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Abstract

Five trials on leaf removal in tlie cluster zone of vertical canopies were conducted on Sauvignon Blanc,
Chardonnay and Cabernet Sauvignon during the 1987 vintage in two regions of New Zealand., A mechanical leaf
removal machine was also compared with manual leaf
removal. Leaf removal (LR) significantly reduced botrytis
infection and where infection was severe in one trial, LR
improved yields by 3.6 t/ha. Leaf removal, during a period
from four weeks post flowering until just before veraison,
reduced titratable acidity by 1.2 to 2.1 g/L, largely due to
a reduction in malic acid. LR after veraison did not reduce
acidity, or improve botrytis control. Data is presented on
chemical composition of berries exposed to radiation of
different intensity and implications are discussed with
regards to leaf removal. Leaf removal appeared to decrease
the herbaceous/pyrazine-like character and increase the
level of terpene aroma volatiles in Sauvignon Blanc juices
and wines. Leaf removal increased the level of anthocyanins and total phenolics in the skins of Cabernet Sauvignon. The viticulturai and oenoiogical implications of LR
are discussed.

Introduction

In many New World viticultural regions grapevines are
grown in sites which promote excess vigour, especially
where high health, virus-free planting material is used.
These vigorous vineyards are trained in such a way that
the canopy microclimate is poor, promoting excess shading of both leaves and clusters. The effects of shade on
yield and quality have become well established over the past
two decades (Smart 1985b). In general New Zealand grapevine canopies, which are on wide rows (3.0 m) and trained
vertically using fohage wires, exhibit poor canopy microclimate (Smart 1985a). Leaf removal (LR) in the cluster
zone is a "remedial" management option to improve cluster
exposure and has traditionally been used in Europe for
botrytis control. However, in New Zealand there has been
limited research done on the effects of LR on yield and
fruit quality (Smart and Smith 1986). Results from California (Kliewer and Bledsoe 1986) have shown benefits of
increased °Brix and decreased acidity with LR. This study
reports on a series of LR trials constructed in New Zealand
during the 1986-87 growing season. The main aim of the
trials were; to assess the correct phenological stage for LR,
determine effects on yield components, rot levels and fruit

composition and wine quality, and to assess the performance of a prototype LR machine.

Materials and methods

All trials were installed on vineyards where pruning was
previously completed by the vineyard owners therefore
allowing no control of bud numbers. Site details are shown
in Table 1. All sites were trelhsed using the standard vertical New Zealand system (Smart 1984). Yield measurements
were made on three or four vine plots and included fruit
weight, cluster number and a visual assessment for percentage of botrytis infection. Fruit composition measurements were carried out using standard techniques of
analysis for "Brix, pH and titratable acidity (TA).
Frozen juice samples from trials C and D were analysed
for protein content and volatile aroma compounds using
high pressure liquid chromatography (HPLC). Protein analyses were conducted using a Waters 1-60 protein column
to isolate two protein fractions (MW < 20,000 or > 60,000).
Volatile aroma compounds were isolated using Freon 11
extracts prepared from steam distillates of juices, according to the methods of Marais (1986), Dimitriadis (1984),
and Williams et al., (1981).
Microclimate measurements
Canopy microclimate was assessed using:
(a) Point quadrat analysis perpendicular to the vertical
canopy walls, giving estimates of fruit exposure and
leaf layer number (LLN) (Smart 1982).
(b) Light measurements, using a Li-Cor LI 185B metre
with the sensor held parallel to the vertical wall of the
trellis and in the plane of the fruit.
(c) Visual assessment of fruit exposure and canopy gaps
(Smart et al., 1985a), carried out by two assessors, the
mean value used for data analysis.
Trial A: Time of LR, Sauvignon Blanc—Te Kauwhata
There were six LR treatments, with each treatment having leaves removed only once. Leaves were removed by hand
from both sides of the canopy, in the cluster zone only.
The LR dates were 3 December, 18 December 1986, 8 January, 21 January, 10 February, 10 March 1987 plus control
with no LR. Plots were of four vines, with eight replicates
of each time of LR, arranged in a randomised block
design. Three 50 berry samples per plot were collected prior
to harvest, and berries with botrytis were not selected.
Phenological dates for 1986-87 were flowering 6 Decem-
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Table 1. Experimental details.
Trial/area

