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February 10, 2020 the effects of different pollination methods (pollen dusting, strands placement, pollen

i;tr)ilfszhsedz:ozo suspension, and natural pollination) were investigated. Twelve date palm trees were

selected for the experiment, for which five spathes (spadix) from each palm were carefully
chosen. The experiment was laid out on Randomized Complete Block Design with three
replicates for each treatment. The results indicated significant differences among different
pollination methods. The date palm cv. Khalas pollinated with dusting method exhibited
significantly promising results regarding fruit set, parthenocarpic fruit, biser fruit, tamar
fruit, and fruit drop percentage, bunch weight, pulp weight, pulp, seed and pulp : seed ratio,
fruit fresh and dry weight, fruit length, width, and volume, seed weight and length, fruit
moisture content, total soluble solids, total and reducing sugars. Data regarding total number
of fruit nodes per bunch, seed width, and non-reducing sugar were not significantly affected
by any pollination methods. Pollination carried out by pollen suspension technique was
closely followed to pollen dusting method and a number of attributes were non-significant
between the two methods such as fruit set, parthenocarpic fruit, tamar fruit, and fruit drop
percentage, bunch and pulp weight, pulp, seed and pulp : seed ratio and fruit moisture
content. Strands placement technique was much better than the control one that showed
poor results regarding all attributes studied. The correlation between the parameters
indicated that fruit set percentage had a significant positive relationship with tamar fruit
percentage, bunch weight, total soluble solids, and total sugars. It is consequently concluded
that pollen dusting and pollen suspension techniques are the best ones to pollinate date palm
cv. Khalas. Moreover, date palm can not be left on natural pollination, which adversely
affects fruit yield and quality attributes.
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Introduction

Date palm (Phoenix dactylifera L.) is grown in arid
and semi-arid regions on 1.34 million hectares and
produced 8.17 million tons of fruit across the globe
(FAOSTAT, 2017). There are more than 120 million
date palm trees worldwide yielding several million
tons of dates annually, besides its secondary products.
The Arab world has more than 84 million date palm
trees with the majority in Egypt, Iraq, Saudi Arabia,
Algeria, Morocco, Tunisia, United Arab Emirates and
Iran (Abd-Rabou and Radwan, 2017). There are 70%
of the world's date palm trees in the Arab countries
and are contributed 67% of the global production.
Kingdom of Saudi Arabia has more than 23 million
date palm trees, which produce about one million tons
of dates annually (Al-Abdoulhadi et al., 2011). Date
palm cv. Khalas is a mid-season cultivar and is widely
cultivated in the Al-Hassa oasis on more than 60% of
the date palm growing area. It is considered as the best
date in the region, having good sized fruit that is
consumed at fresh (rutab) and semi-dry (tamar) stages
and has a long shelf life.

Date palm is a cross-pollinated fruit tree, due to its
dioecious nature, where pollen grains from male palm
are applied on to fruit buds bearing female palm
(Bekheet and Hanafy, 2011). Pollen tube formation
initiates, which is precisely guided by female cues
(Higashiyama and Takeuchi, 2015). Several female-
secreted peptides are identified that specifically
control the direction of pollen tube growth
(Takeuchi and Higashiyama, 2012). The molecular
mechanism of pollination and fertilization indicated
the importance of fruit setting and yield attributes,
particularly for a dioecious species like date palm.
The date palm is naturally wind or insect-pollinated
but this method has proven inefficient and
economically unfeasible (EI-Mardi et al., 1998).
Failure of effective pollination leads to the formation
of triple parthenocarpic fruits of no economic value
(Zaid and de Wet, 2002). To tackle this problem,
artificial pollination is considered to be important to
improve crop productivity and quality, which is
commonly practiced in commercial date palm
plantations (Gupta et al., 2017). Pollination of 60-80%
of the female flowers is considered satisfactory and
will usually lead to a good fruit set and yield (Ream
and Furr, 1969). The pollination efficiency is affected
by several factors and consequently fruit set is highly
dependent on these factors such as pollen sources,
pollination time, pollination methods, male flowering
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time, pollens viability, amount and quality, and the
female flowers receptivity (Zaid and de Wet, 2002;
Ahmed et al., 2016; Abdel-Sattar and Mohamed,
2017). Therefore, numbers of date palm pollination
methods have been adopted to attain maximum fruit
set and yield benefits such as male strands (spikes)
placement, pollen dusting, pollen suspension
methods, etc. (Haffar et al., 1997; Hajian, 2005; El-
Dengawy, 2017; Munir, 2019). The date palm growers
according to their experience and pollen source
availability approve these pollination methods.
However, adopting an appropriate and improved
pollination method could save pollen grains and
enhance fruit yield (Awad, 2010). Moreover, due to
the substantial increase in date palm numbers across
the world, the growers and researchers are prompted
to adopt alternative unconventional methods of
pollination, which minimize the labor-cost and
improve crop production.

