Iranian Journal of Field Crop Science Sl £y oblS
Vol 52, No 3, Autumn 2021 (97-111) o “5: )f © u P‘}Lc
DOI: 10.22059/1JFCS.2020.296254.654685 QY1 () VFe e 5l o 5Les Y 8,50

Sl 31 03l b b P S giS (B3 30 Gagh S 4 gl 03]
S5 4 Jos

FXadils dablb 9" LU (A oo s (S ety (e s ¢ ool (Jloo L3 ¢ Ol io (5 5
3 sl YO g oy b milis 5 (5555158 i (DL ! 5 sl 05 8 calinel 5 (555 (5 genils Y )
Ol L8 el U N R TS I S I E S S A Bl s siols ol 5 Oliies
(RS AUVER- PR SRR L UAR AR ISR 1)

oS>

2155l b ol JalS GBS b b B s bl i 35 Y0 (5550 4 Juu Ols 25,1 5 litens
WS (Laesls w..al._u‘jﬂ\.;}:d' A f"”‘d“\’)f‘hf.‘f:')é ():‘fw‘“i)'wé\.)u:“sdj'hjd)}‘;ﬁ‘hi‘ﬁja
Jelow als 0L Jbj g A5 ayl 5o a gl ails 5 Shes 5 b jasls oS b f.\:f LS 85 e Gls e
(MP) (5,50 g eSle sla oL a5 515 0L Jayl o 55 50 5 Shas Rle 5 25 & Joow Gla e ld  (Kiwes
2 s ss b ¢l p (HM) K ge,la J’.(,L:a 3 ST 35 4 Jeow ,a5ls (GMP) (5,90 g ok u'.'.i’L:"
R S Lyl 5o 5 Shes b YL Koen S50 1yls Jsa HM asle us 5 cowle laone g3 55 J peame
gl.adaél.:o.llwb!ﬁyldud}aqq}qﬁ.m&wmfaﬁkp&gt;ledjfzqgj»mfl})ly&:sl)l:#
3 oir S 55 (A 4 Jeod gl et ls  (lad B s (Ml Jdou elal g g see 53 0 S ey S

W

(:JS 45)}.& ‘é::l) C}J t&‘-\-\'ﬁ) J:& d’:“; cojc."t:.ﬁ .L.% o)LAT :‘SV\.‘A‘J{ 6&05'5
Response evaluation to salinity stress in some bread wheat genotypes using tolerance indices

Kobra Mokarian!, Reza Maali-Amiri?, Seyed Ali Peyghambari?, Seyed Mohammad Taghi
Tabatabai’, Fatemeh Daneshmand*
1,2. Agronomy and Plant Breeding Department, College of Agriculture and Natural Resources, University of
Tehran, Iran. 3. Agricultural and Natural Resources Research and Education Center, (AREEO), Yazd, Iran. 4.

Biology Department, Payam Noor University, Tehran, Iran.
(Received: January 21, 2020 - Accepted: April 6, 2020)

ABSTRACT

To assess salt tolerance of 20 wheat genotypes, a randomized complete block design (RCBD) experiment
with four replications under salinity (10 ds/m) and non-stressed conditions in a field experiment was
conducted. Analysis of variance showed the significant differences among genotypes for tolerance indices
and grain yield under salinity and non-stressed conditions. The result of correlation between stress tolerance
indices and yield means showed that Mean Productivity (MP), Geometric Mean Productivity (GMP), Stress
Tolerance Index (STI) and Harmonic Mean (HM) were the most suitable indices for selection of productive
genotypes. HM was selected as the best indices for salt tolerance due to its higher correlation with grain
yield under salinity stress conditions. The result of factor analysis based on these indices explained 99.87%
of data changes. Genotypes were categorized into four clusters by cluster analysis. Totally, based on Bi
plot, cluster analyses and tolerant indices, 7 and 8 genotypes having the highest yield (4725 and 4716 kg/ha,
respectively), were determined as tolerant genotypes under salinity stress conditions.

Keywords: Abiotic stress, genetic diversity, multivariate statistics, salinity, wheat.

