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Date palms demonstrate exceptional resilience to water and temperature stress, which
significantly affects both yield quantity and quality. Over two consecutive seasons
(2022/2023 and 2023/2024), a study was conducted on a private farm in Toshka, Aswan
Governorate, Egypt, to examine the impact of irrigation water stress (DI =100 %, 80 %,
and 60 %) and different clay (bentonite) application rates (BCR = 0, 20, and 40 kg palm)
under three irrigation systems: Oscop drip (OIS), micro-jet (MIS), and bubbler (BIS). The
study evaluated crop quality parameters, marketable yield (MY), actual water consump-
tion (ACW), water use efficiency (WUE), irrigation water use efficiency IWUE), and the
yield response factor (Ky) for date palm trees (Phoenix dactylifera L.). The results showed
that the highest marketable yield and most quality parameters, except total soluble sol-
ids (TSS), were achieved under OIS with DI = 100 % and BCR = 40 kg palm™ in both
seasons. In contrast, the lowest ACW values 1123.47 mm in 15t season and 1121.12 mm
in the second were recorded under OIS with DI = 60 % and BCR = 40 kg palm™™. The
highest WUE and IWUE values, reaching 1.72 and 1.20 kg m= in the first season and 1.75
and 1.23 kg m= in 2nd season, were observed under OIS with DI =80 % and BCR =40 kg
palm™. Additionally, the lowest Ky values, 0.11 and 0.14 for the first and second seasons,
respectively, were obtained under these conditions. This study concludes that imple-
menting OIS with DI =80 % and BCR =40 kg palm™ can reduce irrigation water use by
up to 44 % while enhancing marketable yield by 32 % compared to the control treatment
(BIS, DI =100 %, and BCR =0 kg palm™).

1. Introduction

The date palm (Phoenix dactylifera L.) is one of the

crucial for sustaining and improving palm cultivation
and productivity (Alotaibi et al., 2023).

oldest cultivated crops, with a history stretching back
thousands of years in the arid regions of the Middle East
and North Africa. Its high nutritional and economic
value has driven its cultivation to spread to other regions
with favorable growing conditions. However, the future
of date palm cultivation is threatened by challenges such
as water scarcity, extreme heat, salinity, soil degrada-
tion, and various diseases and pests. Implementing ef-
fective management strategies, including modern irriga-
tion techniques, selecting cultivars suited to local condi-
tions, and enhancing soil water and nutrient retention, is

* Corresponding authors.

Water and heat stress present significant challenges
to the sustainability of agriculture in arid regions. Water
scarcity, in particular, profoundly affects the growth and
productivity of date palms in these areas. With water re-
sources becoming progressively limited, gaining in-
sights into the drought tolerance of various date palm
cultivars is essential to optimize irrigation practices and
promote sustainable agricultural development (Ali-Di-
nar et al., 2023). Amending sandy soils with clay en-
hances fertility by enriching the soil with essential
macro- and micronutrients. This improvement becomes
particularly significant when the proportion of bentonite
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Nomenclature

ACW : Actual water consumption, mm.

BCR : Clay (bentonite) application rate, kg palm™.
BIS : Bubbler irrigation system.

D : Diameter of date palm fruit, cm.

DI : Irrigation water stress, %.

ET, : Crop evapotranspiration, mm day .
ET., : ET, without stress, mm season™.

ET, : Reference evapotranspiration, mm day~*.
FW : Fruit weight, g.

IS : Irrigation systems.

IWUE : Irrigation water use efficiency, kg m=.
Ky : Yield response factor.

L : Length of date palm fruit, cm.

MC : Moisture content, %.

MIS : Micro-jet irrigation system.

MY : Marketable yield, Mg ha™.

OIS : Oscop drip irrigation system.

P : Total protein, %.

TS : Total sugar, %.

TSS : Total soluble solids, %.

WUE : Water use efficiency, kg m™3.

