
����������
�������

Citation: Iovane, M.; Cirillo, A.; Izzo,

L.G.; Di Vaio, C.; Aronne, G. High

Temperature and Humidity Affect

Pollen Viability and Longevity in

Olea europaea L. Agronomy 2022, 12, 1.

https://doi.org/10.3390/

agronomy12010001

Academic Editor: Rina Kamenetsky

Goldstein

Received: 17 November 2021

Accepted: 17 December 2021

Published: 21 December 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

agronomy

Article

High Temperature and Humidity Affect Pollen Viability and
Longevity in Olea europaea L.

Maurizio Iovane , Aurora Cirillo *, Luigi Gennaro Izzo * , Claudio Di Vaio and Giovanna Aronne

Department of Agricultural Sciences, University of Naples Federico II, Via Università 100, 80055 Portici, Italy;
maurizio.iovane@unina.it (M.I.); claudio.divaio@unina.it (C.D.V.); giovanna.aronne@unina.it (G.A.)
* Correspondence: aurora.cirillo@unina.it (A.C.); luigigennaro.izzo@unina.it (L.G.I.)

Abstract: Olea europaea L. is a crop typical of the Mediterranean area that has an important role
in economy, society, and culture of this region. Climate change is expected to have significant
impact on this crop, which is typically adapted to certain pedo-climatic characteristics of restricted
geographic areas. In this scenario, the aim of this study was to evaluate the time-course response of
pollen viability to different combinations of temperature and humidity. The study was performed
comparing flowering time and pollen functionality of O. europaea from twelve cultivars growing at
the same site belonging to the Campania olive collection in Italy. Pollen was incubated at 12 ◦C, 22 ◦C,
and 36 ◦C in combination with 50% RH or 100% RH treatments for 5 days. The results highlighted that
a drastic loss of pollen viability occurs when pollen is subjected to a combination of high humidity
and high temperature, whereas 50% RH had less impact on pollen thermotolerance, because most
cultivars preserved a high pollen viability over time. In the ongoing climate change scenario, it is
critical to assess the effect of increasing temperatures on sensitive reproductive traits such as pollen
viability to predict possible reduction in crop yield. Moreover, the results highlighted that the effect
of temperature increase on pollen thermotolerance should be evaluated in combination with other
environmental factors such as humidity conditions. The screening of olive cultivars based on pollen
thermotolerance is critical in the ongoing climate change scenario, especially considering that the
economic value of this species relies on successful fertilization and embryo development, and also
that production cycle of Olea europaea can be longer than a hundred years.

Keywords: climate change; germplasm; olive; pollen viability; pollen functionality

1. Introduction

Climate change will severely impact the Mediterranean Basin with an expected rise
in temperatures in the range of 2–5 ◦C [1–3]. Besides substantial warming, it has been
estimated that climate change will result in a significant decrease in precipitation in this
region [3,4], which might cause serious economic and ecological changes, influencing plant
growth, the attack of pests and weeds, and ultimately, crop yield [5].

The olive (Olea europaea L.) is one of the most characteristic crops of the Mediterranean
Basin, having a remarkable economic, social, and cultural impact. This species is widely
spread and well adapted to the environmental conditions of the Mediterranean Basin.
However, the predicted increase in ambient temperature due to global warming may affect
plant physiology, phenology, and reproductive biology of this crop, ultimately reducing its
yield [6,7].

The Mediterranean region is characterized by a changeable climate, especially in spring
season, when daily temperatures can vary considerably. Moreover, it has been shown
that inter-annual climate variations can affect flowering time and pollen production [8].
Indeed, previous studies have shown that the flowering time of O. europaea is highly
dependent on yearly spring temperatures, which are rising steadily over time due to global
warming [9,10]. In this scenario, the olive phenology may provide useful indications to
evaluate the influence of climate change on plant growth for the whole Mediterranean
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region, since the geographical limits of this cultivation approximately delimit the extent
of the Mediterranean climate in Eurasia and North Africa [11,12]. Since the different olive
varieties are adapted to specific climatic, edaphic, and lithological conditions, the possible
variations occurring in a climate change scenario would have a significant impact on the
distribution of these varieties and, consequently, on their growth and productivity [13,14].
This is especially expected for some old varieties cultivated in narrow geographic niches
with specific micro-climatic characteristics [15]. Indeed, it has been shown that these
varieties exhibit greater vulnerability to both short-term climate variability and long-term
climate change [16].

