stress at key 
development times and poor vine nutrition. The Gimblett Gravels Technical Group (GGTG) 
has identified effective management of water and nutrients as a key research priority. The 
challenge is both economic (finding the best way to maintain consistent wine quality) and 
environmental (minimising the high-risk of leaching from excessive or inappropriate use of 
water and fertilizers). 
 

THE APPROACH 

A three-year field trial has been established at Craggy Range Vineyards (CRV) using a range 
of nitrogen treatments (Table 1). The aim of the trial is to help identify environmentally 
sustainable management options that can be implemented in the vineyard to solve water and 
nutrition management issues faced by members of the GGTG. To be successful, the treatment 
needs to achieve levels of YAN > 140 mg/L in the grape juice, in such a way that grape yield, 
wine quality and the receiving environment are not compromised. 
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THE TRIAL SET UP AT CRAGGY RANGE 

VINEYARDS – YEARS 1 AND 2 

A total of eight nitrogen treatments and a control (three replicates of four plots) were 
established in Year 1 of the trial (Table 1). Control vines each received a spring dressing of 
nitro-humus (5 kg N/ha), and a postharvest dressing of calcium-ammonium nitrate (CAN) at 
a rate of 27 kg N/ha. The compost treatment received a total of ~200 kg organic N/ha 
equivalent and this was applied pre-bloom. Foliar applications of 0.5% N as Urea (1-5 times) 
and Wuxal Ammino (three times) were applied after bloom.  
 
Table 1.  Nitrogen treatments applied during Year 1 of the trial.  
 

 
 

0 20 40 60 80 100 120 140

Urea- pre verasion

Urea - 5% verasion

Urea - 95% verasion

Compost at fruit set

Urea at 16 Brix

Urea - 4 applications

Fertigation - 2 times

Wuxal - 3 times

Control

Yeast available nitrogen [mg/L]

 
Figure 1.  Treatment effects on yeast-available nitrogen (YAN) in the grape juice at harvest; 
Year 1 results from the 2003/04 harvest. 
 
At harvest time, a batch sample of grapes (~50 kg per treatment) was taken to assess 
treatment effects on juice quality. Grape juice was analysed for YAN, °Brix, pH, soluble 
solids (SS) and titratable acids (TA).  Preliminary results from Year 1 showed the compost 
treatment gave the largest increase in juice YAN (Figure 1). The fertigation and foliar 

Treatments Product Rate Timing of application Est time 

Trial 1 urea 0.5% 3 weeks before veraison Early January 

Trial 2 urea 0.5% 
5% veraison Late January 

Trial 3 urea 0.5% Late (95%) veraison Mid-late February 

Trial 4 compost 70 m3 = 200 kg N/ha Fruit set Mid December 

Trial 5 urea 0.5% 16 Brix March 

Trial 6 urea 0.5% (3 wks before V, 5% V, 

95% V & 16 Brix) 
Early January to  
late February  

Trial 7 urea 2* 20kg/ha Fruit set + veraison 

(simulated fertigation) 
Mid December + early 
February 

Trial 8 Wuxul amino 0.5 solution%** Fruit set + bunch 

closure & veraison Mid December to  
late February 

Trial 9 control 25 kg/ha Autumn + 5 kg 

N/ha spring 
Post-harvest and 

budburst April and October 
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treatments appeared to provide little additional benefit to vine nutrition. While the YAN 
levels in juice from the fertigation and foliar treatments were slightly higher than the control, 
none of these treatments was able to raise the juice YAN above the target value of 140 mg/L. 
This was a disappointing result in terms of enhancing juice quality.  
 
The range of nitrogen treatments was subsequently altered for Year 2 of the trial. Two of the 
foliar treatments were replaced by additional compost treatments: one new treatment used 
compost at half rate (~100 kg N/ha) and the other applied compost (half rate) plus a compost-
tea (cf. Tables 1 and 2). 
  
Table 2.  Nitrogen treatments applied during Year 2. The replacement treatments are shown 
in yellow. 
 

 
 

 
Otherwise, the experimental protocol and sampling scheme was the same as Year 1: 
  
• A set irrigation regime was applied to all vines (typically 1–2 hours per day at 1-2 day 

intervals except following large rainfall events). Measurements of water content in the 
top 1.2 m of soil were used to schedule irrigation events so that moisture levels were 
maintained above a critical refill point.  

 
• A standard weather station was installed on site to record global radiation, air 

temperature, relative humidity, wind speed, and rainfall. Climate data were averaged 
every 30 minutes and subsequently used to model diurnal patterns of vine water use 
(Green et al., 2002) and seasonal patterns of vine growth, nitrogen uptake and the fate 
of surface applied nitrogen fertilizer. 

 
• Soil in the top 20 cm was sampled at 3-4 week intervals to observe any changes in the 

mineral nitrogen content, i.e. total soil nitrate and ammonium, under the control, 
fertigation and compost treatments. Soil sampling below 20 cm was not possible 
because of the high stone fraction (~75% L/L).  

