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Abstract: A  field  experiment  was  performed  during  the  seasons 2019 and 2020, to evaluate the effect of
post-veraison regulated deficit irrigation (RDI), Gibberellic acid and defoliation on cracking phenomena of the
seedless table grape ‘Autumn Royal’. Two irrigation treatments at 60% and 80% were applied post-veraison,
GA at 20 mg/L, defoliation at veraison four basal leaves (2 leaves below +2 leaves above the cluster) and a3

control treatment irrigated at 100% of the net irrigation requirements about 3620 m /fed. Results showed that3

average yield was higher in RDI treatment in at 80% with a water saving in 20% than the control. In addition,
berry cracking was less than 10% in RDI at 80% followed by 60%. However, similar yield values were obtained
from full irrigation at 100 %, GA  and defoliation treatments with no significant differences between them but3

after eliminating the cracked berry, the net yield was significantly higher than the control. This result suggests
that the change in irrigated water amount could have a beneficial effect on berry cracking due to the change
in vine canopy microclimate through limiting vegetative growth of vines that enhancing light penetration in the
vines.
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INTRODUCTION enlargement. The veraison takes place in this stage when

Autumn  Royal  is  a  seedless  table  grape cultivar result of cell enlargement being arrested and the
with  a  big  berry,  purple-black to black in color with a interaction with environmental conditions. Irrigation may
high commercial value, which matures at the last of play a role in berry cracking. Initial research suggested
August. This cultivar is susceptible to berry cracking, that heavy irrigation resulted in berry cracking. It is widely
which  is  a  serious  problem  because it increases the known that the internal pressure on berries increases after
labor required since the clusters need to be cleaned irrigation [1]. 
during the maturation phase until the harvest. Berries Another problem in this cultivar is the weak
crack some years and others they progress without any attachment of the berries to the rachis, so clusters must be
cracks. very carefully handled in order to avoid the berry

Berry development has three distinct growth phases: loosening [2].
After pollination, grape berry growth is rapid and  lasts for In vineyards, RDI techniques have been used by
3 to 4 weeks. The second  phase  of  berry  development applying a reduction in irrigation in the phase of
is a lag phase of growth where berries begin to lose maturation in order to maintain yield and improve  the
chlorophyll and the berries remain very firm. It lasts juice quality [3]. However, El-Ansari et al. [4] results
between 2 to 3 weeks. The third stage is characterized by showed that the severe RDI decreased firmness and
a period of berry’s rapid growth. At this stage the berries acidity and increased total soluble solids of the berries
begin to soften and sugars accumulate while organic when studying the effects of post-veraison RDI on
acids decline. Berry growth occurs only by cell ‘Muscat of Alexandria’ grape cultivar quality.

the berry cracking occurs. It is believed that it was the
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During fruit development, early stage water deficits City, 30° 22' 30" N and 30° 30' 1" E, where this area is
after flowering and before veraison result in smaller characterized by hot to moderate climate. Four year-old
berries and reduced yields [5]. Furthermore, deterioration seedless table grape “Autumn Royal” spaced 2 x 3 m
of quality in terms of visual appearance of the bunch, grown in a sandy soil were used in this investigation.
berry color and uniformity have been reported [6]. Vines were cane pruned, trellised by Spanish parron
Contrasting behavior was determined for late season system with a bud load of 96 buds/vine (12 canes x 8
limitations, as the sensitivity of grapevines to water buds) in addition to 12 spurs x 2 buds / spur . Pruning was
limitations after veraison is low [7] carried on the 15  of January and irrigated via a drip

It was found that GA  application can reduce the irrigation system.3

susceptibility to cracking and decay [8] However, Seventy five uniform vines were chosen for this
Seedless cultivars are routinely treated with GA  early in study  (5  treatments  x  3 replicates x 5 vines/replicate).3

the season to improve berry size and elongate the clusters The experiment was carried out on the same vines for both
[9]. seasons and received common horticultural practices

