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Abstract:Viable pollen plays a crucial role in the process of seed
formation and acts as the principal mechanism for gene transfer in
outcrossing species such as thyme (Thymus capitatus). There is a lack
of information on the pollen viability of natural populations of Libyan
thyme that grow in the south El-Jabal EI-Akhdar area. This research
estimated pollen viability using acetocarmine staining method. It was
possible to distinguish between viable pollen (non-aborted) and non-
viable (aborted) pollen using acetocarmine stain. The viability of pol-
len percentage in T. capitatus accessions was found to be significant-
ly different. The viable pollen recorded as highest was obtained from
the white-flowered population (67.61%) followed by dotted white-
flowered population (57.24%), while the lowest viable pollen was
obtained from mosaic- lowered population (29.86%). The remaining
two populations, violet-flowered and purple-flowered showed 55.73%
and 42.38% respectively as pollen viability percentage. Variation was
also observed in the pollen viability among different collection peri-
ods. These results suggested that pollen viability may be under both
environmental and genetic control.
Keywords: Pollen viability; acetocarmine staining method; Thymus cap-
itatus; El-Jabal El-Akhdar; Libya.
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INTRODUCTION

Effective pollination is essential for the successful development of fruits and seeds in the ma-
jority of plant species. Understanding pollen biology, particularly aspects related to pollen qual-
ity, is crucial for implementing strategies aimed at enhancing agricultural productivity (Shivan-
na, 2003). Pollen quality plays a significant role in the overall fitness of plants and marks a vital
phase in their life cycle. It is commonly associated with pollen viability, which refers to the
percentage of pollen grains that remain viable (Stanley and Linskens, 1974; Heslop-Harrison et
al., 1984).

The extensive body of literature concerning pollination ecology and pollen biology reveals a
considerable diversity in the terminology and definitions associated with the functional capabil-
ities of pollen. Viability is commonly defined as the "capacity to live, grow, germinate, or de-
velop"” (Lincoln et al., 1982). Additionally, the concept of viability has been employed to refer
to pollen grains that can germinate on the stigma (Morse, 1987; Niesenbaum, 1992), those that
can germinate in vitro (Beardsell et al., 1993; Lindgren et al., 1995), as well as those that can
absorb specific stains (Becker and Ewart, 1990; Nyman, 1992), and to indicate successful seed
set following the process of pollination (Smith-Huerta and Vasek, 1984).

Research into the variability of pollen grains plays a crucial role in elucidating the mating sys-
tems of plants. The diversity of these mating systems significantly affects the variability and
differentiation processes observed within populations of both wild and cultivated species
(Grant, 1981; Richards, 1997). Furthermore, pollen viability is a key factor in addressing issues
related to sterility, hybridization initiatives (Stone et al., 1995), and the field of evolutionary
ecology (Thomson et al., 1994). This viability is particularly vital for understanding genetic
variability in plants where cross-fertilization is more prevalent than self-fertilization (Divakara
et al., 2010). Generally, a direct correlation exists between pollen viability and the germination
potential of pollen across numerous plant species (Stanley and Linskens, 1974).Numerous
methodologies have been established to assess pollen viability, utilizing either the dimensions
of pollen grains (Kelly et al., 2002) or the dielectric characteristics of cellular membranes
(Heidmann et al., 2016; Heidmann and Di-Berardino, 2017). Nevertheless, even with the advent
of innovative techniques, a significant portion of the scientific community continues to depend
on traditional methods that necessitate only basic staining processes and a microscope for man-
ual enumeration (Shivanna and Tandon, 2014).

