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Effects of water deficit stress on leaf and berry ABA and berry ripening in
Chardonnay grapevines (Vitis vinifera)

G. Oxamoro, T. Kuwamura and K. HIrRaNO

Faculty of Agriculture, Okayama University, Okayama, Japan

Summary

Chardonnay vinesplanted in r oot zoner estricting beds
wer esubjected towater deficit stressby withholdingirri-
gation for aperiod startingat 15 (early stress; ES) or 25d
(latestress; L S) after veraison and lasting until harvest.
Control vineswer e provided with normal irrigation. Both
ESand L Streatmentssignificantly decr eased |eaf water
potential and caused leaf wilting 2 d after the start of each
treatment. ABA levelsin fruit zoneleavesincreased signi-
ficantly 4and 5d after theonset of L Sand EStreatments,
respectively. After 2d of EStreatment, theberry ABA level
greatly increased, whileL Sand control treatmentsresulted
inagradual increasein berry ABA. In ES-treated vines,
cluster swereharvested 10d after theonset of treatment,
10d earlier thanin L Sand control vines, duetothesevere
berry shrinkingand leaf fall. Levelsof juice TSS, fructose,
glucose, and malatewer egenerally lower than thoseof LS
and control vines. Both ESand L Streatmentsresulted in
significantly higher aminoacid levels. Thelevd of proline,
however, the amino acid with highest amounts in
Chardonnay grapeberries, waslowest in ES-treated vines.
Thisstudy revealsthat theeffect of water deficit stresson
berry ripening of Char donnay isdifferent dependingon the
stageof berry ripening, which might becaused by different
ABA levelsin berries.
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I ntroduction

High quality wine grapes are mostly produced in dry
and cool regions of the world. In Western Japan, a long
rainy season from early summer until berry ripening causes
excessive shoot growth. This high vigor leads to severe
competition for photosynthates between shoots and clus-
ters with negative affects on berry ripening. Thus, wines
tend to have aflat taste.

Planting grapevinesin isolated soil beds under a plas-
tic-film cover can control vigor by root-zonerestriction; this
improved berry quality significantly (Imal etal. 1991). Under
such conditions, the level of soil moisture can be easily
mani pulated. A number of reportsindicate that water deficit
stress during the late stage of berry development improves
berry and/or wine quality mainly by decreasing berry size

(MaTTHEWS and ANDERsoN 1988, Poni et al. 1993). On the
other hand, early water deficit stressmay cause severeinhi-
bition of berry growth and maturation as a result of the de-
cline of photosynthesis (DUrInG 1998).

In this study, we compared the effects of early and late
water deficit stress on ripening of Chardonnay berries in
relation to changes in the levels of leaf and berry ABA,
which is reported to control berry ripening (Coomse and
HaLe 1973; DurinG and ALLEweLDT 1980).

Material and M ethods

Four-year-old Chardonnay vines grafted on SO4 root-
stock were used in this study. Thirty-six vineswere planted
at 0.4 mintervalsin 4 raised bedswith 2.2 m row spacesin
the spring 1997. Each bed was 0.3 m highand 0.5 mwideand
isolated from the ground with water-permeabl e but root-proof
plastic sheets (UNICHIKA 200). For threeyearsvineswere
grown under conventional vineyard management with aspur
pruning system. In spring 2000, dl thevineswere allowed to
develop 4 or 5 upright shoots. Three liters of a complete
liquid fertilizer (Ohtsuka House Ekihi, No. 1 + No. 2), con-
taining 60 mg 11 of N, was applied to each vinetwice aweek
through atrickleirrigation tube. Thefertilization level was
reduced to one-third at veraison to improve berry ripening.
Vineswereirrigated when soil water tension reached -10 kPa
After berry set, the number of clusters per shoot was re-
duced to one or two depending on shoot vigor.

Treatments and measurements: Twotypes
of water deficit treatment, early stress (ES) and late stress
(LS), were applied to the vines in two beds by withholding
irrigation starting on August 1, 14 d after veraison, and 10d
thereafter, respectively. Vines of thethird bed wereirrigated
continuously when soil water reached -10 kPa (control).
Changesin soil moisture level swere monitored using tensi-
ometers (Daiki-3100) placed at adepth of 10 cmin each bed.
The meterswereread daily at 11 am. The leaf water status
was measured by a pressure chamber (DIK-7002) using
10 leavesthat were sampled randomly from the middle part
of the shoot. Temperatures of the 5th to the 7th basal |eaf
wererecorded daily at 12 am. using aninfrared thermometer
(Horiba:1T-330).

