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Abstract

This research was carried out to determine the effect of drip irrigation strategies on yield and quality characteristics of
pomegranate (Punica granatum L. cv. Hicaznar) trees during the growing seasons between 2013 and 2015 years at Bati
Akdeniz Agricultural Research Institute in Antalya, Turkey. The amount of irrigation water applied was based on cumulative
Class A pan evaporation (K, 0.50, K, 0.75, K ;3 1.00 and K, 1.25) measured in two irrigation intervals (D, 3 days; D,
6 days). It was determined that irrigation intervals did not affect yield, while irrigation water levels were found to be statisti-
cally significant. The average water consumptions determined from a soil water balance were 797 mm for K4, 730 mm for
K p3, 658 mm for K », and 591 mm for K, irrigation level. According to the averaged values of 3 years, annual yield for
Kopss Kopss Kopo, and K,y irrigation levels were 29.2, 28.9, 23.6, and 18.8 t ha™!, respectively. While the effects of irrigation
treatment on fruit weight, total soluble solids, total acidity and pH of juice were not significant, its effect on canopy volume
and total trunk cross sectional area were found to be significant. It is concluded that pomegranate trees can be irrigated at

6 days interval using the amount of irrigation equal to 75% of cumulative Class A Pan evaporation to obtain the highest

water use efficiency.

Introduction

Pomegranate (Punica granatum L.) is a perennial plant
belonging to the genus Punica from the Lythraceae fam-
ily, which has been known for 3000 years. The origin of
pomegranate is Egypt, Syria, Iraq, Iran, Afghanistan, China,
India, and Turkey. The Mediterranean, Aegean and South-
East Anatolia regions of Turkey have quite suitable climates
for pomegranate growing. The total pomegranate production
of Turkey was 465,200 tons in 2016 which corresponds to
13% of world pomegranate production (FAO 2016). Irriga-
tion water is a critical issue limiting pomegranate growth
by having impact on anatomical, morphological, physi-
ological and chemical processes. Long-term average annual
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precipitation in the Mediterranean and Aegean region is
about 1000 mm, falling more than 98% of it from October
to May. Therefore, irrigation water is needed at pomegranate
cultivation to maintain and enhance crop growth and yield
in arid and semi-arid conditions.

Pomegranate is categorized to be a drought tolerant plant
because pomegranate can tolerate heat and can succeeds
well in arid and semi-arid regions, but to reach peak vegeta-
tive growth, fruit yield and quality for production, pome-
granate trees requires irrigation in arid and semi-arid areas
such as Mediterranean (Morton 1987; Holland et al. 2009;
Galindo et al. 2014).

