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Abstract
Artificial pollination is one of the major constraints in date palm cultivation, while the unavailability or timely availability of 
pollen during the flowering period elevates the problem. One of the common practices is the use of stored pollen, but while 
stored at room temperature, pollen viability rapidly deteriorates after two to three months. In the present experiment, pollens 
were stored at ambient temperature and in a freezer at − 4 °C and a refrigerator at 5 °C using different storage containers for 
a year. The stored pollens were tested every month for 12 months for their pollen viability using acetocarmine as a staining 
agent. These stored pollens were then used for pollination, and on-farm fruit retention percentages were calculated. The best 
result for pollination was observed with the fresh pollen, while pollen stored at − 4 °C in a glass bottle gave the second-best 
results and can be used as an alternative in cases of pollen scarcity.
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Introduction

Date palm (Phoenix dactylifera L.) is one of the most 
important fruit crops in the world, and its history of 
cultivation dates back to 4000 BC, making it one of the 
oldest cultivated fruit crops in the world (Johnson et al. 
2013). Date palm is a dioecious plant, i.e., male and female 
flowers are borne into different plants, and naturally, they 
are pollinated through the wind. Successful pollination 
is dependent on pollen quality and viability, pistillate 
receptivity, pollination method, time of pollination, and 
environmental factors. In commercial settings, male and 

female palms are usually not closely planted, and their 
flowering periods do not coincide with each other, which 
reduces the chances of natural pollination (Kadri et al. 2019). 
Moreover, pollination is a time-bound process that needs to 
be done within 1–5 days after spathe cracking of female 
inflorescence, and best can be achieved on the day of spathe 
cracking itself, as delayed pollination may result in a loss 
of pistillate receptivity (Muralidharan et al. 2020; Shabana 
et al. 2001; Iqbal et al. 2018). However, asynchronized 
emergence of male and female inflorescence and delayed 
pollination may result in the development of unpollinated 
fruits, which have no commercial importance (Muralidharan 
et al. 2020). This makes artificial pollination one of the most 
important but laborious agronomical practices in date palm 
cultivation. Although, in most cases, males used to flower 
earlier, in a few cases, females planted flowers first (Sharma 
et al. 2023). It is always preferred to use fresh pollen for 
pollination as their efficiency of successful pollination is 
higher (Salomón-Torres et al. 2021; Sharma et al. 2021); 
however, in cases where the emergence of female flowers 
occurs before the emergence of male flowers, the usage 
of stored pollen from the last year is the only alternative 
(Rezazadeh et al. 2013; Sharma et al. 2023). Moreover, 
pollen is a living material and may lose its viability if not 
properly stored. A few of the earlier reports suggested 
that the pollens stored at room temperature may lose their 
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viability after 2–3 months (Karim et al. 2022; Mesnoua 
et al. 2018) and possibly retain their viability at − 15 °C 
(Kumawat et al. 2022), − 20 °C (Mesnoua et al. 2018), 
− 30 °C (Karim et al. 2022), or − 196 °C (Anushma et al. 
2018). However, practical storage at very low temperatures 
is not commonly available at farms because of its limited 
alternative use; thus, the method of storage should be such 
that it may be easily available among the date palm growers. 
The objective of the current experiment was to identify the 
temperature and container at which pollen can be stored to 
keep them viable and usable for next year and to further 
cross-examine the stored pollen under field conditions in a 
fruit setting.

Material and Methods

Pollen Collection and Storage

The experiment was conducted at Date Palm Research 
Station, Sardarkrushinagar Dantiwada Agricultural 
University, Mundra-Kachchh, Gujarat, India (22° 49′ 25.1″ 
N and 69° 43′ 13.6″ E) for 2 years. The pollen was collected 
from a selected male plant for both years. The male spathe 
from the selected male was harvested using a sickle from 
the base of the spathe when the spathe matured and just 
started to crack. The spathe cover was removed, and the 
inflorescence was shade-dried for a week separately. The 
dried inflorescence was shaken to collect the pollen. The 
collected pollen was then passed through a sieve to remove 
any dust or flower-based impurities. The pollen collected 
from different inflorescences was then uniformly mixed, 
and 5 g of each pollen was filled in all the containers and 
then kept at different temperatures as per the treatment 
(Table 1). Three sets of each container were kept at different 
temperatures for each treatment as a replication.

