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Comprehensive abstract

Introduction

Wheat ranks second among cereals in term of global production, but it has been affected by
ongoing global climate changes. Drought stress is one of the important factors contributing to the
reduction in wheat production. Developing drought-tolerant wheat varieties currently presents a major
challenge for wheat breeders. Complex multigenic and multitrait genetic control, high genotype-
environment interaction, low heritability, and challenges associated with high-throughput screening of
plant traits and genes effective in drought tolerance due to the involvement of numerous traits and
positive and negative correlations among them are some of the factors that have made wheat variety
improvement for drought tolerance a challenging task. Selecting drought-tolerant genotypes as a cost-
effective and biologically superior approach to increasing wheat production in low humidity areas has
always been considered by breeders. Screening wheat genotypes to identify drought tolerance sources
is essential and can be useful in selecting appropriate and desirable parents for implementing
beneficial breeding programs. Local plant populations such as landraces are valuable resources for
environmental stress tolerance, including drought stress. Local plant varieties are heterogeneous
populations with local adaptation that provide genetic resources capable of meeting the needs imposed
by new and emerging agricultural challenges under highly stressful conditions. The aim of this study
was to identify wheat accessions tolerant to drought stress for use in future breeding programs.

Materials and methods

A total of 512 wheat accessions from the National Plant Gene Bank of Iran, along with the varieties
Kavir, Roshan and Mahouti as controls, were evaluated for drought stress tolerance in the research
field of Agricultural and Natural Resources Research Center of Yazd, Iran. The experiment was
conducted in two separate augmented designs, one of which was considered to drought stress and the
other to normal irrigation conditions. Drought stress was induced by limiting the irrigation cycle.
Considering that out of the total studied genetic materials, 141 accessions survived, the evaluation of
traits was perfoemed on both those surviving accessions and their corresponding counterparts in the
normal experiment. For data analysis, descriptive statistics including minimum, maximum, average,
and coefficient of variation were calculated. Correlation coefficients were estimated and tested to
study the relationship between traits. Stepwise regression analysis was used to determine the role of
each trait and to identify the important and influencing traits on five-spike grain weight. K-means
cluster analysis method was used to separate the accessions. All statistical analyzes were performed
using R and SPSS softwares.

e




Research findings

The results of descriptive statistics showed that the highest coefficient of variation under normal
and drought stress conditions were attributed to five-spike grain weight (23.35%) and number of
fertile tillers per plant (31.67%), respectively. Five-spike grain weight had the highest decrease in
range (51.3%) under drought stress compared to normal conditions, and the highest decrease in mean
was observed for number of fertile tillers per plant (59.3%) and five-spike grain weight (40.5%),
respectively. A large number of accessions showed superiority over control varieties under both
normal and drought stress conditions, so that 97 accessions had five-spike grain weight more than the
control varieties. The accessions KC12856, KC12776, KC12783, KC12767, and KC12697 with values
of 6.77, 6.75, 6.22, 594 and 5.86 g, respectively, had the highest five-spike grain weight under
drought stress conditions. Number of spikelets per spike, number of florets per spikelet, 100-grain
weight and number of grains per spike had significant and strong correlation coefficients at 1%
probability level with five-spike grain weight under drought stress conditions. Based on the results of
stepwise regression analysis under drought stress conditions, three traits including number of grains
per spike, 100-grain weight and spike length were the most effective traits on five-spike grain weight
and explained 90.6% of it’s variation. The studied genetic materials were grouped into five separated
clusters using K-means cluster analysis.

Conclusion

The results of this experiment showed the valuable potential of the studied germplasm to drought
stress tolerance. Evaluating the relationships among traits revealed the significance of number of
grains per spikelet, number of spikelets per spike, number of florets per spikelet, and 100-grain weight
under both normal and drought stress conditions. A considerable number of accessions were superior
to the control varieties under both normal and drought stress conditions, indicating the richness and
valuable potential of these genetic resources for drought tolerance related traits. Therefore, it is
recommended to continue screening and evaluating the wheat collection of National Plant Gene Bank
of Iran to identify drought stress-tolerant genetic resources. Based on the results of cluster analysis, the
control cultivars with different characteristics were grouped in the separate clusters, and a
distinguished cluster of the studied wheat accessions with superior traits was also formed. The diverse
germplasm or superior accessions identified in this study can be used to develope the genetic base in
crosses or as parents in breeding programs.
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Table 1. Soil physico-chemical properties of the research field of Yazd

. Potassium Phosphorous Organic  Neutralizing EC

Clay  Silt  Sand Texture (ppm) (ppm) carbon (%) substances (%) pH dS/m

17.1 6.1 76.8 Sandy clay loam 212 1.07 21.60 730 233
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Table 2. Descriptive statistics of the studied bread wheat accessions under normal and drought stress conditions

