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Table 1 The names of the wheat varieties in this research
Variety P Variety o3, Variety P Variety P
Adl Jos Chenab ol Mahdavi S9N Sholeh aleds
Aflak S8 Darab 2 Yol Marvdasht — coisg e Sivand Sgans
Alamot Sl Darya [ Moghan 2 Y ol Sorkhtak =~ S5
Alvand Sl Dez 3 Moghan3 Y L Star e
Arg S DN11 DN11 Navid RWpe Tajan o
Arta G, Gaskojen  j55ls Pishgam LS Toos oo
Arvand gl Qods b Sabalan O Zagros L
Atrak S 5l Golestan obds Shahed ol Zare &l
Azar 2 Y 5 Hamoon Osela Shahpasand  siwselis
Bahar e Karaj 2 Vs Shiraz s
Chamran . . Line A A Y Shiroodi 35,
Gl Gos aw ,o ciuleil ac e S Slowd § (Soiud Slusgas -V Jso
Table 2 Soil physicochemical characteristics of the experital field in three different depths
Gl Bl Cge Sabe Gamdiel s o f‘;f “";L‘
Condition Depth (cm) EC (ds.mf) Organic matter (% H . .
. 0-30 6.2 27 7.8 11.6 30.2 114
o 30-60 5.2 19 75 105 17.45 121
Non-stress  gg.g0 3.9 11 75  11.9 3.1 84
0-30 11.8 27 7.6 24.3 25.9 209
SO o 30-60 9.89 13 7.6 23.8 5.0 177
Saltstress .99 11.58 19 73 295 3.7 201

g1 po S 00l G So3lal Gas daw o 0 S il &

"+ Soil texture in all each three measured depththasilty loam.

g il ase Lyt iglals 1Sly b))l
S (SSI) uu.u LY wl.w? ua}L..J Ml?m Sl 0 =L||)|
Sigis so ALl Jomia plgie 4 o] S polie sl 66|

eyl as” ol las «Fischer and Maurer, 19Y8

5 -YNY cYIOF polie b coss & Sl g Y 3T ol
970 655 Sl 3l @B] Lo b avslie ;5 -1/OA
e Omly o ySles Jandly b Jg (i 4 Joxie o)
3O 4 Jezeie a8 S5 4y p0ol8 asls ol 5 055 e
3 R Db & et oy 3Slae oy b 6
AL il Sy 10 (b g Y oS b e
9 2 slp 5 pae g 5 lalid 0 LSy 0 Shee
Lo e 4 el sl ‘51»-»5: SSI e T )

O kb g0 e 0 SIS w4 solw b ly 430
3B, o gime OIS oaims L (698 i 5 i
44,70 (w‘ WA =b|)| @Lu) OF (swiy Sy Slaw )L:J
Oglis 9929 5 (Sl 5 Sralesl Laulyd g0 S ye by
Soke oS 09 o0 S Jloix! mhaw ;o sB)1 o gixe
O S Gope & Jeod (glp DBl Sl g (S g9
P;Sltj a~~\‘/\/a) &o}w f@)‘ (YJ J9a>) S ﬁ&.if f@)‘
i 3 4 (LS 50 p Sl S VYTYYY) aiyold 5 (LS o
G o9 Balph o | s o Sles (0 eS 5 e
JSTR SRR SO IR AT B S SO L S ES R i N
O Slas 1y yieS (695, g (LSa ,o p,55LS YPAZIYD)
(F Jouz) 0,5 oadgi |, (LS )5 0,55kS OF /) als
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5l pass o8, F w,p , 5 (Dehdariet al., 2006
Al et Olye 4 (STH 25 4 Joos 23lo
2 o Shee ol pB)l lalid sl 5598 4 Joou
loarls Sl oS ooliinl (A5 (g g (15 Ly 9
y5h i o paiS fB) inS o STI ; GMP MP
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Siisnls Sle ails Lol el snd ool
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D I T e e JU PR O PR E WP EJ R VAV
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et 4318 0L 25 gy Ll 5 oo T 3 Shes
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Table 3. Combined analysis of variance for gragid/under non-stress and salt stress conditions

Source of variation & yass gl 6°|j(;:'>’° Ql”":/l "S’SQL“
Environment (E) IS 1 25582249.52
Replication/E baze 9,0 1,8 1728606.12
Variety (V) w5 40 2017672.32
VxE Lo x o8, 40 1307248.73
Error ol sl 160 334189.7
CV (%) (32,0) Ol 0 24.10

" Significant at 1% probability level.