On the other hand, Lichter et al. [10] indicated that recommended by Ministry of Agriculture. The vineyard
GA  did not affect berry size, brix or acidity but had minor was drip irrigated with two lines per row and eight emitters3

effects on berry firmness. Moreover GA  reduced the level for each vine with 4 L/hr and valves were used for3

of peel cracking in some of the experiments and the late regulating  water  amounts to the applied water quantity.
application was more effective than early application, In the full irrigation treatment 100 %, water requirements
suggesting that the process is not at the level of cell was calculated, based upon the potential
division. evapotranspiration (ET ) according to the modified

Based on the functional relationship between Penman equation [18]. 
defoliation in the cluster zone and nutrient availability, the
removal of leaves near to the basal in florescence, which (WR = Kc x ETo x IE)
is the main result of good aeration with lower RH%,
restricts the nutrient supply of flowers and thus, berry where:
cracking and cluster compactness are reduced [11]. Kc = "Crop Coefficient" = A factor that is used to convert

It was found that relative humidity levels near ETo to potential vineyard ET (ETc).
saturation (100%) can increase the berry cracking [12]. ETo = "Reference ET" = The amount of full water use by
Thus, defoliation or leaf removal in the fruiting zone a well irrigated crop. 
facilitates air movement and allows air ventilation [13]. IE = Irrigation efficiency of water consumption use 
Defoliation at pre-bloom caused a slight increase of the
width and length per cluster, this could be ascribed to It   was  found    that   water   requirements  were
improve ventilation in sparser clusters of pre-bloom vines 3620 m /fed,  which  is  equivalent to 1.0 ET according to
and this could have caused less cracking of the cluster El-Gendy, [19]. This amount was distributed on the
berries [14]. growing season stages. The period from veraison till

The theory of the cracking mechanism was based harvest alone required 49% from the overall amount of
basically on the penetration of water into the berry water.
surface, leading to an increase in its volume and thus to GA  and defoliation treatments were applied at full
their cracking [15, 16]. Other research on cracking irrigation (100%). GA  was sprayed at late fruit set
indicated that the water uptake by the fruit from the root corresponding to berry diameter of 6 to 8 mm by direct
system can buildup internal turgor pressure of fruit which application to the clusters of 20 mg/L, at a rate of 1L/vine.
also plays an important role in cracking mechanism [17]. Defoliated vines were subjected to leaf removal of four

The aim of this trial is to ascertain the effect of two basal leaves at veraison (two before the cluster and two
strategies of RDI applied from veraison to harvest, after the cluster) for both seasons as follow:
defoliation and GA  on the yield and berry quality of table3

grape Autumn Royal cultivar, regarding to berry cracking. Full irrigation 100% (Control)

MATERIALS AND METHODS Regulated deficit irrigation at 60% post veraison

This study was carried out during two successive above the cluster).
seasons 2019 and 2020 in a vineyard located at El-Sadat Gibberellin at 20 mg/L (to berry diameter of 6 to 8 mm)

th

o

3

3

3

Regulated deficit irrigation at 80% post veraison

Defoliation at veraison (4 basal leaves; 2 below +2
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The following measurements were taken to evaluate Berry firmness (g/cm ) and adherence (g) by using
the effect of the different treatments: PHSH-PULL (Dynamometer Model DT101).

Climatic Data Beneath the Vine Canopy: Data of Chemical Characteristics of Berries: The following
microclimate was taken inside the vine canopy for each determinations were carried out: 
treatment and was recorded weekly at the berry set as
follow: Refractometric total soluble solids (TSS %) and

titratable acidity % (one gram of tartaric acid for 100
Sunlight intensity. (1000 Lux) ml of juice) and TSS / acid ratio were determined
Relative humidity. (%) according to A.O.A.C., [21]. 

They were measured on three levels lower, middle spectrocolourimeter is used at 250 nm according to
and upper branches using “Scheduler Plant Stress Yilidz and Dikmen [22].
Monitor”, Standard Oil Engineered Materials Co., Ohio,
USA. All the microclimatic measurements were taken Vegetative Growth Parameters:
using the microprocessor of the apparatus to calculate the
average of canopy microclimate to find the relationship Leaf area (cm ): Samples of 20 leaves were randomly
between the factors of microclimate and different collected from each treatment for leaf area
treatments in order to reduce berry cracking. determination at harvest time (using leaf area meter,

Yield: Samples of 15 clusters were collected randomly for Total  leaf  area/vine  (m ):  The  mean leaf area (cm )
each treatment, each treatment (5 clusters from each of the basal [5  to 7 ] from the shoot tip was
replicate) when clusters reached their full color and total multiplied by the average number of leaves / shoot
soluble solids reached about 15-18%, according to Badr and average number of shoots for each vine at
and Ramming [20]. harvest time.

