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ABSTRACT

This study was carried out during two successive growing seasons 2016 and 2017 at a private farm located at El-Nubaria,
Beheira governorate, Egypt to study the effect of irrigation deficit at different growth stages on some vegetative growth
parameters, yield and fruit quality of "Anna" apple trees. The obtained data showed that, the highest mean values for studied
vegetative growth parameters such as shoot length, shoot diameter, leaf area and specific leaf weight , yield (kg/tree — ton/fed.),
fruit set percentage and some fruit characters (fruit weight, fruit size, fruit length, fruit diameter and fruit shape) were recorded
under control treatment (conventional irrigation). Meanwhile, vegetative growth parameters recorded the lowest values under Tg
treatment, while the lowest values of fruit set percentage and yield were recorded under Ts. Fruit weight, fruit size, fruit length
and fruit diameter recorded the least values with T treatment. Concerning, productivity of irrigation water (PIW), whereas the
highest values were obtained by T treatment, Ts treatment gave the lowest values. Fruit firmness, TSS and anthocyanin content
in fruit peel of "Anna" apple were significantly affected by irrigation treatments, where, T, treatment recorded the highest values
for measured fruit firmness and TSS, while Ty treatment recorded the highest values for anthocyanin. The lowest values for
measured fruit firmness, TSS and anthocyanin content were found under control condition (standard irrigation). Hence, we can
recommend apple growers to apply T treatment(12.972 m’/tree/year = 4540.2 m’/fed./year) to save 25%of irrigation water, as
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well as, to obtain about the same fruit set and yield of control trees.
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INTRODUCTION

"Anna" apple (Malus domestica, Borkh) has low
chilling requirements. It needs about 300 — 350 hrs blew
7.2°C to break their bud dormancy, spreading in many
tropic and sub-tropic areas including Egypt . In Egypt,
the cultivated area of "Anna" apple cultivar is increasing
very rapidly in the reclaimed land, especially during the
last few years. In order to obtain an abundance of
production and high fruit quality of deciduous fruit
trees, suitable irrigation water must be available,
however in many areas in the world; water resources
may be not enough to optimize irrigation and to achieve
the maximum yield for the highest reverting. These
problems could exacerbated in the future due to this
reasons; i) water resources are becoming more limited
all over the world and they will not have been sufficient
to meet the increasing demands by 2025 (Postel, 1998),
il) reducing irrigation water due to increasing
competition with urban and industrial users and
economic and social pressures (Fereres and Evans,
2006), and iii) worldwide, irrigation consumes at least
85% of all water used (Jury and Vaux, 2007). Therefore
agricultural irrigation will face water scarcity in the near
future, so it is very important to understand the effects
of water shortage in deciduous fruit trees with the use of
techniques that reduce the drought effects. Regulated
irrigation deficit is an important technique of saving
water and developed to improve control of vegetative
growth in high-density orchards to achieve the optimize
productivity and high fruit quality. Regulated irrigation
deficit is usually applied during the period of slow fruit
growth when shoot growth is rapid. Thus, it is beneficial
for reducing excessive vegetative growth and nutrient
loss through leaching as well as the provision of
irrigation water (Chalmers ef al., 1981). However, this

technique requires accurate information about the
response of deciduous fruit trees to water stress, which
depends mainly on growth stages of trees, as will, to
determine the periods when fruit trees are less sensitive
to stress. So, it is very important for growers know the
application periods of irrigation deficit (Fereres and
Goldhamer, 1990). Many studies such as, Mitchell and
Chalmers (1982) and Mitchell et al. (1989) found that,
water use efficiency, expressed as yield per unit
irrigation, increased under regulated irrigation deficit in
peach and pears. In this respect, Goldhamer (1999)
using regulated irrigation deficit technique on olive, and
found, this way save water about 25% without yield
decline. Also, many studies have shown that mild water
stress applied during the period of slow fruit growth
controlled excessive vegetative growth, while
maintaining or even increasing yields (Mitchell et al.,
1989 on European pear, Ebel ef al., 1995 on apple, El-
morshedy and Haggag, 1997 and Lopez et al., 2008, on
peach and Cheng et al., 2012 on Asian pear).

