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Abstract:

Water scarcity and skin separation of the fruits are two major problems in
most date palm growing regions in the world. This study aims to evaluate
the effect of water stress on date palm productivity and the phenomenon of
skin separation in date fruits during the years of 2018 and 2019. The
experiment consists of six treatments (S;: 0% water stress as a control, S;:
10% water stress, Ss: 20% water stress, Sai: 30% water stress, Ss: 40%
water stress, Sg: 50% water stress).The highest significant fruit yield
(kgltree) was recorded in the treatments S;, S, and S3 during the year of
2018 and S; and S, during the year of 2019 The lowest significant Balah
fruit percentage was recorded in the treatments Ss, S4 Ss and Sg during the
year of 2018 and S, S3;, S4 Ss and Sg during the year of 2019. No
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significant differences between the treatments were recorded in fruit

weight (g), percentage of fruit with and without stalk and skin separation
of the fruits, except for the year of 2018 which recorded a significantly
lower percentage of skin separation with the treatments S,, Ss, S4, Ss and
Se. It can be concluded from this study that water stress at the fruit
ripening stage had a limited effect on the yield of the tree (kg/tree),
stimulated the ripening of the fruits, and had a minor effect on the skin

separation of the date fruits.

Key words: Date palm, Phoenix dactylifera, Medjool, water stress, skin

separation.



Husameddin Isaid, et al., Effect of Water Stress at Fruit Maturity ....., H.U.R.J, Vol. (10), 2021 3

A S ) als Jua Bl g LY o el gdad sy (b (el dlgaY) il
Jdse ia
Cipband -l f (s (3 3S el dlae ibas (il gl
Gl A gl el drala e )0 IS el (e 25512 SSle
s il 5l el Axdla e 31 A4S a5l s asb) il denl (s
hdsaeed@yahoo.com
2021/8/17 :J 58l )l -2021/1/14:2253) 7 )5

oailal)

G ol i del ) Ghlie alane (8 Gy (i< el LS ala Jucad 5 alda 5 olaall 35 aa
Sl s Jasd 5 allay adll JaS ali) e Sl dlea ) il il 45l 03 pLll 3 allal)
el dlas e dlga) 70 :S;) S lae s o A pail) cills 20195 2018 (sl s al
750 :Sg « ke deal 740 :Ss ¢S dea) 730 1S, ¢S deal 720 1S, ¢Sl Aeal 710 :S,

(e e

JIAS; 5S; 52018 e IR S5 5'S, 5 Sy Bllaall 8 (3l /paS) Aalis) el Jiaad
2018 ﬁ\-‘; dv‘é 36}35}84}83 ‘;‘)“‘M‘@CJ‘M JL‘:‘U“:‘&}“;‘-‘“‘L}S‘ Qh-“‘} 2019 ('.\LC-
@uh@\wMMJMYJQ\Ad)J&MAZOIQ eLG dﬁ; 86‘585}84_583}82_5

555 5S4 555 5S, Walrall & L e alal) Jaadl duss B (5 sine (3l 5 il C1n2018
e s Ll ) ol el i Al ya b Sl dlea) of dul Al 238 e Z LYY Sy S
da Jead o 5l il ) ddlia) laill ol siul g gt dad g o(5ad /paS) b el Laliy

o) el

Dl e alal) Juad ¢ Sl sleaY! < e <Phoenix dactylifera « <l Jias dsalidal) cilalsl)


mailto:hdsaeed@yahoo.com
mailto:hdsaeed@yahoo.com

Husameddin Isaid, et al., Effect of Water Stress at Fruit Maturity ....., H.U.R.J, Vol. (10), 2021 4

