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Abstract

A field experiment was conducted during the 2025 growing season at Al-Amir Private Model Farm,
Al-Harouniyah, Al-Mugdadiya District, Diyala Province, Irag, to investigate the effects of pollen source,
pollination time, and chelated zinc application on the growth and yield of tissue-cultured '‘Barhee' date
palm (Phoenix dactylifera L.) trees aged 13 years. The experiment was arranged as a factorial trial
within a randomized complete block design (RCBD) with three factors: pollination time (24 and 72 h
after spathe opening), pollen source (Khadrawi, Berban, and a mixture of Khadrawi + Berban pollen),
and chelated zinc foliar application (0, 50, and 100 mg L™ 1). Eighteen treatment combinations were
replicated three times.

The results showed that the mixed pollen source (Khadrawi + Berban) significantly improved fruit set
(77.70%), fruit weight (12.29 g), flesh weight (11.47 g), fruit volume (11.47 cm3), and total yield (135.9
kg palm™ 1) compared with the other pollen sources. Pollination after 24 h produced superior values for
fruit weight (12.08 g), flesh weight (11.29 g), and total yield (134.7 kg palm™ 1). Foliar application of
chelated zinc at 100 mg L~ * significantly increased fruit set (78.02%), fruit volume (11.66 cm?3), and
flesh-to-seed ratio (16.97), whereas 50 mg L~ ! resulted in the highest flesh weight (11.26 g). The three-
way interaction among mixed pollen, pollination after 24 h, and 100 mg L~ * chelated zinc produced the
highest values for fruit set (83.34%), fruit weight (13.64 g), flesh weight (12.71 g), fruit volume (14.16
cm3), total yield (176.5 kg palm™ %), and flesh-to-seed ratio (13.66). These findings indicate that
combining mixed pollen (Khadrawi + Berban), pollination within 24 h, and foliar application of chelated
zinc at 100 mg L~ * can enhance fruit set, yield, and fruit quality of tissue-cultured 'Barhee’ date palms.
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Introduction

Date palm (Phoenix dactylifera L.) is an and health-promoting properties [2],[3]
economically important fruit crop widely Because date palm is a dioecious species,
cultivated in tropical and subtropical regions. It successful fruit production depends on effective
plays a significant role in food security and pollination. The pollen source and pollination
agricultural sustainability due to its high timing are critical factors influencing fruit set,
nutritional value and increasing global demand yield, and fruit quality. Variations among male
[1] . Date fruits are rich in carbohydrates, cultivars can affect fruit characteristics,
dietary  fiber, minerals, and bioactive including fruit size, weight, and chemical
compounds, which contribute to their nutritional composition, making the selection of a suitable
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pollinator essential for improving productivity
[4], [5]. Chelating agents are widely used to
enhance micronutrient availability and uptake
by plants. Among these micronutrients, zinc
(Zn) is essential for plant growth and
development. Foliar application of chelated zinc
is considered an effective practice for improving
nutrient efficiency, particularly under conditions
that limit nutrient availability in the soil [6]

Foliar fertilization has become an important
management strategy in date palm cultivation,
helping to overcome nutrient deficiencies and
environmental constraints. Recent studies have
shown that chelated zinc application can
improve fruit physical and chemical attributes,
including fruit size, weight, total soluble solids,
sugar content, and fruit set percentage,
ultimately contributing to enhanced yield and

Three pollen sources (Khadrawi, Berban, and a
mixture of Khadrawi + Berban) and two
pollination times (24 and 72 h after spathe
opening) were applied, while chelated zinc was
sprayed at 0, 50, and 100 mg L™t in three
monthly applications starting from May 4, 2025.
A surfactant was added to improve spray
efficiency. Standard orchard practices, including
pruning, weeding, and soil cultivation, were
uniformly applied. Leaf samples were collected
at the khalal stage, and fruit samples were
harvested at tamar stage between October 10
and 30, 2025. Physical analyses were conducted
at the University of Diyala, College of
Agriculture, using standard laboratory methods.

Studied Traits

e Fruit set percentage (%): Determined by
selecting 20 spathes per palm and
calculating the proportion of set fruits
relative to total potential fruit positions,
including set fruits, shot berries, and flower
scars according to [8].

e Average fruit weight (g): Calculated by
weighing 20 randomly selected fruits per
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fruit quality [7]. This study aimed to evaluate
the effects of pollination time, pollen source,
and chelated zinc application on fruit set, yield,
and fruit quality of '‘Barhee' date palms.

