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Comprehensive abstract

Introduction

In the Mediterranean climates with mild winters like Khuzestan province, Iran, wheat is planted in
autumn, and heat stress occurs only during the reproductive growth stage of wheat. In these regions,
delayed planting causes the flowering and grain filling stages to be exposed to high temperatures, and
the quantitative and qualitative performance of wheat decreases. Genetic improvement is one of the
strategies to combat heat stress. Considering the importance of genetic resources for tolerance to
environmental stresses tolerance, the present research was conducted to screen the wheat genetic
collection of the National Plant Gene Bank of Iran for tolerance to terminal heat stress and to identify
tolerant accessions.

Materials and methods

In plant materials of this experiment were 236 bread wheat accessions along with three control
varieties (Chamran, Chamran2 and Aflak), which were planted in an augmented design in the research
field of Agricultural and Natural Resources Research Center of Khuzestan province, Ahvaz, Iran, in
2015-2016 crop year. The experiment was carried out in two planting dates, on-time planting date
according to the region's custom at late November as normal conditions, and delayed planting at early
January with the aim of heat stress during the reproductive growth stage of wheat. The measured traits
included spike length, 100-grain weight, plant height, number of grains per spike, number of spikelets
per spike, number of florets per spikelet, number of days to heading, number of days to maturity, grain
filling duration, and five spikes grain weight. For data statistical analysis, descriptive statistics were
firstly estimated under both normal and heat stress conditions, and then the relationships among traits
were investigated using correlation coefficients. Principal component analysis was used to reduce the
volume of data and cluster analysis was perfomed to group the studied genotypes.

Research findings

The results of this experiment showed that terminal heat stress reduced the average of all studied
traits, so that the highest decrease was observed in five spikes grain weight and the number of grains
per spike. Based on the results of correlation coefficients under both normal and heat stress conditions,
a positive and significant correlation was observed between five spikes grain weight and yield
components traits, and a negative and significant correlation between five spikes grain weight and
days to heading and days to maturity. Based on the results of principal component analysis, 72.54%
and 80.53% of the total variance were explained by two and three main components under normal and
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heat stress conditions, respectively. The results of principal component analysis also indicated that the
wheat accessions KC12977, KC12980, KC13013, KC13043, and KC13087, with the characteristics of
early flowering and early maturity and higher values of five spikes grain weight, number of grains per
spike, grain filling duration and number of florets per spike, were valuable accessions and have the
sufficient potential to be used in breeding programs for heat stress tolerance. The results of cluster
analysis separated the studied accessions into six group, and the fourth group including 62 accessions
along with the control cultivars, had the highest average for number of florets per spike, number of
grains per spike, and five spikes grain weight, as well as the lowest average for days to heading and
days to maturity under both normal and heat stress conditions. and were recognized as the most
tolerant group to heat stress. by three main components. In addition, the studied accessions were
divided into six groups using cluster analysis.

Conclusion

The results of this study showed that there was a high genetic diversity among the studied bread
wheat accessions in terms of terminal heat stress tolerance. Some genetic samples such as KC12977,
KC12980, KC13013, KC13043 and KC13087, were valuable genotypes for the traits of early
flowering and early maturity, as well as grain yield and yield components. The high diversity in these
genetic resources, especially the tolerant accessions identified in this experiment as above mentioned,
can be used to improve heat stress tolerance in future breeding programs.
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Table 1. Descriptive statistics of 236 bread wheat accessions under normal and heat stress conditions in Ahvaz