In Vitro Evaluation of Pollen Viability

Pollen viability was observed as per the method suggested 
by Maryam et al. (2015) using 1% (w/v) acetocarmine as a 
staining agent. One drop of acetocarmine is dropped on the 
glass slide, along with a drop of pollen suspension. Slides 

were covered using a cover slip, and tissue paper was used 
to remove extra stains. The sample was kept for an hour, 
and the slides were observed under a compound microscope 
(Olympus CKX31) at 200X magnification. If the pollens are 
stained red, it shows their viability; if they are transparent, 
then they are not viable. The experiment was conducted 
under a completely randomized design and replicated three 
times. Three sets of observations were made per replication 
from different parts of the slide and then averaged. The 
observations were made from March onwards (the month 
of pollen collection), continued for a year (up to February), 
and repeated for the second year. The percentage of viable 
pollen was calculated by

Effect of Stored Pollen on Fruit Retention

A separate set of pollen was also collected and stored as per 
the treatment and used for pollination. Pollen collected in the 
first year was used in the second year of experimentation for 
pollination, and pollen collected in the second year was used 
in the third year of experimentation for pollination. Thirty-
nine uniform plants of date palm germplasm MDP-22 aged 
8 years were selected with a spacing of 9 m × 9 m and were 
treated with the same set of agronomical practices. Thirty-
six plants (3 each as 3 replications) were pollinated as per 
the treatment, and the remaining three were pollinated using 
fresh pollen as a control. Six inflorescences were kept in all 
the selected plants, and five strands were selected in three 
bunches of each plant for observation. Each inflorescence 
per plant was pollinated with the same amount of pollen 
(2 g) stored at different temperatures and containers from 
the previous season as per the treatment. In both years, 
pollination was done in March, when the female spathe 
cracks. An initial number of flowers per strand was recorded 
for the selected strand and was compared with the number 
of fruits at the time of harvest as a percentage. Unpollinated 
parthenocarpic fruits (if any) were removed and were not 
counted at the time of harvest.

Statistical Analysis

Statistical analysis was done using “R” with the “agricolae” 
package, and treatments’ significance was measured at 
p = 0.05, while graphical representation was made using 
"ggplot2," "ggthemes”, and “tidyverse” packages of “R” (R 
Core Team 2019; Mendiburu 2019; Wickam 2016, 2017; 
Arnold 2019).

PollenViable =
Totalnumberofpollenstained

Totalnumberofpollensvisible
× 100

Table 1   Storage temperature and containers for date palm pollen

Factor T: temperature Factor C: storage 
containers

t1 At ambient temperature c1 Earthen pots
t2 5 °C in refrigerator c2 PET bottle
t3 − 4 °C in freezer c3 Polyethylene bag

c4 Glass bottle
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Results and Discussions

In Vitro Evaluation of Pollen Viability

The microscopic observation of pollen viability shows a 
clear difference among the various storage methods and 
containers. The results were polled for both years, and the 
effect of different storage conditions in different containers 
and temperatures on date palm pollen viability in different 
months (from the first month (March) to the twelfth month 
(February)) is presented in Fig. 1, and their interaction 
effect is presented in Fig. 2. Among different temperatures 
(Fig. 1a), a sudden drop in pollen viability was observed in 
the pollen stored at ambient temperature after July, which 
also coincided with the rise in atmospheric humidity with 
the initiation of the monsoon. While the pollen stored 
at − 4 °C and 5 °C shows a decline in pollen viability 
after September, which suggests that the date palm 
pollen mostly starts losing its viability naturally after 
three months of flowering, The pollen stored at ambient 
temperature showed pollen viability of less than 25% 
(20.2%) after 12 months, while the highest pollen viability 
was shown by pollen stored at 4 °C (67.65%), which was 
closely followed by those kept at 5 °C (63.69%); however, 
both were significantly different among themselves. It 
suggests the possible option of pollen storage at − 4 °C 
for 12 months, contrary to storing at ambient conditions. 
Among the different containers (Fig. 1b), lower pollen 
viability was observed in earthen pots or polythene bags 
compared to PET bottles and glass bottles. Earthen pots 

