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Abstract

Low temperature stress decreases yield and quality of tomato in greenhouse
conditions. For successful tomato cultivation under the cold stress, cultivars
performances are extremely important both vegetative and reproductive
growth stage. In this study, 20 tomato pure lines and 3 commercial cultivars
(Cigdem Fi1, Anit F1 and Bestona F1) and also Solanum hirsutum (LA 1777)
known as tolerant genotypes were evaluated at vegetative and reproductive
stage. The studies were conducted under both the cold stress in growth
chamber and the optimal temperature condition (control) in the greenhouse.
They were evaluated by measuring malondialdehyde (MDA), electrolyte
leakage (EL) and dry matter yield (DM) at vegetative stage. The results
showed that EL rate and MDA content increased while DM decreased under
the cold stress when compared with leaves of plants grown at optimal
temperature. In reproductive stage, pollen viability and pollen germination
were evaluated under both cold stress and control conditions for all genotypes.
All the sensitive genotypes exhibited low pollen viability and pollen
germination. Consequently, three pure lines were identified with low-
temperature tolerant in vegetative and reproductive growth stage.

1. Introduction

Tomato is one of the most economically
important vegetable crops after potatoes (Ronga et
al., 2018). Turkiye ranks fourth in world tomato
production after China, India and the USA. World
tomato production is 180.7 million tons, 7% of which
is produced in Turkiye. (FAO, 2021).

Both chilling (<20°C) stress and freezing (<0°C)
stress are called low temperature stress (Ma et al.,
2018; PaxawmeToB et al., 2020). Low temperature
stress is one of the most abiotic stress factors that
reduce the productivity of crops (Duan et al., 2012),
affected about 24.6% of the entire area of the
world’s land (Peel et al., 2007). Cultivated tomato is
a cold sensitive crop; crop growth and development
are severely damaged below 12°C (Elizondo and

Oyanedel, 2010; Ronga et al., 2018). Duration of
exposure is also important as well as temperature
for the severity of damage (Elizondo and Oyanedel,
2010; Barrero-Gil et al., 2016). Both of them
adversely affect growth and productivity in tomato
plants depending on the severity of the low
temperature stress (Gokmen, 2006; Atayee and
Noori, 2020; PaxameToB et al., 2020). When the
tomato plants are exposed to low temperatures,
injury symptoms begins initially at the vegetative
growth stage. The most noticeable injury could be
observed in the vegetative stage such as stunted
seedlings, leaf-hypocotyl wilting, leaf chlorosis and
local necrosis (death of tissue) (Cao et al., 2015;
Atayee and Noori, 2020). On the other hand, low
temperature stress at the reproductive stage of
plants causes poor pollen viability, weak fruit set,
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poor fruit quality, which result in loss of crop yield.
Further, dry matter production (DM) is also widely
used parameter to select tolerant plants in the cold
stress studies (Foolad et al., 2000; Foolad and Lin,
2001; Gokmen, 2006). Likewise, cold stress gives
rise to membrane damage and increases electrolyte
leakage. Electrolyte leakage (EL) and lipid
peroxidation (LPO) are an important indicator of
plant membrane damage level under the cold stress
(Duan et al., 2012; Malekzadeh et al., 2014). Most
of the previous investigations focused only on
individual stages. A few studies that included more
than one stage, however, evaluated only a few
genotypes, thereby there is no specific conclusions
could be guide about the cold stress at different
stages. Therefore, the aim of this study is to
determine the tolerant pure lines in tomato during
vegetative and reproductive growth under the cold
stress conditions.

2. Materials and Methods

2.1. Plant materials, growing and stress
conditions

In this current study, cold stress studies were
conducted with 20 tomato genotypes belonging to
Bati Akdeniz Agricultural Research Institute
(BATEM) tomato gene pool (over Fs generation)
and three commercial varieties (Cigdem, Anit and
Bestona F1) wild type LA 1777 (S. hirsutum) were
used as control genotypes. The experiment was
governed five replication and each replication
consisted of five seedlings per replicate at the early
seedling stage, in the greenhouse. Seedlings at 2-3
true leaf stage were grown at the optimal
temperature and then transferred to plastic pot.
After transplanting the seedlings, they were
irrigated with Hoagland nutrient solution and grown
up to 3-4 true leaf stage at the optimal temperature.
Seedlings of genotypes were exposed to chilling
treatment at 5+1°C with a 12 h photoperiod
(day/night) and light intesity (200 ymol m-2sec-?) for
5 days in growth chamber and grown at the optimal
temperature (control) in the greenhouse. For
analysis, samples were collected from the third-
fourth leaf in the seedling at both cold stress (T) and
control condition (CC) in the study.

