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ABSTRACT 

Impacts of deficit irrigation levels, potassium fertilizaLion, and bunch thinning on grapevine vegetative growth, yield 
and quality of Flame Seedless table grapes were investigated during 2012 and 2013 seasons. Vines were subjected to 
seasonal irrigation treatments from bud swell to dormancy including: Standard irrigation ( 100 % of crop 
evapotranspiration [ETc]), moderate deficit (80 o/o of ETc), and sever deficit (60 o/o of ETc). Effects of two levels of 
potassium fertilization (0 and 0.58 kg as K20 per vine per season) and bunch thinning (40 and 30 bunch per vine) were 
also investigated. Results showed that vine petiole potassium concentration was significantly dependent upon applied 
irrigation level and was highest in standard irrigated potassium fertilized vines. Shoot length, leaf area and pruning weight 
responded negatively to irrigation deficit, while bunch thinning increased leaf area in both seasons and pruning Vv'eight in 
the second season with no effect on shoot length, whereas potas,sium had no effects on vegetative growth. Vine yield, 
bunch weight and berry diameter increased significantly with increasing irrigation level and with potassium fertilization. 
Bunch thinning significantly decreased yield in first season only while increased bunch weight and berry diameter. Crop 
load (yield/pruning) significantly increased by potassium arfd decreased by thinning with no effect for irrigation. \Vater 
use efficiency (yield/irrigation) significantly increased by increasing irrigation level and by potassium fertili7.ation while 
decreased in first season by thinning. increasing deficit irrigation level resulted in increased berry juice total soluble solids 
(TSS) and declined titratable acidity (TA), decreased berry firmness, increased skin anthocyanin and total phenolics, and 
reduced skin color characteristics values of lightness (L "), chroma(C•) and hue ang!e(h

0

). Bunch thinning increased berry 
TSS in first season, did not affect TA and fruit firmness. and increased berry skin anthocyanin and total pheno!ics, while 
decreased skin L• in the first season. c· and h

0

• Potassium te11ilization increased berry TSS, TA, anthocyanin, total 
pheno\ics, did not aifect firmness w·ith no consistent effect on skin color characteristics. 

Key words: Evapotranspiration, crop load, water use efficiency, color, anthocyanin, total phenolics, 
firmness. 

INTRODUCTION 
Similar to many other parts of the world 

especially in desert locations, the challenge of 
increased irrigation water scarcity is developing 
rapidly in Egypt. Water shortage scenarios are 
threatening the decisions of sustainable investments 
in the horticulture sector. Therefore, there is a need to 
detailed knowledge for how far can irrigation water 
shortage during the whole season manipulate fruit 
crop yield production with emphasize on its impacts 
on fruit quality for export markets. Full lrrigation is 
the recommended irrigation strategy for table grapes 
since maximum yield and berry size is needed 
(Blanco et al., 2010). Flame Seedless grapes (Vitis 
vinifera L.) is the main table grape cultivar ln Egypt 
for export to European market and is widely 
distributed in desert areas. Important grape berry 
quality characteristics in all table grape cultivars 
include sweetness, acidity, berry size, color, and 
firmness (Williams et al., 2010). Poor skin color 
development in red-colored grapes such as Flame 

Seedless may occur due to high temperature during 
ripening resulting in reduced market value, and 
addltional cultural practices may be needed to 
enhance berry quality such as reduced irrigation, leaf 
removal, bunch thinning and fertilizer adjustments 
especially nitrogen and potassium (Dokoozalian and 
Hirschfelt, 1995; Kennedy et al., 2002; Mpelasoka et 
al., 2003; Okamoto et al., 2003; Peppi et al., 2006). 
There is a direct effect for deficit irrigation on berry 
composition and quality characteristics such as 
sugars, phenolics and anthocyanin as a result of 
affecting vegetative growth, berry metabolism and 
crop yield (Ojeda et al., 2002; El-Ansary and 
Okamoto, 2007; Gamero et al., 2014 and Pinillos et 
al., 2016). Availability of soil potassium for 
grapevines are modified by varying applied irrigation 
regimes that affect soil moisture content (Keller, 2005 
and Mpelasoka et al., 2003). Bunch thinning in grape 
production affects the source-sink ratio and leads to 
yield reduction without influencing vine leaf surface 
area and as a consequence, the vine directs its activity 
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towards the remaining bunches and therefore 
enhances beny quality parameters (Ferrer et al., 
2009; Gatti et al., 2012 and Sun el al., 2012). 
Effects of bunch thinning is influenced by several 
factors including cultivar, thinning timing, and 
weather conditions (Prajitna et al., 2007 and Valdes 
et al., 2009). The aim of this research work was to 
study the effects of seasonal deficit irrigation 
regimes, potassium fertilization, and bunch thinning 
as well as their interactions on vine growth, crop 
yield and beny quality characteristics of Flame 
Seedless table grapes. 