Yo : Maximum yield at DI 100 %, ton ha™.

in the sandy soil exceeds 5% (Karbout et al., 2015). In-
creasing the fertility of coarse sandy soil by adding clay
(bentonite) is a promising procedure to raise biomass
production and improve the cation exchange capacity
of these poor soils concerning its fraction and economic
implementation rates. Additionally, clay (bentonite) ad-
dition at economic rates will provide barley and cucum-
ber plants with substantial amounts of irrigation water
and chemical fertilizers (El-Demerdash et al., 2019; El-
Dardiry and El-Hady, 2015).

Cultivating cucumbers with sandy soil injection
treatment (CIR = 15 tons fed™?, HAR = 4 kg fed™?, and 2
doses) under an irrigation rate (IR) of 60 % and a mulch
film rate (MFR) of 70 % results in saving approximately
40 % of the applied irrigation water and reducing total
mineral fertilizer usage by around 30 %. This method
also increases the marketable yield of summer cucum-
ber fruits by about 27 % in the first season and 36 % in
the second season compared to the control treatment
(UIS, IR=100 %, and MFR =100 %). For date palm fruits,
the highest growth parameters and marketable yield
were achieved at IR =100 %, followed by IR =85 % and
IR =70 %, likely because IR =100 % meets the crop’s full
water requirements, while the other irrigation levels fall
short (El-Demerdash et al., 2019). Using the Oscop drip
irrigation system with 50 gm polymer under 75 % of ET,
significantly enhanced both fruit quality and yield un-
der desert conditions, while improving water use effi-
ciency. Additionally, this system reduced the total

acidity in the berry juice of Flame Seedless grapes under
desert conditions (Rabeh et al., 2022).

The bubbler irrigation system (BIS) distributes wa-
ter less efficiently, achieving approximately 62 % distri-
bution compared to the 97 % distribution of drip irriga-
tion systems when used for date palm irrigation. Con-
sequently, BIS leads to a significant reduction in date
palm productivity compared to drip irrigation systems.
Itis concluded that a drip irrigation system, with proper
planning and management, can effectively meet the wa-
ter requirements of large trees like date palms (Al-
Amoud, 2008).

Traditional surface irrigation is the least efficient
compared to deep drip irrigation systems. Under Afri-
can conditions, deep drip irrigation more than doubled
vine weight compared to surface drip irrigation and
produced six times the vine weight of traditional sur-
face irrigation. Root growth extended to 1.75 m with
deep drip irrigation, 1 m with traditional surface irriga-
tion, and only 0.60 m horizontally with surface drip ir-
rigation (Bainbridge, 2006). A recent study on mature
date palm trees found that subsurface drip irrigation
(SSDI) increased yield productivity while reducing irri-
gation water use compared to surface drip irrigation
(SDI). Additionally, water use efficiency for date palms
improved significantly with SSDI (Al-Amoud and Al-
Saud, 2011). In Saudi Arabia, the seasonal actual evap-
otranspiration for date palms is approximately 1644
mm (Kassem, 2007). The yield response factor (Ky),
which measures a crop’s sensitivity to water deficit at
different growth stages, is a key tool in irrigation man-
agement (Steduto et al., 2012). Maximizing water use ef-
ficiency requires adopting advanced irrigation methods
such as drip irrigation. With increasing water scarcity,
continued innovation, research, and the integration of
modern technologies are essential for sustainable water
management in agriculture (Samia et al., 2022; Zahrani
et al.,, 2011).This study aimed to examine the effect of
applied irrigation water stress and varying additive
rates of clay (bentonite) under different irrigation sys-
tems on growth quality parameters, marketable yield,
actual water consumption, water use efficiency, irriga-
tion water use efficiency, and the yield response factor.