2.2. Vegetative growth stage
2.2.1. Measurement of malondialdehyde (MDA)

The MDA content was determined by the
reaction of thiobarbituric acid (TBA), as described
by Sayyari (2012). 1 g of leaf samples were taken
and added 10 ml of 0.1% trichloroacetic acid (TCA),
and then centrifuged at 15000 rpm for 5 minutes,
further 4 ml of 0.5% thiobarbituric acid (TBA) was
added. The mixture obtained kept in the bath at
95°C hot water for 30 minutes and then quickly

cooled in an ice bath. Afterwards, absorbance
values were read at A532 and A600 nm in the
spectrophotometer. The values obtained were
calculated with Lipid peroxidation = (A532-A600) x
extract volume (ml) / (155mM / cm x sample amount

(mg).
2.2.2. Measurement of electrolyte leakage (EL)

The structure and function of cell membranes
are damaged under the cold stress. Thus, EL
increase in chilling stress. EL was used to evaluate
membrane permeability. EL was measured using
an electrical conductivity meter, according to the
methods by Lutts et al. (1996). In the laboratory, 10
discs of 1 cm diameter taken from tomato leaf
samples were washed with pure water and placed
in brown glass bottles. After adding 20 ml of pure
water to the samples, they were shaken for 24 hours
and the ECi values were read by pouring the
solutions into tubes. The same samples were
autoclaved at 120°C for 20 minutes and their EC>
values were read after the samples reached room
temperature. The EL calculated as EC1/ EC2 x 100
formula was used to calculate the cell membrane
damage of the samples.

2.2.3. Measurement of dry matter yield (DM)

Seedling of the genotypes were individually
harvested for shoot (leaf+stem) both control and
chilling treatments. Genotype’s shoot were dried in
an oven at 65°C for 72 h and weighed (+ 0.1 g) and
dry weight (DM) of individual plants determined
(Gokmen, 2006). For each genotype, vegetative
growth was defined as ratio of dry weight (DW)
under cold stress to under control condition.

2.3. Reproductive stage

After sowing the seeds of the materials, the
seedlings that reached the stage of 2-3 true leaves
were transplanted to be used in reproductive testing
with 5 replications, one plant per pot. Plants were
grown at in the greenhouse until the flowering stage
and then they were taken to growth chamber 24 h
before anthesis after 72 h exposed to cold stress in
growth chamber, samples of pollen were collected
from each replication of all genotypes. Pollen
viability and germination percentages were
determined both under cold stress and under
control condition in genotypes flowering in pots.

2.3.1. Pollen viability

Viability levels of flower powders were tested
with 2,3,5 Triphenyl Tetrazolium Chlorid (TTC), as
described by Boyaci et al. (2009). In plants grown in
the control greenhouse and growth chamber, the
pollens of the flowers that bloom in the first cluster
were taken in 3 replications 3 readings were made
in each repetition.
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2.3.2. Pollen germination ability

The method was used to determine the pollen
germination ability (Boyaci et al., 2009). The pollens
derived from tomato genotypes flowering in the cold
room and control greenhouse were planted in 1%
agar + 12% sugar + 300 ppm H3BOs + 300 ppm Ca
(NOs3) 2 germination medium and kept at 25°C for 20
hours then counted under the light microscope. In
the pollen germination test, two petri dishes were
prepared for each genotype, and four randomly
selected areas were counted and pollen
germination percentages were determined.

2.3.3. Cold tolerance index

Cold tolerance index (%) for all traits was
calculated as under cold stress (T) and as the
percentage of the control condition (CC) for all traits.
To determine the cold tolerance genotypes, cold
tolerance index (TI) was calculated according to
Funatsuki et al. (2005) as follows:

TI—[T]xloo
~lece

where; TI: Cold tolerance index; T: Trait value in
cold stress condition; CC: Trait value in control
condition.

Genotypes whose Tl values were close to 100 or
1 were considered tolerant in all traits.

2.4. Statistical analysis

The genotypes means and standart deviations
were analyzed for samples within each replicate for
all parameters. All statistical analyses were
performed with JUMP (version 8.0). Cold tolerance
index (TI) among the genotypes in each parameter
were subjected to the analyses of variance
(ANOVA) and compared among genotypes using
LSD multiple range tests at the P<0.05 level. The
data shown are means values * TI for all
parameters. Levels of significance are represented
by at P<0.05 (*), P<0.01 (**) and P<0.001 (**).