MATERIALS AND METHODS 
1- Plant material, growth conditions, and 

treatments 
This research was implemented in 2012 and 2013 
seasons in a private farm located in Marriott region 
(40 km at Alexandria -Cairo desert road (lat. 
30.93°N, long. 29.78 • E), Egypt. Own- rooted four 

year- old grapevines of Flame Seedless grapes 
(Vi tis vinifera L.) were used in this experiment. 
Grapevines were grown in raised beds ( 1.5 m wide 
and 0.4 m high) and spaced 2 meters between vines 
and 3 meters between rows. Table 1 presents soil 
texture, total calcium carbonate and available 
macronutrients, and Table 2 shows the chemical 
analysis of soil and water at the beginning of 
experiment in 2012. Soil texture and all chemical 
analysis in soil and water were conducted according 
to the methods described by Richards (1954) and 
Black et al. ( 1965). A 2.1 m high horizontal shoot
positioned trellis system was used and vines were 
cane pruned to a level of 15 cane per vine with 12 
nodes per each cane after winter pruning. Crop 
management was practiced according to commercial 
standard adapted in the area including Donnex 
spray, Gibberellic acid application and Ethephon 
spray. A regular pest management program was 
conducted. Each irrigation treatment in a vine row 
was drip irrigated by a separate 2 lines of 4 L per 
hour discharge drippers and a weekly fertigated by 
fertilizer mix containing all clements except for 
potassium which was adjusted according to 
treatment as will be described later. Irrigation was 
scheduled in 2012 and 2013 seasons based on the 
method described by Allen et al. ( 1998) by 
determining irrigation water needs from calculating 
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actual crop evapotranspiration (ETc) from the 
equation ETc = E'fo x Kc, were ETo is the reference 
crop evapotranspiration (Figure 1-A) and Kc is the 
table grape crop factor (Figure 1-B). ETo data were 
collected on a daily basis from the nearest weather 
station located 45 km from the vineyard site at El
Yashaa village in Tiba region (lat. 30.60 °N, long 
30.02 °E). Vines were subjected to seasonal 
irrigation treatments from bud swell (6 Feb. 2012 & 
11 Feb. 2013) to dormancy (3 Nov. 2012 & 5 Nov. 
2013) including: Standard irrigation ( 100 % of 
ETc), moderate deficit irrigation (80 % ofETc), and 
sever deficit irrigation (60 % of ETc) as illustrated 
in Figure 1-C & 1-D. Monthly and total seasonal 
applied irrigation water data (m3 per vine) for 
irrigation treatments in 2012 and 2013 seasons are 
presented in Figure 2-A & 2-B. Also, the effects of 
two levels of potassium fertilization: un-fertilized 
(-K) ~ 0 kg K20 per vine per season, and fertilized 
(+K) ~ 0.58 kg K20, were studied. As for potassium 
application scheduling for fertilized vines, each vine 
received 0.58 kg potassium calculated as K20 in the 
season in the form of potassium sulphate divided as 
following: 33% from bud swell to verasion, 36% 
from veraslon to harvest, and 31 o/o from postharvest 
to dormancy, Finally, the impacts of bunch thinning: 
un-thifined (-T) ~ 40 bunch per vine, and thinned 
(+T) ~ 30 bunch per vine, were also investigated. 
The vegetative shoots in all experimental vines were 
removed before bloom ( 17 Mar. 2012 & 26 March 
2013) and the remaining shoots canying bunches 
were adjusted to 40 shoot per vine in early spring, 
with each shoot canying one basal bunch. As for 
bunch thinned vines, I 0 bunches were extra thinned 
from each vine leaving only 30 bunch per vine, 
compared with standard irrigated vines having all 40 
bunch per vine. 
2- Sampling and analysis: 

Harvest was done in all treatments in I Jun. 
2012 and 12 Jun. 2013 and all sample analysis 
procedures were conducted at the Faculty of 
Agriculture of Alexandria lJniversity. To determine 
leaf petiole potassium at harvest time, a sample of 
10 leaves opposite to the bunches form each vine 
replicate was taken and average potassium content 
was determined. 

