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Abstract: The present study was carried out during 2009 and 2010 seasons under aird environmental at the
Research and Agricultural Experimental Station, King Saud University, Riyadh Saudi, Arabia in order to study
the  effect of putrescine (Put), gibberellic acid (GA ), Ascorbic acid (AA), Ethrel (Eth), salicylic acid (SA),3

cytofex (CPPU) and calcium chloride (CaCl ) at two stages of berry development pea stage (5 - 7 mm fruitlet2

diameter) and veraison stage (when approximately 10% of the berries on 50% of the clusters had softened and
red color) on yield and fruit postharvest physico-chemical quality characters at commercial harvest day of ten
years old Flame seedless grapevine cultivar. Vine yield increased by spraying Put, GA , SA, CaCl  and CPPU.3 2

Berry weight, length and width increased by Put, GA  and CPPU application. Berry firmness and adherence3

strength were increased by all sprayed substances, except AA and Eth. The berries quality grade (marketable)
increased  by  all  sprayed  compounds  except AA. On the other side, the Eth decreased the harvest period.
The Put, GA  and CPPU treatments increased berries acidity percent as well as they extended the harvest period3

as compared with Eht. In general all sprayed compounds improved cluster and berry physic-chemical characters.
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INTRODUCTION used definition of plant hormone, simply states that it is

Grape vine (Vitis vinifera L.) is considered one of the physiological processes at concentrations far below those
most popular and common fruits in the world. In Saudi where either nutrients or vitamins would affect those
Arabia, the area of grape vines is recently increasing as it processes. Compounds such as gibberellins, polyamines,
reached 11675 hectares which produce 144430 tons ethylene and salicylic acid meet these qualifying criteria
according to the FAO [1]. The market value of grape for a plant hormone [3]. Accordingly, the exogenous
‘Flame seedless’, which is one of the most popular application of various plant growth regulators different
cultivars of table grapes in Saudi Arabia, is dependant stages of developing fruits and, endogenous
upon its desirable appearance (homogeneity of the red quantifications  have  highlighted their importance for
color and berry and cluster size and shape). Grapes are fruit development and quality characteristics [4].
highly perishable non-climacteric fruits and, their fruit Gebberellic acid and ethylene have a great influence on
quality characteristics (size and color) are influenced by fruit maturing and ripening [5-7]. Lurie et al. [7] reported
many  abiotic  factors such as, temperature. Therefore, that the ‘Crimson Seedless’ is a high quality, red, table
any  efforts  that could be done to maintain the grape grape cultivar, which may fail to develop adequate red
fruits with high quality characteristics such as berry size, colour in warm climates. In addition, most clusters contain
firmness, color intensity and cluster uniformity after some green berries when the rest of the cluster has
harvest  and during marketing, would be very important become red. Ethephon enhanced berry coloration to a
for the Flame seedless producers in order to meet better lesser extent. Ripeness attributes (soluble solids content,
marketing quality. titratable acidity, firmness and berry size) were not

The discovery of plant growth regulators and their affected by ethephon. Dal Ri et al. [8] reported that the
ability to regulate all aspects of growth and development evidence is compelling that ethylene plays a role in
were defining moments in horticulture [2]. The commonly grapevine berry ripening and some of the related

a natural compound in plants with an ability to affect
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processes such as anthocyanin accumulation and berry respectively. Also, one kg ammonium sulphate (20.6% N)
size  and  TSS [9]. An endogenous ethylene peak has
been observed in ‘Cabernet Sauvignon’ grape just before
véraison and treatments with exogenous ethylene were
shown to influence the onset of ripening and some of the
related processes such as anthocyanin accumulation.
Putrescine are purported to be involved in stress
tolerance, cell division and morphogenesis [10]. They
have demonstrated their funactions in delaying maturing
and ripening in grapes [11] by reducing softening [12].
They  were  also  reported  to increase fruit set and yield
of different fruit species [13, 14]. Salicylic acid is one of
the phenolic compounds group, that are proven to be
important in secondary metabolites in grape berries and
play an essential role in determining grape berry quality
[15]. Another compound which is reported to play an
important role in improving growth and productivity of
fruits is the ascorbic acid, which is a natural organic
antioxidant [16]. In addition to the mentioned compounds,
several studies have recorded the important role of pre
and postharvest applications of calcium in improving fruit
quality parameters especially firmness in many fruit
species [17-19].