*k

IV il mlaw o jlo gies
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Table 4. Salinity stress tolerance indices andnhgyald in the studied wheat varieties
Variety o3, (kg\.(r?a'l) (kg\.(r?a'l) ssl TOL MP GMP STl HM Yl YSI
Adl Jas 3153.33 214117 1.26 1012.17 2647.25 259842 0.902550.50 1.03 0.68
Aflak Sl 2761.67 179125 1.38  970.42  2276.46 2224.15 0.66 2173.04 0.86 0.65
Alamot Sgell 3109.17 2026.67 1.37 1082.50 2567.92 2510.23 0.84453.84 0.97 0.65
Alvand %l 2525.83 1335.00 1.86 1190.83 1930.42 1836.30 0.451746.77 0.64 0.53
Arg S| 3506.67 3413.75 0.10  92.92  3460.21 3459.90 159345959 1.64 0.97
Arta b, 2210.00 1675.83 0.95 534.17 194292 192447 0.49 1906.20 0.80 0.76
Arvanc X! 172750 1420.00 0.70 307.50 1573.75 1566.22 0.33 1558.73 0.68 0.82
Atrak S5 164375 230250 -1.58 -658.75 1973.13 1945.44 0.501918.14 1.10 1.40
Azar z Y, 1512.50 2346.25 -2.17 -833.75 1929.38 1883.80 0.47 1839.30 1.12 1.55
Baha Sl 3049.17 2169.17 1.14  880.00 2609.17 2571.80 0.88 2534.97 1.04 0.71
Chamrar .1 .> 277750 2080.83 0.99 696.67 2429.17 2404.06 0.77 237921 1.00 0.75
Chenab ol 3107.50 1941.67 1.48 1165.83 252458 2456.37 - 0.8(2389.99 0.93 0.62
Darab2  Yolls 422750 184250 2.22 238500 3035.00 279091 1.04 2566.45 0.88 0.44
Darya L, 1949.17 1250.83 1.41  698.33 1600.00 1561.44 0.321523.80 0.60 0.64
Dez 39 2331.67 2773.33 -0.75 -441.67 255250 254293 0.86 2533.39 133911
DN11 DN11 2535.00 2313.3! 0.3¢ 221.67 24241 (24216 0.7¢ 2419.1( 1.11 0.9]
Gaskojen 5555 282417 2153.33 0.94  670.83 2488.75 2466.04 0.81 244354 1.03 0.76
Qods o8 237500 263250 -0.43 -257.50 2503.75 2500.44 0.832497.13 1.26 1.11
Golestan k.5 4679.67 2126.67 2.15 2553.00 3403.17 3154.69 1.32 292437 1.02 0.45
Hamoon  ,sle 425375 257750 155 1676.25  3415.63 3311.20 1.463209.97 1.24 0.61
Karaj 2 Yz,S 214333 1856.25 0.53  287.08 = 1999.79 1994.63 0.531989.49 0.89 0.87
Line A Line A 2236.2! 1607.5( 1.11 628.7¢ 1921.8¢ 1895.9¢ 0.4¢ 1870.4! 0.77 0.7Z
Mahdavi Govge  3221.17 2250.83 1.19 970.33 2736.00 2692.64 0.972649.97 1.08 0.70
Marvdasht <, 307250 1831.67 1.59° 1240.83 2452.08 237230 0.75 229511 0.88 0.60
Moghan2 Y e 2400.00 1880.00 0.85 520.00 2140.00 2124.15 0.6(2108.41 0.90 0.78
Moghan 3 Y lw 2024.17 1739.17 0.55 285.00 1881.67 1876.26 0.47 1870.88 0.83 0.86
Navid Ly 3367.50 -2002.50. 1.60 1365.00 2685.00 2596.81 0.9®511.52 0.96 0.59
Pishgam  sKa, 164167 1956.67 -0.76 -315.00 1799.17 1792.26 0.431785.38 0.94 1.19
Sabalan O 2863.33 1229.17 2.25 1634.17 2046.25 1876.04 0.471719.99 0.59 0.43
Shahed sl 3718.33 3888.61 -0.18 -170.28 3803.47 3802.52 1.923801.56 1.86 1.05
Shahpasand sc.ols  1243.33  3624.13 -7.54 -2380.79 2433.73 2122.73 0.6851.47 174 291
Shiraz 3y 3481.25 3686.25 -0.23 -205.00 3583.75 3582.28 1.713580.82 1.77 1.06
Shiroodi o9, 2060.00 540.00 2.91 1520.00 1300.00 1054.70 0.15855.69 0.26 0.26
Sholeh aleds 2978.75 2356.67 0.82 622.08 2667.71 2649.51 0.932631.44 1.13 0.79
Sivand D gan 2135.83 1877.50 0.48 258.33 2006.67 2002.51 0.53 1998.35 0.90 0.88
Sorkhtak :>,. 5003.75 1689.17 2.61 331458 3346.46 2907.26 1.13 252571 0.81 0.34
Star Bl 231250 2405.83 -0.16 -93.33 2359.17 2358.71 0.742358.24 1.15 1.04
Tajan o 2256.67 885.00 2.39 1371.67 1570.83 1413.21 0.27 127140 0.42 0.39
Toos ¥ 191250 1908.13 0.01 4.38 1910.31 1910.31 0.491910.31 0.91 1.00
Zagros oS, 2500.00 1567.50 1.47 93250 2033.75 1979.58 0.521926.86 0.75 0.63
Zare &l 3290.00 2431.25 1.03 858.75 2860.63 2828.22 1.06 2796.18 1.17 0.74
Mean ok 273472 2086.05  0.67 648.67 2410.38 2340.56 0.7776.82 1.00 0.83