Materials and Methods

The field experiment was conducted during
the 2025 growing season at Al-Amir Private
Model Farm, Al-Harouniyah, Al-Muqgdadiya
District, Diyala Province, Iraq, to study the
effects of pollen source, pollination time, and
foliar application of chelated zinc on growth,
yield, and fruit quality of 13-year-old date palms
grown under drip irrigation conditions. Fifty-
four uniform and healthy palms were selected
and arranged in a randomized complete block
design (RCBD) with three replications.

bunch at harvest and dividing the total
weight by the number of fruits.

e Fruit volume (cmd): Measured using the
water displacement method by immersing
20 fruits in a graduated cylinder and
recording the increase in water level [9]

o Total yield (kg palm™ 1): Determined by
weighing all harvested fruits per palm using
a field balance and calculating the mean
yield per treatment.

o Average flesh weight (g): Estimated from
20 fruits by separating pulp from seeds and
calculating the mean flesh weight per fruit.

o Flesh-to-seed ratio: Calculated by dividing
the weight of the fruit flesh by the weight of
the seed.

Statistical Analysis

The experiment was conducted as a factorial
arrangement within a randomized complete
block design (RCBD) with three factors:
pollination time (24 and 72 h after pollination),
pollen source (Khadrawi, Berban, and a mixture
of Khadrawi + Berban), and foliar application of
chelated zinc (0, 50, and 100 mg L™ %). This
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resulted in 18 treatment combinations. Each
treatment was replicated three times, and each
palm represented an experimental unit, giving a
total of 54 experimental units. Data were
Results and Discussion

Fruit set percentage

As shown in table (1), significant differences
were observed among pollen sources and zinc
treatments, while pollination time had no
significant effect on fruit set percentage. The
mixed pollen source (Khadrawi + Berban)
recorded the highest fruit set (77.70%), whereas
Berban pollen showed the lowest value
(76.33%). Foliar application of chelated zinc at
100 mg L™ ® resulted in the highest fruit set
(78.02%), while the control treatment recorded
the lowest value (76.20%).

Regarding two-way interactions, the highest
fruit set for pollen source x pollination time was
recorded in mixed pollen (Khadrawi + Berban)
with 24 h pollination (78.28%), whereas lowest
was in Berban pollen with 24 h pollination

analyzed using SPSS software, and treatment
means were compared using Duncan’s multiple
range test at a 0.05

(76.05%). For pollen source x zinc, the
maximum value was obtained from mixed
pollen + 100 mg L~ * zinc (80.73%), while the
minimum was recorded in Berban pollen + 100
mg L™ ! zinc (75.16%). In pollination time x
zinc interaction, the highest fruit set was
observed at 24 h pollination combined with 100
mg L™t zinc (78.66%), whereas lowest values
were recorded in the control treatment under
both pollination times (75.79% and 76.60%).
The three-way interaction revealed that
combination of mixed pollen (Khadrawi +
Berban), pollination at 24 h, and 100 mg L™ !
zinc produced highest fruit set (83.34%), while
lowest value was recorded in Berban pollen
with 24 h pollination and 100 mg L™ ! zinc
(74.31%).

Table 1. Effects of pollen source, pollination time, and chelated zinc application on fruit set (%) of

‘Barhee’ date palm

Chelated zinc Pollination time Pollen  source  x
Pollen source _ .

mgL™ ! 24 h 72 h chelated zinc

0 76.57 bcd 76.37 bcd 76.47 bc
Khadrawi 50 76.60 bcd 78.22 b 7741 b

100 78.33 b 78.03 b 78.18 b

0 76.28 bcd 77.55 bc 76.91 ab
Berban 50 77.57 bc 76.23 bcd 76.90 bc

100 74.31 d 76.01 bcd 75.16 ¢
Mixed 0 74.53 cd 75.88 bcd 75.21 ¢
(Khadrawi + |50 76.95 bcd 77.36 bcd 77.16 bc
Berban) 100 83.34 a 78.11 b 80.73 a
pollen source x Pollination time Mean pollen source
Khadrawi 77.17 ab 77.54 ab 77.35 AB
Berban 76.05 b 76.60 ab 76.33 B
Mixed (Khadrawi + Berban) 78.28 a 77.12 ab 77.70 A
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Chelated zinc x Pollination time Mean Chelated zinc

