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ABSTRACT 

Breeding programmes, genetic preservation, artificial pollination, and self-incompatibility all benefit 

from pollen storage. Pollen longevity varies tremendously depending on the type of plant and how it is 

stored. Today, a variety of methods are used to keep pollen viable while it is being stored. In contrast to 

trinucleate pollen, mostly binucleate pollen can be kept in storage for extended periods of time without 

losing vitality. Compared to high temperature, pollen that had been held at a low temperature had a 

superior ability to germinate. The pollen viability is influenced by a variety of factors. This study 

emphasises pollen storage conditions and variables influencing pollen vitality. 

 
1.  Introduction 

Because viable pollen is essential for effective sexual plant 

reproduction, pollen represents an important step in the life 

cycle of plants. Viability and vigour are used to judge the 

pollen's quality. After suitable pollination, the pollen's viability 

refers to its capacity to transport functional sperm cells to the 

embryo sac [1]. Small amounts of reserve food, typically in the 

form of starch or sugars, lipids, and proteins, are present in 

mature pollen grains, which are relatively dormant at this 

stage. 

Pollen that is still viable and mature has a non-vacuolate, 

granular cytoplasm that is packed full of plastids, 

mitochondria, golgi-derived vesicles, lipid droplets, and a 

significant number of dormant dictyosomes [2]. Rapid and 

significant changes occur before and after germination. During 

pollen hydration at the time of germination, the pollen 

plasmalemma's permeability is changed [3]. The primary 

beginning factors for germination are the intake of water and 

the activation or production of enzymes. Long before tube 

growth is visible, germinating pollen is already respiring and 

metabolising exogenous sucrose. Rapid starch buildup in 

germination-ready pollen is accompanied by an initial high rate 

of respiration [4, 5]. Protein and nucleic acid synthesis occurs 

during the activation phase, prior to the development of the 

pollen tube [6–8]. 

Before the pollen tubes are produced, the pollen grain wall 

contains several enzymes that easily diffuse into the 

surrounding liquid [9]. Many of these are enzymes that 

hydrolyze and soften cell walls [10]. When pollen grains are 

placed in a germination media, free amino acids are quickly 

released [11]. 

In sugar solutions, pollen grains from several different 

species effectively germinate. The best and most popular 

source of carbon and energy for pollen is probably sucrose. It 

creates and sustains the ideal osmotic conditions for pollen 

germination and sustained pollen tube growth. Boron addition 

to the medium promotes pollen tube growth and germination. 

For plants to thrive and produce at their highest levels, the 

element of boron must be present in sufficient quantities. A 

lack of boron impairs pollen viability, pollen germination, and 

pollen tube growth as it affects the blooming and fruiting 

processes of plants [12]. 

Boron has a crucial role in the fertilisation of flowering 

plants because it participates in pollen germination and the 

production of style tubes. Boron controls the hydration of 

colloids, is linked to pollen membrane polyhydroxyl 

compounds, and helps create pectic materials for tube walls 

[13, 14]. For example, it is well known that removing boric 

acid from the culture medium frequently results in tube 

bursting [15]. Boron, which is provided in the form of boric 

acid, is also necessary for the in vitro culturing of pollen from 

the majority of species. The best in vitro pollen germination 

conditions for pistachio trees, according to Acar [14], were a 

20% (w/v) sucrose medium, the hanging drop germination 

method, and a temperature of 25°C in complete darkness for 24 

hours. The expanding pollen tube in nature is fed by the style, 

which also provides water, sugar, and amino acids. For the 

formation of pollen tubes in many species, boron and calcium 

are also necessary. Boron, which is present in stigmas and 

styles, aids in the intake of sugar and contributes to the 

synthesis of pectin in the pollen tube [16]. 

Auxins, gibberellins, and cytokinins are known to be 

present in quite high concentrations in the pollen grains of 

several species [17]. It is not surprising that exogenously added 

concentrations of plant growth factors to pollen fail to 

significantly boost pollen germination and tube growth [18]. 

One study revealed the impact of GA administration on pollen 

tube growth in vivo or in vitro [19]. For instance, GAs are also 

present in growing pollen after anthesis. GAs can either 

stimulate, hinder, or have no effect on pollen germination and 
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tube elongation in vitro, depending on the species being 

studied and the concentration utilised [20]. 