2. Materials and methods
2.1. Experiments

A field experiment was conducted in Toshka, As-
wan Governorate, Egypt (22°31'45" N, 31° 49' 13" E, 85
m a.s.l.) during the 2022/2023 and 2023/2024 growing
seasons. The experiment followed a split-split plot de-
sign, with three date palm trees serving as replicates.
The trees, aged 9 years, were planted 8.0 meters apart
both within rows and between trees. Data collected
were statistically analyzed using the Co-state software
program, following the methodology of Snedecor and
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Cochran (1989). Fig. 1 shows the Siwy variety of date
palm trees (Phoenix dactylifera L.) irrigated under three
levels of irrigation water stress (DI = 100 %, 80 %, and
60 %, based on crop evapotranspiration (ET.) and three
different rates of clay (bentonite) application (BCR =0,
20, and 40 kg palm™1!) across three irrigation systems:
Oscop drip (OIS), micro-jet (MIS), and bubbler (BIS).
Soil management practices, including the application of
chemical fertilizers, were conducted according to the
recommendations of the Ministry of Agriculture and
Land Reclamation.

The length (L) in cm, diameter (D) in cm, total pro-
tein (P) in %, total sugar (TS) in %, moisture content
(MC) in %, total soluble solids (TSS), fruit weight (FW)
in grams, and marketable yield (MY) in Mgha™* were
measured for the date palm fruits. Furthermore, the ac-
tual water consumption (ACW) in mm, water use effi-
ciency (WUE) in kg m~3, irrigation water use efficiency
(IWUE) in kg m~3, and yield response factor (Ky) were
calculated for all date palm tree plots under varying lev-
els of irrigation water stress (DI) and clay (bentonite)
application rates (BCR), across different irrigation sys-
tems (IS).

Oscop drip irrigation (OIS) The date palm treesirrigated by
DI= 60% (/‘ . . | e - - ’ using 2 Oscop drip vials bury
: e g P e ;
4=~ 4=t 4 4 4 with deep 40 cm at pressure
|
DI= 10094 i* r.‘ ‘3 n Sm n n *:f n operating 1 bar placed in the
| e . o
ottt} =" it 4=t =t 4 tree round base, 50 cm away
Ll Bl i * td o
DI=80% e n ‘,_: i. i:f ‘3 n n from the palm stem.
iR \i ¢ v we |3 g S| ee o4
Micro jet irrigation (MIS)
DI= 8004 ‘/_-.‘n- -..n-\ T.,.r.r, -.'-Ia"-'.-. -_—.Iu‘r. ) -l,n-l -.‘n- -..r.:-
o N A AL B
DI= 60% P Py A jrony o P Py P P ™ The date palm trees irrigated by
e ;‘-—;* ;‘a-g* LB R using 2 micro jets 180° Model No:
DI=100%| o= - P e I e e e . MS8016 (flow rate 115 LVh at
ot \r"r r"r ;‘"f’ r";" rL? r*r r"r ?"'T?' f'l;:/ pressure operating 1 bar).
Bubbler irrigation (BIS)
DI=100 ﬂl//_.’-i"f. '.-fl-r GT-. e e e e s qu}\ l
DI= SD:’; [ r: ’_ J ', “r' '_ f__' '_ f__’ ‘, J 'w_' ', J '_ f__’ T The date palm treesirrigate by using
>l z;u; -Ea-i a3 a-? :?41; 4; u; <IJ.|; 111? iEE 4; il 2 bubbler180® Model No: 8206B
DI=60% v e e ve: b e i E e (flow rate 120 Vh at pressure
e — 4 — i — R R operating 1 bar) placed in the tree
l\ Y round base, 50 cm away from the
® BCR=20 ko/tree BCR=0 kg/tree BCR= 40 ko/tree palm stem.

Fig.1. Field experiment layout in Toshka, Aswan governorate.

2.2. Clay (Bentonite) characteristics

The Bentonite clay sample used in this study was
collected from a lightly exploited quarry located 15 km
south of the Aswan city waterfall in Aswan province,
Egypt. After being dried at 60°C for 48 hours, the sam-
ple was crushed using a jaw crusher to obtain particles
smaller than 5 mm. Mineralogical analyses were con-
ducted using X-ray diffraction (XRD), as shown in Fig.
2, which identified the clay minerals in the following
order of abundance: Montmorillonite, Kaolinite, and I1-
lite. Quartz and calcite were also present in small quan-
tities as non-clay components. X-ray fluorescence (XRF)
was employed to estimate the semi-quantitative per-
centages of the detected clay minerals across all fraction

sizes in the sample. The results showed that the clay
mineral composition consisted of 81 % Montmorillonite
and 19 % Kaolinite. The physical and chemical proper-
ties of the Bentonite clay were analyzed according to the
methods described by Klute (1986); Page et al. (1982);
Holtz and Gibbs (1956), as detailed in Tables 1 and 2.

