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Comprehensive abstract 

Introduction 

Soil salinity, as one of the most important environmental stresses, is a serious threat to agricultural 

production. Currently, more than 20% of the agricultural lands, which includes 954 million hectares of 

the world's lands, is affected by soil salinity. Salinity is expanding daily and it is predicted that by 

2050, more than 50% of the world's arable lands will be saline. The decrease in yield due to salinity 

stress in wheat is considerable and worrying, so that a 50% decrease in yield of durum wheat due to 

salinity of rainfed lands, and an 88% decrease in yield of bread wheat under irrigation with high 

salinity and and a 70% decrease in yield of bread wheat in sodic soils has been reported. The high 

levels of salt in soils and irrigation waters are worrying factors for agriculture, therefore it is necessary 

to develop the effective strategies to improve yield through salinity stress tolerance. The present study 

was carried out due to the importance of genetic accessions as sources of tolerance to biotic and abiotic 

stresses including salinity, and the existence of considerable genetic diversity in wheat germplasm to 

salinity stress tolerance. The objective of this experiment is to investigate the diversity of genetic 

accessions of bread wheat collection of Iran's National Plant Gene Bank, to compare the accessions 

with the tolerant control varieties, and to identify the new genetic resources for salinity tolerance. 

Materials and methods 

To identify the genetic resources of salinity tolerance in wheat germplasm, 512 accessions from the 

bread wheat collection of the National Plant Gene Bank of Iran along with salinity tolerant varieties, 

Kavir, Roshan and Mahoti as controls, were investigated in two different augmented designs under 

normal and salinity stress conditions. The normal experiment was carried out at the research field of 

Yazd Research Center and the salt experiment was done at saline lands of Ardekan Research Station. 

The studied traits included spike length, spike density, 100-grain weight, number of tillers, plant 

height, number of spikelets per spike, number of florets per spikelet, number of grains per spike, days 

to heading, days to maturity, grain filling period and grain weight of five spikes,  which were recorded 

according to the international description. To perform data statistical analyses, descriptive statistical 

indices were first calculated and then the studied accessions were grouped using K-means cluster 

analysis. Discriminant function analysis based on principal components was used to investigate the 

differentiation between the groups resulting from cluster analysis. Statistical analyzes were performed 

by SPSS and R softwares. 
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Research findings 
The results showed that grain weight of five spikes (with a minimum of 4.15 and a maximum of 

12.26 g in normal conditions and a minimum of 2.19 and a maximum of 9.78 g in stress conditions) 

and the number of spikes (with a minimum of 3 and a maximum of 8 in normal conditions and a 

minimum of 3 and a maximum of 7 in stress conditions) had the highest coefficients of variation, 

while days to heading (with a minimum-maximum of 130-163 days and 126-168 days in normal and 

salinity stress conditions, respectively) and days to maturity (with a minimum-maximum of 173-189 

days and 168-196 days in normal and salinity stress conditions, respectively) had the lowest 

coefficient of variation under both normal and salinity stress conditions. A large number of superior 

accessions were identified for various traits compared to the control cultivars under both normal and 

salinity stress conditions. The results of stepwise regression indicated the importance of three 

characteristics, 100-grain weight, number of grains per spike and number of florets per spikelet, in 

describing the variation of grain weight of five spikes. The investigated accessions were divided into 

five groups using K-means cluster analysis and the control cultivars were separated into different 

groups so that Roshan and Mahooti along with 70 accessions were grouped in the first cluster and 

Kavir along with 53 accessions in the fifth cluster. 