The wall of the pollen tube stretches as a result of many 

variables, including turgor pressure. Such stretching is only 

present in the tip region, where vesicles fuse with the 

plasmalemma to deposit new material. According to Kroeger et 

al. (2009), vesicles are discharged into the inverted cone as 

they advance along the cortex via the actin fringe. Diffusion 

may now be used to control vesicle mobility. Vesicles are 

drawn acropetally towards the apical plasma membrane by the 

process of exocytosis. There are no cell organelles like 

mitochondria, golgi bodies, ER, amyloplasts, or lipid structures 

in the non-vacuolated, agranular cytoplasm of the cap block, 

and expanding pollen tubes do not exhibit cytoplasmic 

streaming either. 

Protein synthesis occurs concurrently with the relatively 

dormant pollen grain's activation during germination, followed 

by RNA synthesis. In pollen tubes, the developing tip region, 

which is devoid of ribosomes but teeming with smooth 

membranes that are vulnerable to RNase treatment, contains 

the highest concentration of RNA. For germination and early 

pollen tube expansion, pollen synthesised proteins are 

necessary [21]. The research of pollen tube development has 

benefited from the use of cycloheximide and actinomycin D 

[22–24]. Cycloheximide had no discernible effects on pollen 

germination and early tube growth in an in vitro experiment, 

according to Roberts et al. [25]. While Speranza et al. [26] 

observed that cycloheximide totally prevented kiwifruit 

(Actinidia deliciosa var. deliciosa) pollen germination. 

Actinomycin and cycloheximide, respectively, were discovered 

by Fernando etal. [23] to inhibit the RNA and protein synthesis 

during pollen germination and tube elongation in coniferous 

species. The current section analyses the most recent data on 

the factors contributing to pollen viability loss as well as the 

circumstances allowing for longer viability and storage times. 

 

2.  Storage of pollen 

In order to create new and improved plant kinds that are 

more suited to human needs, horticulturists and plant breeders 

have long been interested in crossing varieties, species, and 

even genera. However, many of these attempts have been 

unsuccessful due to the barriers to crossability, such as the 

chosen parents flowering at different times or locations, the 

pollen grains failing to germinate on the stigma, the pollen 

tubes bursting in the style, the tubes failing to grow through the 

style, and the slow growth of the tubes preventing them from 

reaching the ovules prior to the flower's abscission. There is no 

question that pollen tubes occasionally enter the embryo sac, 

but sterility is the result of either the male gamete failing to 

fuse with the egg nucleus or the embryo and endosperm failing 

to develop properly or failing to develop at all. Utilising stored 

pollen is the most effective way to get over this time and 

space-based obstacle. Additionally, pollen storage eliminates 

the need to continuously grow the common cross-use lines. 

Additionally, it offers more adaptability for pollen 

experimentation. 

 

Short-Term Storage in Organic Solvents 

Pollen solvent storage gets over the issue of maintaining 

relative humidity and might be a practical method for 

delivering pollen cooling. Iwanami was the first to investigate 

the effectiveness of organic solvents in pollen preservation; in 

addition, the comparative effectiveness of various organic 

solvents in Camellia [28] has provided insight into future 

research on other species [29]. The effectiveness of various 

solvents for preserving pollen of some leguminous taxa has 

been thoroughly investigated [30], demonstrating the species-

specific responses. Jain and Shivanna, 1990, have provided a 

more complete assessment of the effects of various solvents on 

the leaching of phospholipids [31] and their link to viability as 

a result of their implications on membrane integrity [32]. All of 

these studies also highlight how polar and non-polar solvents 

behave differently in terms of their ability to preserve 

materials; it was asserted that polar solvents like hexane and 

diethyl ether cause much less leaching of substrates like sugars, 

phospholipids, and amino acids than pollen stored in non-polar 

solvents. 

Numerous structural and functional changes in the cell are 

quite irreversible, according to studies on the moisture content 

and the effects of dehydration and rehydration on pollen. As a 

result, many taxa's pollen viability could be prolonged for 

shorter periods of time through appropriate manipulations of 

the water content and humidity of the storage conditions. For a 

variety of plants, the relative effects of moisture content and 

storage temperature on the duration of storage are highly 

variable [33]. 

