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Comprehensive abstract

Introduction

Durum wheat is considered one of the most important crop plants globally and in Iran, and it’s
growth and yield is consistently affected by drought stress in Mediterranean regions, especially with
global climate changes. However, local varieties or landraces of this crop can serve as valuable genetic
resources for identifying and introducing drought-tolerant genotypes. The objective of the present
study was to evaluate the drought tolerance of Iranian and foreign durum wheat landraces (primarily
from the Fertile Crescent) in order to identify and introduce superior genotypes.

Materials and Methods

In this study, 150 durum wheat landraces from the Fertile Crescent were assessed for drought
tolerance using stress tolerance indices. The experiment was conducted in an augmented randomized
complete block design with four check varieties under supplementary irrigation and rainfed conditions
in the research field of Razi University, Kermanshah, Iran, during two consecutive years (2019-2020
and 2020-2021). Stress tolerance indices were calculated after measuring grain yield under both
supplementary irrigation and rainfed conditions. Cluster analysis, principal component analysis, and
biplot analysis were used to screen the studied landraces for drought tolerance. R software version
4.3.1 was used to calculate stress tolerance indices and homogeneity test of variance of experimental
errors. R software was used to perform principal component analysis and determine the optimal
number of groups based on Silhouette method in Factoextra package.

Research findings

The results of combined analysis of variance of the two years data revealed a significant difference
among the studied durum wheat landraces for grain yield under both supplementary irrigation and
rainfed conditions. The interaction of genotype x year was also significant, indicating different
responses of the genotypes during two experimental years. Biplot analysis of genotype x index for the
first year data showed that all the studied stress tolerance indices appeared in the first, third, and fourth
zones of the coordinate axes, but more important stress indices including MP, TOL, GMP, HM and
STI were located in the fourth zone, which were used to identify superior with high yielding drought-
tolerant genotypes. A similar trend with minor differences was observed in the second year. In total,
the studied durum wheat landraces were categorized into four distinct groups from drought-sensitive to
drought-tolerant based on the genotypexindex biplot.
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Conclusion

Based on the results of this study, TOL, GMP, HM, STI and MP indices were selected as suitable
and useful indices for distinguishing and identifying high-yielding drought-tolerant durum wheat
landraces. Accordingly, the studied durum wheat landraces in terms of drought tolerance or sensitivity
were grouped into four distinct groups from sensitive to tolerant. Among the studied landraces, two
landraces, 44SAU and 9IRQ from Sudan and Iraq, respectively, were identified as superior landraces.
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Table 1. Durum wheat landraces studied in the current research

Code Origin Code Origin Code Origin Code Origin
1 1IRN 90 90IRN 17i 17SYR 58i 58IRQ
3 3IRN 92 92IRN 18i 18JOR 591 591IRQ
4 4IRN 93 93IRN 19i 19JOR 5i 5SYR

11 11IRN 95 95IRN 20i 20JOR 60i 60IRQ
12 12IRN 98 98IRN 22i 221.BN 62i 62AZE
13 13IRN 101 101IRN 23i 23LBN 63i 63AZE
14 14IRN 108 108IRN 24i 241L.BN 641 64AZE
17 17IRN 110 110TUR 251 25LBN 651 65AZE
18 18IRN 111 111TUR 261 26IRQ 661 66SYR
21 21IRN 112 112IRN 271 27IRQ 671 67SYR
22 22IRN 113 113IRN 28i 28IRQ 6i 6IRQ
28 28IRN 114 114IRN 29i 29IRQ 701 70SYR
29 29IRN 116 116IRN 2i 2IRQ T1i 71AFG
31 31IRN 117 117IRN 30i 30IRQ 73i 73AFG
32 32AFG 118 118IRN 33i 331IRQ 741 T4AFG
33 33AFG 119 119IRN 34i 341IRQ 751 75AFG
37 37AFG 123 123IRN 351 35IRQ 761 T6AFG
39 39AFG 127 127IRN 37i 37AFG 771 T1AFG
42 42AFG 129 129IRN 38i 38AFG 78i 78AFG
47 47AFG 131 130IRN 39i 39AFG 791 79AFG
51 51IRN 134 1311RN 3i 31RQ 80i 80ETH
53 53IRN 135 134IRN 41i 41SAU 82i 82EGY
56 56IRN 139 135IRN 43i 43SAU 84i 841IRQ
57 57IRN 140 1391RN 44i 44SAU 851 85IRQ
58 58IRN 142 140IRN 45i 45SAU 88i 89AFG
59 59IRN 144 1421IRN 46i 56SAU 89i 89IRQ
60 60IRN 145 144IRN 471 47SAU 8i 8IRQ
62 62IRN 146 1451RN 48i 48SAU 92i 92TUR
63 63IRN 147 146IRN 49i 49SAU 93i 93TUR
65 65IRN 148 1481IRN 4i 4SYR 94i 94ETH
67 67IRN 151 1511RN 50i 50IRQ 96i 96ETH
68 68IRN 153 1531IRN 51i 511RQ 99i 99TUR
70 70IRN 100i 100TUR 52i 52IRQ 9i 9IRQ
72 72IRN 11i 11IRQ 53i 53IRQ C1 Dena
73 73IRN 12i 12IRQ 55i 55IRQ C2 Zardak
76 76IRN 14i 14IRQ 561 56IRQ C3 Sajei
78 78IRN 151 15IRQ 571 57IRQ C4 2zhang
80 80IRN 16i 16SYR
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Table 2. Drought tolerance indices and their calculation formulas