INTRODUCTION

Water scarcity is a major limiting factor in modern date palm cultivation
in Jericho and Jordan valley (Abu-Qaoud, 2015) and the gap between
irrigation supply and demand is increasing from year to year (Ali,
2013).Therefore, availability of good quality water resources for irrigation
is considered as the main challenge facing date palm development and
sustainability (Abu-Jaish, 2018). Further, the limited water resources force
the researchers and scientists to maximize date palm productivity and to
improve fruit quality by reducing its irrigation water consumption
(Abderrahman and Al-Nabulsi, 2001). Improving fruit quality of date
palm by water stress can be considered to be one of the most important
benefits of water stress (Al-Yahyai and Al-Kharusi, 2012).Thus, proper
irrigation of date palm should follow their actual water demands and allow
sufficient quantity of water at the critical periods (Kassem, 2007).
However, the response to water stress depends upon the stage of fruit
growth, intensity, rate, and duration of exposure (Osakabe et al., 2014).
Reducing water supply of date palm to 50% produced a similar yield with
high quality; however, water requirement varied according to climate, tree
age and location (Mohebi, 2005). Application of 133, 164, 182 and 199
m? per tree per season produced 33.5, 36.0, 37.8 and 42.5 kg per date palm
tree respectively (Mazahrih et al., 2012).

Ismail et al. (2014) suggested that supplying 34 m® yr* per tree for date
palms grown under the conditions of the western part of Saudi Arabia is
enough to maximize irrigation water use (IWU), yield and quality of the

’Nabbut-Saif” date palm cultivar.



Husameddin Isaid, et al., Effect of Water Stress at Fruit Maturity ....., H.U.R.J, Vol. (10), 2021 5
Skin separation or loose skin (aka puffy skin and blistering) is considered

one of the most important physiological disorders that reduce the fruit
quality of Medjool date palm (Cohen and Glanser, 2015). In this
phenomenon, the skin of the date fruit becomes loose, dry, hard, brittle,
and is separated from the flesh parts (Kader and Hussein, 2009). This
phenomenon develops during fruit ripening and drying of soft date
cultivars, which vary in susceptibility (Lobo et al., 2013). Skin separation
is caused partly by high diurnal, cyclic stresses of turgor pressure
fluctuations before the ripening stage of the fruit and is affected by high
humidity at the pre-ripening stage. Skin separation is also associated with
anatomical (skin elasticity) and physiological (fruit turgor) properties of
the fruits (Gophen, 2014).

Skin separation of ripped date fruits is considered an unpleasant property
as it significantly diminishes their market value and causes financial loss
to the growers (Lustig et al., 2014). Several approaches have been
suggested for reducing skin separation, such as reducing the differences of
the vapor pressures of the fruit skin and the environment, increasing the
air flow around the fruit, altering the mechanical properties of the fruit
skin or restricting the water flow from the tree to the fruits (Lustig et al.,
2014). Irrigation regime, irrigation timing and mineral fertilization are
also suggested as possible treatments to reduce this phenomenon (Al-
Hajjaj and Ayad, 2018; Al-Hajjaj et al., 2020).

Because of climate change and water scarcity, irrigation problem is
becoming a more and more limiting factor in most date-growing regions,
including Palestine. Consequently, it is necessary to develop new
technologies for sustainable usage of limited water resources throughout

optimizing water use efficiency during specific or critical periods without
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crop yield reduction, thus, matching irrigation to actual date palm water

requirements as much as possible (Khan and Prathapar, 2012; Nikolaou et
al., 2020). Therefore, in the present study, it is hypothesized that water
stress at maturity stage may decrease the skin separation in Medjool date
palm fruits. In addition, this study aims to improve fruit quality by water
stress without affecting the production of date palm.

MATERIALS AND METHODS

This study was carried out at Nakheel Palestine Farm in Jericho-Palestine
over the years of 2018 and 2019. Located at 31°52'16”"N latitude and
35°26'39"E longitude, the farm, or the site of the experiment, is situated in
an elevated plain at an altitude of 360 meters below the sea level, an area
with an average annual rainfall of 166 mm (PMD, 2020). The climatic
conditions at the site are characterized by very hot dry summers and warm
winters, while the soil is characterized by having silt texture with high pH
and high salts content (Dudeen et al., 2001). The experiment was
conducted on six-year-old Medjool date palm trees, spaced at 8x9 meter

grown under drip irrigation system.