According to reports, viability is quite brief in several 

species of graminae with tri-nucleate pollen when grown 

naturally [34]. Even the circumstances for short-term storage 

are less efficient than in other angiosperm families. It has been 

demonstrated that wheat pollen that can last up to one to three 

hours in storage at 20°C can do the same at 4°C. Jones and 

Newell [35] estimated the pollen viability of maize to last up to 

9 to 11 days at 4°C and 90% relative humidity; however, 

subsequent studies [36] found that this was reduced to six days 

with an additional 5–10% rise in relative humidity. By 

lowering the temperature to 4°C at equal humidity levels, the 

Secale cereale's 12-hour storage time at 17–21°C storage 

temperature could be extended to 4–7 days. 

The vitality up to 14 days at 14°C was decreased to 4 days 

at 4°C in Pennisetum, on the other hand. In addition, when 

applied 3 weeks later, the seed set was only 8% as good as 

fresh pollen. Our laboratory's pollen research on pearl millet 

shown that pollen vitality could not be increased for more than 

72 hours when stored at either 0°C or 4°C. However, research 

has shown that keeping the Papaver at 4°C in a dessicator can 

extend its viability by up to 200 days. The "pollen-dryer" 

appears to be quite effective in controlling temperature and 

relative humidity (RH) in short-term storage techniques as well 

as the moisture and relative humidity of the air to achieve rapid 

and uniform dehydration. Buitink et al. [38] discovered via 

paramagnetic resonance spectroscopy that molecular mobility 

is negatively associated with storage stability and that the 

mobility is governed by water content. These studies offer 

estimates for the ideal storage conditions, and the correlation 

shows that molecular mobility must be at least somewhat 

responsible for storage stability. However, research conducted 

by Cheng [39] and Pacini et al. [40] using methods such as 

spin probe, electron paramagnetic resonance (EPR), and 

saturation transfer paramagnetic resonance (ST-EPR) has 
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revealed that partially hydrated pollen is frequently lacking in 

mechanisms to preserve pollen viability, indicating that the 

ideal levels of moisture and humidity must be properly 

assessed for each taxon. 

 

Long - Term Storage 

Although storing pollen above 0°C lengthened its shelf life 

for a small number of species, the results are not always 

positive; graminaceous members have substantially less 

success. Additionally, the use of freezing and cryogenic 

settings has been successful in the investigations that have 

come after. The findings of the investigations seem to be 

influenced by more variables in the protocols being used, 

despite the relatively encouraging results with these 

approaches; these are complicated to a certain extent, 

demonstrating diverse reactions, and are detailed below. 

 

Use of Freezing Temperatures 

Under this type of preservation, pollen might be kept fresh 

for a long time by being exposed to temperatures between -10 

and 34°C. The approach is better suitable for extending the 

longevity of bi-nucleate pollen with low water content than tri-

nucleate ones, according to a vast amount of data from a wide 

number of species [41]. Most species' pollen viability was 

increased to last for noticeably longer periods, varying from a 

few months to occasionally almost three years. Recent 

investigations [42] have shown that annual soybean pollen 

retains viability for four months when exposed to - 20°C, 

however in vitro germination with wild relatives failed in 

contrast to nearly normal germination with preserved pollen 

from cultivars. Similar research on lilies [43] showed that 

stored pollen (at - 20°C) delayed germination by one hour 

compared to fresh pollen; it was assumed that some proteins 

would degrade during storage and be synthesised during the 

lag period; this was confirmed by research on the qualitative 

and quantitative differences in the proteins of fresh and stored 

pollen [43]. 

 

Freeze-Drying and Vacuum-Drying 

Lyophilization is another name for this method of pollen 

preservation. Since the first reports of freezing and drying 

applications [44], it has emerged as a viable instrument for the 

secure storage of a variety of biological materials [45, 46]. 