Variety/rootstock

A.
B.
C.
D.
E.

Sauvignon Blanc/OR
Sauvignon Blanc/OR
Sauvignon Blanc/OR
Chardonnay/OR
Cabernet Sauvignon/1202

Te Kauwhata
Marlborough
Marlborough
Marlborough
Kumeu

ber, cap-fall 18 December, veraison 12 February and harvest 6 April.
Experimental wine lots were made from four replicates
of five treatments according to the methods described by
Eschenbruch and Sage (1981). No skin contact or deacidification was performed on the juices. Sensory evaluation by
five experienced wine judges was carried out on 6 August,
3 weeks after bottling.
IHal B: Time of LR, Sauvignon Blanc-Marlborougli
Leaves were removed using a mechanical leaf plucking
machine developed by Montana*Wines in Marlborough.
The machine plucked leaves using a sucking action from
a 500 nun wide band in the cluster zone of vertical canopies, removing the outermost layer of leaves on both sides
of the canopy, but retaining many internal leaves. There
were six LR treatments, with the first two treatments requiring plucking twice due to significant regrowth following
initial plucking. The dates of LR were 24 December 1986
+ 2 February 1987, 6 January -i- 2 February 1987, 19
January, 2 February, 26 February and 23 March 1987, plus
an unplucked control. There were four replicates of each
treatment, with treatments apphed over one complete row
(approx. 200 vines) of the vineyard in a randomised block
design. Two sub-plots, each of three vines were randomly
selected from each treatment row for measuring yield, fruit
composition and for wine making. Phenological dates for
1986-87 were flowering 20 December, veraison 15 February and harvest 16 April.
At harvest, a 20 cluster sample per plot was selected at
random from the picking boxes and crushed using a small
cone crusher (Jordan and Croser 1983), with the resulting
juice analysed after two hours cold setthng for °Brix, pH
and TA.
Experimental wine lots were made at Lincoln College,
using small-scale winemaking techniques similar to those
in trial A. Sensory evaluation by four experienced wine
judges was carried out three weeks after bottling on 27
August.
IHal C: Method of LR, Sauvignon BlancMarlborough
This trial was designed to compare mechanical LR with
manual. There were four treatments, mechanical LR, hand
LR, mechanical LR followed by hand LR and an untreated
control. There were four replicates of four vine plots
arranged in a Latin Square design. At harvest a 20 cluster
sample per plot was randomly selected and crushed using
the cone crusher. A 100 ml sample of the juice was immediately treated with SO2 to yield 20 to 30 mg/L free SO2, 200
mg/L pectolytic enzyme and 30 mg/L sodium erythorbate.
After centrifugation at 6000 rpm for three mins, the juices
were transferred to wine glasses. Four winemakers were
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Age
(yrs)

Spacing
(row x vine)
(m)

Row
orientation

Buds/vine

. 6
10
10
7
5

(2.8x1.8)
(3.0x1.9)
(3.0x1.9)
(3.0x1.9)
(3.0 x 1 . 5 )

