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Extended abstract

Introduction: The effects of temperature increases on the growth of tomato fields are among the
obvious results of global warming and are considered an important issue that should be investigated. To
maintain and develop the cultivation systems of this crop, a proper understanding of the heat tolerance
mechanisms and physiological responses in tomatoes should be achieved. The primary objective of this
research is to discover the impact of heat stress on the germination and growth of pollen grains in research
tomato germplasms. The researchers' knowledge about the response of different tomato cultivars to abiotic
stresses is limited and only the effects of enzymes involved in the response process, heat shock proteins and
some hormones have been investigated. The process of detecting heat stress-sensitive stages and their
enhancement is facilitated by having a correct understanding of physiological processes.

Materials and methods: The seeds of heat-resistant (LA2661 and LA2662) and -sensitive (LA3911)
research cultivars of tomato were used to evaluate the effects of increasing day and night temperatures. The
obtained seedlings were grown under optimal temperature conditions (24 ¢ day/18°C night), and after
observing the first flower primordium, were incubated in growth chambers to apply daytime heat stress
treatments, including temperatures of 28°°, 32°° and 36 day/18° night and night stress treatments including
temperatures of 28, 32°, and 36 © at night/ 24" day for 7 days. Pollen grains were then evaluated for their
survival, germination, and growth.

Results: The findings of the daytime heat stress tests show that the percentage of survival and
germination of pollen grains and growth of pollen tubes of cultivars LA2661, LA2662 and LA3911
decreased as daytime temperature rose from 24 to 36 . This reduction is more noticeable for the sensitive
cultivar LA3911. Degraded pollen grains increased in the LA3911 cultivar due to heat stress. The survival
percentage of pollen grains in all three studied cultivars decreased due to the application of heat stress at
night. The resistant cultivars LA2661 and LA2662 had a higher germination percentage compared to the
sensitive cultivar LA3911. Pollen grains germination decreased by 50% as a result of increasing the night
temperature from 18’ to 36, Pollen tube length was reduced in both cultivars and night treatments.

Conclusion: The effects of heat stress in the early stages of flowering when flowers are visible are high,
and reproductive stages are very sensitive to high temperatures and affect fertility and processes after
insemination, and finally, they lead to yield loss. The daytime temperature increase relative to the natural
temperature range (22 t0 24°) during growth severely impacts the number of pollen grains released from
tomato flowers. The number of non-living pollen grains is higher at 36 day and 32°° and 36 night
temperatures compared to optimal temperature conditions. It appears that the increase in nighttime
temperature results in more severe consequences than the increase in daytime temperature.

Keywords: Day temperature, Night temperature, Pollen grain, Pollen tube growth, Survival
Highlights:

1- Night heat stress was assessed as a factor that influences the germination and survival of tomato
pollen grains.

2- Image analysis was used to measure the length of the pollen tube.

3- The effect of thermal stress on pollination was investigated during a specific period of reproductive
growth.
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Figure 1. Evaluation of the viability of pollen grains and their classification into group 1 (viable) and group 2
(non-viable or degraded); Staining was done using fluorescein diacetate and imaging by fluorescence

microscope (Zeiss GmbH, Goéttingen, Germany).
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Figure 2. Evaluation of viable, non-viable and degraded pollen grains numbers in heat stress-sensitive
cultivar LA3911 and heat stress-resistant cultivars LA2661, LA2662, at the optimal temperature of 24 for
days and heat stress treatments of 28°C, 32°C and 36 days (constant temperature 18 at night) under

controlled growth conditions.
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Figure 3. The effect of different daily temperatures (applying temperature for 10 hours) on the pollen grain

germination percentage of LA2661, LA2662 and LA3911 under laboratory conditions. Each data point is the
average of four numbers shown by the standard bar.
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Table 1. Analysis of variance for the effect of cultivar and day temperature on the percentage of pollen grain
germination and pollen tube growth.

s sl PSP Mean square Sl po uNilkeo
Source of variation Degree of 22yely o3, Sels 22545 Jb
freedom Germinated pollen Pollen tube length

Ssb Block 3 9012** 10184™*

Lo Temperature 3 53909™ 13419™
Ve Error 1 9 7027 11022

3, Cultivar 2 7048" 6404"

#3,% Lo Cultivar x Temperature 6 6774 1033"

Y Uas Error 2 24 427 665

oy S slhs Jlaisl o ;o o jixe g o gne pé i 5 4y w9 1IS

ns and ** indicate not significant and the significant differences at 1% error probability level, respectively.

o5 Sl a5 00 Sy il 4y 5 33, oo 5 08 eSihes Anmlio —¥ Jgar
Table 2. Mean comparison of the effect of cultivar and day temperature on the percentage of pollen

grain germination and pollen tube growth.