 
• Vine water use [L/vine/day] was determined from measurements of sap flow recorded 

in trunk of four control vines (Green et al., 2003a). Daily values were measured 

Treatments Product Rate Timing of application Est time 

Trial 1 urea 0.5% 3 weeks before veraison Early January 

Trial 2 compost 35m3 (1/2 rate) October October 2004 

Trial 3 urea 0.5% late (95%) veraison Mid-late February 

Trial 4 compost nothing to be applied 

2004 carry over from last year October 2003 

Trial 5 compost + 

compost-tea 35m3 + ? October October 2004 

Trial 6 urea 0.5% (3 wks before V, 5% V 

and 95% V) Early January to late 
 February  

Trial 7 urea 2* 20kg/ha fruit set + veraison 

(simulated fertigation) Mid December + early 
 February 

Trial 8 Wuxul amino 0.5 solution%** see below Mid December to late 
February 

Trial 9 Control 25 kg/ha Autumn + 5 kg 

N/ha spring 
post-harvest and 

budburst April and October 
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through the growing season. Simple models were then developed to relate vine water 
use to seasonal changes in leaf area and the prevailing microclimate. 

 
• Twenty one shoots were harvested at regular intervals (2-3 weeks) to determine 

changes in leaf-area, and the seasonal pattern of dry matter allocation and nitrogen 
content of leaf, shoot and fruit material. These data were collected to estimate a 
nitrogen budget for the vines and to quantify any treatment effects on vine nutrition. 

 
• Berry analysis for YAN, Brix, pH, SS and TA was determined from a 50-berry 

sample post-verasion. Micro-vinification was carried out on batch sample of grapes 
(~50 kg per treatment) to assess treatment effects on wine quality. 

 

RESULTS 

VINEYARD WATER BALANCE 

 
Vine water use was determined from sap flow measurements in the stem of four grapevines 
in the control treatment. The measurement procedure was the same as for Year 1 of the trial, 
with data being collected automatically once every 30 minutes. However, the probe spacing 
was widened for Year 2 of the trial, in order to improve the resolution and reliability of the 
measurements. An independent check was carried out to confirm the accuracy of the 
measurements using potted grapevines in the lysimeter facility at HortResearch, Palmerston 
North. This facility comprises of a number of plastic houses (~50% visible light transmission) 
that are open at both ends to allow for air ventilation. 
 

 
Figure 2.  The heat-pulse system was tested in three grape vines (four-year-old Cabernet 
sauvignon) planted in 25 L pots and weighed using a 100 kg load-cell. Measured sap flow 
(blue line) was very close to the actual water use (pink line) as determined by weight loss 
from the pots. 
 
Three grape vines (Cabernet sauvignon) were set in 25 L pots and each was placed on a 50 kg 
load cell (±1 g resolution) that was weighed every half hour (Figure 2). The pots were 
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watered once every one to two days and a nutrient solution was applied several times over the 
summer period. The soil surface of the small pots was then covered with a clear plastic sheet 
to limit any soil evaporation. Rates of transpiration were determined from the measured 
weight change of the pots, making an allowance for any irrigation or drainage that occurred. 
A single set of heat-pulse probes was installed into the stem of each grape vine. The T-max 
method was used (Green et al., 2003a) with a downstream sensor spacing of 15 mm. The 
probes were made from 1.4 mm in diameter stainless steel tube. 
 
The leaf area of the potted vines was about 2 m2 and the daily water use varied between 1 and 
3 L/day. There was very good agreement between the heat-pulse measurements of sap flow 
and actual transpiration losses measured by the load-cell balances (Figure 1). Consistently 
good results were achieved for all three vines (linear regression analysis of the daily results 
yielded a slope close to 1.0 and an r2 value > 0.90). The theoretical calibration (a conversion 
factor between of heat-flow and sap flow) holds true for the new probe spacing in grape. This 
was a surprising result because we had expected the large xylem vessels might affect 
transmission of the heat-pulse and necessitate a slightly larger ‘wound correction’. Figure 1 
confirms the T-max method works well in grapes. Furthermore, the T-max method is now our 
preferred choice for grapes and has been adopted in all our grape vineyard studies. 
 

 
 
Figure 3:  Diurnal pattern of vine water use as determined from sap flow sensors installed in 
the vine stem (red line) and from a model of vine transpiration (blue line).  
 