400
Olrls Ol 3 (=5 OLS (n e Sl (aestivum 9 2B oaSgame slayeSl Gl (o ged
Dhaepg S 5ol ke Grimee Olgiedr 9 Sl "0 e Sl Alise bl )3 plalS 5 Sles
Q23 co JSid 1) Lo po e 5l caud g0 (slas (Ll Triticum L.) b so5 (Chaves et al., 2011) o545

* Corresponding author E-mail: rmamiri@ut.ac.ir



w b b paS locadn (B 50 i G 4 Bl 2Ll B 5 b aA

Jz! (J ool bosyls aalsl s 00 Joxie
9 S e obS G 0 25 4 Jeod slagyy aSCnl
Sl 090 a3lil So59lg 18 la g, bawgd
ol @izl g 0, 8lee Gl3 g s, lab oplplo ol
ol oLt ez I lizmen 55 Ll oo
PO & Jerte glacais) plelid s Sl
Soyee Dbt 4 (Ml slaasly I o)l
(Abdemishani & Shahnejate-Boshehri, 1996)
Om DS sams las o See b3 5 5,0l
OB S Jobo 5o (oa8ly 0 Shes g Jouilly o Sloe
30 60,0l Blawl 51 (Nabipur ef al,, 2001) el
Bl gy iz b Sy (Brme sl @ slaasli
Ll ol ol dibie wix b SOy ciS sl
iz 3l 5 ogome Ll 4 sy Janll oS
S 3 8kes )k wogdion (bl Lo 5 i
Sy aloMe B s pae )b 5l s
Oy hzs Ll (sl oS pladass ;5 o3
(Rosielle & Hamblin, 1981) 545 o 2b ;5,1 aiils
5338 es anlie gl (ol Baa oo o jle @
Lilys 4 Bl slacess) plubed walise 3ble
. (Fernandez, 1992) ail oo il oo g il
lap] 25Ty (wll 2 1) lacaisiy b o)) o gy
09,5 )z ol O 5 G 92 ly haees Ll 4
ebewis) Jols A 05,5 .0is S pets D gC B A
B og,5 taijlo oY o Slas cdasrs 50 2 50 a5 Col
GRS g e 3 a5 cul placag; gl
09,5 1,13 (o5 3 Shoe (A5 Laoe ;0 9 3k 0 Shee
o, les i daore (o a5 Conl olacuisiy l)ls C
095 9 310 (o5 3 ,Shas (A5 (g Lz )3 9 VU
bero g0 50 50 &5 ol placessi; Jold 55 D
O rewle (Fernandez, 1992) o5 )ls oS o,Slec
Sl ol 15 Glalaxe [0 Oll Cga jlre
2k A0S slacads) pais 4 0B &S
elolls 5,b 5l b asls ol (Fernandez, 1992)
3 O e g R llh 4 5l slacadss
Nige  pp sl 4 ol
silize gl asls St (Jafari ef al, 2009)

Nour-) 3980 iS5 lez sloysas Gl o g
2l 5l as,e Ve o0 .(Mohamadi et al., 2009
b oler Sid aas § S blie o g bl cou
5 2l Sl Jl 0 g aiie azlps 5)50 JSie
Ghle ol ) 690 e Slawl SYg3 als 5 s
(Tammam et al., 2008) ail o 5ynS Jb o
b ol 5l S aakee YF 290> lnl 5525 5o
g aS oyl 18 gyl Ol cow dlise Sl
Pazira & )asloals oaiSly jgiS il (slapddl
maa b ol olgica S8y S (Sadegzadeh, 1998
(ECe) gl o)las (SG xSUl Colan a5 00l o (g0
399 Joleo) fo oy o0 ez 5l Gt o]
3505 (S 5ml S5 5 s 4115 S (Voo B+
4 <u,d s (USDA, 2008) wil JKublKe -
oo Vb as il ool lis (6,98 Slalllas 5l
b ehy olals 3, 8hee (S Jolore jo S cilale
(Ranjbar & Banakar, 2013; oo o yialS ol 4
LS 4 Camad b pauS Pirasteh-Anosheh, 2015)
Munns et al, ) cusl Jooto 4o LS (5,50
15 Shae sy 8IS el o5 5 5 2006
—ails slass malS g 59,L sloas slawy als & ,b
Slaal oy Sege 5| .(El-Handawy, 2004) Sg oo >
P Ol il 5o S sol5a slaaaliy
O pae g 5 Lulph 50 pasS udlS 5 0 Sles
Sl Sz 03l sy Corer A 2555l Gl
S5y g9i5 1o (Vishwakarma er al., 2014)
Jozi sl plalS ol (oog o)) 3525 9 00 S
S 5bes Sgnr slp Loty (5 Fge 5 (K2 59 @
;o (Zhu et al., 2016) cwl ;o >y ;0 Jgame
5 @bl Aoy, oppesle 5 (S wnlp
S35 o5 Ll o Jasxte (slacatesy Sl
olads (Singh et al., 2008 Zhu et al., 2016) ol
Lalyd yo oo Sdbs sl sleel LB slass,
Sonr ;0 JShe ) Olgn wlo ) las e
(Munnes & couils ely; bS5 08 4 Jooo
aS ol lxs 280 (sl O 059 ! James, 2003)



