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ABSTRACT 
 
 In order to investigate of fifteen wheat genotypes (Triticum aestivum L.) with winter, facultative and spring 
growth types to cold stress, two laboratory and field experiments were organized in 2011-12. Arranging of green 
house and field experiments were Completely Randomized Design with five replications and Randomized 
Complete Blocks Design at three planting dates, respectively. Spring and facultative growth types had the 
highest and lowest ion leakage. At six leaves stage winter type genotypes including Saison, Marton, Gaskogen, 
C-82-12, C-81-14, with Alvand, Mahdavi and Zarrin facultative type had in vegetative growth, but Shiraz, 
Pishtaz, M-79-7, M-81-13 and Kavir spring type with two facultative genotypes of Marvdasht and Tus entered 
to generative stage and had sensitive to cold. Spring type of genotypes was minimum grain yield and its 
components. Facultative growth type of genotypes had more plant height and total dry matter. The minimum ion 
leakage, lethal temperature (LT50=-350C), and maximum grain yield and total dry matter was allocated for C-82-
12 genotype. In contrast, M-79-7 genotype had the opposite values. Spike per square meter had positive 
correlation with grain yield. Having negative correlation of ion leakage with total dry matter and grain yield 
could be used as an indirect criterion for screening of tolerant genotypes. With increasing potassium 
accumulation in plant, ion leakage decreased and was tolerant to cold stress. It is concluded that genotype, stage 
and growth type, vernalization necessity, were important for evaluating of genotypes to cold tolerance.                                             
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Introduction 
 
 Wheat (Triticum aestivum L.) is the most 
important plant in the west Azerbaijan. In 2011-2 
wheat‘s planted area approximately was 300 
thousand hectare. One of the abiotic stresses, that 
have many injuries in the agriculture in every year, 
are winter early maturing and spring late maturing 
cold injuries. For this reason, necessity of this 
research is to decreasing the effective injuries of cold 
stress with introducing tolerant cultivars. Wheat 
cultivars were susceptible to climatic variations and 
for each environment with special conditions must be 
considered special cultivars [7]. The best planting 
date is important in germination and seedlings 
emergence under cold stress conditions [18]. 
Establishment of winter wheat depends on factors 
like: cold adaptation, cold intensity, low temperature 
in winter season, and day length [17]. Decreasing 
gradual temperature at autumn season was caused 
adaptation ability of genotypes, which is necessary 
for tolerance against cold and freezing stresses [6]. 
Delay in passing from vegetative to generative phase 
under short days, caused to increase in tolerance 

level and long protection against to cold tolerance 
[10]. Rizza et al., [19] with investigating cold 
injuries in wheat genotypes, concluded that there was 
significant correlation between cold injury and grain 
yield (r=0.61**). Yamada et al., [20] stated that there 
were significantly differences for ion leakage under 
cold tolerance in Rye grass. Winter wheat genotypes 
due to vernalization necessity prevented passing 
from vegetative to generative phase until passing 
cold season. But at spring type genotypes because of 
no necessity to vernalization in long days quickly 
enter to reproductive stage and susceptible to cold 
stress [15]. Seedlings death because of cold stress at 
the first adaptation phase has the most intensity [3]. 
Bridger et al., [2] in investigating of emergence 
relations of six wheat and barely genotypes under 
cold stress concluded that survival index differences 
depend on soil type, growth stage and different 
temperatures. With attention to accomplished 
researches, purpose of this experiment was to 
evaluate wheat genotypes reaction to cold tolerance 
with planting them on different sowing dates under 
field and green house conditions. 
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Material and Methods 
 
Experimental location: 
   
 Saatlu station was selected in the agricultural 
research center of west Azerbaijan, Iran (37˚44’N, 
45˚10’E; 1338m altitude) (Table 1). Mean 
temperature and annual precipitations were 9.25˚C 
and 160 mm (Table 2). 
 
Green house experiment: 
 
 Fifty woody boxes got ready at demonstrates in 
52×32cm with 13cm height, which was containing 

soil and compost (1:1v/v). Arrangement of genotypes 
was completely randomized design with five 
replications. One row of each genotype planted at per 
box under green house conditions. At two, four and 
six leaves stages, 5 boxes brought to laboratory 
refrigerator with 20˚C and controlled light (12/12h). 
After passing 24 hour, refrigerator’s temperature 
decreased to 2˚C at hour. From -5˚C until -25˚C one 
box was taken from refrigerator and traits such as 
LT50, ion leakage, leaf potassium accumulation and 
total dry matter was measured and photographed 
from apexes at different growth stages. 