Sap flow sensors were installed into four control vines on the CRV trial site to measure the 
diurnal pattern of water use (Figure 2). During the middle of summer, sap flow peaked at 
between 0.6 to 0.7 L per hour. On a daily basis, this equates to a vine water use of between 
6.0 and 7.0 L of water per day. Maximum water use occurred just before trimming and 
hedging (25 January) when the canopy leaf area was largest (~6 m2 per vine). Thereafter, the 
canopy was trimmed and leaf plucking removed many leaves from the bottom third of the 
canopy. The daily water use subsequently dropped to between 3.0 and 4.5 litres per vine per 
day. This is because vine water use depends largely on the leaf area of the vines and the 
prevailing microclimate, all other factors being equal. Slightly lower rates of water use were 
recorded during the previous season because the leaf plucking and trimming was more severe 
(Green et al., 2004). Total water loss from the inter-row could exceed vine water use, 
especially if the soil is wet and the grass sward is active.  
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The sap flow data are being used to improve the reliability of our calculations of vine water 
demand. The computer model we are developing takes into account the effect that leaf area, 
daily microclimate, leaf stomatal response and soil water availability have on vine water use. 
This understanding is needed to scale-up our observations from a single leaf to a whole vine 
to a whole vineyard. The calculation proceeds as follows. Firstly, the equation for calculating 
the transpiration per unit leaf plan area for a single hypostomatous leaf is given by Green 
(1993) as 

)/2( SA

AAPN

ggs
gDcsR

E
++

+
=

γ

ρ
λ      Eq. [1] 

where λ is the latent heat of vaporization (2.45 kJ g-1), E is the transpiration rate (g s-1 m-2 leaf 
plan area), RN is the net radiation flux density absorbed by the leaf (W m-2 leaf plan area), DA 
is the vapour pressure deficit of the air (Pa), gA is the leaf boundary layer conductance (m s-1), 
gS is the leaf stomatal conductance (m s-1), s is the slope of the saturation vapour pressure 
curve (Pa oC-1) at ambient air temperature TA (oC), γ is the psychrometric constant (66.1 Pa), 
ρ is the air density (kg m-3) and cP is the specific heat capacity of air at constant pressure (J 
kg-1 K-1). Equation 1 can be used for a routine calculation of leaf transpiration if the 
necessary meteorological data are recorded (i.e. RN, DA, TA and U), and either measurements 
or estimates of leaf boundary layer and stomatal conductance are available. 
 
A semi-empirical model is being developed to describe the leaf response to the ambient 
microclimate conditions. Stomatal conductance (essentially a measure of water loss from the 
leaves) is expressed as a function of quantum flux density (i.e. sunlight illumination, Q, µmol 
m-2 s-1), the water vapour pressure deficit of the air (DA, kPa) and the air temperature (TA, oC) 
using a general multiplicative function (Winkel and Rambal, 1990): 

)()()( AASMS TgDgQggg •••=     Eq. [2] 

where gSM is maximum stomatal conductance and each g() is the partial function for the 
indicated independent variable (0  ≤ g ≤ 1). Average hourly values of air temperature and 
vapour pressure deficit are used to simulate the combined TA and DA effects. The form of 
these partial functions is illustrated in Figure 3. A steady state porometer (model Li 1600, 
Licor Inc., USA) was used to measure the leaf stomatal conductance at hourly intervals, on 
four consecutive days. Parameter values for the response functions, g(),are listed in Table 1. 

  
Figure 4.  The functional response of stomatal conductance to quantum flux density (Q), 
vapour pressure deficit (DA), and air temperature (TA) (from Winkel and Rambal, 1990). 
 
Calculated values of gS are well described by the simple model of Eq. [2]. There is very good 
agreement with measured values on both sunny (Figure 5) and shaded (Figure 6) leaves. 
Stomatal conductance of the grape leaves typically reaches a maximum value around mid-
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morning when light levels are adequate for stomatal opening (g(Q) > 0.9 for Q > 1/3 full sun) 
and DA is still low enough that there is little closure of the stomata (Figure 3). The 
conductance of sunny leaves is normally about twice that of the shady leaves. However, the 
area of exposed leaves (i.e. those in the sun) is typically about half that of the shaded leaves 
in a well-balanced grape canopy. Thus, the sunny and shaded leaves are expected to make 
approximately equal contributions to the total transpiration losses from each vine. 
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Figure 5.  Leaf  stomatal conductance was measured on six sunlit leaves. A simple 
parametric model (open symbols) provided a good fit to the data (closed symbols) – see text 
for details. 
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Figure 6.  Leaf stomatal conductance was measured on six shaded leaves. A simple 
parametric model (open symbols) provided a good fit to the data (closed symbols) – see text 
for details. 
 
Table 3.  Parameter values describing leaf stomatal conductance (see Figure 2). The value of 
K2 represents the linear response to DA.   
 
 

Stomatal conductance parameters 

Gsm 9.3 

k1 256 

k2 0.279 

k3 0.0022 

Tref 30.0 

 
For these calculations (Figures 4 and 5) the value of leaf irradiance, Q, was measured using 
the quantum sensor mounted on the porometer. For routine calculations on other days, leaf 
irradiance of the sunlit leaves was set equal to the incoming global photosynthetically active 
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radiation (PAR), and the corresponding leaf irradiance of the shade leaves was set equal to 
10% of the global PAR measured by the weather station.  
 