a9 Voo 58l oV 8 Ll BY 5,90 oyl ol)5 (LS pole

5 St Lalys 5 1, o Shee JBla (5VL YSI
S ool ylid i bl cou |y o Slae o 5V
Wil 55 HM) Soigeyle 5:Kke (a3l ax
Mohammadi ef al. asdllas ;5 .09 dly> Fgllae
Dol (5,98 & Jooi Slilo puS 03, (25 (2005)
o3 G5 bl 50 50 byl 5l ol F1 gl s
a5 0D oaslive g W8S 1B (g A5 e
@ Comlu 2l L 5)0d 4 Jood (S5 ala,
Jood a3l (6,500 adlllas jo o9 o ixe i
ool o Jse jesld laeay STT pos a
S B Heh bl e paS Glacy)
Najaphy & yislel gl . (Dehdari et al., 2005)
aS ol lis paiS 3935 YV ,0 (2011) Garavandi
Gy cwslio loasls STI 3 GMP asls 0
0aLs 95 5oy 5 plu 1A 055 slacelsi; SS&
- mbolid s wslhs sla asls TOL 4 SSI
05,5) 5 e )3 Vb o Shas shils 5 Jote slo
»(2001) Behini ez al., islejl zlis .acil oo (C
GOMP oL aw a5 ol lid 9> Cudeiy VT (g9,
s gy lasste 6,55 buylyd ,o MP g STI
o5 bl 0 5 s ceslie A 09 5 slacds)
Slp 0) Ggem)S) cupd 9 SSI (aslh g0 cads
elie aiinn cuwlie Joie slacadss; SIS
O 5 OB dalpd 50 52 0 a8 el o a3l 3
Wb o ySles b gyls gre (Kaan lls (i
(Farshadfar et al., 2002; Panthuwan et al., 2002)
ooy STy (o) «GeiS (nl plnl I s
izl 99, os slaylons (bl 2 (6598 A5 4 poiS
PS5 slacasss plelid g as)he Llyd )0 0 Sles
slaatls Gulul p (5)9d 5 Co Vb o Sles L
g2 Jod