2.3. Soil characteristics

Soil samples were collected to analyze specific
physical and chemical characteristics. The procedures
followed the methods outlined by Klute (1986) for phys-
ical properties and Page et al. (1982) for chemical prop-
erties, as detailed in Tables 3 and 4.
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Fig. 2. X-ray diffractograms of the powder and treated calcic Bentonite clay fraction of sample.

Physical characteristics of the clay (Bentonite) sample.

Particle size distribution (%) pb FC WP AW FSI
Sand Silt Clay (gem™) (%) (%) (%) (%)
7.02 14.23 78.75 0.51 48.19 16.67 31.52 115

Table 2

Chemical characteristics of the clay (Bentonite) sample.

EC H CEC Cations and anions of soluble salts, %
@dsm P (cmolekg™) ~ Na* K* Cat*  Mg'" Cl- HCO;  CO3;~  SO;~
0.69 7.57 96.72 0.49 0.21 3.86 2.34 0.68 2.15 - 4.07
Table 3

Some physical characteristics of experimental soil.

- - - . 5
d801t1h Particle size distribution (%) Textural OM ob Ks FC WP AW
(ifn) C.sand M.sand F.sand Silt Clay class (%) (gem™)(emh™) (%) (%) (%)
0-20 5.21 23.09 5943 556 6.71 Sandy 0.46 1.54 12.69 1546 4.89 10.57
20-40 4.79 22.87 5895 6.13 7.26 Sandy 0.41 1.56 1294 1498 4.67 10.31
40-60 4.23 22.56 58.47 6.91 7.83 Sandy 0.34 1.59 13.27 1473 454 10.19
60-80 4.06 22.43 58.39 715 797 S 0.32 1.62 13.31 1451 4.36 10.15
Table 4

Some chemical characteristics of experimental soil.

Soil Soluble ions (meq17%) in the saturated soil paste extract
depth b CaCO; CEC B i} i — —
(cm) (dSm™) % (cmolekg™) Na* K* Ca*t* Mg** Cl HCO3 CO3;3 SO%
0-20 481 759 9.63 9.37 21.61 198 1434 10.17  19.87 2.94 - 25.29
20-40 469 772 891 9.54 2093 185 14.09 10.03 1945 2.61 - 24.84
40-60 437 785 749 9.71 19.75 1.61 12.86 9.48 17.68 2.35 - 23.67
60-80 425 787 746 9.73 1957 149 1223 9.21 17.31 2.18 - 23.01

-4-
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2.4. Irrigation water quality

Table 5 presents the evaluation of irrigation water
quality, based on chemical analyses conducted follow-
ing the methods outlined by Ayers and Westcot (1994).

2.5. Reference evapotranspiration (ET,) and Crop
evapotranspiration (ET )

The ET, values shown in Table 6 were calculated
using CropWat 8 software, applying the FAO Penman-
Monteith equation, as described by Savva and Frenken
(2002). Likewise, the ET, values in Table 7 were deter-
mined using equation [1], as outlined by Savva and
Frenken (2002).

ET, = K. pao X ET, - [1]

where:
ET.: crop evapotranspiration (mm day ™),
K¢ rao: crop coefficient, and
ET,: Reference evapotranspiration (mm day ™).

2.6. Irrigation water stress (DI) applied throughout the
growth stages

The amount of irrigation water stress (DI) applied
to date palm trees, as presented in Table 8, was deter-
mined using the formula [2] provided by Keller and
Karmeli (1974):

Dlyg0,80,60% = (ET. — pe) (K./E,) + LR - [2]

where:
Dl19080,60%: Seasonal applied water irrigation stress
(mm period™1),
Pe: Effective rainfall (equal to zero mm season™!)
K;: The correction factor for limited wetting at 70 %
canopy coverage of carrots is Kr = 0.80 (Smith,
1992).
E,: Irrigation efficiency for Oscop, micro jet and
bubbler (85, 80 and 75 %) respectively (Allen et al.
1998), and

LR: Leaching requirements, at salinity levels of irri-
gation water, are calculated as 0.10 times ET, (mm).