The purpose of this research is to study the
effect of periodic deficit of irrigation water at different
fruit growth stages of "Anna" apple on vegetative
growth, fruit set, yield and fruit quality; and to clear the
effect of regulated irrigation deficit system on
productivity of irrigation water (PIW, kg/m’) .

MATERIALS AND METHODS

This experiment was carried out during the two
successive seasons 2016 and 2017 on eight-year-old
"Anna" apple trees (Malus domestica, Borkh) budded on
Malus rootstock, planted at 3x4 meters apart (350
trees/fed.) on a sandy loam soil under drip irrigation
system in a private orchard located at El-Nubaria,
Beheira governorate, Egypt. Physical and chemical
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characteristics of experimental soil was presented in  Tj: Irrigation with 75% of control from 40 to 80 days

Tables (1&2). The amounts of irrigation water as liters after full bloom (stage I) .
per tree for each treatment in both seasons are shown in  T:Irrigation with 75% of control from 80 days after full
Table (3). bloom until harvesting (stage I1I).
The complete randomized block design was  Ts:lrrigation with 50% of control starting from
used, as each treatment was represented by three flowering to 40 days after full bloom (stage I)
replicates. Twenty one trees were selected in this study  T: Irrigation with 50% of control from 40 to 80 days
and divided randomly into seven groups; each group after full bloom (stage II).
was subjected to one of the following irrigation T;: Irrigation with 50% of control from 80 days after
treatments: full bloom until harvesting (stage III).
T; (Control): conventional irrigation, like practice by The investigated irrigation levels (75 & 50%)
the local farmers in the studied region. were basily calculated upon the conventional supply of
T,:Irrigation with 75% of control starting from irrigation water (control-100% level) during each of the
flowering to 40 days after full bloom (stage I) three phonological growth stages (Table 3).
Table 1. The mean values of some chemical characteristics of experiment soil:
Soil depth H EC OM CaCoOg; Soluble cations (Meq/L) Soluble anions (Meq/L)
(cm) p (ds/m) (%) (%) ~Na _ Ca* Mg* K _ HCO; CI SO,
0-30 8.14 1.54 0.26 3.85 1044 2.70 230 0.10 2.25 10.17 2.62
30-60 8.10 1.35 0.23 5.69 9.43 2.16 1.82 0.09 1.63 9.98 1.39
Mean 1.45 0.24 4.77 9.93 1.93 2.06 0.09 1.94 10.07 2.00

EC: was measured in the extract of soil paste at 25 C°, pH: was measured in 1:2.5 (soil water suspension), SO, was calculated by
difference between cations and anions

Table 2. The mean values of some soil physical characteristics and water constants:

Soil Particle size distribution Soil moisture characteristics Bulk
depth Sand Silt Clay Soil FC PWP AW densit}y
(cm) (%) (%) (%) texture (%) (%) (%) (kg/m”)
0-30 69.91 18.07 12.02 11.8 6.4 5.4 1.36
30-60 67.89 18.63 13.48 Sandy loam 12.8 7.0 5.8 1.34
Mean 68.90 18.35 12.75 12.3 6.7 5.6 1.35

FC: Field capacity, WP: Wilting point, AW: Available water

Table 3. Combination of irrigation treatments applied during three fruit growth stages of "Anna'" apples
over two seasons .

fruit Irrigation treatments

Growth stages T, T, T, T, Ts T T,

I 100 75 100 100 50 100 100
11 100 100 75 100 100 50 100
111 100 100 100 75 100 100 50
Total (m’|tree|year) 13.572 13.182 12.972 12.762 12.792 12.372 11.952

Seasonal water applied(m’/fed.)  4750.2 4613.7 4540.2 4466.7 4477.2 4330.2 4183.2
Stage (I) starting from flowering to 40 days after full bloom (AFB), stage (II) from 40 to 80 days after full bloom (AFB), stage (III) from
80 days after full bloom (AFB) until harvest time.