g, g olge

Jola OV Jgaz) b pasS i3 Ve (21 sl
9 Ol o0, b wals o8 a5 uasel (pY VY

&y (YSIYg SSIPHM® STIF.GMP".MP" .TOL")
sheme byl a4 Sglite lacaisiy (RiSly o)y
Lyl cov oS o Slae oo asly, olul 5 calises
Joi panls canl ond W 15 5 5 G
G5 g s 5 Ll 8 p0 9 Shee SMLS15I(TOL)
saras Hlis ol yiin polie 5 cul sael Cunsa
Sl os At lalasme ;0 Coiei S )b
TOL oS polie (bl » boeissy Sl nl plo
2> ((Rosielle & Hamblin, 1981) 855 oo plxl
9550 ) 08, S adss bawgio MP (590 54 Jawsie
Ol 4z 52 a3 g0 i (i G 9 G Laeme
ol (o) 2 9550 S Ol 255 el
az>g5 L (Rosielle & Hamblin, 1981) 5q: walg> 5
eila 5 25 Ll 4 Jaos sVl Simran 4
oSl a3lh il lalme 3 8 Sk
Sz b b Glpea Wigioo (MP) ol
(Rosiell & Hambline, g3 oolaswl o odgis bl
Sl Slyeess oains 5Lis SSI (sl e 1981)
] 5 (g 5 G55 Ll 50 gl SG o Sles
Sialed ) iy 2l 5,0l <ol o5 e nl e
sl jLxe STI .(Murer & Fisher, 1978) aas .o
YU o ,Slee a4y oliws cya oy ol 6l
o) - (Fernandez, 1992) ail oo iis Loyl cow
Ll 3 ¥ o Sha s o by sl
oo I oy S ple 5l ) s (5 (g 9 A
629 o e iSle a3l Gelul S
09 9 A5 Lalpd Cou e o Slee (GMP)
(Pl Spsba gl anubre 25
15 5,5k Sglice polie 4 S (5 7S ol
(Kristin et al, 1997) o,ls Jloy o b layl)l
) oeisis o 0, Shoe (YSD) o Shae (s )luky aslo
50 SYLYSIL (LBl oS o ob)) s ks jo
AV o Sles (5 G 5 AF Lalyd 9o e
3¢>g  n! b (Bouslama & Schapaugh, 1984) ai,ls
B8, (2006) Sio-Se Mardeh ef al. asllas o

> Harmonic Mean of Productivity
6 Stress Susceptibility Index
7 Yield Stability Index

! Tolerance Index

2 Mean Productivity Index

3 Geometric Mean Productivity
4Stress Tolerance Index



b b S sl (B 50 Sypd DA 4 Gy 2l 1 em 5 e Vo

o Vo WY oS 9d 5 (Jseme Ll B o 0,
Bl b o0 Sl L gkl )0 09 e p et
Culey 1) SB 5l Sad i gl 5l 0550 O e
3 e oS b aden o Cesline Gl (pl oS
2 @S U sgel 6lel 0lS 53 3,50 ke
ol Qg dicd )l 515 ady ) wd; dilaie )
48 sz e bl ges plnil BB ol BBL Gl b
Jop A e Cwl Sew (Slal Ol solaul
9 dilats 585 a5 Ol 03 50 SMUSLs
OSen (ggdal anlyd o (Lol Ol o8 (pizren
DL S 350 lidpelie £y @ e o
Sob ady) by a4l gl (Jele lags wile
Cawddy yj abal, 5l ool 4 5L5 (Anapail, 2001)
ol

LR (%) =ECiw/(SECth-ECiw) | aba,
Ol EC e ECiw a8l cois I LR ()] ,o a5
00 (6 5 o3l (6,98 ailiw! l5ue ¢ ECthy (s,
Lol S gLl ojlac o

b b ¥oabal) Sl 5LS 8590 5kl ST S (e
AW = ET/(1-LR) Y aba,
35 e (ET g 55 8,90 O S IAW ()] jo a8
(Corwin et al., 2009) sl oS 3,5

2opdle wqipial cu s jloslinal by Ghash cal 5
03l o) 4y (6 o 0l Juo 0 YO dgus g, Lol Ol
Py med) e Ve 0ga 10 S (6yeh B ol
Jalis sl Slidas S 05 Lais (s LT BT EC)
5 bl @l 5 5 ladale (g (20058
25l @ e Sogialol bl e b el olS
eyl Slaw g ol cuilbp ail Jldds L oS
«(gr) als i oy5e kg/ha) ails o Slae (cm) dig
&lo slass il Ho daxdiw slass ((em) alw Job
3955 PN 59, (@) b o il 059 caliis 5o
Jood (2bjl ol 6 S ojlail Soelg b (S, U
35 s 5 Shac eSilen 5 oslial | Lauerisiy 25 4
slostinul b g (Yp) (A5 g 5 (Ys) 25 Laal 2
bugio 59050 (s (TOL) Jozs sla azla
5 GMP) 5,500 (i (oo 5L (MP)

