© Fffect of Crop Level and Crop Load on Growth,
Yield, Must and Wine Composition,

and Quality of Cabernet Sauvignon
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Three crop load treatments by cluster thinning immediately after bloom were applied to a Cabernet Sauvignon
vineyard located at Luzit in the Adulam region of Israel during five consecutive years. The crop load vahies ex-
pressed as the grape yield to pruning weight ratio varied between 4 in the severely thinned treatment and 10 in
the unthinned treatment. Wine quality as determined by tasting was significantly higrer in the unthinned as com-
pared to0 the severely thinned treatment in two out of the five experimental years. The five year averages of the
wine quality score did'not vary significantiy. The pruning weight was negatively rank correlated with crop level
and crop ioad, and positively with the harvest delay. Potassium leaf, must and wine content was negatively rank
correlated with crop load, crep level, must malic acid and wine color, ash and tartaric acid content. Comparison
of these results with those obtained earlier with Carignane lead the authors to suggest that crop load values
above 10 have a negative effect on wine gualily whereas no significant effect is apparent with valses lower than

1C.

The recent trend of rising grape yields, especially in
irrigated vineyards grown in- warm regions {16,23,26),
gives prominence to the issue of the relationship between
crop level and wine quality. Conflicting data have been
reported concerning this relationship (3,4,6,8,10,11,14,
16,17,22,24,25,27,28,31). However, not always was the
issue of vigor and capacity taken into consideration.
Winkler et al. (30) demonstrated that fruit quality and
vields both increased concomitantly with vine capacity
due to regulation of pruning severity and fruit thinning. A
number of defoliation experiments have shown that
several maturation and quality parameters increased with
leaf area per gram fruit up to a certain saturation level
(13,14,15,19). About 10 to 14 cm’/g fruit were required for
reaching maximum berry weight and coloration, and juice
concentration of proline, arginine, and nitrogen (14,15).

Buttrose (5) defined the term “overcropping” as a
condition associated with berry/leaf number ratio. He
also showed that berry growth and sugar accumulation
was not delayed despite a three-fold increase in crop level
when leaf area increased in parallel. The long term effects
pf crop level on growth, yield, and quality were reviewed
in our previous paper (4) and will not be repeated here.

We have shown that the weight ratio of crop yield to
winter pruning at ratio values above 10 was negatively
correlated with wine quality of Carignane. Since pruning
weight was found to correlate with leaf area (27) and both

are known to determine the capacity (30), the use of:
*yigld/pruning weight ratio seems to follow the same logic

agfleaf area /fruit ratigfand is even easier for field use, The
question still before us is whether these ratio measures
are correct only for a certain range of crop levels, or yields
can continuously be increased without overcropping as
!Or}g as leaf area/fruit ratio or yield/pruning weight ratio
is in the range considered desirable. A second question is

ow, and to what extent, do the specific cultivars or
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scion-rootstock combinations differ in this respect. Such
differences were already noted in a few studies (7,21,29).

This work was undertaken to study the relationships
between crop level, crop load {grape yield/pruning weight
ratio} and fruit and wine quality in a high yielding
Cabernet Sauvignon vineyard and to compare the results
with those obtained in another study with Carignane
having different crop loads (3,4).

Materials and Methods

A crop load experiment was conducted at Luzit in the
Adulam region of Israel during 1975 to 1980 in a virus free
Cabernet Sauvignon on 110 R rootstock, vineyard plant-
ed in 1970, 1800 vines/ha (3.7 X 1.5 m) trained as a single
cordon on a 80 ¢m high wire with one pair of parailel
foliage wires, 30 c¢m apart, 120 cm above ground for
keeping shoots in an upright position and irrigated by 4
L/hr drippers spaced 1.25 m apart, on a single lateral per
row. One hundred fifty kg/ha N were applied through the
irrigation system during the spring of each year in three
applications and 300 kg/ha K were applied in 1978 only.

Thre ster thinning treatments were applied im-
mediately-afte

ter-bloom as follows: Treatment 1 (UT),
unthinned control, about 60 to 70 clusters per vine;
Treatment 2 (MT), moderately thinned, 40 clusters per
vine retained (in 1975 only 30 clusters per vine); Treat-
ment 3 (ST), severely thinned, 20 clusters per vine
retained. Each treatment consisted of 16 replicates of 10
vines each.