The olive has significant phenotypic and genetic variability [17,18]. Factors including
plant longevity, limited selection pressure, and limited replacement with new genotypes
have reduced genetic erosion and favored the preservation of genetic diversity of olive
varieties [19]. Italy has the richest olive collection, including about 700 different varieties.
Among the Italian regions, Campania has one of the largest collections [20,21], and many
of these varieties are characterized by an extensive morphological diversity and adaptation
to local environmental conditions [22]. Olive plants can produce an abundant number of
flowers, but generally, only a small percent (1–2%) of them set normal fruits that reach
maturity [23,24]. The success of a flower to become a fruit mainly depends on the pollination
and fertilization processes. Previous studies reported that pollen germination and pollen
tube growth are sensitive to elevated temperatures [25,26]. Moreover, it has been shown
that the combination of relative humidity (RH) and temperature can affect pollen viability
of other species [27–29]. Temperature also influences both drupe development and oil
composition in olive. For example, in very hot sites, olives can show early pigmentation due
to the rapid degradation of chlorophyll due to high temperatures [30], whereas in sites with
lower temperatures, olive oil has a high content of unsaturated fatty acids [31]. Temperature
can also influence the aromatic components of olive oil, reducing the content of volatile
substances [32]. Hence, it is arguable that the growing environment is crucial in expressing
the typical characteristics and quality of olive cultivars [33]. In most crop species, including
Olea europaea L., the production of fruits and seeds relies on pollen functionality. Since
pollen viability and germinability are both essential to ensure fertilization, the interaction
of pollen with extreme weather events can significantly limit crops productivity in the
current climate change scenario [34]. Among extreme weather events, heat waves during
early stages of pollen development can reduce pollen functionality in Solanum lycopersicum
L., resulting in a drastic loss of pollen germinability [35].

Most of the studies evaluating the effect of environmental factors on olive pollen
mainly focused on temperature [26,36], whereas very few studies evaluated the combined
effect of temperature and humidity [37]. Specifically, Koubouris et al. [37] studied the effect
of pre-incubation temperature and humidity on olive pollen before in vitro germination.
However, authors did not test the combined effect of high temperature and high humidity,
which could severely affect pollen functionality. Among protocols to assess pollen function-
ality, the use of diaminobenzidine (DAB) reaction is an efficient method to assess pollen
viability responses towards environmental factors [38,39]. Due to its ease of use, the DAB
method can be useful for large screening of pollen viability, such as the case of studies with
numerous cultivars. In the current climate change scenario, the aim of this study was to
highlight possible differences among different olive cultivars in the time-course response of
pollen viability to different combination of temperature and humidity treatments. We used
pollen from 12 olive cultivars belonging to germplasm of the Campania region in Southern
Italy and growing at the same site. We hypothesized that both temperature and humidity
would affect pollen viability with possible changes due to treatment duration and cultivars.
Moreover, we hypothesized that high humidity would enhance the negative effect of high
temperature on pollen viability and longevity.
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2. Materials and Methods
2.1. Plant Material and Flowering Monitoring

The experiment was performed using pollen from 12 olive cultivars of Campania
region. Plants belong to the open-field collection conserved at “Improsta” Regional Experi-
mental Farm in Eboli (SA) (40◦33′29′′ N; 14◦58′28′′ E at 15 m.a.m.s.l.). We selected olive
cultivars representative of 4 provinces of Campania region and covering the bioclimatic
diversity of the whole area (Table 1).

Table 1. Cultivars of Olea europaea L. from 4 provinces of Campania region in Italy.

N Province Name

1
Avellino

Marinese
2 Ravece
3 Ogliarola

4

Benevento

Ortice
5 Ortolana
6 Racioppella
7 Femminella

8 Caserta Caiazzana

9

Salerno

Biancolilla
10 Carpellese
11 Pisciottana
12 Salella

For each cultivar, the duration of flowering was determined by a procedure reported
by Rapoport and Rallo 1991 [40] with some modifications: the flowering phenology of three
different branches with south exposure and approximatively 100 flowers per branch was
observed. We considered the first day of flowering to be when 10% of flowers per each
branch were open, and the last day to be when 100% of flowers per branch were open. The
duration of flowering (number of days) was then averaged based on measurements on the
three different branches.