st Join ) Sl s s 1 59,5, 50
JWb s 5 DOlol Dlidon dusge (L paS (559
5 solas Jals Sol gyl B jo tolesl (G
ey (oS V) A 9 9 659 S Ll g0
i 350 55 VWAV el Lo s Gon
ez 50 05 bl sl wlie 5 (5505L8S igel
wldlin otk gLl 5550 ol b plodl 1S5
48,85 10 9 42,0 O 5 Jlod a8 80 AP g4z 0 1)
Ao VPR ey e dee Ve AVl (5L L (3,0
as, 50 S 5l talej] £9,8 51 8 .l b o o |
Gl sl Sis 5 <5 ol oS s ptises
) s oess CBlS Jna S pliacdh 5 S50
PSS Ve S el @l el 5 (V Jsor
powigel Slilgs 60 )55k Voo g iy Slilges
2,5 elS YO« ol adlal acype S 4y cls 5 L8
Sy 4 S 4 9,5 ALl cgx 5ol 958
O3 2 g (oBle ((oazy Al po a0 auds
39 5 £33 G 6 ol 0 455,55 s
VY g0 BC L olid Gl L g lol o Jloy gl s 4o
Lolr ol L isypd Lalps 1o 5 e iy (o0
ey b ol ey e (wd Ve ogu> BC
Juo iz o 28l plaidl (6,00 jles 4 oS
2 omesy o0 ez 5l YL EC) job Ol L anads
rlpl g 555 S gyl 5 09 0ud 55kl (e
Golel o b ol sl Cdo 4 ] o mdaus Sldas
Ol 356 5 S laanay JSas 5l e 0T b (555
NHNCRI IRt NS KRN IS, N
VIO Job ey (s, Giod (stalesl gloc ;S s el
azgi by Cewo b lo il Yo iysy ( alold g e
Jloy Lalpd )0 goperie ;0,0 Fre ails o 55 4
OS5l g 9 00 St 9d Ll 50 500 000
5o b b g te )0 G V- 2les o515 oS
S5 et S il p 90 2 )0 g 00 Jad Jsb
Yo Gos b g SB 5l cain, drwg dadhin 0 Sb>
by atia F e 288 alnil ()10 paiged (6 e Sl
S (ysbar il el S el 5 (g S aised
o Jsbo 55 1 gLt oLt (5,5 ol by



Ve Voo 58l oV 8 Ll BY 5,90 oyl ol)5 (LS pole
L,i'.il.a)"l Ol o ead solaul pasS slacisis -V Jgoo
Tablel. Wheat genotypes used in the experiment