Several studies have been conducted to find out the
optimal method of pollination for date palm, which
varied with the pollen source and concentrations,
cultivars response and ecological locations. Attalla et
al. (1998) reported that different concentrations of
pollen grains when applied through dusting technique
significantly increased the fruit set percentage. Al-
Wousaibai et al. (2012) compared manual pollination
technique with mechanical dusting one in date palm
cvs. Khalas and Sheshi and reported highest fruit set
and lowest fruit drop when pollens were applied using
manual technique. However, yield per bunch was
significantly higher when mechanical dusting
pollination technique was used. EI-Mardi et al. (2007)
evaluated the significance of hand dusting pollination
and mechanical dusting methods in date palm cvs.
Khalas and Khasab and they observed a non-
significant effect between both methods regarding
fruits number, weight per strand and fruit diameter,
however, cv. Khalas yield was higher in mechanical
dusting pollination, but with lower fruit length and
weight than the hand dusting pollination. This effect
was not significant in cv. Khasab. Khan and Khan
(1993) and Igbal et al. (2010) reported that pollen
dusting and strand placement methods are best as
compared to natural pollination in date palm cv.
Dhakki regarding fruit set percentage, number of
fruits per bunch and physical properties of fruit.
Similarly, Shaaban et al. (2019) concluded that
pollination by either pollen grains suspension or
dusting enhanced the yield and quality of date palm
cv. Saidy. Munir (2019) reported that 3-4 g pollen
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suspension significantly enhanced yield and quality of
cvs. Khadrawy and Zahidi.

The traditional date palm growers in Saudi Arabia
mostly practice conventional strands placement
method of pollination or they leave the tree to allow
natural pollination and are unaware of the other
improved techniques. The placement of number of
strand per spathe is also irregular that varies from 3-
10 strands per spathe. This imbalance strands
placement often resulted in lowest fruit set and yield.
Keeping in view the importance of date palm
pollination methods, a study was designed to compare
the effects of different pollination techniques on fruit
set, yield and physicochemical attributes of date palm
cv. Khalas under the arid agro-climatic condition of
Al-Ahsa, Saudi Arabia.

Material and Methods

The present study was conducted at the orchard of
Research and Training Station, King Faisal
University, Al-Ahsa, Kingdom of Saudi Arabia during
2017 and 2018 (Latitude 25° 16' 7.068" N and
Longitude 49° 42' 27.522" E). Twelve-year-old,
cracked male spathes (inflorescences) of same source
were collected from the experimental orchard to
obtain pollen grains and strands (spikelet) for
pollination purposes. The protective sheath of male
spathes was removed with the help of a sharp knife
and they were placed on Kraft brown paper sheet at
ambient room temperature (20-22 °C). Pollen grains
were collected after 24 hours, were dried in glass
desiccator and were kept in a refrigerator at 4 °C until
pollination process. The experiment was consisted of
four pollination methods:

Conventional methods

1. Natural pollination or Control (female spathes were
left open to allow wind or insect pollination, as there
was one male pollinizer in the orchard)

2. Strands placement method (four male strands were
inserted on top of the female spathe)

Non-conventional methods

1. Pollen dusting method (pollen grains were mixed
with plain flour (1:9) and were rubbed onto female
spathe with soft foam duster)

2. Pollen suspension method (three grams pollen
grains were diluted in one litre water and were sprayed
on open female spathes using a handheld sprayer).

Twelve date palm trees were chosen for the
experiment, in which five spathes (uniform strands
number and size) on each palm were selected per
replication and the rest were removed. The experiment
was laid out on Randomized Complete Block Design
(RCBD) with three replicates in each treatment.
Pollination was carried out at 11 am (Igbal et al. 2010)
at the time of spathe opening of twelve-year-old,
uniform female date palm cv. Khalas. All female
pollinated spathes were covered with the Kraft brown
wax paper bags to avoid any contamination, which
were removed after fruit setting (two weeks after
pollination). Date palm spathes in control were not
covered in order to allow cross-pollination by wind
and insects. However, around mid-summer, each fruit
bunch was covered with knitted polyethylene
mesh bags (90 x 80 cm) for the protection from birds
and insects. The agro-climatic data was downloaded
from the on-farm wireless weather station, Model
WS3083 (Aercus Instruments, West Yorkshire, UK),
installed around 25 meters away from the
experimental orchard, which recorded the respective
data after every 5 minutes (Table 1).

Table-1: Climatic information of the research site during experimental year 2017-18.

