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Yiiksek sicaklik stresi altinda narin polen performansi

Abstract: The high-temperature stress (30 °C, 35 °C, 40 °C) response of pollen performance in Punica granatum was analyzed.
Pollen germination rate and tube length were significantly inhibited after 35 °C and 40 °C treatment. According to cumulative
stress response index values, 40 °C had the most destructive impact. High-temperature stress caused various abnormalities at
tubes, especially at apex and the most common abnormalities were marked change of elongation direction and swelling.
Although dense callose accumulation and increase in apex-localized reactive oxygen species was noticed at the apex after 35 °C
and 40 °C temperature treatment, the most harmful temperature was stated as 40 °C.
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Ozet: Bu galismada Punica granatum'da polen performansinn yiiksek sicaklik stresine (30 °C, 35 °C, 40 °C) olan tepkisi analiz
edildi. Polen ¢imlenme orani ve tiip uzunlugu 35 °C ve 40 °C uygulamasindan sonra istatistiksel olarak anlamli bir sekilde azaldi.
Kiimiilatif stres tepki indeksi degerlerine gore, 40 °C polen performansi tizerinde en yikici etkiye sahipti. Yiksek sicaklik stresi
polen tiiplerinin 6zellikle uglarinda gesitli anormalliklere neden oldu. En yaygin gériilen anormallikler uzama yoniiniin degismesi
ve tiip uglarinin sigsmesiydi. 35 °C ve 40 °C uygulamalarindan sonra tiip uglarinda yogun kalloz birikimi ve reaktif oksijen
tiirlerinde artig goriilmesine ragmen, en yikici yiksek sicaklik stresi 40 °C olarak belirlendi.
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1. Introduction

Punica granatum L. (pomegranate), a member of the
Punicaceae family, is one of the oldest plants in the world
which has commercial and cultural importance. Since it is
a prominent crude ingredient for the pharmaceutical,
cosmetic, beverage, and food industries, the economic
value of pomegranate fruits is very high (Khemakhem et
al., 2021). Pomegranate fruits are frequently preferred in
people’s daily diets due to its vitamin, mineral, phenols,
flavonoids, and antioxidant content (Boussaa et al., 2020).
Also, demand for pomegranate fruit has been increasing
rapidly, especially in recent years, after the protective
impacts of pomegranate against Alzheimer's disease and
cancer were revealed in all details (Teniente et al., 2023).
Parallel with increasing demand, the definition of the
agents influencing the yield of pomegranate and the studies
to increase the yield has accelerated, and these topics have
started to attract more attention from researchers (Moga et
al., 2021). Reproductive biology is the most important
features that needs to be studied while carrying out studies
about these topics in such an important medical and
economic plant.

Pomegranate has perfect flowers and functional staminate
flowers on the same tree. Staminate flowers are small and
don’t form fruits due to the they have rudimentary ovary.
However, they are important and necessary for successful
pollination due to they produce a large number of fertile
pollen grains. Perfect flowers are large and, have functional
ovary which forms fruit (Wetzstein et al., 2011). Although
they also produce pollen grains, pollen viability of perfect

flowers is largely lower than pollen viability of staminate
flowers (Engin and Hepaksoy, 2023). Besides,
pomegranate shows protogynous dichogamy that pistil
gains reproductive activity much before the anther dehisces
(Morbey and Ydenberg, 2001; Engin and Hepaksoy; 2003).
When the pistil of the hermaphrodite flower gains
reproductive activity, anthers of the hermaphrodite flower
have not yet begun to pollen shedding (Cetinbag-Geng¢ and
Unal, 2017). So, the pistil of the hermaphrodite flower is
mostly pollinated and fertilized by pollen grains of the male
flowers. In this way, fertilization and therefore fruit
formation mostly depend on pollen performance (PP) of
male flowers in pomegranate (Engin and Hepaksoy, 2003).
For this reason, it is very important to know the impacts of
various factors that adversely affect PP while carrying out
studies to increase yield in pomegranate because it could
enable the producer to take precautions against these
factors.

PP can be monitored by various parameters. The first
parameter to be used to examine PP is pollen germination
(PG), because PG is the first step pollen tube (PT)
formation, which will ensure the move of generative
nucleus to the embryo sac (ES) in the latter stages
(Cascallares et al., 2020). Since the PT should be
sufficiently lengthy to arrive the ES, it is also very
important to evaluate the PT length when examining PP.
Also, the cumulative stress response index (CSRI)
computed using PG rate and PT length can also give an idea
about PP (Dai et al., 1994). PT enter the ES through the
micropylar gap of the ovule, and the diameter of this gap is
generally proportional to the PT diameter. A morphological
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abnormality in the PT may prevent the PT entering the ES
via the micropyle opening. Therefore, it is very important
for the PTs to maintain their unique dome-tipped cylinder
shape during the PT elongation process for successful
fertilization, and abnormalities seen in the PTs are
considered a negative condition in PP evaluations
(Srinivasan et al., 1999). Moreover, alterations in the
unique construction of the PT wall mainly consisting of
callose and cellulose (also pectin) are also used to evaluate
PP. Cellulose is found throughout the PT including the
apex, while callose is found along the PT except for the
apex (Hao et al., 2013). The absence of callose at the apical
region is necessary for the PT elongation (Wang et al.,
2003). That’s why the accumulation of callose at the PT
apex is considered a low PP. Also, tip-localized ROS is
essential to ensure the proper PT elongation and regulate
the stress responses (Scholz et al., 2020). Due to the tip-
localized ROS is over accumulate under abiotic stress
conditions, changes in tip-localized ROS accumulation can
be utilized as a mark to measure the damage in PP under
stress conditions (YYou and Chan, 2015).

