[ Downloaded from jcb.sanru.ac.ir on 2025-12-15]

[ DOI: 10.61186/jcb.15.46.166 |

Journal of Crop Breeding Vol. 15, No 46, Summer 2023 p: 166-177 @ @@

""Research Paper"

Evaluation of Drought Tolerance in Durum Wheat Landraces Using Grain Yield-
Based Drought Selection Indices

Mahdi Geravandi', Reza Mohammadi?, Kianoosh Cheghamirza® and Leila Zarei*

1- Assistant Professor, Sararood Branch, Dryland Agricultural Research Institute, Agricultural Research, Education
and Extension Organization (AREEO), Kermanshah, Iran, (Corresponding author: mgeravandi@gmail.com)
2- Associate Professor, Sararood Branch, Dryland Agricultural Research Institute, Agricultural Research, Education
and Extension Organization (AREEO), Kermanshah, Iran
3- Associate Professor, Dept. of Plant Production and Genetic Engineering, Faculty of Science and Agricultural
Engeneering, Campus of Agriculture and Natural Resources, Razi University, Kermanshah, Kermanshah, Iran
4- Assistant Professor, Dept. of Plant Production and Genetic Engineering, Faculty of Science and Agricultural
Engeneering, Campus of Agriculture and Natural Resources, Razi University, Kermanshah, Kermanshah, Iran
Received: 6 December, 2022  Accepted: 24 January, 2023

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.

Keywords: Cluster analysis, Drought response index, Rainfed, Stress tolerance index


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 2025-12-15]

[ DOI: 10.61186/jcb.15.46.166 |

VY VY it /55 olad o5l o fsely; ol ol acitngs, YOS

(5 s i 5 532038 pgle S8

"‘;‘:&93-& d&"
3,5 0es 1 (o (B ad s (wlwl 09,95 P8 (0g (SO3gT (Suid oo ow)
Y )

3 9 T el (LS T geone L) ! gl (sgee
Ol oliile S’ (55,518 g 5 (hgel liiod Glojls 98 23 (555U CRES dumsge gl Ciglao eyl ookl )
(mgeravandi@gmail.com : Jgguo 6lim33)
Ol obisle S (55,588 g 5 bjgel (Mg (ol 98 w3 (555 US i duge gl Cglas gy il ¥
Ol eobisle S (3l olStihy e snabo @lio 5 65195 3 s3pgliS (site 5 pole 03I (LS S 5 A5 095 il ¥
Olnl eliile S gl olStils ¢ nub glio 5 (55 )9liS urd g 85 )9ltS swdine g pole a8l (LS S g g 09,5 okl —F
VEANE iy gl VEVAND il s oyl
WY 5 \S5 camio
bgmo 005
o] 35 oz W (o] slacudgiome S (K3 (5095 (o 48)5 )l 1 ez whe () ol ed s pgygd puiS 1AMD g Ao
5 sl oyt oy ol 93 b bse Jpmaome ) g5 I35l )3 oo (o0 A5 L AL s a5ty byl 4 s e ()5l o8 s pl5) 2|
Sodiges glulid 5 (St Jooo LI jl pgy00 pAS (o2 sloodgs (gwyp gy cnl sl jl Ban el Jl5y08 0 (9305 Cumal Sl (cagr (sloodys
D9 Sy
390 b 3 Slas  (Sive slaasla jl ookl b (S Jaodd Lo 51 595 VA &y Blate )03 S (os: 0395 195 gl il )3 (g g Slge
023 S i dunse ighen B a5s50 )3 WARIFe 25 JLo 3 5 53 b ¥ Wl o B 53 log] iS5 sy
28 plxl (oSS 6)lal 5 w2 bl s 93 53 5 (39]0)
el s (ollyy g aib 0Slas el e ¢ uigy e Gl g e 3l sy Sl o Joine Sl Gl 4 b (a8l
i 4 gl pasld ol Jgl 09,5 i85S )5 095 Jlaz )3 048 (o) sl pad i (GI-biplot) adls X Cgf CHL 425 5 (Siusen
g okin 5xSile 5 (STI) L5 & Jaos (slamsli g1 mad bl 5 5,Skes 5 (Y1) 5,Skae Lasls (YSI) 5,Skee (6)ul L (DRI)
a9 0o (aLs BT sl pgd 09,5 )3 Widgr (oSS )ll 5 e Lulpd 93 2 53 VL3 Shos L slappsT (Lol 4 3B & (GMP)
(SSSI) il 425 S (TOL) oo SSI) (15 & Sl sloadls M85 115 pgw 09,5 )3 (keSS (5)ll Ll o il 3,Slos | (MP)
30 139 adiges o jl wed bulpd 5> ol 5,Shes § (eSS (oylol Lalpd 55 Wb 3,Sae b (cladiges SSi5 4 3 oS (RI) 5,Sdoe jinlS 0oy g
g 9l 3l Ll jl Oglite (sla S b liome 09)5 4w )3 (s 2090 (092 so3g5 (slads wjo8 IS (bl HAd (GA0dtod o)l 09)5 5
aisal lolis )3 Wy o RT g TOL SST cyly yolie s GMP  STLDRI (Y y3lie sl olojon Bl iy ol gl i 206 p05 dosls
oy plgiie 1y W39 Qlslidl g 485 (uli (olnl (g2 sbrodgs I it oS Jgl 09 (sliael a3l diodgus (Std 4y Jooxte 9 YUy 3 Sk L
85 s > (Sid 4 Jesxle 5 Jgae p slaodg