Trait Minimum Maximum Mean Coefficient of variation (%)
Normal conditions

Spike length (cm) 5.2 11 7.84 13.65
Spike density 12.91 36.92 22.54 16.23
Plant height (cm) 33 88 63.03 20.75
No. of fertile tillers 4 9 6.05 18.25
Days to heading 126 144 131.95 2.73
Days to full maturity 156 179 165.51 2.60
Grain filling period (day) 17 48 33.56 16.40
No. of spikelets per spike 12.6 21.4 17.37 9.76
No. of florets per spikelet 1.8 4.6 3.12 16.82
No. of grains per spike 19 60 37.92 20.58
100-grain weight (g) 2.64 5.05 3.64 12.37
Five-spike grain weight (g) 3.77 11.49 6.70 23.35
Drought stress

Spike length (cm) 4 8.4 6.31 15.50
Spike density 14.44 41.90 22.45 20.69
Plant height (cm) 29 75 50.94 20.69
No. of fertile tillers 1 5 2.46 31.67
Days to heading 153 173 160.11 2.12
Days to full maturity 121 144 128.22 3.33
Grain filling period (day) 18 42 31.89 12.98
No. of spikelets per spike 10 18.4 13.81 11.26
Number of florets per spikelet 1.8 3.8 2.56 15.85
No. of grains per spike 17 46 26.47 20.37
100-grain weight (g) 1.67 4.68 3.05 14.75
Five-spike grain weight (g) 3.01 6.77 3.99 19.49
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LB (55 (S A
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(=2 /VY) als o 55 Slas o Sis i bl o
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Table 3. Superior bread wheat accessions compared to the control varieties for some studied traits under drought
stress conditions

Spike length 100-grain No. of grain ~ Plant height  Grain filling  Five spike grain

Accession (cm) weight (g) per spike (cm) period (day) weight (g)
KC12856 5.7 3.09 45.6 42 29 6.77
KC12776 5.2 4.68 28.8 35 29 6.75
KC12783 5.8 3.27 38 41 34 6.22
KC12767 7.1 3.16 38.8 42 34 5.94
KC12697 8 3.67 32 61 41 5.86
KC12726 7.4 3.81 30.6 31 35 5.74
KC12889 6.7 2.42 44.9 48 29 5.58
KC12857 5.2 2.72 42 .4 51 28 5.4
KC12676 5.7 3.62 30.4 48 36 5.35
KC12799 7 3.28 324 48 29 5.32
KC12793 7 3.07 36.2 52 34 5.31
KC12848 6.8 3.82 28 73 31 5.29
KC12834 5.9 2.92 34 57 35 5.05
KC12682 7.6 3.52 29.2 29 25 5.03
KC12790 7.2 3.61 28 41 34 5.03
KC12782 6.1 2.92 34.2 50 26 5
KC12777 5.5 3.62 28 53 31 4.94
KC12706 6.5 2.81 36 53 31 4.92
KC12772 6.4 3.07 27.2 41 28 4.89
KC12791 7.3 3.7 26.8 38 33 4.86
KC12788 6.2 3.08 26.6 40 31 4.73
KC12819 5.3 2.72 35 47 30 4.72
KC12787 7.1 3.13 31 38 36 4.69
KC12807 6.3 4 23.2 52 32 4.66
KC12746 7.8 3.63 26 50 35 4.65
KC12880 49 2.92 32 52 28 4.63
KC12703 8.1 3.06 30.6 49 32 4.63
Kavir 7.76 2.66 28.13 52.25 29.38 3.49
Mahooti 6.53 3.38 18.25 66.63 32.75 3.09
Roshan 7.16 3.00 19.83 70.88 21.00 3.14
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Table 4. Correlation coefficients of the evaluated traits in bread wheat accessions under normal (above diagonal) and drought stress (below diagonal) conditions