In the field, data of minimum, maximum, and medium temperature (◦C) and RH (%)
during May 2021 were recorded from the agro-meteorological regional station of Eboli (SA),
located at “Improsta” Regional Experimental Farm.

The collection of pollen samples was carried out from 18 to 28 May 2021. Pollen
was shed from the inflorescences in Petri dishes using pollen vibrators. Sampling was
performed in the morning, Petri dishes were placed inside a thermal bag at ~5 ◦C and
transported to the laboratory in few hours. For each cultivar, pollen was collected from
branches with north, south, east, and west exposure from three different plants.

2.2. Temperature and Humidity Treatments

Pollen samples were incubated under six different combinations of temperature and
humidity for a total of 5 days. According to the temperature measured during the flowering
season at the experimental farm, three temperature treatments were tested: 12 ◦C, 24 ◦C,
and 36 ◦C. More specifically, 12 ◦C and 24 ◦C were tested to simulate the averaged minimum
and maximum temperatures of May, whereas 36 ◦C was chosen to simulate a possible
scenario of global warming and heat waves. In combination with temperature treatments,
the pollen from the 12 cultivars was incubated at 50% RH and 100% RH to simulate the
effect of dry–sunny and wet–rainy days occurring during the flowering season.

Temperature treatments were performed using three separated incubators (VELP, FOC
200 IL) set with 12 ◦C, 24 ◦C, 36 ◦C, respectively. In each incubator, to achieve 50% or 100%
RH conditions, we enclosed the bulk samples of pollen in two separated plastic containers
containing: (a) a beaker with Mg (NO3)2 saturated solution to reproduce 50% RH and (b)
wet tissues to achieve 100% RH.
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2.3. Analysis of Pollen Viability

Pollen thermotolerance and longevity of the 12 olive cultivars were assessed, perform-
ing viability tests at 1, 3, and 5 days’ incubation. Pollen viability was assessed through
diaminobenzidine (DAB) reaction [38,39]. Each pollen sample was gently collected with a
brush from the Petri dish and placed onto 10 µL droplet of water on a microscope slide.
One droplet of 10 µL of DAB reagent was then added on each sample. Successively, the
microscope slides were gently warmed on a heating plate (set at 50 ◦C) and mounted with
a cover slip. The viability of pollen at sampling (T0) was assessed to compare possible
differences in initial pollen functionality among cultivars and to have a reference point for
comparing the effect of temperature, RH, and their interaction throughout the incubation
period. We scored as viable the pollen grains stained black/brown and as not viable the
ones that remained faint/colorless. The percentage of pollen viability was measured at
different incubation time, counting at least 100 pollen grains per microscope slide on a total
amount of 6 slides per cultivar per treatment.

2.4. Data Analyses

Data were analyzed using Excel ver. 16 (Microsoft Corp., Redmond, DC, USA) and
SPSS Statistics ver. 21 (IBM Corp., Chicago, IL, USA). Percentage data of pollen viability
was preliminary converted with arcsine function. Shapiro–Wilk’s and Levene’s tests were
used to assess the normality and homogeneity of variance, respectively. The influence
of the different categorical independent variables (i.e., cultivar, time, temperature, and
humidity) and their possible interactions on pollen viability were analyzed using the
ANOVA. Pairwise comparisons were performed with Tukey’s HSD test (p > 0.05) to identify
differences among treatments and cultivars.

3. Results
3.1. Climatic Parameters

Temperature and humidity data recorded in May 2021 at the experimental farm are
shown in Figure 1. The average values of the daily minimum, medium, and maximum
temperature were 11.8 ◦C, 17.7 ◦C, and 23.3 ◦C, respectively. The highest temperature
was recorded on 24 May, reaching a peak value of 31.8 ◦C, while the lowest temperature
was 7.5 ◦C and was recorded on 21 May. On average, the daily minimum, medium, and
maximum RH values were 50.6%, 73.1%, and 91.29%, respectively. Overall, the daily RH
values were comparable between the different days, except for a considerable decrease in
daily RH values that was recorded from 20 May to 25 May (Figure 1).

