VFoo obmsli g 3lg IVA-FY Slmino | Jgl 8 ylosds [ 650 9 oy ko> | ALS Sladdgs (55908
DOI: 10.22084/PPT.2021.17747.1895

olo sl cuis) o Jad 3| (Sis pdd & Joxi b3,
(Hellianthus annuus L.)

Evaluation of Tolerance to Terminal Drought Stress in Sunflower Genotypes
(Hellianthus annuus L..)

‘Lsz.ﬁo Bolodese 4 ¥ Soilaas slolas ‘_:Ee\.b‘)tso)Lo e
VEe oYY o pdy o, A9+ Y14 il o &b
(g allas)

ooy

olass ol Rl s (Sas 5 il aslllan jslatens 05,5 o 505 o b ol o5 Sl Wb ilr s ) (Ko (S
St i g Jlep bl jo aaid S 13 byl ojee (St 5 g Jlep lulpd cos WWAD elyy Jlo o ey VY
30 0,5 skS OFFONY o ) Sor 5 (LS ;o p,55LS TRV 4 LS ;0 0,55l DOVYIVS o5 54y) Progress slacwssd)
ol 5 5 4 sl 5 Jamd asla 1Y) isg ails 0 ,Shee il 3t Ll (LSa s a5 sLS FYOYAY 5 LS
JoJs 4 DI Y1 Harm STI GMP MP sla asls wiays )5 amalne S 25 5 Jloy Laulyd o ails o,Shee ol5ee
G5 4 el g Jorie SlcTe) GuetS Sur (A5 9 Jlop Lulid 50 e Cou als 5 Shee b jlo g 5 Cute (Ko
99 ;0 ;0 aild 8 Slae 5 addlhae Cov slaarls Lol sloadlie 4y 4500 5l Jol> sl adlie g0 08,5 1,8 oolaiuls oo S
Olyse <o 1) gl ailge dagasles Lol ailse 4 4325 51 ol calps i3S argi 1) Sl 0,3 A4 51 iy legase Ll
w5 NS 5l pl (S S 4 Coles adlie plorear | pgs adlhe g (SAS S 4 Jeod g ails o Shee frnily adlge
Jie 09,5 gy )0 1) oo (i 8 4 Jood glagasls 5l Jol> pgo g Jgl slaaddie polie (wlal p sladss
Soledye ol plas 1) oYL (SGy g (S S 4 Cowd pole dallas jo cadoslainl slacaigly wges ganmarb
S Ol Jad BT Sis 55 A cuSeis o S eles Lakomka cuigis g o 5 Jexie SO g Progress (slacos s

DS ) Sl g oz o 2L 0 Sles ‘Qlo)f.;t;éi 1gods slaejlg

Slnl @S @S axly  oodluol ol5T olfiils (bl ZMol 5 el 09,5 Loils § (65555 (ggmmitils u Far ¥ g )
Email: asaremirad@gmail.com Jtens o i 13

4l


mailto:asaremirad@gmail.com

s 2l (HARM) WSgela oSl msle
Sl jasls (1979 Moy 5 i) (RDI) T Sis
el (1984 N gslls 5 Lds) (YSD) P Sles
els (1997 en 5 el (YD Mo Slee
@ Comles oy @3ls 5 (1998 Y D) 7 Sas
dozjl (2008 o Ken 5 "esswse) (SSPI) T i
Alides (| Kangh lawgs o5 aites bopatls (59 )5
@ plas g Joie slacaish) SIS g plulid jolaied,
G0 gl 5l eolass a4y 0 aF Kloads aid 3 LS4 69
LSen 5 Wl Lol as aslys o lal calize lalS
4 Joos aslllas Cg> (2004) ol Sen o ™ L/ 5 (2000)
L) CGMP) Lvgie 5550 00 pals gl lacnY jo (Sas
U wols 13 oo g (wles slacaissy sl SO
O 9 (s LIS Glacuisis o (VAT ol e
0535 sy o OYAS) o Ken o ,80li,3 (\TAT)
LSes 5 5 (OYAA) LSen 5 o5y T
Sen 5 eslilis 5 (WYAY) oLlen 5 SslS ((1¥AQ)
OY24) LS 5 (>N pg,ye0 paiS 0 g pasS 3 (\WAY)
Sl 5 Jo slaasls 51 QO11) ol Son 5 P50 5
53,5 eolaiwl i @

