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Abstract

Date palm is a dioecious fruit tree that permits cross pollination for fruit-setting. The germination of viable pollens to fertilize ovule
is influenced by environmental cues such as temperature. The germination and viability of pollen grains collected for pollination
purpose also varied with the male pollinizer source and the male spathe opening time. An in vitro study performed to determine the
percentage of pollen germination at different temperatures (10, 15, 20, 25 and 30 °C) and germination times (4, 8, 12 and 24 h) taken
from different male sources and to identify any variations in the germination and viability of pollen grains collected from spathes
opened at different dates (20™ February, 1** and 10* March). Pollens from different male sources showed a significant difference
regarding germination percentage when incubated at different temperatures and for different germination times. Pollens incubated at
30 (81.07%) and 25°C (78.17%) had the highest germination percentage which decreased to 51.04, 16.23, and 5.90% when incubation
temperature dropped to 20, 15, and 10 °C, respectively. Similarly, 71.11% pollens germinated after 4 h of incubation at 30°C, which
decreased to 63.26 and 25.40% when incubation temperature decreased to 25 and 20°C, respectively after same time interval. Pollen
germination and viability significantly differed when they were collected from spathes opened at three different dates. Early opened
spathes had lowest germination (57.58%) and viability percentages (81.19%) than the middle (81.11 and 91.53%) or late (80.71 and
93.05%) opening spathes. It is therefore, concluded that the optimum temperature for date palm pollen grains germination is 25-30°C
and at these temperatures maximum pollens germinated within 4 h. Moreover, pollen grains from early opened spathes were less
superior compared to the middle or late opening ones.
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pollination methods such as pollen strands placement, manual
or mechanical dusting and liquid pollination (Zaid and de Wet,
2002; Hajian, 2005; Munir, 2019; Munir et al., 2020c).

Introduction

Date palm is an ancient fruit tree in the Arabian Peninsula and
is known as the ‘Tree of Life’. It is an important fruit crop in
many countries across the globe and cultivated in Africa, Asia,
Europe, and American continent (Pintaud ez a/., 2013). Date palm
is a dioecious species, which produces male and female flowers
on separate trees. Pollen grains are produced on a male palm
and applied onto female’s fruit buds for pollination (Bekheet
and Hanafy, 2011). The male and female flowers of date palm
are arranged unsystematically on a spikelet (strand) and are
enclosed in a hard sheath, which is collectively called as spathe
(inflorescence). The spathes of both flowers emerge and open
at different time of a year. The male spathes appear earlier than
the female ones that makes cross pollination inevitable (Zaid
and de Wet, 2002). Date palm growers usually collect current
season male spathes randomly from different pollinizers for
pollination, which have varied effect on fruit morphology, yield
and biochemical attributes (Haider ef al., 2013, 2014; Maryam
et al., 2015b; Munir et al., 2020b). Moreover, the female
receptivity to pollen grains also differ due to its physiological
maturity (Munir et al., 2020a). In some regions, the availability

The quality of date palm pollen grains is important for growers
as it affects fruit characteristics. The assessment of functional
quality of pollens facilitates to monitor pollen grains vigor of
different pollinizers, pollen-stigma interaction studies, crop
improvement, incompatibility and fertility studies (Dafni,
1992). The quality of pollen grains is evaluated on the basis
of their viability and vigor. Pollen vigor means the speed of
pollen grains germination and the rate of pollen tube growth
(Ottaviano and Mulcahy, 1989). Pollen viability is generally
referred as the ability of pollen grains to germinate and transfer
the sperm nuclei to the embryo sac (Shivanna et al., 1991). The
tube nuclei from stigma of a female flower germinates towards
ovary to fertilize it. Two synergid cells in the ovary attract pollen
tube to grow down towards the ovule for fertilization. The tip
growth of pollen tube is guided precisely by female stimuli for
a successful fertilization (Higashiyama and Takeuchi, 2015) and
several female-secreted peptides are identified which control the
direction of pollen tube growth (Okuda et al., 2009; Takeuchi

of pollen grain is disrupted due to weather disorders, in this case
date palm growers rely on the stored pollen grains (Maryam et
al., 2015a). Pollen grains usually collected from mixed male
population are applied on the female flowers using different

and Higashiyama, 2012).