N/S
E/W
E/W
N/S
N/S

80
50
50
50
40

asked to rank the juices (one for each treatment) for intensity of the herbaceous/pyrazine type character of typical
Sauvignon Blanc. The remaining juice was treated with SO2
to yield 100 mg/L free SO2, 200 mg/L pectolytic enzyme
and cold settled overnight, before being transferred to metalised wine cask bags and stored at -20°C for protein and
aroma analysis.
THal D: Chardonnay—Marlborough
Leaves were removed by machine from both sides of the
canopy, on 2 February 1987 shortly after veraison, and
compared to no LR. There were eight replicates of four
vine plots. Phenological dates for 1986-87 were flowering
15 December, veraison 1 February, harvest 14 April.
Trial E: Time of LR, Cabernet Sauvignon— Kumeu
Leaves were removed by hand from both sides of the
canopy. There were three times of LR with either 100%
or 50% of the leaves in the cluster zone removed, and
arranged in a split plot design. The dates of LR were 5
December 1986, 6 January and 3 February 1987. Phenological dates for 1986-87 were flowering 5 December, cap
fall 16 December, veraison 14 February, harvest 27 April.
Four 50 berry samples were taken from each plot during
the two weeks prior to harvest. Berries with botrytis rot
were excluded. Total anthocyanins and phenols were measured using the acidified ethanol extraction procedure developed by Hand (1986).
Results a n d discussion

The 1987 growing season was characterised by a long
cool flowering, a dry and warm early-mid summer and a
cool, often wet autumn. Ripening was delayed with small
to average crops, and botrytis infection at Te Kauwhata
and Kumeu, and high must acidity (10-13 g/L).
Canopy microclimate
LR significantly improved fruit exposure. On manual LR
trials, leaf area was reduced by 18 to 25%, and on machine
LR trials, leaf area was reduced by 10-15%. Manual LR
increased fruit exposure from 3 to 7% for control plots
(Tables 2, 3, 4 and 5) to 75 to 90% immediately after LR
treatment. Subsequent vegetative regrowth on treatments
where leaves were removed early (at flowering or early fruit
set, for dates 3 December and 18 December, see Table 2)
reduced fruit exposure to between 39% and 58% at veraison and 22% to 33% at harvest. There was very little
vegetative regrowth in the cluster zone, when leaves were
removed three to four weeks after cap-fall. Fruit exposure
at harvest in the control plots of the Cabernet Sauvignon
trial at Kumeu was reasonably high at 22% (Table 6).
Manual LR removed almost all of the leaves in the cluster
zone, with a leaf layer number (LLN) of 0.7 at harvest,
compared to a leaf layer number of 3.5 for control (Table
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Table 2. Yield components, fruit composition and wine analysis, Sauvignon Blanc, Te Kauwhata 1987.
Date of leaf plucking
Fruit composition
Sugar CBrix)
pH
Titratable acidity (g/L)
Malic acid (g/L)
Tartaric acid (g/L)
Viticultural components
% Fruit exposure, 10 Feb
Fruit exposure, harvest
Yield (kg/vine)
Cluster weight (g)
% rot
Berry weight (g)

,

3 Dec

18 Dec

8 Jan

21 Jan

10 Feb

10 March

Control

LSD
p = 0.05

19.2
2.94
11.0

19.7
2.94
10.6
5.6
6.2

20.0
2.98
9.5
5.3
6.2

20.0
3.02
9.9
5.7
5.7

19.2
3.05
10.1
—

19.1
2.96
11.2

-

-

19.1
2.94
11.6
6.6
6.1

NS
0.04
0.7
0.6
NS

58
33
8.3
84
9
0.99

80
66
8.3
79
13
0.91

85
76
7.3
71
16
0.94

94
78
9.0
86
6
0.90

11
77
7.8
75
20
0.91

7
3
6.5
64
34
0.93

12
23
1.7
18
14
NS

Control

LSD
p = 0.05
NS
NS
1.4
0.5
0.7
25

--

39
22
8.3
78
20
0.94

-

Table 3. Yield components, fruit composition and wine analysis, Sauvignon Blanc, Marlborough 1987.
Date of leaf plucking
24 Dec + 6 Jan +
19 Jan
2 Feb
26 Feb
23 Mar
2 Feb
2 Feb
Fruit comjjosition
Sugar ("Brix)
pH
Titratable acidity (g/L)
Malic acid (g/L)
Tartaric acid (g/L)
Viticultural components
% Fruit exposure, harvest
Leaf layer number (LLN)
Yield (kg/vine)
Cluster weight (g)
% rot
Wine analysis
Titratable acidity (g/L)
pH
Extract (g/L)
Palate score (ex 10)
Wine score (ex 20)
Aroma descriptors
(dominant)