Table 5

Some chemical analysis for irrigation water.

2.7. Actual consumption of water (ACW)

The actual consumptive water (ACW) was deter-
mined using equation [3] as described by Doorenbos
and Pruitt (1984).

M, — M
2_lyd,xd - [3]

ACW = ———
100

where:
ACW: Actual consumption of water (mm),
M; and M,: water content before and after irrigation
respectively (%),
dp: soil specific density, and
d: mean depth (mm).

2.8. Water use efficiency (WUE) and irrigation water
use efficiency (IWUE)

WUE and IWUE were determined by the equations
[4] and [5] (Howell et al., 2001, Michael, 1978):

MY

- . [4

WUE oW [4]
MY

IWUE = — . [5

o (5]

where:
WUE and IWUE: Water use efficiency and irrigation
water use efficiency (kg m~3), and
MY: Marketable yield of date palm trees (kg ha™?').

2.9. Yield response factor (Ky)

The Ky was calculated using equation [6] provided by
Allen et al. (1998).

MY ACW .. [6]
()= 142
Y, ET,
where

Yp: Maximum yield at Dlio% (Mg ha™t),

Ky : Factor for yield response, and

ET,,: ET, without stress (mm season™1).

EC Soluble cations (meq171) Soluble anions (meq171)
Sample pH _1n SAR " " — = — — — —
(dSm™) Na K Ca Mg Cl HCO; €033 SO;
Mean 789 197 3.65 7.61 3.39 494 3.76 4.68 7.45 - 7.57
Table 6
Calculated ET,(mm day ') through date palm trees growth period.
Month Mar Apr May Jun Jul Aug  Sep Oct  Nov Dec Jan Feb
ET,
° 6.51 7.36 8.83 915 937  9.69 896 743 589 476 375 527
(mm day ™)

-5-
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Table 7

Calculated ET, (mm day 1) through date palm trees growth period.

Stages Initial Development Mid Late Seasonal
) 1st Mar to 29t Jul to 2nd Sep to 30t Jan to 1% Mar to
Planting date th
28t Jul 15t Sep 29th Jan 28t Feb 28" Feb
Period length (day) 150 35 150 30 365
K¢ rao 0.80 0.90 1.00 0.80 -
ET, (mm day ') 1329.13 314.26 809.94 119.46 2572.79
ET, 1000, (mm) 1063.30 282.83 809.94 95.57 2251.64
Eff. Rainfall (mm) 0 0 0 0 0
Table 8
The applied irrigation water stress was calculated based on ET. (mm day ') during the growth period of date
palm trees.
Applied Irrigation water stress (mm)
IS (];OI) Growth Stages
Initial Development Mid Late Seasonal
100 1102.05 293.14 839.45 99.05 2333.69
OIS 80 881.64 234.51 671.56 79.24 1866.95
60 661.23 175.88 503.67 59.43 1400.21
100 1164.60 309.78 887.10 104.67 2466.15
MIS 80 931.68 247.82 709.68 83.74 1972.92
60 698.76 185.87 532.26 62.80 1479.69
100 1235.48 328.63 941.09 111.04 2616.24
BIS 80 988.38 262.90 752.87 88.83 2092.98
60 741.29 197.18 564.65 66.62 1569.74

3. Results and discussions

3.1. Impact of IS and DI under BCR treatments on the
quality parameters of date palm fruits

The data in Figs. 3 and 4 indicate that the quality
parameters of date palm fruits length (L) in cm, diame-
ter (D) in cm, total protein (P) %, total sugar (TS) %, and
moisture content (MC) % increase with higher applied
irrigation water stress (DI) across all treatments, except
for total soluble solids (TSS) %, which decrease as DI
increases. Additionally, the data shows a significant ad-
vantage of the Oscop drip irrigation system (OIS) over
the micro jet (MIS) and bubbler (BIS) irrigation systems
for all treatments. The addition of clay (Bentonite)
(BCR) to sandy soil also had a noticeable effect on all
treatments. The results followed a similar trend for both
the 2022/2023 and 2023/2024 seasons.