The experimental design was randomized complete block design (RCBD).
The blocks of experimental units were uniform as much as possible. The
number of replicates was five and each replicate was randomized
separately. The experimental unit or plot size was one date palm tree.
Trees were selected for their uniformity in vigor and size and were
subjected to the same usual horticultural practices. There were Six
treatments of water stress, each of which was adjusted by controlling the
number of drippers per tree (one dripper discharge 8 L/h): S;: 0% water

stress as a control 10 drippers/tree, S,: 10% water stress 9 drippers/tree,
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S3: 20% water stress 8 drippers/tree, S4: 30% water stress 7 drippers/tree,

Ss: 40% water stress 6 drippers/tree, Sg: 50% water stress 5 drippers/tree.

During maturity, ripening, and drying stages of the fruits, the trees were
subjected to water stress treatments for three months: July, August, and
September in the two seasons of 2018 and 2019. Table (1) shows normal
irrigation schedule during the two seasons of 2018 and 2019.

Table 1: Normal irrigation (m?® of water/tree of date palm cv. Medjool)
schedule without water stress during the two seasons of 2018 and 2019

Season
Jan
Feb.

March

April
May
June
July
Aug
Sep.
Oct
Nov
Dec
Total

2018 | 36 |44 |86 | 116 | 121|121 |90 |68 |54 |72 |63]|39]909
2019 | 40| 50| 95| 125|130 | 130 | 100 | 75| 6.0 | 80 | 7.0 | 45 | 100.0

At harvest time, the yield (kg/tree) was weighed, and the average fruit

weight (g) was measured by collecting 25 fruits randomly from each tree.
The value obtained for the 25 fruits was divided by 25 to obtain the
average fruit weight in gram. Balah fruits (%) referring to the yellow fruits
(khalal stage) were computed by weighing the yellow fruits on the tree to
the total weight (yield /tree) and expressed in percentage. Fruits with stalk
were those with calyx or cap and fruits without stalk were those with
detached calyx or cap. Fruits with stalk (%) were computed by weighing
the fruit with stalk on the tree to the total weight (yield /tree) and
expressed in percentage, whereas fruits without stalk (%) were computed
by weighing the fruit without stalk on the tree to the total weight (yield
/tree) and expressed in percentage. Skin separation (loose skin) refers to
air content between skin and the fleshy parts of the fruit. It was
categorized from 0-5%, 6-30% and >30% according to air content in the

fruit. Air content (%) in the fruits was computed by weighing the fruit for
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each category (0-5%, 6-30% and >30%) on the tree to the total weight

(yield/tree) and expressed in percentage.

All the data were statistically analyzed and the significant difference of the
treatment means was separated according to LSD test at 5% level (SAS
software, 1990).

RESULTS

The results for the first (2018) and second (2019) seasons are presented in
Tables 2, 3 and 4. The highest significant fruit yield (kg/tree) was recorded
in the treatments Si, S, and S; during the season of 2018 and S; and S,
during the season of 2019 (Table 2). No significant difference was
recorded in the water stress treatments for fruit weight in both seasons as

compared to the control (Table 2).

Table 2: Effect of water stress at fruit maturity stage on yield (kg/tree) and
fruit weight (g) of date palm cv. Medjool, in 2018 and 2019

Treatment Yield (kg/tree) Fruit weight (g/fruit)
2018 2019 2018 2019

S, (control) 52.20a 60.11a 19.15a 25.69 a

S, 50.40 a 58.82 ab 17.77 a 25.80 a

Ss 50.00 ab 56.26 bc 18.70 a 24.68a

S4 47.00 bc 55.10 ¢ 17.26 a 24.16 a

Ss 46.40c 54.54 ¢ 18.73 a 25.41a

Se 45.80 c 54.04 c 18.32a 24.39 a
LSD 0.05 3.35 2.82 5.30 3.70

“Means followed by similar letters in each column are not significantly different
according to the Fisher LSD at p < 0.05.