23 St oo sl (Sts 4 ol pasli (clasys 4 oo 1 gulS sojly

P 8wl (Sioges e ) by pikies dodde
Ol dg lglings 5 puS eg sbodgi il oladsgesme Triticum turgidum L. ssp. durum ) pg)93 pS
sgbiod ooz sloodgs (2bj)l Lwly ol )3 (M) W) 518 g g conl e 3 pre (s51)j olS (e ((Desf) Husn
GNP 4 gy o ookl cua pp slcwiss (Bl 3 (YY) Wb o gese Y5 51 Lt 4Vl ] Sl
Gl J3y65 3 (6L Cuenl I Sid Joss Jyame opl cuiS 4 S jlia Yoo dgis 4Vl Lo jquiS
sl 3 cuslie 5 Slee Mg (sl (25 P8 Ul PAS 5 yoske +/5 dgas ylaie ) il a5 Wb o olais]
3,Sos sl preo jloms W55 (g )lob (gl (Sis (55 sy ol il 5l ens g o)1 (V) 2,5 0 Mg pgy90
D5 o9 g OB cod glabime 0 g el o g e lalie a gl adgl ool lsieds Jpae
& Joote pB)l Gl ly (padld (lyisa Bl cueal el glgl (B g esSsS oil 39 8o il
S Jaos adls iy 2,8 )8 ool 3,90 S 8) Casl 3,555 Y
Ot g O bl 3 0 8las o 3y ballg) el S po oS lom g O i | b e (S8 85
(V0) cubsela 5 Jjoy (1V10) ol ol dlidin (A5 paiS Jlea My Lol (acodgioe dlos | aad 0 &)
AW bl a8 Slosls slpiiy 1, (TOL) Y o asls Gkl o wlil jials gl goaaie gl W !
Lalys 5o &b > Sles g a5 e bl )3 aily 5 Sles Lol sl plosl Jb 53 e gl 3 plucillas! pl6,) adgs
olysar (a3l cpl Vb polie 235 0 duslme G5 iy baome 0l g (StS oo bz )lg 4 295 L
ol g B8 S )0 (SS AT @ il Comles Mol agg ol b (A) G 0L (0B)] iz (Byme 5
S (MP)gppope nSlhe a3ld Geored e i 35 ly lis 4 ele )55l & s B
OHS 09 g 5 Lulyd p3 a3 Slee (SSle gt g cpl 6yl S 9 Mg GBI ) pre (Bam asl
TS 4 Gl pa3ld WlodS (Byae |y ) ooy (a5 Lulpd )3 ofgas 0 Slae oy pri (ol ol

1-Tolerance index (TOL) 2- Mean Productivity (MP) 3- Stress Susceptibility Index (SSI)


mailto:mgeravandi@gmail.com
https://www.openaccessjournals.com/
https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1
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 2025-12-15]

()3 W g 50l (ogLS gome Lo, csigl S (sag0

\EA aﬁmﬁ@duu&uwulﬁﬁ)yfﬁ@% dhb)ﬁ&&@w;ﬁ

Gladlhe 3 (FrYASVYEIFIYY -0 Q) cul oid
B2 )3 pgy9d pAS (sag 0395 b g o) gy (S Jeou
4 STI ;TOL SSI GMP MP gla a5t Lauwg Lo
sods GMP o MP STI bl ys i guyp YSI
VB S0 (pdingly 53 (V) 39 Jeorie (Suid 4 A 55 (g
9 Olrl Syde ofgpn il ol CLIl pgye3 pAS i
sy 0l (piz jleslitul b (Suis Jeod i 5111
09,5 dw 0 ol odldiwl gla sl adllas pl jo ud
STI «Jsl 05,5 3 YSI 5 TOL SSI 513 (iizdibo
sloyiehly 9 pgd 09,5 53 (Pi) 550 pa3ls g MP GMP
upd 9 (a) Ggew )5y dold (BN) (Suid 4y (oo 5,55
PR3 gl 3 (W) WS )13 pow 09)5 5 (b) Cygee )
g 2k pB)l oo sl 0355 o) poygd puiS caigif VY
S oolizl | S Jaos 5 ) (45b iy (sl g gasd
I3 bl 2y9e wls dSles e Joou slayasli
GMP 4 STI MP _ingh o @mls b .S
2l bl g kit YU s b lawgte s pyyl,S
s G5 wad 4 o0k (S g o Sbye
0y pasis oS ¢ b lgiedas 50 YSI 4 TOL SSI
0) Bus

oiek cnl gl Gas oad 85 e 4 g L
Ciglae ydy SO 53 39290 993 pAS (cagr (Slo0dg ()
Jo5 Bl I (39)] ) 5955”023 (6559l Sl dunwga
@S g klyy b gy sbaises plolis ((Sas
g Sl Jass Gilie (sl a3l