In the 1st season, the highest values for date palm
fruit quality parameters (L, D, P, TS, and MC) were 4.28
cm, 2.63 cm, 2.38 %, 65.83 %, and 24.98 %, respectively.
In the 2nd season, these values were 4.35 cm, 2.83 cm,
2.45 %, 73.41 %, and 26.07 %, respectively, under the
OIS, DI = 100 %, and BCR = 40 kg palm™! treatment. In
contrast, the lowest values for these parameters in the
1st season were 1.89 cm, 1.15 cm, 0.98 %, 20.45 %, and
10.83 %, and in the 2"d season, they were 1.93 cm, 1.28
cm, 1.03 %, 25.09 %, and 11.51 %, under the BIS, DI = 60
%, and BCR =0 kg palm™! treatment. The TSS values for
the OIS, DI = 100%, and BCR = 40 kg palm™?! treatment
were 36.42 % and 43.24 % for both seasons, while the
TSS values for the BIS, DI =60 %, and BCR =0 kg palm™!
treatment were 55.32 % and 67.17 %, respectively. These
results align with those found by Rabeh et al. (2022); El-
Demerdash et al. (2019); Karbout et al. (2015); Bain-
bridge (2006).
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Clay (Bentonite) rates (BCR), kg/palm
0 kg /palm 20 kg /palm 40 kg /palm

EDI=100% ®EDI=80% EDI=60%
d ¢

L, cm
w
Ao R N W AR NS

OIS MIS BIS OIS MIS BIS OIS MIS BIS
Different irrigation systems (IS)

Fig. 3. Effect of applied water stress (DI, mm season™') on selected fruit quality parameters of date palms with
varying clay (Bentonite) additive rates and different irrigation systems treatments during the 2022/2023 season.
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Clay (Bentonite) rates (BCR), kg/palm
0 kg /palm 20 kg /palm 40 kg /palm

EDI=100% mDI=80% @DI=60%

L, cm
R R T -

oIS MIS BIS oIS MIS BIS o1S MIS BIS
Different irrigation systems (IS)

Fig. 4. Effect of applied water stress (DI, mm season™?) on selected fruit quality parameters of date palms with
varying clay (Bentonite) additive rates and different irrigation systems treatments during the 2023/2024 season.
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3.2. Impact of IS and DI under BCR treatments on the
yield production of date palm fruits

The data shown in Figs. 5 and 6 demonstrate that
fruit weight (FW) in grams and marketable yield (MY)
in Mgha™ for date palm fruits increase with higher DI
across all treatments. Furthermore, the data reveal the
significant advantage of the Oscop irrigation system
(OIS) over the bubbler (BIS) and micro jet (MIS) systems
for all treatments. The addition of BCR (Bentonite) to
the sandy soil of date palm trees had a highly significant
effect on all treatments. This trend was consistent across
both the 2022/2023 and 2023/2024 seasons.

The highest values for FW and MY of date palm
fruits were 14.83 g and 22.92 Mg ha™?, respectively, in
the 1¢t season, and 15.26 g and 23.47 Mgha™', respec-
tively, in the 27 season under the OIS, DI = 100 %, and
BCR = 40 kg palm™! treatment. In contrast, the lowest
values were 4.31 g and 6.41 Mg ha™?, respectively, in the
1st season, and 4.74 g and 6.52 Mg ha™?, respectively, in
the 2nd season under the BIS, DI = 60 %, and BCR = 0
kg palm~! treatment. These variations can be attributed
to the improved physical, chemical, and water proper-
ties of the sandy soil due to the added clay (Bentonite),
which increased soil moisture content in the effective
root zone of the date palm trees. As a result, this al-
lowed for better irrigation water retention and the ad-
dition of fertilizers, leading to higher productivity.
Moreover, the Oscop drip irrigation system ensured
more uniform water distribution in sandy soil com-
pared to the other irrigation systems, contributing to in-
creased marketable yield. These results are in line with
the findings of Rabeh et al. (2022); El-Demerdash et al.
(2019); Al-Amoud (2008).

