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ABSTRACT

The effect of gibberellic acid (GAs), forchlorfenuron (CPPU), and abscisic acid (ABA) on the parameters
of yield of ‘Flame Seedless’ grapes was investigated. The clusters of 8-year-old grapevines were sprayed
with solutions: GAs at 25 mg-dm=, CPPU at 10 mg-dm?, and ABA at 300 mg-dm=, alone or in combinations.
GA; and CPPU treatment increased yield, cluster weight and length, berry weight and diameter, as well
as fruit firmness, but reduced the total soluble solids (TSS) and intensity of berry color. Anthocyanin
content of berries treated with GAsz and CPPU increased significantly by ABA treatment. Shelf life was
increased by GA3 and CPPU treatments, as they decreased the percentage of weight loss, shattering, and
unmarketable berries after storing at 20 °C for 7 days. Thus, it can be concluded that the combined use
of GAs, CPPU, and ABA may be an efficient practice for fruit enlargement, coloration, and keeping

quality in ‘Flame Seedless’ grape.

Key words: forchlorfenuron, CPPU, berry size, fruit quality, anthocyanins, ABA

INTRODUCTION

Grapes (Vitis vinifera L.) are one of the most fa-
vorite and common fruits in the world for its desira-
ble scent and high soluble solid content. Fruit quality
is more influential than yield in the production of ex-
cellent table grapes (Peppi et al. 2006). Grape quality
is remarkable for the producer, consumer, and the ex-
porter. Important characteristics that participate in
the quality of grapes include their size, texture, taste
and color. These characters could be modified with
the use of plant growth regulators (PGRS) if their use
is permitted under national regulations as, for exam-
ple, in the USA, Italy, Australia, and Chile (Ferrara
et al. 2015). Previous studies presented that plant
growth regulators play an important role in fruit pro-
duction, such as increase in berry weight of grape
(Casanova et al. 2009), enlargement of fruit size in
grape (Xu et al. 2019), apple (Muchjajib et al. 2016)
and mandarin (Duarte et al. 2006), improving fruit set
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in mango (EI Gammal et al. 2015), reducing fruit
drop in apple (Khandaker et al. 2015), enhancing
yield and quality of pomegranate (Adi Reddy & Ma-
nohar Prasad 2012), and delaying ripening of grapes
(Ponce et al. 2002). Forchlorfenuron (CPPU), a syn-
thetic cytokinin, and gibberellic acid (GA3) are com-
monly applied by table grapes producers to improve
berry size and firmness (Du Plessis 2008; Zoffoli et
al. 2009; Xu et al. 2019). GAs stimulates cell expan-
sion in the berries, while CPPU causes cells division
(Ben-Arie et al. 1998). However, Korkutal et al.
(2008) reported that GAs applied at too early time
with extremely high concentration decreases vine
vigor, which negatively impacts the fruit yield.
‘Flame Seedless’ has a particularly durable response
to CPPU, in particular berry size (Melillo 2005);
however, it reacts with reduced color intensity.
CPPU and GA; increase berry size as a desira-
ble effect, but they also inhibit color development,
which restricts their use on colored grape cultivar.
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A dosage of 8 g per acre of CPPU, applied to ‘Flame
Seedless’ at fruit set increased berry size but also
reduced color and delayed maturity (Peppi & Fideli-
bus 2008). Ethephon was applied to table grapes to
enhance berry color, but its impacts are inconsistent
and can lead to berry softening (Szyjewicz et al.
1984; Peppi et al. 2006). Abscisic acid (ABA) was
found as an efficient alternative to ethephon for en-
hancing the color of table grapes (Koyama et al.
2019; Lurie et al. 2010). It is easier for application
due to less restrictive period of its use, and an ex-
emption from the requirement to have a tolerance in
most countries (Ferrara et al. 2015), but the high
cost has prevented the development of its practical
applications for viticulture (Peppi et al. 2006). How-
ever, recently, the introduction of ABA as an active
ingredient of a commercial plant growth regulator
(ProTone®) motivated many studies on Vitis vinif-
era cultivars grown under temperate climate condi-
tions. When ABA is applied to grape, the ripening
stage is accelerated by reducing the chlorophyll
quantity and improving the color change (Gény et
al. 2005). Many investigations have shown that the
application of ABA may significantly stimulate the
activity of several genes involved in and related to
anthocyanin biosynthesis (He et al. 2010). The
physiological activity of ABA sprays was proved by
determining the mRNA levels of the key anthocya-
nin gene — flavonoid glucosyltransferase (UFGT)
from the skin of ‘Crimson Seedless’ grapes treated
with ABA applied at veraison (change of color)
stage. The level of UFGT mRNA increased consid-
erably within one day after application (Olivares et
al. 2017). ABA can increase the anthocyanins’ con-
tent and enhance the color of ‘Flame Seedless’
grapes, however, it likewise causes fruit softening,
which is an undesirable effect (Peppi et al. 2006).
The combined use of GAs, CPPU and ABA might
be advantageous if the result will cause large, firm
berries of sufficient color. Thus, the aim of this
study was to assess if the application of CPPU and
GA:; followed by ABA might increase the size and
firmness of ‘Flame Seedless’ grapes without ex-
tremely inhibiting coloring. Moreover, the effects of
GA;s, CPPU and ABA on the yield, fruit quality at
harvest day and on the berry shelf life of ‘Flame
Seedless’ grape was investigated.