The effect of the previous treatments was studied by  March of the two experimental seasons, the number of
evaluating their influence on the following flowers was recorded and those set fruitlets on the

parameters.: . .. 3 selected branches were counted then fruit set %
1- Producthle.of irrigation water (PIW, kg/m). calculated according to the following equation:
Productivity of irrigation water (PIW) was Number of developing fruitlets
calculated by the following equation according to (Ali ez~ Fruit sef percentage = ————— - — - x 100
al.,2007). Yield per tree (kg/tree) and the yield per fed in
PIW=Y/Wa ton were estimated at harvesting time (3" week of
Where: June).

PIW: Productivity of irrigation water (kg fruits /m’ of

TV - 4- Fruit quality:
water), Y: fruit yield (kg/fed.) and Wa: Water applied to

At harvest, ten fruits were randomly taken from

the field (m’). each replicate for determination of both physical and

2- Vegetative parameters: chemical characteristics: :
At the end of each growing season, the selected  A_ pruit physical characteristics:

shoots were used for the following measurements: the Fruit weight (g), fruit size (cm3), fruit

average ShOOF length cm, shoot dlametef cm, lg:af ared  dimensions (fruit length and diameter in, mm) and fruit

cm” and specific leaf weight (leaf dry weight/cm”) shape index (fruit length /fruit diameter ratio) were

3- Fruit set and yield: measured. Fruit firmness (I b/inch?) which was

Four main branches at different directions of  peagyred by using fruit pressure tester. Adjusted
each tree were chosen and tagged in the beginning of  fiymness determined with the equation of Bartram
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(1986) : adjusted firmness = firmness + [0.054 (apple diameter, leaf area and specific leaf weight were
weight) — 11.557]. significantly affected in the two growing seasons by the
B- Fruit chemical characteristics: studied treatments. The highest shoot length, shoot

Total soluble solids (TSS) were determined using  diameter, leaf area as well as specific leaf weight values
a hand refracto-meter, percentage of titratable acidity = were belonged to the control treatment (T, ), which
in fruit juice (%) was determined according to AOAC irrigated by water at 100% level in all fruit growth
(1995), and anthocynins were determined as mg/100g  stages followed by trees irrigated with 75% of control
fresh weight of peel according to the method described  starting from 80 days after full bloom until harvesting —
by Rabino et al., (1977). stage III (T, treatment). While T4 treatment (irrigation
5- Soil physical and chemical properties: with 50% of control starting from 40 to 80 days after

The studied physical properties and soil water  full bloom —stage II) achieved the lowest values in this
constants were determined according to the method respect. Generally, the effects of periodic irrigation
described by Klute, 1986. The studied chemical deficit on vegetative growth were dependent on the time
properties, were determined according to the method and the water shortage rate, therefore it was observed
described by Jackson, (1973). that deficit irrigation treatments in a second period
6- Statistical analysis: (Stage II) such as Ty (irrigation with 50% of control

The results were statistically evaluated by  starting from 40 to 80 days after full bloom) had more
analysis of variance. Comparisons of means were done  negative effects on vegetative growth compared to

at p < 0.05 with the Duncan Multiple Range test. irrigation with 75% of control and two other periods
(Stage I and Stag III). The reason may be that stage II
RESULTS AND DISCUSSION include both rapid shoot growth and spring root growth,

accordingly, water deficit in this stage has a negative
impact on vegetative growth (Boland ef al., 2002). The
effects of regulated irrigation deficit on vegetative
growth were studied by many researchers such as,  El-
morshedy and Haggag (1997) and Cheng et al., (2012),
they reported that, the vegetative growth is influenced
by the time and rate of water shortage.