2r9-

21.3
3.09
11.1
4.5
6.5

21.5
3.08
12.2
4.2
5.5

21.6
3.10
12.1
—

-

21.8
3.12
10.5
3.7
6.2

-

21.8
3.11
12.8
4.4
5.3

66
1.2
6.6
74
2.0

12
2.4
7.6
84
3.0

52
1.6
7.1
78
2.4

47
1.8
6.8
77
1.1

15
2.4
7.2
81
4.1

19
2.3
7.3
83
3.4

4
2.8
6.6
75
7.7

9.5
2.93
25.0
7.3
14.9
Tropical/
red
capsicum

-

-

10.4
3.00
23.5
6.6
14.1
Herbaceous
grassy

3.09
10.7
3.7
6.2

21.0
3.09
12.0
—

9.3
10.2
9.6
2.98
2.90
2.98
23.1
26.8
23.0
7.1
6.2
6.4
15.0
13.1
13.8
Red
Red/ Herbaceous
capsicum/ green
asparagus
tropical capsicum

—

-

_

-

liiblc 4. FVuit composition, Sauvignon Blanc, Marlborough 1987.

Sugar (OBrix)
pH
Titratable acidity (g/L)
% Fruit exposure
LLN

Machine
plucked

Hand
plucked

Control

LSD
p = 0.05

20.4
3.07
13.5
56
1.9

21.2
3.07
12.3
95
0.7

20.7
3.09
14.5
3
3.5

NS
NS
1.6
5

Table 5. Yield components and fruit composition, Chardonnay,
Mariborougb 1987.

Sugar (OBrix)
pH
Titratable acidity (g/L)
'» Fruit exposure
Yield (kg/vine)
Cluster weight (g)
% rot

Plucked

Control

20.4
3.16
11.9
75
9.2
91
8

20.5
3.18
13.1
8
8.5
90
16

LSD
p = 0.05
NS
NS
0.72
10
NS
NS
5

—

-

_

-

—

NS
NS
4.8
0.8
0.06
NS
0.5
1.4

Table 6. Yield components and fruit composition. Cabernet Sauvignon,
Kumeu 1987.
Date of leaf removal
Berry weight (g)
Sugar ("Brix)
pH
Titratable acidity (g/L)
Phenols (jug/L)
Anthocyanins (fig/L)
Yield (kg/vine)
Cluster number
Cluster weight (g)
% rot
% cluster exposure