Additionally, it has been improved to a suitable degree for the 

retention of pollen from numerous species. The pollen would 

first be exposed to rapid freezing temperatures (-60 to -80°C), 

then the water would be gradually removed under vacuum 

sublimation, according to the freeze-drying procedure. On the 

other hand, in the vacuum-drying process, the pollen is directly 

exposed to vacuum and cooling at the same time as the 

moisture is removed by evaporative cooling, and the first 

freezing stage of the freeze-drying method is not involved. 

Despite the fact that the first publications on lyophilization 

date back to the first decades of the 20th century [48], King 

[47] assessed the effectiveness of this approach in several 

species. The temperature, humidity, and pressure conditions 

[49] as well as the pressure-raising chemicals utilised have an 

additional impact on the procedure. The length of storage is 

significantly influenced by the presence of inert gases (such 

helium and nitrogen) or simply vacuum in the pollen 

environment. Alfalfa pollen and ovaries had a longer lifespan 

than before, according to Hanson [50], and pollen from many 

other species had a similar improvement. The vitality of pea 

pollen has been successfully dried using vacuum and frozen 

[51]. Pollen from Douglas-fir trees that had been freeze-dried 

for a variety of time periods did not affect the seed set, 

germinability, or seedling vigour, showing that it may be kept 

for a long time and safely [52]. The influence of pre-freezing 

as well as freezing temperatures of various periods needs to be 

identified in order to improve the storage conditions of pollen 

for each taxon since water molecules sublime with little change 

in molecular structure using this method. The vitality of the 

undried and air-dried samples of pollen from Pinus monticola 

was increased by cold storage of the pollen before freeze 

drying [53]. The pollen's water content appears to be a factor in 

the rate of water removal, which was slower for pollen kept in 

the cold. According to Ching & Ching [53], air-drying pollen 

for four hours or lightly refrigerating it for a few weeks before 

freeze-drying it for 30 to 60 minutes is sufficient to remove 

free water and maintain better vitality. While researching the 

potential of freeze drying on the pollen of Lilium and maize, 

the influence of temperature, humidity, and pressure on storage 

ability has also been emphasised [54]. According to Barnabas 

and Kovacs [55], these techniques are more successful at 

achieving somewhat longer periods of viability for taxa with 

desiccation-tolerant pollen. 

 

Cryopreservation 

When the technique was originally used to the pollen of 

Antirhinum majus, it became clear that pollen could be kept in 

unchanged circumstances by exposure to extremely low 

temperatures (-70 to - 196°C). The method's promise is clear 

from the numerous instances in which it has been used since 

1950 to preserve pollen from various species. The 

effectiveness of utilising liquid nitrogen to cryopreserve pollen 

from agronomic species has been confirmed in a variety of 

species [56, 57], including numerous crop species in the family 

Graminae. The practical utility of it was demonstrated by their 

effects on storage, germinability, and the pollen of Pyrus malus 

and Pyrus communis. In contrast to the pollen remaining viable 

for up to 1062 days in the case of Lycopersican esculentum 

when exposed to -190°C and up to 5 Years in the case of Vitis 

vinifera, the viability was increased in these plants to 1 to 2 

years [58]. 

The technique might not work as well for all species, 

though. Only shorter preservation times have been reported, 

such as in Glycine max (21 days), Gossypium hirsutum (only 

10 days), and Vicia faba (up to around one month). When 

exposed to -196°C, Solanum tuberosum, the vitality of stored 

pollen increased from 9 months to 24 months. In Capsicum, the 

cryogenic approach not only increased longevity but also 

conserved the pollen's ability to fertilise; in wheat, the 

germination powers of cryopreserved pollen were comparable 

to those of fresh pollen. Ichikawa et al.'s experiments on the 

pollen of other tree plants, like peach and pears, were 

conducted after the studies on the pollen of numerous tree 

species, including larch (Larix Ieptolepis), which subjected its 

pollen to extremely low temperatures. Both pollen from 

horticultural species like roses and pollen from maize have 

been successfully preserved using this technique. The 
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importance of such techniques has been correctly emphasised 

by Shivanna and Johri [60] in their book on cryopreservation 

techniques. In order to achieve the best outcomes, numerous 

studies have suggested that the water content must be 

decreased to a certain point before the pollen is exposed to 

such low temperatures [61, 62]. In order to successfully 

cryopreserve different taxa over a long period of time, it is 

necessary to determine the crucial moisture level for each 

species' pollen. This is because dehydrated pollen has less 

freezable water and could survive extended exposure to 

freezing temperatures. 