A. Vegetative growth parameters:.

The effects of periodic deficit of irrigation water
at different fruit growth stages of " Anna" apple on
some vegetative growth parameters are presented in
Table (4). The obtained data showed that, the
vegetative parameters such as shoot length, shoot

Table 4. Effect of irrigation deficit at different fruit growth stages on some vegetative growth parameters of
"Anna" apple trees in 2016 & 2017 seasons.

Shoot length Shoot diameter Leaf area Specific leaf weight

Treatments (cm) (cm) (cm?) (mg/cm?)

2016 2017 2016 2017 2016 2017 2016 2017
T; (control) 38.1a 39.3a 1.36a 1.48a 28.9a 29.9a 8.83a 9.07a
T, 36.7b 37.7b  1.34b 1.46b 28.3¢c 29.3b 7.61d 8.34c
T 35.7¢  37.3c 1.32¢ 1.46b 28.2¢ 29.2b 7.35¢ 7.84d
T, 379a  39.2a 1.36a 1.49a 28.8a 29.7a 8.67b 8.76ab
Ts 32.0d  35.4d  1.04d 1.32¢ 24.3d 26.1d 6.80f 7.93d
T 30.9¢e  34.4e  0.96e 1.24d 23.3e 25.4¢ 6.37g 7.15e
T, 37.5a  39.0a 1.32¢ 1.48a 28.5b 28.8¢c 8.56¢ 8.59bc

T; (control): irrigated 100% at all fruit stages.
Ty, T3 and Ty: irrigated 75% at fruit growth stages I, II and III respectively.
Ts, Te and T7: irrigated 50% at fruit growth stages I, II and III respectively.
Fruit growth stages: stage I: flowering — 40 days, stage II: 40 — 80 days and stage III: 80 days — harvest time.
B. Fruit set and yield: As for the influence of irrigation shortage at
It is evident from (Table 5), that fruit set different fruit growth stages on yield of "Anna" apple
percentage was significantly decreased by reducing trees, Table (5) explained, mostly periodic deficit of
irrigation rate especially in stage I (Ts treatment: irrigation water significantly decreased fruit yield in the
irrigation with 50% of control starting from flowering to  two growing seasons. Ts treatment (trees irrigated with
40 days after full bloom -stage I) which recorded the  50% of control starting from flowering to 40 days after
lowest percentage of fruit set as compared to the other  full bloom —stage I) gave the least yield as compared to
treatments while, the T, treatment (irrigation with 75%  other treatments in both seasons. The yield obtained
of control starting from flowering to 40 days after full from T; treatment (trees irrigated with 75% of control
bloom) came after the control. These results are in  from 40 to 80 days after full bloom —stage II) was found
conformity with the finding of George and Nissen to be at par with that obtained from control in the two
(2002) and Mikhael and Mady (2007) who indicated growing seasons, so the trees irrigated with 75% of
that, fruit set percentage decreases with increasing control achieved the least effect from those irrigated
severity of drought. In addition, fruit set occurs in the  with 50% in the three stages. These results may be
stage I and therefore water shortage in this stage has a  probably due to the different growth rates of apples
negative effect on fruit set percentage. during the three development stages. Stage I (cell
division): the number of cells of the fruit is determined
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and irrigation is critical at this stage, accordingly, soil
moisture must be readily available. Stage II: involves
both rapid shoot growth and spring root growth, the fruit
development is slow. Stage III (cell enlargement): in
this stage the size of the fruit increases rapidly, shoots
and roots growth is slow and bud formation for the
following season begins, irrigation is critical at this
stage and soil moisture should be readily available
(Boland et al., 2002 and Atay, 2007). Accordingly, the
influence of reduction of irrigation at the period from 40
to 80 days after full bloom (stage II) was less negatively
on yield and fruit quality than the other two periods
(stage I and stage III) (Ki¢ikyumuk et al, 2013). In
addition, the impact of water shortage on fruit set in
stage I- had a negative effect on the yield.