5 Dec 6 Jan
1.21
20.4
3.46
6.3
133
127
5.1
71
71
3
60

1.25
19.9
3.41
6.1
149
143
5.5
72
75
3
79

3 Feb Control
1.20
20.2
3.50
6.0
114
112
6.4
78
73
4
85

LSD
p = 0.05
1.19
NS
18.4
0.3
3.25
0.07
7.5
0.6
102
11
94
13
6.4
0.6
82
5
78
NS
15
1
28
3

4). The Sauvignon Blanc trial at Te Kauwhata (Trial A)
had a LLN of 4.1 for control, measured just prior to harvest compared to LLN of less than 1.0 for LR after 8
January.
LR using a machine (Fig. 1) proved satisfactory. Fruit
exposure was increased from three to four percent in con-
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trol plots to 47 to 60% in the best machine LR treatments
(Table 3 and 4). Machine LR twice, once at the beginning
of flowering and again just prior to veraison appeared to
give the most exposed fruit (66%). LR on 19 January (two
weeks pre veraison) and 2 February (just prior to veraison) also gave good fruit exposure at 52% and 47% respectively. Using a machine for LR post-veraison was not
satisfactory, perhaps due to increased "leatheriness" of the
leaves which would make the sucking action of this particular machine less efficient. Machine LR at eaily fruit
set (6 January) followed by another pass just prior to veraison, did not improve fruit exposure above the control
(Table 3). Machine LR just prior to veraison exposed less
fruit compared to hand L R (56% vs 95%, Table 4).
Machine LR followed by hand LR exposed 95% of fruit,
and reduced the time taken to remove by hand almost all
the remaining leaves in the cluster zone by about 50%.
It must be noted that LR in the cluster zone of the New
Zealand standard vertical canopies only affects the canopy
microchmate in the cluster zone. In most of the above
trikis, there were still mianyiflteriiaii^^haded, yellow leaves
higher in the canopy. Therefore LR does not cure the
problems of dense canopies, it is merely a remedial tool
for increasing cluster exposure.

Yield components
In almost all the trials conducted there was no effect
of LR at any time on berry weight, berry number and
cluster weight. The Sauvignon Blanc trial at Te Kauwhata,
showed a significant reduction in bunch weight in the control plots (Table 2) due to the effects of botrytis rot on
berry weight. This equates to a loss in gross return of
approximately $2,500/ha for Sauvignon Blanc (at $750/t),
although it must be emphasised that for this season there
was extremely high botrytis pressure in the vineyard and
yield losses due to botrytis may not normally be this large.
Botrytis infection was related to fruit exposure (Fig. 1) and
had major effects on yield (Fig. 2). LR at cap-fall (18
December) gave significantly better botrytis control than
no leaf removal, even though at harvest less than 30% of
the fruit was exposed. This was probably due to improved
spray penetration to the cluster immediately post-bloom.
Botrytis levels in Trial A were still high even for LR plots
with good fruit exposure. This could be explained by high
incidence of dicarboxiamide resistant botrytis strains previously found in this vineyard (R. Goodin, personal communication, 1987) and the predominant use of a
dicarboxiamide chemical for botrytis control throughout
the 1986-87 season. LR four weeks after veraison in Trial
A and B did not give significantly better control of botrytis than the control plots, even though fruit exposure at
harvest was high at 77%. Again that could be a result of
the particulEuly wet autumn, dicarboxiamide resistance and
possibly due to resident infections not controlled early in
the season because of dense canopies and poor spray
penetration. I n years with a dry autumn, LR after veraison may help to "dry up" resident botrytis infections from
earUer in the season.
LR could improve botrytis control because of any or
all of the following: better spray penetration and coverage, better air flow facilitating quicker drying after rain,
and/or an increase in UV light on berries which causes
"hardening" of the berry skins (Hill 1987).
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Fig. 1. Relationship between fruit exposure and rot infection, Sauvignon Blanc, Te Kauwhata 1987.
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Fig. 2. Relationship between yield and rot infection, Sauvignon Blanc,
Te KauwhaU 1987.

There was no effect of LR early in the season (flowering, early fruit set) on berry number or berry weight. Other
researchers working in hot climates have found decreases
in berry weight with defoliation treatments but not in
"cooler climate" vineyards (Kliewer and Bledsoe 1986). The
implications of LR at flowering and early fruit set require
further investigation under our chmatic conditions.

Fruit composition
Generally, LR had little effect on sugar, although in
Trials A and C there was an indication of a slight sugar
increase and in Trial E a significant increase in sugar (Table
6).
Berries on the northern side of the east-west rows ol
Sauvignon Blanc showed LS^Brix higher sugar than for
berries on the southern side, which in turn were similar
to shade berries (Table 7). Fruit on the northern side can
receive more direct sunlight ( > 1800>iE m'2 s'^) and those
on the southern side mostly diffuse skyhght (100-200 ;iE
m"2 s'i). Perhaps for cool cHmates, an increase in sugar
could depend on the intensity of radiation or the duration of exposure to direct sunlight. Reynolds et al., (1986)
also found a sugar increase related to radiation intensityThe present data shows that in no instance was there i •
significant decrease in sugar, suggesting that the extent o
defoliation was not limiting vine photosyntheti
capacity.
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Table 7. Fruit composition, Sauvignon Blanc,
Mariborough 1987.
Exposed Exposed Interior
LSD
sun
diffuse shaded p = 0 . 0 5
Sugar ("Brix)
pH
Titratable acidity (g/L)