Table t: Soil particle size distribution, total calcium __ carbonate, and soil macronutrients 

S 
.1 Particle size distribution (0/o) T t 

1 
Available macronutrients 

01 · o a N 
Depth S d . S"lt Cl Texture CaC03 NO - T t • 
(cm) an ' ay (%) NH,-N N - ';; 

~ 

p K 

0-60 94 0 6 Sand 7.53 150 107 257 6.4 100 

Table 2: Chemical analysis of soil and irrigation water 

S 1 
H E.C. Soluble cations (meq/L) Soluble anions (meq/L) SAR 

amp e P (dS/m) Na K' ca++ Mg" er so;- HCO; co, (%) 
Soil 7.95 1.21 7.5 1.2 2.2 1.2 7.0 2.1 3.0 5.8 

Water 7.85 0.91 3.8 0.3 2.6 2.4 3.5 0.7 4.9 2.4 
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Figure 1: Reference evapotranspiration (ETo) data (A], FAO table grapes crop factors (Kc) data (BJ, 
and crop evapotranspiration (ETc) data for Flame Seedless grapes [C & DJ during 2012 and 

2013 seasons 

] ' l 2012 
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E 
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Figure 2: Monthly and total seasonal applied irrigation water (m
3 

I vine) of standard irrigation (100 % 
ETc), moderate deficit irrigation (80% ETc), and severe deficit irrigation (60 % ETc) treatments 
for Flame Seedless vines during 2012 IAI and 2013 IBI seasons 
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Petioles were washed with tap water followed by 
distilled water, dried in a forced- air oven at 65 °C 
for 48 h, and ground in a stainless steel mill. Ground 
petioles were ashed in a muffle furnace at 450 °C 
for 6 h. The plant ash was dissolved in nitric acid 
solution (1:1, v/v),·diluted to a final volume with 
distilled water, and potassium was analyzed by a 
flame photometer and expressed as percent dry 
weight (Jones, 2001 ). At harvest, bunch weight (g) 
and total yield for each vine (kg) was recorded and 
average shoot length (cm) was measured in 10 
representative shoots per vine replicate. Average 
leaf blade surface area ( cm2

) was measured in same 
leaves opposite the bunches by photographing the 
individual leaf blades by a digital camera with a 
reference ruler scale then processing the images to 
measures blade surface area by following the 
procedures of Image J Software Package Version 
l .50i. For measuring quality para1neters at harvest, 
thirty representative berries per replicate were 
sampled. Fruit diameter (mm) was recorded by a 
caliper and berry firmness (Newton ~ ~) was 
measured by a penetrometer (Effegi, Italy) with a 3 
mm diameter tip size. Juice total soluble solids 
(TSS) percent was measured by automatic 
temperature compensation refractometer (Atago 
ATC-!, Japan), and titratable acidity (TA) percent 
was measured by diluting the juice with distilled 
water and titrating with 0 .1 N sodium hydroxide to 
the phenolphthalein end point and expressed as 
tartaric acid equivalent. For measuring berry skin 
total phenolics, berry skins were separated and 
samples of l g skin was homogenized and extracted 
in 2 % HCl in methanol for 24 h at room 
temperature in dark conditions. Then extracts were 
diluted with the same solvent to a suitable 
concentration for analysis. l"'otal phenolics were 
measured according to the Folin-Ciocalteu method 
according to Singleton and Rossi, JR. ( 1965) and 
Pastrana-Bonilla et al. (2003). Two hundred 
micro liters of skin extract were introduced in a test 
tube, 1 mL ofFolin-Ciocalteu reagent and 0.8 mL of 
sodium carbonate (7.5 %) were added, and the 
contents were mixed and allowed to stand for 30 
rnin. Absorption at 765 run was measured by a 
spectrophotometer (2800 UV /VIS, Cole Parmer, 
U.S.A.) and total phenolic contents (mg/g FW) were 
expressed as gallic acid equivalent (GAE). Berry 
skin color characteristics were measured by a 
Minolta Color meter (CR-200, Japan) as ClELAB 
L*C* h0 color syste1n(Commission Internationale 
de l'Eclairage translated as the International 
Commission on Illumination). Lightness (L *) 
represents black to white from 0 to 100, chroma 
(C*) represents the vividness or dullness of color, 
and hue angle (h0