G5y OYVD) LSen 5 (g il Lawgs a5 (glaslllae o
STI 5 MP GMP (sl aslis 2 pdy g0 oo, Slis]
g siad ASlh bacade) pled Cqa laatld (o e
W (B Jorie gy el cpl Gelel papnlS
5 ol 580 |y ames ol oo TOL _asls a8 Js o
olas

O3l (slacaigiy (2STy gy Bua b 5ol asllas
oolaiwl b (S il 4y Cond dils o, Sles Ll 5l 29,
Ot Gt g AT A Comles g Jeod gl a3l
bl e a9 synl A8 & Joos Sl Sl e

ol 4o

13. Harmonic Index

14. Relative Drought Index
15. Fisher and Wood

16. Yield Stability Index

17. Bouslama and Schapaugh
18. Yield Index

19. Gavuzzi

20. Drought Index

21. Lan

22. Stress Susceptibility Percentage Index
23. Moosavi

24. Rosales-Serna

25. Schneider

26. Nouri

41

e 33 Juad BT (Sl i @ Jemi 935 1]y g 31500 b0
doddlo
S a9 0 wWileoe Sl |, GlS a5 sle i
b Wgdoe ganaib () pf g S sl
I oblS a5 wls sezy () il Gl ATl grg
B o s Vgame CaeS g kS, Ly
(Gt et s gl Gl )0 12006 S 5 T l)
oaSogazme Jelse (el Pl (S0 (S
5 S gble 0 65las Vgame ol 9 Wl
cdl 4S5 5bas 2009 F guamh 59, 0 Hled 4 SiSdons
Cowl 0ad 3yglp duoys VY S p b o Shee
(2005 7 5 5,3

sSin 61> QO10) "5 S alad ol S
Slo)siS 05,5 ;3 5 wilbige yieghe YO AVl (SWjL
Ol ol plai o L eoed o (gainaies Sisdad § SiS
Ay i ol jo (Sas al Slpl 4 axg ggdge
sl 5 a8l e (6l og Copmt] o Jpame a5t 5 ol
ails pLS 51 (S Rkl 0,8 18 clezg eils 5o
b ok (nl 0 xS o0 1B 5 (ul (o re 0 &S Sl 8
Sebe oz laesl Gog Lls Jdsar p3 ey v
sla Sy 2byl el a5 E (938l5, axgisyge
o5 g Jlp Ll ) lacaiey o Shee ofgh 5 i
2pglise ol |y Jeie slaceisi (alolid ol susb,
el gladaly 4 Joovie slacadsy o9 3)ls L
Cotel g (S G sge DlS1 ARl Coz 0 Glgiee
5 i) sty o sai (b s5e ol ol e
ot slaghy, (e g Joote slacais; (olulid
ol 5l S a8 sl oals &l 059> (pl piaze lawgs
AAlee D a4 Conlus 5 Jood sl asls 5l eolaul
9B Zplesls 5 f5) (MP) lassi 55000 a5
(1992 A uild) GMP) ViSo feghy lawsio (5,500
(1981 plole o ;) (TOL) * i & Joow _asls
(1987 M, 4ilo g pid) (SS) V7 a5 4 Cowlas asli
(1992 b9 (ST "Wiail,s i5 a4 Joov asle

. Knight

. Ahmadi

. Ashraf and Harris

FAO

. Mean Productivity

. Rosielle and Hamblin

. Geometric Mean Produtivity
. Fernandez

. Tolerance Index

10. Stress Susceptibility Index
11. Fischer and Maurer

12. Stress Tolerance Index



VPoo bamsli g 3lg IVA-FY Slmino | Jgl 8 ylosds [ 650 9 o ks> | ALS Sladdgs (55908

Sidgo )l (ko 2l .Y
2(¥p)(¥s)
Tp + s
GMP) Lgio (5,90 0 (swiids Siloo asli Y
GMP = ,/Yp — ¥s