MATERIALS AND METHODS

Plant materials and treatments

This research was conducted in 2016 and 2017 sea-
sons at a private farm in Marriott region, 40 km at
Alexandria-Cairo desert road (lat. 30.93°N, long.
29.78°E), Egypt. Own-rooted eight year old grape-
vines (Vitis vinifera L. ‘Flame Seedless’) grown in
a sandy soil under drip irrigation system were used
in this experiment. The grapevines were grown in
raised beds (0.3 m high and 1.5 m wide) and spaced
1.5 m between vines and 4.5 m between rows at
a 2 m high horizontal shoot-positioned trellis sys-
tem. Vines were pruned to 15 canes per each vine
with 12 nodes per cane in winter pruning. A weekly
fertigation with a complete liquid fertilizer was ap-
plied and a regular pest management program was
maintained. The experiment was arranged in a ran-
domized complete block design (RCBD). Each of
the five treatments was replicated three times with
two vines per replicate. The clusters of ‘Flame Seed-
less’ grape were sprayed with 25 mg-dm® GAs,
10 mg-dm™ CPPU ((N-(2-chloro-4-pyridyl)-N’-phe-
nylurea, and 300 mg-dm* ABA solutions, alone or
in combination; GA; and CPPU were applied at the
BBCH 75 phase (berries diameter 7-8 mm) and ABA
at BBCH 81 phase (approximately when 10% of the
berries began to soften). Treatments were applied to
the clusters with a handheld sprayer until runoff.
Triton B at 0.05% was used as a surfactant agent.
Vine yield and initial harvest date

In the two seasons, clusters were harvested when con-
sidered to have surpassed the minimum market neces-
sities (commercially acceptable) of 16.5-18% total
soluble solids (TSS), 22:1 total soluble solids: titrata-
ble acidity ratio and complete red berry coloring. All
the harvested clusters were weighed (g) and the total
yield (kg per vine) was recorded. In addition, the in-
itial harvest date for each treatment was also recorded.
Physical and chemical characteristics

At harvest, a sample of 3 clusters for each repli-
cate was randomly picked in both seasons and
their average weights and lengths were determined.
All picked clusters per each replicate were fully
destemmed and a 100 berry sample was used to de-
termine berry weight utilizing a technical balance.
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An average of twenty berries from each sample were
collected and used to determine berry diameter (mm)
by a caliper. On the same berries’ sample, firmness
was measured using a penetrometer (Effegi, 48011
Alfonsine, Italy) with 3 mm diameter plunger. The
firmness of berries was expressed as N.