83058 Sabes MP « Jozs ol TOL (25 4y Sl a3l SSI s Lyl i 0 0 Slae YS (55 g0y Lulpd 1o o ,Slee YP

5,8es 55ll (a3ls YSI o Slae asls Y« Sigeylo nSibe HM (25 a5 Joos a3l ST (550 440 (osdid (Sike GMP
YP, grain yield under non-stress condition; YS,imgrgield under stressondition; SSI, stress susceptibility ind:
TOL, tolerance index; MP, mean productivity; GMPeogetric mean productivity; STI, stress tolerancelek;
HM, harmonic mean; YI, yield Index; YSI, yield stkty index.
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ke duw Oy Jalgy lejen g colaiwl gos A loge
hlogasls 5l (o9 5 e 9 25 Lalpd 50 9 Ses
5 () JS8) am ans Jlgel sy o5 5l (o 35 aslllas
381 g 3hmd wald (ygela « Il Jas sl s oo oyl
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Table 5. Correlation coefficients among tolerance susceptibility indices in the 41 wheat varieties

Index YS SSI TOL MP GMP STI  HM YI YSI
YP 0.20 0.5 0.72 082" 0777 076 070 0.20 0.51
YS -0.62" -0.53 072" 076 075 079 099 0.62
SsI 0.88" 0.006  -0.009 0.01 0.02 062 0.99

TOL 0.21 0.13 0.13 0.05 053 0.88
MP 099" 098 095 072" 0.004

GMP 099" 099 0.76 0.01
STI 097" 0.75 0.01
HM 0.79 0.02
YI 0.62
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" Significant at 1% probability level. The indicase: YP, grain yield in normal condition; YS, grajield

in salinity condition; SSI, stress susceptibilitypdex; TOL, tolerance index; MP, mean productivity;

GMP, geometric mean productivity; STI, stress thee index; HM, harmonic mean; YI, yield Index;
YSI, yield stability index.
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Table 6. Principal component analysis using toleeaand susceptibility indices

ol adlee e Lly oy
Principal 0 CTITER yp o YS SSI TOL MP GMP STI HM YI YSI
Eigen value Variance (%)
component
1 5.81 58.05 0.7660.774 -0.031 0.1170.9900.998 0.991 0.983 0.774 0.031
2 3.91 39.10 0.6040.630 0.973 0.965 0.0650.017 0.026 -0.028 -0.630 -0.973

(530 e (3e3ales MP oz uaéLLTOL (O A Sl als SSLQ;,.;S Lyls o0 ,Slkee YS conid G ko o Sles YP

S Slae sl el YSI o Slee (asls Y1 (Sigolo (uSilee HM (35 & Joms (asls ST s 550 00 (owiin (n:Sile GMP
YP, grain yield under non-stress condition; YS,imndeld under stressondition; SSI, stress susceptibil
index; TOL, tolerance index; MP, mean productivitgMP, geometric mean productivity; STI, str
tolerance index; HM, harmonic mean; YI, yield ind&8l, yield stability index.