The present study was undertaken during 2009 and
2010 in order to investigate the effect of preharvest foliar
applications of Calcium chloride, Ascorbic acid, Salicylic
acid, Ethephon, Gibberellic acid, Cytofex and Putrescine,
on the yield and fruit physico-chemical characteristics of
Flame seedless grapevine under aird environmental
contain at the Research and Agricultural Experimental
Station, King Saud University, Riyadh Saudi, Arabia.

MATERIALS AND METHODS

Plant  Materials,  Experimental Site and Treatments:
This study was carried out during the two successive
seasons, 2009 and 2010 at the Research and Agricultural
Experimental Station in Dirab, Saudi Arabia, on ten years
old, uniform, Flame seedless grapes (Vitis vinifera L.),
grown under aird environmental conditions, in a sandy
loam soil and irrigated with treated domestic by flooding
irrigation system. The grapevines were planted at 1.5×3 m
spacing and pruned by retaining a maximum of 35-40
nodes/vine. Vines were trained to the corton system.
(Trellised on four stories cross arm system, pruned to
approximate  3-5  nodes  fruiting spure in a telephone
trellis system). In November of both years vines were
fertilized with organic manure (2.5% N) and calcium super
phosphate (15% P O ) at a rate of 10 and 1.5  kg  per  tree,2 2

and 1.5 kg potassium sulphate (48% K O) per tree were2

added in three equal doses, at the beginning of March,
April and May. The experiment was designed as
randomised complete design (RCD) and the following
eight foliar spray treatments was applied with three
replicates for each treatment (1 replicate = 2 vines):

Control (water only).
Calcium chloride (CaCL ) as 1 m/L.2

Ascorbic acid (AA) as 500 ppm.
Salicylic acid (SA) as 100 ppm.
Ethrel (Eth) as 150 ppm.
Gibberellic acid (GA ) as 25 ppm.3

Cytofex (CPPU) as 5 ppm. 
Putrescine (Put) as 8 mM.

All chemical two sprayed of berry development, pea
stage (5-7 mm fruitlet diameter) and at veraison stage
(when approximately 10 % of the berries on 50 % of the
clusters had softened and red color). The surfactant
Nourfilm  (produced  by  Alam  Chemica)  at  the  rate  of
40 cm/100 L water was added to all sprayed chemicals in
order to obtain best penetration results. The chemicals
were applied directly to the clusters with a handheld
sprayer until runoff. The solutions were sprayed once in
the early morning. Plastic shields prevented overspray or
runoff from contacting other clusters. In both seasons,
clusters from each vine were harvested after most (60%)
of the fruits were considered to have exceeded the
minimum market requirements of 16.5- 18 % total soluble
solids 22:1 total soluble solids:titratable acidity ratio and
full red berry color. Only commercially acceptable clusters
were harvested on any date, so plots were harvested two
or more times during the harvest season. At every harvest
date all the harvested clusters were counted and weighed
and  then  each cluster was inspected and berries that
were green-colored, or had other quality defects, were
removed with shears and discarded. The cleaned clusters
were packed in boxes that included liners. As well as, the
average harvest period (days after first to final harvest)
and dates for every treatment were recorded. The boxes
transported  immediately to the laboratory to determine
the berries physical and chemical quality characteristics
as follow:

Fruit  Physical Characters: At harvest day, a sample of
3 clusters for each replicate was randomly collected in
both seasons and the following cluster and berry
characteristics were estimated:
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Average cluster weight (g), length and width (cm). separated and compared using the honest significant
Cluster shape index (cluster length/cluster width). differences (HSD) at 0.05 level of significance according
Average of 100 berries weight (g) and juice volume to Snedecor and Cochran [22]. The statistical analysis was
(ml). performed using Statistical Analysis System (SAS,).
Berry length and width (cm).
Berry shape index (berry length / berry width). RESULTS AND DISCUSSION
Berry firmness and berry adherence strength
(separation force) were recorded by using a texture Vine Yield and Cluster Physical Characteristics: Data of
analyzer  instrument  (Fruit  Hardness Tester, No. both seasons presented in Table 1 indicated that vine
510-1) as a small cylinder (3 mm in diameter) yield increased significantly by spraying calcium chloride,
penetrates into a distance of 3 mm inside the berry salicylic acid, ethrel, gibberellic, cytofex and putrescine as
with a speed of 0.2 mm/second, then the resistance of compared with the control or the ascorbic acid during
berry to this penetration force was recorded and both seasons. The calcium chloride and putrescine had
taken as an expression of berry firmness (g / cm  and similar and significantly lower yield than ethrel, salicylic2)

adherence strength (g). acid gibberellic acid and cytofex. Likewise, ethrel and
At every harvest day, the quality grade (overall salicylic acid had similar and significantly lower than
visual appearance of the grape clusters) was rated gibberellic acid and cytofex, which did not significantly
according to the following scale: (1) excellent, (2) differ from each other. At the same time, a significant
acceptable, or (3) commercially unacceptable. increase in cluster weight was obtained in both seasons
Packed grapes percent in the first harvest day= by all different foliar application substances (except
[Average of clusters weight at first harvest day/ total ascorbic acid) during both seasons as compared with the
yield per treatment] x 100. vine control. The Put, Eth, SA and CaCL had similar and

Fruit  Chemical  Characters:  At harvest day a sample of cytofex was higher than gibberellic and in cluster weight.
three clusters was randomly collected from each replicate Additionally, longer clusters than the control were
in both seasons. The percentage of total soluble solids obtained by all sprayed substances (except the AA in
(TSS) in the juice was measured a hand refractometer both seasons and SA, in the first season). There were no
(A.S.T., Japan), acidity in the juice as tartaric acid was significant differences between putrescine, ethrel and
determined by titration with 0.1 N NaOH, fruit total sugars calcium chloride on one hand and between GA  and CPPU
content according to AOAC [20] and maturity index was on the other hand. Cytofex and gibberellic, during both
defined as the TSS/acidity ratio was estimated in frech seasons, gave a longer cluster length as compared with
weight. Anthocyanin content in 1 g fruit peel tissue was other treatments. Cluster width was increased by using
determined according to Fuleki and Francis [21]. GA , CPPU or Put in both seasons as compared with the

Statistical Analysis: All data were tested for treatments differ from each other. Also, cluster shape was increased
effect on analyzed parameters by the one-way analysis of by using GA , CPPU or Put, in both years, Put and Eth, in
variance  (ANOVA)   technique.  Treatments  means  were the second season as compared with the control (Table 1).

2

significantly lower yield than GA  and CPPU, where the3

3

3

non sprayed control vines, which did not significantly

3

Table 1: Effect of foliar application substances on cluster weight, length, width and shape of Flame seedless grapes at harvest during 2009 and 2010 seasons.
Yield Kg/vine Cluster weight (g) Cluster length (cm) Cluster width (cm) Cluster shape  index
---------------------- ----------------------- ----------------------- ----------------------- -----------------------

Treatments 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010
Control 4.2 3.2 139 152 9.7 10.7 6.3 6.5 1.54 1.65
CaCL 5.2 4.4 158 171 15.3 16.8 6.8 7.4 2.25 2.202

AA 4.4 3.1 142 156 12.2 15.3 6.7 7.4 1.82 2.07
SA 6.5 6.0 153 166 12.6 16.1 7.1 7.7 1.77 2.09
Eth 6.6 6.0 158 170 15.7 18.5 7.4 7.8 2.12 2.37
GA 7.6 7.0 171 189 21.2 21.7 8.8 8.4 2.41 2.593

CPPU 7.4 7.1 186 213 20.8 21.8 8.3 8.6 2.51 2.53
Put 5.8 5.1 162 178 17.8 18.6 7.6 8.1 2.34 2.30
H.S.D.0.05 0.7 0.9 11 13 5.1 4.8 1.2 1.6 0.80 0.62
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Table 2: Effect of foliar application substances on weight and juice volume of 100 berries and berry length, width, shape and firmness of Flame seedless grape
at harvest during 2009 and 2010 seasons