 
Table 1: Soil physico-chemical properties of Saatlu station of agricultural research center  from 0-35cm depth. 

Salinity 
(ds/m) 

Acidity Soil saturation 
(%) 

Lime 
(%) 

Soil 
texture 

Organic 
carbon (%) 

Total 
nitrogen (%) 

Available 
phosphor 

(ppm) 

Available 
potassium 
(ppm) 

0.8 8 47 16 Clay loam 1.2 0.12 12 425 

 
Table 2: Meteorological parameters of Saatlu station of agricultural research center in 2011-12 seasons. 

Frost days Minimum temperature 
of soil surface (˚C) 

Minimum absolute 
temperature (˚C) 

Relative humidity 
(%) 

Precipitation 
(mm) 

Month 

1 3.3 7.2 75.0 1.2 October 
10 -1.9 2.6 82.1 7.6 November 
25 -6.6 -3.3 92.5 30.4 December 
30 -15.6 -10.8 92.5 8.0 January 
29 -14 -15.4 92 51.5 February 
19 4.6- -1.0 80.8 25.2 Mars 
1 0.9 4.7 72.3 3.4 April 
0 3.9 7.6 74.1 24.5 May 
0 7.7 11.5 71.5 0 Juan 
0 13.1 15.6 71.1 10.9 July 

 
Field experiment: 
 
 A factorial experiment was carried out based on 
complete blocks design with three replications. 
Wheat genotypes with winter (Saison, Marton, 
Gaskogen, C-81-14, C-82-12), facultative (Alvand, 
Mahdavi, Zarrin, Marvdasht, Tus) and spring 
(Shiraz, Pishtaz, M-79-7, M-81-13, Kavir) types 
were arranged at first factor and planting dates 
(October, November, December) were at second 
factor. Sowing was done at six rows with 450 
seed/m2 density. Distance between rows was 20cm 
with 3m length. Weed control of plots was done 
mechanically at during growth. In maturity time 
traits of plant height, spike per square meter, Grain 
per spike, 1000-kernel weight, Grain yield and Total 
dry matter of each plot were recorded.  
 
Statistical analysis: 
 
 The data from field and green house experiments 
were analyzed by using MSTAT-C and mean 

comparisons arranged by Duncan’s multiple range at 
0.05 probability level 
 
Results ad discussion 
 
Green house experiment: 
 
 Analysis of variance had significantly 
differences between genotypes at six leaves stage for 
traits of ion leakage, potassium accumulation and 
total dry matter. Significant differences between 
genotypes shown genetic variations those are useful 
in identifying cold tolerant genotypes (Table 3). 
Orthogonal comparisons for three types of growth 
showed that the most and less ion leakages are 
related to spring and facultative genotypes, 
respectively. In opposite total dry matter of per plants 
were the highest values for facultative genotypes and 
spring genotypes had the less values. So that 
potassium accumulation was the most at shoots in six 
leaves stage between different genotypes with spring 
type (Table 4). 

 
Table 3: Analysis of variance for traits of wheat genotypes under green house conditions. 

Total dry matter  Potassium accumulation Ion leakage df S.O.V 
0.009** 0.637**88.704** 14 Cultivar 
0.002 0.091 1.912 60 Error 
20.62 5.187.37 Coefficient of variations (%) 

       **: Statistical significant differences at 0.01 probability level 
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Table 4: Orthogonal comparison of wheat traits under laboratory conditions. 
Total dry matter (g/plant) Potassium accumulation (%) Ion leakage (µs/m) Growth type 

0.23b 5.8a 17.0a Winter 
0.26a 5.6a 15.7b Facultative 
0.23a 5.8a 17.0b Winter 
0.20b 5.9a 22.4a Spring 
0.26a 5.9a22.4a Spring 
0.20b 5.6b 15.7b Facultative 

Numbers with the same letter(s) were not significant differences at 0.05 probability level                                                                              
 

Ion leakage 
 
 M-81-13 genotype with 27.70µs/m had the most 
ion leakage. Saison, Pishtaz, M-79-7 and Kavir with 
22.36, 22.39, 23.55 and 22.78µs/m were in the 
second group. Zarrin with 13.76µs/m had the less ion 
leakage. Yamada et al., [20] in the experiment that 
accomplished on the Rye grass for measuring the ion 
leakage under cold stress, concluded that susceptible 
genotypes have high ion leakage. Under cold stress 
in genotypes with spring type, cell wall was 
degradation consequently contents exude out and 

increase the electrical conductivity of media. Except 
of Saison other genotypes with facultative and winter 
types had the less ion leakages (Figure 1). Chang et 
al., [5] with measuring ion leakage of bean seedlings 
under cold stress, observed non-inversion of cell wall 
after removing stress. Potassium leakage from dead 
tissues was 7-10 folds of calcium and magnesium. 
Adapted seedlings to cold stress significantly 
decrease electrical conductivity and concentrations of 
solution sugars, free amino acids and potassium, 
magnesium and calcium in ion leakage.