Another sample of 3 clusters was randomly
picked at harvest from each replicate. In the juice,
total soluble solids (TSS) percent were measured
as °Brix by a hand refractometer (ATC-1E, Atago,
Japan) and titratable acidity (TA) percent was deter-
mined by titration with 0.1 N NaOH according to
AOAC (1995). Berries’ skin color characteristics
(lightness — L*, chroma — C*, and hue angle — /°)
were determined on 3 points around the equator of
each berry by a Minolta Color meter (CR-200, Ja-
pan) (Peppi et al. 2006). Lightness (L*) represents
black to white from 0 to 100, chroma (C*) repre-
sents the purity of color, and hue angle (h°) refers to
the red, yellow, green, and blue colors. Ten berries
per each cluster were randomly collected and sepa-
rated from the pedicel and the berries’ skins were
manually separated from the fruit pulp. Anthocya-
nin was extracted from 0.1 g skin samples with
1.0% HCI-methanol overnight in the dark at room
temperature, and the absorbance of each sample was
measured at 525 nm by spectrophotometer. Read-
ings were expressed as mg 100 g FW cyanidin-3-
monoglucoside equivalent (Peppi 2004).

Shelf life

To demonstrate the effectiveness of treatments in
extending shelf-life and quality of grapes, a random
sample of four clusters per each replicate were indi-
vidually packaged in perforated plastic film bags
and stored at 20 °C (RH = 80-85%) for 7 days.
Berry firmness was measured using a penetrometer
as described above. Determinations were made with
10 berries for each replicate. Clusters were weighed
before placing into the bags (initial weight) and their
weights were recorded three times during the stor-
age period and expressed as a percentage of water
loss compared to initial weight. Berry shattering
(separation from a cluster) was determined for each
cluster by deducting the weights of detached berries
from the total cluster weight (Cantin et al. 2007) and
expressed as percentage. At the end of the storage
period, clusters were examined and berries that had

quality defects such as decay or shriveling were re-
moved and then weighed to obtain the percent of
commercially unmarketable berries.

Statistical analysis

Data of the experiments were tested for the effects
of treatments on the analyzed parameters by using
the one-way analysis of variance (ANOVA). Differ-
ences among treatments were separated and com-
pared using the Duncan’s test at probability level of
0.05 according to Snedecor and Cochran (1989).
The statistical analysis was performed using SPSS
software package (SPSS v. 18 PASW).

RESULTS

Vine yield

Results of both seasons (Table 1) showed a signifi-
cant increase in grapevine yield by all sprayed treat-
ments compared to the control. Combined treatment
of GAs+ CPPU resulted in significantly higher yield
value than GAs, CPPU, and GAz; + CPPU + ABA,
which did not significantly differ among each other.
Cluster and berry physical characteristics at harvest
In both seasons, a significant increase in the
weights and length of the clusters was recorded in
all treatments where plant growth regulators were
applied as compared to the control (Table 1). The
GAs + CPPU treatment resulted in a significantly
higher cluster weight than GAs, CPPU, and GA; +
CPPU + ABA treatments. The longest clusters were
recorded due to spraying GAs; and GAs; + CPPU in
the second season. In the meanwhile, GAs, CPPU,
and GAs; + CPPU + ABA treatments did not differ
among each other in their influence on cluster length
in the first season. Moreover, weight of 100 berries
also increased in all treatments where growth regu-
lators were applied in both seasons. Spraying with
CPPU, GA; + CPPU, and GA3 + CPPU + ABA
in the first season, increased berry weight when
compared with the control and GA; treatments, with
no significant difference among them were obtained.
While, in the second season, GAsz + CPPU treatment
caused significantly higher berries” weights than was
obtained in all other treatments with the growth reg-
ulators. Furthermore, spraying GAs + CPPU + ABA
had higher berry diameter values than spraying
GAs, CPPU, GAs+ CPPU and control in both seasons.
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The results of both seasons showed that the firmer
berries were recorded due to spraying with GAs or
CPPU and both of them compared to the control
and GAs; + CPPU + ABA treatment (Table 2). In
the first season, CPPU caused higher berry firm-
ness value followed by GA; + CPPU and GA..
Whereas, in the second season, there were no sig-
nificant differences among them for berry firmness.
Initial harvest date

Data in Table 2 show that GAs, CPPU and GAs +
CPPU delayed the initial harvest date in compari-
son with the control treatment, with the latest har-
vest date recorded in GAs + CPPU treatment fol-
lowed by CPPU then GAs. On the contrary, in both
seasons, an earlier harvest date was recorded by

spraying GAsz; + CPPU + ABA as compared to the
control.