The treatments were arranged in a randomized block
design as part of a bifactorial trial, the other factor was
irrigation schedules which have already been reported
(10,11). Interactions of crop load with irrigation will not
be dealt with in this paper. Each plot was harvested when
the fruit sugar content reached 22.5°Brix. Wine was
made by the Israel Wine Institute using a sample of 30 kg
fruit per replicate. Tasting procedures and chemical
analyses of fruit, must, and wine were conducted as
previously reported or cited (4,11). Potassium leaf con-
tent was analyzed on petioles + blades sampled opposite
the cluster in August (20 leaves per replicate).
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Fig. 2. Effect of crop load treatments (by cluster thinning) on
wine quality and a few growth, crop, and must parameters (5-year
averages). Open columns, vertical lines, and diagonal lines col-
umns represent unthinned, moderately thinned, and severaly
thinned treatments, respectively. Yield/pruning is grape vield/
pruning weight ratio. Harvest date is expressed as the aumber of
days after tha harvest of the first replicate which reached 22.5°
Brix. Data are presented on a relative scale, with the greatest value
assigned 100%. The greatest absolute values are indicated above
each group of columns. Treatment details are given in Materials
and Methods, Small letters indicate mean separation at p =005
between treatments.
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All data were subjected to analysis of variance fc
lowed by multiple range test, according to Studen
Newman-Keuls.

Results and Discussion

Crop yield decreased gradually throughout the fis
experimental years (Fig. 1). The low yield of the M
treatment in 1975 was due to retaining 30 instead of t+
40 bunches per vine in the following years. Yield diffe:
ences between MT and the UT control treatments we:
significant throughout, while the yields of the ST trea:
ment were significantly lower than MT only in two out ¢
the five seasons. The general treatment means for th
entire period (Fig. 2) were, however, all significantl
different from each other. In a similar experiment wit
cv. Carignane (4,10}, the yield reduction in the M’
treatment was very slight because the larger berry weigh
and number of berries per bunch compensated for th
reduced number of bunches per vine. In the present stud
with cv, Cabernet Sauvignon, only a partial compensa
tion of crop weight was obtained. The number of herrie
per bunch was not affected by cluster thinning, and th
compensation of the thinned treatments were due mainl
to increased berry weight (Table 1),

The average berry weight for the entire experiments
period was similar in all treatments (Fig. 2), but cumula
tive thinning effects induced a heavier berry weight in th.
last two years 1978, 1979 (Fig. 3).

The five year mean harvest date of the UG'T treatmen
was significantly later than those of the two other treat
ments (Fig. 2). This delay was significant only in 197

Table 1. Effect of cluster thinning on yield, bunch and berry weight, and number of bunches per vine and per ha (Luzit 1978). UT, MT and S
are unthinned, medium thinned, and severely thinned, respectively. For furthar details see Materials and Methods,

Yieid Bunch wt Bunches/ha Berries/bunch Berry wt

Treatment t/ha Yo q Yo No. Yo No. % o] %

uT 231 100 178 100 130 330 100 169 160 1.05 100

MT 19.1 82.7 198 113.3 96 460 74 161 95.3 1.23 117
ST 11.8 51.5 202 113.5 58 410

44.8 160 94.7 1.26 120
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1Fig. 3), and in this year the final berry weight and sugar
content per berry also tended to be the highest in the UT
treatment (Fig. 3, 4). No differences in berry weight and
wgar content between treatments were noted in 1976
Fig. 3, 4) or in the means for the entire five experimental
vears (Fig. 2). The berry weight, sugar per berry and sugar
concentration of the UT treatment tended to be relatively
low throughout the 1976 and 1977 seasons (Fig. 4, 5). The
advantage in UT berry weight and sugar per berry was
attained in 1977 only during the delayed harvest time
which enabled the grapes to reach the desired 22.5°Brix.
Total acids percentage did not vary significantly among
the treatments throughout the 1977 season, but was
genificantly lower at harvest in the UT treatment.

. Quality.tended to.be slightly: better in wines of the UT)'
treatment than' in*wires*fror'reduced crop (Flg 2), and
“ignificant quality differences were observed in 1977 and

1979 (Fig. 1).

Pruning weight was lowest in the UT plots and
increased with thinning (Fig. 1, 2). However, much
greater and more significant differences were found be-
tween the yield/pruning weight ratio {crop load) of the
various {reatments for the entire expenmental permd

e yleld/prunmg welght ratm (crop
hd to be negatively related to wine
quality in cv. Carignane (4), where crop load values were
above 10. No such relationship was found with the same
cultivar when crop loads were below 10 (16). Calculated
crop load ratios for the Carignane studied by Weaver
et.al. (28) showed average values of 5.96 and 10.60 for the
normal and overcropped treatments, respectively. Indica-
tions of damage to vines and wine quality by overcrop-
ning were only slight, and according to our experience
such effects are to be expected at crop load values above