 

 
Fig. 1: Means of ion leakage genotypes at six leaves stage under cold stress. 
 
Potassium accumulation: 
 
 C-81-14 and Gaskogen genotypes with 6.67% 
and 6.44% had the most potassium accumulations 
and Tus, Shiraz with 6.29% and 6.26% were in the 
second group. Saison with 4.89% had the less 
potassium accumulation. Genotypes like M-81-13 
and Saison that had the high ion leakage, succeeded 
from the less potassium accumulation. Potassium is 
the effective element for increasing of plant tolerance 
to unfavorable conditions, the most potassium 
accumulation between winter type genotypes 
observed in C-81-14 (Figure 2).  
 
Total dry matter at six leaves stage: 
 
 Gaskogen with 0.30gr/plant had the most total 
dry matter. After Gaskogen Saison, Marton, C-81-14, 
Alvand, Marvdasht, Tus, Shiraz and M-79-7 
genotypes respectively with 0.26, 0.25, 0.28, 0.25, 
0.28, 0.28, 0.26 and 0.26gr/plant were in the same 
group. Zarrin, M-81-13 and kavir genotypes 
respectively with 0.17, 0.16 and 0.13gr/plant had the 
less total dry matter (Figure 3). Interfere genes under 

cold stress that connected vernalization genes caused 
accumulation of anti frost proteins, soluble sugars, 
absisic acid, synthesis of non-saturated phospholipids 
and the most tolerated stage to cold stress is rosette 
[9].       
 
Spike formation: 
 
 Apex photograph from all of genotypes were 
taken at two, four and six leaves stages. Genotypes 
with different growth types at two and four leaves 
stages were in vegetative phase. Whereas in six 
leaves stage Gaskogen, Marton, Saison, C-81-14 and 
C-82-12 genotypes with winter type and Alvand, 
Mahdavi and Zarrin with facultative type that have 
tendency to winter type thus were at vegetative 
phase. In contrast, facultative genotypes like 
Marvdasht and Tus that have tendency to spring type 
with spring genotypes entered to generative phase 
(Figure 4). Being delay in passing from vegetative to 
generative phase is so important in tolerance to cold 
stress and genotypes those are in vegetative stage 
have the most tolerance to cold stress. Genotypes 
those entered to generative stage are not 
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recommended to planting them in cold regions. 
Mahfoozi et al., [16] in investigating barley cultivars 
under cold stress proved that in spring cultivars there 
was no necessity to vernalization and this necessity, 
delayed the improved stage of plant. Winter cultivars 
after estimating the vernalization necessity reach to 
the high tolerance to frost. Whereas spring type 
genotypes without vernalization necessity were 

entered to generative phase. They conclude that 
passing from vegetative to generative phase is the 
standard key in decreasing frost tolerance in crops 
under cold stress. Also Gardner and Barnett [11] 
pointed out that vernalization differences, obtain 
opportunity for collecting tolerant cultivars to cold 
stress.  

 

 
Fig. 2: Means of potassium accumulation genotypes at six leaves stage under cold stress. 
 

 
Fig. 3: Means of per plant total dry matter genotypes at six leaves stage Under cold stress. 
 

 
Fig. 4: Apex figures of wheat genotypes at six leaves stage. 
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Lethal temperature  
 
 Probit analysis for calculating the 50% of dead 
seedlings in -5, -10, -15, -20 and -25˚C for all 
genotypes showed that Gaskogen with winter type at 
-42˚C and shiraz with -28˚C are tolerant and 
susceptible genotypes to cold stress, respectively. 
Necessity temperatures for dying 50% of genotypes 
were determined (Table 5). High tolerance at 
Gaskogen indicates that in high temperatures winter 
type genotypes do not enter to generative stage, 
consequently their tolerance is high. Whereas spring 
type genotypes entered to generative stage, and stem 
growth is susceptible to cold and this is in conformity 
with Brule-Babel and Fowler, [3] experiments, the 

quick changes in LD50 happen in the first stages of 
adaptation. Tolerance in crops with winter type to 
low temperatures related to physiological processes 
in cold stress. Different physiological and 
biochemical changes happen in cold stress, that these 
changes are like enzyme activities, store compatible 
solutions, changes in stability of membrane and 
expression special genes under stress [4]. This 
change in winter cultivars in compared with spring 
type is severe. Although cold tolerance exclusively is 
not attribute to gene location Sh3 and Sh2, Sh that 
control growth type, perhaps genetic analysis in 
barley and rye shown that this trait related to many 
gene locations [8,13]. 