Figure 1. Daily trend of maximum (red line), minimum (green line), and mean (blue line) temperature
and humidity measured in May 2021 at “Improsta” Regional Experimental Farm, in Eboli (SA)
(40◦33′29′′ N; 14◦58′28′′ E, at 15 m.a.s.l.).

3.2. Flowering Time

Figure 2 shows the duration of flowering time of the different olive cultivars considered
in this study. On average, the flowering time among cultivars was 7 days. Moreover, the
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shortest and the longest duration of flowering were recorded in ‘Pisciottana’ (3 days) and
‘Femminiella’ (10 days), respectively (Figure 2).

Figure 2. Duration of flowering in 12 olive cultivars from Campania region in Italy.

3.3. Pollen Viability

According to the ANOVA, all factors tested in this study (i.e., cultivar, temperature,
and humidity) had a significant effect on pollen viability over time (Table 2). The viability
tests performed on pollen at T0 showed significant differences between the 12 cultivars
(Figure 3). However, despite these differences, pollen viability of all cultivars at T0 ranged
between 84% and 95%, except for ‘Marinese’, in which pollen viability was 64%.

Table 2. Analysis of variance for the effects of cultivar, relative humidity (RH), temperature, or their
interaction on pollen viability of Olea europaea.

Factor Sum of Squares Sig.

Cultivar 165,808.8 ***
Time 548,079.9 ***
RH 157,134.8 ***

Temperature 28,848.1 ***
Temperature × RH 27,059.9 ***

RH × Cultivar 8670.5 NS
Temperature × Cultivar 13,972.0 NS

Temperature × RH × Cultivar 14,478.7 NS
NS, or *** indicate nonsignificant or significant at p < 0.001, respectively.

For each cultivar, the time-course response of pollen viability was affected by the
different combinations of temperature and RH over 5 days’ incubation. Regarding treat-
ments with 50% RH, pollen viability showed no significant decrease over time compared to
pollen at T0 in all cultivars. Notably, pollen preserved a high viability (~80%) both at high
(24–36 ◦C) and low (12 ◦C) incubation temperature over time (Figure 4). A lower pollen
viability was found only in ‘Marinese’, but it was comparable to pollen viability at T0.

Differently from treatments with 50% RH, pollen subjected to 100% RH showed
a significant decrease over time in all cultivars with differences due to the incubation
temperature. Overall, the results showed a drastic loss of viability when pollen was
subjected to a combined effect of high humidity (100%) and high temperature (36 ◦C).
Indeed, pollen grains incubated at 100% RH and 36 ◦C completely lost their viability after
3 days’ incubation in almost all cultivars. Pollen viability was preserved for more than
3 days’ incubation at 100% RH and 36 ◦C only in ‘Biancollilla’, although with low values
(~20%) (Figure 4).
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Figure 3. Pollen viability of 12 cultivars of Olea europaea L. at sampling time (T0). Letters indicate
significant differences between cultivars (p < 0.05). Each data point represents the mean ± SE (n = 6).

Figure 4. Viability of pollen from 12 olive cultivars incubated at six different combinations of
temperature and humidity for 5 days (T1–T5) from sampling (T0). Each line shows the mean ± SE
(n = 6).
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A drastic loss of pollen viability also occurred when pollen was subjected to 100% RH
and 24 ◦C, showing considerable variability over time depending on the cultivar. Compared
to pollen at 100% RH and 36 ◦C, pollen at 24 ◦C showed higher viability over time and
preserved its viability longer than under 36 ◦C. Indeed, pollen under 100% RH and 24 ◦C
remained viable for up to 5 days’ incubation in most of the cultivars except for ‘Marinese’,
‘Caiazzana’, and ‘Ortolana’, in which pollen grains become unviable at 3 days’ incubation
(Figure 4).

Differently from 24 ◦C and 36 ◦C, the combination of 100% RH and 12 ◦C showed a
more gradual loss of pollen viability over time in most of the cultivars. More specifically,
pollen viability remained high over 3 days’ incubation and never decreased below 60%,
except for ‘Femminella’. Interestingly, pollen incubated at 100% RH and 12 ◦C showed
no significative difference compared to treatments with 50% RH up to 3 days’ incubation
(Figure 4).