The results of research using cryogenic technologies on 

the germination and tube growth of frozen pollen as well as 

their subsequent impacts on fertilisation and seed germination 

reveal negligible variations from the regular pollen. The 

fluorochromatic (FeR) technique to assess the quality of the 

stored pollen, as it has been further developed recently [63], 

has much potential to assess the further quality of the pollen 

stored using all these different approaches. Staining protocols 

like enzymatic fluorescence are readily useful for quickly 

determining pollen viability. 

 

3.  Pollen banks 

The asynchrony of flowering between cultivars and their 

wild relatives, which prevents future cross-breeding, is a 

significant setback in plant breeding [64]. Pollen preservation 

is also necessary because many recent haploid breeding 

techniques and biotechnology experiments use it as a source of 

material to achieve gene expression of the transformed pollen 

cells. The need for "pollen banks" has emerged as a potential 

strategy for the conservation of genetic resources that is 

comparable to the preservation of sperm and embryos in the 

case of animals in veterinary sciences, which facilitates their 

further transpor As shown by King's comments [65] - "control 

over the supply of pollen, so that we might use it when and 

where convenient to ourselves" - the significance of it was 

anticipated already in the late 19th century. As a result, they 

give scientists and breeders the option to use the source 

materials regardless of time or location, and they also do away 

with the necessity for nurseries and greenhouses for plant 

growth. Furthermore, the prospect for their use in gene 

manipulation studies is made possible by the comparatively 

straightforward methods of their collection and preservation as 

well as their abundance in relatively pure form. In addition to 

these, several proteins exhibit persistent expression, pointing to 

their potential use in transgenic research on all higher plants. 

Future research may be focused on better understanding the 

mechanisms that cause pollen membrane damage, preserving 

the structural integrity of pollen as it relates to its longevity, 

and improving storage techniques to make the most of the 

various pollen preservation techniques currently in use. 

 

4.  Factors affecting viability 

Numerous biotic and abiotic factors have an impact on 

pollen viability following. In addition, the low moisture 

content, more resistant cell wall, and other characteristics of 

the two-celled pollen reduce the loss of viability, which 

naturally have a higher life-span as compared to the tri-

nucleate pollen. The longevity of pollen, as influenced by the 

bi-nucleate or trinucleate conditions at the time of dispersal 

[66] was attributed to various structural and physiological 

changes. The pollen membrane is extremely labile and active. 

The growth of microspores to produce viable pollen grains is 

further hampered by chromosomal instability in the tapetal 

cells, which leads to programmed cell death [67]. Recent 

investigations on B-chromosomes, knobbed chromosomes, and 

NOR in maize have established this. Furthermore, a good deal 

of understanding existed on the relationship between the 

vegetative cell membrane and viability. The direct influence of 

phosopholipid membrane components on pollen viability 

suggests that structural changes to the pollen occur as a result 

of viability loss. Furthermore, during pollen water loss, the 

actin cytoskeletal components are probably going to be 

disturbed. It is claimed that this phase transition is responsible 

for the imbibitional damage in dry pollen, which could be 

remedied by gradually hydrating pollen or increasing 

temperature to effect transition to the more advantageous liquid 

crystalline phase. Fourier transform infrared spectroscopy 

(FTIR) studies of pollen [68, 69] are very helpful to reveal the 

changes in the molecular structures (if the membranes). All of 

these research demonstrate the necessity of creating methods 

that enhance pollen viability while maintaining the correct 

integrity of the membrane components. 

 

Effect of Humidity 

The response to high or low humidity varies by species 

and is typically correlated with the pollen's inherent level of 

hydration at the time of dehiscence [70]. Most species' pollen 

has very little water in it, although certain pollen grains have a 

rather high water content. For instance, the dehiscence of the 

pollen of the Gramineae contains more than 30% water [71]. 

These pollen grains are more metabolically active in addition 

to having higher amounts of moisture, which enables quick 

pollen tube extrusion [72]. Loss of water is thought to cause 

irreversible alterations in the pollen membranes of desiccation-

intolerant species. Pollen grains from different species have 

evolved adaptations to reduce water loss to the environment. 