7 “iyleld/pruning:;weight ; ratio .-
h control UT, plots to about -

F|g 4 Erfect of crop Ioad (by clustar :h:nmng) on sugar content
per berry in 1976 and 1977. Symbols and explapations as in Fig. 1.
Small letters indicate mean separation at p = 0.05 for each date.
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Fig. 3. Etfect of crop load treat-
ments (by cluster thinning) on harvest
date, berry waight, must sugar, and
wine ethanol (annual averages). Sym-
bols and explanations as in Fig. 1.
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at p = 0.05 for each year.,
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menis on must acid content and pH.
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the UT and MT tréatments, respectively, These crop load

values fall within ‘the range Where positive relationships
with quality were sometimes observed (12,16,26) and are
also consistent with the results of the present paper, In
another study with Cabernet Sauvignon, higher yields
and pruning weights were implemented by more sophisi-
ticated trellising, but neither the yield/pruning weight
ratio nor the {ruit quality was affected (25);

High crop loads delayed the.date of harvest through-
put thie entire éxperimental period (Fig. 2, 8), similar to
findings in other studies. (3,10,27). The delayed ripening
caused by high crop load had no quality effect on the
Cabernet wines (Fig. 2); resembling Carignane results (4)
where a comparison between the two thinned treatments
(MT and ST) showed no effect on wine quality, even
though harvest at full ripening was delayed in the MT
treatment,

Harvest was successfully carried out with similar
sugar contents in the musts of the various plots (Fig. 2, 3).
The v/w juice output decreased with thinning severity
{Fig. 2), probably because of the thicker skins of the
heavy ST berries or possibly because of a greater number
of seeds per berry.

During the two to three weeks preceding 1977 harvest,
the berries in the UT treatment gained weight, but the
thinned treatments lost weight by dehydration in spite of
an absolute increase in their sugar content per herry
{(Table 2). It appears, therefore, that the delay in the
ripening process in that season also delayed the loss of
turgor under conditions of a heavy crop load.

Total must acidity decreased gradually during the
experimental period and so did malic and tartaric acids
(Fig. 6). Must pH levels were almost constant throughout

the years and unaffected by the treatments (Fig. 6),

probably because must potassium decreased parallel to
the anions (Fig. 6, 7). Tartaric acid did not vary among
the treatments until the last two years when levels in UT

CROP LEVEL & CROP LOAD EFFECTS — 129

Table 2. Effect of cluster thinning treatments on TSS and water
Increments between 15 August and harvest {Luzit 1977). Treatment
symbols as in Table 1. Afl plots were harvested at 22.5° 8rix. For
further details see Materials and Methods. All values were
calculated from the treatment averages by converting percentage
of T58 to g and assuming that all changes in berry weight were dug
to toss or gain of TSS and water.

Wt increment per berry (g)

Treatment Water TSS Total
(k) 0.3 0.4 0.70
MT -3.79 .29 -0.56
ST -1.29 0.30 -0.90

treatment musts tended to be higher (Fig. 6). Total
acidity was mainly affected bygmalic acid contents which
asage low in LT and high j ireatment musts
throughout the experimental period (Fig. 6). This is also
evident from the five year treatment means of must
contents (Fig. 2) which show a remarkable impact of crop
load "6n malate level and, consequently, a significant
effect on total acids, but only a slight effect on tartarate
(Fig. 2, 6). The tartaric/malic acids ratioc (T/M) was
influenced mostly by malate changes, but unlike the
malic acid content, did not vary significantly among the
treatments (Fig. 2). The T/M ratio of the UT treatment
was 2.17 in this Cabernet study and 2.49 in a similar
study with Carignane (4). Since all plots were harvested
at the same sugar concentration and the pH means were
unaffected by crop load treatments, the sugar X pH
product, advocated as a good must quality parameter by
somé workers (2,30), was meaningless under the condi-
tions of this study, and the sugar/total acidity ratio
represented only fluctuations in acidity levels (Fig, 2).
Malic acid levels in must were depressed by increasing
crop loads in a previous study with Carignane (4,10),
where excessive load reduced wine quality. In the present
study; alic acid, but not wine quality, was reduced
byzhigh-crop-level-and loads. %It appears therefore that
must malic acid content is closely related to crop load but

£

Fig. 7. Eftect of crop load treat-
— ments (by cluster thinning) on potas-
sium content of leaf and wine pH and
acid content. Symbols and explana-
tions as in Fig. 1. Small letters indicate
mean separation at ¢ = 0.05 between
treatments.