The transpiration rate of the whole vine is calculated by summing Eq. [1] over the population 
of sunlit and shade leaves. This calculation requires a measure of the vine’s total leaf area, 
and an estimate of the fraction of sunny and shaded leaves. Here the total leaf area of the 
vines was measured throughout the season via destructive sampling of 21 shoots (Figure 7). 
For the purpose of calculating vine water use, the vine’s total leaf area was then subdivided 
into one third sunlit leaves and two thirds shade leaves. We are confident that this simple 
approximation, in combination with modelled stomatal response of the sunny and shaded 
leaves, leads to a reasonable calculation of vine water use because the calculations are in very 
good agreement with measured sap flow (Figure 3). In this second year of the trial (2004/05), 
the vines carried a slighter bigger leaf area through to harvest, mainly because the mid 
summer leaf plucking was not as severe (Figure 7). 
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Figure 7.  The average leaf area of each vine as determined from a random sample of 
21 shoots in each treatment. The triangles represent data from Year 1 of the trial (control 
plots only). The solid symbols are results from the compost and control treatments in Year 2 
of the trial. 
 
Our measurements of sap flow and our calculations of vine transpiration are both expressed 
in terms of litres of water per vine per day. However, rainfall is usually recorded in units of 
mm per day, and irrigation could be given either in units of time (e.g. hours) or volume (i.e. 
m3). A useful set of conversion factors for the vineyard water budget is presented in Table 4. 
It follows that an evaporation rate of 1.0 mm per day is the equivalent of 1 litre of water 
evaporated from a surface area of one square metre. One hectare equals ten thousand square 
meters. So, in the case of an evaporation rate of 1 mm per day, some ten thousand litres of 
water is evaporated from one hectare of vineyard area (1 mm/day = 10 m3/ha).  
 
The seasonal water balance for the past three growing seasons has been calculated and is 
shown in Figure 8. Each month the vines use approximately the same amount of water. 
However, the irrigation demands change, month by month, depending on soil moisture and 
recent rainfall. In the 2003 season (the year before this trial started) monthly rainfall was 
reliable and plentiful. Irrigation was applied early season, between flowering and fruit set, 
and it was stopped beyond verasion because of adequate autumnal rains. In the 2004 season 
(Year 1 of this trial) monthly rainfall was excessive (more than the vines required) over the 
period from fruit set (December) to verasion (February). A small amount of irrigation 
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(25 mm/month) was applied near flowering (November) and just before trimming (January). 
Otherwise, the 2004 season was relatively wet and the volumes of irrigation were low (103 
mm/year) on these stony soils. In the 2005 season (Year 2 of the trial) monthly rainfall was 
more intermittent and unreliable. Regular amounts of irrigation (~25 mm/month) were 
applied throughout the growing season to maintain adequate levels of soil moisture. The 2005 
growing season was relatively dry until the large rainfall (~100 mm) that occurred a few 
weeks before harvest (March 31). Unfortunately, this rain fell at the ‘wrong time’ rehydrating 
the vines just before harvest, and likewise presumably leading to a dilution of the berry juices 
in the process. In all, 151 mm of irrigation was applied over the growing season. 
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Figure 8.  Monthly rainfall (left panel), and the volumes of irrigation water applied and 
transpiration water lost from the grapevines (right panel), during the past three seasons. 
Rainfall and irrigation were monitored on site and are expressed as L/vine/month. 
Transpiration was calculated on the basis of leaf area development and local microclimate. 
Here, all data are expressed in terms of litres per vine. Table 4 provides factors for conversion 
into other units of measure (divide by 3.0 to get mm/vine/month). 
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Table 4.   Unit conversion factors for the vineyard water budget. 
 

 
 

CARBON AND NITROGEN BALANCE 

 
A nitrogen budget for the grapevines was determined from regular sampling of plant material. 
Whole shoots (n=21) were harvested at 3-4 week intervals from some, but not all, of the 
treatments. Shoots were taken back to the laboratory and destructively sampled into their 
respective plant organs (leaf, shoot and fruit). Shoot leaf area was determined by passing all 
leaves through a leaf area meter (Licor 3000, Lincoln, Nebraska). Plant samples were then 
oven-dried for 48 hours, at 80oC, to determine their dry matter content. A sub-sample of this 
plant material was ground up and sent to Crop and Food Research, Lincoln, for an analysis of 
total carbon and total nitrogen content. These data were collected for the purpose of 
observing carbon and nitrogen allocation in the grapevines, and determining parameters that 
will allow us to model these processes. 
 