) to distinguish the red. yellow, 
green and blue colors. Same berries used to measure 
skin color were used to measure harvest berry skin 
anthocyanin. Anthocyanin was extracted (Okamoto 
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et al., 2003) from 0.5 g berry skin sample with 25 
ml extraction solution of 50 °/o acetic acid for 3 min 
and extraction was repeated 3 times, then the 
absorbance at 520 nm was measured by a 
spectrophotometer (2800 UV /VIS, Cole Parmer, 
U.S.A.). Anthocyanin content was expressed as 
mg/l 00 g FW cyaniding-3-monglucoside equivalent 
(C3GE). Pruning weight (kg) per each replicate was 
recorded for canes longer than 45 cm after winter 
pruning. Crop load (yield to pruning ratio) was 
calculated for each replicate and water use 
efficiency (WUE) was also calculated from ratio of 
vine yield (k~) to total applied irrigation per vine 
per season (m ). 
3- Experimental design and statistical analysis: 

A split-split-plot experimental design was used 
in which irrigation treatment ( 100 o/o ETc, 80 o/o 
ETc, and 60 % ETc]) was the main plot factor, 
potassium fertilization (0 and 0.58 kg per vine as 
K20) was the sub-plot factor, and bunch thinning 
(40 and 30 bunch per vine) was the sub-sub-plot 
factor. Each of the 12 treatments was replicated 3 
times with one vine per replicate. All obtained data 
were subjected to statistical analysis by the general 
linear model (OLM) procedures of IBM SPSS 
Statistics Version 21 Software package. Analysis of 
variance (ANOV A) and significance of main effect 
for each factor was determined at p-value < 0.05 by 
the L.S.D. test. When there were significant 
interactions among factors, the effect of one factor 
was determined at each level of the other factor by 
separating the means by L.S.D. test at p-valuc < 
0.05 or < 0.01. Furthermore, linear regression 
analysis was performed for relationships between 
applied irrigation with yield, berry diameter, 
firmness, petiole potassium, anthocyanin and 
phenolics. As well as for thinning and potassium 
with water use efficiency, bunch weight and berry 
diameter. Also, between yield with berry diameter 
and bunch weight, and finally between berry skin 
anthocyanin with skin total phenolics and skin color 
characteristics. Regression equation, coefficient of 
determination (r), and effect size (r2

) values were 
presented on each regression Figure (Steel and 
Torrie. 1980). 

RESULTS AND DISCUSSION 
Harvest petiole potassium content: 

Petiole K was analyzed to study the effects of 
potassium fertilization on vine yield and quality as 
well as to determine whether vine K concentration 
will be influenced by irrigation and bunch thinning 
or not. As presented in Table 3 & 4 for both 2012 
and 2013 seasons, potassium fertilized vines had 
significantly higher petiole K than unfertilized vines 
and K values were 2.23 % and 2.47 o/o in fertilized 
vines which were higher by 45.7 °/o and 58.7 °/o than 
unfertilized vines in 2012 and 2013 seasons, 
respectively. Irrigation treatment had a profound 
effect on K petiole contents as standard fully 
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irrigated vines (100% ETc) had significantly higher 
K levels from other irrigation treatments in both 
seasons, followed by moderately deficit vines (80% 
ETc) and then severely stressed vines (60% ETc) 
which had the lowest significant K values. Bunch 
thinning treatment had no effect on petiole K 
contents in both seasons. As for the interaction 
effects, there was only a significant interaction 
effect between irrigation treatments and bunch 
thinning treatment in 2012, but in 2013 the 
interaction was only significant between irrigation 
and potassium treatments. Moreover, Figure 4-A & 
4-B illustrates the linear regression relationship 
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between total season applied irrigation water per 
vine and petiole K levels in both 2012 and 2013 
seasons. There was a significant positive correlation 
between increased irrigation level and petiole K 
contents as r values were 0.45 and 0.33 in both 2012 
and 2013, respectively. The above results suggested 
that vine K level was strongly dependent upon 
applied irrigation level. These data are in agreement 
with results reported by Mpclasoka et al. (2003) and 
Keller (2005), who indicated that K availability to 
grapevine roots increases with the increase in 
available soil moisture content. 
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Figure 3: Linear regression analysis for relationships between total seasonal applied irrigation with 
vine yield (A & B], berry diameter [C & DJ, and berry firmness [E & Fl for Flame Seedless grapes 
at harvest during 2012 and 2013 seasons 
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Figure 4: Linear regression analysis for relationships between total seasonal applied irrigation with 
harvest leaf petiole potassium [A & B\, berry skin anthocyanin [C & D\, and berry skin total 
phenolics [E & Fl for Flame Seedless grapes during 2012 and 2013 seasons 
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Shoot growth, leaf area and pruning weight: 
Data in Table 3 & 4 indicated that the shoot 