Chemical characteristics

The effect of different treatments on the chemical
characteristics of the berries at harvest is shown in
Tables 2 and 3. A significant decrease in total sol-
uble solids (TSS) content was obtained in both sea-
sons, by using GAs, CPPU, and GA3; + CPPU com-
pared to the control and GA; + CPPU + ABA treat-
ments, which did not significantly differ between
each other. Berry acidity content (TA) was not af-
fected by any of the sprayed growth regulators in
the second season while in the first GA; + CPPU,
increased acidity (TA) as compared with the re-
maining treatments.

Table 1. Effect of the growth regulators on yield, cluster weight, cluster length, the weight of 100 berries, and berry
diameter of ‘Flame Seedless’ grape at harvest during 2016 and 2017 seasons

Yield per vine Cluster weight Cluster length Weight of 100 berries Berry diameter
(kg) () (cm) () (cm)
2016 2017 2016 2017 2016 2017 2016 2017 2016 2017
Control 9.240.5¢ 10.540.5¢ 183.0+1.4d 203+4.le 11.0+0.8b 12.0+0.2¢c 160+2.8c 170+5.7d 11.240.1d 11.2+0.1c
GAs3 12.1£1.1b 13.0£0.6bc 221.0+4.3c 289.3+6.2d 18.2+0.la 19.740.1a 210+5.7b 2254+2.8c 12.4+0.1c 12.8+0.1bc
CPPU 13.3£1.1ab 13.240.7ab 350.3+14.4b 350.242.8b 17.2+1.2a 18.2+0.4b 287+4.0a 300+2.8b 13.7+0.3b 12.7+0.3bc
GAs+CPPU 15.0£0.1a 16.0+1.1a 380.1+11.5a 393.0+1.2a 19.0+0.6a 19.9+0.3a 290+5.7a 320+2.8a 14.4+0.3b 14.140.2b

GAs+CPPU+ABA 14.0+0.0ab 13.1+0.5ab  331£8.6b 326.0+14.4c

18.0+0.2a 18.5+0.2b 280+11.5a 305+2.8b 16.0+0.5a 16.5+1.1a

Control (water); GAs, gibberellic acid; CPPU, forchlorfenuron; ABA, abscisic acid. Means in a column followed by a different

letter differ significantly at P = 0.05 by Duncan test
@ means of three replicates (each replicate = 2 vines) + SE

Table 2. Effect of the growth regulators on berry TSS, TA, firmness, and initial harvest of ‘Flame Seedless’ grape at

harvest during 2016 and 2017 seasons

Initial harvest days

TSS TA Firmness . .
Treatments %) %) N) comparing with the
control (days)

2016 2017 2016 2017 2016 2017 2016 2017
Control 19.7£0.11%a 19.2+0.17a 0.69+0.01b  0.70+0.01a 3.9+0.11c  3.2+0.30b zero zero
GAs 18.6+£0.18b 17.5£0.17b  0.71£0.00b 0.71+0.0l1a 4.5£0.28b  4.3£0.37a  +8+0.01  +7+0.01
CPPU 18.1£0.23b  17.1£0.23b  0.70+0.01b  0.70+0.01a  5.2+0.25a 4.5+0.28a +10+£0.01  +9+0.01
GAs+CPPU 18.2+0.17b 17.7+0.17b  0.74+0.01a 0.72+0.01a 4.9+0.08ab 4.3+0.18a +11+0.01 +10+0.01
GA3+CPPU+ABA  20.1£0.57a 19.0+0.31a 0.69+£0.01b  0.70+0.01a 3.8+0.11c  3.2+0.47b  —34+0.01  —5+0.01