Conclusion 
The results of this experiment showed the presence of significant and valuable genetic diversity in 

traits related to salt stress tolerance in the studied bread wheat germplasm. The effect of salinity stress 

on different traits of the studied accessions was different. Among the studied traits, 100-grain weight, 

number of grains per spike and number of florets per spike were more important, so they can be used 

in breeding programs. A large number of accessions were also superior to control cultivars for various 

traits. Cluster analysis grouped the control cultivars into distinct clusters, which indicates different 

aspects of salt stress tolerance in these cultivars. The superior accessions identified in this research can 

be used to improve salt stress tolerance in bread wheat breeding programs.  
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Table 1. Soil Physico-chemical properties in evaluating salinity stress tolerance of bread wheat germplasm  

Texture Clay Silt Sand 
Potassium 

(ppm) 

Phosphorous 

(ppm) 

Organic 

carbon  (%) 

Neutralizing 

substances  (%) 
pH 

EC 

(dS/m) 
Region 

Sandy clay loam 21.1 12.9 66 261 16.8 0.74 18.78 8.13 12.7 Ardekan  

Sandy clay loam 17.1 6.1 76.8 212 16.4 1.067 21.60 7.30 2.33 Yazd  
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Table 2. Descriptive statistics of bread wheat accessions under under normal (research field of Yazd) and 

salinity stress (research field of Ardekan) conditions 

Trait 
Minimum Maximum Mean CV (%) 

Normal Stress Normal Stress Normal Stress Normal Stress 

Spike length (cm) 4.70 4.60 12.50 10.70 7.56 7.42 12.04 14.18 

Spike density 12.00 13.30 31.90 33.30 21.44 20.01 14.42 15.84 

100-grain weight (g) 2.00 1.40 4.60 4.20 3.12 2.43 13.60 20.37 

Number of tillers 3.00 3.00 8.00 7.00 5.41 4.59 21.37 21.44 

Plant height (cm) 40.00 33.00 105.00 100.00 72.98 68.88 15.05 16.35 

Number of spikelets per spike 12.00 9.00 19.00 17.00 15.99 14.62 8.05 12.06 

Number of florets per spikelet 1.90 1.80 4.40 4.00 3.45 3.31 17.53 16.60 

Number of graind per spike 21.00 19.00 58.00 55.00 43.93 38.53 13.82 14.20 

Days to full maturity 173.00 168.00 189.00 196.00 181.16 180.46 2.28 3.34 

Days to heading 130.00 126.00 163.00 168.00 144.01 150.34 3.57 6.25 

Grain filling period (days) 25.00 17.00 50.00 50.00 37.15 30.13 11.74 20.29 

Grain weight of five spikes (g) 4.15 2.19 12.26 9.78 7.22 5.05 18.71 25.83 
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Figure 1. The number of superior wheat accessions to check cultivars evaluated under normal (research field of 

Yazd) and salinity stress (research field of Ardekan) conditions. LS, spike length; HD, spike density; WHS, 100-

grain weight; TN, number of tillers; PH, plant height; NSS, number of grains per spike; DM, days to full 

maturity; DH, days to heading; DHM, grain filling period; WSS, grain weight of five spikes. 
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Table 3. Bread wheat accessions with the highest trait values under normal (research field of Yazd) and salinity 

stress (research field of Ardekan) conditions  

Trait Normal Salinity stress 

Spike length  KC 12120 (12.5 cm) KC 12445 (10.7 cm) 

Spike density KC 12153 (31.9) KC 12401 (33.3) 

100-grain weight KC 12349 (4.6 g) KC 12349 (4.2) 

Number of tillers KC 12152, KC 12168, KC 12178, KC 12233, 

KC 12261, KC 12276, KC 12292, KC 12334, 

KC 12380, KC 12400, KC 12483, KC 12507, 

KC 12563, KC 12602, KC 12603 (8) 

KC 12346, KC 12381, KC 12385, 

KC 12388, KC 12423, KC 12523, 

KC 12583, KC 12584, KC 12594, 

KC 12603 (7) 

Plant height KC 12522 (105 cm) KC 12522 (100 cm) 

Number grains per spike KC 12376, KC 12597 (58) KC 12468 (55) 

Days to full maturity KC 12297, KC 12300 (189 days) KC 12297 (196 days) 

Days to heading KC 12576 (163 days) KC 12147 (168 days) 