Normal conditions Range Mean Star.ld?rd Coe.ff1.c1ent of
deviation variation (%)
Plant height (cm) 75 103.27 16.22 15.71
Days to heading 59 104.20 17.73 17.02
Days to full maturity 51 137.79 13.11 9.51
Grain filling period (days) 32 33.59 6.10 18.17
Spike length (cm) 10.1 10.18 1.50 14.70
Number of spikelets per spike 22.2 18.16 2.75 15.13
Number of florlets per spikelet 24 2.63 0.55 20.93
Number of seeds per spike 49.4 39.18 10.48 26.74
One hundred grain weight (g) 3.25 3.54 0.62 17.49
Grain weight of 5 spikes (g) 10.64 6.78 2.33 34.31
Heat stress conditions
Plant height (cm) 75 81.83 14.68 17.94
Days to heading 65 85.52 16.63 19.44
Days to full maturity 60 113.53 12.78 11.26
Grain filling period (days) 31 28.02 5.31 18.95
Spike length (cm) 6.5 8.95 1.13 12.64
Number of spikelets per spike 21.2 16.14 241 14.92
Number of florlets per spikelet 2.53 2.35 0.49 20.72
Number of seeds per spike 44 30.49 8.89 29.15
One hundred grain weight (g) 2.53 2.75 0.52 19.02
Grain weight of 5 spikes (g) 7.18 4.17 1.57 37.73
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Table 2. Number of superior accessions to control cultivars under normal (non-heat stress) conditions

Plant Spike No. of 100-grain Five spike
Accession” height Accession length Accession grains  Accession 8 Accession  grain
(cm) (cm) per spike weight (g) weight (g)
12925 135 12914 159 12935 63.2 13199 5.25 13081 12.7
12926 135 12926 15.2 12998 61.2 13211 5.04 13008 12.26
12927 130 13053 14.8 13005 61.2 13007 5.03 13091 11.38
12943 130 13189 14.5 13010 60.2 13197 4.98 13011 11.34
12950 130 13162 14.4 13081 59 13206 4.71 12998 11.31
13074 130 13201 14.3 13091 58.8 13002 4.69 13013 11.19
13211 130 12901 14 13198 58.4 12995 4.68 13010 11.12
12933 125 12902 13.6 13013 58.2 12996 4.67 12996 10.89
12935 125 13188 13.6 12982 58 13037 4.67 13005 10.76
12936 125 12927 13.5 12930 57.8 13087 4.61 13037 10.75
12949 125 13010 133 13083 57.8 13202 4.61 12931 10.68
12952 125 13057 13 12914 57.4 13044 4.6 13007 10.59
12953 125 13213 13 13011 56.4 13098 4.58 13002 10.49
12954 125 13125 12.9 13008 554 13107 4.54 13009 10.33
12955 125 13211 12.6 12973 55 13042 4.52 13006 10.24
13061 125 13203 12.5 12979 54.2 13035 4.49 13211 10.23
13062 125 13045 12.4 13103 53.8 12931 4.46 13083 10.17
13064 125 13209 12.4 12969 52.6 13008 443 13073 10.12
13066 125 12943 12.3 13073 52.6 13200 4.36 13198 10.1
13075 125 13052 12.3 13058 524 12910 4.34 12935 10.04
13099 125 13074 12.3 12972 522 12911 4.32 12995 10.02
13197 125 13123 12.3 12976 522 12943 431 12976 9.97
13198 125 12995 12.2 12971 52 13201 431 12930 9.91
13199 125 13182 12.2 13086 51.8 13043 43 13199 9.78
13212 125 12949 12 12902 514 13009 4.29 12945 9.73
Aflak 83.2 9.9 47.5 3.96 9.07
Chamran  83.0 9.8 473 3.93 8.97
Chamran2  83.2 9.9 47.9 3.96 9.14

T The traits for which a large number of accessions were superior to the control cultivars, only 25 superior
accessions are presented.
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Table 3. Number of superior accessions to control cultivars under terminal heat stress conditions