Effects of irrigation water on yield and quality of pome-
granate were reported by some researchers. El-Kassas
(1983), Lawand and Patil (1996), Khattab et al. (2011a) and
Noitsakis et al. (2016) found that the highest total soluble
solid and total acidity values were recorded in irrigation
levels as much as 50% of full irrigation. Blumenfeld et al.
(2000) reported that 15 m® ha™! day~! in the spring season
and 50 m> ha~! day™! in the summer season is enough to irri-
gate pomegranate. Ibrahim and El-Samad (2009) determined
the effect of different irrigation regimes (70, 50 and 30% of
available soil water) on water use, growth and productivity
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of pomegranate trees and they stated that pomegranate fruit
weight decreased when the water stress increased. Holland
et al. (2009) suggested that the irrigation requirement of
pomegranate is 500-600 mm in Israel, while Melgarejo et al.
(2000) suggested that the irrigation requirement of pome-
granate is 527 mm in Murcia, Spain. Khattab et al. (2011b)
reported that pomegranate yield increased when applied
water increased from 280 to 600 mm. Meshram et al. (2011)
found that daily water use of 5-year-old pomegranate tree is
5.3 mm day~!. Mellissho et al. (2012) stated that pomegran-
ate fruits from plants under moderate water stress (32% ETo
from the beginning of the season to the end of the first half
of linear fruit growth phase, 74% ETo during the second half
of linear fruit growth phase and 36% ETo during the end of
fruit growth and ripening phase) level showed a decrease
in fruit growth, inducing a lower final fruit size and lower
total yield, accompanied by changes in colour and fruit
chemical characteristics, which reflected earlier ripening.
Similarly, Galindo et al. (2014) indicated that pomegranate
fruits exhibited a darker and more intense garnet color when
not irrigated for 34 days during the second half of rapid
fruit growth period resulting decrease in total fruit yield and
number of total fruits per tree. Laribi et al. (2013) reported
that deficit irrigation, when applied late in the season, during
ripening, resulted in an increase in soluble solid content and
enhancement of the red colour intensity, allowing then to
control the time of ripening and harvest. On the other hand,
deficit irrigation, when applied during the summer, during
the main linear fruit growth period, increased the concen-
tration of many bioactive compounds as anthocyanins that
could be related to healthfulness and taste (Pena et al. 2013).
Parvizi and Sepaskhah (2015) investigated that the effect
of water saving irrigation under different drip irrigation
strategies including partial root drying and deficit irrigation
techniques with applying 50 and 75% of water requirement
on quality attributes of pomegranate fruit in semi-arid area.
They reported that partial root drying strategies increased
the juice percentage, and maturity index and decreased the
total acidity and the irrigation strategies with higher level of
water stress increased the total soluble solid and decreased
the vitamin C. Ayars et al. (2017) reported that the water
requirement of a 6-year-old multi-trunk tree was 952 mm
and the peak daily water use was 10.5 mm using a weighing
lysimeter. The maximum crop coefficient (Kc) was reported
by the same authors in August and September as much as
1.2. The surface drip irrigation treatments went from 645
to 932 mm and the subsurface drip irrigation treatments
increased from 584 to 843 mm from 2013 to 2015. The dif-
ference in applied water between the surface drip irrigation
(843 mm) and subsurface drip irrigation (932 mm) did not
result in any negative effects on crop yield and fruit quality
in any year.
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As seen from the studies cited above, although there are
some studies concerning irrigation of young and mature
pomegranate trees in the world, there is no research on the
effects of deficit and full irrigation on pomegranate trees
in Turkey. Therefore, the present study was conducted to
reveal the effect of different irrigation practices on water use,
yield as well as phenological and chemical characteristics of
young pomegranate trees under conditions of West Mediter-
ranean Region in Turkey.

Materials and methods

The experiment was carried out during the growing seasons
between 2013 and 2015 years at Bati Akdeniz Agricultural
Research Institute in Antalya, Turkey, 36°56'N latitude and
30°53'E longitude, at altitude 28 m above sea level. The
climate of the region is typically Mediterranean, i.e. mild
and rainy in winter and dry and hot in summer. The long
term (1954-2012) average values of temperature, relative
humidity, rainfall, evaporation and wind speed between May
and October ranged from 20.0 to 14.9 °C, from 56 to 65%,
from 2.4 to 135 mm, from 88.2 to 292.3 mm and from 1.7 to
2.7 m s~!, respectively. Meteorological data were obtained
from a weather station located at about 150 m from the
experimental area and similar values (data not shown) were
also measured during the experimental years.

The soil of the experimental area is loam (L) in texture,
non-saline (0.45 dS m™"), and rich in calcium carbonate and
alkaline. The soil water content (g g~') at field capacity (FC,
soil water kept at 1/3 atm. pressure) was 24.0, 23.5, 21.6, and
21.1 and at permanent wilting point (PWP, soil water kept
at 15 atm. pressure) was 12.7, 12.8, 11.3, and 11.9, in 0-30,
30-60, 60-90 and 90-120 cm soil depths, respectively. The
corresponding values of field capacity and permanent wilt-
ing point values in 1.2 m soil profile were 358 and 193 mm,
respectively. The bulk density in 0-30, 30-60, 60-90 and
90-120 cm soil depths was 1.35, 1.30, 1.32 and 1.30 g cm™.
The electrical conductivity (EC) of irrigation water was
0.561 dS m~! which does not pose a risk for pomegranate
(Ayers and Westcot 1985).