Staining methods serve as effective tools for assessing the physiological condition of mature
pollen grains. The appropriateness of a pollen viability test is contingent upon the specific spe-
cies, as variations in optimal staining techniques have been documented (Rodriguez-Riano and
Dafni, 2000). A range of staining methods has been utilized to evaluate the viability of pollen
grains. Among these, acetocarmine, Alexander's stain, and aniline blue are the most commonly
employed techniques for estimating pollen viability (Alexander, 1969; Migdatek et al., 2014;
Radovid et al., 2017). The underlying principle of these staining reactions is based on the acidic
nature of certain plant cell components, which exhibit a preference for basic dyes.The aceto-
carmine technique is extensively employed to assess pollen viability in both cultivated and wild
plant species (Amkul et al., 2016; Rathod et al., 2018). Acetocarmine functions as a basic dye,
with iron serving as a mordant. The nucleic acids, which possess a strong negative charge due
to the phosphate groups present in the DNA structure, readily interact with basic dyes. Conse-
quently, this method is utilized for swift evaluations of nuclear conditions and for in-depth in-
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vestigations of chromosomes (Ali, 2008).

In Libya, Thyme (Thymus capitatus) is native to Al-Jabal Al-Akhdar area where it has been
used for flavoring and medicinal purpose. Thyme is a candidate for large scale as a source of
nectar for honey bees, and as an aromatic plant containing essential oils, which are important to
the flavoring and medicinal applications (Ali and Mustafa, 2019).

Furthermore, an understanding of reproductive biology, particularly regarding pollen viability,
is crucial for the conservation, management, and restoration of endangered species (Kuniyal et
al., 2003; Murugan et al., 2006). Given that thyme (Thymus capitatus) holds significant medic-
inal and ecological value, it has garnered substantial research interest (Ali and Mustafa, 2019;
Ali and Mustafa, 2021; Ali et al., 2022). However, studies on the floral biology of T. capitatus
have not been performed. Therefore, the objective of this research is to estimate the pollen via-
bility of T. capitatus accessions (populations) that are growing in the south El-Jabel EI-Akhdar
area, Libya.

MATERIALS AND METHODS

Pollen samples of Thymus capitatus were collected from southern parts of El-Jabal EI-Akhdar area,
aiming to cover as much of the geographic range as possible. Thymus capitatus that growing in
southern parts of Al-Jabal Al-khdar shows flower color polymorphism. There are five different ac-
cessions (phenotypes); white- flowered, dotted white-flowered, purple-flowered, violet-flowered
and flowered, and mosaic-flowered accessions (Ali and Mustafa, 2019; Ali and Mustafa, 2021).
Thymus capitatus began to flower on in mid-july and generated pollen for approximately four
weeks. Branches containing several inflorescences were harvested from 25 plants per accession
(genotype) at three distinct periods during the pollination period: 1 week, 2 weeks, and 3 weeks.
They were collected between 8:30 and 10:30 a.m. on sunny day mornings. The branches with inflo-
rescences were placed in jars filled with tap water and maintained at room temperature (25 °C £5
°C).

Pollen viability was determined by staining with acetocarmine (Ali and Bataw, 2014). Acetocar-
mine stains the pollen grain nuclei, and weakly stains the cytoplasm, and gives a good contrast be-
tween the grain and surrounding medium. The pollen nucleus is rich in chromatin material and live
pollen stains pink to deep red with acetocarmine, whereas sterile (nonviable) pollen does not take
any stain and thus remains almost white and transparent (McKellar and Quesenberry, 1992; Maru-
tani, et al., 1993). To prepare the acetocarmine stain, weighlgram of carmine powder and dissolv-
ing it in 95 milliliters of glacial acetic acid. Subsequently, add distilled water to achieve a final vol-
ume of 100 milliliters. The solution should then be boiled, allowed to cool, filtered, and stored in a
refrigerator.For the analysis of pollen viability, two to three drops of stain were applied to a slide,
onto which pollen grains were subsequently sprinkled. A cover slip was then placed over the prepa-
ration, and the viability of the pollen was assessed after a duration of 5 to 10 minutes. For each of
the five accessions (genotypes), at least 50 pollen grains were randomly counted in each visual field
on the slide using a light microscope at a magnification of 100X. Each accession is analyzed using
ten slides, from which images are obtained. That are red are identified as viable pollen. The average
quantity of pollen for each accession is calculated, and the viability of the pollen is expressed as a
percentage. The percentage of pollen viability is determined using the following formula:

Number of stained pollen grains

Pollen Viability (%) = x 100

Total number of pollen grains on slide

Utilizing a completely randomized design (CRD), the experiment was set up. Analysis of variance
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(ANOVA) was performed on the experimental data. The significant F test (P 0.05) was used to de-
termine the least significant differences.

