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Extended Abstract
Introduction and Objective: Durum wheat is considered as the 10th most important crop in the
world. Drought stress is among the principal constraints to global wheat production. Improvement
of new varieties having good adaptation to stressful conditions is an important goal of wheat
breeding programs. In this regard, the exploitation of genetic diversity retained in landraces and
wild relativesis is very important. The aim of this research was to evaluate durum wheat landraces
collected from different contries for drought tolerance.
Material and Methods: In this study 196 durum wheat landraces belong to 18 countries were
evaluated for drought tolerance using several yield-based drought indices. The trials were
conducted in the experimental field of dryland agricultural research institute (Sararood branch)
based on alpha lattice design with two replications under rainfed and supplemental irrigation
conditions during 2020-2021 cropping season.
Results: Analysis of variance revealed significant environment, genotype, and genotype X
environment interaction effects for grain yield. Based on genotype-by index (GI) biplot analysis
the drought selection indices were classified into four groups. The first group included drought
response index (DRI), yield stability index (YSI), yield index (YI) and yield under rainfed
condition. The second group composed of stress tolerance index (STI) and geometric mean
productivity (GMP) which were able to select genotypes producing higher yield in both
conditions. The third group included mean productivity (MP) and yield under irrigated condition.
Fourth group composed of stress susceptible index (SSI), tolerance index (TOL), Schneider’s
Stress Severity Index (SSSI) and yield reduction percentage (RI) which were able to separate
genotypes having higher yield in non-stress and low yield in stress condition. Cluster analysis
identified three distinct groups having different yield performance and drought tolerance.
Conclusion: Generally, based on the results of this research, selection for higher values of DRI,
STI and GMP and lower values of SSI, TOL and RI at the same time can be considered as a
appropriate strategy for identification of drought tolerant landraces. The members of first group
which mostly composed from landraces belong to Iran, Japan, Turkey and Afghanistan could be
considered as high-yielding drought tolerant.
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1- Schneider’s Stress Severity Index (SSSI)
4- Stress Tolerance Index (STI)

2- Yield Stability Index (YS
5- Geometric Mean Productivity (GMP)

3-Yield Index (YT)
6- Drought Response Index (DRI)


http://dx.doi.org/10.61186/jcb.15.46.166
https://jcb.sanru.ac.ir/article-1-1432-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-15 ]

[ DOI: 10.61186/jcb.15.46.166 |

V£4

s S g il S Jlo a5 e > ivlejl 058
PSS VB cutS L plojen SB Liulefl mls 4 a2g b
e S &y 5 iy 355 S5AS 0+ 3 011 355
Il 20 @ygods (i iolojl .000,8 adlsl islojl (ol o]
i sl g3y ol el PSS 53 o)l Sn 5 05
@ Cagh 93 53 () U (25l o Sl G35 (g il
Shoolail b yie Lo Yo lie 4 b o g didn 40 dlold
e il 3Shes 38 (Gl Gl )bl pian
2 stalel sy o Jpase cudly b lSe )3 p S5l
Jooo il (glagadld 5 ad (gpSojlul (S, loj

TS Aol i bailgy jleolatwl b Sis

M 5 ey (29LS (e Lo csgl,S sre

VE¥ sl /55 0 )l oma 3l Jlo /elyj olalS oMol acliing,

d)8das g 0 (Do )9S w3 (559l Cliiod duwge
Eminbey o Imren pB,l .5)ls oYL &b jlia 59 5 il
Sly P8l g Slodd (Byee 4S5 i8S bawy 5o
Yeogamy YV oldlse Job b gl olSiu! aiil o
o 4By Vo 5 a0 V¥ oldlyas (5o Byd 4ad>
2 g okileyS sliwl 3 by pdaw I ze WYOV/E gl
Lol 04 6’919 Dy JJ.M L5’|9'§ 9 u] b‘)w l) dld.o.‘a.m
d‘)?‘ u““)j JL» 5 uw‘.o)i dl)?‘ J.x.o u.wLw‘}n: SleMb|
P e 20 eodhp)s ol ol SLIY S 5> ule]
S5 555 93 b Y Wl o I 3 )l 5 0 53
o&iwd jl ool b g yio 5lw Vo bolad alold b (g4t

TOL = Yp —Yg
MP = (Yp +¥5)/2

GMP = [(Yp X Y)