HARM =

(TOL) Joms aslss ¥

TOL= Yp-T¥s
STH i & Joow 2>l 0
Tp X ¥s
STl = ———
Tp?
S i 4 Sl 2l £
1-£]
SSI =
51
(Y1) 5, Shas Lasls ¥
_ Ts
- {‘f"s
(YSD) s Shas 6 lul Lasls A
- s
= 5
RDI) i S5 asls A
)
RDI = P
&)
Tp
SSPI) s s sl dusy0 2l V-
SSPI {Yp _YS] 100
= = x
2(Tp)
DIy Sis 4 Casgliia (sl 1)
s
Ys()
DI=—F
Ts

pos bame o Hlais g0 cudgiy o Sles Yp Luly, cpl jo
(O s Lalyl po Hlaissse Gudgis o Sles Vs S
Vo oi5 luld oy bouiey ads o Slee bawgie ¥e
SI oSl 5 L5 pos bame 4o baieiss ads s Slas Laugie
s . . . . o e
SL= g, Jsei by ol S g o G (B)laie &5 5
mod ol po Al Sy EXcEl Gl38le 5l e
Mges e ol laadlie 4 4 dagasls (e
S gaman lajloges 5 g Ok o e Wiz (SIS
ey & slade> 4525 sl RIS 51 g Minitab l53le 5
20,8 oolaiwl wlas Lo lgicds cwa il alsld g Ward

70

gy 9 Olgo
eigiy VY 5l oolizal L VYR bl g o o siule;l
oaSasls Sliniow ac)ie j0 () Jguz) (ség; ol ksl
@l Job b g5 aoly (ool olil olails (55 0les
FA 4z 0 VO olidlss oye ((B,0 aa8o Ve 5 4z ,0 O)
ac)je b plodl b0 mha 5l e VYY) glas )l g Jlods aids
0 30 PHE VID 5 oy os) S il glls imgl
S slaSel ol B s Gl ol ol S
23 LS A b (St s g o llyd g0 0 Solas
o oo 4 Ll 51 S,

Mz 50 GSs) o ed kS el (g5luoslel Sl ey
0 N PV sgae cllS (SIS L e iy Jsb 4w,
Fooslacus, alols 5 (LS o )4 o5k 20) LS
wBlS s jebay SB (g e il gy Bes 5o e giile
Olme 42 oLS 5lis 50 (3955 el Sz 09l 855 1 b
SIS o ye a0 S pn Djg0a LS 0 0SS ) -
wwuils Jols olyy Sldas ads 005 colatul a0 S
5 Jley ilesl 50,2 sl ylel za caly 5 el
by 485 )15 4 (B, by QLS ©jgot (Sl
Gilae a0 S Al o b bl s sl ailate o3 peles
Sas 5 g Jlep Laulph g 5e 50 GLSs jsbay ol s
s Wl jelatads ( 20 5 aAl>yo 3l e g 0l ools el
Foo bl p by Gl o glal (Jad BT (Sis
WA bl (Sas o Galesl o 5 o el
3D o ploil A D i S | e e
5 e oil> 2013 ()], Ken 5 T a>, 2008 ., Sen
S S3b g Spcre s2 slacale Loj,le (VY0 ), Sen
235 plomil A Gle bpgil Sjge 0 g (s e b

hw axly o dls oSles o g s Soslal sl
Sl w3y 90 slaaig 5 Bi> 21y ol cil oy,
SR Gop w3l sk Ll g il 5l e o B3 L
ploul 5o g ol cudls sinleyl s ulidl g slacsl>
bowiss 5l So o slp 4l o See 6)lag 5 s3luals
Soeis) pllid Sz e 108 Bl 5 aibre
5 Jozv laazls jlals o Slae blod &y ol g Joxie
1D 03 0 b g 4 A 4 Sl

(MP) lawgio (5,50 0 i )

Tp + ¥s
P=—7

1. Akbari
2. Rahimi



RS Y IO S PV P S TR N N LV SP PRPa )

S i g Jloy i j0 adlle cov sy, ol ,S0l8T slacus gy Slasie ) Jgas

Table 1: Specifications of oilseed sunflower genotypes under normal and drought stress conditions
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Table 2: Combined analysis of variance of studied sunflower cultivars under normal condition and drought stress
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Table 3: Analysis of variance of tolerance and stress susceptibility indices in oilseed sunflower genotypes

T PSUSEI <08 1 5
’;/I“;'&J B solilaz o JOvES: &L;.A
RDI YSI SSPI SSI TOL DI Yl Harm STI GMP MP Ys Yp df SOV,
0.11" 0.08" 207.42" 3.02" 1571578.6"™ 0.30" 0.10" 481153.5™ 0.07" 400233.9™ 325442.4" 1395950.1" 40724.0™ 2 ;51;(
ocC
0.02" 0.01" 26.83™ 0.59™ 203311.5™ 0.18" 0.16™ 2004421.8™ 0.35™ 1973639.0™ 1944040.2™ 2130135.1™ 1859601.0™ 11 Gwy)
enotype
0.05 0.03 89.00 1.29 674378.6 0.12 0.03 194212.7 0.03 178294.1 165551.6 504667.7 163624.9 22 EUG>
rror
21,51 21.50 118.78 113.31 118.78 41.05 19.40 11.19 21.19 10.63 10.15 19.40 9.29 (30,9) Sy o 42