As an experimental design, 2 X3 randomized split plots
were applied and each treatment which has fourteen trees was
replicated three times (Gomez and Gomez 1984). Irrigation
intervals formed by the main plots whereas irrigation levels
were designed as sub-plots. The pomegranate (Punica gra-
natum L. cv. Hicaznar) trees were planted in 2007 at 4.0 m
row spacing and 3.0 m in-row plant spacing. The trees were
6 years old when the experiment started. There were 24 plots at
the experimental field. Each plot consisted of 18 pomegranate
trees. The 14 trees located on the edge of the experimental plot
were excluded for side effect, and the remaining 4 trees in the
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middle of the plot were used for gathering yield and observa-
tion data (Fig. 1).

The experimental plots were irrigated with drip irrigation
system and each plant row contained two laterals. The lateral
lines were laid 0.25 m away from the tree trunk. The drippers
on laterals were located 0.50 m apart and had a discharge of
4 L h™!. The amount of water was controlled by means of a
water meter and valves located on the main pipeline and each
experimental plot.

Irrigation treatments were based on the evaporation data
(Epan, mm) obtained from a Class A Pan located near the
experimental area (Doorenbos and Pruitt 1977). The Class A
pan was located on a wooden support at a height of 15 cm
above soil surface in a grass covered location, away from
bushes, trees and other obstacles and readings were recorded
manually by means of a hook gage on the irrigation intervals
(D=3 and D, =6 day). Four different irrigation treatments
were applied, i.e. K., =0.50 Ey,,,, K, =0.75 E,,,, K,3=1.00
E e and K, =125 E,, .. The amount of irrigation water (L)
applied to experimental plots was calculated as follows (Kan-
ber et al. 1996):
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Fig. 1 Layout of experiment plots (D, 3 days; D, 6 days)

where [/ =irrigation water amount (L); A =plot area (m?);
E,,,=cumulative pan evaporation during the irrigation
intervals (mm); K ,=crop-pan coefficient ranging from
0.50 to 1.25 for irrigation treatments; and P = percentage of
wetted area (%). The percentage of the area wetted (P) was
taken as 40% in the application of irrigation water (Keller
and Bliesner 1990).

The first irrigation (DOY 159 in 2013, DOY 147 in 2014
and DOY 138 in 2015).was applied when 50% of readily
available soil water in the effective root zone (1.2 m) is con-
sumed. At this time, the pomegranate trees were at the flow-
ering phenological stage. Last irrigations were applied when
the pomegranate trees leaves turn to yellowish color stage
(DOY 272 in 2013, DOY 273 in 2014 and 2015).

Evapotranspiration (ET) was calculated using the soil
water balance method for three growing season. The equa-
tion can be written as (Doorenbos and Pruitt 1977)

ET=1+P—-D+ AW 2
where ET = evapotranspiration (mm); / =irrigation water
applied (mm); P=amount of precipitation (mm); D =deep
percolation (mm); and AW=change in soil water storage
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in the 1.2 m soil profile (mm). For the calculation, I was
measured using water meters, and P was observed at the
meteorological station located next to the experimental plot.
The irrigation water exceeding field capacity of 1.20 m soil
profile is considered deep percolations. Soil water measure-
ment taken before irrigation were compared to the amount
of evaporation occurred. It is assumed that deep percolation
did not occurred, since soil water deficit was less than cumu-
lative evaporation occurred in the corresponding irrigation
intervals. ET computed in 10 days intervals were summed to
get seasonal ET. The average change of soil-water content
(AW) in the soil profile was monitored gravimetrically taken
in three replications separately 0.10 m away from dripper at
0.30 m increments to a depth of 1.2 m covering the effec-
tive root zone throughout the successive growing seasons of
2013,2014, and 2015.

Water use efficiency and irrigation water use efficiency
were defined as yield (Y, t ha™!) divided by the evapotranspi-
ration (ET, mm) and irrigation (/, mm) during the growing
season (Howell 2001).