3. Results and Discussion
3.1. Vegetative stage
3.1.1. Measurement of electrolyte leakage (EL)

The amount of EL in tomato seedlings increased
under cold stress that we looked for lower EL ratio
among the genotypes. (Table 1). To determine the
cold tolerance genotypes, we used tolerance index
(TleL) with the electrolyte leakage (EL) ratio. The
data statistical anaysis showed that the ratio of EL
was significantly increased (Table 1; P<0.001)
treated genotypes under the cold stress.

Genotypes were selected as tolerant with the
least diffrence of TleL values in the applied
genotypes compared to the control group TIeL
values. Moreover, the value of TleL measured in
G5, G8 and G11 were much lower than in all other
cultivars. For TleL can be showed that G5, G8 and
G11 were highly tolerant genotypes.

3.1.2. Measurement of dry matter yield (DM)

While the growth of all genotypes decreased in
response to cold stress, there was significant
genotypic variations. Tlom showed significant
(p<0.01) differences  between  genotypes.
Genotypes No0.8 (G8) grew as fast as commercial
hybrid-1 (CV-1) and commercial hybrid-2 (CV-2)
under cold stress conditions. Besides, the value of
Tl G8 (0.88) and G1 (0.87) showed greater plant
vigour as high as commercial varieties among the
genotypes (Table 1).

3.1.3. Measurement of malondialdehyde (MDA)

The concentration of MDA was used an indicator
of lipid peroxidation (LPO) in plant cells and
increases in chilling stress. Therefore, we observed
for tolerant genotypes which had lowest MDA
content. Furthermore, there were significant
(P<0.001) differences among the genotypes MDA
tolerance index (Tlwoa). TIwpa of the genotypes
ranged between 1.21 (highly tolerant) to 1.76 (highly
sensitive) with a mean of 1.53. Consequently, for
Tlvpa indicated that not only WT (wild type) but also
G8 and G5 were tolerant genotypes both under
control and cold stress (Table 1).

Levitt (1980) defined the electrolyte leakage (EL)
method as one of the most reliable protocols for
evaluating the chilling and freezing tolerance in
plants. To measure membrane injury, electrolyte
leakage (EL) is an important indicator of membrane
damage. Therefore, we evaluated EL analysis in
twenty genotypes with one wild type (WT- LA 1777)
and three commercial cultivars (CV) under cold
stress. G5 and G8 were more cold tolerance (CT)
than the other genotypes except for WT and CV
under cold stress. Among the genotypes,
differences and CTI can be suitable indicator to
select the tolerant and sensitive genotype. Similar
finding reported Cao et al. (2015) after the cold
treatment, exhibited lowest level of EL among the
genotypes, these lines found higher cold tolerance
than others. In a similar study, Ma et al. (2018),
stated that EL cell membrane permeability
increased with cold stress in tomato. Xia et al.
(2018), they exposed tomato genotypes to cold
stress at 4°C for 3 days. They found that in wild
types mutant types and also in transgenic tomato
genotypes EC increased with cold in all genotypes.
Zhao et al. (2009), has found that chilling
susceptibility tomato cultivars had  higher
differences the coefficient between chilling injury
and electrolyte leakage under the cold stress. The
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Table 1. Means of electrolyte leakage (EL), dry matter yield (DM) and malondialdehyde (MDA) value under the control

condition (CC) and cold stress(T), differences (%) and cold tolerance index (TI) for all tomato genotypes.

Electrolyte leakage (EL)

Dry matter yield (DM)

Malondialdehyde (MDA)