Note: See Table 1
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Table 3. Effect of the growth regulators on lightness (L*), chroma (C*), hue (h®), and anthocyanin content of ‘Flame
Seedless’ grape skin at harvest during 2016 and 2017 seasons

Anthocyanin

Treatments (mg per 1.00 g fresh
weight)
2016 2017 2016 2017 2016 2017 2016 2017
Control 33.2+0.57¢ 34.3+0.57b 15.1+0.72a 13.2+0.69b 76.2+0.86c 75.5+0.40c 4.8+0.46a 5.1+0.50b
GAs 38.3£0.37b 39.1+0.37a 16.1+0.43a 16.2+0.38a 90.1+0.72a 89.1+0.25a 2.3+0.14b 3.940.05¢c
CPPU 39.1£0.54b  39.240.54a 16.3£0.51a 15.6+0.89a 89.5+0.51a 81.2+0.64b 2.0£0.27b 2.3+0.66d
GAs+CPPU 40.9+0.26a 39.6+0.26a 16.9+0.38a 16.0+0.50a 86.1+0.28b 90.1+0.40a 2.3+0.86b 3.5+0.12c
GAs+CPPU+ABA 31.2+0.37d 32.1£0.37¢ 13.2+0.49b 11.9+0.34a 40.2+0.69d 38.2+0.44d 6.5+1.15a 8.7+0.17a

Note: See Table 1

Table 4. Effect of the growth regulators on berries firmness (N), weight loss (%), shattering (%), and unmarketable
berries (%) of ‘Flame Seedless’ grape after 7 days at 20 °C (RH = 80-85%) during 2016 and 2017 seasons

Treatments Firmness (N) Weight loss (%) Shattering (%) Unmarketable berries (%)
2016 2017 2016 2017 2016 2017 2016 2017
Control 3.0£0.57% 3.0+0.05b  6.5£0.28a 7.4+0.23a 25.3+0.49a 29.5+0.86a 7.5+0.28a  9.6+0.51a
GAs 4.0£0.57a  4.0+0.02a  4.5£0.28bc 4.9+0.23b 10.2+0.11c  12.3+0.40c  2.9+0.34c 3.0+0.57b
CPPU 4.1+0.57a  4.1+0.54a  5.3#0.17b  5.1+0.23b  10.5+0.57c 11.8+0.46¢c 3.6+0.51bc  3.5+0.28b
GAs+CPPU 4.2+0.40a 3.9+0.06a 3.2+0.46d 3.7£0.17¢  9.5+0.28c 10.5+£0.86c 2.5£0.28 ¢ 3.2+0.0b
GA3+CPPU+ABA 3.0+£0.57a 2.8+0.11b 4.3£0.17¢c  5.3+0.40b 15.5+0.28b 18.1+1.12b 4.6+0.23b  4.1+0.11b

Note: See Table 1

In terms of colorimetric parameter in both sea-
sons, the data in Table 3 show that berries sprayed
with GAs;, CPPU, and GA; + CPPU had signifi-
cantly higher lightness (L*), saturation (C*), and
hue (%°) values compared to the control and GA; +
CPPU + ABA. Among GAs, CPPU, and GA;s +
CPPU treatments, there was no significant differ-
ences except GAs + CPPU treatment with L* and #°
in the first season and CPPU treatment with 4° in
the second season. GA; + CPPU+ ABA treatment
had significantly the lowest lightness (L*), satura-
tion (C*), and hue (%°) values compared to the other
treatments and control. A significant decrease in an-
thocyanin content was recorded in the result of
spraying with GAs, CPPU, and GAs + CPPU com-
pared to the control treatment and GAs + CPPU+
ABA in both seasons (Table 3).

Shelf life

In the first season, firmness after the storage was
not affected due to application of growth regulators,
and in the second season, spraying with GAs, CPPU,
GA; + CPPU kept firmness of berries above the control

and GA; + CPPU + ABA treatment. All applied
growth regulators reduced weight loss, berry shat-
tering, and decreased unmarketable berries’ per-
centages as compared to the control (Table 4).