Yield per vine (kg): to calculate the average the fruiting shoots before harvest. 
yield/vine, the random samples were collected and Total chlorophyll content of leaves (SPAD): were
weighed then the mean of cluster weight was measured at harvest time in the mature basal leaves
multiplied by the number of clusters / vine after being of the sixth and seventh nodes by using the
adjusted to 35 clusters per vine after fruit set. nondestructive Minolta chlorophyll meter model
Average cluster weight (g). SPAD 502. 
Average berry weight (g): weight of 10 berries / 10.
Average berry size (cm ): by using the measuring Statistical Analysis: The statistical analysis of the3

cylinder, volume of 10 berries were taken then present data was carried out according to Snedecor and
divided by 10. Cochran [23]. Averages were compared using the new
The percentage of cracked berries /cluster (%): At L.S.D. values at 5% level using a randomized complete
harvest clusters were harvested and the number of block.
cracked berries in each cluster were counted and
divided by the total number of berries in each RESULTS AND DISCUSSION
treatment to calculate the percentage of cracked
berries as follow: Climatic Data Beneath the Vine Canopy 

The percentage of cracked berries = Number of Figure 1 shows the light intensity at the vines canopy as
cracked berries / Total number of berries per cluster affected by various treatments. There are significant

The net yield (Kg): it was calculated for each intensity values are inversely proportional with the
treatment by the following equation irrigation levels in both seasons, as irrigation at 100%
Total yield – (Total yield x percentage of cracked decreased  the  amount  of  light reaching the clusters
berries) (40.5, 41.6) for both seasons.  Sunlight  was  higher  in  the

3

Total anthocyanin in berry skin (mg/100g): the

2

Model CI 203, U.S.A.).
2 2

th th

Shoot length (cm): it was determined by measuring

Sunlight Intensity (1000 Lux): The data presented in

differences among treatments. Data revealed that sunlight
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Fig. 1: Feasibility of applying post-veraison RDI, GA  and defoliation on canopy Light intensity (1000 lux) of Autumn3

Royal grape cultivar during the two successive seasons 2019 and 2020

Fig. 2: Feasibility of applying post-veraison RDI, GA  and defoliation on canopy Relative humidity % of Autumn Royal3

grape cultivar during the two successive seasons 2019 and 2020

vines irrigated at level 80 % and 60 % RDI (75.3, 78.3 & light intensity inside the canopy of the vines.as stated by
70.2, 71.8) in both seasons respectively. These results Bedrech and Mostafa, [24] that the highest light intensity
were  noticed  during  both  seasons   and  can be in the canopy was recorded by the treatments of
explained according to the fact that, reducing of irrigation defoliation in comparison with the control.
plays an important role in limiting vegetative growth of It was found that GA  has the lowest values of
vines that enhancing light penetration in vine light intensity after the control. According to different
microclimate (1). investigators, GA  treatment improved vegetative growth

Moreover, leaf removal of four leaves (two basal and leaf area which led to a decrease in light penetration
under cluster + two above cluster) led to an increase in within the canopy [25].

3

3
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Relative Humidity (%): There were significant and the net yield by eliminating the cracked berries, we
proportions between the canopy density and levels of can find that they differ significantly with a superior
irrigation, as it is obvious in Figure 2. Relative humidity values obtained from GA  followed by defoliation
(RH %) is higher in the dense canopies of the control treatments compared with the control in both seasons.
(irrigated  at  100 %) vines than any other treatments. Similarly,  data  revealed  that  four   leaves  removal
Bertin et al. [26] observed the clear interaction between (2 below + 2 above the cluster) at fruit zone may be
RH% on fruit cracking where increasing RH% increases sufficient to improve ventilation which make them less
the occurrence of fruit cracking. Humidity can build up susceptible to berry cracking. These findings are in linear
slightly in dense canopies as mentioned before by with those obtained from Poni et al. [29] who stated that
Ramteke et al. [1] that reducing of irrigation plays an leaf removal, led to reducing cluster compactness for all
important role in limiting vegetative growth of vines that defoliation treatments as compared to non-defoliated
in turn reduces the relative humidity in vine microclimate. shoots.
It is probably the factors such as irrigation and sunlight
that may affect the plant response to RH%. Average Berry Weight (g): It is accepted that one of the