Genotypes

cc T Diff.(%) Tl ccC T Diff.(%) Tl cc T  Diff.(%) TI
Gl 37+2.3 46%1.5 24.3 1.24 3.0¢0.5 2.6+04 -13.3 0.87 563 91+4 625 1.63
G2 47+2.1 60+2.1 27.7 1.28 2.0+0.6 1.5#0.5 -25.0 0.75 52+3 79+5 51.9 1.52
G3 41+1.0 57+2.0 39.0 1.39 2.0£04 1.6£04 -20.0 0.8 49+4 80+3 63.3 1.63
G4 53+2.1 69%2.1 30.2 1.30 3.0#0.7 2.3t0.6 -23.3 0.77 47+4 69+5 46.8 1.47
G5 52+2.5 62125 19.2 1.19 3.0#0.6 2.5#0.5 -16.7 0.83 42+3 55+5 31.0 131
G6 46+1.5 64+1.7 39.1 1.39 3.0£0.6 2.3#0.2 -23.3 0.77 47+2 72+4 532 1.53
G7 50+2.0 6725 34.0 1.26 4.0+06 3.1#04 -225 0.78 48t5 64+4 333 1.33
G8 43+2.5 52+2.1 20.9 1.21 4.0+0.8 35405 -125 0.88 43+4 55+3 27.9 1.28
G9 4715 59+2.3 25.5 1.26 2.0£0.6 1.4+0.7 -30.0 0.7 53t+3 8614 623 1.62
G10 48+2.1 61+2.1 27.1 1.27 3.0£0.6 2.2404 -26.7 0.73 54+2 8614 59.3 1.59
Gl1 48+2.1 59+1.7 22.9 1.23 2.3+0.8 1.8#04 -21.7 0.78 632 96x3 524 1.52
G12 42+2.3 58+2.1 38.1 1.38 3.1#0.7 2.3+04 -258 0.74 55+3 885 60.0 1.6
G13 46+2.1 68+2.5 47.8 148 3.5¢0.6 2.3t0.6 -34.3 0.66 46+3 81+4 76.1 1.76
Gl4 50+1.7 69%2.6 38.0 1.38 2.6+0.7 19406 -269 0.73 55+4 96+3 745 1.75
G15 41+2.1 52+1.5 26.8 1.27 29406 2.4+04 -17.2 0.83 54+2 79+3  46.3 1.59
G16 38+2.5 52+2.1 36.8 1.37 3.3t0.8 25406 -242 0.76 51+2 77+4 51.0 1.55
G17 37+2.0 51+2.6 37.8 1.38 4.2+0.5 3.1#0.3 -26.2 0.74 58+3 89+4 534 1.53
G18 48+2.5 62+2.5 29.2 1.29 29+0.8 2.1+0.5 -27.6 0.72 44+2 71+3 614 1.61
G19 49+2.3 61x1.5 24.5 1.24 3.6+0.5 27403 -25.0 0.75 51+3 80+3 56.9 1.57
G20 49+1.5 66+2.3 34.7 1.35 2.7¢0.8 2.0£#0.5 -259 0.74 59+2 91+4 54.2 1.54
WT 45+1.5 59+2.0 31.1 1.31 3.0£0.9 26406 -13.3 0.87 34+2 41+2 20.6 1.21
Com-1 43+2.1 53+2.5 23.3 1.26 2.0£0.5 1.840.3 -10.0 0.9 45+2 69+4 533 1.53
Com-2 42+2.5 51+2.6 21.4 1.28 4.0+06 3.5t04 -125 0.88 48+3 70+3 45.8 1.46
Com-3 40+2.6 53+2.1 32.5 1.33 3.4%0.7 2.8+06 -17.6 0.82 42+2 67+3 595 1.6
Means 45.1 58.8 30.5 1.31 3.0 24 -21.7 0.78 49.8 76.3 52.4 1.5
Si gn ificance Fkka dokok Kok Hekok Kok Kok Hokok Kok Fokk Fokk Fokk Fokk

2Levels of significance are represented by at ***P<0.001.

results of this study correspond to Caffagni et al.
(2014), examined EL analysis of fourteen tomato
genotypes at different temperatures (5, 3, and 1°C)
and at five time points (2, 4, 8, 24, and 72 h). They
reported that differences in cold tolerance between
the accessions were the most apparent when the
plants were exposed to 1°C for 24 h; the EL values
ranged between 26.4 and 71.0 %.

Dry matter yields are one of the most important
parameters in response to cold stress. Percentage
of growth (Tlow) both under nonstress (Tlc) and
stress condition (Tls) is reliable indicator of stress
tolerance (Foolad and Lin, 2001). When the cold
tolerance index of the dry matter yields (Tlom) of the
genotypes were examined, it was determined that
the G1 and G8 could be tolerant to cold stress. Dry
matter yields of genotypes have decreased as a
result of cold stress. Foolad and Lin (2000), reached
similar conclusion when they evaluated the tomato
accessions for DM and TI under control conditions
and cold stress. Furthermore, they also determined
that there was a positive correlation (r=0.68, P <
0.01) between under cold stress and vegetative