SSI= (1= (Ys/Yp))/(1 = (¥s/7p))

SSSI = (1= (Ys/Yp)) — (1 = (Ys/¥p))

STI = (Yp X Y5)/ Y}

YSI = Ys/Yp

Y1 =Ys/¥s

DRI = (Ys — Yest)/SEyest 5 Yest = a + bY, + cDFp
RP = ((Yp — Y5)/Yp) X 100

tolerance index foox adli [V]
Average productivity index (¢,90 y42 u:i’l*" u‘»u [¥]
Geometric mean index _owiin (1Sile (adli [v]
Stress sensitivity index i 4 Comlus u‘»L" [¥]

Schneider's stress intensity index sl i Gud (asls [8]

Stress tolerance index i Joou adli [#]
performance stability indexs,Sles (¢l (sl [V]
performance index> Slos 255 [A]
Drought response index  Suis 4 guly (sl [1]

The percentage of yield reduction due to stress 5 1 )3 3,Sas yialS" doy> [V 4]

R IBley il (Stued colpd awlre jshaiods cpien
& 0 (Suid Jesd Cilisee dl.(buab-l.w Ao A5 o3l
88 sbgl udl laxe jd Excel 2013 <SS

sl g o bl

oK) > (SH,L e WARNF e elys Sl
35k b duslio 434S dgs o Juo YIV/D 59y Slasiios
L awsds ely; J 4 Cud g o e VoY Gde il
Jlo ol 53 sl oals )l (ialS dus p3 YA <o Lo BVA/A
Oliwe; 5>yt VAR joly 3 Sk STy (o)
Oledy g yio oo WY Laid jlay 0 g o Jeo VVA/Y
2o YYD Gl jd clew] &Y g5 S 5l ao s 05/8 (S0
W g8 4l olo dw )3 103 B/F Ll 5 liwej 1
Sk culial (28T @ a2 b cplple () JS5) el
bulyd ol Jad 3 g2l SNk g ol Jo ol »
OB & (o) y90 (S 3lge (iSly (b))l sl (ormlie
I (Std G5 Ol il (o8 polateds gy ealS (St
o3lisul (V) )90 9 pid Lawgs 003 (Byne (AT G line
o) g Sl i b sl pbl Gl b
3,5 D50l Mo 0 ¥F i lol

cDFP 9 SEest ‘Yest ‘YP cy‘g ‘YP ‘YS Lbdja{l) L}{l ).)
2 oAb 0,Sles o> bl (0 a3 Slas GBymo Coi gy
015 )9l 3 )Shoe (oSS (6)lul Ll 53 3, Shas (S0kie
Gy oad dygl 5 Shas 3kl (glbd (o Lol (glp
iwd LeSS lol bulyd 3 aa8 U jgy gm0 bty
S <S50 g 00l (il lg 4500 Ll Wodls & 500 (gl
META-R I3 ¢ 5l oolauwl b ( Bobay cuigdl ¢ lawco
SIS S50 ololy a2 plrl L b ol (1)
by (eSS (ilol g @20 balpd 5 (ololojl (sllad (i)l
O (V) €85 )3 o 3)90 (J5)le Fvtax oaf)"
Olsicds e a3 odly (BLUP)' oyl U (Jas 54l
Joos e sla et dusbre (gly odhy 1 Sle
py 5l edlazwl b YGI-biplot &350 .o 48,5 o,y (Sis
Uhgy 4 sladigd 4350 (YYYY) 8 )8 plosl GEA-R 58l
loodlatel b awdl8l alold Jlxe (5,8,8 4 4 Ward
Jol> ra‘)f”,\b POVRET IR V) rabul R )l)B‘P)J shclust &b
ey g Ghol clradge 4 4o (dlades a5
pbsl R l58le 5 4> Factoextra diws ;1 eolatw! b Mgl
b3 gladsgs 450 il ol cuslio (sboog,S sliai b S
(F) L s R Gljele 5 5o Silhouette g, oS

1- Best Linear Unbiased Prediction (BLUP)

2 Genotype-by-index Biplot analysis (GI-Biplot)


http://dx.doi.org/10.61186/jcb.15.46.166
https://jcb.sanru.ac.ir/article-1-1432-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-15 ]