0 75.79 b 76.60 b 76.20 B

50 77.04 ab 77.27 ab 77.16 AB

100 78.66 a 77.38 ab 78.02 A

Mean Pollination time 77.170 A 77.09 A
Means sharing the same letter are not significantly different at p < 0.05 according to Duncan’s test
Average weight

Table (2) showed significant differences whereas the minimum was recorded in

among pollen sources and pollination timing,
while zinc application had no significant effect
on average fruit weight. The mixed pollen
source (Khadrawi + Berban) recorded the
highest fruit weight (12.29 ¢), whereas
Khadrawi pollen showed the lowest value
(11.39 g). Pollination at 24 h resulted in higher
fruit weight (12.08 g) compared with 72 h
(11.57 g). For two-way interactions, highest
fruit weight was recorded in the combination of
mixed pollen and 24 h pollination (12.89 @),
while lowest value occurred with Khadrawi
pollen at 24 h (11.34 g). In pollen x zinc
interaction, the maximum value was observed in
mixed pollen with 100 mg L~ 1 zinc (12.77 @),

Khadrawi pollen with 50 mg L™ * zinc (11.17
g). For pollination time x zinc interaction,
highest fruit weight was obtained at 24 h
combined with 50 and 100 mg L~ ! zinc (12.38
and 12.29 g, respectively), while the lowest
value was recorded at 72 h with 50 mg L~ * zinc
(11.43 g). The three-way interaction showed
that combination of mixed pollen (Khadrawi +
Berban), pollination at 24 h, and foliar
application of 50 and 100 mg L™ ! zinc
produced highest fruit weights (13.57 and 13.64
g, respectively), whereas the lowest value was
recorded in Berban pollen at 72 h with 100 mg
L1t zinc (10.64 0).

Table 2. Effects of pollen source, pollination time, and chelated zinc application on fruit weight (g)

of ‘Barhee’ date palm.

: Chelated zinc Pollination time Pollen source x chelated
ollen source - .
mgL™* 24 h 72 h zinc

0 11.52 b-e 11.26 bcde 11.39 cd
Khadrawi 50 11.46 b-e 10.89 de 11.17 d

100 11.04 cde 1230 b 11.67 cd

0 11.74 b-e 1240 b 12.07 abc
Berban 50 12.05 bc 11.63 bcde 11.84 bcd

100 12.25 bc 10.64 e 11.45 cd
Mixed 0 11.45 b-e 11.82 bcde 11.64 cd
(Khadrawi + |50 13.57 a 11.39 bcde 12.48 ab
Berban) 100 13.64 a 11.90 bcd 12.77 a
pollen source x Pollination time Mean pollen source
Khadrawi 11.34 ¢ 11.45 bc 11.39 B
Berban 12.01 b 11.56 bc 11.78 AB
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Mixed (Khadrawi + Berban) | 12.89 a | 11.70 be 1229 A

Chelated zinc x Pollination time Mean Chelated zinc
0 11.57 b 11.83 ab 11.70 A

50 12.38 a 11.43b 1191 A

100 12.29 a 11.44 b 11.86 A

Mean Pollination time 12.08 A 11.57B

Means sharing the same letter are not significantly different at p < 0.05 according to Duncan’s test

Fruit volume

According to table (3), fruit volume was
significantly influenced by pollen source and
chelated zinc application, whereas pollination
timing did not exert a significant effect. The
highest fruit volume was obtained with mixed
pollen source (Khadrawi + Berban), reaching
11.47 cm3, while Khadrawi pollen produced the
lowest value (10.54 cmd). Similarly, foliar
application of 100 mg L~ ! chelated zinc
increased fruit volume to 11.66 cm?® compared
with 10.58 cm? in control treatment. Regarding
the two-way interactions, the combination of
mixed pollen and pollination at 24 h resulted in
greatest fruit volume (11.78 cm3), whereas
lowest value (10.09 cmd) was recorded for
Khadrawi pollen under same pollination timing.
The interaction between pollen source and zinc
application showed a maximum fruit volume of
12.50 cm3 with mixed pollen and 100 mg L™ ¢
zinc, while the minimum value (9.58 cmd)

occurred in Khadrawi pollen without zinc
application. Likewise, pollination at 24 h
combined with 100 mg L™ ! zinc produced
largest fruit volume (12.25 cm3), whereas
smallest value (10.05 cm3) was observed with
24 h pollination and 50 mg L™ ! zinc. A
significant three-way interaction was detected
among the studied factors. The treatment
combining mixed pollen (Khadrawi + Berban),
pollination at 24 h, and 100 mg L~ ! chelated
zinc achieved  highest fruit volume (14.16
cm?), whereas lowest value (8.75 cm3) was
recorded in Khadrawi pollen with 24 h
pollination under control treatment.