Date palm growers generally apply fresh pollens during
pollination. However, stored pollens are also used in case of
their scarcity at the time of female spathe opening. Mesnoua et
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al. (2018) worked on both fresh and stored date palm pollens
and recorded up to 87% germination in fresh pollens in cvs.
Bouhlesse, Deglat Beida, Deglet Nour, Ghars, Halwaya and Moch
Deglat. Study conducted on stored pollens of date palm cvs.
Dhakki, Khadrawy and Hillawi, Maryam et al. (2015a) reported
that 30°C was the best for their germination followed by 25°C
after 24 h. In vitro study conducted by Furr and Ream (1972)
showed that the pollen germination of date palm increased with
rising temperature from 7 to 32°C. At 26°C, they observed that
maximum pollen germination rate was within 20 min and above
70% germination was recorded within 2 h which increased to
88% within 24 h of incubation. Overall, at 22 to 43°C, 50-70%
of pollen germinated within 2 h and above 80% germinated after
4 h of incubation.

As mentioned previously, the common practice for date palm
pollination is the use of fresh pollens collected from male
pollinizers, few weeks to a month earlier opened spathes than
the female spathes. However, the ability of these pollen sources
to germinate varies with the male pollinizers and prevailing
field temperatures. Moreover, the male flowers of one tree are
not emerged and opened at same time due to climatic change
(Hegland et al., 2009). The spathe cracking time of different
date palm cultivars varied from a few days to weeks, which
may affect pollen germination and viability. Therefore, the
objectives of present study were (1) to determine the suitable
temperature for pollen germination of different male pollen
sources, (2) to estimate the optimum time of tube growth, and
(3) to evaluate germination and viability of pollens obtained
from the spathes of different male pollen sources emerged and
opened at different time.

Materials and methods

The experiment was conducted during 2016 and 2017. Twelve-
year-old date palm male trees were selected at different
geographical locations of King Faisal University, Al-Ahsa, Saudi
Arabia. The GPS location of each date palm male tree was taken
by Nomad 900x handheld computer (Trimble Inc, USA), which
were; Male 1 (25° 16°26.6” N 49°42°22.8” E), Male 2 (25° 16’
03.1” N 49°42°30.4” E), Male 3 (25°20°40.9” N 49° 35°32.2”
E) and Male 4 (25° 20’ 39.4” N 49° 35° 29.3” E). Five matured
spathes were collected from each male tree. The protective sheath
of spathes was removed with the help of a sharp bird’s beak knife.
These spathes were then placed on craft brown paper sheet at
room temperature (16+2°C) for 48 h. Pollen grains were collected
by gently shaking the strands of the spathes, sieved through 50
pum polyester mesh, dried in glass desiccator, and were kept in a
refrigerator at 4°C until the start of incubation experiment.

The synthetic medium for pollen grains germination was prepared
with a slight modification as reported by Alcaraz et al. (2011). It
contained calcium nitrate (0.3 g.L!), sucrose (15% w/v), boric
acid (0.2 g.L "), potassium nitrate (0.1 g.L"), magnesium sulphate
(0.2 g.L'") and agar (1%). The germination medium was sterilized
in SterilElite™ autoclave for 20 min at 121°C and 10 mL medium
was poured in 85 mm diameter glass Petri dishes, which were
then placed in laminar airflow hood for 45 min for cooling.
The dried pollen grains of each male were dusted on synthetic
medium. The Petri dishes containing synthetic medium and pollen
grains of each male were placed at five incubation temperatures

i.e, 10, 15,20, 25 and 30°C (Heratherm refrigerated incubator,
ThermoFisher Scientific, USA) for 4, 8, 12 and 24 h. After each
specific time interval, the germination percentage of pollen
grains, which grow pollen tube equal or larger than the size of
pollen grain (Mortazavi et al., 2010), was counted as germinated
one using compound microscope (BTW1-169, National Optical
and Scientific Instruments, Inc., USA). The pollen germination
percentage was calculated using following formula:

Number of germinated pollens
Total number of pollens

Germination (%) = x 100
The spathes of four male palm trees opened at different dates i.e.,
20" February, 1* and 10" March were also collected and their
physical characteristics (number of strands per spathe, spathe
length, spathe width, number of flowers per strand and pollen
grains weight per spathe), germination percentage and viability
percentage were estimated. For germination study, the pollen
grains collected at different dates were cultured in Petri dishes
containing the above-mentioned medium and their germination
percentage was counted under microscope. Colorimetric staining
test was done to determine pollen viability of four date palm
male spathes opened at different dates using 1% acetocarmine
(Stanley and Linskens, 1974). The red coloured pollen grains
under microscope were considered as viable, whereas discoloured
or colourless pollen grains were counted as non-viable. Similarly,
absolute pollen viability was determined using below formula
(Visser et al., 1977):
Stained pollens (%) x Germinated pollens (%)

100

APV (%) =

APV=Absolute pollen viability

The experiment was laid out on two factorial completely
randomized design having five replicates in each treatment. The
collected data was statistically analyzed using Statistical Analysis
Software, Release 9.4 (SAS Institute, North Carolina, USA)
and the Duncan Multiple Range Test (DMRT) was applied to
determine the least significance difference between the means at
5% level of probability.

Results and discussion

Germination percentage of different male sources significantly
(P<0.05) increased with the increase in incubation temperatures
(Fig. 1). Pollen grains incubated at 25 and 30°C statistically
behaved alike and had higher germination percentage (78.17
and 81.07%, respectively). Pollens germination percentage was
linearly but significantly decreased at 20°C (51.04%), which was
observed lowest at 10°C (5.89%) and 15°C (16.23%). Comparing
male pollen sources, Male 4 indicated 48.71% germination
followed by Male 3 (47.26%). However, Male 2 and Male 1
were statistically at par i.e., 45.36 and 44.59%, respectively.
The best combination of interaction was between 30°C x Male
4 (84.76%) followed by 30°C x Male 3 (81.22%), and 25°C
x Male 4 (80.35%) whereas pollen from all four male sources
very poorly germinated at 10°C and 15°C temperatures. Fresh
pollens obtained from different date palm cultivars showed
higher germination at 25°C (Mesnoua et al., 2018). In vitro
pollen germination studies were conducted on detached date palm
flowers and the fastest germination and pollen tube elongation
in female flowers occurred at 25 or 28°C (Reuveni et al., 1986).
Maryam et al. (2015a) incubated stored and fresh pollens of
three date palm cultivars at different temperatures (20, 25
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Fig. 1. Effect of five different incubation temperatures on pollen
germination percentage of four date palm males. Error bars represent
the variability within treatment.

and 30°C) and observed a linear increase when incubation
temperature increased up to 30°C. Similarly, maximum
germination percentage was reported in pomegranate pollens
incubated at 28°C, which significantly declined at 10°C
(Melgarejo et al., 2000). Increased incubation temperature (10,
20 and 30°C) had accelerating effects on germination pollen and
pollen tube growth k vii) monitor the level of homozygosity
inetics of different peach cultivars (Hedhly et al., 2005).

Highest germination percentage (60.79%) was observed after 24
h of incubation at 20°C temperature irrespective to male pollen
sources, which significantly (P<0.05) differed with other time
intervals (Fig. 2). The interactional response between male pollen
sources and incubation time indicated that Male 4 (63.05%), Male
3(61.12%), and Male 1 (60.85%) had the best pollen germination
at same temperature after 24 h. Similarly, Fig. 3 indicated that
pollen germination percentage at 25°C at different time intervals
(4, 8, 1 and 24 h) was highly significant regardless of male
pollen sources and had highest value after 24 h (83.72%). The
interaction data showed that all four male pollen sources had
highest germination percentage after 12 h (79.84-81.63%) and 24
h (82.39-85.30%) incubation and were statistically at par. The data
presented in Fig. 4 indicated that when pollens of four male trees
placed in an incubator at 30°C for different time intervals, had
the highest germination percentage after 12 h (83.44%) and 24 h
(84.63%) incubation as both time intervals statistically behaved
alike. Although, different male pollen sources were non-significant
as it was at 20 and 25°C, however, the interaction between males
and incubation time intervals was significantly differed as other
two temperatures. Pollens obtained from Male 3 tree showed
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Fig. 2. Pollen germination response of four male date palm sources
at varying time intervals incubated at 20 °C. Error bars represent the
variability within treatment.