23.0
3.165
6.3

21.4
3.087
7.5

21.4
3.093
8.1

1.3
NS
0.5

LR had little effect on juice pH, with slight increases
in pH on LR treated plots occurring in trials A and E
(Table 2 and 6). This was due to slight increases in sugar
levels and indicates more "mature" fruit. Reynolds et al.,
(1986) also found exposed fruit tending to have higher juice
pH at harvest. Many shaded leaves still existed in all trials
in the upper areas of the canopy. Shaded leaves accumulate potassium (K) which is redistributed to the fruit during ripening (Smart et al., 1985b) and high K is directly
related to high pH in must and wine (Boulton 1980).
Therefore the shaded leaves in the upper canopy were contributing K.to the developing fruit perhaps ijyer-riding any
influence of a reduction in malic acid on juice pH, the
malic acid loss resulting from increased fruit exposure. No
significant relationship (r^ = 0.12) existed between K and
malic acid in either Trial A or Trial B.
r*»086

Titratable
acidity
(Q/L)

,oH

0

20
40 ' 60 ' 80 ' 100
*/• fruit exposure (veraison)

Fig. 3. Relationship between fruit exposure at veraison and titratable
acidity at harvest, Sauvignon Blanc, Marlborough 1987.

The most dramatic effect of LR on fruit composition
occurred with reduction in titratable acidity (TA). For Sauvignon Blanc, the reduction in TA was directly related to
the extent of fruit exposure, assessed just prior to veraison (Fig. 3). For the Sauvignon Blanc trial at Te
Kauwhata, the greatest reduction (1.7-2.1 g/L) resulted
from LR between five to seven weeks (8 January, 21 January) post-flowering (Table 2). For the Sauvignon Blanc
trial in Marlborough (Trial B), the greatest reduction in
TA (2.1-2.3 g/L) resulted from LR at flowering followed
by another pass just prior to veraison (24 December +
2 February) and LR four weeks post flowering (19 January, Table 3). Fruit on the northern side of east/west rows
had 1.2 g/L lower TA compared to berries on the southern
side, which in turn contained 0.6 g/L less TA than interior
shaded berries (Table 7).
LR on Chardonnay vines around veraison significantly
reduced TA by 1.2 g/L. Due to the rather pendulant
growth of this Chardonnay vineyard, exposure of the fruit