CV (%)

o gre e g oy ) 50 Jloiol mdaw )0 jlo sime (oS 4y NS g ek o
AP La Y Ssga o oSilio HARM (255 a0 Jaos (oL ST chawgio (6550 s (owdid (puSilio (asli GMP damgio (5 90 0 (asLis MP (s Ll 13 50 0 Shee ©YS by Ll )0 0 Slec :Yp
e S @l RDI g 0,Sles (g)luly asls YSI(id 4 Gl 0oy a5l SSPI il 4y Cosls a3l SSI ¢ Jazd (o li ;TOL ¢ Sid 4y Cooglin oLl DI o Slas
*, ** and ns: Significant at 5%, 1% and non- significant, respectively

Yp: Yield in normal condition, YS: Yield in stress condition, MP: Moderate productivity index, GMP: Geometric moderate productivity index, STI: Stress tolerance index, HARM: Harmonic mean, YI:
Yield index, DI: Drought resistance index, TOL: Stress tolerance index, SSI: Stress Sensitivity Index, SSPI: Stress Susceptibility percent Index, YSI: Yield stability index and RDI: Relative drought index
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Table 4: Mean comparison of tolerance and stress susceptibility indices in oilseed sunflower genotypes using least significant difference method

RDI YSI SSPI Ss| TOL DI YI Harm STI GMP MP Ys Yp TP
Genotype

1.03a 0.87a 7.32a 0.82a 637.00a 1.11ab 1.16ab 4529.55hc 1.09bc 4481.65bc 4551.83bc 4233.33ab 4870.33bcd Zargol
1.11a 0.93a 3.38a 0.42a 293.92a 1.06ab 1.11ab 4215.92cd 0.94cd 4206.90cd 4221.04cd 4074.08ab 4368.00cde Armaverski
0.99 0.83a 9.83a 1.08a 855.67a 0.97ab 1.13ab 4530.58abc 1.09bc 4528.04abc 4570.63bc 4142.80ab 4998.46bcd Azargol
0.88a 0.74a 12.84a 1.63a 1117.70a 0.66ab 0.87bcd 3665.51def 0.73de 3690.05def 3748.82de 3189.97bcd 4307.67def Favorit
0.87a 0.73a 11.28a 1.68a 981.47a 0.59ab 0.74cd 3106.59fg 0.52¢f 3104.59fg 3182.26ef 2691.53cd 3673.00fg Master
1.04a 0.87a 5.04a 0.81a 439.00a 0.71ab 0.81bcd 3184.74efg 0.54ef 3192.19¢fg 3199.79¢f 2980.29bcd 3419.29gh SHF81-90
0.89a 0.75a 8.45a 1.59a 735.28a 0.45b 0.60d 2497.21g 0.34f 2518.369 2550.21f 2182.57d 2917.85h Lakomka
0.90a 0.75a 11.81a 1.55a 1028.40a 0.65ab 0.86bcd 3593.68def 0.70de 3623.80def 3665.80de 3151.60bcd 4180.00ef Record
1.06a 0.90a 5.04a 0.66a 438.45a 0.95ab 1.02abc 3945.96¢cde 0.82cde 3928.32cde 3958.11cd 3738.88abc 4177.33ef Zaria
1.04a 0.87a 7.94a 0.80a 691.33a 1.13a 1.30a 5076.04ab 1.37ab 5087.31ab 5099.47a 4753.81a 5445.13a Sor
1.07a 0.90a 6.55a 0.64a 570.49a 1.23a 1.37a 5269.62a 1.47a 5271.93a 5285.02a 4999.78a 5570.26a Progress
1.05a 0.88a 5.83a 0.74a 507.37a 0.94ab 1.04abc 4029.92cd 0.86cde 4023.23cd 4045.83cd 3792.15abc 4299.51def Gabur
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L YT Sige o (o Klhe HARM (15 a4y Joos oL SSTI clawsin (6590 50 (swidid (Kb a3l :-GMP dawgio (5,50 0 o>l MP (is Iyl il j0 0, Slas iYS (o5 byl i o o Slec :YP
e S @l RDI g 0 ,Slee (5 )luly axls YSI i @ Coslas 2oy a3l SSPI i 4y Cosls a3l SSI oz (@l :TOL ¢ Sis 4y Cooglio asls DI o Slae
In each column, means with at least one common letter are not significantly different based on least significant difference test