length and leaf blade surface area of the 
experimental grapevines tended to respond 
negatively to deficit irrigation. There was a gradual 
decrease in shqot length and leaf area of vines with 
increasing deficit irrigation level. This decline was 
clear in both seasons. There were significant 
differences among irrigation treatments in both 
seasons for leaf area and shoot length with highest 
values in standard irrigated vines. followed by 
moderately stressed and finally severely stressed 
vines. Shoot length values were reduced in 80 °/o 
ETc irrigated vines by 8.82% and 10.48 % and in 60 
<Jb ETc irrigated vines by 21.89 o/o and 21.07o/o in 
2012 and 2013, respectively, as compared with 100 
o/o ETc standard irrigated vines. The corresponding 
reduction percents for leaf area as compared with 
standard irrigation in 80 o/o ETc irrigated vines were 
7.19 °/o and 6.34 o/o and in 60 % ETc irrigated vines 
were 15.96 % and 11.65 % in 2012 and 2013. 
respectively. Similar results w~re also reported by 
Dayer et al. (2013). Concerning the effect of bunch 
thinning on shoot length and leaf area, results 
presented in Table 3 & 4 indicated that thinning had 
no effect on shoot length, hovvever, crop thinning 
significantly increased leaf area in both seasons. 
This results were consistent with those reported by 
Dayer et al. (20 l 3 ). as they found that un-thinned 
vines showed 30 o/o lower total leaf area than 
thinned vines whereas shoot length was not affected. 
In addition, potassium fertilization had no effect on 
shoot growth and no consistent effect on leaf area. 
Similarly, interaction effects among deficit 
irrigation, bunch thinning and potassium 
fertilization on vegetative growth were not 
consistent in both seasons. Pruning weight differed 
significantly among irrigation treatments (Table 3 & 
4). Values for pruning weight for vines irrigated 
with 80 % ETc and 60 % ETc were lower than that 
of 100 % ETc by 27.8 and 48.6 %, respectively in 
2012, and by 37.3 and 53.3 %, respectively in 2013. 
'fhe reduction in vine pruning weight by irrigation 
deficit may be attributed to the reduction in 
carbohydrate reserves (Dayer et al., 2013). This 
reduction impacts the upper limit capacity of vine in 
the following season which limits the amount of 
yield the vines can ripen (Holzapfel et al., 20 l O). 
Furthermore, bunch thinning significantly increased 
pruning weight only in the second season, whereas 
potassium fertilization had no effect on pruning 
weight in both seasons. Also, there were no 
interactions among treatments in both seasons. 
Yield, bunch weight, berry diameter, crop load 
(yield/pruning) and water use efficiency (yield 
/irrigation): 

