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Evaluation of physiological traits in winter and facultative bread wheat genotypes
under terminal drought stress conditions
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Table 1. Pedigree of wheat genotypes

1S Gl g5 a8 AF slas 550
Wheat o et el Wheat o et el
genotypes code Name/Parentage genotypes code Name/Parentage
C-87-1 Shahryar C-87-11 Basswood/MV17
C-87-2 Alvand C-87-12 Basswood/MV17
C-87-3 C-80-4 C-87-13 Bhr*5/Aga//Sni/3/Trk13/4/Gaspard
C-87-4 Gascogne//Rsh*2/10120/3/Alvd//Aldan/las58 C-87-14 Qds/4/Anza/3/Pi/Nar//Hys/5/Vee/Nac/6/Gascogne
C-87-5 Alvd//Aldan/las58/3/MV 17/4/Evwyt2/Azd//Rsh*2/10120 C-87-15 Qds/4/Anza/3/Pi/Nar//Hys/5/Vee/Nac/6/Gascogne
C-87-6 Alvd/Aldan/las58*2/3/Gaspard C-87-16 Omid//H7/4P839/3/Omid/Tdo/4/IC WHAS 1-1473/5/90Zhong87/6/Owl
C-87-7 Mhdv/Soissons/4/Bloudan/3/Bb/7C*2//Y50E/Kal*3 C-87-17 Soissons/M-73-4//Owl 852524-*3H-*O-*HOH
C-87-8 F4141-W-1-1/Pastor//Pyn/Bau C-87-18 Bilinmeyen-6
C-87-9 Au//YT542/N10B/3/118260/4/Ji/Hys/5/Yunnat Odesskiy/6/Ks82W409/Spn C-87-19 Sn64//Ske/2* Ane/3/Sx/4/Bez/5/Seri/6/Chervona/7/Kleiber/2 *FL80//Donskpoluk
C-87-10 1d800994.W/Vee/3/Ures/Jun//Kauz/4/Bul5052.1
Cﬁdh%}}jdbdﬂﬂb}jbd}b)ﬁ o2 Oyl @)sjfl.b-}j.ﬁ)l{ e, =Y J gl
Table 2. Data of rainfall and maximum ambient temperature during grain filling periods of wheat genotypes
Crop 2009 \YM 2010  yrad 2011 Y4
SusL los Sl SusL s ST SNl los Sl
Days Rainfalllmm) Max Temp. (°C) Rainfalllmm) Max Temp. (°C) Rainfalllmm) Max Temp. (°C)
May 5 (Cuigus,l Vo) - - 0.4 21 - -
May 11 (Cigosyl YY) - - 2.8 26 - -
May 13 (Coigus,i ¥y 0.7 26 1.3 31 - -
May 14 (Coigus)I YF) - - 5 25 - -
May 17 (cigus)l YY) 0.6 22 - - - -
May 18 (cigas,lYA) - - - - 0.2 26
May 19 (Cigos,I¥9) - - - - 24 31
May 20 (Cuigus)l¥) - - - - 5.1 27
May 26 (sls = 0) 1.4 29 - - - -
June 7 (sl V) 2.2 28 - - - -
June 8 (sl A ) 3 28 - - - -
June 13 (sls = YY) 1.6 30 - - - -
Total 9.5 9.5 7.7

(g | Y9) Sl s £

(g3, 1Y) SLidl o> §

(i3, W) GLidl o3 &

Anthesis: May 8

Anthesis: May 3 Anthesis: May 16
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Table 3. Mean values for grain yield and physiological characteristics in wheat genotypes under normal (N), severe (S1) and moderate (S2) drought stress conditions