Plant Spike No. of 100-erain Five spike
Accession” height Accession length Accession grains Accession 8 Accession  grain
(cm) (cm) per spike weight (g) weight (g)
13074 120 13074 12.3 13022 50.4 13087 4.11 13087 7.89
13029 115 13125 11.9 12979 49 13107 4.05 13013 7.49
13075 115 12901 11.8 13013 47.6 13039 3.96 12977 7.44
13033 110 12902 11.6 12969 47.4 13030 3.95 12980 7.38
13057 110 12995 11.6 12980 47 13197 3.87 13065 7.28
13076 110 13046 11.6 12985 46.8 13037 3.75 13043 7.16
13026 107.5 13189 11.6 12998 46.2 13043 3.73 13107 7.11
13211 107.5 13029 11.5 13065 45.8 13044 3.72 13050 7.08
12925 105 13058 11.4 12982 45.6 13031 3.7 13085 7.08
12949 105 12914 11.3 13086 45.2 13206 3.67 13022 7.04
13034 105 12926 11.3 12977 45 13200 3.66 13037 6.95
13048 105 12955 11.1 13085 44.4 13040 3.64 13039 6.84
13054 105 13057 11 13198 43.8 13078 3.64 13005 6.78
13199 105 13045 10.9 12906 432 13042 3.63 13074 6.7
13212 105 12927 10.8 13005 432 13208 3.62 12997 6.47
12926 103.8 13052 10.8 13083 43 13035 3.59 13010 6.46
13101 103.5 13183 10.6 12913 3.56 12978 6.38
12954 103.3 12984 10.5 12930 3.55
13056 103.3 13124 10.5 13003 3.55
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Table 3. Continued aslsl =Y Jgo
Plant Spike No. of 100-arain Five spike
Accession” height Accession length Accession grains  Accession 8 Accession grain
(cm) (cm) per spike weight (g) weight (g)
12950 102.5 12979 10.4 12981 35
12953 100 13004 10.4 13001 3.49
13019 100 13140 10.4 13074 3.49
13036 100 12945 10.3 13210 3.48
13046 100 12953 10.3 12977 3.47
13052 100 12957 10.3 13029 3.44
Aflak 69.8 9.3 42.0 3.06 6.27
Chamran  69.4 9.2 41.8 3.04 6.23
Chamran2  70.0 9.2 423 3.09 6.35

T The traits for which a large number of accessions were superior to the control cultivars, only 25 superior

accessions are presented..
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Table 4. Correlation coefficients between the evaluated traits of bread wheat accessions under normal and
terminal heat stress conditions

Normal = py by GFP SL NSS NFES NGS HGW  ESGW
conditions
PH 0498" 0476° -04277 0337° 0.168° -0547° -0315°  -0.136 0307
DH 0966 -0.831"  0.159° -0.329"  -0.682"  -0.698"  -0.594"  -0.814™
DEM 20.659  0.156°  -0.329" 06717  -0.690"  -0.532  -0.778"
GFP 20126 02507 05427 0.5467  0.584"  0.694™
SL 0407  -0.082  0.165" 0.015 0.100
NSS 0.175" 0603 0133 04917
NFS 0759 0350  0.740"
NGS 0270  0.854™
HGW 0.708"
Heat stress
PH 0.113  0.125 _ -0054 0.191" 0337° -0207"  -0.069  0.164 0.020
DH 0968 -0.800"  -0.031 -0.425" -0.618" -0761"  -0.559"  -0.793"
DEM 20.625% 0023 -0.399"  -0.603"  -0.722"  -0.488"  -0.731"
GFP 0.041 0370 0483  0.643"  0576"  0.722"
SL 0428 0101  0281%  -0.016 02007
NSS 0320 0.669" 0221  0.568"
NFS 0753  0.194"  0.639™
NGS 0354 0.882"
HGW 0.726™

“and ™" Significant at 5% and 1% probability levels, respectively.
T PH, plant height; DH, days to heading; DFM, days to full maturity; GFP, grain filling period; SL, spike length; NSS,
number of spikelets per spike; NFS, number of florlets per spikelet; NGS, number of grains per spike; HGW, 100-

grain weight; FSGW, five spikes grain weight.
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Table 5. Results of principal component analysis of bread wheat accessions under normal and terminal heat
stress conditions in Ahvaz