Results presented in Table 3 & 4 showed that 
there were significant differences among irrigation 
treatments, thinning treatments, and potassium 
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fertilization treatments. I 00 °/o ETc irrigated vines 
had the highest yield of 11.36 & I 0.69 kg/vine, 
bunch weight of 329.6 & 309.3 g, and berry 
diameter of 16.9 & 16 mm in 2012 & 2013, 
respectively, followed by 80 % ETc irrigated vines, 
\Vhereas 60 o/o ETc irrigated vines had the lowest 
values. Yield was reduced as compared with 
standard irrigation in 80 % ETc irrigated vines by 
32.3% and 32. l % and in 60 % irrigated vines by 
46.7 % and 45.9 % in 2012 and 2013, respectively. 
Linear regression analysis in Figure 3 showed that 
there was a very significant positive relationship 
between increased applied irrigation with vine yield 
(r values of 0.87 in both seasons), and between 
increased applied irrigation and berry diameter (r 
values of 0.71 & 0.69 in 2012 & 2013 seasons, 
respectively). Yield reduction due to irrigation 
treatments can be explained by the reduced bunch 
weight and berry diameter with similar trends in 
both seasons. As demonstrated in Figure 7, there 
was a very significant positive linear regression 
correlation between vine yield and bunch weight (r 
values of0.86 & 0.85 in 2012 & 2013, respectively) 
and between vine yield and berry diameter (r values 
of0.7 & 0.73 in 2012 & 2013, respectively). As for 
the effects of thinning, results of Table 3 & 4 show 
that bunch thinned vines had significantly lower 
yield in 2012 only (8.03 kg/vine) compared with un
thinned vines (8.70 kg/vine), while differences were 
not significant in the second season. However, 
bunch weight in thinned vines (267.0 and 257.4 g) 
and berry diameter (16.I & 15.4 mm) of 2012 & 
2013 seasons, respectively, were significantly 
higher than un-thinned vines (bunch weight of217.8 
& 198.9 g, and berry diameter of 13.8 & 13.2 mm, 
in 2012 and 2013, respectively). The reduction in 
vine yie!d due to bunch thinning was compensated 
by increased bunch weight and berry diameter. As 
presented in Figure 6, there \Vas a significant 
negative correlation between thinning and bunch 
weight (r values of -0.33 & -0.40 in 2012 & 2013, 
respectively), and a very significant negative 
correlation between thinning and berry diameter (r 
values of -0.52 & -0.51 in 2012 & 2013 seasons, 
respectively). Potassium fertilized vines (Table 3 & 
4) had higher significant yield of9.14 and 8.76 kg I 
vine as compared with un-fertilized vines of 7.59 
and 7.04 kg I vine in 2012 and 2013 seasons, 
respectively. This increase could be attributed to the 
significant increases in bunch weight and berry 
diameter obtained in both seasons. As shown in 
Figure 5, the positive linear regression correlation 
between potassium fertilization and bunch weight 
was only significant in the second season (r value of 
0.34), while the positive correlation between 
potassium and berry diameter was significant in 
both season (r value of 0.42 & 0.40 in 2012 & 2013. 
respectively). 
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Figure 5: Linear regression analysis for relationships between potassium fertilization with water use 
efficiency (WUE) \A & BJ, bunch weight \C & DI, and berry diameter (E & F] for Flame Seedless 
grapes at harvest during 2012 and 2013 seasons 
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Interaction effect among treatments was only 
observed for bunch weight data, and was significant 
only for irrigation with bunch thinning in 2012 
season but in 2013 data interaction were significant 
for irngation with thinning, irrigation with 
potassium, and thinning with potassium, while no 
interactions were observed for the three factors in 
both seasons. Moreover, no significant effect for 
deficit irrigation on crop load in both seasons (Table 
3 & 4), bunch thinning significantly decreased crop 
load by 22.07 % and 26.32 %, whereas potassium 
fertilization significantly increased crop load by 
16.76 % and 21.74% in 2012 and 2013, 
respectively. Additionally, no interaction effects 
were observed among the three factors on crop load. 
Data of water use efficiency (WU E) presented in 
Tables 3 & 4 revealed that WUE was highest in 100 
o/o ETc irrigated vines and was only significantly 
higher than 80 % ETc irrigated vines in 2012 and 
was significantly higher than both 80 % ETc and 60 
% ETc irrigated vines in 2013. Long terrn 
application of deficit irrigation significantly reduced 
yield in water deficient vines and thus greatly 
affected yield weight to applied irrigation ratio. 
Bunch thinning significantly reduced WUE in the 
first season only, and there was a non-significant 
positive linear regression correlation between 
thinning and WUE as r values were 0.29 and 0:10 in 
2012 and 2013, respectively (Figure 6·A & 6-B). 
Potassium fertilization significantly increased WUE 
in both seasons by 20 % and 24.82 % in 2012 and 
2013, respectively. Figure 5-A & 5·B demonstrated 
that the positive linear regression correlation 
between potassium and WUE was highly significant 
with r values of 0.65 and 0.76 in 2012 and 2013, 
respectively. interaction effects were not significant 
among all experimental factors in both seasons for 
WUE. Several studies reported that vine yield 
increased linearly with increasing irrigation level 
(Marsal et al., 2008 and Netzer et al., 2009). Crop 
load is an indicator of grapevine balance and grape 
berry quality is affected when its value exceeds 10 
(Salon et al., 2005). Reduction of crop load by a 
suitable bunch thinning increases berry size, over
cropping reduces berry size due to decreased 
available assimilates, and under-cropping also 
reduced berry size due to increased vegetative 
growth (Mpelasoka et a/.,2003). Potassium fertilized 
vines had an increased WUE due to the significant 
yield increase as a result of increased bunch weight 
and berry diameter. Potassium plays an essential 
role for grapevine growth and grape production as it 
regulates vine water relations, activates enzymes 
and transport through cellular membranes, and 
promotes translocation of photosynthates into 
berries (Mpelasoka el al., 2003) . 
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Berry quality characteristics: 
Data presented in Table 5 & 6 showed that 60 