SEI I Iﬂ

4 IWINE
T 40k ° s -
2500 a a
T T T T T . b
: b
3.6
=
=) ¢ —
I a 7
Vi~
2 20001 a e -
= a
tw
z EErN
ES 22
a
o
E bi—
3 L o
nE S
2> <L
Do‘ﬁ 1% N
ll..-::: ?(.:31
e o —
i
~ b
i ! L

oL_L | ! 0
1576 1877 1978 15978 1980 1975 1976

I |
1977 1978 1979




130 — CROP LEVEL & CROP LOAD EFFECTS

has no direct influence on wine quality in our studies with
. Carignane and Cabernet Sauvignon (3,4,10). Cane starch,
§as tested in 1979 after five years of experiment, was not
affected by crop load (Fig. 8). This may support our
suggestion’that no overcropping occurred at this range of

P studies have shosiebbadenillieim

[Ny

\rfgolatarch w:
content of leav

ettect was also observed in our previous
study with Carignane (4). ‘ )

Leaf K content was found to decrease due to increas-
ing yields even at low crop load ratios in many cultivars
(1,13,20), On the other hand, Freeman et al. (9) did not
find any consistent effect of crop load on petiole K
content at bloom time and véraison in high yielding
Carignane vines with crop load ratios of 5 to 8. In the
present study, however, potassium was assayed before
harvest, and therefore, the effect of crop load ocn K was
more pronounced.

The totai acid content of the must decreased with the
increase in crop level and crop load (Fig. 6), whereas the
opposite was true for the corresponding wines {Fig. 7, 9).
This reversal effect was due mainly to the tartaric acid
which counterbalanced the changes in lactic and malic
acid contents (Fig. 9). The consistent positive correlation
of the wine’s tartaric acid with the crop load and crop

! level throughout the entire experimental period (Fig. 9)
! can be attributed to the negative relationship between K
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“ig. 8. Effect of crop load treatments {by cluster thinning) on
le: 1. must, wine K and cane starch (5-year averages). Symbols and
ex sianations as in Fig. 2. Small letters indicate mean separation at
= 0.05 between treatments.
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wine 1M, acids and ethanol content (5-year averages). Symbols and
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p = 0 05 between treatments.

18 ccop bad® oo R

content of the must and wine on one hand and the crop
load on the other. In another study, low K content of the
wine resulted in less potassium bitartarate precipitation,
and consequently, more free tartaric acid was retained ir
the wine (18). This relationship was also reflected in the
negative rank correlation found between wine pH anc
crop load (Fig. 9). Fixed wine acids tended to vary paralle
to tartaric acid content. Lactic acid content was lower i
the UT treatment wines {(Fig. 10), probably because th
relatively high fixed acids in this treatment (Fig. ¢
delayed the malolactic fermentation process. 3

Color quality was positively correlated with crop loac
(Fig. 10), corresponding with the similar tendency ir &
ine quality (F'ig. 2). Alkaline ash was negatively corre J
ated with crop load since its main constituent is K. N
significant differences were found in wine volatile acids
tartaric/lactic + malic acid ratio, color intensity, mali
acid, tannin, total ash, total extract, and reduced extract
Reducing sugars (Fig. 9) were positively correlated wit!
the crop load in spite of the uniform level of must sugar
Although the differences were smail, a crop load effect o
fermentation efficiency due to unknown factors may b
involved.

Conclusions

1. The crop load (grape yield to pruning weight ratic
was found to be a better measure than crop level fc
evaluating the relationships between cropping and win
quality.

CABARNET SAUVIGNON WINE
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Fig. 10. Effect of crop load treatments (by cluster thinning} ¢
wine color, acids, tannin, ash, extract, and sugar content, Symbc
and explanations as in Fig. 2. Color intensity and color quality a
the sum and ratio of optical density readings at 420 and 520 ni
respectively. Small letters indicate mean separation at p = 0.
between treatments.
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2. Crop levels of about 26 t/ha did not reduce wine
ality as compared to 12 t/ha because the crop load
lues were favorable and ranged from 3 to 6.4 kg grapes
kg pruning weight, Data of -individual plots in the
esent experiments, as well as other published data,
ow that crop loads of up to 10 are normally not
bjected to reduction in wine quality due to overcrop-
ng. In another experiment with Carignane (4}, we found
luction in wine quality as crop load increased from

out 12 to 27 due to different degrees of cluster thinning, -

3. Decreasing yields from 26 t/ha to 12 t/ha by cluster
inning in the present experiment were associated with
ivanced maturation, increased berry weight, leaf and
ine K, must malic acid and pruning weight. However,
e number of berries per bunch did not increase, and
ine quality was not improved.

It may, therefore, be concluded that a reduction in the
imber of berries per bunch is an important characteris-
= of evercropping and that there are probably some
|ditional parameters which are responsible for the re-
iction in wine quality when crop load exceeds a ratio of
1
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