Growing _ 2017-18 Tt_emperature (°C) Relative humidity Wind speed Precipitation
Season Maximum Minimum Average (%) (km/h) (mm)
2017 | 2018 | 2017 | 2018 | 2017 | 2018 | 2017 2018 2017 2018 2017 2018
March 22 34 16 17 22 25 44 29 14.66 13.68 9.56 0.00
April 38 35 21 21 29 28 25 32 16.78 18.43 0.00 2.15
May 43 40 26 24 35 32 18 22 17.66 14.66 2.50 0.84
June 45 45 28 30 36 38 13 13 18.88 19.88 0.00 0.00
July 48 46 30 31 39 39 18 14 12.77 21.03 0.00 0.00
August 46 46 30 29 38 38 28 17 10.50 17.92 0.00 0.00
September | 44 44 26 27 35 35 33 33 13.08 10.63 0.00 0.00

Maximum and minimum temperatures, relative humidity, wind speed and precipitation in each cell represent the

average values of year 2017 and 2018.

I‘

e,
)

7

¥ '8 Asian | Agric & Biol. 2020;8(2):147-157
b g (2)

149



Muhammad Munir et al.

The weather data was also cross-checked with the
local weather station. All the standard cultural
practices were carried out uniformly. The data were
recorded on the following variables: fruit set,
parthenocarpic fruit (unfertilized or shees), biser fruit
(unripe), tamar fruit (ripe), and fruit drop percentage,
total number of fruit nodes per bunch, bunch weight
and pulp weight, pulp, seed and pulp : seed ratio, fruit
fresh and dry weight, fruit length, width and volume,
seed weight, length and width, fruit moisture content,
total soluble solids, total, reducing and non-reducing
sugars according to standard methods (AOAC, 2016).
The collected data were statistically analysed using
Statistical Analysis Software, Release 9.4 (SAS
Institute, North Carolina, USA) and the Duncan
Multiple Range Test was applied to determine the least
significance difference between the means.

Results and Discussion

Table 2 indicated a statistically significant (p<0.05)
effect of different pollination methods on the fruit set,
parthenocarpic fruit, biser fruit, tamar fruit, and fruit
drop percentage, and bunch weight of date palm cv.
Khalas. However, there was a non-significant effect of
different pollination methods on the total No. of fruit
nodes per bunch. Maximum fruit set (85.71%) was
recorded in pollen suspension method followed by
pollen dusting method (82.07%), as both were
statistically at par however, minimum fruit set
(26.03%) was observed when female flowers were left
to open pollination (control). Similar results were
reported by Mostaan et al. (2010) in date palm cv.
Barhee, which was pollinated by mechanical dusting
technique and compared with traditional strands
placement one. There was significantly higher
percentage to fruit set in former technique. Shaaban et
al. (2019) reported that date palm cv. Saidy set highest
fruit percentage (86.21%) when pollinated by hand
followed by dusting (72.11%) and pollen grains
suspension (62.76%) methods. Igbal et al. (2010)
obtained highest fruit set percentage in cv. Dhakki
from placement method followed by dusting and
pollen grains suspension techniques as compared to
natural pollination, which showed lowest fruit set.
Khan and Khan (1993) reported similar results in cv.
Dhakki by adopting strands placement method and
dusting technique. Attalla et al. (1998) observed
lowest fruit set in natural pollination method in cvs.
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Sukari and Hellawa. The higher percentage of fruit set
by dusting and pollen suspension methods could be
due to the reason that the pollen grains did not need to
release from male strands in case of strands placement
method or need a mode of pollen dispersion (wind),
which minimize the fruit set time when the female
flower bud is mature to receive pollen.

Data regarding parthenocarpic fruit percentage
indicated that the female bunches in control had
maximum percentage of parthenocarpic fruits (7.81%)
whereas bunches sprayed pollen through suspension
method produced significantly lower number of
parthenocarpic fruits (0.32%) closely followed by
pollen dusting method (0.64%). There are many
reasons for parthenocarpic fruit development such as
male or female incompatibility (Zaid and de Wet,
2002), environmental factors (Pandolfini et al., 2018),
hormonal deregulation (Jacobsen and Olszewski,
1993), delay or rapid growth of ovary due to the
changes in regulation of gibberellin (Smith and
Koltunow, 1999) and low (8-20 °C) temperatures
(Cohen et al., 2016). In present study, fruit bunches
left for natural pollination produced maximum
percentage of parthenocarpic fruits that could be due
to the minimal number of pollens visited stigma or
failure of pollen grains to fertilize female ovary. Khan
and Khan (1993) reported highest number of
imperfect fruit per bunch (232) when plants were
subjected to natural pollination in cv. Dhakki as
compared to dusting (85) and strands placement (12)
pollination techniques.