High-temperature stress (HTS) is a restraining agent for
both the vegetative and generative growth of plants.
Especially the HTS exposure during the sexual
reproduction process causes significant losses in product
productivity (Ferguson et al., 2021). Although it is known
that gametophytes are susceptible to temperature changes,
pollen grains, which are male gametophytes, are more
sensitive to temperature changes as they have an active
interaction with the environment. Sudden temperature
changes or extreme day-night temperature differences
caused by global warming reduce the PP of the species and
cause a decrease in yield (Zhu et al., 2021). That’s why PP
is mostly used as an indicator for the determination of
impacts generated by temperature change (Mesihovic et al.,
2016). In many studies, the impacts of HTS on the
evaluation factors mentioned above have been examined
separately. For example, HTS has been shown to reduce PG
and PT elongation in many species such as groundnut
(Kakani et al., 2002), olive (Koubouris et al., 2009),
tobacco (Parrotta et al., 2016) and almond (Sorkheh et al.,
2018). Also, it has been determined that HTS causes
changes in tube morphology in various species such as
Arabidopsis thaliana (Boavida and McCormick, 2007) and
tea plants (Wang et al., 2016). Also, it has been noticed that
HTS changes the ROS accumulation and cell wall
properties in PTs of tomatoes (Muhlemann et al., 2018).
However, the number of studies in which a general
evaluation is made by using all parameters is very few.
Many researchers have conducted various studies
examining the quality of pomegranate pollen (Gadze et al.,
2011; Engin and Gokbayrak, 2016) and have carried out
various studies to increase PP with various plant growth
regulators (Gokbayrak and Engin, 2018; Korkmaz and
Guneri, 2019). However, there are no studies indicating the
impacts of HTS on pomegranate pollen grains.

The main objective of this study to investigate the PP of
pomegranate under HTS, using the PP evaluation factors
such as germination rate, PT length, PT morphology,
callose accumulation, tip-localized ROS accumulation. The
results can provide useful information to increase PP,
fertilization success, and fruit set for plants grown in heat-
prone regions, especially pomegranate.
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2. Materials and Method

Staminate flowers were selected in 2019 spring from three
different healthy trees of Punica granatum L. located in
Akgakoca/Diizce (Turkiye). No chemical was applied to the
trees since 2014 summer. Collected pollen grains were
germinated at 30 °C, 35 °C and 40 °C for 3 h in PG media
with 12% sucrose (Brewbaker and Kwack, 1963; Korkmaz
and Guneri, 2019). Germinated pollen grains at 25 °C were
used as control. PG rates, PT lengtHTS and PT abnormality
rates were calculated by counting 150 pollen grains for each
group. Observations were made by a light microscope.
CSRI was computed to appreciate the HTS response of PTs
using PG rates and PT lengtHTS of control and treatment
groups with Dai’s equation (Dai et al., 1994). PTs were
labelled with 0.1% aniline blue for callose accumulation
and with 5-(and 6-)chloromethyl-2',7'-
dichlorodihydrofluorescein diacetate (H.DCFDA) for tip-
localized ROS, and investigated respectively at 455-nm
wavelengtHTS and 500-nm with an Olympus BX-51
fluorescence microscope (Chen et al., 2007). Fluorescence
intensities (FIs) of aniline blue and H,DCFDA were
calculated in a 100-um? zone of the 60 tube tip by the
“Rectangle Selection” option of Imagel. Statistical
examinations were executed with the SPSS 16.0 software.
The significance of the difference between groups of data
was defined by the one-way analysis of variance (ANOVA)
with a threshold P value of 0.05. Different characters in
graps specify the statistically significant differences and
error bars show the standard deviations.