Weight of 100 berries (g) Juice volume of 100 berries (ml) Berry length (cm) Berry width (cm) Berry shape index Firmness (g/cm )2

------------------------------ -------------------------------------- -------------------- -------------------- ------------------- -------------------
Treatments 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010

Control 122 132 90 98 1.2 1.2 1.2 1.2 1.00 1.00 178 186
CaCL 141 153 104 114 1.4 1.5 1.3 1.4 1.08 1.07 214 2202

AA 135 134 98 102 1.2 1.3 1.2 1.3 1.00 1.00 194 189
SA 137 140 99 104 1.3 1.3 1.3 1.3 1.00 1.00 212 217
Eth 149 158 112 121 1.4 1.4 1.4 1.4 1.00 1.00 180 181
GA 165 174 132 138 1.7 1.7 1.5 1.6 1.13 1.06 235 2463

CPPU 174 181 136 141 1.8 1.9 1.6 1.7 1.13 1.12 229 248
Put 151 160 115 123 1.5 1.5 1.3 1.4 1.15 1.07 218 212
H.S.D. 0.05 17 19 12 10 0.2 0.2 0.2 0.2 0.07 0.04 18 23

Similar increase in grape vine yield by different gibberellic berry firmness. The above results go on line with those
acid sprays was reported by Rizk-Alla and Meshrake [5], obtained by Rizk-Alla and Meshrake [5], Rizk-Alla et al.
Marzouk  and  Kassem  [23],  Mohsen [24] and. Also, [17], Notodimedjo [26] and Gholami et al. [27]. The direct
Rizk-Alla et al. [17] reported an increase in Thompson effect  of gibberellic acid and putrescine on stimulating
seedless grape vine by spraying CPPU. Furthermore, the cell division and cell enlargement and increasing fruit size
role of  exogenous  applied  polyamines  in  increasing is previously indicated by Davies [3], Fraga [28], Liu et al.
tree yield was also reported by Ponce et al. [11] Costa and [29] and Valero [30]. In addition, gibberellic acid also
Bagni [13] and Crisosto [14]. The increase in yield promoted the growth by increasing plasticity of the cell
obtained by the mentioned substances might be due to wall followed by the hydrolysis of starch into sugars
that they also increased berry and cluster weight in the which reduced the cell water potential, resulting in the
present study. Mir et al. [25] reported that application the entry of water into the cell and causing elongation [30].
ethrel  increased yield, dry matter, photosynthesis rate Ascorbic acid occurs in all cell compartments, including
and may  therefore constitute a potential management the cell wall; it has a proposed function in photosynthesis
tool for increasing cluster weight and size. as an enzyme factor in controlling cell division, expansion

Berry Physical Characteristics: The effect of the size by preharvest ethrel spray was previously mentioned
different treatments on berry physical characteristics is by  Amiri  et al.   [9]   on   Beidaneh   Ghermez  grape.
presented  in  Table  2. The weight and juice volume of Atta-Aly et al. [32] mentioned that early application of
100 berries increased in both seasons by all spraying ethrel  regulates  fruit transmission from cell division to
treatments (except AA and SA) as compared with the cell  enlargement  leading  to an increase in size and
control. The GA  and CPPU had similar and significantly weight of fruits. Ethylene enhances fruit ripening and3

higher weight and juice volume of 100 berries than CaCL accelerates fruit softening. Davies [3], Ji-Hong et al. [10],2,

Put and Eth, which did not significantly differ from each Valero [30], Ben-Arie et al. [33] and Valero et al. [34]
other. A significant increase in berry length and width reported  that  the  increase  in  berry  firmness by GA ,
was obtained by spraying CPPU, Put, GA , Eth and CaCL Put and SA application could be attributed to their3 2

in both seasons. The GA3 and CPPU gave the highest influence on inhibiting ethylene biosynthesis and thus
values of the average weight and volume as compared producing firmer fruits. At the same time, putrescine
with all other treatments in both seasons. The CPPU, GA application  lead to changes in cell wall stability,3,