growth tolerance index. Similarly, Foolad and Lin
(2001) evaluated the genetic control of cold
tolerance (CT) in tomato L. esculentum breeding
lines. They determined that there was a significant
correlation between DM under cold stress (DMs)
and Tl among the lines. Similarly, Foolad and Lin
(2001) measured plant vigour via germination
tolerance index (Tlc) and vegetative growth index
(Tlve) under cold stress. When they compared both
of them, they found that Tls and Tlve were good
indicators of relative CT, but they may not be used
alone good selection for cold tolerance breeding.
Gokmen (2006) points out that different low
temperature and duration applications can show
significant differences in dry matter production in
some genotypes depending on the time spent at low
temperature and the degree of low temperature in
tomato genotypes. Liu et al. (2018) reported that in
their study on photoscent rates at different irrigation
levels under low temperature conditions, dry matter
yields decreased with cold application. The findings
obtained in this study were consistent with these
results. Considering the changing environmental
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factors in dry matter vyields, it shows that the
genotypes with the highest dry matter yield can be
low temperature tolerant.

Lipid peroxidation (MDA) is evaluated in studies
of plant mechanisms and aceppted as an indicator
in various stresses like as cold stress. Thus we
evaluated with MDA content of the genotypes at
vegetative growth stage. Compared with MDA
content of tomato genotypes, it was found that the
differences of MDA content increased in all
genotypes because of cold treatment. But WT and
G8 had lower difference rates of MDA content and
smaller rising cold TI than the other genotypes.
Duan et al. (2012), studied the contribution of
thylakoid ascorbate peroxidase (tAPX) to protect
the plant under cold stress in wild type (WT) and
transgenic plants. They found that the lower level of
MDA was measured in transgenic plants compared
with WT plants after 12h cold treatment. And they
also suggested that MDA and EL are good markers
of the oxidative stress suffered by plants.
Malekzadeh et al. (2014) used different
concentration of Gamma-aminobutyric acid (GABA)
in tomato seedling under cold stress. They found
that under cold stress there was an increase in MDA
content in tomato seedling. They suggested that
applying GABA can protect tomato seedlings

against cold stress. Similarly, Xia et al. (2017) in
their study, They found that MDA content was lower
transgenic (DWF:0X2) genotypes than in wild-type
as well as mutant type. Similarly, Li et al. (2015)
compared grafted and ungrafted plants under cold
stress. They detected that MDA content was
increased in both ungrafted and grafted plants in the
first 24 h after treatment. Liu et al. (2018) reported
that cold applications increased lipid peroxidation
rates in their study on photosensitive rates at
different irrigation levels under low temperature
conditions.

Findings obtained were consistent with these
results. It should be taken into account that
genotypes with the least change in MDA ratio at low
temperatures may be tolerant, but fluctuate
according to genotypes.

3.2. Reproductive stage
3.2.1. Pollen viability

Due to cold stress, all genotypes pollen viability
rates decreased. Statistically significant differences
(p <0.01) were found among group of within the
tested genotypes. Pollen viability of the G8 and WT
were higher than the others (Table 2).

Table 2. Means of pollen viability (PV) and pollen germination (PG) value under the control condition (CC) and cold stress
(T), differences (%) and tolerance index (TI) for all tomato genotypes.

Pollen viability (PV)

Pollen germination (PG)

Genotypes

ccC T Diff. (%) TI cc T Diff. (%) TI
Gl 9115 797 132 87.0 863 7124 174 82.7
G2 8613 677 221 78.0 9043 70+8 222 78.3
G3 93+4 776 -17.2 83.0 834 6245 -25.3 75.3
G4 89+4 704 -21.3 79.0 9143 7316 -19.8 80.3
G5 9146 69+8 -24.2 76.0 914 666 275 76.3
G6 8615 7616 -11.6 88.0 89+2 686 -23.6 76.3
G7 914 707 -23.1 77.0 89+3 67+8 -24.7 75.3
G8 89+6 805 -10.1 90.0 93+4 7546 -19.4 81.3
G9 94+4 7546 -20.2 80.0 89+4 695 22,5 78.3
G10 92+4 737 -20.7 79.0 9242 765 -17.4 83.0
G11 90+4 7545 -16.7 83.0 9543 78+7 -17.9 82.3
G12 93+2 7416 -20.4 80.0 89+4 696 22,5 78.3
G13 92+4 7045 -23.9 76.0 9145 6915 -24.2 76.3
Gl4 9546 777 -18.9 81.0 88+4 696 -21.6 78.3
G15 85+5 617 -28.2 72.0 90+3 656 -27.8 72.0
G16 89+3 698 -22.5 78.0 933 665 -29.0 71.0
G17 9043 65+5 -27.8 72.0 904 7145 211 79.3
G18 91+3 754 -17.6 82.0 93+4 7046 -24.7 75.3
G19 89:+4 635 -29.2 71.0 92+3 656 -29.3 71.3
G20 8815 657 -26.1 74.0 88+4 67+7 -23.9 76.0
WT 9412 8614 -85 915 9542 84+4 -11.6 88.3
Com-1 94+4 83+3 -11.7 88.3 9543 82+4 -13.7 85.7
Ccom-2 92+6 8243 -10.9 89.1 9642 814 -15.6 83.7
Com-3 93+3 7645 -18.3 82 92+3 7945 -14.1 86.3
Means 90.7 732 -19.4 80.7 90.8 713 215 78.8
Slgnlflcance *%a *% *% *% *kk *kk *k%k *kk