Grain filling period KC 12322, KC 12413 (50 days) KC 12192 (50 days) 

Grain weight of five spikes KC 12513 (12.26 g) KC 12401 (9.78 g) 
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Table 4. The results of stepwise regression for grain weight of five spikes of bread wheat accessions under 

normal (research field of Yazd) and salinity stress (research field of Ardekan) conditions 

Step Normal conditions Regression coefficient Standard error t-value Adjusted R2  

1 Constant 1.015 0.363 2.796 0.387 

 100-grain weight (X1) 1.992 0.115 17.266  

2 Constant -4.382 0.359 -12.199 0.691 

 100-grain weight (X1) 1.986 0.082 24.271  

 Number of grains per spike (X2) 0.123 0.006 21.565  

3 Constant -4.578 0.359 -12.747 0.699 

 100-grain weight (X1) 1.987 0.081 24.575  

 Number of grains per spike (X2) 0.108 0.007 15.11  

 Number of florets per spikelet (X3) 0.253 0.071 3.541  

 Final regression model -4.578+ 1.978 X1+ 0.108 X2+ 0.253 X3 

 

 

 ��0E4 - �!���                                                                                                                                    Table 4. Continued  

Step Salinity stress conditions Regression coefficient Standard error t-value Adjusted R2  

1 Constant -0.308 0.168 -1.838 0.994 

 100-grain weight (X1) 2.205 0.067 32.667  

2 Constant -3.862 0.177 -21.826 0.871 

 100-grain weight (X1) 2.051 0.044 46.416  

 Number of grains per spike (X2) 0.102 0.004 25.466  

3 Constant -3.547 0.203 -17.435 0.873 

 100-grain weight (X1) 2.014 0.045 44.34  

 Number of grains per spike (X2) 0.108 0.004 24.529  

 Number of florets per spikelet (X3) -0.135 0.044 -3.057  

 Final regression model -3.547+ 2.014 X1+ 0.108 X2- 0.135 X3 
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Table 4. Mean of the traits in the groups derived from cluster analysis of the bread wheat accessions under 

normal (research field of Yazd) and salinity stress (research field of Ardekan) conditions 

Trait 
Normal conditions 

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 

Spike length (cm) 8.01 7.51 7.20 7.68 7.53 

Spike density 20.56 21.82 22.49 20.95 21.23 

100-grain weight (g) 3.11 3.23 2.97 3.09 3.49 

Number of tillers 5.54 5.12 5.48 5.35 5.49 

Plant height (cm) 90.27 63.12 63.08 74.77 77.80 

Number of spikelets per spike 16.25 16.22 15.93 15.93 15.78 

Number of florets per spikelet 3.44 3.75 3.29 3.47 3.53 

Number of grains per spike 45.35 45.43 41.99 44.31 44.47 

Days to full maturity 180.44 177.33 184.21 181.32 177.77 

Days to heading 144.48 136.71 147.11 146.05 136.21 

Grain filling period (days) 35.97 40.61 37.10 35.27 41.56 

Grain weight of five spikes (g) 7.36 7.79 6.72 7.17 7.98 

Number of members 72 49 130 167 54 
  

  

 ��0E5 -                                                               �!���                                                           Table 5. Continued 

Trait 
Salinity stress conditions 

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 

Spike length (cm) 8.14 7.33 6.99 7.54 7.24 

Spike density 19.56 21.03 19.59 19.74 21.49 

100-grain weight (g) 2.62 2.58 2.34 2.28 2.77 

Number of tillers 5.34 4.92 4.05 4.56 4.75 

Plant height (cm) 86.73 59.59 58.49 69.99 75.79 

Number of spikelets per spike 15.72 15.22 13.57 14.66 15.19 

Number of florets per spikelet 3.30 3.58 3.17 3.33 3.38 

Number of grains per spike 41.31 40.31 35.79 38.23 41.07 

Days to full maturity 181.01 173.61 185.47 180.40 174.03 

Days to heading 148.64 135.73 160.34 151.96 136.42 

Grain filling period (days) 32.37 37.88 25.13 28.44 37.61 

Grain weight of five spikes (g) 5.73 5.64 4.59 4.67 6.00 

Number of members 72 49 130 167 54 
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Table 6. Superior bread wheat accessions to the check varieties for some agronomic traits in the first group 

derived from cluster analysis under salinity stress conditionsin the research field of Ardekan 