CaCL  and Put spray increased berry shape index in both Messiaen et al. [35], Martinez-Romero et al. [36] and2

seasons in comparison with the control in both years of Perez-Vicente  et al. [37] indicated that the inhibition of
study.  Firmer  berries were obtained by spraying Put, the action of polygalacturonase and pectin methyl
GA , CPPU and CaCl  in both seasons compared to the esterase involved in softening and also cross-link pectic3 2

Eth, AA and control. Furthermore no significant substances in the cell wall, producing rigidification and
differences between AA, Eth and control on one hand increasing fruit firmness. In addition, as a constituent of
and Put, GA  and CaCL on the other hand. The GA  and the cell wall, calcium plays an important role in forming3 2 3

CPPU were similar and higher than the other treatments in cross-bridges  which   influence   cell   wall   strength  [38].

and  cell  growth.  Similar  increase in berry weight and

3
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Table 3: Effect of foliar application substances on berry TSS, acidity anthocyanin and total sugars of Flame seedless grape at harvest date during 2009 and
2010 seasons

TSS (%) Acidity (%) Maturity index Total sugars (%) Anthocyanin (mg/100g fresh weight)
--------------------- --------------------- -------------------- -------------------- -----------------------------------------------

Treatments 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010

Control 19.4 18.7 0.60 0.60 32.3 31.2 17.7 16.9 32 35
CaCL 22.4 22.8 0.60 0.60 37.3 38.0 19.8 19.8 43 492

AA 21.9 20.3 0.60 0.60 36.5 33.8 18.1 18.4 33 38
SA 22.3 21.9 0.61 0.59 36.6 37.1 19.6 19.4 44 48
Eth 25.0 24.7 0.53 0.53 47.2 46.6 19.3 19.6 54 50
GA 22.4 21.8 0. 76 0.80 29.5 27.3 19.9 20.0 30 323

CPPU 22.2 22.3 0.77 0.79 28.8 28.2 19.0 19.2 26 31
Put 22.9 21.1 0.63 0.66 36.3 32.0 19.1 19.3 32 28
H.S.D.0.05 2.6 1.7 0.04 0.05 3.0 2.8 3.2 2.0 6 9

Table 4: Effect of foliar application substances on berry firmness, unmarketable, color and adherence strength of Flame seedless grape at harvest date during
and 2010 seasons

Quality grade Berry adherence strength (g) Harvest period (day) Initial harvest days over the control (days) Packed grapes %
----------------- ---------------------------------- ------------------------ ---------------------------------------------------- ---------------------

Treatments 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010

Control 1.7 2.0 288 266 25 27 Zero Zero 42.4 40.1
CaCL 2.7 2.6 376 362 13 14 -4 -6 60.3 56.92

AA 2.0 2.2 300 281 22 23 +2 +3 54.7 58.4
SA 2.6 3.0 316 315 18 21 +7 +8 60.6 64.6
Eth 2.8 3.0 279 275 8 7 -10 -12 84.9 90.4
GA 2.7 2.9 364 377 19 21 +7 +8 76.4 79.83

CPPU 2.9 2.7 378 363 23 24 +10 +10 73.4 68.4
Put 2.4 2.8 329 318 17 21 +9 +7 78.9 73.8
H.S.D.0.05 0.7 0.5 27 21 4 6 - - 18.3 23.8

Exogenous applied calcium stabilizes the plant cell wall Berry  total  sugars content was increased by spraying
and protects it from cell wall degrading enzymes which SA, Eth, GA , CaCl  Put and CPPU in both seasons.
have major influences on firmness [39]. Similar influence Furthermore,  data  of  both  seasons indicated a
of polyamines leading to rigidification of cell wall was also significant  increase  in  anthocyanin   content   by  SA,
reported by Valero [40]. Eth and CaCl  sprays. Ethylene plays a role in grapevine

Chemical Characteristics: The effect of the different just  before  veraison  and  some  of   the  related
treatments on berry chemical characteristics is presented processes such as anthocyanin accumulation [8] and
in Table 3. A significant increase in TSS content was increased  in  berry  TSS  [9].  These findings are
obtained in both seasons, by using Eth, Put, GA , SA, agreement with those obtained results in the present3