are moisture sensitive and capture moisture from the 
atmosphere, while the moisture resistance of polythene 
bags is also limited to a certain extent and is comparatively 
poorer than glass bottles and PET bottles. Higher pollen 
viability was observed after twelve months (February) 
in the pollen stored in glass bottles (59.37%). In the 
interaction effect (Fig. 2), the highest pollen viability was 
observed in the pollen stored in a glass bottle at − 4 °C, 
with 74.77% viability after 12 months. In general, pollen 
remains most viable at the time of anthesis or just after the 
anthesis (Pinillos and Cuevas 2007). A continuous decline 
in pollen viability is more of a continuous variable than 
a dichotomous condition, which may vary from variety 
to variety (Thompson et al. 1994; Kelen and Demirtas 
2003). It has been noted that the life of the pollen is 
majorly dependent on temperature and humidity, and 
dry pollen remains more viable compared to wet ones 
(Broussard et  al. 2023). The ambient temperature and 
the presence of high humidity led to the absorption of 
humidity, which might have resulted in the loss of pollen 
viability. The origin of hydrolysis reactions of sugars due 
to higher enzymatic activity under ambient temperature 
was higher compared to that of cold storage (Yao et al. 
2010). With the change in temperature and humidity, the 
life of the pollen may vary, even for a short period of time 
(Koubouris et al. 2009). Du et al. (2009) observed that 
at room temperature, there is a severe loss of water and 
viability due to the high temperature, which leads to high 
respiration and metabolism. They also noted that at low 
temperatures, respiration reduces enzymatic and metabolic 
activities, leading to better pollen viability, which also 

Fig. 1   The effect of a different temperatures and b different containers on in vitro date palm pollen viability test at different storage months 
(pooled for 2 years). At each month, means followed by the same letter are not significantly different at p ≤ 0.05 
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supports current observations. In the current experiment, 
higher pollen viability for pollen stored in a glass bottle 
at − 4 °C is due to the impermeable body of glass and the 
presence of low temperatures in storage, which further 
increases the storage life of the pollen. Similar results 
were obtained by El Kadri and Ben Mimoun (2020), who 
obtained pollen with higher pollen viability at − 20 °C 
followed by 4 °C for several Tunisian cultivars. A few 
earlier experiments supported the possible storage of 
pollen at sub-zero temperatures of − 15  °C, − 20  °C, 
−  30  °C (Kumawat et  al.  2022; Mesnoua et  al. 2018; 
Karim et al. 2022) or − 196 °C (Anushma et al. 2018). 
However, higher pollen viability does not guarantee a fruit 

set (Akond et al. 2012; Mesnoua et al. 2018), and thus a 
field trial is needed.

Effect of Stored Pollen on Fruit Set and Retention

During the on-farm trial, which is also a verification of 
the viability and longevity test, the use of stored pollen for 
fruit set and retention of different treatments was compared 
with those pollinated with fresh pollen. The best result 
concerning fruit set and retention at the time of harvest 
was observed with the fresh pollen in both years (63.02%) 
and (60.10%) pooled to 61.56%. However, among different 
storage temperatures and containers, the best treatment 

Fig. 2   Effect of different temperatures and containers on in vitro date palm pollen viability percentage (pooled for 2 years)
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interaction was obtained with pollen stored in a glass bottle 
stored at − 4 °C (53.48%), which shows lower fruit retention 
than fresh pollen by 8.08%≈8%. It suggests that fresh pollen 
is the best for pollination, and in their absence, stored pollen 
at − 4 °C can be useful. In a few earlier experiments, it 
was noted that pollen diluted to 1:19 (Sharma et al. 2021), 
1:15 (Al-Wusaibai et al. 2012), and 1:9 (Munir 2019) is 
sufficient for successful pollination, suggesting that even a 
small percentage of viable pollen may suffice for pollination. 
However, the current result suggests that the mere presence 
of pollen does not guarantee fruit set, and higher fruit set and 
retention are expected only if the pollens are viable and of 
high quality (Salomón-Torres et al. 2021). The best pollen 
adhesion takes place when they are fresh and the adhesion 
of the pollen also decreases with time (Dutta et al. 2013). 
It also supports our earlier observation on pollen storage, 
where the highest pollen viability was observed for pollen 
stored at − 4 °C in a glass bottle. This might be due to the 
reduced pollen viability, which also impacted the fruit set 
as non-viable pollens do not germinate and develop pollen 
tubes, ultimately leading to overall fertilization (Table 2).

To conclude, the overall results showed that most of the 
date palm pollens can be stored for at least 1 year at − 4 °C 
in a glass bottle. Although the pollen viability is reduced, 
it is sufficient to pollinate to get a productive yield and can 
be used as an alternative in case of a pollen shortage in the 
current year.

Conclusions

Date palm growers can effectively store date palm pollen 
in-house under freeze conditions at − 4 °C in an airtight 
glass bottle for 1 year. This could be helpful to overcome 
the shortage of fresh pollen.
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