More or less similar trend was observed regarding
biser fruit percentage, as highest percentage (6.23%)
was noted in control, which was statistically at par
with strands placement method (6.13%). However,
minimum biser percentage (0.64%) was in spathes,
which were pollinated by dusting method. Similarly,
maximum tamar fruit percentage was observed when
the female spathes were pollinated by pollen
suspension methods (82.43%), which was statistically
non-significant to pollen dusting method (81.43%).
However, it was minimum (19.81%) when cv. Khalas
was set aside to allow open pollination. Although the
present study reported a significant effect of
pollination techniques on biser fruits, which is
otherwise influenced by biochemical changes, low
respiration rate, low external temperature and
inappropriate  relative  humidity  during  fruit
development phases.
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Table-2: Effects of different pollination methods on the yield and yield components of date palm cv.

Khalas.
Pollination Methods
Parameters - - LSD (s%)
Control Strands Placement | Pollen Dusting | Pollen Suspension

Fruit set (%) 26.03° (+1.84) 68.67° (+1.92) 82.072(+3.66) 85.712(+£1.02) 7.66"
Parthenocarpic fruits (%) 7.81% (£0.53) 3.66° (+1.18) 0.64°(+0.17) 0.32°(+0.10) 1.79"
Biser fruits (%) 6.23% (0.27) 6.13%(+0.40) 0.64°(+0.30) 2.98(+0.94) 1.82"
Tamar fruits (%) 19.81° (+1.76) 62.55° (+2.16) 81.43%(+3.82) 82.732(x1.79) 8.58"
Fruit drop (%) 66.162 (+2.08) 27.67° (+2.18) 17.29¢(£3.50) 13.97¢(+1.03) 8.23"
Fruit nodes/bunch 781.60% (£14.99) 789.60% (+28.42) | 694.80%+(72.57) | 747.00%(+27.68) | 110.59NS
Bunch weight (kg) 1.22°¢ (+0.09) 4.01°(20.23) 6.45% (+ 0.93) 6.142(+0.32) 1.49"

Similar letter(s) in a row are non-significant statistically at P<0.05. Figures in parentheses represent the standard
errors. * represents the significant statistical difference between the means of each treatment whereas NS indicates

the non-significant statistical difference.

Date fruit is categorized as climacteric fruit and the
ripening processes are associated with a concurrent
increase in the internal ethylene concentration and
higher rate of respiration (Abbas and Ibrahim, 1996 &
1998) and are used as benchmarks in establishing the
ripening. However, a few reports described the
absence or reduced peak in respiration when fruits are
ripened on the tree, despite a distinct rise in ethylene
concentration (Saltveit, 1993; Bower et al., 2002).

Minimum fruit drop percentage was recorded when
female bunches were sprayed with pollen suspension
method (13.97%) that was at par with pollen dusting
method (17.29%) whereas maximum fruit drop was
counted in control (66.16%). It is suggested that the
large fruit size and shorter internodes space could be
the factors playing role in the higher percentage of
fruit drop in date palm cultivars (Shafique et al.,
2011). However, Igbal et al., (2005) observed highest
fruit drop in natural pollination whereas it was
minimum in strands placement method followed by
liquid spray and dusting methods. Al-Wusaibai et al.
(2012) found non-significant difference in fruit drop
between manual and mechanical pollen application
methods in cvs. Khalas and Sheshi. Data regarding
number of fruit nodes per bunch was non-significant
statistically, however highest fruit nodes number were
counted in control (781.60) followed by strands
placement (789.60), pollen suspension (747) and
pollen dusting (694.80) methods. EI-Mardi et al.
(2007) reported similar non-significant effect of hand
and mechanical pollination methods in cvs. Khalas
and Khasab. However, Khan and Khan (1993)
reported highest number of fruit per bunch (500) by
adopting strands placement method for cv. Dhakki
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followed by dusting technique (401) as compared to
natural pollination (229).

The trend observed for bunch weight showed that it
was maximum (6.45 kg) when pollens were dusted
onto the female spathe, which was statistically alike
with pollen suspension method (6.14 kg). Female
palms subjected to the open pollination condition
produced significantly lower bunch weight (1.22 kg).
Similar results were reported in cv. Hillawi (Ullah et
al., 2018) and cv. Khalas (Haffar et al., 1997) when
pollen dusting method was applied. Igbal et al. (2005,
2010) obtained significantly lower bunch weight in
natural pollination method however there was
statistically non-significant difference among artificial
pollination methods viz. dusting, placement and liquid
spray in cv. Dhakki. However, Samouni et al. (2016)
and Shaaban et al. (2019) reported non-significant
difference among different pollination methods
regarding bunch weight. The reasons of difference
between these two studies and present one regarding
bunch weight could be because of the difference in
cultivars and both former studies applied different
percentage of pollen grain concentrations and starch
levels that might negatively affect bunch weight.