RESULTS

According to the color of flower, there are five accessions that growing in south of Al-Jabal Al-
Akhdar region, Cyrenaica, Libya: white-flowered, dotted white-flowered, violet-flowered, purple-
flowered and mosaic-flowered accession (Ali and Mustafa, 2019; Ali and Mustafa, 2021; Ali, et.
al. 2022).

In the current investigation, pollen viability was tested using acetocarmine stain which yielded a
sufficiently clear result as shown in Figure 1. Since nonviable pollen didn't absorb the stain,
which contrasted sharply with the red color of viable pollen, aceto-carmine stain was a dependa-
ble way to determine whether thyme pollen was viable (non-aborted) or nonviable (aborted);
more significantly, the stain never colored aborted pollen (Fig. 1).

Figure: (1). Pollen grains of Libyan thyme (Thymus capitatus) tested by aceto-carmine stain;( a viable
pollen, and non-viable pollen b).

Table 1 shows the results of pollen viability of the 5 accessions (genotypes) of Libyan thyme
(Thymus capitatus) which growing in southern parts of Al-Jabal Al-Akhdar area, evaluated with
aceto-carmine stain. The specimens examined generally produced well-formed pollen which had
a high stain ability. The viability of pollen percentage in T. capitatus accessions was found to be
significantly different (LSD=1.19 at P< 0.05) in the acetocarmine method. The viable pollen rec-
orded as highest was obtained from the white-flowered population (67.61%) followed by dotted
white-flowered population (57.24%), while the lowest viable pollen was obtained from the an-
thers of mosaic-flowered population (29.86%) in the acetocarmine stain test. The remaining two
populations; violet-flowered and purple-flowered showed 55.73% and 42.38% respectively as
pollen viability percentage (Table 1 and Fig. 2).

Table:(1). Viability percentages of pollen in libyan thyme (Thymus capitatus) accessions

Means LSD =2.08

Period of time . . . . Means LSD=
White- Dotted white- Violet- Purple- Mosaic- 0.93
flowered flowered flowered flowered flowered
1week 78.08° 70.83° 64.45° 52.15f 38.30" 60.744
2weeks 70.34° 59.34¢ 61.31¢ 43.199 29.91i 52.868
3weeks 54.48¢ 41.609 43.48¢ 34.89 21.18K 38.10¢
Means A B c b £
LSD=1.19 67.61 57.24 55.73 42.38 29.86

(a-b-c-d-e-f-g-h-i-j-k) These symbols indicate significant differences. If they differ, there is a significant difference. If the symbols are similar, there



Al-Mukhtar Journal of Agricultural, Veterinary and Environmental Sciences 3 (2): 54-63, 2025 Page 52 of 80
Doi: https://doi.org/10.54172/90ygmj19

are no significant differences.

Variation was also observed in the pollen viability among different collection periods. The current
results indicated that, pollen viability percentage of five accessions (populations) was significantly
affected by the collection period (Table 1). The pollen viability percentage began with 60.74% for
the first week, then recorded 52.86% for the second week. After three weeks, the pollen viability
percentage sharply decreased to 38.10%. Those results were significantly different at the value of
L.S.D =0.93, P<0.05.