Similarly, defoliation is an important parameter main results of irrigation treatments is an increase in berry
affecting canopy RH% which shows an opposite pattern weight and size [30], as it found in our results. It could be
(Figure, 2). Consequently, defoliated vines has a lower observed that, vines irrigated at level 80 % produced the
RH% than the control as found by Bedrech and Mostafa highest significant berry weight compared with 60 % RDI
[24] who stated that relative humidity were observed in and 100% respectively in both seasons (Table 1). These
the treatments of defoliation than the foliate vines. results are in harmony with De la Hera-Orts et al. [31]

It was found that GA  has the higher values of finding that berry weight was greatest in moderate than3

relative humidity after the control. On other words, RH% severe irrigation treatments. The increase was very fast
is high in vines that showed a very high canopy growth. during the first days of Stage III (defined as the period of
According to different investigators, GA  treatment time from veraison to maturity). Moreover, Romero et al.3

improved vegetative growth and leaf area which in turn [28] and Shahidian et al. [32] summarized that, reducing
led to an increase in the canopy RH% [9]. irrigation had a negative effect on berry weight, length

Yield by GA  and defoliation treatments respectively than the
Average  Yield  per  Vine  (Kg) and Cluster Weight (g): other treatments in both seasons. These results are similar
It could be observed that, vines irrigated at level 80 % and to those of Sidahmed and Kliewer [33] who found that
60 % RDI respectively produced a higher significant yield gibberellic acid (GA ) applied to defoliated vines
than 100% in both seasons (Table 1). By calculating the produced significantly heavier berries than the not
overall loss of yield we can notice that the net yield in the defoliation vines. 
vines irrigated at 100% gave the least values of the
mentioned parameters in both seasons, because of the Average Berry Size (cm): Full irrigation is not
berry cracking effect which leads to a significant recommended since it increases the berry size (Table 1)
commercial loss in the grape production by decreasing and this produces a decrease of the skin pulp ratio which
yield [1]. is detrimental for the grape quality [34]. Our results

In  a  previous  study, it was found out that the indicated that RDI had a significant effect on the grape
overall results during three study years showed that high berry size and the largest berry size was obtained under
grape yields of very good quality can be obtained with 80% RDI, while the smallest berry size was obtained under
moderate RDI in the post veraison phase without the full irrigated treatment application in the same season.
affecting grape quality [27]. Also, Romero et al. [28] However, Seedless cultivars are routinely treated
stated that, the moderately irrigated vines of with GA  has a great effect on improving berry size and
"Tempranillo" cv. gave greater yield than that severed elongate the clusters [9].
irrigated.

Similar yield values were obtained from full irrigation The Percentage of Cracked Berries: In our study, the
at 100 %, GA  and defoliation treatments with no Autumn Royal cultivar showed high berry cracking levels3

significant differences between them in the second in vines irrigated at 100% irrigation, (Table 1) whereas in
season. On the other hand, by calculating the overall loss 80%  followed  by 60% of RDI, the level of damage, in term

3

and diameter.
Berry weight was higher in clusters of vines treated

3

3

3



Acad. J. Plant Sci., 13 (3): 53-63, 2020

58

Table 1: Feasibility of applying post-veraison RDI, GA  and defoliation on yield and morphological measurement of Autumn Royal grape cultivar during3

the two successive seasons 2019 and 2020
Yield/vine (Kg) Cluster weight (g) Berry weight (g) Berry size (cm ) Cracked berries (%) Net yield/vine (Kg)3