C. Productivity of irrigation water (PIW):

Regarding productivity of irrigation water (PIW),
the values studied here and above mentioned parameters
which were affected by periodic deficit of irrigation
water (Table 5). The highest values were recorded under
T treatment(Irrigation with 50% of control from 40 to
80 days after full bloom —stage II) which were 2.316
and 2.368 (kg/m3) in 2016 & 2017 seasons,
respectively. Meanwhile, the lowest values were

obtained by Ts treatment (Irrigation with 50% of control
starting from flowering to 40 days after full bloom -
stage I) which were 1.878 and 1.807 (kg/m3) in the
2016 and 2017 seasons, respectively. Generally, the
values of productivity of irrigation water (PIW) can be
descended in order Tg> T3> T4>control> T;> T,> Ts in
the first season and Tg> T3> T4> T; > control > T,> Ts
in the second one, this means that, under deficit
irrigation conditions in the stage I1(40 to 80 days after
full bloom), the values of PIW increased comparing
with conventional irrigation (control  100%),
meanwhile, irrigation deficit conditions at stage I
recorded the lowest values. Increasing productivity of
irrigation water under water stress, especially, in stage
II may be due to the slowing of fruit growth and
decreasing the amount of water consumptive use in this
stage (Kiigiikyumuk et al., 2013). Many studies such as
Chalmers et al., 1981; Marsal and Girona, 1997 and
Cheng et al, 2012 reported that regulated irrigation
deficit technique is only applied during periods in which
the fruit growth is less sensitive to water shortage is an
important water-saving technique and increasing
productivity of irrigation water.

Table 5. Effect of irrigation deficit at different fruit growth stages on fruit set, yield and productivity of
irrigation water (PIW) of "Anna" apple trees in 2016 & 2017 seasons.

Treat- Fruit set (%) Yield/tree (kgm) Yield/fed. (ton) PIW (kg/m®)
ments 2016 2017 2016 2017 2016 2017 2016 2017
T, 17.04a 17.68a 29.87a 30.76a 10.454a 10.767a 2.203b 2.266b
T, 16.43d 16.96a 27.48¢c 28.20d 9.620c 9.873d 2.083c 2.139¢
T; 17.00bc 17.36a 29.27ab 30.16ab 10.244ab 10.557ab 2.256ab 2.325ab
T, 17.02ab 17.66a 28.45bc 29.36bc 9.957bc 10.277bc 2.229% 2.301b
Ts 15.57¢ 15.08b 24.03e 23.12f 8.413e 8.090f 1.878d 1.807d
Ts 16.98¢c 17.08a 28.66b 29.30c 10.030b 10.253¢ 2.316a 2.368a
T; 17.00bc 17.65a 25.93d 27.3% 9.073d 9.587¢ 2.170b 2.292b

T, (control): irrigated 100% at all fruit stages.

T, T3 and Ty: irrigated 75% at fruit growth stages I, II and III respectively.
Ts, Ts and T7: irrigated 50% at fruit growth stages I, II and III respectively.
Fruit growth stages: stage I: flowering — 40 days, stage I1: 40 — 80 days and stage I11: 80 days — harvest time

D- Fruit characteristics:

Data in Table (6) showed that, all irrigation
deficit treatments had a significant effect on fruit
characters in terms of fruit weight, size, length and
diameter of "Anna" apple as compared to control
treatment in both seasons. Decreasing mentioned fruit
measurements were different based on the level and the
time of irrigation water. While the highest values were
obtained with control, T; (irrigation with 50% of control
from 80 days after full bloom until harvesting- stage III)
had the lowest values. Irrigation with 50% and 75% of
control in different stages had different effects on
studied fruit measurements. Under the periodic
irrigation deficit treatments, the highest values were
observed in T; treatment (irrigation with 75% of control
from 40 to 80 days after full bloom stage II), while the
lowest values were observed in T, (irrigation with 50%
of control from 80 days after full bloom until
harvesting- stage III) and Ts (irrigation with 50% of
control starting from flowering to 40 days after full
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bloom- stage I). May be this is due to the more soil
moisture affects the amount of water absorbed by roots,
which reflects on apple fruit characters.