ABA analyses: Two primary leaves near the
clusters, as well as 10 berries, were sampled from 10 ran-
domly chosen shootsin each treatment at 2 p.m. at 2-4-day
intervals. They were immediately frozen in liquid N,, and
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stored at -30 °C. ABA was extracted threetimesat 5 °C with
80 % MeOH containing 0.3 % ascorbic acid, acidified to pH
2.5 and partitioned against ethyl acetate. The ethyl acetate
fraction was extracted with 5 % sodium hydrogen carbon-
ate. The carbonate extract waswashed with petroleum ether,
adjusted to pH 2.5, and re-partitioned against ethyl acetate
to collect the acidic ethyl acetate fraction. Dried extracts
weredissolved in 80 % MeOH and vacuum evaporated. The
residue was dissolved in acetone and ABA was methylated
with diazomethanefor 1 h. ABA determination wasperformed
on aGC (Shimadzu GC-3BE) equipped with an ECD under
the following conditions: column type, SE-30 Uniport HP;
column temperature, 220 °C; injection port temperature,
200 °C; carrier gas, N,,; flow rate, 45 ml min™*. ABA concen-
tration was determined by comparison with SSABA stand-
ard.

Juice constituents: Fortheanalysesof berry
juice constituents, 30 berries per treatment were randomly
sampled from veraison to harvest. They were pressed by
hand through doubled gauze to obtain juice. Total soluble
solids (TSS) were measured by arefractometer (Atago-30)
and titratable acidity (TA) was determined by titrating the
juice with 0.1 N NaOH. The concentrations of sugars and
acidswere determined by GC (Shimadzu GC-14A) equipped
with aflameionization detector after purifying samplejuices
on an ion-exchange resin and sililating with hexamethyl-
disilazane and trimethylchlorosilane. For amino acid analy-
sis, 0.5 ml of juice was filtered through a membrane filter
(0.45 um) and injected into a fully automatic HPLC (JLC-
300).

Resultsand Discussion

During the experimental period, the weather was either
clear or cloudy with day temperatures (1 p.m.) ranging from
271031 °C. Most leaves of the ES-treated vinesturned yel-
low 5 d after the onset of treatment and were completely
dried out 3 d later. By contrast, in the LS-treated vines, 6 d
after the onset of treatment several basal |eavesturned yel-
low and brown 4 d | ater.

The water potential of leaves near clusters decreased
rapidly after the onset of each treatment. The lowest values
(-2.35 MPaand -2.04 MPa) wererecorded inthe EStreatment
5 d after the onset of treatment and in LS 2 d after the onset
of treatment, respectively. Berriesin ES-treated vines ceased
growing 6 d after the onset of withholding irrigation and
began to shrink gradually thereafter. They were harvested
onAugust 11, 10 d after the onset of treatment. By contrast,
berriesin L S-treated vines showed normal growth similar to
the control; they were harvested on August 21.

Changesin leaf and berry ABA levels are shown in the
Figure. For both treatments, leaf ABA levelsincreased con-
tinuoudly for 5 d after the onset of each treatment. The |eaf
ABA level washigher in L S-treated vinesthanin ES-treated
vines when compared 7 d after the onset of treatment. The
leaf ABA level in control vinesdid not change significantly
inthe same period. Onthe other hand, ABA levelsin berries
showed amarked increase in the first two days of ES treat-
ment, theincrease being earlier than that of leaf ABA levels.
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Figure: Effect of water deficit stresson leaf ABA level (solid lines)
and berry ABA level (broken lines) in Chardonnay grapevines.
Irrigation ceased on August 1 for ES vines (@) and August 11 for
LSvines(A). Control vines (O) wereirrigated regularly and kept
at -10 kPa until harvest time. Vertical bars represent SD, n=3.

Maximum berry ABA levels were approximately 2.4 times
higher than in control vines; the level decreased gradually
thereafter. By contrast, in LS and control treatments, berry
ABA levesincreased rather steadily, finally reaching amaxi-
mum that was similar to that recorded in the ES treatment.