Index Formula * Reference
Tolerance index TOL = Yp-Ys Rosielle & Hamblin, 1981
.. Yp +Ys . .
Mean productivity MP = — Rosielle & Hamblin, 1981

Geometric mean productivity

GMP = (Y, X Y,)2

Fernandez, 1992

1-(@)
Stress sensitivity index SSI = —:—({z Fischer & Maurer, 1978
')
. (Yp X Y5)
Stress tolerance index STI = v Fernandez, (1992)
p
Y,
Yield stability index YSI = T Bouslama & Schapaugh, 1984
p
Y,
Yield index YI=2 Gavuzzi et al., 1997
S
. 2(Y, X Y) L
Harmonic mean HM = ——— Bidinger et al., 1987
Y, + Y
. . Y/Y, )
Relative stress index RSI = 7 /_ Fischer & Wood, 1979
s/ Ip
. Yp — Is .
Relative change RC = ¥ Fischer & Maurer, 1978
P

" Yp and Ys are grain yield of each genotype under supplementary irrigation and rainfed conditions, and Yp and Y are
average grain yield of all genotypes under supplementary irrigation and rainfed conditions, respectively.
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Figure 1. Average rainfall and temperature in the research field of Razi University, Kermanshah, Iran, during
two years: a) 2019-2020; b) 2020-2021.
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Table 3. Combined analysis of variance for grain yield of durum wheat landraces during two years under rainfed
and supplementary irrigation conditions Mean square Source of variation

Mean square

Source of variation d Grain yield (Irrigated) Grain yield (Rainfed)
Year 1 17559.84 193036.8™
Check 3 25024° 7244.8
Genotype 149 12741.12° 413283.2™
Block 5 15023.04 17822.4"
Genotype x Year 149 15023.04 340678.41°
Residual variance 35 8508.16 48148.08
Coefficient of variation (%) - 11.5 16.2

“and ™ Significant at 5% and 1% probability levels, respectively.
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y = 0.3308x + 155,61
R =0.3321
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Figure 2. The linear regression relationship between grain yield potential (Y,) and grain yield under rainfed
conditions (Ys): a) First year, b) Second year, c) Average two years.
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Figure 3. Biplot from principal component cnalysis of stress tolerance indices and dispersion of durum wheat
landraces in the first year
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Figure 4. Groupping the studied durum wheat landraces with least distance from center using Silhouette method
in the first year
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Figure 5. Biplot from principal component cnalysis of stress tolerance indices and dispersion of durum wheat
landraces in the second year
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Figure 6. Groupping the studied durum wheat landraces with least distance from center using Silhouette method
in the second year
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Table 4. Minimum, maximum, range and average yield and drought tolerance indices in durumwheat landraces
in two experimental years

Year Index’ Mean Range Minimum Maximum
First year Yp 840.62 1950.93 170.65 2130.58
(2019-2020) Ys 420.32 1260.31 30.16 1290.47
RC 480.85 930.47 10.64 950.11
TOL 420.30 1560.65 10.50 1580.16
MP 630.47 1540.98 160.54 1710.52
GMP 570.78 1530.68 120.61 1660.29
HM 530.41 1550.19 60.03 1610.21
SSI 0.98 1.87 0.03 1.90
STI 0.60 3.84 0.02 3.86
YI 1.00 2.98 0.07 3.06
YSI 0.51 0.93 0.05 0.98
RSI 1.02 1.87 0.10 1.97
Second year Yp 260.66 840.53 30.75 880.28
(2020-2021) Ys 120.71 420.32 10.22 430.54
RC 470.98 900.90 10.47 920.36
TOL 130.95 590.08 1.9 590.27
MP 190.69 560.94 30.66 600.60
GMP 170.74 500.25 30.66 53091
HM 160.23 460.59 20.26 480.86
SSI 0.92 1.74 0.03 1.76
STI 0.57 4.07 0.02 4.09
YI 1.00 3.33 0.10 3.43
YSI 0.52 091 0.08 0.99
RSI 1.09 1.91 0.16 2.07