to direct sunlight was not high. TA decreases likely would
be greater if LR had been applied earlier along with trimming to control overhanging shoots and hence more fully
expose the fruit. Many berries exposed to direct sunlight
in the Chardonnay trial show a dark brown staining on
the skin of the berry. This was the only case in any LR
trials reported here that any indication of "sunburn" of
berries had occurred. LR after veraison appears to increase
the susceptibility of the skin to burning (or discolouration)
by sunlight. Susceptibility to "sunburn" may vary depending on variety and interactions between the berry skin and
vineyard chemicals.
There was no significant reduction in TA if LR was
applied after veraison, and that the longer the fruit is
exposed there is a trend to a greater reduction in TA
(Tables 2 and 3). The decrease in TA is largely due to
decreases in malic acid (Tables 2 and 3), confirming the
findings of Reynolds et al., (1986) and Kliewer and Bledsoe (1986). The lower malic acid levels in exposed fruit
at harvest have been shown to be due to increased berry
temperatures enhancing the activity of the malic enzyme
(Ruffner 1982; Reynolds et al., 1986).
In Trial B (Table 3), there was a significant increase in
tartaric acid of 0.9 g/L when LR was pracfised prior to
veraison. Reynolds et al., (1986) observed higher tartaric
acid levels in exposed fruit at harvest and suggested that
higher levels of radiation, both on the berry and subtending leaves, increased synthesis and translocation of tartaric
acid.
LR significantly increased the amount of anthocyanins
and total phenolics in the skins (Table 6). The highest concentrations were found with LR five weeks post flowering (52% increase in anthocyanins and 46% increase in
phenohcs). LR at flowering also had significantly higher
anthocyanins and phenols than the control, even though
considerable vegetative regrowth had occurred by veraison, reducing cluster exposure. The large increase in
anthocyanins and phenolics over control plots may be
partly due to increased °Brix levels, however no relationship existed using raw data regressions. It appears that
cluster exposure during early Stage 1 of berry development
may have more effect on the synthesis of anthocyanins
and phenolics than cluster exposure after veraison.
A similar colour resfX)nse of juices was noted in the Sauvignon Blanc trials (Trials A and B), where exposed berries and unsettled juice from LR plots with high pre
veraison fruit exposure had a golden colour and juices
from control plots were noticeably greener. This colour
did not seem to follow through into the wines when judged
shortly after bottling.
Aroma profiles, juice and wine assessments
Measurement of free and potential volatiles from freon
11 extracts using HPLG shows that LR increased the concentration of some terpenes, C6 alcohols and aldehydes
and some ester aetetates (Table 8). However, of the terpenes isolated, only beta ionone was present at a concentration higher than the threshold level (Marais 1983).
Augustyn and Rapp (1982) found five terpenes in Sauvignon Blanc juice and suggested that these terpenes, although
found in relatively small concentrations, could contribute
to the fruity/floral note that sometimes supplements the
typical grassy/pyrazine aroma of Sauvignon Blanc wines.
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Table 8. Protein and aroma profile analysis, Sauvignon Blanc,
Marlborough 1987.
Free aroma components (ug/L)
Geraniol
trans-2-octen-l-al
l-octen-3-ol
trans-2-octen-l-ol
trans-2-penten-l-al
alpha terpineol
Potential volatiles (pg/L)
Linalool
trans-2-hexen-1-ol
cis-3-hexen-l-ol
traiis-2-octen-I-ol
2-phenethanol
beta ionone
Protein (mg/L BSA)
MW > 66,000
MW < 20,000

Control

Plucked

1.6
0.3
2.4
6.5
4.6
1.9

9.5
3.1
6.6
11.7
12.7
4.1

23
29
5.1
321
17.9
26

49
61
6.3
830
50
66

32
62

33
81

LR at flowering followed by a pre->eraison pass and
LR five weeks post-flowering achieved higher total wine
scores than LR at veraison and LR two weeks postveraison. This was largely due to a higher palate score for
these treatments (Table 3). Wine data from Trial A is not
presented due to H2S spoilage problems making wine
assessment difficult, however LR before veraison again
appeared to increase wine and palate scores. Wine descriptions for Sauvignon Blanc in Marlborough (Table 3) suggest that the more exposed fruit and fruit exposed for the
longest period had more of the ripe herbaceous (i.e., red
capsicum) tropical fruit aromas than did the unexposed
fruit, which was dominated by the typical grassy/herbaceous character. Whether this change in aroma was due
to an increase in terpenes, or a decrease in the level of
methoxy-pyrazines, which are likely associated with the
herbaceous/pyrazine aroma (Augustyn and Rapp 1982),
requires further investigation. Aroma assessment of clarified juices indicated that there was a distinct reduction
in the herbaceous aromatic character with LR.
Pszczolkowski et al., (1985) found the highest level of
"grassiness" in fuUy shaded SemiUon clusters. It is reported
that the volatile compounds of the berry are mainly found
in the skin and solid parts of the berry and that the distribution of terpenes in the berry depends on the particular
terpene and the variety (Marais 1983). The data presented
here does indicate that the concentration of terpenes and
other aromatic compounds such as methoxy-pyrazines are
indeed altered by LR, or more specifically by cluster
exposure. The data also indicates that the duration of
cluster exposure affects the degree of change in the aroma
profile. Of more importance is the possibility that the level
of exposure, e.g. direct or diffuse sunlight, has an influence
on the extent of change in the aroma profile, in a similar
way °Brix and TA levels are affected. Whether these
changes in concentrations and ratios of aroma compounds
are due to light quality or quantity, or the effect of light
on increasing berry temperature, requires further investigation.