The seasonal development of plant nitrogen during Years 1 and 2 of the trial is presented in 
Figures 8 to 10. Nitrogen contents typically decline over the growing season as the vine 
canopy and fruit develop. The nitrogen content of the fruit exhibits a steady decline over the 
season (Figure 9). The bunch nitrogen content is about 2% N at fruit set (mid-December), and 
falls to about 0.5% N by harvest. The seasonal pattern of nitrogen development in the fruit 
was similar in both years of the trial.  
 
There was more year-to-year variation in the nitrogen content of the leaves (Figure 10) and 
the shoots than in the fruit (Figure 11). Our casual observations indicated the vines had a 
greener appearance and they carried a greater leaf canopy in Year 2 (Figure 7). Early season 
measurements of leaf and shoot N were consistent with these observations, with both leaf and 
shoot nitrogen being a little higher than in Year 1. Thus, it was anticipated that the vine 
nitrogen status had improved in the second year. However, as the season progressed, the 
nitrogen contents of the various plant organs became similar to the corresponding values 
from Year 1. This trend towards similar N contents at the end of the season was observed 
across all treatments. Thus, the overall nitrogen status of the vines appeared to be quite 
similar in both years of the trial. 
 
The nitrogen content of the leaves and the shoots remained fairly constant from verasion to 
harvest, when a greater proportion of carbohydrate is directed into fruit production (Figure 
11). By harvest time (March 31) the leaf nitrogen content was about 2.0-2.5% N, the shoot 

Factor Symbol Value Unit
Vine spacing S 1.5 m/vine 
Row spacing R 2.0 m/row 
Vine density P 3333 = 

10000/(S.R)
1/ha

6.0 L/day
2.0 = E/(S.R) mm/day

Irrigation time h 2 h/day
Dripper flow rate F 1.5 L/h
Dripper volume V 3.0   = F/h L/day
Dripper spacing D 0.75 m
Number drippers n 2 1/vine

6.0   = n.V L/vine/day 
2.0 = E/(S.R) mm/day

Vine water-use E 

Irrigation rate Q 
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nitrogen content was about 0.5 % N and the berry nitrogen content was about 0.5% N. 
Shortly after harvest, leaf nitrogen declined (a halving) and there was a concomitant increase 
(a doubling) in shoot nitrogen. The leaves turned yellow just before leaf fall as nitrogen was 
translocated back to the shoots.  
 
Analysis of plant samples taken near the end of the growing season, when the fruit is 
ripening, reflects the nutrient supply for most of the season. As such, those samples are useful 
for planning the next season’s fertiliser programme. Nitrogen contents can be multiplied by 
respective dry matter contents to determine the vine N demands. Our calculations suggest that 
~15 kg N/ha are removed with the harvested grapes, some 80 kg N/ha are incorporated into 
this season’s growth of leaves, shoots and berries, and some 58 kg N/ha are returned to the 
soil in the form of senescing leaves and winter prunings.  
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Figure 9.  Seasonal pattern of nitrogen content (g N/g DM) in shoots from the control vines. 
No statistical analysis is possible because the samples were bulked. 
 

 
Figure 10.  Seasonal pattern of nitrogen content (g N/g DM) in leaves from the control vines. 
No statistical analysis is possible because the samples were bulked. 
 

Leaf and petiole analysis at flowering (late November) has the advantage that intervention is 
possible to correct nutritional problems for the current crop (Anon, 1997). However, the 
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period of rapid nutrient change in tissue from pre-flowering to fruit set means that timing of 
sampling is important. Preliminary results from nitrogen trials in Blenheim (Mundy and 
Beresford, 2005) have reported a greater enhancement in fruit YAN can be achieved from an 
early application of nitrogen fertilizer, around fruit set, compared with a late application 
around verasion (data are redrawn in Figure 16). Those trial results show that early 
intervention is needed to correct the nutritional (nitrogen) problems. If the nitrogen fertilizer 
is applied too late then it is very hard for the vines to catch up. We also plan to track the 
development of YAN close to harvest in the coming season of this trial. 
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Figure 11.  Seasonal pattern of nitrogen content (g N/g DM) in shoots from the control vines. 
No statistical analysis is possible because the samples were bulked. 
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Figure 12.  Seasonal pattern of dry matter allocation (g/vine) in Merlot vines at Craggy 
Range Vineyard.  Results from individual treatments have been drawn on the same graph. 
The low sample number (21 shoots per treatment) precludes a statistical analysis for 
treatment differences. 
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TREATMENT EFFECTS ON YIELD AND JUICE QUALITY 

 
Craggy Range Vineyard aims to produce about 11 T/ha of merlot grapes from the trial site 
(Block 3). With the exception of the 2003 harvest, which was affected by a late spring frost, 
careful crop management via bunch thinning and shoot numbers has achieved yields close to 
that target value (Figure 12). Last season (2005) the average yield across the whole of 
Block 3 was 3.21 kg/vine, and this equates to some 10.7 T/ha of harvested grapes.  
 