Accession 
Spike length 

(cm) 

100-grain 

weight (g) 

No. of grains 

per spike 

Plant height 

(cm) 

Grain filling 

period (days) 

Grain weight of 

five spikes (g) 

KC 12247 9.10 3.30 43 96 27 7.01 

KC 12328 8.40 3.80 36 91 26 7.11 

KC 12349 9.40 4.20 43 84 32 8.85 

KC 12367 7.90 3.20 27 85 28 4.28 

KC 12395 7.30 3.30 50 88 37 8.68 

KC 12423 9.20 3.20 37 95 32 6.23 

KC 12439 8.90 2.10 49 87 29 5.41 

KC 12459 8.20 2.30 46 96 32 5.57 

KC 12468 6.40 3.30 55 78 36 7.23 

KC 12521 7.20 2.80 48 98 39 7.07 

KC 12527 9.30 2.50 46 88 38 6.05 

KC 12553 8.40 2.50 47 88 36 6.18 

KC 12555 9.50 2.90 49 90 31 7.47 

KC 12582 9.50 2.50 50 85 34 6.02 

KC 12583 6.70 3.40 41 86 33 6.02 

KC 12587 9.00 2.40 49 91 35 6.19 

KC 12596 8.40 3.00 48 72 38 7.57 

Mahooti 8.54 3.11 45.94 84.25 33.19 7.88 

Roshan 8.54 3.12 44.44 86.13 30.56 7.27 
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Table 7. Superior bread wheat accessions to the check varieties for some agronomic traits in the fifth group 

derived from cluster analysis under salinity stress conditionsin the research field of Ardekan 

Accession 
Spike length 

(cm) 

100-grain 

weight (g) 

No. of grains 

per spike 

Plant height 

(cm) 

Grain filling 

period (days) 

Grain weight of 

five spikes (g) 

12248 6.20 3.60 38 80 33 7.56 

12309 7.40 3.10 41 77 33 8.04 

12341 5.30 3.10 48 74 42 7.93 

12343 5.40 4.10 42 67 41 8.92 

12344 6.00 3.40 44 82 43 8.75 

12346 7.10 3.60 41 84 42 7.83 

12348 8.20 3.90 42 75 45 6.84 

12377 8.10 2.40 54 73 35 6.82 

12379 8.30 2.60 49 74 35 6.70 

12382 8.30 3.00 45 88 36 6.67 

12383 7.80 3.00 46 77 37 7.26 

12384 8.20 3.10 42 82 37 6.85 

12391 8.90 3.60 40 85 37 7.86 

12396 7.50 3.90 44 86 38 8.76 

12397 7.00 3.00 42 78 36 6.74 

12419 7.80 3.40 40 82 30 7.15 

12462 6.20 3.30 41 75 43 6.97 

12463 6.70 2.90 46 73 38 7.47 

12464 7.30 2.80 49 72 39 7.22 

12469 6.80 3.10 49 80 37 7.15 

12545 7.50 3.30 37 78 40 6.96 

Kavir 8.4 2.62 44.75 72.75 39.75 6.61 
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Figure 2. Separation of groups derived from cluster analysis of bread wheat accessions based on discriminant 

functions under normal (research field of Yazd) and salinity stress (research field of Ardekan) conditions 
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Figure 3. Membership probability of bread wheat accessions to different groups derived from cluster analysis 

based on discriminant functions under normal (research field of Yazd) and salinity stress (research field of 

Ardekan) conditions 
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