highest germination percentage (86.41%) after 24 h of incubation
followed by Male 4 (85.36%). However, pollens from Male 4
(84.85%) and Male 3 (84.33%) incubated at 30°C for 12 h also
showed promising results. Similarly, Male 1 (83.16%) and Male
2 (83.61%) at same temperature had maximum germination
percentage after 24 h of incubation.

Table 1 indicated the pollen germination response of different
male pollen sources with respect to varied time intervals (4, 8, 12,
and 24 h) at different incubation temperatures (20, 25, and 30°C).
In all four male sources of pollen, a more or less similar pattern
of pollen germination was observed and showed a non-significant
difference between them. However, there was a sharp and
significant rise in pollen germination percentage from 20 to 25°C
at all time intervals. An average increase in pollen germination of
60,41, 35, and 27% was observed in all male pollen sources after
4, 8, 12 and 24 h, respectively between incubation temperatures
of 20 to 25°C. However, it was 11, 10, 3, and 1% rise after 4, 8,
12, and 24 h germination time, respectively, between 25 and 30°C
incubation temperatures in all male pollen sources. There are 55
genera where pollen germination occurred in 30 min or less time
and their progamic phases completed in less than 60 h, however,
36 genera germinated pollen tube within 1 h or more (Nepi et
al., 2001). Maryam et al. (2015a) observed that more than 40%

Table 1. Date palm pollen grains germination response of different male
pollen sources to varied time intervals incubated at different temperatures

Treatments Germination (%)

20 °C 25°C 30 °C
Factor A: Pollen source
Male 1 44,334 73.684 79.01*
Male 2 44307 74.164 78.86*
Male 3 45.104 75.424 80.714
Male 4 47.13* 76.614 81.244
DMRT (P=0.05) 2.96% 3.16" 2.51%
Factor B: Incubation time
4 hours 25.39P 63.26° 71.10¢
8 hours 42.45¢ 72.22¢ 80.648
12 hours 52.238 80.66" 83.444
24 hours 60.794 83.714 84.63%
DMRT (P=0.05) 5.51% 2.84%* 2.52%
Interaction: A x B
Male 1 x 4 hours 22.756 60.86" 70.99F
Male 1 x 8 hours 42 .86 70.878¢ 79.98¢P
Male 1 x 12 hours 50.868P 80.58* 81.934P
Male 1 x 24 hours 60.86% 82.394 83.164P
Male 2 x 4 hours 26.16% 62.46° 70.28F
Male 2 x 8 hours 41.46F 71.468¢ 78.91P
Male 2 x 12 hours 51.468¢ 79.834 82.64AP
Male 2 x 24 hours 58.124B 82.894 83.614P
Male 3 x 4 hours 26.97¢ 63.33° 71.36F
Male 3 x 8 hours 42.11F 73.438 80.738P
Male 3 x 12 hours 50.22¢F 80.624 84.334¢
Male 3 x 24 hours 61.124 84.284 86.414
Male 4 x 4 hours 25.69¢ 66.39¢P 71.79¢
Male 4 x 8 hours 43.39PF 73.138 82.964P
Male 4 x 12 hours 56.3948 81.624 84.854¢
Male 4 x 24 hours 63.054 85.30* 85.36%8
DMRT (P=0.05) 5.92% 6.33* 5.03*

Means showing common letter(s) in a column are non-significant
statistically at 5% probability. DMRT represents the least significance
difference obtained from DMRT among column means whereas * and
NS indicates significant and non-significant difference among means in
a same column, respectively.
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Fig. 3. Pollen germination response of four male date palm sources

at varying time intervals incubated at 25 °C. Error bars represent the

variability within treatment.
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Fig. 4. Pollen germination response of four male date palm sources
at varying time intervals incubated at 30 °C. Error bars represent the
variability within treatment.