Eighty vines per treatment were hand-harvested on March 22 2005. The total weight of 
grapes was recorded by the vineyard staff. Average yields were about 3.5 kg/vine across all 
treatments except for the vines under new compost. They yielded about 4.1 kg/vine, on 
average. This was an exciting result and prompted us to question wether the compost 
treatment had really increased the yield. So the following day a further 30 vines were hand-
harvested and yields were recorded from individual vines. The results were as follows: 
control (3.41 +/- 0.43 kg/vine), old compost (3.21 +/- 0.35 kg/vine) and new compost at half 
rate (3.72 +/- 0.30 kg/vine). The new compost may not have had such a big influence on yield 
as first expected.  
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Figure 13.  Treatment effects on final yield as determined from a hand-harvest of 
80 grapevines. 
 

 
Fruits contain a variety of weak organic acids of which only three occur in quantity: tartaric, 
malic and citric. Grapes contain mainly malic and tartaric acids. Minor acids such as succinic, 
which contribute to aroma and flavour, are also present. These acids in the correct amount are 
a vital factor in determining if the must has the potential to produce good wine. An analysis 
of the juice from 50-kg samples of grapes harvested from each of the nitrogen treatments is 
presented in Table 5 and Figure 14. 
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Table 5.  Treatment effects on juice quality at harvest time (data from EIT). 
 
 

 
 

All juice samples were prepared and analysed by staff at EIT and the results have been 
discussed in an accompanying report. Thus, only a brief summary of trends is presented here. 
 
• oBrix:  Degrees Brix is a measure of the potential alcohol content of the wine. All 

Brix levels were very low [21.8 in Year 2 (control) cf. 23.4 in Year 1 (control)] 
compared with the target value of 23 oBrix. A low Brix suggests grapes that are not 
yet ripe. Foliar treatments consistently had lower Brix levels than the control. The old 
compost treatment had the lowest Brix level of just 20.8, or about one unit less than 
the control. This is consistent with a delay in maturity of about one week, all other 
factors being equal. The highest Brix level of 22.0 was found in grapes from the new 
compost treatment.  

 
• pH:  All pH levels were lower in Year 2 than Year 1. The control vines had a juice pH 

of 3.4 units (cf. 3.6 in Year 1). pH was increased by about 0.1 units under the new 
compost treatment. A similar elevation of pH was observed the previous year under 
the compost treatment. The lowest juice pH was from the foliar application of urea on 
four occasions. 

 
• TA:  In general the levels of TA were very low under all treatments. The TA of red 

wine musts should generally be in the 6 to 8 g/L range. The control treatment 
achieved a must TA of just 4.8 g/L, while a much lower value of TA = 4.6 g/L was 
recorded from the compost treatment. A similar result of low TA under compost was 
also found in Year 1. 

 
• YAN:  All YAN levels were very low compared with the target level of 140 mg/L 

desired by the winemakers. The control vines had a YAN of just 61 mg/L. The major 
component was in the form of alpha-amino acids (~75%), with the remaining fraction 
(~25%) in the form of ammonia. The Wuxal treatment produced the largest YAN of 
79 mg/L. The lowest YAN was just 47 mg/L and this was recorded from the single 
application of urea pre-verasion. A similarly poor result of low YAN from the single, 
early foliar spray was found the previous year. 

 
A generalized graphical representation of grape berry compositional changes during 
development and ripening is shown in Figure 14. TA is a combination of the malic and 
tartaric acid concentration of fruit, and this declines as the berries ripen. There are several 

Treatment 
alpha  
amino ammonia YAN pH TA Brix 

Urea- pre verasion 35.8 11.4 47.2 3.42 4.85 21.9 
New compost @ 100 45.7 14.2 59.9 3.48 4.75 22.0 
Urea - 95% verasion 42.6 13.9 56.5 3.40 5.05 21.9 
Old compost @ 200 37.6 11.8 49.4 3.41 4.90 20.7 
Compost @ 100 + Tea 54.4 20.9 75.3 3.46 4.60 20.8 
Urea - 4 applications 42.0 16.0 58.0 3.39 4.75 21.7 
Fertigation - 2 times 48.4 21.7 70.1 3.40 4.75 21.4 
Wuxal - 3 times 55.2 23.5 78.8 3.43 4.75 21.0 
Control 44.7 16.3 61.0 3.40 4.85 21.8 
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possible explanations for the lower than expected TA values of the grape must. A good fruit 
exposure can lead to lower TA values. Here, leaf plucking to remove the basal third of the 
leaves would lead to a maximum fruit exposure. There was also poor weather (cool and wet) 
leading up to harvest and this may have delayed fruit maturity. Consistently low levels of TA 
could also be symptomatic of a nutritional disorder (e.g. low nitrogen availability) under all 
treatments, so that the fruit did not ripen in the normal way. pH is at least as important as TA 
in the grape juice because it affects the efficiency of sulphur dioxide and the ability of 
malolactic bacteria and wild yeasts to function in the must or young wine. A pH of 3.55 is 
often considered by wine makers to be the dividing line between relative safety and more 
vulnerability to problems of oxidation and/or undesirable bacterial infection. If a wine is too 
low in acid (higher pH), it tastes flat and dull. If a wine is too high in acid (a lower pH), it 
tastes too tart and sour. Usually, the winemaker can easily manipulate the acidity. Here none 
of the treatments had a pH above 3.55 and so we may expect a more sour taste in the wine.  
There is no direct or predictable relationship between TA and pH, but higher TA is generally 
associated with lower pH and vice versa. This holds for these trial results. 