NO Genotype Pedigree

1 MS-97-1 Narin

2 MS-97-2 Sistan

3 MS-97-3 Barzegar

4 MS-97-4 Arke/5/Seri*3 R1 6010/4*YR/3/Pastor/4/Bav92

5 MS-97-5 Arke/5/Seri*3 R1 6010/4*YR/3/Pastor/4/Bav92

6 MS-97-6 Arke/5/Seri*3 R1 6010/4*YR/3/Pastor/4/Bav92

7 MS-97-7 Sakha & Darab # 2//1-66-22/3/Berkut

8 MS-97-8 Sakha & Darab # 2//1-66-22/5/Seri*3//RL6010/4*YR/3/Pastor/4/Bav92

9 MS-97-9 Sakha & Darab # 2//1-66-22/5/Seri*3//RL6010/4*YR/3/Pastor/4/Bav92

10 MS-97-10 Bam//Kauz"s"/Azd/3/1-72-92/col n0.3617// Marvdasht

11 MS-97-11 Marin Huntsman//Gds/3/ Aldan/last/4/1-66-22/Inia/5/W462//vee/koel/3/peg

12 MS-97-12 Ombo/Alamo //Mahooti/3/1-66-22/4/Bam/5/Kauz/Stm//Pastor

13 MS-97-13 GF- gy54/Attila/Bam

14 MS-97-14 GF- gy54/Attila/Bam

15 MS-97-15 Ombo/Almo//Mahooti/3/1-66-22/4/Bam

16 MS-97-16 S-95-16

17 MS-97-17 S-94-2

18 MS-97-18 S-94-7

19 MS-97-19 N-93-12

20 MS-97-20 N-95-4

0% s by kil 50 S Ggel @l -V g
Table 2. Soil test results under non-stressed and salinity conditions
Soil texture
Stress N P K EC C Clay Sand
0 K k H 9 %) Si
(%) (mg/kg) (mg/kg) P (ds/m) (%) @) RSt g
Control 0.147 14.1 250 8.3 1.37 1.53 30 36 34
Salt 0.124 13.3 241.3 8.2 10.11 1.43 31 35 33
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Table 3. Tolerance and sensitivity indices equations

Index Calculation formula Reference
TOL TOL =Y, —Y; Hossain et al., 1990
MP MP = Y -2|— s Bouslama & Schapaugh, 1984
GMP GMP = \/(Yp)(Ys) Sio-Semardeh et al., 2006
Yp) (Y,
STI srr = ZS) Gavuzzi et al., 1997
(p)
2X Yy XY, . .
HM HM = —— Rosielle & Hamblin, 1981
Yp+Ys
1-(7)
SSI SSI = = Fischer & Maure, 1978
1-(7)
Y Y
YSI YSI = ?—S Bouslama & Schapaugh, 1984
P
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Table 1. Combined ANOVA of measured traits for bread wheat under non-stressed and salinity

conditions
MS
1000 Spike No. No. Days to Days to
S.0.V df Height kernel leIr)l th spikelet/spik  seed/spik Grain yield hea}(]iin physiologic
weight & e e & al maturity
* * * * *
Place | 108976% T ES38EE 30713 193.060%%  azg.i7ee  23283650.1% 26163 -
iefgizzg)" 198.094  18.511 0.594 0.464 23.706 1717757 11.940 40.656
* *
Gemotype 19 70.494%¢  S2332% 53334 2.857* 84.720%%  3099465.9%¢ 10308 16.706**
*
G*E 19 99705k  I8949T g gsm 3.142%% 12.652%  1125615.4%%  20.404™  7.127™
Error 141 26.094 6.648 0.678 1.432 4.037 3844225 21.815 7.672
CV (%) 6.05 6.73 8.53 8.13 11.73 14.18 582 221

Doy S g i Jledsl mhaw 40 s Sme g lo ire S pa T

# ns

", *and **: non-significant and significant at the 5% and 1% of probability levels, respectively.
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Table 5. Mean comparison of measured traits of bread wheat under stressed and non-stressed conditions.

Days to
Genotype Spike length Days to heading physiological
maturity
1 9.70b-¢ 80.71abc 125.92abc
2 9.61b-e 79.71abc 124.58bcd
3 9.80b-¢ 81.75abc 126.29ab
4 9.20c-f 81.92ab 125.25abc
5 9.71b-e 82.29ab 126.50ab
6 9.29¢-f 79.92abc 125.08abc
7 10.04a-d 83.21ab 126.83ab
8 10.30ab 82.83ab 126.83ab
9 9.60b-¢ 80.75abc 124.92a-d
10 9.71b-e 78.25bcd 123.92bcd
11 10.90a 82.25ab 124.75a-d
12 10.14abc 82.5ab 124.92a-d
13 9.29¢-f 82.88ab 124.96a-d
14 9.21c-f 81.67abc 124.75a-d
15 9.64b-¢ 84.33a 128.04a
16 9.94b-¢ 76.33cd 124.00bcd
17 10.33ab 74.08d 122.71cd
18 9.00ef 78.46bcd 125.42abc
19 8.56f 78.71a-d 124.46bcd
20 9.08efd 73.58d 121.71d
Mean 9.65 80.31 125.09

05,108 oy iy Jleisl s 40 58510 yge3T bl 1 (gl e M| caiiin S i B G gl Bl 4 lagygies
Columns with at least one common letter are not significantly different based on the Duncan test at 5% of probability level
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Table 6. Mean comparison of measured traits of bread wheat under non-stressed conditions