-------------------- ----------------------- --------------------- ---------------------- ----------------------- ------------------------
Treatments 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020
FI 100% 23.5 23.2 684.4 664.4 6.0 5.9 5.8 5.7 20.4 19.3 18.7 18.7
RDI at 80% 30.5 28.9 873.3 828.2 7.7 7.2 7.5 7.4 5.2 5.6 28.9 27.2
RDI at 60% 27.7 26.8 793.2 766.5 7.4 6.9 7.3 6.6 6.4 7.8 25.9 24.7
Defoliation 23.0 23.6 657.7 675.8 6.3 6.3 6.0 6.1 13.3 14.7 19.9 20.2
Gibberellin 24.6 24.7 728.8 706.5 6.7 6.6 6.6 6.5 12.1 13.2 21.6 21.4
New L.S.D. at 0.05 2.0 2.0 15.0 10.0 0.2 0.2 0.1 0.2 1.0 1.0 0.9 0.8

of  cracked  berries,  was  negligible  in   both  seasons. Berry Firmness (g/cm ) and Adherence (g): The
The changes in irrigation management and the application significantly beneficial effect of the moderate RDI at 80%
of RDI in the post veraison phase can maintain yield and on berry firmness and berry adherence strength than the
improve berry quality and especially decrease berry other treatments is clear in Figures 2 and 3. Data revealed
cracking in the Autumn Royal cultivar. This problem is that berry firmness values are directly proportional with
attributed to an excess water application in the maturation the irrigation levels in both seasons, as irrigation at 100%
phase [35]. increase berry firmness which results in increasing its

The reduction in berry cracking phenomena as a ability to cracking. On the other hand, severe RDI at 60%
result of reducing or regulating the amount of irrigation showed the lowest firmness which made the berries more
can be ascribed to the fact that, decreasing irrigation susceptible to shatter. Several studies investigating the
plays an important role in limiting the vines vegetative effects of water deficits on table grapes observed that the
growth which in turn enhances the light penetration and treatment receiving the highest irrigation volume gave
reduced the relative humidity within the vine canopy as highest firmness values. Oppositely, the severe RDI
cleared by Ramteke et al. [1]. decreased berry firmness [4].

However, GA  application reduced the susceptibility Larson et al. [37] indicated that GA  effects on berry3

to berry cracking [8]. Moreover, GA  applied after berry firmness appear to act by making the skin more elastic. It3

set was more effective in reducing the level of peel is a generally found that firm fleshed cultivars have higher
cracking than earlier application as it was indicated by trend to fruit cracking than soft-fleshed cultivars. Fruit
Lichter  et al.  [10] suggesting that the process is not at cracking is caused by excess water uptake resulting in
the level of cell division. bursting of the skin [38]. 

Defoliation treatment played an important role in
limiting the cracked berries percentage by providing good Chemical Characteristics of Berries
aeration and decreasing the canopy RH% as it was found Total Soluble Solids (TSS %) and Titratable Acidity (%)
by Bedrech and Mostafa [24] that humidity can build up and TSS / Acid Ratio: Deficit irrigation can be of interest
in dense canopies of the control vines than defoliated to improve some of the quality parameters of the berries
treatment. Also the severity of leaf removal (two basal such as color, total dissolved solids and aromas [4].
before cluster + two after cluster) led to an increase in Results showed that the moderate RDI had an effect on
light intensity inside the canopy of the vines. berry juice quality at harvest. However the severe at 60%

Relative humidity levels near saturation (100%) can RDI increased total soluble solids of the berries recording
increase the berry cracking [12]. Moreover, based on the the highest values (Table 2) followed by 80% RDI, GA ,
functional relationship between leaf removal in the cluster defoliation and full irrigation 100% treatments
zone of the shooting process and nutrient availability, the respectively.
defoliation near to the basal in florescence restricts the It was concluded that most of the negative effects
nutrient supply of flowers and thus, berry cracking and accompanied to irrigation on berry sugar are probably due
cluster compactness are reduced [11]. Yield components to excess water supply. The reduction of sugar content
were also markedly affected by defoliated vines treatment during maturity is caused mainly by changing the tartaric
which showed a smaller clusters and berries, leading to acid to salt forms, along with the decrement of sugar
improved cluster looseness and to higher relative skin concentration as an effect of increasing berry volume [39].
growth which has greater effect on reducing the number The sugar content may also diminish due to competition
of cracked berries per cluster [36]. between  vegetative  growth  obtained  from   full  irrigated