Sl (mm) os FdlgJ Job (1) 08 j4ilg> 00 )5 ails
Treatment Pollen tube length (mm) Germinated pollen grains (%)
o3, Cultivar

LA2661 0.477° 80.4°
LA2662 0.465° 83.6°
LA3911 0.463*° 75.3°

Lo Temperature

24°C 0.783 * 90.3*

28 0.618° 89.9°

32 0.291° 81.4°

36° 0.102 ¢ 479°¢

A e b gols pme SV s s o Jlaz| da,ﬂ)s LSD Qyﬂ ol O 58 s alie oy > (glyls L;LA“):K.JL:A
Means in each column with similar letters are not significantly different based on the LSD test at 5%
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Figure 4. 1) Pollen grain germination of LA3911 at 36 under laboratory conditions (the arrowhead
indicates the tricolpate natural pollen grain, and it is germinating), 2) Pollen grain germination LA2662 at
temperature of 36 under laboratory conditions (the arrowhead indicates the degradation pollen grain), 3)
Measuring the growth of the pollen tube of the LA2661 at temperature of 28 (the size of the pollen tube is
0.663 mm) and 4) Enlarged image of pollen grain in image 3 (scale 50 pm).
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Figure 5. Pollen tube growth. Most of the outgrowth occurs in the tip of the pollen tube, which is shown by
red arrows (dashed arrows show outgrowth in other areas). Endogenesis is also shown with blue arrows along
the length of the pollen tube (at the location of the Endoplasmic reticulum). Fluctuations in the growth of the
pollen tube are mainly in the tip of the pollen tube and are influenced by the concentration of calcium ions.

(Taken from Zheng et al. (2019)).
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Figure 6. Evaluation of viable, non-viable and degraded pollen grains in three tomato cultivars LA3911
(sensitive to heat stress) and LA2661, LA2662 (resistant to heat stress) at the optimal temperature of 18° at
night and treatments Thermal stress 28, 32" and 36 at night (constant temperature 24 © during the day)

under controlled growth conditions.
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Figure 7. The effect of different night temperatures (applying temperature for 10 hours) on the pollen grain

germination percentage of LA2661, LA2662 and LA3911 under laboratory conditions. Each of the data is the
average of four numbers shown by the standard bar.
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Table 3. Analysis of variance for the effect of cultivar and night temperature on the percentage of pollen

grain germination and pollen tube growth.

s cl:.‘ 33T 4 s Mean/of square Sl yo u:i.Lm
Source of variation Degree of 256l 25 s 205
freedom Germinated pollen Pollen tube length

Ssb Block 3 7083"¢ 9132"*

Lo Temperature 3 73211™ 19310

\ las Error 1 9 6519 1632

o) Cultivar 2 89217 5321"*

o3,% Ls  Cultivar x Temperature 6 8743 13421

Y Uas Error 2 24 719 11202

Doy S slhs Jloisl mlaw (o ls gae g jlo Jxe ol 5 a4 w9 1NS

ns and ** indicate not significant and the significant differences at 1% error probability level, respectively.
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Table 4. Mean comparison of the effect of cultivar and night temperature on the percentage of

pollen grain germination and pollen tube growth.

Oles (mm) o5 Salgl Job (1) 0 34ilge 00 ,Fails
Treatment Pollen tube length (mm) Germinated pollen grains (%)
o5, Cultivar

LA2661 0.379* 82.14*
LA2662 0.312° 88.7°
LA3911 0.355° 76.32°

Lo Temperature

24°¢ 0.811° 88.9°

28 0.702° 63.1°

32° 0.447°¢ 57.3°

36° 0.332¢ 41.9°¢
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Means in each column with similar letters are not significantly different based on the LSD test at
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