Data in Table 3 showed that the effect of different
pollination methods was statistically significant
(P<0.05) regarding fruit fresh and dry weight, fruit
length, width, and volume, seed weight and length,
pulp weight, pulp, seed and pulp : seed ratio, fruit
moisture content, total soluble solids, total and
reducing sugars of date palm cv. Khalas. However,
there was non-significant effect of pollination
methods on seed width and non-reducing sugar.
Maximum fruit fresh weight (11.20 @), fruit dry
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weight (8.93 g), fruit length (37.06 mm), fruit width
(23.14 mm) and fruit volume (10.69 ml) were
measured when the bunches were pollinated by
dusting method, which was followed by pollen
suspension method (fruit fresh weight 9.94 g, fruit dry
weight 7.95 g, fruit length 34.68 mm, fruit width 20.81
mm and fruit volume 10.03 ml). On the other hand,
these parameters (fruit fresh weight (7.91 g), fruit dry
weight (6.46 g), fruit length (31.83 mm), fruit width
(18.58 mm) and fruit volume (8.75 ml) were minimum
in control. More or less similar trend was observed in
strands placement method. Data regarding seed
weight was higher in control (1.19 g) followed by
strands placement method (1.15 g) as both were
statistically non-significant. However, minimum seed
weight (1.00 g) was obtained in pollen dusting and
pollen suspension methods. Seed length was slightly
higher in strands placement method (20.49 mm)
followed by control (20.47 mm) and pollen
suspension method (20.38 mm), however, it was
lowered in pollen dusting method (19.38 mm).
Although the seed width was non-significant
statistically, however, it was maximum in strands
placement method (8.61 mm) followed by control
(8.41 mm), pollen suspension method (8.11 mm) and
pollen dusting method (7.91 mm). Highest fruit
weight and size was recorded in cv. Saidy when
dusting and pollen suspension methods were applied
(Shaaban et al., 2019) whereas highest seed weight,
fruit length, width and weight was obtained in pollen
dusting method (Ullah et al., 2018). Abu-Zahra and
Shatnawi (2019) obtained higher fruit weight in cvs.
Medjol and Barhee when treated with water
suspension technique compared to hand application
method. Igbal et al. (2005, 2010) reported that seed
weight was higher when cv. Dhakki pollinated with
liquid spray methods, however, there was a non-
significant  difference between hand, dusting,
placement and liquid pollination methods regarding
fruit weight and fruit length parameters. Al-Wusaibai
et al. (2012) reported a significant difference in fruit
length and width in cv. Sheshi when pollinated by
mechanical dusting compared to manual pollination
method. The same trend was in cv. Khalas however,
fruit width was non-significant. Haffar et al. (1997)
observed significantly higher results in cv. Khalas
related to seed weight, fruit weight, length and
diameter when female bunches pollinated by hand.
The difference between these studies and the present
one could be due to the effects of xenia and metaxenia
of pollen source.
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Data regarding pulp weight showed that it was
maximum (10.20 g) when pollen dusting method was
practiced followed by pollen suspension method (8.94
g), however, the same parameter was recorded
minimum (6.71 g) in control, which was closely
followed by strands placement method (6.95 g).
Similar trend was observed regarding pulp ratio
attribute that was highest ratio (91.01 and 89.90) by
pollen dusting and pollen suspension methods,
respectively compared to control (84.88). Data
regarding seed ratio was opposite to the pulp ratio
wherein maximum seed ratio (15.12) was recorded
when open pollination was allowed followed by
strands placement (14.28) method, which were
statistically at par. The same parameter was minimum
(8.99) when dusting pollination method was applied
followed by pollen suspension method (10.10).
Similarly, pulp : seed ratio trend was like pulp ratio
trend, which was maximum (10.50) when pollens
dusting method was adopted followed by pollen
suspension method (9.07) as both behaved alike.
However, it was minimum in control (5.64) followed
by strands placement method (6.04) and both were
statistically at par. The least seed ratio signified the
reason for higher pulp weight, pulp ratio and pulp :
seed ratio, which were influenced by different
pollination methods. Samouni et al. (2016) obtained
higher pulp percentage when cv. Saidy pollinated by
dusting method as compared to hand pollination.
However, Igbal et al. (2005, 2010) reported a non-
significant effect of different pollination methods on
pulp weight of cv. Dhakki that could be due to the
difference in cultivars and the pollinizer source.
Chemical analysis of tamar fruits of date palm cv.
Khalas revealed that apart from non-reducing sugar all
other parameters (fruit moisture content, total soluble
solids, total and reducing sugars) were significant
statistically. Maximum fruit moisture content
(18.44%) was determined when bunches were left to
allow open pollination followed by strands placement
method (18.04%) whereas it was minimum in pollen
suspension (15.64%) and pollen dusting (15.71%)
methods. However, total soluble solids (71.62 brix),
total sugar (58.50%) and reducing sugar (56.09%)
were higher when spathes were subjected to pollen
dusting method. The same parameters were closely
followed by pollen suspension and strands placement
methods. However, non-reducing sugar was slight
higher (2.69%) in pollen suspension method as
compared to others, although they were statistically
alike.
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Table-3: Effects of different pollination methods on the fruit physicochemical characteristics of date palm