Normal conditions

Heat stress conditions

Trait

1 2 1 2 3
Plant height -0.519 0.6 -0.037 0.737 0.5

Days to heading -0.949 0.12 -0.927 0.208 -0.072

Days to full maturity -0.905 0.104 -0.87 0.214 -0.01
Grain filling period 0.815 -0.126 0.809 -0.136 0.204
Spike length -0.052 0.816 0.198 0.705 -0.399
Number of spikelets per spike 0.423 0.751 0.609 0.62 -0.126
Number of florlets per spikelet 0.811 -0.13 0.728 -0.18 -0.416
Number of seeds per spike 0.837 0.308 0.91 0.1 -0.283

One hundred grain weight 0.635 0.007 0.625 -0.025 0.65
Five spikes grain weight 0.935 0.204 0.942 0.058 0.094
Eigen value 5471 1.783 5.318 1.578 1.156
Variance (%) 54.707 17.833 53.183 15.778 11.563
Cumulative variance (%) 54.707 72.54 53.183 68.961 80.525
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Table 6. Mean of the traits in the groups derived from cluster analysis of bread wheat accessions under normal
and heat stress conditions in Ahvaz

Trait Cluster
1 2 3 4 5 6
Normal conditions
Plant height (cm) 102.08 102.29 106.02 81.52 112.71 121.30
Days to heading 118.25 132.88 90.37 85.15 125.00 110.19
Days to full maturity 147.25 159.62 129.02 123.55 152.88 141.28
Grain filling period (days) 29.00 26.75 38.65 38.40 27.88 31.09
Spike length (cm) 10.54 9.40 9.68 9.74 10.99 10.99
Number of spikelets per spike 16.51 14.71 19.12 18.08 16.65 20.29
Number of florlets per spikelet 2.25 2.28 2.89 3.21 2.23 227
Number of grainss per spike 30.80 25.89 44.33 47.75 30.48 38.44
One hundred grain weight (g) 3.33 2.96 3.99 3.77 3.25 3.33
Five spikes grain weight (g) 4.93 3.71 8.48 8.65 4.67 6.26
Heat stress conditions
Plant height (cm) 71.98 72.29 89.62 66.26 86.98 97.99
Days to heading 98.38 116.25 73.29 67.92 102.62 89.67
Days to full maturity 122.75 137.38 105.69 100.11 126.42 115.41
Grain filling period (days) 24.38 21.13 32.39 32.20 23.79 25.74
Spike length(cm) 8.40 8.47 8.61 9.02 9.79 9.31
Number of spikelets per spike 13.57 13.38 17.00 16.57 15.62 17.51
Number of florlets per spikelet 1.99 1.93 2.52 2.80 2.04 2.19
Number of grains per spike 21.93 18.50 34.11 39.05 24.32 29.77
One hundred grain weight (g) 2.50 222 3.16 291 243 2.70
Five spikes grain weight (g) 272 2.05 5.19 547 2.93 3.96
No. of members 24 24 51 62 24 54
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Figure 1. Separation of the groups from cluster analysis of bread wheat accessions using discriminant function
analysis under normal and terminal heat stress conditions in Ahvaz
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Table 7. Average of some studied traits of bread wheat accessions tolerant to terminal heat stress (fourth group of
cluster analysis)

A - Plant Days to full Qrgin Spike Numb.er 100-grain Five sP ike
ccession height (cm) maturity fllhhng length of grains weight (g) grain
period (cm) per spike weight (g)