 

Figure 14.  Generalized graphical representation of grape berry compositional changes 
during development and ripening. (From Watson, 2003).  
 
Recommended levels of fermentable nitrogen needed by yeast for ‘healthy’ fermentations are 
reported to vary from as low as 140 mg (N)/L to as high as 500 mg N/L or more (Butzke, 
1998). If assimilable nitrogen levels are too low, fermentations may be slow and may ‘stick’, 
producing wines with undesirable levels of residual sugar. Problem fermentations are also 
sometimes accompanied by production of hydrogen sulphide and other ‘reduced’ sulphur 
odours (Kunkee 1991; Jiranek et al., 1995). YAN results to date have been very discouraging. 
In Year 1 compost applied at the full rate was the only treatment that gave a significant 
increase in juice YAN (Figure 1). However, by Year 2 the old compost treatment was no 
better than the control, and none of the treatments produced the required level of YAN 
(Figure 14). All YAN levels were much lower in 2004/05, presumably because of delayed 
maturity and early harvest brought on by persistent late rainfall. Additional (higher N) 
treatments including incorporation of compost into the soil, plus a closer examination of 
YAN development, are being considered for next year. 
 
This raises two important questions: why were this years YAN levels so low, and why did the 
old compost treatment perform so poorly by Year 2? Part of the answer lies in the availability 
of mineral nitrogen in the soil (Figure 16). It appears that the effectiveness of the old compost 



18 

 

was greatly reduced by the second year with the soil nitrogen under the old compost being 
very similar to the control. Indeed, both the compost treatments showed very low levels of 
mineral nitrogen in the top 20 cm of soil, and the amounts were similar to those in the control 
treatment (Figure 16). Another part-answer could be related to the large rainfall recorded a 
few weeks before harvest. This rain occurred at a crucial stage when the grapes were close to 
maturity and almost ready to be picked. Late rain increases the incidence of botrytis, causes a 
dilution of flavours, and also interrupts the normal ripening pattern. The possibility of further 
rain also led to the grape harvest from Year 2 being 7-10 days earlier than the previous year. 
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Figure 15.  Treatment effects on the level of yeast available nitrogen in grape juice at 
harvest. 
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Figure 16.  Total mineral nitrogen was measured in the top 20 cm of soil. The old compost 
(spring 2003) was applied at a rate of ~200 kg N/ha. The new compost (spring 2004) was 
applied at half that rate. The old compost was largely ineffective by Year 2.  The red arrow 
shows when the CAN fertilizer was added. 
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Figure 17.  YAN development in Sauvignon blanc vines from Marlborough (data redrawn 
from Mundy and Beresford, 2005).  The following fertilizer treatments were applied: 200 
g/vine of CAN was applied once at fruit set (200 g @ FS), and once at verasion (200 g @ V). 
A third treatment applied 100 g/vine at FS and V. The grapevines were on a stony soil and 
they had often produced wines with stuck ferments. All treatments raised berry YAN. Early 
treatment close to fruit set was better than a late treatment. 
 
Grape berry composition changes rapidly during the development and ripening phase (Figure 
14). It is possible that the low levels of YAN in Year 2 are related to the early harvest time. 
While we have not investigated the seasonal development of YAN, we expect this occurs 
predominantly in the final 4-6 weeks before harvest. Recent fertilizer trials, using Sauvignon 
blanc vines in Blenheim, have shown the levels of YAN in berry juice increases at a rate of 
about 50 mg/L per week leading in to harvest (Mundy and Beresford, 2005; Figure 17). If 
YAN development in Merlot were to occur at a similar rate, then a 2-week delay in harvest 
could, potentially, deliver the target level of YAN = 140 mg/L, all other factors being equal.  
 
With this prospect in mind, a questionnaire was sent out to members of the GGTG asking for 
historical data (grape variety, vine density, harvest date, yield, quality, soil and petiole tests, 
irrigation volumes, fertilizer management, vine age, etc.) that would help us investigate 
casual relationships between the various factors that effect wine quality. GGTG members 
have noted year-to-year variability in juice quality, so the aim of the survey was to help to 
separate the climate and management effects. We also wanted to examine whether grapes that 
are harvested later have a tendency for elevated levels of YAN.  
 