[ DOI: 10.61186/jcb.15.46.166 |

)l M g el (59LS (gaeme Lo, csigl S (sage

W 38hes g (e Slopadls (bl pg)9d puS (cag sy (Suid Jood (o)
30 - 140
gw 25 120

)
- 100°
» 20 3
2 s - 80
3 60
Y 10 40
b, 3
a S - 20
0 *l 0
— = a = 9 R tq,
32933538
L] 9
57
Lo g

WAANF - elys Jlo )y 39, ol (3 ialojl sl Jobo )5 @ylys oy bawgio g (SH)L =) IS5
Figure 1. Monthly rainfall and average temperature during experiment at Sararood station in 2020-2021 cropping
season

d)l,,gT bylyds o1y o ySlos lise opsieS diges ol g V)Y
)IJ)S%ﬁ oS 3 Sas 50 e bld g0 g cldly eSS
Gl lyd a5, Slae b ood byl 55 aily 5 Sae 34
@l ol Bl (Y JS8) ctls ey JB bl (eSS
Lgi) (eSS sylol byl 1o YU 0,Slae b ogs (slrodgs
inlejl ol 53 ol by el wod bty 1> oYL 3 Sles
S5 dlge plulis eSS gylol bulys Ol
Pl ity cols) Wlgi i med bulpd gly calio
Ob paS wly o Sas o 5 (V) o) Ken g oliwg) aslllas
9 0350 dwg ow bl d9>9 M LS" 9 2 Ja:‘)w 5
H5103,8" 0,Lil  LaSS g)lol Lol s 55 il 5,Ses
g o duwbre Saadld o baly) (ow)p jslaied
Ml o5 5l oy 0 2090 oS Cluogad (s
205 odlaiw] (Siuwed 4500 9 (YY) Cio D gl
b adls b lbewsy blie g b atls bulg, ¥ S
P gl Ol o Gl .l oad ooy isles
"o plS—dimaigipls” oS el pasl
¥ US55 Lislejl opl & bgyye (Which-for-what)
103 WNIEF £g05m0 13 pg3 g Jol (ol (slaadlze .l ool
PB gy cpl 60,8 agr 1) o 0 )bl glaosly 435 5]
s9bd iy oo sodg (alolid g layadls (ganog)S 4

il 3,808 (il lg 42 525
byl s g aily s Slae (gly uilylg 500 5 Juols ol
220 @l (piren g adlas )00 (cog slaodg
odg s aS ol i 35 laore 93 (gl S0 uibylg

oo )3 igy Jlie Sl g (o 5 p20) ol o2
Joldio 31 090 I xe () Jgaa) 2,13 5939 jlo xe CBMS
4 o lodg Oglite STy Sl bae )3 iy
osly () £95 3929 Ml (oSS )bl g o> b5
Iy s ol Jm ol38l sl eolpay o Suis is Jesd
bulyd > Gialejl el ) hleiee Sl pg)9o paiS 5
oSS oyll bl s 55 9 VAAS il 3,Slas Lawgio @
Sl ¢ il ke polie gy ,lSa )3 0,5 5LS VIYY/Y
Al (alises (gla jadli g aily 5 Slas (oly dlacl alely 4
Ot 020 baslyd )0 sl odds A Y Jods 3 oud
LA g WA SY (ladiges buwg cuipa 3Sles e
Slodiges bawgs o (508 9 )i 53 pS5kS YA+ 5l
Olywe eyt (oSS okl llpd )0 Al Wy LS
Slobe LAVE oV ‘\/_\Y‘ DA sladises & iy 3,Sles
I peS @3 Sdas b ol oS 9 S 53 p gk ¥Y-
Dy Blaio AD 9 WY sladiges 4 LS > p SelS Ve
oy oy (gly (Suis (55 3l e 0 Slee ials as
U’)“"g g ughb.a o) SYIOY G VoA )l Wy )90

o)loss diges 4 bgyye (1o)d VOA) 5,Slee jialS Moy

oSS ()l 5 @3 bl 53 pg)90 pAS (oogr (slmodgs il 3,Slae puilly i =Y g
Table 1. Analysis of variance for grain yield of durum wheat landraces

4l 5 Sles Lylyd 50 0 Sles 23 Slas
(<5 o 229) keSS )l w bl
Grain Yield (Combined) Grain Yield (Irrigated) Grain Yield (Rainfed) Sources of variation Ql):ff‘;’" C‘fh‘