12904 65 96 27 7.7 36.2 2.82 4.83
12905 60 96 29 6.8 37.6 2.86 5.05
12906 70 101 30 9.6 43.2 2.6 5.42
12907 70 99 31 8.3 332 3.08 5.02
12908 73.8 103 31 8.7 34.8 3.21 5.21
12910 70 100 32 8.5 36.2 3.13 5.64
12911 75 99 31 8.7 31 3.05 4.6
12930 65 98 27 8.6 37.6 3.55 6.14
12941 60 118 33 7.1 31 241 3.6
12969 60 99 31 9.7 47.4 2.54 5.57
12971 45 96 31 8.4 29.2 2.3 3.28
12972 55 98 31 8.9 37 242 4.38
12973 61.6 97 31 9.1 414 2.26 4.66
12975 55 99 32 8.7 34.6 2.43 422
12976 56.6 100 29 8.7 35 2.64 43
12977 71.6 99 34 9.9 45 3.47 7.44
12978 66.6 96 31 8.8 38.2 3.42 6.38
12979 60 103 34 10.4 49 2.43 5.56
12980 65 103 35 9.4 47 3.29 7.38
12981 66.6 97 31 8.6 36.8 35 6.27
12982 60 99 32 9.9 45.6 2.51 53
12984 70 100 35 10.5 39.4 2.43 4.54
12985 65 104 31 8.8 46.8 2.15 5.18
12986 67.5 101 33 8.2 41 2.77 5.28
12987 55 99 34 8.8 39 2.78 5.32
12988 50 99 34 8.6 36.8 2.73 4.83
12989 55 99 32 8.5 39 2.72 5.13
12991 58.3 96 31 8 37.6 2.76 4.93
12993 66.6 100 35 8.1 32.8 271 4.27
12994 70 103 34 9.1 39 291 5.47
12995 67.5 98 33 11.6 39.6 32 6.2
12998 80 104 31 9.8 46.2 2.65 6.05
12999 73.3 1003 33 9.5 40.6 2.93 5.31
13000 70 104 31 9.4 35.4 2.15 3.54
13003 70 99 32 9.7 37 3.55 6.26
13004 67.5 99 32 10.4 38.8 3.05 5.96
13007 65 99 34 9.1 34.8 34 5.54
13008 65 97 32 9.3 40 2.89 5.71
13009 62.5 99 34 8.8 38.6 2.56 4.98
13010 65 99 34 9.4 42.2 32 6.46
13011 65 97 32 10.2 36.4 3.14 5.34
13012 70 99 34 9.7 39 3.33 6.19
13013 70 100 34 10 47.6 3.17 7.49
13014 65 97 32 8.1 35.2 3.03 5.23
13016 65 98 32 9 39 3.04 5.7
13018 66.6 99 34 8.2 37.6 2.98 4.82
13020 75 100 34 8.4 34.8 33 5.56
13021 75 102 35 8.2 35.8 3.12 5.46
13022 75 106 31 94 50.4 277 7.04
13079 75 99 31 10 40.2 2.98 5.84
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13082 60 96 31 9.7 33.6 2.1 3.45
13083 75 98 33 8.7 43 2.98 6.29
13084 75 99 33 9.6 34.4 3.19 5.44
13085 70 102 34 8.1 44.4 3.36 7.08
13086 70 101 34 9.9 452 2.53 5.44
13087 80 100 32 9.4 40.2 4.11 7.89
13088 70 105 37 9.7 39.8 3.14 5.89
13089 57.5 100 33 8.4 34.2 291 4.77
12970 65 102 33 6.6 32.6 2.61 4.11
Aflak 69.8 104.0 29.8 9.3 42.0 3.06 6.27
Chamran 69.4 103.8 29.6 9.2 41.8 3.04 6.23
Chamran2 70.0 104.2 29.8 9.2 42.3 3.09 6.35
T Only the traits evaluated under heat stress conditions are presented in this table.
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Figure 2. Distribution of bread wheat accessions belonging to heat tolerant group in cluster analysis using
multidimensional scaling. Different accessions are shown with their respective accession numbers in the figure.
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