 
Table 5: Probit analysis of wheat genotypes for calculating 50% of dead seedlings at six leaves step. 

Cultivar a B Z= a + b logxi   LD50 (˚C) 
Saison 2.31 - 1.46 1.58 -38 
Marton 2.107 - 1.290 1.633 -36 

Gaskogen 2.039 - 1.193 1.709 -42 
C-81-14 1.724 - 1.26 1.36 -33 
C-82-12 1.419 - 0.933 1.520 -35 
Alvand 0.918 - 0.6 1.531 -33 

Mahdavi 2.256 - 1.433 1.574 -34 
Zarrin 1.429 - 0.933 1.531 -33 

Marvdasht 2.072 - 1.366 1.516 -32 
Tus 1.102 - 0.666 1.654 -36 

Shiraz 0.783 - 0.533 1.469 -28 
Pishtaz 1.724 - 1.26 1.36 -30 
M-79-7 0.682 - 0.433 1.575 -30 

M-81-13 0.653 - 0.4 1.632 -32 
Kavir 0.767 - 0.5 1.534 -31 

 
Field experiment 
 
 Combined analysis of variance in three planting 
dates October 8, November 5, and December 7 for 
investigated genotypes showed that except of grain 
per spike, at different planting dates and between 
genotypes spike per square meter, there were 
significant differences in other traits (Table 6). 
Anerson and Taliaferro, [1] in evaluating five 
cultivars of Cynodon spp to cold stress showed that 
at different growth stages, cold tolerance were varied 
and significant difference indicated genetic variations 

between genotypes that could be used in breeding 
programs. Between winter and facultative genotypes 
for grain yield and its components didn't show 
significant differences. Whereas between winter type 
with spring and spring type with facultative there 
were significant differences for grain yield and its 
components. Facultative genotypes compared with 
spring and winter genotypes had the most total dry 
matter and plant height. Being low grain yield in 
spring genotypes arise from low spike per square 
meter and grain per spike (Table 7). 

 
Table 6: Combined analysis of variance for traits of wheat genotypes at three planting times under field conditions. 

Plant 
height 

Total dry matter 1000KW Grain per 
spike 

Spike per square meter Grain yield df S.O.V 

**1536.83 10130823.10** **642.29426.31ns**16895380.14 **2684792.70 2 Planting date 
(P) 

38.18 31843.33 13.09 136.12 32240.54 10524.80 6 Error 

**268.21 224896.23** **68.23**97.6044265.74ns **15287.35 14 Genotype (G) 

*29.80 222770.59** **27.60**82.51**75139.73 **31462.19 28 P×G 

16.17 29699.69 11.49 35.97 20583.92 6313.57 84 Error 

5.86 19.23 8.68 11.33 20.00 17.09 Coefficient of 
variations (%) 

ns, * and ** : No significant, Significant at the 5 and 1% levels of probability, respectively.                                    
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Table 7: Orthogonal comparison of wheat traits under field conditions. 
Plant height (cm) Total dry matter 

(g/m2)  
1000KW (g) Grain per spike Spike/m2 Grain yield 

(g/m2) 
Growth type 

63.1b 900.2b 36.6b 52.8a 725.4a 301.4a Winter 
73.7a 1018.6a 40.2b 54.0a 736.2a 311.4a Facultative 

     
63.1a 900.2a 36.6b 52.8a 725.4a 301.4a Winter 
69.1b 769.9b 40.2a 51.8a 690.6a 267.1b Spring 

       
69.1b 769.9b 40.2a 51.8a 690.6b 267.1b Spring 
73.7a 1018.6a 40.2a 54.0a 736.2a 311.4a Facultative 

The same letter of numbers were not significant differences 

 
Total dry matter: 
 
 Apart from type of genotypes, first planting date 
with 1432.07gr/m2 and the third planting date with 
529.25gr/m2 had the most and the less total dry 
matter, respectively. High total dry matter at first 
planting was due to suitable seedlings growth time 
and genotypes with different types until being 
environmental low temperature arrive to tillering and 
be tolerant to cold stress. Whereas at second and 
third planting dates genotypes did not have tillering 
opportunity and enough amassed nutrients in leaves. 