82860.3"" 317734.5™ 144303.2" Genetic variance u_i.u) u“ﬂf.)lﬁ
651562.6™ - Environment variance e il ly
147356.7" - Gen. x Env. variance Lo X Cuigsy (il ylg
99632.1 119978.7 79292.4 Residual variance olasdly il ylg
594.8 645.7 500.6 LSD 5% 0 s an rglis Jolas
12.3 11.0 14.1 Coefficent of variation% ./u‘)w g

** Significant at probability level of 1%.
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Table 2. Mean and range of grain yield and calculated drought resistance indices in durum wheat landraces

el Sk Sl oSl oLl Slas
Range Maximun Minimum Mean Yield/Index
1743.7 3024.1 1280.5 1989.6 Ys
2969.4 4550.0 1580.6 3134.7 Yr
2673.3 2697.3 25.0 1145.1 TOL
1932.9 3501.0 1568.1 2562.1 MP
1797.1 3365.1 1568.1 2485.4 GMP

0.90 1.15 0.25 0.64 STI

1.67 1.71 0.04 0.97 SSI

0.61 0.26 -0.35 -0.01 SSSI

0.61 1.52 0.64 1.0 YSI

0.88 0.98 0.37 0.65 YI

5.7 32 2.48 0.02 DRI

60.9 62.5 1.5 35.2 RP%

Yp: Grain yield under irrigated condition, Ys: Grain yield under rainfed condition, TOL: Tolerance indix, MP: Mean productivity, GMP: Geometric
mean productivity, STI: Stress tolerance index, SSI: Stress susceptibility index, SSSI: Schneider’s Stress Severity Index, YSI: Yield stability index, YT:
Yield index, DRI: Drought response index, RP%: Yield reduction percentage
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Figure 2. Relatioship between grain yield under rainfed (Y's) and irrigated (Yp) conditions in durum wheat landraces
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Figure 4. Genotype x index (GI) biplot of durum wheat landraces and calculated drought tolerance indices
Yp: Grain yield under irrigated condition, Ys: Grain yield under rainfed condition, TOL: Tolerance indix, MP: Mean
productivity, GMP: Geometric mean productivity, STI: Stress tolerance index, SSI: Stress susceptibility index, SSSI:

Schneider’s Stress Severity Index, YSI: Yield stabilit
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Figure 4. The polygon view of genotype x index (GI) biplot of durum wheat landraces and calculated drought
tolerance indices
Yp: Grain yield under irrigated condition, Y's: Grain yield under rainfed condition, TOL: Tolerance indix, MP: Mean
productivity, GMP: Geometric mean productivity, STI: Stress tolerance index, SSI: Stress susceptibility index, SSSI:
Schneider’s Stress Severity Index, YSI: Yield stability index, YI: Yield index, DRI: Drought response index, RP%:
Yield reduction percentage
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Figure 5. Correlation coefficients between grain yield and drought tolerance indices in durum wheat landraces
Yp: Grain yield under irrigated condition, Ys: Grain yield under rainfed condition, TOL: Tolerance indix, MP: Mean
productivity, GMP: Geometric mean productivity, STI: Stress tolerance index, SSI: Stress susceptibility index, SSSI:
Schneider’s Stress Severity Index, YSI: Yield stability index, YI: Yield index, DRI: Drought response index, RP%:
Yield reduction percentage
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Table 3. Codes of durum wheat landraces (first 30 landraces) selected based on grian yield and drought resistance