WUE = (Y/ET) x 100 3)

IWUE = (Y/I) x 100 4)
where WUE is the water use efficiency (t ha~! mm™'); IWUE
is the irrigation water use efficiency (t ha~! mm™"); ET is the
evapotranspiration (mm); / is the irrigation water (mm), and
Y is the yield (t ha™').

The pomegranate fruits of the treatments were harvested
for analysis at the commercial harvest seasons on October
in trial years.

The pomegranate fruits were harvested according to fruit
maturity in October 14, 2013 and 2015 and in October 15,
2015. Total fruit yield (t ha™!) was determined by harvest-
ing all the fruits on the four trees excluding the other trees
on the edge of the experimental plot for side effect. Can-
opy volume (m*) was calculated by multiplying square of
diameter and height in four trees (Verma et al. 2016). Total
trunk cross sectional area (cm?) of the trees consisting of
three trunks was computed by measuring perimeter of four
trees above 0.10 m of soil surface at the end of each irriga-
tion season. Fruit weight (g) was determined by dividing
total fruit weight to the number of fruits. Ten pomegranate
fruits from each replication were used in chemical analy-
ses. Chemical analyses were determined by employing the
method described by Ayhan and Estiirk (2009). Total solu-
ble solids (%) in the juice were measured using a digital
refractometer calibrated using distilled water. Total acidity
(%) was measured by titrating an aliquot of juice with 0.1 N
NaOH and expressed as grams of citric acid per 100 mL of
juice. pH was measured using a pH meter. Analysis of Vari-
ance (ANOVA) was used to evaluate the effects of different
irrigation treatments on the yield and yield components of
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pomegranate and the Duncan’s multiple range tests was used
to compare the averages (Gomez and Gomez 1984).

Results and discussion

The change in soil-water content to the depth of 1.2 m soil
profile prior to irrigation in the different treatments is shown
in Fig. 2. Pomegranate trees were irrigated starting from 8
June up to 29 September 2013 in the first year, from 27 May
to 30 September 2014 in the second year and from 18 May to
30 September 2015 in the third year. The differences in soil
water content depending on irrigation treatments occurred
after 13 June 2013 in the first year, 3 June 2014 in the second
year and 30 May 2015 in the third year when the treatments
were irrigated. Soil water content gradually decreased for all
treatments after these days, towards the end of the experi-
ment, it dropped below the permanent wilting point only in
2015. It is observed (Fig. 2) that soil-water content in the
K.,4 and K5 experimental plots remained higher than in the
other treatment plots.

Amount of irrigation water applied, rainfall, soil water
depletion, evapotranspiration, water use efficiency and irri-
gation water use efficiency data were given in Table 1. The
plots were irrigated 39, 43 and 45 times for D, and 20, 22
and 23 times for D, treatments in 2013, 2014 and 2015,
respectively. The amount of water applied to K1, K5, K3,
and ch4 treatments were 194.2, 272.8, 351.4 and 430.0 mm
in 2013, 208.6, 2901.9, 373.2 and 455.5 mm in 2014, and
188.6, 263.9, 339.2 and 414.5 mm in 2015, respectively.
Seasonal ET varied from 599.5 to 828.2 mm in 2013, from
569.1 to 783.2 mm in 2014 and from 589.0 to 796.0 mm in
2015. Pomegranate ET were reported to vary from 171.0 to
557.0 mm by Bhantana and Lazarovitch (2010); from 280 to
600 mm by Khattab et al. (2011b); from 645 to 932 mm for
surface drip irrigation to 584—-843 mm for subsurface drip
irrigation by Ayars et al. (2017).