4. Discussion
4.1. Climatic Parameters and Flowering

Recent studies indicate that nearly all European regions will be affected by the impact
of climate change [27,41,42]. In this scenario, the Campania region in Italy has already
experienced an increase in minimum temperatures of approximately 1.4 ◦C from 2005 to
2017 [43]. This situation, in agreement with research showing a dramatic global warming
since the 1980s [13,44], poses concerns regarding the impact that climate change can have
also on restricted geographical areas such as that of the Campania region.

O. europaea is a typical Mediterranean species whose economic production cycle is
extremely long, and fruit production relies on pollen efficiency and fertilization success.
Therefore, studies on the interaction between flower biology and environmental parameters
involved in climate change scenario are relevant.

Our results on flowering period (time and duration) are comparable with those re-
ported for several olive cultivars of the Campania region in the year from 2009 to 2010 [45],
who showed that the average duration of flowering was 7 days and occurred during the
second half of May. It is known that environmental factors can affect many aspects of
inflorescence development, pollination, and fertilization; in particular, high temperatures
can influence the timing of phenological phases such as leaf formation and flowering in
many species including O. europaea [46–48]. Our data showed that, in the last decade, the
flowering time and duration of the olive cultivars considered in this study did not change.
However, studies on other species highlighted that short periods of high temperature do
not affect flowering phenology but can reduce pollen lifespan so drastically that grains
are already dead at the time of anther dehiscence [35]. Indeed, it has been shown that the
formation of pollen tetrads and bi-nucleate olive pollen is very sensitive to small increments
in temperature in May, when the heat demand for flowering is nearly fulfilled [49]. In
addition, besides the satisfaction of heat requirements, it is possible that different olive
cultivars require the fulfilment of other conditions for starting the flowering process, such
as a mean temperature above 15 ◦C during the week before the anthesis [12,49]. It should
also be considered that the suitable temperature range for metabolic process in O. europaea
is rather narrow, with an optimal temperature interval of approximatively 10 ◦C (from
20 ◦C to 30 ◦C) [50]. Therefore, when new cultivars are introduced in specific areas, it is
critical to consider climatic requirements and flowering time of these cultivars.

4.2. Pollen Viability

The response of pollen to environmental factors is critical in O. europaea, considering
that self-incompatibility represents a common phenomenon in most of the olive culti-
vars [51]. Indeed, olive pollen from different cultivars needs to survive along its journey
from the stamen to the stigma of different flowers to ensure the formation of seeds and
drupes. Considering the great genetic diversity of olive cultivars in the Campania region,
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pollen viability represents a crucial feature for the selection of cultivars to be used as pollen
donors in a climate change scenario.

Our results showed that the decrease in pollen viability over time is highly dependent
on the exposure to different combinations of temperature and RH. Pollen viability at
sampling time exceeded 80% in almost all cultivars tested in this study. Interestingly, pollen
viability of these cultivars was higher compared to most commercial cultivars from Europe,
which generally range between 60% and 70% [52–54]. The low genetic erosion due to the
limited replacement of typical olive cultivars with new genotypes in Campania region may
have conserved relevant reproductive traits such as pollen viability. On the other hand,
commercial cultivars have mostly been selected to overcome self-incompatibility issues
to increase plant productivity [55], but probably overlooking reproductive traits such as
pollen viability during breeding programs.

Our results are in agreement with previous studies, showing that high temperatures
can reduce pollen viability more than low temperatures [29,54]. It has already been reported
that temperatures above 22 ◦C can reduce by 50% the initial pollen viability of O. europaea
in 1–3 days [54]. However, previous studies mostly overlooked the effect of humidity, since
RH was not explicated or fixed, and its effect could not be evaluated. Conversely, our study
focused on the effect of different combinations of temperature and humidity to disentangle
their effects on pollen functionality. Overall, with this approach, we found that RH has a
substantial influence on pollen thermotolerance over time.

Previous studies have shown that the exposure of olive pollen to high RH during pre-
incubation can significantly decrease pollen germinability in vitro at low temperatures [37].
Contrastingly, our results showed that high humidity severely increase pollen sensitivity to
both low and high temperatures. Specifically, the combination of high temperature (36 ◦C)
and high RH (100%) significantly reduced pollen viability already after 1 day of exposure,
and pollen was completely unviable after 3 days in most of the cultivars. Conversely, pollen
exposed to low RH (50%) preserved high viability (~80%) both at higher (24–36 ◦C) and
lower (12 ◦C) incubation temperatures over 5 days. These differences in pollen longevity
could be related to specific mechanisms adopted by pollen to survive hostile environmental
conditions [56]. Indeed, pollen grains under low humidity environments can enter a state
of complete or partial arrest of metabolic processes associated with a high resistance to
environmental stresses [56]. This phenomenon might explain the significant differences of
pollen thermotolerance to high or low humidity.