Decreased mentioned fruit measurements were
different based on the level of deficit irrigation water
and periodic irrigation treatments. O’Connel and
Goodwin (2007), Zaliha and Singh (2009b) and
Kiigiikyumuk et al., (2013) on apple, they reported that
fruit diameter decreased in irrigation deficit applications
compared to none irrigation deficit. The same trend was
observed on fruit length and fruit weight. However, all
irrigation deficit treatments decreased fruit weight, fruit
size, fruit length and fruit diameter, it was observed that
irrigation with 75% of control from 40 to 80 days after
full bloom (T; treatment) and control (Conventional
irrigation) resulted in fruit weight, fruit size, fruit length
and fruit diameter close to each other. As for fruit shape
the results showed a significant effect in the first season,
whereas the highest value recorded T;, while the lowest
with T, treatment.
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Table 6. Effect of irrigation deficit at different fruit growth stages on fruit weight, fruit . volume, length,
diameter and shape of "Anna'" apple trees in 2016 & 2017 seasons.

Treat- Fruit weight (g) Fruit size (cm’) _ Fruit length (mm) Fruit diameter (mm) _Fruit shape (L/D)
ments 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017

T, 152a 157a 172a 175a 79a 80a 67a 63a 1.18de 1.27a
T, 146b 152bc 160bc 165¢ 76bc 77bc 63bc 62ab 1.21b 1.24a
T; 150ab 156a 168a 170b 78ab 78ab 65ab 63a 1.20bc 1.24a
T, 146b 151c 157¢ 160d 75¢ 76bc 63bc 61abc 1.19cd 1.25a
Ts 137¢ 143d 155¢ 145f 74c 75¢ 6lc 60bc 1.21b 1.27a
Ts 147b 155ab 166ab 150e 76bc 77bc 65ab 62ab 1.17¢ 1.24a
T, 135¢ 142d 152¢ 130g 74c 75¢ 60c 59¢ 1.23a 1.25a

T, (control): irrigated 100% at all fruit stages.

T,, T3 and Ty: irrigated 75% at fruit growth stages I, II and III respectively.
Ts, T and T+: irrigated 50% at fruit growth stages I, II and III respectively.
Fruit growth stages: stage I: flowering — 40 days, stage I1: 40 — 80 days and stage I11: 80 days — harvest time

E- Fruit physical and chemical characters:

From data in Table (7), it can be noticed that,
tested irrigation treatments had a significant effect on
fruit firmness in both experimental seasons. The highest
fruit firmness values were obtained from trees irrigated
with 50% of control from 80 days after full bloom until
harvesting - stage III (T, treatment), on the other hand,
conventional irrigation (control — T;) had the least
values. Irrigation deficit (75% and 50% of control) at
different stages had different effects on fruit firmness.
Among periodic irrigation deficit treatments, forasmuch
T, (irrigation at 50% of control from 80 days after full
bloom until harvesting time -stage I1I) had the highest
fruit firmness, T treatment (irrigation at 75% of control
from 40 to 80 days after full bloom —stage II) gave the
lowest values. Similarly, the shortage of irrigation water
treatments increased fruit firmness, as previously
decided by other authors (Zaliha and Singh, 2009 a;
Kiigiikyumuk et al., 2013). Inverse linear relationships
were determined between fruit size and fruit firmness,
when fruit size increased fruit firmness decreased, this
is due to higher cellular density (Ebel and Proebsting,
1993), so that when adjusted firmness was calculated to
remove the effect of size, there were no significant
differences in firmness between irrigation treatments.