2Level of significance are represented by at **P<0.01 and ***P<0.001.
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3.2.2. Pollen germination

In all genotypes, pollen germination rates
decreased during the cold stress. There were
significant differences (P<0.001) among group of
the genotypes, and so cold tolerance exists within
the tested genotypes. Pollen germination of the WT
and CV was higher than the others and they
evaluated in the same group. On the other hand,
G1, G11, G10 and G8 found much higher than the
others (Table 2).

The pollen viability is the most important criteria
at reproductive stage under the cold stress. When
the plants were exposed to low temperature, pollen
damage happened. Therefore it caused poor pollen
viability. Our results indicated that there was
decrease in polen viability under cold stress. Among
the genoypes, two genotypes (G8 and G1) were
classified high pollen viability under cold stress
condition. Likewise, higher pollen viability rate were
also detected in WT and commercial varieties
(Com-1 and Com-2). Similar results were obtained
by Picken (1984) who found that poor pollen viability
was recorded at low temperatures. Dominguez et
al. (2005) who investigated five populations pollen
performance at low temperature. They found that
there were no differences in pollen viability among
the populations except for NNNC that showed a
higher mean percentage of viability. Similar results
were obtained by Maisonneuve et al. (1986) and
Zamir and Gadish (1987).

Pollen germination is severely reduced at
temperatures below 10°C. To assess pollen
germination rate, whole genotypes screened under
cold stress at reproductive stage. As expected, the
genotypes showed lower percentage of pollen
viability and percentage of pollen germination under
cold stress. In our study, wild type (LA1227) and all
the commercial varieties exhibited higher means of
pollen germination than the other genotypes.
Nevertheless, genotypes No. G11, G10, G8 and G1
showed better response among the genotypes
except for WT and commercial varieties. Moreover,
these genotypes had higher cold tolerance index
than others. It was observed that pollen germination
of all genotypes was affected by low temperature
applications. Keles (2006) also reported that the
germination percentage may be effective in
distinguishing genotypes from each other in pepper.
The data we obtained in tomato were consistent
with these results. It is thought that the germination
percentage may be effective in distinguishing
genotypes from each other. Some authors reported
that low temperatures affected pollen viability and
germination of sensitive genotypes compared to
tolerant genotypes. Zamir and Gadish (1987),
Mulcahy et al. (1996) and Dominguez et al. (2005)
conducted their experiment in segregating
populations by using pollen selection. Researchers
also stated that pollen selection may determine both
vegetative and reproductive stage to tolerance for
cold stress.

As a result of all these evaluations, it indicates
that genotypes determined as tolerants can not only
create more dry matter under cold stress, but also
show high fertilization and fruit set with a high rate
of live pollen and germination.

4. Conclusion

As a result, cold stress tolerance of twenty
genotypes was evaluated with different
physiological parameters during vegetative growth
and reproduction. These parameters (EL, MDA,
DM, PV and PG) have been succesfully used to
screen cold stress in tomatoes. Furthermore, results
of all these parameters indicated that when
breeding for improved tolerant genotypes, both
stages are necessary for selecting cold tolerant
genotypes in tomato. Besides, cold tolerance index
could be effectively used for evaluating cold
tolerance in tomatoes. G1, G5 and G8 genotypes
could be tolerant to cold stress as shown by
physiological parameters indicators EL, MDA, DM
at vegetative groth stage and also PV and PG at
reproductive stage among the genotypes. These
genotypes will be valuable for breeding programs as
sources of cold stress tolerance.
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