% ETc irrigated vines had the highest significant 
value for total soluble solids (TSS) of20.6% and 21 
% in 2012 and 2013, respectively, compared with 
other irrigation treatments. TSS of 80% ETc 
irrigated vines (19.7 °/o) was not significantly 
different from standard irrigated vines in 2012 but 
was significant (19.4 %) in 2013. There was a 
significant effect for thinning on TSS in the first 
season only. Potassium fertilization increased TSS 
significantly in both seasons from 18.7 % and 17.8 
0/o in un-fertilized vines to 21 o/o and 21.1 % in 
fertilized vines in 2012 and 2013, respectively. No 
interaction effects on ·rss among treatments 
occured. Increased TSS due to deficit irrigation can 
be attributed to the reduction in vegetative growth 
which redirects assimilates to berries, as a result of 
berry dehydration leading to increased TSS 
concentration, by osmoregulation, and/or due to the 
effect of ABA produced from roots on fruit ripening 
(El·Ansary and Okamoto, 2005). Increased sugar 
accumulation in thinned vines in first season and in 
potassium fertilized vines could be due to 
real\owtion of photosynthates between the source 
and sink promoting higher allocation of sugars to 
bvnches (Mpelasoka et al., 2003 and Santesteban et 
al., 2011). Titratable acidity (TA) results presented 
in Table 5 & 6 showed that 60 % ETc irrigated 
vines had significantly lower TA values of 0.61 % 
and 0.68 % than TA values of I 00 % ETc standard 
irrigated vines of 0.76 % and 0.78 % in 2012 and 
2013, respectively. TA values of80 % ETc irrigated 
vines was not significantly different from 60°/o 
irrigated vines in 2012 but was significantly 
different from standard irrigated vines, and the 
reverse was true in 2013. Thinning treatment had no 
effects on TA in both seasons. Potassium treatment 
increased TA values significantly in both seasons as 
compared with un-fertilized vines. No interaction 
effects among all treatment factors for TA were 
found. Malic and tartaric acids are the major organic 
acids contribute to grape berry acidity during 
ripening (Matthews and Anderson, 1988 and 
Esteban e1 al., 2002). Acidity loss in berry juice 
during ripening increases under irrigation deficit 
partially due to increased bunch temperature as a 
result of reduced vine vegetative growth (Souza et 
al, 2005). The increased TA in berry juice of 
potassium fertilized vines could be attributed to 
increased partitioning of photosynthates from leaves 
to bunches through the sink-source relationship 
(Bravdo et al., 1985) as potassium contributes to 
water and solute translocation into berries especially 
for malate and tartarate (Mpelasoka el al., 2003). 
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Figure 6: Linear regression analysis for relationships between bunch thinning with water use efficiency 
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Berry firmness was only significantly influenced by 
irrigation treatment factor in both seasons. 60 o/o E'rc 
irrigated vines had the significantly lowest berry 
finnness values of 3.08 N and 3.33 N, followed by 
80% ETc irrigated vines of 3.74 N and 4.20 N, 
whereas 100 % ETc irrigated vines had the 
significantly highest berry firmness values of 4.73 N 
and 5.1 l N in 2012 and 2013 seasons, respectively. A 
very significant positive linear correlation between 
increased applied irrigation and berry firmness 
values as indicated from r values of0.86 and 0.91 in 
2012 and 2013, respectively, (Figure 3-E & 3-F). 
However, no interaction effects on berry firmness 
were observed in both seasons. Berry finnness is 
responsive to irrigation events and vine water status, 
and reduced berry firmness in deficient vines occurs 
as a result of water loss from berry to vine or 
atmosphere leading to decreased turgor pressure 
(Bernstein and Lustig, 1981 and El-Ansary et al., 
2005). In addition, berry skin total phcnolics (Table 
5 & 6) was significantly higher in 60 % irrigated 
vines (61.82 & 47.12 mg/g), followed by 80 % ETc 
irrigated vines (45.73 & 37.2 mg/g), and was lowest 
in 100 % ETc irrigated vines (42.68 & 27.91 mg/g) 
in both seasons (2012 & 2013). It can be seen in 
Figure 4 (E & F) that, berry skin total phenolics had 
a very significant negative correlation with in~reased 
irrigation level (r values of -0.74 & -0.68 in 2012 and 
2013, respectively). Bunch thinned vines had 
significantly higher berry skin total phenolics as 
compared with un-thinned vines in both seasons, and 
similar trend was for potassium fertilized vines as 
compared v1:ith un-fertilized vines. As for berry skin 
anthocyanin, data presented in Table 5 & 6, 60 % 
ETc irrigated vines had the highest significant values 
of 4.54 & 4.93 mg/lOOg, followed by 80 % ETc 
irrigated vines of2.64 & 2.33 mg/JOOg, while 100 % 
ETc irrigated vines had the lowest significant valDes 
of 1.74 & 1.94 mg/lOOg in 2012 and 2013, 
respectively. A very significant negative linear 
regression correlation (Figure 4-C & 4-D) was 
observed between increased irrigation level and 
berry skin anthocyanin content (r values -0.77 & 
-0.79 in 2012 and 2013, respectively). Berries of 
thinned vines had significantly higher skin 
anthocyanin contents as compared with Un-thinned 
ones. Potassium treated vines had berries with 
significantly higher anthocyanin content in their 
skins as compared with un-treated vines. As for the 
interaction effects among treatments, no significant 
interactions were found in both seasons. Berry skin 
anthocyanin contents had a similar trend as 
influenced by irrigation, thinning and potassium 
treatments compared with skin total phenolics 