Table 3. Effects of pollen source, pollination time, and chelated zinc application on fruit volume

(g) of ‘Barhee’ date palm.

Chelated zinc Pollination time Pollen source x chelated

Pollen source mg L~ 1 7inc
24 h 72 h

0 8.750d 10.41 bed 9.58 ¢
Khadrawi 50 9.750 cd 11.50 bc 10.62 bc

100 11.79b 11.06 bc 11.42 ab

0 11.16 bc 11.00 bc 11.08 b
Berban 50 10.33 bcd 10.91 bc 10.62 bc

100 10.82 bc 11.33 bc 11.07b
Mixed 0 11.11 be 11.08 bc 11.10b
(Khadrawi + | 50 10.08 bcd 11.58 bc 10.83 b
Berban) 100 14.16 a 10.83 bc 12,50 a
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pollen source x Pollination time Mean pollen source
Khadrawi 10.09 c 10.99 abc 10.54 B

Berban 10.77 bc 11.08 ab 10.92 AB

Mixed (Khadrawi + Berban) 11.78 a 11.16 ab 11.47 A

Chelated zinc x Pollination time Mean Chelated zinc
0 10.34 cd 10.83 bed 10.58 B

50 10.05d 11.33b 10.69 B

100 12.25 a 11.07 bc 11.66 A

Mean Pollination time 10.88 A 11.08 A

Means sharing the same letter are not significantly different at p < 0.05 according to Duncan’s test

Total yield

Table (4) demonstrates that total yield was
significantly affected by pollen source and
pollination timing, whereas chelated zinc
application had no significant effect. The mixed
pollen source (Khadrawi + Berban) produced
the highest total yield (135.9 kg palm™ 1), while
Berban pollen recorded the lowest value (124.0
kg palm™1). Likewise, pollination at 24 h
resulted in a greater yield (134.7 kg palm™ 1)
compared with pollination at 72 h (122.9 kg
palm™ 1). For the two-way interactions, highest
total yield (148.5 kg palm™ t) was achieved by
combining mixed pollen with pollination at 24
h, whereas lowest (113.3 kg palm™ 1) was
obtained from Khadrawi pollen with pollination
at 72 h. In pollen source x zinc interaction,

chelated zinc produced maximum vyield (153.3
kg palm™ 1), while minimum (113.7 kg palm™ 1)
was recorded for Berban pollen with 50 mg L™ ®
zinc. Similarly, interaction between pollination
timing and zinc application showed highest
yield (144.2 kg palm™ 1) at 24 h pollination with
100 mg L™t zinc, whereas lowest (122.6 kg
palm™ 1) was observed at 24 h pollination with
50 mg L™t zinc. A significant three-way
interaction was also  detected, where
combination of mixed pollen (Khadrawi +
Berban), pollination at 24 h, and 100 mg L™ !
chelated zinc resulted in highest total yield
(176.5 kg palm™ ). In contrast, lowest yield
(103.6 kg palm~ 1) was recorded for Berban
pollen with 24 h pollination and 50 mg L™ !

mixed pollen combined with 100 mg L™t

chelated

zinc.

Table 4. Effects of pollen source, pollination time, and chelated zinc application on total yield (Kg)
of ‘Barhee’ date palm.

Chelated zinc Pollination time Pollen source x chelated
Pollen source _ .

mgL~* 24 h 72h Zinc

0 154.6 de 127.9 bed 1412 ¢
Khadrawi 50 130.9 bed 120.8 bcd 125.8 abc

100 133.9 bed 90.97 bcd 112.4 bc

0 122.3 cde 130.5b 126.4 abc
Berban 50 103.6 e 123.9 bc 113.7c¢c

100 121.9 bed 141.9 bc 131.9 abc
Mixed 0 135.6 bcd 1136 b 124.6 ab
(Khadrawi + |50 133.3 bcd 126.2 bcd 129.7 bc
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Berban) | 100 [ 17654 | 130.2 bcd 153.3a

pollen source x Pollination time Mean pollen source
Khadrawi 139.8 bc 113.3b 126.5B