The results showed that irrigation levels statistically
(P <0.01) influenced pomegranate yield in three succes-
sive years, but irrigation intervals (3, 6 days) did not affect
yield in experimental years. Also the interactions between
irrigation interval and irrigation level was not found statisti-
cally significant (Table 2). Pomegranate yield varied from
18.5 tha™ (DK, to 32.2 tha™' (D,K,;3), 18.6 t ha™'
D,K,, t0 33.2 tha™" (D,K;), and 16.6 tha™' (DK ) to
28.7 tha™! (DK ps), In 2013, 2014 and 2015, respectively
(Table 2). As shown in Table 2, reduction in the quantity of
irrigation water resulted in a relatively lower yield. Holland
et al. (2009) concluded that pomegranate are considered as
a plant that is tolerant to soil water deficit but Rodriguez
et al. (2012) stated that it is possible to reach ideal growth,
higher yield and quality with regular irrigation. Similarly,
Sulochanamma et al. (2005) reported that pomegranate
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Fig.2 Change in soil-water content prior to irrigation during the growing seasons (2013-2015)

plants have a tendency to appreciate heat and thrive in arid
and semi-arid regions, but desires regular irrigation during
the dry period to reach optimum yield. Khattab et al. (2011b)
and Meshram et al. (2011) found that yield and quality
parameters increased as applied irrigation water increase and
water stress decrease. Pomegranate yields were reported to
vary from 23.5 t ha™! for deficit irrigation to 27.6 t ha™' for
full irrigation by Abdelfatah (2009), from 18.0 t ha™! for
deficit irrigation to 42.0 t ha™! for full irrigation by Mesh-
ram et al. (2010), from 18.7 t ha™! in stress conditions to

28.9 t ha™! for non-stress conditions by Intrigliolo et al.
(2013), from 5.5 t ha~! in drought conditions to 12.8 t ha™!
for non-stress conditions by Tavousi et al. (2015). Water
stress in deficit irrigation treatments in pomegranate plots
resulted in lower yields as compared to the full irrigation
treatments in our study. The results obtained in this study are
in accord with the results given in the literature.

Water use efficiency (WUE) and irrigation water use
efficiency (IWUE) were found statistically not significant.
The WUE varied from 3.1 to 4.3 t ha~! mm~!, from 3.3 to
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Table 1 The parameters of
water balance and water use
efficiency in the study

Years Parameters D, D,
chl chz ch3 ch4 chl chz ch3 ch4
2013  Irrigation water (/, mm)?* 1942 272.8 3514 430.0 1942 2728 3514 430.0
Rainfall (P, mm)® 2020 2920 2920 292.0 292.0 292.0 2920 292.0
Soil water depletion (AS, mm)° 1164 1057 1063 922 1235 1125 1108 103.6
ET (mm)¢ 602.6 670.5 749.7 8142 609.7 6773 7542 8256
ETo (mm)° 7853 785.3 7853 7853 7853 7853 7853 7853
WUE (tha™! mm™") 3.1 36 43 3.9 34 36 35 34
IWUE (t ha~' mm™) 9.5 89 92 73 107 90 76 65
2014  Irrigation water (I, mm)* 208.6 290.9 3732 4555 208.6 2909 3732 4555
Rainfall (P, mm)P 2940 2940 2940 2940 2940 2940 294.0 294.0
Soil water depletion (AS, mm)*  73.5 655 540 326 685 452 336 257
ET (mm)¢ 576.1 6504 7212 7821 571.1 630.1 700.8 7752
ETo (mm)° 716.6 716.6 7166 716.6 716.6 716.6 716.6 716.6
WUE (t ha™! mm™) 3.6 3.7 46 4.1 33 44 42 3.9
IWUE (t ha™! mm™) 10.0 8.4 8.9 7.1 8.9 9.6 7.9 6.7
2015  Irrigation water (/, mm)? 186.8 261.2 3356 4100 186.8 261.2 335.6 410.0
Rainfall (P, mm)P 251.1 251.1 251.1 251.1 251.1 251.1 251.1 251.1
Soil water depletion (AS, mm)° 155.3 1469 137.8 1274 1554 1434 1348 1254
ET (mm)¢ 5932 6592 7245 7885 5933 6557 7215 786.5
ETo (mm)° 752.6 7526 7526 752.6 752.6 752.6 752.6 752.6
WUE (t ha™! mm™) 2.8 2.9 3.7 3.6 3.0 32 3.5 3.1
IWUE (t ha™! mm™) 8.9 74 8.0 7.0 9.5 8.1 7.6 6.0

Irrigation periods are 28 June 2013 to 29 September 2013 (first year) 27 May 2014 to 30 September 2014
(second year) and 18 May 2015 to 30 September 2015 (third year).