2

3

3
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Fig. 3: Feasibility of applying post-veraison RDI, GA  and defoliation on berry firmness (g/cm ) of Autumn Royal grape3
2

cultivar during the two successive seasons 2019 and 2020

Fig. 4: Feasibility of applying post-veraison RDI, GA  and defoliation on berry adherence (g) of Autumn Royal grape3

cultivar during the two successive seasons 2019 and 2020

vines and fruit development. Thus, severe water stress shown in Table 2 indicates that titratable acidity was
tends to decrease vigor but also the sugar and acid higher in full irrigated treatment grapes starting from the
content since photosynthetic activity may be onset of stage III (defined as the period of time from
compromised [31]. Similarly, Opazo et al. [40] concluded veraison to maturity) till harvest time, while decreasing
that, moderate and severe water stress significant irrigation experienced a faster decrease in titratable acidity
increased soluble solids grapevines cv. Cabernet during the same period. Al-Khafaji, [41] mentioned that
Sauvignon. GA had reduced the breathing of fruits thereby

Titratable  acidity   is   of   great   importance  for increasing the  accumulation  of  organic   acids  and
grape juice and commonly used as indicators of quality. might have inhibited the chlorolytic enzymes and
At the time of harvest in both seasons, significant chlorinated bacterium, which increased the total acidity in
differences were found among all treatments. The values the grape.

3
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Table 2: Feasibility of applying post-veraison RDI, GA  and defoliation on chemical characteristics of berries of Autumn Royal grape cultivar during the two3

successive seasons 2019 and 2020
Total soluble solids (TSS %) Titratable acidity (%) TSS / acid ratio. Total anthocyanin (mg/100g fw)
------------------------------------ ------------------------- ------------------------- ------------------------------------------

Treatments 2019 2020 2019 2020 2019 2020 2019 2020
FI 100% 15.1 15.2 1.1 0.9 13.7 16.8 34.5 34.0
RDI at 80% 16.8 16.7 0.5 0.4 33.6 41.7 44.2 43.8
RDI at 60% 17.2 17.5 0.3 0.3 57.3 58.3 46.1 48.7
Defoliation 15.5 15.6 0.7 0.7 22.1 22.2 41.8 42.5
Gibberellin 16.4 16.1 0.6 0.6 27.3 26.8 39.0 37.1
New L.S.D. at 0.05 0.3 0.3 0.04 0.02 5.0 4.0 1.0 1.0

The TSS/acid ratio basically showed a downward important factor for increasing leaf area [47]. Overall, our
trend with    the   increasing   of   the   irrigation  rate results agree with the previous studies that full irrigation
post-veraison due to the increasing of TSS % (Table 2). at 100% gave the highest values of leaf area followed by

defoliation treatment.
Total Anthocyanin in Berry Skin (mg/100g): Berry skin In respect to total leaf area, defoliation conducted
anthocyanin of Autumn Royal cultivar at harvest time was around the cluster zone had an opposite trend; it reduced
determined for all treatments (Table 2). However deficit the total leaf area resulting in increasing sunlight exposure
irrigation can be of interest to improve some of the quality of grape clusters. Our findings are linear with those
parameters of the berries such as color [4]. Results shows obtained from Fuentes et al. [48] who stated that basal
that moderate water deficits play a direct role in promoting defoliation decreases the total leaf area in the central part
grape composition by improving grape color, with of the canopy and increase light penetration.
signi?cantly higher values for 60% followed by 80% RDI Similar to our results Mohsen and Ali [25] found that
than the other treatments [42]. Besides, post-veraison the GA  treatments increased the leaf area in Red globe. 
water deficit can stimulate the direct accumulation of Moreover, Dodd [49] previously mentioned that the
anthocyanins [43]. shoot length significantly decreased, with increasing