Table 2. Spathe traits of four date palm males at different opening dates

germination occurred after 6 h in date palm cv. Khadrawy, which
reached to more than 70% after 24 h. However, the germination
response varied with the cultivar. Similarly, Reuveni et al. (1986)
reported that at 25 and 28°C in vitro temperatures most of the
pollen tubes of date palm cv. Hayani reached the base of the
female ovary within 6 h. However, Furr and Ream (1972) stated
that more than 70% date palm pollens germination occurred after
2 h of incubation at 26°C. The germination of cherry pollens
accelerated more than 80% at higher temperature (30°C) within
1 h in cv. Moret, however, cv. Rose Diamond and P.A. Tolosa
took 2 and 4 h, respectively to exhibit similar response (Hedhly
et al., 2005). In vivo pollen germination of Austrobaileya
elevated from 28% after 1 h of pollination to 97% after 12 h
(Williams, 2012). In present study, 61-66% germination occurred
after 4 h at 25°C, which accelerated to 70-72% at 30°C after same
time interval.

In another part of the study, pollen spathes were collected at
different opening dates (20" February, 1% and 10" March) from
four male sources at the same geographical location and their
physical characteristics were recorded (Table 2). There was a
non-significant difference between the four males regarding
number of strands per spathe, length and width of strand and
number of flowers per strand. However, Male 4 had significantly
higher weight of pollen grains (17.77 g) followed by Male 3
(16.88 g). A significant variation was recorded regarding all these
parameters when spathes were collected at different opening dates.
The highest number of strands per spathe (104.08), length (51.58
cm) and width (14.58 cm) of strand, number of flowers per strand
(84.83) and weight of pollen grains (23.00 g) were calculated

in spathes opened on 10" March followed by 1% March. These
parameters were at lowest in early spathe opening date

(20" February). More or less similar trend was observed

Treatments Strands  Spathe  Spathe  Flowers  Pollen in interaction data where all four males had significantly
per length width per weight . >

spathe (cm) (cm) strand (2) higher values of these characters when their spathes
Factor A: Pollen source were opened on 10" March. Similarly, in early emerging
Male 1 82.88%  38.66"  11.77%  68.66"  15.44° spathes in date palm c¢v. Dhakki, the minimum pollen
Male 2 82.00%  41.00% ~ 12.22%  68.55%  15.11° grain weight was noted (Igbal ef al., 2011). Shaheen
Male 3 8200% 4233 1255 69.77%  16.88% (2004) stated that the amount of pollen grains produced
Male 4 84.66°  4222%  13.000  71.33* 1777 : potien grains p
DMRT (P=0.05) 2TONS 460N D3NS 3 INS  ].O8NS per spathe varied greatly from one male to another
Factor B: Spathe opening date (0.02-82.92 g.spathe™). Moreover, spathes collected
20™ February 62.92¢ 3250  9.33¢ 52.25¢  8.16° from different males at different opening times showed
I+ }]V[amh 81.67%  39.08"  13.25%  7L66°  17.75° significant variation regarding spathe length and width,

\i A A A A A
]l)(i\ﬂI;ATarCPh_O 05 50942'28 ; 192 E }423 i 247222 33922 number of strands per spathe, number of male flowers
Interactgon_' A X)B - - - : - per strand and pollen weight (Igbal ef al., 2009; Shahid
Male 1 x 20" February 6333 29.33° 833  50.66°  8.33F etal.,2017).
Male 1> 1* March 8267° 3833  12.66* 72.66°  16.66% It was observed that the percentage of pollen germination
Male 1 x 10° March ~ 102.67* 48334  1433%  8266° 2133 : pereeniage o7 poren &
Male 2 x 20" February ~ 60.67°  33.00%  9.33¢  50.66  7.33F in carly opening spathes (20" February) decreased
Male 2 x 1% March 80.67°  38.33% 12,66  70.66°  15.33" significantly (P<0.05) by 29% compared to other dates (1*
Male 2 x 10" March 104.67*  51.66°  14.66*  84.33"  22.66"® and 10" March), which were statistically non-significant
Male 3 x 20" February ~ 63.00 343332 9.66%  53.00°  8.33° (Fig. 5). It was noted that there was significantly higher
st B BC A B BD . . .