cv. Khalas.
Parameters Pollination Methods LSD
Control [ Strands Placement [ Pollen Dusting | Pollen Suspension %)
Physiological Properties of Fruit
Fruit fresh weight (g) 7.91° (+0.16) 8.11° (+0.16) 11.20°% (+0.37) 9.94P (+0.21) 0.80"
Fruit dry weight (g) 6.46° (+0.32) 6.62° (+0.32) 8.93 (+0.27) 7.95P (+0.20) 0.75"
Fruit length (mm) 31.83°(+0.78) | 33.63% (+1.30) 37.06 (£0.91) | 34.68™ (+0.56) 2.46"
Fruit width (mm) 18.58° (+0.72) | 18.98" (+0.52) 23.14% (+0.50) 20.81° (+0.81) 2.02"
Fruit volume (ml) 8.75° (+0.32) 9.35 (+0.38) 10.69% (+0.25) 10.03% (+0.20) 0.83"
Seed weight (g) 1.192 (+0.02) 1.152 (+0.01) 1.00P (+0.08) 1.00P (+0.05) 0.13"
Seed length (mm) 20.47% (+0.12) 20.49% (+0.11) 19.38P (+0.41) 20.38% (x0.23) 0.81"
Seed width (mm) 8.41° (+0.07) 8.61° (+0.28) 7.917 (+0.54) 8.11° (+0.47) 0.96"S
Pulp weight (g) 6.71° (+0.16) 6.95° (+0.19) 10.20°% (+0.38) 8.94P (+0.23) 0.79"
Pulp ratio 84.88° (+0.51) 85.72° (+0.49) 91.01% (+0.75) 89.90% (+0.62) 1.397
Seed ratio 15.12% (+0.51) 14.28% (+0.49) 8.99P (+0.75) 10.10° (+0.62) 1.397
Pulp : Seed ratio 5.64° (+0.22) 6.04° (+0.26) 10.50° (+1.15) 9.07% (+0.69) 1.73
Biochemical Properties of Fruit

Fruit moisture content (%) | 18.44% (+0.22) 18.04% (+0.57) 15.71° (+0.56) 15.64 (+0.85) 1.83
Total soluble solids (brix) | 63.51° (+0.92) 67.51° (+1.50) 71.62% (+0.69) 69.60% (+1.59) 3.15"
Total sugar (%) 55.51° (+0.62) | 57.71% (+0.60) 58.50% (+1.36) | 57.90% (+1.07) 2.72"
Reducing sugar (%) 53.48° (+0.63) | 55.68% (+0.62) 56.09% (+1.23) | 55.22% (+1.02) 2.25"
Non-reducing sugar (%) 2.03% (+0.27) 2.03% (+0.27) 2.42% (+0.29) 2.69° (+0.19) 0.87"S

Similar letter(s) in a row are non-significant statistically at P<0.05. Figures in parentheses represent the standard
errors. * represents the significant statistical difference between the means of each treatment whereas NS indicates

the non-significant statistical difference.

These findings are similar to that of Igbal et al. (2010)
who stated that different pollination techniques
improved fruit quality parameters in cv. Dhakki. The
decrease in fruit moisture content was also observed in
cv. Saidy in dusting and pollen grains suspension
methods, however, the pollination with these two
methods enhanced the fruit chemical constituents such
as total soluble solids and sugar contents (Shaaban et
al., 2019). El-Mardi et al. (1998) obtained higher non-
reducing sugar when cv. Fard pollinated by hand.
Ullah et al. (2018) recorded highest total soluble solids
in cv. Hillawi when pollinated with dusting method.
Samouni et al. (2016) stated that hand pollination and
dusting methods behaved alike regarding fruit
moisture content, total soluble solids and sugar
contents in cv. Saidy.