Yp: Yield in normal condition, YS: Yield in stress condition, MP: Moderate productivity index, GMP: Geometric moderate productivity index, STI: Stress tolerance index, HARM: Harmonic mean, YI:
Yield index, DI: Drought resistance index, TOL: Stress tolerance index, SSI: Stress Sensitivity Index, SSPI: Stress Susceptibility percent Index, YSI: Yield stability index and RDI: Relative drought index
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Fig. 1: Three-dimensional plot of sunflower genotype seed yield in non-stress conditions (Yp) and drought stress (Ys)
for Geometric moderate productivity index (GMP), Harmonic mean (Harm), Moderate productivity index (MP),
Drought resistance index (DI), Yield index (Y1) and Stress tolerance indices (ST1) (G1: Zargol, G2: Armaverski, G3:
Azargol, G4: Favorit, G5: Master, G6: SHF81-90, G7: Lakomka, G8: Record, G9: Zaria, G10: Sor, G11: Progress, G12:
Gabur)
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Table 5: Pearson correlation coefficients of diferent tolerance indices and grain yield under normal conditions and drought stress in sunflower genotypes

SSPI RDI YSI Yl STI SSI GMP Harm MP TOL Ys Yp N
Index
0.951™ Ys
-0.360" -0.055" TOL
-0.215" 0.989™ 0.987™ MP
1.000™ -0.244" 0.993™ 0.982™ Harm
1.000™ 1.000™ -0.230" 0.991™ 0.984™ GMP
-0.625" -0.636" -0.613" 0.891™ -0.723" -0.479"™ SSI
-0.608" 0.994™ 0.994™ 0.994™ -0.229" 0.985™ 0.978™ STI
0.985™ -0.723" 0.991™ 0.993™ 0.989™ -0.360" 1.000™ 0.951™ Yl
0.723" 0.608" -0.999™ 0.625" 0.636" 0.613" -0.891™ 0.723" 0.479" YSI
0.999™ 0.723" 0.608" -0.999™ 0.625" 0.636" 0.613" -0.891™ 0.723" 0.479" RDI
-0.891™ -0.891™ -0.360™ -0.229" 0.891™ -0.230" -0.244" -0.215" 1.000™ -0.360"™ -0.055" SSPI
-0.527" 0.836™ 0.836™ 0.982™ 0.942™ -0.836™ 0.948™ 0.952™ 0.943™ -0.527" 0.982™ 0.877™ DI

o gyt g ao,0 ) 50 Jlosol mdaw jo jlo sime o 54y NS g %
oL Y1 Sige o (0. le :HARM (i 4y oot aslis STI cavgio (6590 0 (st (5Xikeo 2Ll :GMP cassgie (5590 0 ol (MP (s Loyl 15 50 0 ,Sles :YS (Lo byl 1o 5 Slas :Yp
s (S L RDI g o, Slas (g )ll asLli YSI( is 4y Gl doj0 L SSPI 25 & Conlus a3l SSI ¢ Jozs ol TOL  Sis 4y Canglie oL DI oo Slos
* ** and ns: Significant at 5 percent, 1 percent and non- significant, respectively
Yp: Yield in normal condition, YS: Yield in stress condition, MP: Moderate productivity index, GMP: Geometric moderate productivity index, STI: Stress tolerance index, HARM: Harmonic mean, YI:

Yield index, DI: Drought resistance index, TOL: Stress tolerance index, SSI: Stress Sensitivity Index, SSPI: Stress Susceptibility percent Index, YSI: Yield stability index and RDI: Relative drought
index
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Table 6: Principal component analysis of drought tolerance and susceptibility indices in oilseed sunflower genotypes

asllass 50 sl asls

adlge Indices studied oSy yolie oudaezsi i)l e ondazr s by
Component Ys TOL MP Haom GMP SSI STl Yl YSI  RDI  SSPI DI Eigenvalue Proportion Cumulative