DISCUSSION

Coinciding increase in the yield of the grape-
vines by different GA; and CPPU treatments was
reported earlier (Zoffoli et al. 2009; Al-Obeed
2011; Dimovska et al. 2011; Abu-Zahra & Sala-
meh 2012). Strydom (2013) showed an increase in
the vyield of grapevines Seedless’,
‘Redglobe’, and ‘Crimson Seedless’ by spraying
with CPPU. The role of pre-harvest application of
GA; + CPPU in increasing fruit yield was previ-
ously stated in mango and grapes (Notodimedjo
2000; Han & Lee 2004).

Plant growth regulators, especially GAz; and
CPPU are frequently applied at low concentrations
to seedless table grape cultivars in order to increase
berry and cluster weight (Zabadal & Bukovac 2006;

‘Flame
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Han & Lee 2004; Retamales et al. 1995; Notodime-
djo 2000; Lee & Han 2001; Du Plessis 2008; Zoffoli
et al. 2009; Gholami et al. 2010). Grapevines are
commonly treated from flowering to fruit stage with
GA; and CPPU to extend the flowering period and
increase cluster weight and length (Li et al. 2015).
The effect of GAs on stimulating cell division and
cell expansion, and on increasing fruits size was
previously reported (Liu et al. 2006; Valero 2010;
Raath 2012). GA; is also reported to stimulate
growth by promoting plasticity of the cell walls and
the hydrolysis of starch into sugars that reduces the
cells’ water potential, inducing the entry of water
into the cells and causing elongation and expansion
(Marini 2006). CPPU has been revealed to induce
both division and elongation of cells, which in-
creases berry size when applied after fruit set to ber-
ries (Dokoozlian 2000). The combined treatment of
GA:; and CPPU increased the clusters and berries’
weight more than GAs or CPPU alone, suggesting
the synergistic effect between cytokinin and gibber-
ellin. This result goes in line with those of Zoffoli et
al. (2009), Ferraraetal. (2014), and Xu et al. (2019).

In this study, decrease in berry firmness was
evident in grapes subjected to GA; + CPPU + ABA
treatment in both seasons. ABA application may
negatively affect berries’ firmness, a critical charac-
teristic for the profitable postharvest handling of
grapes for the fresh market because it affects shelf
life and transportability (Batista et al. 2015). ABA
application is well known to cause decrease and loos-
ening rigidity of the cell wall, leading to fruit soften-
ing and berries’ cracking (Thomas et al. 2008; Gam-
betta et al. 2010). Treatment of grapes with ABA can
result in the induction of cell wall degrading genes,
as polygalacturonases that promote pectin depoly-
merization and solubilization (Koyama et al. 2010).
Such an effect of ABA on grape firmness was also
recorded in ‘Flame Seedless’, (Peppi et al. 2006) in
‘Red Globe’ (Peppi et al. 2007), and ‘Crimson Seed-
less’ (Lurie et al. 2010) grapes, where it induced sof-

tening similar to that caused by ethephon applications.

Our results concerning berry firmness are con-
sistent with the results from the previous work on
other cultivars. Ben-Arie et al. (1998) found that GAs
in combination with CPPU increased berry firm-
ness of ‘Superior Seedless’ grape. Melillo (2005)

and Avenant and Avenant (2006) found that
‘Redglobe’ berry firmness increased when CPPU
was applied at veraison stage, and Peppi and Fideli-
bus (2008) reported a linear increase in ‘Flame
Seedless’ berry firmness with CPPU at various con-
centrations. The increase in berries firmness by
GAs and CPPU application could be attributed to
their influence on delaying or reducing different
phases of ripening (softening). Moreover, applica-
tion of GA; and CPPU leads to delay senescence
(Abeles et al. 1992). Besides, the lowest TSS, in-
creased firmness, and delay of color development
may be a result of the role of GAz and CPPU in de-
laying berry maturation (Zabadal & Bukovac 2006).
GA; application should determine a reduction of sugar
accumulation because of the occurrence of larger
berry size (Crupi et al. 2016). On the contrary, gir-
dling either alone or in combination with GAs;
caused an increment of TSS in mature grapes as
found by Abu-Zahra and Salameh (2012).