Genotype I{(Elngl})lt l(ggovi(;r;}il No. spikelet/spike No. seed/spike Gr(il;l/g:;ld
1 96.7a-d 43.4b 17.3ab 45.1a-d 6060.0ab
2 98.3abc 39.3f- 15.5a-¢ 39.6cde 6013.3ab
3 95a-e 36.8j 15.9a-¢ 45.4a-d 6506.6a
4 101.7a 40.3c-f 15.4b-¢ 41.5b-e 5413.3a-¢
5 100ab 38.1hij 14.9cde 43.9a-d 6360.0a
6 96.7a-d 38.5ghi 15.6a-¢ 46.2abc 5093.3b-f
7 93.3a-f 40.9¢c-f 15.2b-e 43.6a-d 5093.3b-f
8 90c-g 41.7¢ 16.5abc 41.2b-e 5146.7b-f
9 91.7b-g 40.5¢-f l6a-e 42.8a-d 5760.0abc
10 96.7a-d 45.1a 16.2a-d 46.7abc 5786.7abc
11 96.7a-d 39.2f- 17.5a 50.3a 6140.0ab
12 88.3d-g 39.4e-i 15.8a-¢ 46.5abc 5826.7ab
13 86.7efg 40.1c-g 15.4b-¢ 40.8e-d 5520.0a-¢
14 91b-g 40.4c-f 16.2a-d 45.7a-d 5646.7a-d
15 90c-g 41cde 15.5a-¢ 42.7a-d 4553.3def
16 86.7efg 39.7d-h 15.4b-¢ 37.5de 4426.7ef
17 85fg 41.1cd 17.7a 49.1ab 4680.0c-f
18 83.3g 43.9ab l6a-e 47.5abc 6053.33ab
19 86.7efg 37.8ij 14.3de 40cde 5693.3abc
20 95a-e 39.6d-h 13.9¢ 34.5¢ 4013.3f
Mean 92.5 40.3 15.8 43.5 5489.3

8,05 s s gy Jlei] g 5o S5ls fyge5T pell (6l cime WS coiied S i By S sl JBlas oS sloygiw
Columns with at least one common letter are not significantly different based on the Duncan test at 5% of probability level
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Table 7. Mean comparison of measured traits of bread wheat under salinity conditions

Helght 1000 kernel No. . Grain y]eld
Genotype (cm) (gr) weight spikelet/spike No. seed/spike (Kg/ha)
1 79.3ab 40a 13bc 37.2ab 4245 8cd
2 75abc 37.9ab 12.8bc 37.7ab 3658.3g
3 78.3ab 34.6ab 13.1bc 39.2ab 3933.3f
4 73.3bc 36.5ab 13.3abc 39.7ab 4008.3ef
5 77ab 37ab 14.2ab 42.7a 4116.7de
6 73.7bc 36.9ab 14.5ab 42.3a 4150.0cd
7 77.3ab 39a 14.4ab 43.2a 4725.0a
8 77.3ab 40a 13.6abc 40.6a 4716.7a
9 80ab 37.5ab 13.7abc 43a 4508.3b
10 77ab 37.5ab 12¢ 39.3ab 4704.1a
11 78ab 35.6ab 14.3ab 45a 4416.7b
12 78ab 35.5ab 14.4ab 41.8a 4283.3¢
13 76.7ab 35.1ab 12.7bc 39ab 4154.1cd
14 75.3abc 35.4ab 13.6abc 41.8a 3941.7f
15 74.7abc 26.4c 15a 38.4ab 3479.1h
16 75abc 36.5ab 14.3ab 36.8ab 2587.5j
17 69cd 38.4ab 13.5abc 42.4a 3062.51
18 82a 36.8ab 13.4abc 41.7a 3958.3f
19 83a 32.6b 13.2abc 38.1ab 3420.8h
20 66.3d 36.8ab 13.4abc 32b 2950.01
Mean 76.3 36.3 13.6 40.1 3951.0

25,108 oy iy Jleisl s 40 58510 yge3T bl 1 (gl e BV caiiin S ie B> G gl Bl a5 lagygies
Columns with at least one common letter are not significantly different based on the Duncan test at 5% of probability level.
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Table 8. Wheat genotypes Mean grain yield and stress tolerance and sensitivity indices