One of the commonly observed responses of plantsis
that water deficit stress causes a significant increase in the
leaf ABA level. Our resultsrevealed asimilar accumulation
pattern of leaf ABA for both, ES and L S treatments. How-
ever, theincreasein berry ABA levels presented an entirely
different pattern between ES and L Streatments: it wasmuch
faster andlarger in the EStreatment than inthe L Streatment.
It is possible that the rapid accumulation of ABA in ES-
treated berrieswas associated with the rapid degradation of
bound ABA in leaves, canes, trunks and roots (Konbo and
Kawai 1998). Furthermore, berry ABA level in control vines
showed afina value that was similar to that of L S-treated
berries, whereas leaf ABA levels did not change until har-
vest. These findings indicate that berry ABA levels are not
always dependent on leaf ABA levels during ripening.
Coomee and HALE (1973) and DurinG and ALLeweLDT (1980)
reported that the berry ABA level of V. vinifera grapesin-
creased significantly after veraison and then decreased at
thefinal stage of berry ripening. In our datafor Chardonnay,
the final decrease of berry ABA level was not detected in
both L S-treated and control vines; thismay indicate that the
berries harvested on August 21 had not reached full ripe-
ness. In thisexperiment time of harvest based on juice acid-
ity (not lower than 4 g-I%).

Juice TSSincreased in ES- and LS- treated vines at al-
most the samerate as control vines. However, in ES-treated
vines, thefinal average TSS content was 18.5 Brix because
of early berry shrinking. DurinG and ALLeEweLDT (1980) noted
astrong correlation between berry ABA level and juice TSS
content during the early ripening stage of cv. Bacchus. They
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Table

Effect of water deficit stress on juice constituents in Chardonnay grape berries at harvest®

Treatment TSS TAP Fructose Glucose Malicacid Tartaric acid Total
and (°Brix) amino acid

harvest time (9-100 mi-1) (mmol-h)
Early stress

Aug. 11 185b 0.36 7.66b 9.31b 0.29a 0.17b 19.7ab
Late stress

Aug. 21 207a 032 9.77a 10.56b 0.14a 0.34a 22.7a
Control

Aug. 21 200a 035 9.93a 10.73a 0.20ab 0.28a 18.0b

aVines were treated by withholding irrigation starting from August 1 (early stress) and August 11 (late stress).
Control vineswere irrigated regularly when soil water reached -10 kPa until harvest (August 21). Means were
separated by Duncan's multiple range test (p<0.05) for values within each column.

b Astartaric acid equivalent.

also demonstrated that ABA infiltration into the fruit cane
increased sugar concentration in berries, indicating that
berry ABA might beinvolved in thetransport of assimilates
and/or their accumulation in the berries. The ineffective-
ness of the increased berry ABA levelsin the ES treatment
toincrease TSS accumulation in our experiment may be due
totheearly and severe dehydration of |eaves. Stepwisewater
deficit treatments should be examined for their ability toin-
duce positively affect berry ripening.

Juice constituents at harvest time are shown in the Ta-
ble. Thelevelsof fructoseand glucosein EStreatment were
significantly lower than those in the control and LS treat-
ment, indicating that the ripening process had not been com-
pleted. Thelevel of malic acid in ES-treated berrieswas con-
siderably higher than in L S-treated and control berries. The
total amino acid content was significantly higher in LS
treated berriesthan in control berries. Among thetotal amino
acids, the contents of glutamine, arginine, valine, leucine,
isoleucine, and phenylalanine were markedly increased by
both water deficit stress treatments. However, the content
of proline, the most dominant constituent, was decreased
by both treatments.

Okamorto et al. (2001) reported that water deficit stress
treatment of cv. Muscat of Alexandria caused significant
increases of several kindsof amino acidsin juice at harvest.
Nbunc'u et al. (1997) reported the remobilization of nitrog-
enous compounds from dehydrated leaves into other per-
manent organs, e.g. cane, trunk, and root in water-stressed
grapevines. During the water deficit stress treatment, they
found that due to the decomposition of leaf proteins amino
acids were released in large amounts and then translocated
into clusters.
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