Male 3 x 1* March 80.00 39.66 13.33 70.00 18.66 pollen germination in Male 4 (79.51%) and Male 3
Male 3 x 10" March 103.00*  53.00* 14.66* 86.334 23.66"8 (75.82%), which decreased significantly in Male 1
Male 4 x 20" February ~ 64.67° 3333  10.00%  54.66°  8.66° -6£70), g ym
Male 4 x 1% March 83.338 40.008 14.33A 73.33B 2().33AD (6967%) and Male 2 (6753%) Male pairs 1n both
Male 4 x 10 March 106.004  53.334 14.665  86.000  24.33A groups were at par statistically. The mean fresh pollen
DMRT (P=0.05), 5.85% 5.96* 2.59% 5.57* 5.89* viability percentage showed that the viable pollen

Means showing common letter(s) in a column are non-significant statistically at 5%
probability. DMRT represents the least significance difference obtained from DMRT
among column means whereas * and NS indicates significant and non-significant
difference among means in a same column, respectively.

percentage (81.19%) in early spathe opening date (20"
February) was 13% lower than the other dates i.e., 1%
(91.53%) and 10" March (93.05%) (Fig. 6). Pollen
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Fig. 5. Pollen germination response of four date palm male spathes
opened at different dates. Error bars represent the variability within
treatment.
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Fig. 6. Pollen viability response of four date palm male spathes opened
at different dates. Error bars represent the variability within treatment.

viability also significantly varied between male pollen sources
and Male 4 (90.73%) and Male 3 (90.15%) had higher pollen
viability values than others. Interaction effect of date of spathe
opening and male pollen sources yielded the maximum viability
in 10" March x Male 4 (94.99%). However, pollens from all four
males showed higher viability (90.42-94.99%) when collected
from 1**and 10" March opening spathes. Absolute pollen viability,
which is a measure of effective germination capacity of pollen
grains, was significantly (P<0.05) higher in spathes opened on
1% (74.22%) and 10" March (75.17%) (Fig. 7). Similarly, all
four male pollen sources showed a significant difference among
them. The interaction of both factors (date of spathe opening
and male pollen sources) indicated the highest (80.81%) and
lowest (38.68%) absolute pollen viabilities in Male 4 spathes

opened on 10" March and Male 1 and Male 2 spathes opened on
90,
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R on| = Male?2 a b I
<801 &= Male 3

£75 FFE Male 4 .

fo

> 4

c d

2

©°

o

[0

5

o

1%}

Q

<

1-Mar 10-Mar

Date of spathe opening

20-Feb

Fig. 7. Absolute pollen viability response of four date palm male
spathes opened at different dates. Y-bars represent the variability within
treatment.

20" February, respectively. Mesnoua ef al. (2018) and Shaheen
(1986) reported highest pollen viability in fresh pollens of date
palm compared to stored pollens. Present results are in line with
Igbal et al. (2009, 2011) and Shahid ef al. (2017) who reported
that pollens viability varied with male source and time of spathe
emergence. Similarly, the viability of date palm stored pollen
varies from 65 to 87% at 1 and 12 months storage periods,
respectively (Maryam et al., 2017). Shaheen (2004) studied 61
male pollen sources and affirmed that the pollen viability varied
between 44.60-100% using acetocarmine test.

In conclusion, encouraging findings emerged regarding the
pollen grains germination and their viability. It appeared that
pollen germination and viability varied from one male source
to another. The increase in temperature significantly accelerated
pollen germination and 25-30°C was found optimum for pollen
tube growth. The pace of pollen tube formation is temperature
dependent that is higher the temperature (25-30°C), higher would
be the speed of pollen germination. In present study, 63 and 71%
pollens of four male sources germinated within 4 h at 25 and
30°C, respectively. It is also observed that pollen viability varied
with the spathe opening times that means early opening date
palm spathes contained less viable pollens than the subsequent
emerging ones.
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