Y,, grain yield under supplementary irrigation; Y, grain yield under rainfed condition; RC, relative change; TOL,
tolerance index; MP, mean productivity; GMP, geometric mean productivity; STI, stress tolerance index; SSI, stress
susceptibility index; YSI, yield stability index; YI, yield index, DRI, drought response index.
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Table 5. Superior durum wheat landraces selected based on grain yield and stress tolerance and susceptibility index in the first year

Yp Ys TOL MP GMP HM SSI STI Y1 YSI RSI SR AR SD
4IRN 4IRN 59IRQ 4IRN 4IRN 4IRN 59IRQ 4IRN 4IRN 59IRQ 59IRQ 3IRQ 3IRQ 85IRQ
53IRN 44SAU 65IRN 44SAU  44SAU  44SAU 65IRN 44SAU  44SAU 65IRN 65IRN 11IRQ 11IRQ 76IRN
44SAU 65AZE 127IRN  53IRN 53IRN S3IRN 56IRQ 53IRN 65AZE 56IRQ 56IRQ 17SYR 17SYR 17IRN
39AFG 14IRQ 56IRQ 65AZE 65AZE 65AZE 90IRN 65AZE 14IRQ 90IRN 90IRN 14IRQ 14IRQ 92IRN
43SAU 53IRN I53IRN  43SAU  43SAU  43SAU 3IRQ 43SAU 53IRN 3IRQ 3IRQ 59IRQ 59IRQ 93IRN
56SAU 18JOR 90IRN 18JOR 18JOR 18JOR 33AFG 18JOR 18JOR 33AFG  33AFG 9IRQ 9IRQ 52IRQ
65AZE 3IRQ 49SAU 14IRQ 14IRQ 14IRQ 11IRQ 14IRQ 3IRQ 11IRQ 11IRQ 58IRQ 58IRQ 134IRN
18JOR 3IRN 63AZE 3IRN 3IRN 3IRN 9IRQ 3IRN 3IRN 9IRQ 9IRQ 3IRN 3IRN 78IRN
Azar2 17SYR 57IRN 8IRQ 67IRN 3IRQ 49SAU 67IRN 17SYR ~ 49SAU  49SAU  65AZE 65AZE  130IRN
45SAU 11IRQ I31IRN  67IRN 8IRQ 67IRN 63AZE 8IRQ 11IRQ 63AZE 63AZE 60IRN 60IRN 17SYR
8IRQ 43SAU 33AFG Azar2 3IRQ 17SYR 17SYR 3IRQ 43SAU 17SYR 17SYR 20JOR 20JOR 57IRQ
67IRN 59IRQ 22IRN 39AFG 17SYR 8IRQ 22IRN 17SYR 59IRQ 22IRN 22IRN 37AFG ~ 37AFG  144IRN
118IRN 9IRQ 39AFG 3IRQ 11IRQ 11IRQ 39AFG 11IRQ 9IRQ 39AFG  39AFG 18JOR 18JOR 3IRQ
30IRQ 58IRQ I5IIRN  17SYR 58IRQ 58IRQ 127IRN  58IRQ S8IRQ 127IRN  127IRN  44SAU  44SAU  108IRN
14IRQ 60IRN 73IRN 30IRQ 37AFG 9IRQ I51IRN  37AFG 60IRN ISIIRN  151IRN  35IRQ 35IRQ  100TUR
22LBN 20JOR 9IRQ 11IRQ 30IRQ 37AFG 63IRN 30IRQ 20JOR 63IRN 63IRN 76AFG ~ 76AFG  70SYR
3IRN 37AFG 3IRQ 45SAU Azar2 60IRN 57IRN Azar2 37AFG 57IRN S7TIRN 4IRN 4IRN 12IRN
5SYR 67IRN 11IRQ 58IRQ 60IRN 20JOR 58IRQ 60IRN 67IRN 58IRQ 58IRQ 65IRN 65IRN 60IRN
14IRN 76AFG 31IRN 37AFG 20JOR 59IRQ 35IRQ 20JOR 76AFG 35IRQ 35IRQ 33AFG  33AFG 58IRQ
62AZE 35IRQ 59IRN 20JOR 9IRQ 76AFG 14IRQ 9IRQ 35IRQ 14IRQ 14IRQ 2IRQ 2IRQ 20JOR
51IRN 8IRQ 63IRN 60IRN 60IRQ 60IRQ 2IRQ 60IRQ 8IRQ 2IRQ 2IRQ 60IRQ 60IRQ 11IRQ
Dena 60IRQ 148IRN 9IRQ 59IRQ 30IRQ I53IRN  59IRQ 60IRQ I53IRN  153IRN  43SAU  43SAU 84IRQ
55IRQ 65IRN 75AFG 60IRQ 76AFG 35IRQ 60IRN 76AFG 65IRN 60IRN 60IRN 67IRN 67IRN Sajei
29IRQ 2IRQ 98IRN Dena Dena Azar2 48SAU Dena 2IRQ 48SAU  48SAU 53IRN 53IRN 66SYR
8OETH 33AFG 17SYR  76AFG 19JOR 19JOR 20JOR 19JOR 33AFG 20JOR 20JOR 48SAU  48SAU  76AFG
94ETH 19JOR 6IRQ 56SAU 35IRQ Dena I31IRN  35IRQ 19JOR 131IRN  131IRN 19JOR 19JOR 142IRN
60IRQ 84IRQ 119IRN  118IRN  29IRQ 84IRQ 75AFG 29IRQ 84IRQ 75AFG  75AFG 84IRQ 84IRQ 15IRQ
74AFG 48SAU 70IRN 59IRQ 74AFG ~ 74AFG  37AFG  74AFG  48SAU  37AFG  37AFG  66SYR 66SYR  145IRN
34IRQ 30IRQ 48SAU 5SYR 5SYR 29IRQ 93TUR 5SYR 30IRQ 93TUR  93TUR 13IRN 13IRN 28IRN