Fruit color is an important factor in determining
fruit marketability, along with total soluble solids
(TSS) and titratable acidity (TA). Lowered TSS con-
tent, increased TA (Zoffoli et al. 2009) and lowered
anthocyanin concentration (Peppi & Fidelibus 2008)
due to GAs and CPPU were confirmed in this study.
Increased TA is related to a delay in harvest date. The
reduction of sugar accumulation as a result of GAsap-
plication may be connected with the higher berry size
(Crupi et al. 2016). However, according to the ma-
turity indices of the UNECE (2011), a minimum
value of 16°Brix is required for ‘Flame Seedless’ and,
in this study, GAs; and CPPU resulted in a TSS of
18°Brix and higher. GAz and CPPU delay fruit ma-
turity because of lower TSS, pH and slower color ac-
cumulation (Ben-Arie et al. 1998 and Du Plessis
2008). For example, 3 mg-dm® CPPU, applied to
‘Crimson Seedless’ at 6 to 10 mm berry diameter, re-
sulted in increased TA but lower anthocyanin concen-
trations (Strydom 2013). In this study, exogenous ap-
plication of ABA enhances the color of grapes by im-
proving the anthocyanin synthesis and accumulation
in the berries’ skin (Cantin et al. 2007 and Koyama et
al. 2018). Consistent with the results obtained for
‘Flame Seedless’ grapes, anthocyanin concentra-
tions increased with the application of 300 mg-dm
ABA during veraison stage (Peppi et al. 2006).
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In addition, Koyama et al. (2018) reported that ap-
plication of ABA 400 mg-dm resulted in a higher
accumulation of the individual anthocyanins and to-
tal anthocyanins. Moreover, in our experiment, an-
thocyanin content was considerably increased by
GAz + CPPU + ABA treatment. Han and Lee (2004)
reported that ABA added to GA; and CPPU in-
creased anthocyanin content more than two-fold as
compared to the control. The decrease of anthocyanin
content by GA; and/or CPPU could be the result of
their effect on phenylalanine ammonia-lyase (PAL)
activity, which is considered as the key enzyme in
the synthesis of anthocyanin (Lee et al. 1996). ABA
plays an important role in stimulating the enzyme.
In this study, the initial harvest date is generally de-
layed approximately by 10 days by GAs;, CPPU, and
GAz + CPPU treatments. However, a sufficient
color and TSS contents were developed (Retamales
et al. 1995; Du Plessis 2008). Exogenous ABA ap-
plication has the potential to decrease the time to
harvest, which is advantageous for the marketing of
grapes (Cantin et al. 2007; Ferrara et al. 2015).

The increase in the keeping quality of the ber-
ries during the shelf life obtained in the current study
might be interpreted by the positive influence of the
GA;z and CPPU in increasing fruit firmness, reducing
weight loss, and delaying ripening (EI-Otmani &
Coggins 1991; Ben-Avrie et al. 1998; Tumminelli et
al. 2005; Samara et al. 2007). The delay may also be
the main reason for the greater firmness and decrease
in the shattering percentage of the berries. Moreover,
this result could be attributed to the alterations in
cluster and berries’ anatomy. According to Ben-Arie
et al. (1998), the increase in the rachis weight was
a result of an increased thickness of the pedicels,
subsequently reinforcing the attachment of the ber-
ries and lessening the percentage of shattering.

CONCLUSION

The combined use of GA; at 25 mg-dm™ and
CPPU at 10 mg-dm™ was effective to improve the
berry size and fruit quality of ‘Flame Seedless’ grape,
although they had a negative impact on coloration.
This problem may be overcome by using the appli-
cation of exogenous ABA at 300 mg-dm™ at BBCH-
81 phase. Moreover, pre-harvest application of GAz

and CPPU at the early stages of fruit enlargement
had a positive influence on increasing the yield and
improving the berry and cluster physical character-
istics, as well as extending the shelf life.
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