Vol. 62, No.1, pp. 11-30, 2017 

values, and this can be explained by the very 
significant positive linear correlation presented in 
Figure (7-E & 7-F) between berry skin anthocyanin 
and berry skin total pheno!ics (r values 0.79 & 0.63 
in 2012 and 2013, respectively). Grapevines 

·subjected to water deficit stress had berries with 
increased total phenolics (El-Ansary and Okamoto, 
2007) and anthocyanin (Bucchctti et al., 2011 and 
Santesteban et al., 2011 ). This is due to direct 
promotion of phenolic (Ojeda et al., 2002) and 
anthocyanin (Roby et al., 2004) biosynthesis 
pathways. Water deficit during the berry growth 
leads to smaller berries but with concentrated skin 
total phenolics and anthocyanin (Ojeda el al., 2002 
and Koundouras et al., 2006). Also, bunch thinning 
(Guidioni et al., 2002) and potassium fertilization 
(Reynolds el al., 2005) enhance berry skin 
anthocyanin concentration. Berry skin color 
characteristics data presented in Table S &6 revealed 
that, lightness (L *), chroma(C*), and hue angel (h 0

) 

values were significantly higher in I 00 ETc standard 
irrigated vines as compared with other deficit 
irrigated treated vines in both seasons. 60°/o ETc 
irrig'1ted vines had the lowest significant values for 
L *, C*, and h0 as compared with 100 ETc irrigated 
.vines and with 80o/o ETc irrigated vines, except for 
C* in the second season where no differences were 
found between 80o/o and 60°/o ETc irrigated vines. As 
presented in Figure 8. there were significant negative 
relationships between increased berry skin 
anthocyanin and skin L *, C*, and h0 values 
indiCating that color characteristics values are 
sensitive color indicators and can be used effectively 
to measure changes in berry skin anthocyanin to 
monitor the development of red color in Flame 
Seedless grapes (r values for L*-0.74& -0.61, C* 
-0.75 & -0.39, and h0 -0.33& -0.72, in 2012 & 2013, 
respectively). Bunch thinned vines had berries with 
significantly lower L•, C* and h0 values as compared 
with un- thinned control in both seasons except for 
L •value in the second season were it di di not differ 
significantly from control (Table 5 &6). Data of 
potassium treated vines for color characteristics were 
not consistent with no significant differences in c• in 
both seasons. 'fhere were significant interactions 
among all factors for h0 in both both seasons except 
tor irrigation and potassium in the second season) but 
no interactions were found among all treatments for 
L• and c• values in both seasons (Table 5 &6). 
Previous research on pigmentation of Flame 
Seedless grapes reported that skin anthocyanin 
concentration had a profound effect on lightness and 
hue angle of berries (Peppi et al., 2006). 
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Figure 7: Linear regression analysis for relationships between vine yield with berry diameter IA & B] 
and bunch weight [C & DJ, and between berry skin anthocyanin with berry skin total phenolics [E 
& Fl for Flame Seedless grapes at harvest during 2012 and 2013 seasons 
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CONCLUSION 
Research results indicated that under conditions 

of this study, it is possible to produce high 
marketable quality grapes with the required 
standards for export with only 32 °/o reduction in 
yield by using 20 °/o less irrigation water during the 
whole production season as compared with standard 
practice irrigation. Additional bunch thinning and 
potassium app Ii cation treatments can enhance 
accumulation of berry total soluble solids and the 
development of red coloration. 
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