Y, grain yield under supplementary irrigation; Y, grain yield under rainfed condition; TOL, tolerance index; MP, mean productivity; GMP, geometric mean productivity; HM, harmonic
mean; SSI, stress susceptibility index; STI, stress tolerance index; Y1, yield index; YSI,yield stability index; RSI, relative stress index; SR, sum of rank of all indices; AR, average rank of
all indices; SD, standard deviation of rank of all indices; AFG, Afghanistan; AZE, Azerbaijan; IRQ, Iraq; TUR, Turkey; IRN, Iran; JOR, Jordan; SUA, Sudan; SYR, Syria.
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Table 6. Superior durum wheat landraces selected based on grain yield and stress tolerance and susceptibility index in the second year

wLo)] P9 JLJ B uw.u O WL..& 9 J.o.‘?u LQLQ’U‘:’L"" O 4.‘>5.\ l) £9,)9° r&.\.of )J).: L§L°°°55 -7 JB"\}

Yp Ys TOL MP GMP HM SSI STI YI YSI RSI SR AR SD

48SAU 50IRQ 1IRN 48SAU 48SAU 50IRQ 71AFG 48SAU 50IRQ 71AFG T1AFG 71AFG T1AFG 63IRN
28IRN 71AFG 80ETH 50IRQ 50IRQ 48SAU 9IRQ 50IRQ T1AFG 9IRQ 9IRQ 50IRQ 50IRQ 43SAU
57IRN 25LBN 92TUR 57IRN 57IRN 25LBN 92TUR 57IRN 25LBN 92TUR 92TUR 9IRQ 9IRQ T1AFG
25LBN 48SAU 44SAU 28IRN 25LBN 57IRN 34IRQ 25LBN 48SAU 34IRQ 34IRQ 59IRN 59IRN Azar2
50IRQ 57IRN 9IRQ 25LBN T4AFG T1AFG 80ETH TAAFG 57IRN 80ETH 80ETH 76IRN 76IRN 113IRN
78IRN 39AFG T1AFG T4AFG 71AFG 39AFG 44SAU T1AFG 39AFG 44SAU 44SAU 70SYR 70SYR 24LBN
63AZE 47TAFG 34IRQ 39AFG 39AFG T4AFG 116IRN 39AFG 47AFG 116IRN 116IRN 26IRQ 26IRQ 89IRQ
T4AFG 59IRN 148IRN 47AFG 47AFG 47AFG 1IRN 47AFG 59IRN 1IRN 1IRN 116IRN 116IRN 56SAU
64AZE 26IRQ T5AFG T1AFG 28IRN 511RQ 75AFG 28IRN 26IRQ 75AFG T5AFG 144IRN 144IRN Dena
112IRN T4AFG 18JOR 51IRQ 51IRQ 26IRQ 93IRN 51IRQ T4AFG 93IRN 93IRN 39AFG 39AFG 38AFG
111IRQ 76IRN 3IRN 112IRN 112IRN 59IRN 114IRN 112IRN 76IRN 114IRN 114IRN 25LBN 25LBN T3AFG
47AFG 511IRQ 2IRQ 78IRN 26IRQ 22IRN 3IRN 26IRQ 511RQ 3IRN 3IRN 4IRN 4IRN 80IRN
33IRQ 144IRN 93IRN 33IRQ 59IRN 76IRN 70SYR 59IRN 144IRN 70SYR 70SYR 35IRQ 35IRQ Zardak