®As periodically, total rainfall received from 1 March 2013 to 20 November 2013 (first year) 1 March 2014
to 20 November 2014 (second year) and 15 March 2015 to 20 November 2015 (third year); all the rainfall
has been accepted to be effective.

Soil water depletion values are from 1 March 2013 to 20 November 2013 (first year) 1 March 2014 to 20
November 2014 (second year) and 15 March 2015 to 20 November 2015 (third year).

dEvapotranspiration values are from 1 March 2013 to 20 November 2013 (first year) 1 March 2014 to 20
November 2014 (second year) and 15 March 2015 to 20 November 2015 (third year).

°ETo values are computed from 1 March 2013 to 20 November 2013 (first year) 1 March 2014 to 20
November 2014 (second year) and 15 March 2015 to 20 November 2015 (third year) using ETo=Kpan x

Epan.

4.6 tha™' mm™" and from 2.8 t0 3.7 tha™' mm™' in 2013,
2014 and 2015, respectively. The IWUE varied from 6.5 to
10.7 t ha™' mm™', from 6.7 to 10.0 t ha~' mm~! and from
6.0 t0 9.5 t ha™! mm™" in 2013, 2014 and 2015, respec-
tively (Table 1). Goodwin and Boland (2000) reported
that deficit or excessive water stress leads to stomatal
closure, thereby improving the water use efficiency in
water stressed plants. WUE values decreased with either
decreasing or increasing irrigation water levels. Meshram
et al. (2010) concluded that the low WUE values were
due to less water available to plants resulting in lower
yield. It is stated that, D,K,; treatments gave the maxi-
mum profit for using available irrigation water. The results
are in agreement with results reported by Intrigliolo et al.
(2013), although they are higher than the results reported
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by Khattab et al. (2011b). These differences can be attrib-
uted to the variety of plant and climatic conditions.

The irrigation levels, irrigation intervals and irrigation
levels x irrigation intervals interactions did not have a sig-
nificant effects fruit weight in 2013, 2014 and 2015 years
(Table 2). The highest fruit weight was determined 589.0 g
for DK, in 2015. Intrigliolo et al. (2013) noted also that
regulated deficit irrigation regime did not affect fruit weight.
On the contrary, Khattab et al. (2011a, b) and Mellisho et al.
(2012) reported that pomegranate under moderate water
stress level showed a decrease in fruit weight. Similar results
were found in our study for young pomegranate trees.

Effects of different irrigation levels on some physical
parameters of the pomegranate in the three successive years
are presented in Table 3. The canopy volume was affected
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statistically by different irrigation levels and intervals in
2013 and 2014, but it was affected only by irrigation levels
in 2015. The average canopy volume of K, (7.8 m?), K.
(8.4 m%), and Kopu (8.5 m?) irrigation treatments were in the
same statistical groups in 2013 while K5 (9.2 and 9.3 m?),
and K, (9.3 and 9.4 m?) irrigation treatments were in the
same statistical groups in 2014 and 2015. Mellisho et al.
(2012) concluded that deficient irrigation water application
in pomegranate cultivation could completely inhibit water
absorption, transpiration, photosynthesis, development of
new shoot, brunch and canopy growth. Additionally, Intrigl-
iolo et al. (2011) stated that water stress caused a reduction
in rate of transpiration and photosynthesis, and stomatal con-
ductance. It is clear that low irrigation water level affected
canopy volume in our study.