These could include modifications to the pollen wall's 

structural integrity or the presence of sucrose in the pollen 

cytoplasm to prevent membrane damage and water loss. 

According to in vitro germination tests on the treated 

pollen grains, maize pollen grains practically lose all vitality 

after 3 hours when exposed to the atmosphere's drying 

conditions [73, 74]. Pollen gradually lost water as a result of 

exposure to the environment, and at water content values of 

30% and lower, germination was significantly impeded [75]. 

The maize pollen grains changed throughout the experiment 

from being spherical and white to collapsing and yellow, 

demonstrating the evolution of the drying process. 

The type of carbohydrates that are kept in the cytoplasm 

has been hypothesised to be related to the differences across 

species in viability loss when exposure to drying settings [86]. 

For instance, Pennisetum typhoides contains 14% sucrose and 

lives far longer than maize, which only contains 5% sucrose 

and swiftly loses viability due to dehydration [77]. In most 

species, loss of pollen viability results from a lack of water, but 

in some circumstances, pollen may also suffer from the 

availability of water in the form of rain. It has been 

demonstrated that water causes pollen to rupture, as in the case 

of cotton [78]. This phenomenon not only has a significant 
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impact on the development of bolls, but it also offers the 

potential to cause male sterility in plants that are in bloom. 

At 17–22 oC, Pfundt [79] examined the effects of 0, 30, 

60, and 90% relative humidity (RH) on the vitality of pollen 

from 140 species. It is clear from the observations that low 

relative humidities (0–30%) were the conditions that produced 

the longest lifespans. Apple, pear, grape, and plum lifespan of 

roughly a year was noted by Manaresi [80]. A number of taxa's 

pollen storage information under regulated temperature and 

humidity were listed by King [81]. The pollen of the gramineae 

is incredibly short-lived in comparison to other plants' pollen, 

which has a relatively long viability, and it is obviously 

damaging in the range of humidity (0-40%) that is beneficial to 

most other pollens. Pfeiffer [82] asserts that there is a close 

relationship between the lifetime of pollen and the amount of 

moisture in the air, with maxima and minima of various 

pollens at various humidity levels. 

 

Effect of Temperature 

In general, mature pollen grains may withstand 

temperature stress after dehiscence. Mild heat stress following 

dehiscence did impair fruit set in the tomato plant, but the 

differences from controls were not statistically significant [83]. 

Brassica pollen experiments showed that germination 

continued even after being exposed to 60°C for 4 hours; 

additionally, if the pollen was prehydrated in humid air prior to 

germination, they even exhibited germination after 24 hours at 

45°C [84]. However, compared to controls, germination rates 

and pollen tube lengths were substantially lower. Pollination 

with pollen that had been heated to 75 or 60 degrees for 24 

hours reduced seed set, while pollination with any of the other 

samples resulted in normal seed set. 

Depending on the species, both heat and cold during 

pollen production might have a deleterious impact on pollen 

viability. It has been shown that nighttime temperatures below 

10°C reduce pollen viability to 50% of controls on mango 

trees, while cold spells are linked to lower fruit set. The best 

conditions for tomato fruit set have been reported to be 

between 20 and 25°C. Unexpectedly, increasing the 

temperature to 29°C significantly decreased the amount of 

fruits that formed and the seed set. According to measurements 

of the starch and soluble sugars in tomato anthers and pollen 

that had undergone mild heat stress, the pollen grains did not 

exhibit the temporal increase in starch concentrations. 

Short bouts of heat stress during the pollen development in 

Arachis hypogaea led to a decrease in fruit set, pollen yield, 

and pollen viability. The pollen viability of the heat-sensitive 

genotype of Phaseolus vulgaris decreased from 80% to below 

10% after 10 days of heat treatment when compared to the 

heat-tolerant genotype during development. However, even 

after 24 days of stress, the heat-tolerant genotype continued to 

generate 60% viable pollen [85]. 