PC1 027 030 017 029 0.29 029 027 029 03 027 027 017 031 9.95 0.766 0.766

PC2 029 012 047 021 0.19 02 029 02 012 -029 029 047 0.02 3.00 0.231 0.997

o li Y Sige,lo Kl HARM (o5 4y Joow oz Lis STI clawgin (6,90 (st (oSl (azlis :IGMP lawgio (6,50 e ol MP (iis Iyl j0 0 Slas iYS (o Loyl i 0 5 Slee 1Y

o i asls RDI g o Sloe (g lul (ol VST jiid 4 Conlas sy 2Ll SSPI i 4y cpwlus a3l SSI ¢ Joms L :TOL « Sis 4y Canglin asLis DI o Sloe
Yp: Yield in normal condition, YS: Yield in stress condition, MP: Moderate productivity index, GMP: Geometric moderate productivity index, STI: Stress tolerance index, HARM: Harmonic mean, YI:
Yield index, DI: Drought resistance index, TOL: Stress tolerance index, SSI: Stress Sensitivity Index, SSPI: Stress Susceptibility percent Index, YSI: Yield stability index and RDI: Relative drought
index
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Fig. 2: Biplot diagram of the first and second components for tolerance indices and drought stress susceptibility in
oilseed sunflower genotypes. Yp: Yield in normal condition, YS: Yield in stress condition, MP: Moderate productivity
index, GMP: Geometric moderate productivity index, STI: Stress tolerance index, HARM: Harmonic mean, YI: Yield

index, DI: Drought resistance index, TOL.: Stress tolerance index, SSI: Stress Sensitivity Index, SSPI: Stress
Susceptibility percent Index, YSI: Yield stability index and RDI: Relative drought index
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Fig. 3: Biplot diagram for determining the highest oilseed sunflower genotypes based on the first and second
components. Yp: Yield in normal condition, YS: Yield in stress condition, MP: Moderate productivity index, GMP:
Geometric moderate productivity index, STI: Stress tolerance index, HARM: Harmonic mean, YI: Yield index, DI:
Drought resistance index, TOL: Stress tolerance index, SSI: Stress Sensitivity Index, SSPI: Stress Susceptibility percent
Index, YSI: Yield stability index and RDI: Relative drought index
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Fig. 4: Biplot diagram of oilseed sunflower genotypes based on the first and second components derived from tolerance
~ indices and stress susceptibility
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Fig. 5: A: Grouping oilseed sunflower genotypes based on the values of first and second components derived from
tolerance indices and stress susceptibility and B: Grouping the indices based on the values of the first and second
components using the Ward method. Yp: Yield in normal condition, YS: Yield in stress condition, MP: Moderate
productivity index, GMP: Geometric moderate productivity index, STI: Stress tolerance index, HARM: Harmonic

mean, YI: Yield index, DI: Drought resistance index, TOL: Stress tolerance index, SSI: Stress Sensitivity Index, SSPI:
Stress Susceptibility percent Index, YSI: Yield stability index and RDI: Relative drought index
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Evaluation of Tolerance to Terminal Drought Stress in Sunflower Genotypes
(Hellianthus annuus L.)

Saremirad!”, A., Mostafavi?, Kh. and Hosseinit, M. S.
Abstract

Water stress is one of the most important challenges that the plant faces. Regarding the importance of drought stress and
its effect on plant yield, 12 oilseed sunflower genotypes under normal and drought stress conditions were evaluated in
the year 2016. In conditions of normal and drought stress, genotypes of Progress and Sor had the highest grain yield
potential respectively. 11 tolerance and stress susceptibility indices were calculated based on grain yield in non-stress
and drought stress conditions. The MP, GMP, STI, Harm, Y1 and DI indices were used due to positive and significant
correlation with grain yield under both normal and stress conditions for identification and selection of tolerant and
sensitive drought stress genotypes. The first two components of the analysis of the main components of the studied
indices and grain yield in both conditions justifies more than 99% of the variation. The coefficients of the analysis of
the main components of the indices, the first component was named as the component of grain yield potential and
drought stress tolerance and the second component as a component of drought stress susceptibility. Cluster analysis
based on the values of first and second components derived from drought stress indices, classified genotypes into five
independent groups. The genotypes used in this study showed high genetic diversity in drought stress. Finally, the
Progress and Sor genotypes were the most tolerant and the Lakomka genotype was the most sensitive genotype for the
end of season drought stress.
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