Water content of pollen grains generally decrease after flower anthesis and anthers
dehiscence when pollen is exposed to the environment [57]. Therefore, from anthesis
on, the possibility of pollen to enter in a quiescent state of development and resist to
unfavorable temperatures depends on pollen exposure to environmental humidity. Indeed,
especially in self-pollinating species, pollen is dispersed in a well-hydrated state and
remains metabolically active; this pollen is generally more sensitive to environmental
stresses and has reduced viability, since it needs to germinate rapidly upon landing on
the stigma of the same flower [58–60]. Contrastingly, in cross-pollinated species such as
O. europaea, pollen needs to survive for a relative long time, and therefore, it needs to
reduce its water content to maintain a metabolically inactive state during its journey to the
stigma of other flowers. In this case, the balance between the content of water, osmolyte
compounds, and stabilizing proteins in pollen grains make the cellular content “glassy”
and all the metabolic activities slow down [61]. However, this “glassy” state, responsible
for increasing pollen longevity, is influenced by both humidity and temperature exposure
of pollen grains [62,63]. Indeed, when pollen is exposed to low temperatures, this state
of glassy cytoplasm can also be achieved in conditions of high humidity, and this would
explain why pollen exposed to 12 ◦C and 100% RH preserved a high viability up to 5 days
in most of the cultivars we tested. As regards temperatures of 24 ◦C or 36 ◦C, their negative
effects on pollen viability becomes evident over time only when in combination with
exposure to high RH.
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Overall, the differences in thermotolerance found between the different olive cultivars
can be linked to the capability of pollen in adopting specific strategies to face heat stress
including dehydration, accumulation of osmolytes, and synthesis of protective molecules
such as heat-shock proteins (HSPs). Numerous studies have highlighted the key role of
HSPs in activating heat-stress responses in reproductive cells of several plant species [64–68].
To date, HSPs have been identified in O. europaea but only in vegetative tissues [69]. In
the present study, it is likely that the different responses of pollen to temperature and
humidity found between cultivars are due to differences in heat-stress response pathways.
In this regard, the screening of HSPs gene expression and synthesis of olive cultivars would
provide a better understanding of the molecular mechanisms adopted by pollen to cope
with heat stress. Moreover, such insights could be useful to select suitable olive cultivars as
pollen donor to be used in a climate change scenario.

5. Conclusions

Despite the increase in temperature in Campania region over the last decade, no
significant change in flowering time of O. europaea was found compared to previous
studies. However, a drastic loss of pollen viability was found under high temperature and
humidity conditions. Overall, the decreasing trend of pollen viability under the different
combinations of temperature and humidity was comparable between cultivars, except for
few cases. Specifically, most of the olive cultivars showed a significant decrease of pollen
viability already after 24 h incubation under 36 ◦C and 100% RH, and a complete loss
of viability after 3 days’ incubation in the same conditions. Interestingly, pollen exposed
to low RH (50%) preserved high viability both at high and low incubation temperatures
over 5 days, indicating that pollen thermotolerance is affected by humidity conditions.
In a current scenario of climate change, it is critical to evaluate the effect of temperature
on reproductive traits to predict the future impact of global warming on crop yield; on
the basis of the results obtained, we could therefore state that the cultivars that showed
greater tolerance to extreme temperatures and humidity was Biancolilla (RH 100%–T◦

36 ◦C), while ‘Carpellese’, ‘Ortice’, ‘Racioppella’, ‘Ravece’, ‘Ogliarola’, ‘Pisciottana’, and
‘Salella’ also showed good tolerance in conditions of RH 100% and T◦ 24 ◦C. However, it
becomes evident that other environmental factors such as humidity must be considered
when evaluating pollen thermotolerance. Moreover, considering the key role of the heat-
shock proteins in heat-stress responses, further studies must investigate the molecular
mechanism adopted by olive pollen to cope with environmental stresses.
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