 

UV-B Radiation 

Since it became known that a decrease in atmospheric 

ozone could result in an increase in UV-B radiation in the past 

25 years [86], studies on the impact of UV-B radiation on plant 

growth and development have primarily been conducted. Since 

UV-B radiation (280–320 nm) is typically present in sunlight 

that reaches the earth's surface, it is likely that plants have 

defence systems in place to shield them from UV-B's 

potentially harmful effects. However, these defences might not 

be enough if radiation levels rise as a result of ozone-depletion. 

DNA, proteins, and lipids may be damaged by UV-B rays on a 

cellular level. Damaged proteins and lipids can be partially 

replaced, and DNA damage can be repaired. Additionally, 

when UV radiation targets membranes, some transport systems 

are disturbed, which in turn may upset cellular functions [87]. 

Increased UV-B radiation may slow plant development overall, 

but reactions vary between species and even within cultivars. 

UV-B radiation may influence flowering time and flower 

production in relation to reproduction. Flavonoids found in the 

pollen wall may mitigate any potential harm caused by UV-B 

radiation to the pollen during its transit from the anther to the 

stigma. Additionally, the interior pollen grains may be shielded 

from radiation damage by the dissemination of pollen that has 

been aggregated in some fashion [88]. 

 

Physiological and Biochemical Changes 

A few of the substrates contained in the pollen and their 

subsequent metabolism are also significant factors in the loss 

of viability in some species, in addition to the pollen's level of 

hydration. Nielsen [1989] documented the impact of vitamins 

and how they affect survivability. Johri and Vasil's reviews 

[18] merely point out the physiological alterations in the pollen 

that account for viability. The water concentration of the 

pollen, as demonstrated by Buitink et al. [90], regulates 

vitality. However, there are differences in the physiological 

activities of the water in these two types of pollen based on the 

physical behaviour of the water in desiccation-sensitive and 

resistant pollen, which is not very varied. Wilson et al. [91] 

discovered a novel method for analysing anhydrobiosis and 

found that the dry pollen had a slower rate of metabolism. 

However, rather than the slower rates of metabolism, the 

difference in viability in many plant species was related to the 

lack of metabolites. Changes in the endogenous levels of 

organic acids and carbohydrates also represent the 

physiological involvement in the loss of viability, and this role 

has been further discussed in their book [92]. Recent research 

has focused on the significance of carbohydrate metabolism 

and a unique pathway that operates in pollen/microspores. 

Glucose and fructose concentrations gradually decrease from 

one wall to fluid and from fluid to pollen, and any modification 

to the pollen that prevents this kind of flow into the pollen 

renders it inviable. In contrast, heat stress during pollen 

maturation in the anthers alters carbohydrate metabolism and 

lowers the sugar concentration in the pollen, resulting in an 

accumulation in the locular fluid and a reduction in pollen 

viability in tomato, as reported by Rao et al. [84]. In this 

situation, Wang and Song's [93] histochemical staining is very 

helpful for quickly and accurately determining the starch and 

lipid levels. It is more plausible that a lack of respiratory 

substrates causes the tri-nucleate pollen to become less viable, 

whereas a surplus of respiratory substrates causes the 

binucleate pollen to be more viable. 

Even though colder temperatures typically help pollen 

store better, they can also cause pollen damage. However, the 

presence of these endogenous respiratory substrates in 

substantial amounts in the pollen of grass species, particularly 

starch, may suggest a failure in their utilisation rather than a 
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lack, suggesting that some degrading enzymes may have been 

rendered inactive. In fact, enzymes like amylases and 

phosphatases showed this type of decreased activity as early as 

1951 [94]. Additionally, King [47] has demonstrated that the 

peroxidase reaction rate is probably a reliable predictor of 

pollen viability. The direct impact of these factors on pollen 

sterility has been confirmed by more current molecular studies 

that involve studying the structural rearrangements of 

mitochondrial genome and the activity of specific 

mitochondrial enzymes. To get the best results in these 

experiments, efforts must be made in the future to link these 

elements to pollen viability as well as storage conditions. 

 

5.  Conclusions 

All of the described techniques show that pollen is used in 

gene-modification studies. Future research may concentrate on 

better comprehending the mechanisms causing damage to 

pollen membranes, preserving the structural integrity of pollen 

as it relates to its longevity, and improving storage techniques 

to make the most of the various pollen preservation techniques 

currently in use. 
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