3. Results

To observe the preliminary impact of HTS on PP, PG rate
and PT length were calculated. Based on the results, no
statistically significant alterations were monitored in PG
rate and PT length at 30 °C treatment when compared with
the control. Nevertheless, the PG was significantly
decreased by 15.62% at 35 °C and 32.44% at 40 °C when
compared control. Besides, PT length was significantly
decreased by 12.16% at 35 °C and 22.7% at 40 °C in
comparison with the control (Figs. 1a,b). The CSRI score
of HTS treated groups was reckoned using the PG and PT
length. According to the CSRI score, all groups showed
negative data, indicating all high-temperature treatments
had a minus impact on PP. CSRI score was -2.96 for 30 °C,
-27.28 for 35 °C and -55.22 for 40 °C. As the CSRI scores
show, the minimum detrimental impact was determined at
30 °C while the maximal detrimental impact was identified
at 40 °C. To distinguish between the impact of HTS
treatments on tube morphology, PT abnormalities were
examined and it was determined that HTS caused various
abnormalities at PTs, especially at apex. The most common
abnormalities were sharp change of elongation direction
and swelling (Fig. 1c). PT abnormality rate was
significantly increased by nearly 2-fold at 30 °C and 35 °C
while it was significantly increased by nearly 3-fold at 40
°C (Fig. 1d).

To examine the impact of HTS on the callose distribution
of PT wall, PTs were stained by aniline blue. According to
aniline blue staining, callose was localized throughout the
PT except apex at control and 30 °C. However, intensive
callose accumulation was noticed at the apex after 35 °C
and 40 °C treatment (Fig. 2a). FI of callose was
significantly increased by 59.31% at 35 °C and 196.58% at
40 °C when compared control (Fig. 2b). To investigate the



impact of HTS on the tip-localized ROS accumulation, PTs
were labelled by H,DCFDA. According to results, although
PTs of all groups demonstrated an obviously tip-localized
ROS, the ROS was more intense especially after 35 °C and
40 °C treatment, when compared with the control (Fig. 2c).
FI of ROS was significantly increased by 24.77% at 35 °C
and 43.79% at 40 °C when compared control (Fig. 2d).
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Figure 1. The impact of HTS on PG, PT length and PT
morphology in P. granatum. a. PG rate, b. PT length, c. Exemplary
images of PT abnormalities, d. PT abnormality rate. Bar: 10 um.
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Figure 2. Impact of HTS on callose distribution, tip-localized
ROS accumulation and ROS detoxification system in P. granatum.
a. Exemplary images of callose accumulation, b. FI of callose
accumulations, c. Exemplary images of tip-localized ROS
accumulation, d. FI of tip-localized ROS accumulations. Bar: 10
pm.

4. Discussions

This section should underly the meaning of your research,
or highlight the importance of your study and how it may
be able to contribute to and/or help fill existing gaps in the
field.
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It has been known that low or high temperature mostly have
opposite impacts on PP (Krawczyk et al., 2022). For
instance; PG and PT length were decreased by high-
temperature treatment at 30 °C in hazelnut (Cetinbasg-Geng
et al., 2019) and, decreased by high-temperature treatment
above 35 °C in cotton and tobacco (Song et al., 2015;
Parrotta et al., 2016). In pomegranate, PG rate and PT
length were remarkably inhibited after 35 °C and 40 °C
treatment while 30 °C did not make any significant change.
To reveal the most devastating temperature on PP, CSRI
values of treatment groups were calculated. CSRI values
showed that although all treatment temperatures had an
unfavorable effect on PP, 40 °C had the most devastating
effect with high negative value. Negative CSRI datas also
have been stated in PTs of almond that exposed to 30 °C
and 40 °C (Sorkheh et al., 2018) and in PTs of hazelnut that
subjected to 30 °C (Cetinbas-Geng et al., 2019).

Angiosperm PTs are generally linear structures with a
dome-shaped tip. It has been known that various
temperature stress can alter this PT morphology (Srinivasan
etal., 1999). Distribution of PT morphology in angiosperm
PTs, especially at apex, usually means that the growth is
inhibited. (Wang et al., 2016) have been stated the swelling
of PT in cold inhibited PTs of tea. Moreover, (Cetinbag-
Geng et al., 2019) have been noticed that low and high
temperature obviously disrupts the morphology of PT tips
in hazelnut. Parallelly with these literatures, it was detected
that HTS caused various abnormalities at PTs after all
treatment groups while the most increase in PT abnormality
was detected after 40 °C.

Temperature stress can also alter the PT wall properties,
especially accumulation of callose (Parrotta et al., 2019). In
angiosperm PTs, callose is abundantly localized compound
along the PT except the apex (Qin et al., 2012). Moreover,
callose accumulation at the apex is considered a decrease in
PP because callose accumulation at apex prevents the
transfer of sperm nuclei, reducing fertilization success
(Wang et al., 2003). Based on our findings, callose at PT
tips increased after 30 °C and 40 °C treatment.
Unconventional callose accumulation is produced by
modifications in actin structure and organization (Parrotta
et al., 2022). Corruption of actin cytoskeleton obstructs the
generation of functional PT by blocking PG and PT growth
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(Cai etal., 2011). And also, it has been known that various
stress conditions, especially the temperature stress cause
callose deposition on the PT tip (Kapoor and Geitmann,
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5. Conclusion

High-temperature stress is negatively affected the PP of
pomegranate. PG rate and PT length are decreased and, PT
abnormality, callose accumulation at apex and tip-localized
ROS accumulation are increased after 35 °C and 40 °C
high-temperature treatment. These findings show that HTS
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