indices
Ys Yp TOL MP GMP STI SSI YSI DRI RP%
62IPN 58IRN 111IRN 58IRN 118BGR 118BGR 1T1IRN 164TUR 62JPN TT1IRN
118BGR 183AZE 164TUR 118BGR 58IRN 58IRN 164TUR 111IRN 90PRT 164TUR
90PRT 79IRN 83SRB 20IRN 20IRN 20IRN 62]PN 62IPN 118BGR 62IPN
113BGR 176 TUR 121IRN 183AZE 90PRT 90PRT 121IRN 121IRN 70JPN 121IRN
93IPN 20IRN 62IPN 176 TUR 62IPN 62IPN 83SRB 83SRB 138IRN 83SRB
70JPN 26IRN 133IRN 90PRT 70JPN 70JPN 63IPN 133IRN 113BGR 63IPN
63IPN 21IRN 85AFG 26IRN 183AZE 183AZE 103IRN 63IPN 121IRN 103IRN
101IRN 16IRN 170TUR 70JPN 176 TUR 176 TUR 133IRN 103IRN 63IPN 133IRN
103IRN 38IRN 63IPN 62JPN 137IRN 137IRN 113BGR 113BGR 177TUR 170TUR
121IRN 4TUR 103IRN 4TUR 4TUR 4TUR 170TUR 170TUR 103IRN 113BGR
138IRN 14IRN 150IRN 38IRN 13IRN 13IRN 104IRN 150IRN 93JPN 177TUR
171TUR 178TUR 177TUR 21IRN 38IRN 38IRN 177TUR 104IRN 101IRN 104IRN
67IPN 175TUR 104IRN 16IRN 26IRN 26IRN 150IRN 177TUR 171TUR 150IRN
80IRN 118BGR 141IRQ 137IRN 1IRN 1IRN 85AFG 85AFG 67JPN 85AFG
106IRN 186ARM 113BGR 14IRN 16IRN 16IRN 171TUR 171TUR 106IRN 171TUR
20IRN 135IRN 171TUR 1IRN 167RUS 167RUS 141IRQ 1411IRQ 80IRN 1411IRQ
13IRN 24IRN 11IRN 13IRN 93IPN 93IPN 138IRN 138IRN 104IRN 138IRN
137IRN 52IRN 27IRN 143IRN 143IRN 143IRN 11IRN 11IRN 611TA 11IRN
58IRN 143IRN 112USA 135IRN 68IPN 68IPN 93JPN 93JPN 190RUS 93JPN
88AFG 86AFG 138IRN 167RUS 21IRN 21IRN 27IRN 27IRN 83SRB 27IRN
160IRN 1IRN 43IRN 68IPN 101IRN 101IRN 106IRN 106IRN 106IRN
161IRQ 136IRN 122IRN 52IRN 14IRN 14IRN 122IRN 122IRN 122IRN
35IRN 45IRN 56IRN 64IPN 35IRN 35IRN 80IRN 80IRN 80IRN
104IRN 195RUS 106IRN 79IRN 64IPN 64IPN 112USA 112USA 112USA
611TA 166RUS 93JPN 24IRN 135IRN 135IRN 90PRT 90PRT 90PRT
23IRN 155IRN 19IRN 35IRN 161IRQ 161IRQ 43IRN 43IRN 43IRN
190RUS 137IRN 132IRN 93JPN 72AUT 72AUT 174RUS 101IRN 174RUS
68IPN 65IPN 53IRN 101IRN 52IRN 52IRN 56IRN 73USA 56IRN
167RUS 116ARG 174RUS 7T2AUT 88AFG 88AFG 101IRN 174RUS 101IRN
177TUR 167RUS 80IRN 161IRQ 60IRN 60IRN 73USA 56IRN 73USA

Yp: Grain yield under irrigated condition, Ys: Grain yield under rainfed condition, TOL: Tolerance indix, MP: Mean productivity, GMP: Geometric
mean productivity, STI: Stress tolerance index, SSI: Stress susceptibility index, SSSI: Schneider’s Stress Severity Index, YSI: Yield stability index, YI:
Yield index, DRI: Drought response index, RP%: Yield reduction percentage, AFG: Afghanistan, ARG: Argentina; ARM: Armenia; AUS: Australia;
AUT: Austria, AZE: Azerbaijan, BGR: Bulgaria, FRN: France; GRC: Greece, IRQ: Iraq; ITA: Italy; JPN: Japan; PRT: Portugal; RUS: Russia; SRB:

Serbia; TUR: Turkey; USA: United States, IRN: Iran
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Figure 7. Biplot derived from the principal component
analysis for grain yield and drought resistance indices
in durum wheat landraces
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Figure 6. Determining the optimal number of clusters
using the Silhouette method based on grain yield and
drought resistance indices in durum wheat landraces
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Figure 8. Cluster analysis of durum wheat landraces based on grain yield and driught tolerance indics. Clusters 1, 2
and 3 are marked in green, purple, and brown, respectively.
AFG: Afghanistan, ARG: Argentina; ARM: Armenia; AUS: Australia; AUT: Austria, AZE: Azerbaijan, BGR:
Bulgaria, FRN: France; GRC: Greece, IRQ: Iraq; ITA: Italy; JPN: Japan; PRT: Portugal; RUS: Russia; SRB: Serbia;
TUR: Turkey; USA: United States, IRN: Iran
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