Berban 1159¢c¢ 132.1a 124 B

Mixed (Khadrawi + Berban) 148.5a 123.4 ab 135.9 A

Chelated zinc x Pollination time Mean Chelated zinc
0 137.5b 124 a 130.7 A

50 122.6 b 123.7 a 123.1 A

100 144.2 a 121 ab 132.6 A

Mean Pollination time 134.7 A 1229 B

Means sharing the same letter are not significantly different at p < 0.05 according to Duncan’s test

Average flesh weight

Table (5) indicates that flesh weight was

significantly affected by pollen source,
pollination  timing, and chelated zinc
application. The mixed pollen treatment

(Khadrawi + Berban) produced the highest flesh
weight (11.47 @), whereas Berban pollen
recorded the lowest value (10.79 g). Pollination
at 24 h increased flesh weight to 11.29 g
compared with 10.87 g at 72 h. Among zinc
treatments, 50 mg L~ * resulted in the highest
flesh weight (11.26 g), while the control

treatment showed the lowest value (10.81 g).

Regarding the two-way interactions, highest
flesh weights were obtained from mixed pollen

with 24 h pollination (11.96 g), mixed pollen
with 100 mg L~ * chelated zinc (11.87 g), and
24 h pollination combined with 100 mg L™ !
zinc (11.74 g). In contrast, lowest values were
recorded for Berban pollen with 72 h pollination
(10.60 g), Berban pollen with 100 mg L™ ! zinc
(10.47 @), and 24 h pollination without zinc
application (10.49 g).The three-way interaction
was significant, with combination of mixed
pollen, 24 h pollination, and 50 or 100 mg L™ ¢
chelated zinc producing the greatest flesh
weight (12.70 and 12.71 g, respectively). The
lowest value (9.58 g) was observed in Berban
pollen with 72 h pollination and 100 mg L™t
chelated zinc.

Table 5. Effects of pollen source, pollination time, and chelated zinc application on flesh weight (g)
of ‘Barhee’ date palm.

Chelated zinc Pollination time Pollen source x chelated
Pollen source N .
mglL™* 24h 72h Zinc
0 10.58 bc 10.74 b 10.66 c
Khadrawi 50 11.02 b 10.77 b 10.89 bc
100 11.03 b 11.43b 11.23 abc
0 10.41 bc 1152 b 10.96 bc
Berban 50 11.19b 10.70 bc 10.95 bc
100 11.37b 9.580 c 10.47 c
Mixed 0 10.48 bc 11.10 b 10.79 ¢
(Khadrawi + | 50 12.70 a 10.81 b 11.75 ab
Berban) 100 12.71a 11.03 b 11.87 a
pollen source x Pollination time Mean pollen source
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Khadrawi 10.92 b 11.02b 10.97 B

Berban 10.99 b 10.60 b 10.79B

Mixed (Khadrawi + Berban) 11.96 a 10.98 b 11.47 A

Chelated zinc x Pollination time Mean Chelated zinc
0 10.49b 11.12 ab 10.81 B

50 11.64 a 10.87 b 11.26 A

100 11.74 a 10.60 b 11.17 AB

Mean Pollination time 11.29 A 10.87 B

Means sharing the same letter are not significantly different at p < 0.05 according to Duncan’s test

Flesh-to-seed ratio

Table (6) shows that pollen cultivars and
pollination times did not significantly affect the
kernel-to-stone weight ratio, whereas chelated
zinc significantly increased this trait, with the
highest value recorded at 50 mg L™ * (17.53%)
compared with the control (12.67%).

Significant interactions were observed among
the studied factors. Khadrawi pollen with
pollination within 24 h produced the highest
ratio (26.00%), while Berban pollen with
pollination within 24 h gave the lowest
(10.77%). Pollination within 24 h combined
with 100 mg L~ * zinc resulted in the highest

value (21.34%), whereas the same pollination
time without zinc gave the lowest (9.71%). The
interaction between pollen cultivar and zinc
concentration was significant; mixed pollen
(Khadrawi + Berban) with 50 mg L™ ! zinc
produced the highest ratio (16.59%), while
Khadrawi pollen with 100 mg L™ ! zinc
recorded the lowest (7.12%). The highest value
under the three-way interaction was obtained
from mixed pollen, pollination within 24 h, and
50 mg L™ ! zinc (14.58%), whereas the lowest
value was recorded with mixed (Khadrawi +
Berben) pollen, pollination within 24 h, and
control (10.80%).