Viticultural and oenological implications

This series of trials has shown that LR can give very
significant benefits to the viticulturist and oenologist. For
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the viticulturist, yield and quality losses due to botrytis
rot can be minimised by LR. Also, the use of a leaf
removal machine reduces costs. These trials were limited
to high value varieties. Only a small increase in sugar level,
or a decrease in rot, will make LR economic on these varieties due to the percentage type bonus/penalty system that
operates on most grape price schedules in New Zealand.
There is a need to investigate the effects of LR on lower
priced "bulk varieties" and assess the economics.
For the oenologist/winemaker, the effects of LR are of
equal significance. The reduction in botrytis rot is an obvious advantage. Also the reduction in TA, especially in the
form of malic acid, is another advantage in cooler climate
regions where high malic acid is a recurring problem. The
trials show that any effect of LR on "Brix, TA, anthocyanins, phenolics seem to occur only when LR is done preveraison in Stage 1 of berry development. The data also
indicates that extent and duration of pre-veraison cluster
exposure will determine the extent ot'change in truii ana"
skin chemical composition. Of equal importance, is the
"~apTTarenl efltiCt ut' ClUiJler exposure, of the berry. Changes
in aroma/flavour of grapes will be significant for the
winemaker in influencing the style of wine that is to be
made. Questions arise such as whether exposed fruit have
higher terpenes in the skin, which will affect the decision
on skin contact period. If a grower leaf plucks at flowering and gets good spray penetration for botrytis control,
does the vegetative regrowth and cluster shading that recurs
contribute some of the sought after herbaceous aromas
for a particular style of Sauvignon Blanc?
The influences of particular vineyards, mesoclimates and
regions are well known for exhibiting differences in wine
style, flavour and aroma. It may be that LR and its methodology will have a different influence on aromatic profiles dependent on region and vineyard mesoclimate. LR
may cause different changes to aroma profiles dependent
on variety. Changes will likely be dependent on the proportion of the fruit exposed to direct or diffuse sunlight or
full shade. The concept of cluster exposure is not by itself
definitive unless refinement is given as to the level of light
that the clusters are receiving (Smart 1985b).
The technique of LR is an efficient management option
for viticulturists and oenologists to "programme" their
vineyards (within the bounds of Mother Nature) to
produce wine of the quality and style desired. A classic
example of the theme of this session, "Winemaking in the
vineyard".
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through
the grapevine . . .
THE

LEAF

REMOVER

A tractor mounted implement to mechanise
the previously labour intensive task of leaf pluckin;
BENEFITS
• Removal of shading leaf Improves grape ripening.
• Allows better spray penetration.
• Reduces Botrytis by altering the canopy microclimate.
• Low cost, rugged and reliable.
• Gentle on both fruit and vine.
• Fully adjustable for different canopy structures.
• Supported by Gallaghers International Distributors Network.

C r o u p of Companies

PRIVATE BAG
HAMILTON (N.Z.)
TELEPHONE: 64-71-389-800
FAX: 64-71-389-801

WE ARE P R O U D T O SUPPORT THE A U C K L A N D C O O L CLIMATE SYMPOSIUM

Proceedings Second International Cool Climate Viticulture a n d Oenology Symposium, Auckland, New Zealand. January 1988.

133