At three planting dates, Zarrin with 1124.81gr/m2 
had the high total dry matter and Pishtaz and M-81-
13 genotypes respectively with 672.22 and 
681.11gr.m2 had the less total dry matter. C-82-12 
genotype with winter type had the high total dry 
matter at second and third planting dates. Coventry et 
al., [6] concluded that in the season of autumn and at 
the beginning of winter gradual decrease of 
temperature caused gradual tolerant in plant that it is 
important for cold tolerance. Delayed planting date, 
caused to decrease in plant height, grain yield and 
total dry matter (Figure 5). 

 

 
 
Fig. 5: Means of total dry matter genotypes at three planting times under field conditions. 
 
Grain yield and its components:  
 
 Between planting dates, C-82-12 with 
357.40gr/m2 had the most grain yield and Pishtaz 
with 206.66gr/m2 had the less grain yield. At first 
planting date, Mahdavi and M-79-7 genotypes with 
753.33 and 739.99gr/m2 had the most grain yield. 
Pishtaz also with 343.33gr/m2 had the less grain 
yield. For second planting date the most grain yield 
was in C-82-12 with 414/44gr/m2 and Mahdavi, Tus, 
M-79-7, M-81-13 genotypes respectively with 95.55, 
115.55, 74.44, 112.22gr/m2 had the less grain yield. 
Finally, at the third planting date, C-82-12 genotype 
with 212.22gr/m2 had the most grain yield. Gaskogen 
with 57.77gr/m2 was the less value (Figure 6). 
 Changes of 1000-kernel weight and grain per 
spike at three planting dates are lower from spike per 

square meter. Therefore, the most effect of cold 
stress on grain yield components is spike per square 
meter (enough tiller) (Figures 7, 8, 9). C-82-12 
genotype successes from low ion leakage and low 
LT50=-35˚C that after Gaskogen successes LT50=-
42˚C and had low variation range for grain yield, 
total dry matter, and standard deviation at three 
planting dates (Table 8). In opposite M-79-7 
successes the high ion leakage and LT50=-30˚C and 
the most variation rang and standard deviation. 
Gaskogen cultivar with winter type and had the low 
temperature for 50% of live seedlings, tolerance to 
cold stress but it is not success high grain yield 
potential. Different researchers [14,17] proved that 
survive under cold stress depends on factors like 
genotype, growth stage, expose to temperature, rate 
and length of stress time and solar radiation. 
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Fig. 6: Means of grain yield genotypes at three planting times under field conditions. 
 

 
 
Fig. 7: Means of 1000-kernal weight genotypes at three planting times under field conditions. 
 

 
 
Fig. 8: Means of grain per spike genotypes at three planting times under field conditions. 
 

 
Fig. 9: Means of spike per square meter genotypes at three planting times under field conditions. 
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Table 8: Mean, rang and standard deviation of grain yield and total dry matter of wheat genotypes at three planting time under field 
conditions. 

Total dry matter (g)   Grain yield (g)  
Standard 
deviation 

Rang Mean Standard 
deviation 

Rang Mean Genotype 

656.39 1275.55 921.47 310.37 572.23 316.66 Saison 

412.25 722.23 816.29 201.16 380 260.73 Marton 

556.49 1056.66952.58 266.94 533.34 317.40 Gaskogen 
347.27 663.33 768.88 161.95 308.89 255.17 C-81-14 
222.98 314.44 1041.84 126.69 233.33 357.40 C-82-12 
323.51 577.78 868.51 163.25 325.55 283.32 Alvand 
1017.32 1806.11 905.36 379.76 657.78 314.81 Mahdavi 
620.38 1158.88 1124.80 310.60 583.33 342.21 Zarrin 
537.50 975.55 1101.84 294.60 545.55 330.73 Marvdasht 
642.46 1113.34 1092.58319.44 566.67 285.92 Tus 
601.92 1181.11 1031.10 312.46 592.22 310.73 Shiraz 
248.61 443.33 672.21 119.77 223.34 206.66 Pishtaz 
621.23 1144.45 742.58 372.09 621.11 311.10 M-79-7 
431.54 780 681.10 233.26 410.01 240.73 M-81-13 
336.53 671.11 722.96 174.30 327.78 266.29 Kavir 

 
Plant height: 
 
 The first planting date with 75.28cm had the 
most height and the third planting date with 64.24cm 
had the lowest value. Delayed at sowing dates, plant 
height of cultivars been low (Figure 10). Apart from 
tiller number, with increasing plant height, total dry 

matter increased too. Rawson, [18] expressed that the 
best planting date caused to settled plant at every 
stage of growing in suitable process that in the results 
of this research, because the first planting date was 
the best, plant for purposes of height, was successes 
from the best growth. 