Unfortunately only six of the vineyards responded to our survey and not all of them reported 
juice YAN levels. One vineyard did achieve acceptable levels of YAN in juice from the 2005 
harvest. This was a neighbouring property, CJ Pask Vineyards, which applied 100 kg/ha of 
CAN (27%N) in the springtime to 11-year-old Merlot vines on a stony gravel soil. The vines 
were harvested on 11 April, some three weeks after CRV, and they gave a grape juice YAN 
of 160 mg/L. While it is possible that the later harvest gave rise to a lift in the juice YAN, 
there were other differences, such as timing of fertilizer applications (spring v. autumn) 
which may also have had a contributing effect. These soils are very stony so that any autumn-
applied nitrogen fertilizer is unlikely to remain in the root zone over the winter time. We are 
hoping to receive more replies to the survey from other GGTG vineyards and for other 
growing seasons, to help to explain any climate and management effects.  
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PROPOSED TREATMENTS FOR YEAR 3: 2005/06 

So far the trial results at CRV have shown that the new compost treatment is the most 
beneficial in terms of YAN levels in the grape must at harvest. Furthermore, a casual 
observation from one of the GGTG vineyards has reported acceptable levels of juice YAN 
were achieved following a delay in harvest on vines that received a spring (cf. autumn) 
fertilizer application. Applying nutrients to the foliage is widely practiced in commercial 
apple and citrus orchards, mainly because they absorb nitrogen better than most other crops. 
In the case of this trial, foliar application of urea has been tried with no measured benefit or 
increase in leaf /fruit nitrogen levels. On these stony soils, any nitrogen deficiencies or 
maintenance may be better corrected or supplied through soil applications.  
 
In light of these findings the trial design has been modified for the third season. Two more 
fertilizer treatments have been added to the trial (Treatment 1 is ammonium sulphate applied 
three times at a rate of 20 kg N/ha, and Treatment 3 is calcium ammonium nitrate applied at 
the same rate and the same time). These new fertilizer treatments are replacing two of the 
urea foliar treatments that have been dropped from the trial (Table 6). A winter-annual 
leguminous cover-crop (crimson clover) has also been planted over the past winter. If 
successful, this will be mown and tilled into the inter-row to enhance the carbon and nitrogen 
content of the top soil. Otherwise, the sampling scheme and data collection will continue to 
be the same as this year.  
 
Table 6.  Nitrogen treatments to be applied during Year 3 of the trial.  
 
 

 
 
Progress is being made on developing models to establish guidelines for optimal water use 
for quality grape production on the unconfined aquifer (Figure 18). A new device (electronic 
point quadrat) has been constructed, and this will be used to monitor leaf area development of 
the grapevines. Depending on the level of interest, this device may be trialled on a number of 
the GGTG vineyards that have different canopy densities. The weather station at CRV has 
now been connected to a modem so that climate and sap flow data can be downloaded on a 

Treatment Rows Timing Treatment 

Banded fertiliser (calcium ammonium 

17 - 18 3 wks before, 5%, 95% veraison Urea foliar application

Wuxul Amino 
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regular basis. We plan to provide a regular update of vine water use for the previous week. 
This information will be emailed to participating vineyards to help them with irrigation 
scheduling. Because vine water use depends on the climate and the vine leaf area, 
measurements of canopy density on other vineyards will enable us to better determine the 
actual vine water use. Better understanding, and real time monitoring, may also help reduce 
the impact of water and fertiliser applications on the receiving environment. 
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Figure 18.  Model predictions of dry matter allocation and the annual nitrogen budget of 
Merlot grapevines at Craggy Range vineyard. 
 
 

 
 

Figure 19. Grape vines in lysimeters (drainage meters) at Palmerston North. The lysimeters 
are weighed and the drainage volumes are collected for analysis of nutrient loads. 
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Figure 20.  Leaf stomatal conductance declines as the soil dries.  Soil moisture is here 
represented by the fraction of transpirable soil water (FTSW). This is the amount of water 
held in the soil pores between field capacity (a matric potential of -10 kPa) and permanent 
wilting point (a matric potential of -1500 kPa). Lysimeter experiments are seeking to obtain a 
set-point for irrigation. This set point is defined as the point where stomatal conductance, gs, 
begins to decline. 

 
This year we are also trying to extend our understanding of the water relations of other grape 
varieties. To do this, a total of 16 lysimeters (drainage meters) with Cabernet Sauvignon and 
Chardonnay grapevines have been set up in a glasshouse trial at Palmerston North (Figures 
19 and 20). The study will capture new information on water stress, irrigation demand and 
nutrient fate of these grape varieties.  The results will provide key information that we can 
not obtain from the work at Craggy Range (the soil is too stony to install the drainage meters 
that collect nutrient losses). This information will be used to derive parameters for modelling 
the environmental footprint of vineyard production. 
. 
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