Furthermore, the three collection periods within each single population (accession) showed
different pollen viability (Fig. 2). For each accession, pollen viability was highest in the first
collection period (the 1% week) and lowest in the third collection period (the 3 week). The highest
values of pollen viability occurred in the first period of collection (the 1% week) recording 78.08%
(white-flowered), 70.83% (dotted white-flowered), 64.45% (violet-flowered), 52.15% (purple-
flowered), and 38.30% (mosaic-flowered). In the second period of collection ( the 2" week), the
values of pollen viability were 70.34% (white-flowered), 59.34% (dotted white-flowered), 61.31%
(violet-flowered), 43.19% (purple-flowered) and 29.91% (mosaic-flowered). The lowest
percentages of pollen viability occurred after three weeks (the 3™ period of collection) recording
54.48% (white-flowered), 41.61% (dotted white-flowered), 43.48% (violet-flowered), 34.89.19%
(purple-flowered) and 21.18% (mosaic-flowered). Those results were significantly different at the
value of L.S.D =0.93, P<0.05.
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Figure: (2). Viability percentages of pollen during the three collection periods in Libyan thyme
accessions

DISCUSSION

The results clearly showed that pollen viability using acetocarmine stain was effective in identify-
ing fertile pollen grains, thus obtaining an early indication of pollen quality. According to several
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previous studies (Thomson, 1989; Dafni and Firmage, 2000; Bots and Mariani, 2005; Ali and Ba-
tao, 2014), pollen viability is a crucial indicator of pollen quality. The viability of pollen grains,
which can be evaluated using a variety of techniques, including staining with non-vital dyes, is typ-
ically a prerequisite for successful seed set (Dafni and Firmage, 2000; Dafni et al., 2010; Guoren
He et al., 2017). One typical method for assessing pollen viability is acetocarmine staining (Mig-
datek et al., 2014; Maryam et al., 2015; Vijayakumar et al., 2018).

The findings of the current research indicated that the acetocarmine staining technique effectively
distinguishes between viable (non-aborted) and non-viable (aborted) pollen grains in populations of
Libyan thyme (T. capitatus). Also, the results corresponded well with that of Tiwari et al. (2014)
who evaluated pollen viability in members of Euphorbiaceae family using several dyes and con-
cluded that acetocarmine staining method was efficient for distinction of viable and nonviable pol-
len grains and provided clear results. Thus, acetocarmine staining method can be recommended for
testing pollen viability. Results were also in agreement with other studies indicating that the use of
different colorants to test pollen viability may give comparable results (Parfitt and Ganeshan, 1989;
Ali and Bataw, 2014).

Temperature, moisture, genotypic variations, plant vigor, physiological stage, and flower age all
have a significant impact on pollen survival (Adhikari and Campbell, 1998; Ali and Batao, 2014;
Shivashankara et al., 2019; Parashuram et al., 2021). In the current investigation, the rates of pollen
viability were significantly differed among all accessions (genotypes) of libyan thyme. The highest
viable pollen rate was recorded from the white-flowered population (67.61%), while the lowest was
obtained from the mosaic-flowered population (29.86%). Analysis of variance confirmed the signif-
icance of these differences, suggesting high variation in pollen viability among accessions with a
95% confidence interval. The different percentage of pollen viability can be attributed to the geno-
type, since male inflorescences were sampled from the same site and at the same physiological
stage. Genotypic differences among accessions in others plant species for pollen viability have been
previously reported (Sharafi, 2011; Ali and Bataw, 2014; Lankinen et al., 2018).

Pollen viability is a crucial factor that can restrict seed production (Fritz and Lukaszewski, 1989;
Dafni and Firmage, 2000). The findings of the current study revealed that in natural populations of
Libyan thyme, pollen viability can significantly decrease after a period of three weeks. Consequent-
ly, if pollen arrives at the pistil more than three weeks later, successful pollination may not occur. In
general, percentages of pollen viability were decreased with time in all accessions of Libyan thyme.
Similar results were reported in many previous studies indicating that pollen viability decreased
with time (Beyhan and Serdar,2008; Ali and Bataw, 2014; Slomka, et. al., 2014; Mantiquilla et. al.,
2018; Robles-Gonzalea et. al. 2019).

CONCLUSION

The main conclusions of the experimental work should be presented. The contribution of the work
to the scientific community and its economic implications should be emphasized.
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