39AFG 9IRQ 116IRN 4SYR 22IRN 144IRN 111TUR 22IRN 9IRQ 111TUR 111TUR 70IRN 70IRN T9AFG
42AFG 70SYR 111TUR 22IRN 4SYR 134IRN 4IRN 4SYR 70SYR 4IRN 4IRN 341IRQ 34IRQ 90IRN
4SYR 116IRN 114IRN 26IRQ 134IRN 112IRN 18JOR 134IRN 116IRN 18JOR 18JOR 51IRQ 51IRQ 51IRN
98IRN 70IRN 130IRN 59IRN 33IRQ 145IRN 148IRN 33IRQ 70IRN 148IRN 148IRN 5SYR 5SYR 93TUR
S51IRQ 22IRN 49SAU 98IRN 144IRN 4SYR 76AFG 144IRN 22IRN 76AFG T6AFG 47TAFG 47AFG 76IRN
22IRN 4IRN 13IRN 134IRN 76IRN 28IRN 2IRQ T6IRN 4IRN 2IRQ 2IRQ 145IRN 145IRN Sajei
66SYR 35IRQ T6AFG 42AFG 145IRN 70IRN 130IRN 145IRN 35IRQ 130IRN 130IRN 22IRN 22IRN 16SYR
139IRN 145IRN 4IRN 63AZE 78IRN 70SYR 35IRQ T8IRN 145IRN 35IRQ 35IRQ 118IRN 118IRN 57IRQ
134IRN 5SYR 70SYR 64AZE 98IRN 33IRQ 211RN 98IRN 5SYR 211RN 211RN 114IRN 114IRN 67IRN
47SAU 134IRN TTAFG 144IRN 70IRN 9IRQ 76IRN 70IRN 134IRN 76IRN T6IRN T4AFG T4AFG 123IRN
71AFG 118IRN 21IRN 76IRN 70SYR 98IRN 118IRN 70SYR 118IRN 118IRN 118IRN 57TIRN S7TIRN 73IRN
58IRN 34IRQ 14IRN 111IRQ 42AFG 116IRN 49SAU 42AFG 341IRQ 49SAU 49SAU 134IRN 134IRN 70IRN
101IRN 4SYR 17SYR 145IRN 9IRQ 35IRQ 5SYR 9IRQ 4SYR 5SYR 5SYR 16SYR 16SYR 144IRN
26IRQ 114IRN 19JOR 70IRN 60IRN 60IRN 151IRN 60IRN 114IRN 1511RN 151IRN 211RN 21IRN 5SYR
52IRQ 112IRN 1511RN 60IRN 56IRQ 5SYR 19JOR 56IRQ 112IRN 19JOR 19JOR 48SAU 48SAU 3IRQ
59IRN 16SYR 89AFG 70SYR 142IRN 4IRN 50IRQ 142IRN 16SYR 50IRQ 50IRQ 93TUR 93TUR 108IRN

Y, grain yield under supplementary irrigation; Y, grain yield under rainfed condition; TOL, tolerance index; MP, mean productivity; GMP, geometric mean productivity; HM, harmonic
mean; SSI, stress susceptibility index; STI, stress tolerance index; YI, yield index; YSI yield stability index; RSI, relative stress index; SR, sum of rank of all indices; AR, average rank of
all indices; SD, standard deviation of rank of all indices; AFG, Afghanistan; AZE, Azerbaijan; IRQ, Iraq; TUR, Turkey; IRN, Iran; JOR, Jordan; SUA, Sudan; SYR, Syria.
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