3.3. Impact of IS and DI under BCR treatments on sea-
sonal actual Consumptive water of date palm fruits

Data in Figs. 5 and 6 reveal that seasonal actual con-
sumptive water (ACW) values (mm) for date palm
fruits decrease as deficit irrigation (DI) levels are re-
duced across all treatments. Moreover, higher rates of
clay (Bentonite) addition (BCR) to sandy soil further
lower seasonal ACW values. The Oscop drip irrigation
system (OIS), combined with increasing BCR rates,
achieves the lowest seasonal ACW values compared to
other treatments. This trend remained consistent
throughout the 2022/2023 and 2023/2024 growing sea-
sons.

The lowest seasonal ACW values were 1123.47 mm
in the 1stseason and 1121.12 mm in the 2nd season, ob-
served under OIS with DI = 60 % and BCR = 40
kg palm™! treatment. In contrast, the highest seasonal
ACW values were 2325.12 mm in the 1st season and
2322.76 mm in the 2nd season under BIS with DI =100 %
and BCR =0 kg palm™ treatment.

These results can be explained by the improved wa-
ter retention and storage capacity of sandy soil due to
the addition of clay (Bentonite), which increases the
available water and free swell index. This enhancement
reduces the seasonal ACW by limiting water loss. Ad-
ditionally, the OIS irrigation system ensures more uni-
form water distribution, reducing soil surface evapora-
tion and further lowering seasonal ACW. Finally, ap-
plying irrigation water deficit stress reduces seasonal
ETa values. These findings are consistent with those of
Rabeh et al. (2022); El-Demerdash et al. (2019); Al-
Amoud and Al-Saud (2011); Kassem (2007).

3.4. Impact of IS and DI under BCR treatments on WUE
and IWUE of date palm fruits

Figs. 7 and 8 show that the highest WUE and IWUE
for date palm fruits were 1.72 and 1.20 kg m~3, and 1.75
and 1.23 kgm™2 for both seasons respectively, under
the OIS, DI=80 %, and BCR= 40 kg palm™! treatment. In
contrast, the lowest values were 0.43 and 0.41 kg/m?,
and 0.44 and 0.42 kg m~3 for both seasons respectively,
under the BIS, DI= 60 %, and BCR= 0 kg palm™? treat-
ment.

Additionally, the WUE and IWUE values under the
QIS, DI= 80 %, and BCR= 40 kg palm™?! treatment in-
creased significantly by approximately 165 % and 108
%, and 161 % and 105 % for both seasons respectively,
compared to the control treatment (BIS, DI =100 %, and
BCR = 0 kg palm™! treatment). These results can be at-
tributed to the addition of clay (Bentonite) to sandy soil,
the use of the Oscop drip irrigation system, and water
stress, which reduced surface soil evaporation. This, in
turn, increased the storage capacity in the sandy soil,
leading to higher marketable yields with lower water
consumption. These findings align with those of Samia
et al. (2022); El-Demerdash et al. (2019); Zahrani et al.
(2011).

3.5. Impact of IS and DI under BCR treatments on date
palm yield response factor (Ky)

The data in Fig. 7 show a clear linear relationship
between the relative reduction in actual consumptive

water 1 — (EACW

1-(5%)

tions were found between these two variables for the
2022/2023 season under various BCR treatments: BCR =
0 kgpalm™* (r=0.872+,0.938+,0.955*), BCR = 20
kg palm™! (r=0.798+0.921++,0.947**) and BCR = 40
kg/palm (r=0.794+,0.921++,0.947**) for all irrigation sys-
tems (OIS, MIS, and BIS). Fig. 7 also shows that similar
correlations were observed for the 2023/2024 season,
with varying clay (Bentonite) addition rates (0, 20, and
40 kg/palm) across all irrigation systems (OIS, MIS, and
BIS).