Effects of different irrigation intervals and irrigation lev-
els on total cross sectional area of trunk were not statistically
significant in 2013, but irrigation levels were statistically
significant in 2014 and 2015 (Table 3). Total cross sectional
area of trunk decreased linearly with decreasing level of irri-
gation in 2014 and 2015 except for 2013. The average total
cross sectional area of trunk values were changed between
114.1 and 122.6 cm? in 2013, 139.3 and 150.0 cm? in 2014,
and 161.2 and 177.9 cm? in 2015. In our experiment, irri-
gation interval did not affect total cross sectional area of
trunk while irrigation levels affected total cross sectional
area of trunk in 2014 and 2015. Even though the differences
are not statistically significant, the highest average trunk
cross-sectional area (121.5, 144.9, 171.5 cmz) was obtained
from D, irrigation level in three experimental years. Correa-
Tedesco et al. (2010), Makus et al. (2014) and de la Rosa
et al. (2016) reported that trunk cross-sectional area was
decreased linearly with decreasing irrigation water levels in
olive, pomegranate and nectarine, respectively.

The irrigation levels, irrigation intervals and irrigation
level X irrigation interval interactions did not have a sig-
nificant effect on fruit weight in 2013, 2014 and 2015 years
(results not shown). Although the differences are not statis-
tically significant, the highest fruit weight was determined
589.0 g for DK, in 2015. In terms of irrigation levels, the
highest fruit weight was found in K, (480.2 and 511.5 g)
irrigation level in 2013 and 2014, while it was obtained in
K.y (561.1 g) for 2015. Intrigliolo et al. (2013) noted that
regulated deficit irrigation regime did not affect fruit weight.
On the contrary, Khattab et al. (2011b) and Mellisho et al.
(2012) reported that pomegranate under moderate water
stress level showed a decrease in fruit growth and fruit size.
Similar results were found in our study for young pomegran-
ate trees.

Effects of different irrigation strategies on the total solu-
ble solids, total acidity and pH were not affected statisti-
cally by different irrigation levels and intervals in the study
(results not shown). However, an increase in total soluble

solid and total acidity in juice was observed as the amount of
irrigation decreased. On the contrary, pH values decreased
as irrigation applications were restricted. There is a dilemma
about the change in some chemical parameters in pome-
granate juice as some of the studies reporting that chemical
parameter such as total soluble solid, total acidity and pH are
not changed with water stress whereas some of them show-
ing that these parameters are affected by water stress. Laribi
et al. (2013), Mena et al. (2013), and Noitsakis et al. (2016)
reported that water stress did not affect chemical param-
eters of the pomegranate, while El-Kassas (1983), Lawand
and Patil (1996), Khattab et al. (2011a) and Mellisho et al.
(2012), showed that water stress did affect chemical charac-
teristics of the pomegranate juice.

Conclusions

The effects of different irrigation levels and irrigation inter-
vals in young pomegranate grown in Mediterranean region
on yield and quality parameters were examined in the study.
The effects of different irrigation levels on yield, canopy
volume and total trunk cross sectional area were statistically
significant; nevertheless fruit weight and total soluble solids,
total acidity and pH of juice were statistically insignificant
under the experimental conditions. The irrigation intervals
did not affect pomegranate yield and parameters statistically.
The highest yield was obtained from the K, treatment, fol-
lowed by K5 treatment. Canopy volume and trunk total
cross sectional area values decreased as the amount of water
deficit increased. On the contrary, total soluble solids and
total acidity values increased as the amount of water defi-
cit decreased. With regards to the combined effect of yield
reduction and water use efficiency, the K5 treatment (which
was irrigated as much as 100% of the Class A pan evapo-
ration) could be suggested in semiarid conditions where
the irrigation water resources are limited, as this treatment
could save as much as 18.2% of water with only a 1.2% rela-
tive yield decrease in three successive years. Based on all
results obtained from the experiment, it can be expressed
that pomegranate trees can be irrigated either 3 or 6 days
interval as much as the cumulative evaporation measured in
Class A pan between irrigation intervals to obtain high yield
and good quality. However, it is concluded that pomegran-
ate trees can be irrigated at 6-day interval with the amount
of irrigation equal to 75% of the Class A Pan evaporation
to obtain the maximum water use efficiency under Mediter-
ranean region of Turkey.
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