Table 4 indicated the association between different
physicochemical characters of date palm cv. Khalas.
There was a significant positive correlation between
fruit set percentage and tamar fruit percentage, bunch
weight, total soluble solids, total sugar;
parthenocarpic fruit percentage and fruit drop
percentage; biser fruit percentage and total number of
fruit nodes per bunch, seed width, seed ratio; tamar
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fruit percentage and bunch weight, total soluble
solids; total number of fruit nodes per bunch and seed
width; bunch weight and fruit volume, total soluble
solids, total sugar; fruit fresh weight and fruit dry
weight, fruit length, fruit width, fruit volume, pulp
weight, pulp : seed ratio, pulp ratio; fruit dry weight
and fruit length, fruit width, fruit volume, pulp weight,
pulp : seed ratio, pulp ratio; fruit length and fruit
width, fruit volume, pulp weight, total soluble solids;
fruit width and pulp weight, pulp : seed ratio, pulp
ratio; fruit volume and pulp weight, pulp : seed ratio,
pulp ratio, total soluble solids; seed weight and seed
ratio, fruit moisture content; pulp weight and pulp :
seed ratio, pulp ratio; pulp : seed ratio and pulp ratio;
seed ratio and fruit moisture content; total soluble
solids and total sugar; total sugar and reducing sugar.
These results indicated that highest fruit set
significantly enhanced tamar fruit, bunch weight, total
soluble solids and total sugar and where there was
higher parthenocarpic fruits there was more fruit drop.
Similarly, increase in tamar fruit increased bunch
weight and total soluble solids. Bunch weight had an
analogous relationship with fruit volume, total soluble
solids and total sugar. Likewise, pulp: seed ratio
increased with the increase in pulp ratio.
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Table-4: Correlation matrix of different plant characteristics of date palm cv. Khalas.

FSP PFP BFP FDP TFP TFN BW FFW FDW FL Fw FvV SWT SL sw PW PSR PR SR FMC TSS TS RS
PFP -0.98
BFP | -0.71" | 081"
FDP -0.99° | 098" | 069"
TFP 0.99* | -0.99" |[-0.75" | -0.99"
TFN | -059" | 0.70™ | 0.98" | 0.55" | -0.64"°
BW 097" | -0.99" |-0.85 | -0.97" | 0.98" |-0.75"
FFW | 0.74% |[-0.84" | -0.99° [-0.73" | 0.78" | -0.98" | 0.87"°
FDW | 0.73% | -0.83" [ -0.99" | -0.72" | 0.78" | -0.98" | 0.87" [ 0.99"
FL 0.82% | -0.87"% | -0.94% | -0.82" | 0.86™ | -0.91 | 0.91" 0.95 0.95"
FwW 0.71% | -0.79% | -0.99" |-0.69" | 0.75" [ -0.98" 0.84" 0.98" 0.99" 0.97"
FV 0.86" | -0.92% | -0.96" |-0.85™ | 0.89" |-0.92% | 0.95" 0.97" 0.97° 0.98" 0.97"
SWT |[-0.86" | 0.94% | 0.92% | 0.85" |-0.89" | 0.84" |-0.95" | -0.94" |-0.93" |-0.87"° | -0.88" | -0.94"°
SL -0.45M | 0.53% | 0.87" [ 0.43% | -0.50" | 0.94" |-0.60" [-0.86" | -0.87"° [-0.87™ | -0.92" | -0.82" | 0.63"¢
sw -0.53% | 0.67"° 0.96" 0.51% | -0.58™ | 0.95" -0.70 -0.95" -0.95" [-0.80M | -0.92" [-0.84% | 0.87" | 0.81"
PW 0.75" | -0.85" | -0.99" | -0.74" [ 0.79" | -0.97" | 0.88" | 0.99" 0.99" 0.95" 0.98 097" | -0.94" |-0.85" | -0.95
PSR 0.77" | -0.87" | -0.99" | -0.76" | 0.81% | -0.95" | 0.90™ | 0.99" 099" [ 094" | 097" 097" | -0.96" |-0.81" | -0.94" [ 0.99"
PR 0.82" |-0.91% | -0.97" | -0.81" | 0.85™ |-0.92" | 0.93% | 0.98 098" [ 092" | 095 097" | -0.98" |-0.75" | -0.92% [ 0.98" 0.99"
SR -0.82% [ 0.91% | 097" | 081" |[-0.85" | 0.92" |[-0.93" | -0.98" |-0.98" [-0.92" | -0.95" | -0.97" | 0.98" | 0.75 [ 0.92% | -0.98" | -0.99" | -0.99"
FMC | -0.84% | 0.92% | 0.92" [ 0.82" |-0.86" | 0.84" |-0.93" | -0.94" [-0.93" |-0.85" | -0.88" [-0.92" | 0.99" [ 0.63" | 0.89" | -0.94" | -0.96" | -0.98" 0.98"
TSS 0.94" | -0.96" |-0.89" | -0.94% | 0.96" |-0.82" | 098" | 0.90% | 0.90" [ 0.97° | 090" | 097 |[-0.91" |-0.72% [-0.73" | 0.91" | 0.91% | 0.92% |-0.92% [ -0.89"
TS 097" |-0.94% |-073% | -0.97" [ 0.97% |-065" | 095" | 0.76" | 0.76™ [ 0.90™ | 0.76" | 0.89"° |-0.80" |-0.59" [-0.52" | 0.77" | 0.77 | 0.80% | -0.80"° |-0.77" | 0.97"
RS 0.89" | -0.84" | -0.63" | -0.90" | 0.89" | -0.56"° | 0.86"° | 0.65" | 0.66"° | 0.85™ | 0.68"° | 0.81"° |-0.66" | -0.57"° |-0.38" | 0.65" | 0.65"° | 0.67" | -0.67"° |-0.62"° | 0.90% | 0.97"
NRS [ 0.74% | -0.83% |-0.76" |-0.73% | 0.76 [-0.65" | 0.81" | 0.78"° [ 0.77% | 0.63" | 0.68"° | 0.74" |-0.93" |-0.35" | -0.78"° | 0.79" | 0.82" | 0.87"° |-0.87" | -0.94"° | 0.72"° [ 0.60"° | 0.40"°