CaCl and CPPU sprays as compared with the control, study as ethrel spray decreased berry acidity and2

which did not significantly differ from each other. Fruit increased berries maturity index and TSS. On the other
acidity content was higher than the control by most hand, substances such as GA , Put and CPPU had inverse
sprayed substances with a significant increase in acidity effect on fruit maturity and ripening as they increased
was obtained by spraying CPPU and GA  in both seasons acidity content. Salicylic acid, is one of the phenolic3

and Put in the second one as compared with the control. compounds group, that are proven to be important in
On the other hand, Eth spray resulted in lower acidity secondary metabolites in grape berries and play an
content than the control. essential role in determining grape berry quality as well as

A significant decrease in fruit maturity index was berries characteristics such as colour, flavour, astringency
obtained by spraying CPPU and GA , while, spraying and bitterness [15].3

ethrel, calcium chloride and salicylic acid increased the The  influence  of polyamines in delaying maturing
maturity index compared to the control in both seasons. and ripening in grapes by reducing fruit softening and

3 2,

2

berry  ripening  and  an  increase  in  ethylene  content

3
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decreasing   the   ratio  TSS/acidity  is  previously Furthermore, Put, CPPU, SA and GA  treatments
reported by Ponce et al. [11] and Mirdehghan et al. [12].
Also, Ji-Hong et al. [10] and Valero et al. [34]
demonstrated the effect of exogenous applied polyamines
on fruit quality, with emphasis on fruit firmness, weight
loss, ethylene evolution and titrable acids, as well as
retarding colour change, they play an inhibitory role on
ethylene production through inhibition of ACC
synthesase and ACC oxidase, thus delaying ethylene
emission.

Berry Adherence Strength, Quality Grade and Harvest
Properties: Data in Table 4 showed that the quality grade
of berries was higher with CaCl , SA, Eth, GA , CPPU and2 3

Put compared with the control, which did not significantly
differ  from each other in both seasons. Likewise, the
berry adherence strength was higher than the control by
all sprayed compounds except ethrel and AA in both
years. The CaCl , GA  and CPPU treatments were similar2 3

and significantly higher quality grade than all other
treatments in both seasons. No significant differences
between AA, Eth and control in their berry adherence
strength. As for, the harvest period data of both seasons
showed that the clusters of grapes attained harvested
between 20 May and 15 July, depending on the treatments
they received. Grapes treated with ethrel spray gave a
shorter harvest period during both seasons as compared
with the control and all other sprayed substances
followed by CaCl  and then SA. No significant differences2

between  AA,  CPPU  and the control and between Put
and GA . Grapes treated with ethrel colures quickly and3

thus were harvestable about 10-12 days earlier than
untreated grapes and 17-20 and 20-22 days earlier than
grapes treated with gibberellic and CPPU, respectively
(Table 4). On average, grapes treated with gibberellic and
cytofex colored slowly and thus were harvestable about
8-10 days late than the control. On average, grapes treated
with CPPU were harvestable at about the same time as
grapes treated with GA , SA or Put and grapes treated3

with CaCL  were harvestable about 4-6 days before2

nontreated grapes. The packed grapes percent
(homogeneity of ripening) were doubled the percentage
of packable fruit by Eth, GA3, Put CPPU and by improving
the proportion of fruit that were well colored. Ethylene is
known as the ripening hormone [7]. Grape berries are
classified as non-climacteric fruit, however, they respond
to exogenous ethylene treatments in the field or after
harvest [41]. Therefore, spraying Eth at veraison stage in
the present study would increase ethylene content in the
fruit, accelerate fruit maturing and ripening processes and
thus, advance the harvest date.

3

extended the harvest period. This might be attributed to
their inhibiting effect on ethylene production, thus
retarding fruit maturity and ripening processes [3, 42].

CONCLUSION

From the obtained results it could be concluded that
the any agrochemicals foliar application increased Flame
seedless grape yield, quality as well as extending its
harvest season, except Ethrel, which showed shorter
harvest period.
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