As for to the TSS results, a significant
differences were found among the treatments. The
highest TSS value was obtained from T, treatment
whereas the lowest TSS value was determined in the
control (conventional irrigation). Deficit irrigation
especially in stage III (cell enlargement stage) increased
TSS values. These results agreed with those mentioned

by Mpelasoka et al. (2001) and Leib et al. (2006) who
found that irrigation deficit applications increased total
soluble solids (TSS) of apple fruits. In addition, Zaliha
and Singh (2009a) reported that, TSS affected by the
rate and the time of irrigation water. These results
explained that different water deficit application periods
led to different TSS values.

According to the acidity, data did not show
significant differences between control and most
treatments in the first season and with all treatments in
the second one.

Regarding to the effect of irrigation deficit at
different growth stages on anthocyanin content of
"Anna" apple fruits, data presented in Table (7) revealed
that a significant effect was remarkable in the two
growing seasons. Irrigation deficit applied (75% and
50% from control) at different stages had effects on
anthocyanin content compared to the control
(conventional irrigation - T;). The highest anthocyanin
content was obtained from irrigation with 50% of
control from 40 to 80 days after full bloom — stage II (T,
treatment), whereas the lowest value belonged to the
control. These results can be due to the effects of water
shortage on the shoot length, especially in stage II,
which allowing more light to penetrate the canopy thus
improving the coloring in the fruits accordingly, the
highest anthocyanin contents were found in Tg, Ts and
T; treatments. Improving the coloring in the apple fruits
by regulated deficit irrigation decided by many of
researchers such as, Mills et al. (1997); Zaliha and
Singh (2009a) and  Kiigiikkyumuk et al,( 2013).

Table 7. Effect of irrigation deficit at different fruit growth stages on physical and chemical characters of
"Anna" apple fruits in 2016 & 2017 seasons.

Treat- Fruit firmness (Ib/inch?) TSS Acidity Anthocyanin
ments Measured Adjusted (%) (%) (mg/g F.W.t)
2016 2017 2016 2017 2016 2017 2016 2017 2016 2017

T, 11.61f 11.27¢ 7.183a 7.110a 12.33d 12.70d 0.54a 047ab  20.87b  20.37d
T, 11.84d 11.52b 7.023a  7.093a 12.40d 12.83¢ 0.55a 0.51a  21.93b  22.06bc
T; 11.67¢e  11.32¢  7.133a  7.107a 12.61c¢ 13.03b 0.54a 0.51a  22.09b  22.49%
T, 11.91c  11.58b 7.154a 7.097a 12.96b 13.05b 0.53a 047ab  21.24b  21.33¢c
Ts 12.35b  12.02a 7.113a  7.053a  12.45cd  13.05b 0.54a 0.51a  23.54a  23.58a
Ts 11.82d  11.35¢  7.120a  7.090a 12.88b 13.55a 0.46ab 0.46ab 24.58a  24.38a
T; 1247a  12.07a  7.123a  7.070a 13.32a 13.59a  0.41b 043b  21.48b  22.36b

T, (control): irrigated 100% at all fruit stages.

T, T3 and Ty: irrigated 75% at fruit growth stages I, II and III respectively.

Ts, Te and T7: irrigated 50% at fruit growth stages I, II and III respectively.

Fruit growth stages: stage I: flowering — 40 days, stage II: 40 — 80 days and stage III: 80 days — harvest time
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CONCLUSION

According to the above mentioned results, it
could be noticed that short-term (40 days) irrigation
water deficit during the growth season decreased
vegetative growth and yield but saving irrigation water.
The water deficit treatments between the 40 to 80 days
after full bloom (T; & Tg) not only saved irrigation
water but also have a least negative impact on yield and
fruit quality. The fruits that have good coloring were
obtained from irrigation deficit treatments compared to
the conventional supply of irrigation water (control). To
increase the use efficiency of irrigation water resources,
especially in case of limited water, T; followed by Ts
treatments may be recommended to apple farmers
because it not only saves water by 25 and 50%, but also
have a least negative effect on yield and fruit quality.
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