The lowest significant Balah fruit percentage (the less % is the better) was
recorded in the treatments Sz, S4 Ss and Sg during the season of 2018 and
Sz, S3, S4, Ss and Sg during the season of 2019 (Table 3). No significant
differences were recorded in the treatments for the percentage of fruit with
and without stalk and skin separation of the fruits, except for the season of
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2018 which recorded the lowest significant skin separation with the

treatments Sg which was on par with the treatments S, Ss, S4 and Ss
(Tables 3 and 4).

Table 3: Effect of water stress at fruit maturity stage on Balah fruits (%0)
and fruit with and without stalk(%) of date palm cv. Medjool, in 2018 and

2019
. Fruit with stalk Fruit without
Treatment Balah fruits (%) (%) stalk (%)
2018 2019 2018 2019 2018 2019
S; (control) 5.50a 4.65a 43.96a | 30.83a | 56.89a | 69.53a
S, 4.59 ab 3.06ab |44.80a | 29.31a |5554a | 69.31a
S; 2.69 bc 3.05ab | 46.03a | 32.54a | 54.04a | 67.03a
S, 1.97c 2.64ab | 47.02a | 36.23a | 52.98a | 64.70a
Ss 154 ¢ 1.30b 46.88a | 34.25a | 53.57a | 66.63a
Se 1.62¢ 1.79b 47.74a | 3549a | 52.66a | 64.42a
LSD 0.05 2.56 2.25 12.51 28.74 8.20 29.08

“Means followed by similar letters in each column are not significantly different
according to the Fisher LSD at p < 0.05.

Table 4: Effect of water stress at fruit maturity stage on air content (%o) in
fruit of date palm cv. Medjool, in 2018 and 2019

Air content (%) in fruit
Treatment 0-5 (%) 6-30 (%) >30 (%)
2018 2019 2018 2019 2018 2019
St 4918b° | 6209a | 2381a | 1875a | 2756a | 19.11a
(control)
S, 50.61ab | 6143a | 23.69a | 21.39a | 2592a | 17.27a
S, 50.56ab | 59.43a | 23.48a | 18.75a | 2652a | 21.71a
S, 5165ab | 64.70a | 23.25a | 19.23a | 25.24a | 16.29a
Ss 5265ab | 6324a | 2438a | 2049a | 232la | 1564a
S 56.68a | 66.93a | 2055a | 2264a | 2327a | 995a
LSD 0.05 7.36 22.49 4.26 12.10 7.60 12.34

“Means followed by similar letters in each column are not significantly different
according to the Fisher LSD at p < 0.05.

DISCUSSION
Date palm is known to survive and withstand harsh environment,
especially under scarce water availability and extreme dry conditions

(Elshibli et al., 2016). Most of date palm cultivars, including Medjool,
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achieve an acceptable yield when grown under water stress (Alihouri and

Torahi, 2013; Al-Qurashi et al., 2016). Furthermore, a fundamental goal of

commercial growers in modern date palm cultivation is to produce a large
crop of high quality fruit free from pesticide residues with the least

amount of irrigation water (Ismail et al., 2014).

In the present study, the yield (kg/tree) was reduced by water stress (Table
2). Water deficit is one of the most environmental stresses affecting
agricultural productivity around the world and may result in yield
reduction. However, most research related to date palm’s response to
water availability has concentrated on the effects on yield performance
and productivity (Khan and Prathapar, 2012).