 

 
Fig. 10: Means of plant height genotypes at three planting times under field conditions. 
  
Correlation coefficient of traits: 
 
 Correlation coefficient between traits showed 
that spike per square meter had significant and 
positive correlation with grain yield. Other yield 
components such as 1000-kernel weight and grain 
per spike had not significant differences. Whereas 
positive significant correlation coefficient of total dry 
matter with grain yield, its occurred that arises from 
tillers especially the most fertile tillers that with 
increasing fertile tillers, total dry matter and 
consequently grain yield increases. Being significant 
correlation of total dry matter at six leaves stage with 
total dry matter at whole plant indicates that with 
having strong seedling total dry matter at whole plant 
is also increased. Between ion leakages with total dry 
matters at seedling’s stage and whole plant and grain 
yield were correlations that with increasing ion 
leakage, total dry matters and grain yield decreased. 

It is suggest that in evaluating cold tolerance, ion 
leakage can introduced as an indirect criterion for 
screening cold tolerance in wheat genotypes. There 
were negative correlation between ion leakage and 
potassium accumulation, in other words with 
increasing potassium accumulation, ion leakage has 
been low and with decreasing ion leakage plant has 
been tolerant to cold stress. Giorni et al., [12] at 
investigating the regulated genes to cold stress in 
susceptible and tolerant cultivars of barley under 
field conditions observed that high storage of 
COR14a, COR14b proteins is at tolerance cultivars, 
whereas in susceptible genotypes it is not observed 
such proteins. These types of proteins could be 
indirect criterion at breeding for cold tolerance. 
Interfere genes at cold tolerance in barley were paf93 
and pao86, pt59 that stagnant the synthesis such 
proteins and causes to cold tolerance (Table 9). 
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Table 9: Correlation coefficient of wheat traits at cold stress. 
Total dry 

matter 
(g/plant) 

Ion 
leakage 
(µs/m) 

Potassium 
accumulation 

(%) 

Total dry 
matter 
(g/m2) 

Grain 
yield 

(g/m2) 

1000KW 
(g) 

 

Grain 
per 

spike 

Spike/m2 Trait 

0.04 -0.18 0.08 0.350.170.49 0.15 0.37 Plant height (cm) 
0.56* -0.42 -0.18 0.67** 0.57* -0.30 0.39  Spike/m2 
-0.01 -0.05 -0.49 0.39 0.29 -0.26   Grain per spike 
-0.53* 0.15 0.19 -0.14 0.12    1000KW (g) 
0.52* -0.53* -0.20 0.78**     Grain yield (g/m2) 
0.61* -0.79** 0.04      Total dry matter 

(g/m2) 
0.01 -0.52*       Potassium 

accumulation (%) 
-0.67**        Ion leakage (µs/m) 

* and **: Statistical significant differences at the levels of 0.05 and 0.01, respectively.    

 
Conclusion: 
 
 Planting date of October, comparatively to other 
dates had the high grain yield, under field conditions 
and in the lower temperature (-15.6˚C) genotypes 
were in the tiller stage. Genotypes with spring type 
entered to generative phase at six leaves stage. 
Vernalization genes at winter type genotypes 
prevented from passing vegetative to generative 
phase and increased cold tolerance.  Between studied 
genotypes, C-82-12 with winter type had the low ion 
leakage and LT50=-35˚C that after Gaskogen (-42˚C), 
successes high grain yield and its components and 
total dry matter. In contrast M-79-7 genotype with 
spring type had the low grain yield, rang and 
standard deviation at three planting dates. Between 
yield components spike per square meter, had the 
significant positive correlation with grain yield. 
Having significant negative correlation between ion 
leakage with total dry matter and grain yield could be 
indirect criterion for screening cold tolerance 
genotypes at first stage of seedlings. With potassium 
accumulation, ion leakage has decreased in plants 
and tolerated to cold stress. Cold tolerance 
differences relate to growth stage, severity and time 
of stress and growth type. 
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