Trait Spike Spil§e Pl.ant No. Qf Dayg to Days to full Grain ﬁlling No. of spi.kelets No. of ﬂorets No. of g.rains 100—.grain Fi.ve—spi.ke
length  density  height fertile tiller heading maturity period per spike per spikelet per spike weight  grain weight
Spike length 1 -0.773"  0.192" 0.072 0.026 0.166* 0.112 0.121 -0.005 0.085 -0.085 0.02
Spike density -0.732™ 1 -0.069 -0.003 -0.024 -0.043 -0.018 0.506 ™ 0.221™ 0.299 0.073 0.338 ™
Plant height -0.062  0.076 1 -0.022 0.138 0.295 ™ 0.14 0.089 -0.186 * -0.036 -0.071 -0.018
No. of fertile tillers 0.102  -0.038 0.128 1 -0.084 0.145 0.168 " 0.061 -0.025 -0.022 0.023 -0.011
Days to heading 0 0.022 -0.063 0.118 1 0.035 -0.626 ™ -0.007 -0.193 " -0.091 -0.183 " -0.169 *
Days to full maturity 0.094  -0.056 -0.111 0.016 0.342 ™ 1 0.757 ™ 0.164 -0.129 -0.03 0.254 % 0.094
Grain filling period 0.145  -0.118  -0.036 -0.064  -0.631" 0429 1 0.132 0.025 0.036 0.318 ™ 0.184"
No. of spikelets per spike ~ 0.04  0.481"  -0.064 0 0.127 0.035 -0.07 1 0.363 ™ 0.606 ™ 0.029 0.593 ™
No. of florets per spikelet -0.027  0.047 -0.131 -0.063 0.139 0.092 -0.088 0.204 " 1 0.719 ™ -0.192° 0.578 ™
No. of grains per spike 0.002  0.263" 0.04 -0.007 0.06 0.06 -0.002 0.587 ™ 0.609 ™ 1 -0.133 0.812 ™
100-grain weight 0.084 -0.1 -0.241™ -0.004 -0.138 -0.008 0.158 -0.162 -0.201* -0.433 ™ 1 0.402 ™
Five-spike grain weight 0.07 0.195°  -0.102 0.008 0.007 0.058 0.064 0.517 ™ 0430 ™ 0.634 ™ 0.303 ™ 1

“and ™" Significant at 5% and 1% probability levels, respectively.
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Table 5. The results of stepwise regression analysis for five-spike grain weight of wheat accessions under
drought stress conditions

Environmental conditions Regre.ss.uon Standard t-value Adjusted R?
coefficient error
Normal

Constant -8.485 0.524 -16.187 0.933
No. of grains per spike (X1) 0.15 0.007 20.169
100-grain weight (X2) 1.84 0.079 23.431
No. of florets per spikelet (X3) 0.378 0.098 3.864
Plant height (X4) 0.008 0.003 2.809
No. of spikelets per spike (X5) 0.065 0.026 2.506

Final model
Drought stress
Constant
No. of grains per spike (X1)
100-grain weight (X2)
Spike length (X3)
Final model

-8.485+ 0.15 X1+ 1.84 X2+ 0.378 X3+ 0.008 X4+ 0.065 X5

-3.872 0.249 -15.555 0.906
0.14 0.004 34.707
1.27 0.049 26.07

0.045 0.02 2.225

-3.872+ 0.14 X1+ 1.27 X2+ 0.045 X3

B!



VE-Y Ll /sl o les o2 o 0,50 [ Olados

Ql)&o.bj.\.ﬁa)‘

S G5 buly S o o i (S5 slaaiped (st 45 Jf ol (slaes, T (s 5 Jpi
Table 6. Mean of the groups derived from cluster analysis of the bread wheat accessions under drought stress

conditions
. .. Cluster
Environmental conditions 2 3 7 5
Normal conditions
Spike length (cm) 7.61 8.37 7.75 7.63 7.93
Spike density 21.91 20.59 24.09 22.55 23.74
Plant height (cm) 59.57 78.94 72.59 43.48 55.30
No. of fertile tillers 6.14 6.10 5.89 6.04 6.09
Days to heading 131.69 134.94 130.50 131.65 131.57
Days to full maturity 164.63 167.64 167.46 163.26 164.26
Grain filling period (day) 32.94 32.70 36.96 31.61 32.70
No. of spikelets per spike 16.47 16.96 18.21 17.03 18.59
No. of florets per spikelet 2.99 2.80 3.25 3.13 3.54
No. of grains per spike 33.27 33.50 42.28 36.48 46.62
100-grain weight (g) 3.60 3.59 3.70 3.79 3.55
Five-spike grain weight (g) 5.80 5.88 7.68 6.59 8.02
Drought stress
Spike length (cm) 6.29 6.59 5.97 6.54 6.30
Spike density 21.44 20.74 23.90 21.35 24.69
Plant height (cm) 48.31 61.73 58.35 36.22 46.43
Number of fertile tillers 2.63 2.58 2.56 2.35 2.09
Days to heading 127.97 130.50 125.99 128.17 129.30
Days to full maturity 160.29 159.65 159.53 160.78 160.65
Grain filling period (day) 32.31 29.15 33.54 32.61 31.35
No. of spikelets per spike 13.25 13.36 13.98 13.71 14.94
No. of florets per spikelet 2.48 2.37 2.52 2.54 2.93
No. of grains per spike 24.70 24.29 27.96 23.47 32.45
100-grain weight (g) 3.10 2.96 2.90 343 2.92
Five-spike grain weight (g) 3.75 3.61 4.00 4.11 4.63
No. of members 35 31 32 23 23
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