Since the anthocyanins are synthesized in the skin, deficit irrigation, which is similar to the present results,
larger berry weight results in a lower skin-to-flesh ratio as due to the higher sensitivity of vegetative growth to
anthocyanins are diluted [44]. Thus, defoliation, GA  and deficit irrigation conditions. 3

full irrigated treatment were found to be significantly less
effective in increasing anthocyanin. Total Chlorophyll Content (SPAD): Total chlorophyll

Vegetative Growth Parameters plants as mentioned before by Peña and Casierra [50]. 
Leaf Area (cm ), Total Leaf Area/Vine (m ) and Shoot In agreement with the data obtained in the present2 2

Length (cm): Data illustrated in Table 3 showed that, study, as the chlorophyll in leaves of the defoliated plants
deficit irrigation had a significant effect on the vegetative was higher than in the control plants, Hunter and Visser
traits of the vines on both seasons. Results showed that [51] explained that the remaining leaves in the defoliated
in the irrigation treatments, full irrigation at 100% had a vines, seek to lengthen their life trying to compensate the
positive trend on leaf area followed by the moderate RDI lost leaf area, through modifying the leaves chemical
at 80% treatment than severe irrigation at 60% RDI which composition such as chlorophyll which raise the leaf
records the lowest values of all treatments. These results photosynthetic capacity. However, leaves of defoliated
may be ascribed to the fact that water stress significantly vines are exposed to a higher light intensity which affects
limits plant growth and its development, resulting in positively the development of photosynthetic capacity
reductions in shoot elongation and leaf area [45]. [52]. In this sense, it is possible that the vines of the
Additionally, in the two other treatments defoliation and present study modified their photosynthetic capacity in
GA . Sanchez and Dokoozlian [46] postulate that the response to defoliation, resulting in raising total3

positive effects of defoliation on leaf area are related to chlorophyll content. In addition, also Gibberellic acid had
the improved light microclimate within the renewal zone of played an important factor for increasing chlorophyll
the canopy, besides the Gibberellic acid which played an content as mentioned by Korkutal et al. [48].

3

content (Table 3) showed higher values in the defoliated
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Table 3: Feasibility of applying post-veraison RDI, GA  and defoliation on Vegetative growth parameters of Autumn Royal grape cultivar during the two3

successive seasons 2019 and 2020

Leaf area (cm ) Total Leaf area (m ) Shoot length (cm) Total chlorophyll (SPAD)2 2

------------------------- -------------------------- ------------------------- ----------------------------------
Treatments 2019 2020 2019 2019 2020 2020 2019 2020

FI 100% 217.3 215.6 16.29 16.17 182.4 185.2 37.2 36.8
RDI at 80% 205.6 206.4 15.42 15.48 188.5 189.3 30.6 29.2
RDI at 60% 193.5 195.7 14.51 14.67 184.7 186.1 29.3 28.7
Defoliation 210.2 211.3 14.95 15.05 199.8 201.4 28.8 28.2
Gibberellin 199.4 200.7 15.76 15.84 193.1 193.6 31.2 30.2

New L.S.D. at 0.05 0.5 0.4 0.75 0.74 6.0 5.0 4.0 4.0

Total chlorophyll content is slightly increased under 3. Ferreyra, R., G. Selles, J. Peralta and J. Valenzuela,
regulated deficit irrigation (RDI) but with no significant
results among all treatments. Similarly, Xu and Leskovar
[53] stated that both deficit irrigation treatments had no
significant effect on the content of chlorophyll a, b and
carotenoid  based  on either  leaf area or dry weight.
These results are consistent with recent reports by
Somayeh et al. [54] finding that deficit irrigation at 75%
ETc had no significant effect on chlorophyll index as
compared to 100% ETc irrigation.

CONCLUSION

The overall results during the study years showed
that it is economically feasible to change the irrigation
schedule which had a beneficial effect on berry cracking.
The results showed that regulated deficit irrigation at 80%
post veraison gave the highest yield in respect to
decreasing the percentage of cracked berries besides
improving the berry quality demonstrating that the use of
moderate water doses in semiarid regions may improve the
physiological status of the vine and, therefore, economic
benefit with no significant loss in grape quality. Thus, it
is possible to decrease irrigation amount from 3620 m /fed3

to 2900 m /fed by nearly 20%, when applied post veraison3

without adversely affecting berry physical quality and
productivity.
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