* denotes significant correlation at P<0.05 whereas NS indicates non-significant correlation at P<0.05. Parameters abbreviated
in the Table 4 as: Fruit set percentage (FSP), parthenocarpic fruit percentage (PFP), biser fruit percentage (BFP), fruit drop
percentage (FDP), tamar fruit percentage (TFP), total number of fruit nodes per bunch (TFN), bunch weight (BW), fruit fresh
weight (FFW), fruit dry weight (FDW), fruit length (FL), fruit width (FW), fruit volume (FV), seed weight (SWT), seed
length (SL), seed width (SW), pulp weight (PW), pulp : seed ratio (PSR), pulp ratio (PR), seed ratio (SR), fruit moisture
content (FMC), total soluble solids (TSS), total sugar (TS), reducing sugar (RS) and non-reducing sugar (NRS).

On the other hand, there was a significant negative
correlation between fruit set percentage and
parthenocarpic fruit percentage, fruit drop percentage;
parthenocarpic fruit percentage and tamar fruit
percentage, bunch weight, total soluble solids; biser
fruit percentage and fruit fresh weight, fruit dry
weight, fruit width, fruit volume, pulp weight, pulp :
seed ratio, pulp ratio; fruit drop percentage and tamar
fruit percentage, bunch weight, total sugar; total
number of fruit nodes per bunch, fruit fresh weight,
fruit dry weight, fruit width, pulp weight, pulp : seed
ratio; bunch weight and seed width; fruit fresh weight
and seed width, seed ratio; fruit dry weight and seed
width; fruit width and seed ratio; fruit volume and seed
ratio; seed weight and pulp weight, pulp : seed ratio,
pulp ratio; seed width and pulp weight, pulp : seed
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ratio; pulp weight and seed ratio, fruit moisture
content; pulp : seed ratio and seed ratio, fruit moisture
content; pulp ratio and seed ratio, fruit moisture
content. It is revealed that increase in fruit set
significantly decreased parthenocarpic fruits and fruit
drop whereas decrease in parthenocarpic fruits
increased tamar fruits, bunch weight and total soluble
solids. Similarly, the decrease in fruit drop
significantly increased tamar fruits, bunch weight and
total sugar. The increase in bunch weight was
corresponding to the decrease in seed width while the
increase in fruit fresh weight was related to the
decrease in seed width and seed ratio. An antagonistic
relationship was observed between pulp : seed ratio
and seed ratio and fruit moisture content.
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Conclusion

In date palm cv. Khalas different pollination methods
(dusting, strands placement, pollen suspension, and
natural pollination) significantly affected the fruit set
percentage, bunch weight, and fruit quality
parameters. Pollen grains dusting method was found
most effective technique followed by pollen grains
suspension method. Although the strands placement
method was best as compared to natural pollination
method, however, the former technique did not
compete with the dusting and pollens suspension ones.
Pollen dusting and pollen suspension methods are
more beneficial due to the shortage of skilled field
labor and higher cost, as these techniques are simple,
easier and cost effective than strands placement
manual pollination technique. However, further
studies can be conducted to investigate the efficiency
of dusting tools, pollination frequency of dusting
material, and the ratio of inert material mixed with
pollens for dusting purpose.
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