Genotype Yp (kg/ha) Ys (kg/ha) TOL MP GMP STI HM SSI YSI
1 6060 4245.83 1814.17 51529 5072.45 0.854 4993.24 1.056 0.701
2 6013.33 3658.33 2355 4835.8 4690.29 0.73 4549.12 1.381 0.608
3 6506.67 3933.33 2573.33 5220.0 5058.94 0.849 4902.85 1.395 0.605
4 5413.33 4008.33 1405 4710.8 4658.16 0.72 4606.07 0915 0.74
5 6360 4116.67 2243.33 5238.3 5116.83 0.869 4998.15 1.244 0.647
6 5093.33 4150 943.33 4621.7 4597.54 0.701 4573.53 0.653 0.815
7 5093.33 4725 368.33 4909.2 4905.71 0.799 4902.26 0.255 0.928
8 5146.67 4716.67 430 4931.7 4926.98 0.806 4922.29 0.295 0.916
9 5760 4508.33 1251.67 51342 5095.88 0.862 5057.88 0.766 0.783
10 5786.67 4704.17 1082.5 52454 5217.42 0.903 5189.57 0.66 0.813
11 6140 4416.67 1723.33 5278.3 5207.53 0.9 5137.67 0.99 0.719
12 5826.67 4283.33 1543.33 5055.0 4995.75 0.828 4937.2 0.934 0.735
13 5520 4154.17 1365.83 4837.1 4788.63 0.761 4740.67 0.873 0.753
14 5646.67 3941.67 1705 4794.2 4717.76 0.739 4642.57 1.065 0.698
15 4553.33 3479.17 1074.17 4016.3 3980.18 0.526 3944.43 0.832 0.764
16 4426.67 2587.5 1839.17 3507.1 3384.38 0.38 3265.96 1.465 0.585
17 4680 3062.5 1617.5 3871.3 3785.83 0.476 3702.29 1.219 0.654
18 6053.33 3958.33 2095 5005.8 4895.01 0.795 4786.64 1.221 0.654
19 5693.33 3420.83 22725 4557.1 4413.16 0.646 4273.77 1.408 0.601
20 4013.33 2950 1063.33 3481.7 3440.83 0.393 3400.48 0.934 0.735

Mean 5489.33 3951.04 1538.29 4720.2 4647.46 0.73 4576.33 0.98 0.72
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Table 9. Correlation coefficient of 20 wheat genotypes tolerant and sensitivity indices with grain yield
under stressed and non-stressed conditions

Yp Ys TOL GMP STI HM SSI YSI
Yp 1
Ys 0.55" 1
TOL 0.57" -0.36 1
MP 0.89" 0.86™ 0.14 1
GMP 0.85™ 0.90" 0.06 0.99" 1
STI 0.85™ 0.90" 0.06 0.99" 0.99" 1
HM 0.81" 0.93" -0.01 0.88" 0.99™ 0.99" 1
SSI 0.25 -0.66" 0.93" -0.19 -0.27 -0.27 -0.35 1
YSI -0.25 0.66" -0.93" 0.19 0.27 0.27 0.35 -0.98 1

* wons

Ao 0 G g gt Jiol maw (o (hls pxe 5 (5 o giae pae ;',‘.:_}'JJA.;* PR
"% and **: non-significant and significant at the 5% and 1% of probability levels, respectively.
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Table 10. Eigen values and vector and variance of tolerance indices, Yp and Ys of 20 wheat genotypes

Component VE;ieeI; (%) Variance  Yp Ys TOL MP GMP STI HM SSI  YSI
1 5.758 63.99 0317 0400 -0.041 0404 0411 0410 0415 -0.180  0.180
2 3229 35.88 0361 -0.153 0553 0136 0091 0092 0048 0502 -0.502
3 0.008 0.001 0346 -0.176 0559  0.115 -0.025 -0.351 -0.155 -0.434 0432
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Figure 1. Biplot of 20 wheat genotypes at 7 salinity tolerance indices based on the first and second
principal components
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Figure 2. Dendrogram of cluster analysis of 20 wheat genotypes based on salinity tolerant indices using
Ward’s method.
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