Table 6. Effects of pollen source, pollination time, and chelated zinc application on Flesh-to-seed

ratio of ‘Barhee’ date palm.

Chelated zinc Pollination time Pollen source x chelated
Pollen source _ .
mgL™* 24 h 72h zinc
0 11.25d 20.65 cd 15.95d
Khadrawi 50 24. 98 bcd 9.750 cd 16.39 cd
100 11.03 bed 13.13 ab 12.08 ab
0 31.54 cd 13.09 ab 22.31 bc
Berban 50 13.01 cd 11.50 bed 12.25 bed
100 12.92 ab 9.037 bc 10.97 ab
Mixed 0 10.80 cd 15.41 bcd 13.10 cd
(Khadrawi + |50 14.58 a 18.60 bc 16.59 a
Berban) 100 13.66 e 12.69 bcd 13.17 d
pollen source x Pollination time Mean pollen source
Khadrawi | 26.00 b | 25.62 ab 25.81 A
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Berban 10.77 ab 11.04 a 10.90 A

Mixed (Khadrawi + Berban) 12.84 b 15.22 ab 14.03 A

Chelated zinc x Pollination time Mean Chelated zinc
0 9.712 ¢ 15.63 b 12.67 B

50 15.70 c 19.37b 1753 A

100 21.34a 12.61 ab 16.97 B

Mean Pollination time 15.59 A 15.87 A

Means sharing the same letter are not significantly different at p < 0.05 according to Duncan’s test

The results presented in Tables (1-5) revealed
that pollen sources had a significant effect on
the physical characteristics of date palm fruits.
The mixed pollen source (Khadrawi + Barben)
outperformed the other treatments in most
studied traits of tissue-cultured ‘Barhi’ date
palms, including fruit set percentage, average
fruit weight, fruit volume, total yield, and pulp

The increase in fruit size may be explained by
the positive role of high-quality pollen in
enhancing ovary and embryo development [12].
Moreover, the improvement in total yield under
the mixed pollen treatment is likely associated
with increases in fruit weight, size, and
dimensions, which collectively contribute to
higher overall production.

These differences in fruit set may also be
linked to the phenomenon of metaxenia, where
pollen sources influence fruit quality and
biochemical properties independent of the
embryo and endosperm. Pollen origin can affect
fruit chemical and physiological characteristics,
including soluble sugar content, thereby
enhancing fruit ripening, size, and weight
[13].These findings are consistent with those
reported by [14] and [15], who observed
significant effects of different pollen sources on
fruit physical and quality traits in various date
palm cultivars.

The results in tables (2, 4, and 5) also
indicated that pollination timing had a
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weight. This superiority may be attributed to the
high fertilization efficiency of this pollen
mixture, as well as possible differences in
compatibility between the pollen sources and
the ‘Barhi’ cultivar [10] .Variations in fruit set
are known to depend strongly on pollen origin,
which significantly influences fertilization
success depending on cultivar response [11] .

significant effect on fruit physical traits.
Pollination within 24 hours produced superior
results in fruit weight, total yield, and pulp
weight in tissue-cultured ‘Barhee’ palms. This
effect may be attributed to the importance of
synchronizing  pollination ~ with  stigma
receptivity, which is critical in dioecious fruit
species such as date palm. Optimal pollination
timing, typically ranging from spathe cracking
to up to ten days afterward, has been reported to
maximize fruit set and yield [16],[17]. Early
pollination may overcome structural
abnormalities in stigmas that can inhibit pollen
tube growth and lead to poor fruit set [18].
Higher fruit set within 24 hours may therefore
result from pollination occurring before the
development of such anatomical barriers,
allowing more efficient pollen tube growth and
fertilization. These findings agree with [19] and
[20], who reported significant improvements in
fruit set, size, and weight with optimized
pollination timing.

Tables (1, 3, 5, and 6) further showed that foliar
application of chelated zinc significantly
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influenced the physical characteristics of date
palm fruits, including fruit set percentage, fruit
volume, pulp weight, and pulp-to-seed ratio.
The 100 mg L™ ' concentration showed
superiority in most traits, while 50 mg L™ * was
more effective in improving pulp weight and
pulp-to-seed ratio. The beneficial effects of zinc
may be attributed to its chelated form, which
enhances nutrient uptake efficiency and
bioavailability [21] , [22]. Zinc also plays a
crucial role in regulating reactive oxygen
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