) and the relative reduction in yield
max

for date palm fruits. Strong positive correla-
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Clay (Bentonite) rates (BCR), kg/palm
0 kg /palm 20 kg /palm 40 kg /palm

EDI=100% EDI=80% =DI=60%
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1
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IWUE, kg/m?

OIS MIS BIS OIS MIS BIS OIS MIS BIS

Different irrigation systems (IS)

Fig. 5. Effect of applied water stress (DI, mm season™') on fruit weight (FW, g), marketable yield (MY, Mgha™),
seasonal actual consumption water (ACW, mm), water use efficiency (WUE, kg m~3), and irrigation water use
efficiency (IWUE, kg m™~3) of date palms with varying clay (Bentonite) additive rates and different irrigation
systems treatments during the 2022/2023 season.
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Fig. 6. Effect of applied water stress (DI, mm season™?) on fruit weight (FW, g), marketable yield (MY, Mgha™),
actual consumption water (ACW, mm), water use efficiency (WUE, kg m™~3), and irrigation water use efficiency
(IWUE, kg m~3) of date palms with varying clay (Bentonite) additive rates and different irrigation systems treat-
ments during the 2023/2024 season.
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(Note: y1 at Oscop drip, y2 at Micro jet, and y3 at Bubbler)

Fig. 7. Relationship between the decrease in marketable yield (MY, Mgha™') and actual consumption water
(ACW, mm season™!) for date palm trees with added clay (Bentonite) rates under different irrigation systems
during the 2022/2023 and 2023/2024 seasons.
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Fig. 8. Effect of irrigation water deficit levels (DI, mm season™! on the yield response factor (Ky) of date palm
under different clay (Bentonite) rates and irrigation system treatments for the 2022/2023 and 2023/2024 seasons.

Furthermore, Fig. 8 demonstrates that the Ky val-
ues for date palm fruits decrease as the applied irriga-
tion water stress increases, regardless of the clay (Ben-
tonite) addition rate or irrigation system used. The low-
est Ky values were 0.11 and 0.14 for the 2022/2023 and
2023/2024 seasons, respectively, under the OIS, DI = 80
%, and BCR = 40 kg palm™! treatment. In contrast, the
highest Ky values were 1.58 and 1.60 for the 2022/2023
and 2023/2024 seasons, respectively, under the BIS, DI =
60 %, and BCR =0 kg palm™! treatment.

These results suggest that date palms have a high
tolerance to water and temperature stress, with findings

consistent with previous studies by El-Demerdash et al.
(2019); Steduto et al. (2012).

4. Conclusions

This study highlighted the significant impact of ap-
plied irrigation water stress and varying rates of clay
(bentonite) addition under different irrigation systems
on the quality parameters, yield production, seasonal
ET,, IWUE, WUE, and Ky of date palm fruits in Toshka
sandy soil. The results indicated that the highest values
for growth parameters and marketable yield were ob-
tained under the Oscop Irrigation System (OIS), with
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100 % irrigation deficit (DI) and a BCR of 40 kg palm™*.
Conversely, the lowest seasonal ETa values were ob-
served under OIS, DI = 60 %, and BCR = 40 kg palm™?.

The minimum Ky values for date palm fruits were
0.11 and 0.14 for the 1stand 2 seasons, respectively, un-
der OIS, DI = 80 %, and BCR = 40 kg palm™treatment.
Furthermore, WUE and IWUE values for date palm
fruits showed a significant increase under OIS, DI = 80
%, and BCR = 40 kg palm™!, with increases of around
165 % and 108 % in the 1st season, and 161 % and 105 %
in the 2 season, compared to the control treatment
(BIS, DI =100 %, and BCR = 0 kg palm™1).

Based on these findings, it is recommended to im-
plement OIS, DI = 80 %, and BCR = 40 kg palm™* treat-
ment for date palm cultivation under Toshka condi-
tions. This approach can save approximately 44 % of the
applied irrigation water while boosting marketable
date palm fruit production by an average of 32 % across
both seasons.
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