In the present study, fruit weight was not affected significantly by water
stress as compared to control (Table 2). This result could be explained by
the fact that water stress during maturation stage may not affect cell
division and cell enlargement. Beyond this stage, no dramatic changes in
fruit weight could be expected (Alikhani-Koupaei et al., 2018). Similar
results were observed by Gribaa et al., (2013) who reported no significant
change in fresh weight of "Degletnour” fruits, but the water content of the
pulp decreased dramatically by two different water irrigation regimes.
Date palm fruits are smaller and have lower water content and higher
soluble solids. Water stress had an effect on the fruit size and mass of date
palm (Al-Yahyai and Al- Kharusi, 2012). The fruit water content was the
highest in the Kimri and Khalal stages and fruits tended to lose moisture
during the Rutab and Tamar stages. Moisture content did not differ
between the irrigation treatments at the Tamar stage. During the

harvestable stage of Rutab, water stress reduced dry weight while no
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difference in dry matter was observed at the final harvest stage of Tamar

(Al-Yahyai and Kharusi, 2012).

In this study, water stress reduces the percentage of Balah fruits (Table 3).
This result may be attributed to the fact that water stress enhances the
maturation and ripening process of the fruit, so the percentage of Balah
fruits (yellow fruits or khalal fruits) decreased by water stress as compared
to the control. In date palm, fruit ripening induces a decrease of water
content and an increase of soluble sugar content (mostly glucose and
fructose) as observed in other varieties (Gribaa et al., 2013). Date palm
trees under water stress showed significantly high dry matter, total soluble
solids (TSS) and pectin, whereas sucrose, tannin and pH were not
significantly different between the irrigation treatments (Al-Yahyai and
Kharusi, 2012).

There were no significant differences in the percentage of fruit with and
without stalk (Table 3). It is well known that fruits with stalk are better
than without stalk due to their good appearance and extended shelf life. In
addition, such fruits cannot be easily penetrated by microbes as they have

a comparatively low number of openings on the surface of the fruits.

The air content (skin separation) between the skin and the fleshy parts of
the fruit was not significantly affected by water stress treatments, except
for the year of 2018 which recorded the lowest significant skin separation
(the less air content in fruit means the better fruit quality) with the
treatments Sg (50% water stress) which was on par with the treatments S,
S3, S4 and Ss (Table 4). One of the suggested explanation of the less air
content in the fruits of category 0-5% in 2018 season may be due to 50%

water stress treatment which resulted in a less moisture content in the soil
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after irrigation. This situation provided indirectly less air humidity in the

canopy of the tree and around the fruits, which may explain the reason for
the lowest level of skin separation. Therefore, good agricultural practices
management to remove excess air humidity from the field especially from
around the fruit clusters may be effective in reducing skin separation in the
fruits. Good ventilation and air circulation in the canopy of the tree and
around the fruit clusters may be reached through proper planting distance

(9*9 meters), pruning, fruit clusters thinning, and proper irrigation.

The mechanical properties of the fruit skin affect primarily the skin
separation. As the phenomenon of skin separation occurs in the fruits of
many date palm cultivars, it is extremely important in Medjool (Gophen,
2014). Fruits with skin separation are disqualified from export (Lustig et
al., 2014) and their price is only one-half of those without skin separation
(Cohen and Glanser, 2015). Thus, improving the quality of the fruits is
extremely important, and the elimination of skin separation in ‘Medjool’
fruits is a significant concern for date producers and the economy of this
variety (Kader and Hussein, 2009). Finally, we must confirm that early
fruit ripening can reduce the skin separation phenomenon. Therefore, good
management of date palm plantation by avoiding the practices that delay
fruit ripening (excessive application of nitrogen and heavy irrigation) and
following the practices which lead to early and faster fruit ripening
(pollen grains) may be a useful approach to reduce skin separation in date

palm fruits.
CONCLUSIONS

The present study attempts to decrease the skin separation in Medjool

fruits by using different water stress treatments at the maturity stage, but
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the results are not satisfactory. Therefore, a long-term thorough study to
find highly effective and practical methods to overcome skin separation

phenomenon is necessary, especially in Medjool fruits.

The results of this two-season experiment show that it is possible to

conclude that

water stress at maturity stage has slightly decreased crop yield per tree,

enhanced

maturation and ripening of the fruits, and a minor effect on skin

separation.
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