W sdg; 9 dlge
Wged Sk Jald pg)gd pAS (a9 0395 VAF (yimgdy (wl >
D5 Bl dige 55 {AFG) sl 4 b
b sgad 33 ARM) e & 31is 590 35 (ARG)
S, AUT) g o ghie 05 S (AUS) Ul 2l
4 Glie gl aw (AZE) pbrbl 4 Glie el
S {FRN) a5 & 3hin 5905 S, (BGR) ool
(IRQ) = 4 (3laite igel 93 (GRC) gy & (3laia 905
Ol 4 late wges WY (ITA) Wl & leie d905 9
Sl €30 WV PRT) i & shin 5905 iy {JPN)
VA (SRB) i po 4 (3laite digad 93 (RUS) ds) 4
oyl a0 3o €05 s {TUR) 455 & 3hie &0
w8 )l olyends (IRN) gl & (sleto 4ige3 VWY 5 (USA)
w2 klyd 93 45 (Eminbey o Imren «olad o o) sals
deyie » WANFee el Jlo o (eSS lol
2595 w2 SiogliS Ol dwwge Cigle (Slaios
bl (2lo o8, w35 )13 b5l 390 (olisle S =39l )
p99° PS5 (Hllloe (sladilis jl g 039 (pulin 23, Cos
WA Jls 0 w8y cpl sl s Sl b)) 51 8l ys
Jgoad (Byme 5iS @3 (55,9l SRS duwge Lo
pdy Wile 40y oYL (Sid oo 5 ail 5,Sles
s8b,0 (S lgo 5l g 00 cplin Ay el gy o oled
Lowgs WAl )3 o3 ol sl o Bl 1o IS5

SSI jiaS” palide 3,5 (220 (V) )90 9 pid Lawgs (SSI)
5 GpieS Wil ET 4 eSS Cawles odiadlis
S5l 58,5 SSI polie aS” 5,8 slpii (V) o))
Gl (iS5 4 bwgte bl gYL Cuwlus Sl
Gl adls olee cos (SSSI) Yyl 4l yuws yasls
e (V) ghler 5 S bawgs (SSSI) jalual i
O )0 gy S5 0,Sles ialS et cpl il ouds
3 )3 oy 2)90 Cumer 3 Shes (Al 4 Cen
2y 5 ulyd 5 3,Slae (YSI) T Slac (s il sl
nlple WS (oo iyl A g Laulpd 3 3 )Shes (ol
58 bl |, YU 5 Slas b elbeiss; canl 06 Ylazs]
Lulys o 4l 3, Shee cons (YI) P> Slos o ls (Y-)
Sre glgisas |y blpd pla 55 S 3 Slas 5:50ke 4 (45
(STINT 5 Joos (slaas i (A) 3,65 0 Jlai 3 (i35
6 bog 5 (GMP) g cwtin (ke (a3L3
ol 2 1y iy S tagh o) Aer e (7)
P D e g il e ) gl (lawslis 5 Sles
2 YL s Ske | by 0 ciudib 05 ks
38des b sy (A 09)5) LIS ok g 5 kalpd
VU3 Shae b (slas (B o3,5) S5 g bl > VU
2 oml 3Skee b slacis) 5 (C o9)8) U5 bulyd 5o
Sloty aS Cuwl cuslio adls (D 0g)S) laulys g0 j»
A3 pls bowgy ple 5l A S o)
ol g Byoyes  Sglate cdd i | it sla jasls
Sy 5 S (o0 )l9dd | i (e dumliio plosl o090
el O (S350 porde bl 2 b el 50>
O 9 O baalyd 93 po 3 Yo Slee o lgiedy 395
ol b 4SS Gl ol jlxe (lgisdy Gua slalae
S lulyd oy > Glalell S & gy <l
Jezi sl Slas b bogi) S 0 adgr oYL 5 Sles
258bos Joudliy | (5935 Oz Sl (S0 g (Sl
S 5 ) 39 eyd9) e b g AL sy 0 2V
O dame sl 13 3 Slas Vaomo L 03,5 )8
o5 5 55lgts Sl Jpusly 32 4 455 s St
0,8as 3 (Siid oot ppaw Gl (S 2,8 )8 Sis
3 cuwlie (s35lgid 9 3hos il 4 Cons 4l (Bl
2 byo (Sid Jood lp e STl ply il
Clbiisis & 5,05 3938 Jlan] gl ksl ls 5,Slas ol
Al culie (539058 b YU 5 Slas Jouwily oad Sl
a sl Lasla (Ve) aials Sis 4 oot Ll cidly
01 bymo (F) oSt 5 ,Sipdy bawgs 45 (DRIY Sis
9 3,8as Juwily (wlol p 1y (55 lase 0 0, Sles Canl
& w30 |y lisebl cpl cplply WS (o monal 595
ol s (Sid oo daly oid Ol slacasss)
Pl pliie I gyl bawgs jode s adls (i

[ DOI: 10.61186/jcb.15.46.166 |

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)
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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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