3802

856

3689 5004

5 (G5l 50 5 Slae) YS (s gy Ll 0 0,5kae) YP (gla o lis ulusl s addllan 5y o8 (gamy s 2iST5 -V IS5
(Sgaylo (:Sile) HM
Figurel. Three dimensional dispersion of the studiedeti@s based on YP (grain yield under non-stress
condition), YS (grain yield under stress conditiang HM (harmonic mean)

2.5 —pCT - 56%, PC2 .39 1%; Sum <87 1% __

sg1 TOL

P50 adlze

i T T T I R T
-1.0 -0.5 oo 05 10 1.5 20 25 30

Js! adlze

kol adlge (a0 g sl ol paiS BB 50 (650 &) Lol oo laas Ll Ol (ales -V S0
890 32 Soles MP Juoss (ol TOL (15 0 ol Lol SSI i lyl,o j0 0,Shee YS (15 g0 Ll j0 0,Shee YP
2 Shes (55l pasls YSI o Shee (als Y1« Sigajla n:Sle HM (25 4 Joos (a3 ST s p90 500 (o 5:5Le GMP
Figure 2. Biplot for tolerance and susceptibilifydices in wheat varieties according to first andogsel
principal components. YP, grain yield under nomsdr condition; YS, grain yield under stress coaoditi

SSI, stress susceptibility index; TOL, toleranceleix; MP, mean productivity; GMP, geometric mean
productivity; STI, stress tolerance index; HM, hamit mean; YI, yield index; YSI, yield stabilitydex.
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Figure 3. Clustering of the studied wheat varietising complete linkage method and squared Euclidea

Sl =FY (o ST T (e Y e YA Gl XY

distance according to tolerance indices. 1. AdIAflak, 3. Alamot, 4. Alvand, 5. Arg, 6. Arta, 7.nfand,

8. Atrak, 9. Azar-2, 10. Bahar, 11. Chamran, 12ei@b, 13. Darab-2, 14. Darya, 15. Dez, 16. DN11,
17. Gaskojen, 18. Qods, 19. Golestan, 20. Hamo&n,Karaj, 22. Line A, 23. Mahdavi, 24. Marvdasht,
25. Moghan-2, 26. Moghan-3, 27. Navid, 28. Pishgath, Sabalan, 30. Shahed, 31. Shahpasand, 32z Shira

33. Shoroodi, 34. Sholeh, 35. Sivand, 36. Sorki8@k Star, 38. Tajan, 39. Toos, 40. Zagros, 41e Zar
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Abstract

Salinity is a major abiotic stress in crop prodoictand occurs in many regions of Ir&mce yield
are reduced by the toxicity of salts, thereforedpiction and introduction of high yielding and talet
varieties can be useful and effective on losingitmgact of this phenomena in accordance with other
ways to combat soil and water salinity. This expent was conducted to identify the Iranian bread
wheat varietiesT(riticum aestivum L.) suitability for planting in saline areas. Rodne varieties were
assessed in a randomized complete block deditgrthree replications. To evaluate varieties for salt
tolerance, eight indices of stress tolerance amgitbéty were used. The varieties for grain yield
showed significant difference from each other. Theelation coefficients indicated that STI (stress
tolerance index), MP (mean productivity), GMP (gei® mean productivity) and HM (Harmonic
mean) were the best criteria for selection of hygglding varieties under stress and non-stress
conditions. Principal components analysis showed ttvo PCs explained 97.15% total variance.
Cluster analysis based on tolerance and sensitimdices built four distinct groups. In addition,
according to results of the three dimensions schéipiot analysis and cluster analysis, Shiraz and
Arg varieties were determined as the most tolevarieties to salinity stress which can be usedén t
future breeding programs.

Keywords: Biplot, Cluster analysis, Grain yield, Principaineponents
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