No. of als 3 Shes Csls e ls o T (gl g A s sles 2 b5 IS ol gia Sk slis gl
wheat genotypes Grain yield (kg.ha™) HI (%) RWC (%) Canopy temperature depression (°C) SPAD value CMS (%)
N 2 SI N S2 S1 N S2 S1 N S2 S1 N S2 S1 S2 S1
1 7116a 6057h 4228d 42.0ab 37.0¢ 34.6ab 75.6¢cde 68.6cd 55.9¢ 2.4bc 2.6abc 1.7f 41.6d 40.9bcd  40.5bed 76.4d 70.6cd
2 7372a  6320fgh  4856cd 42.0ab 38.1de  34.9ab 74.3de 71.labecd  66.2abc 3.0ab 2.2bc 2.0ef 42.3cd  42.0abcd 39.4d 78.7cd  74.2bcd
3 7447a  6480cdef  5420abc  40.7bc 40.9abc  36.6ab 73.5¢ 71.1abcd  63.1abc 2.3bc 2.5abc 2.2bcde  44.0abed 39.9¢cd 39.4d 79.8bcd  75.5abed
4 7331a  6920bcde 557labc  42.9ab  39.6abcd  34.3ab 82.6abc  71.4abcd  66.8ab 2.6abc 2.6abc 2.3abcde 47.8ab 40.7bcd 42.9ab 86.5ab  79.8abc
5 6986a 6718bcde  5295abc  42.9ab  40.6abcd 34.1b  79.4abcde 67.8d 66.6ab 2.6abc 2.1c 2.1def  44.9abed  41.9abcd 43.0ab 80.1bcd  73.5bcd
6 7863a 7706a 6057a 44.5ab 42.8a 37.6ab  81.7abcd 73.2abcd  61.labc 3.2a 2.7abc 2.6ab 43.5abcd  41.7abed 42.9ab 88.8a 83.3a
7 7877a 7164ab 5733ab 44.0ab 41.7abc  38.4ab 83.7ab 76.7a 60.4abc 2.9ab 2.6abc 2.4abcde  45.0abcd  41.4abcd  41.7abed 85.5abc  77.4abcd
8 7648a  6962bcde  5540abc  41.5abc  38.7bcde  36.5ab  77.5abcde  73.9abcd  61.9abc 2.0c 2.5abc 2.3abcde  43.0bcd  40.7bcd  41.6abcd 85.9abc  79.6abc
9 7633a  6656cdef  S5211bc 38.8¢c 38.0cde 36.8ab  80.9abcde 67.8d 62.8abc 2.9ab 2.4abc 2.3abcde  44.4abcd  40.9bcd  41.4abced 84.2abc  76.6abcd
10 7151a  6715cdef 5492abc  44.2ab 42.5abc  35.4ab  78.3abcde 71.7abed  62.7abc 2.9ab 2.6abc 2.2bcde  44.1abed 39.1d 41.5abed 85.4abc  79.0abed
11 6987a  6756cdef  5603abc 45.1a 39.6abcd  38.4ab 84.5a 75.1ab  62.5abc 3.0ab 2.9a 2.6ab 45.9abed 46.0a 44.1a 84.3abc  73.9bcd
12 7234a 6017h 488lcd  41.6abc 38.2cde 35.2ab  81.0abcde  69.2bcd  61.labc 2.6abc 2.6abc 2.1def  44.1abcd 45.4ab 43.3ab 78.7cd  72.0cd
13 7140a  6448cdef  5097bc 44.5ab 38.5bcde  37.0ab 82.5abc  73.8abcd  61.8abc 2.3bc 2.3bc 2.7a 44.4abcd  44.4abc 42.7abc 80.0bcd  74.1bcd
14 7234a  628%efg  5273abc  43.9ab 42.0abc  37.3ab  80.5abcde  69.4bcd  65.6abc 2.5be 2.7abc 2.5abcd  46.8abc  43.7abcd 41.9abcd  8l.6abcd  75.1abed
15 7518a  6449cdef  5233bc 43.7ab  39.6abcd  37.7ab 82.3abc  74.4abcd  62.3abc 2.7abc 2.7abc 2.5abecd  45.0abed 44.8abc  42.2abcd 80.6bcd  76.7abcd
16 6971a  6335fgh  5528abc  43.4ab  38.8bcde  34.4b  76.8bcde  72.5abcd  64.7abc 2.8ab 2.5abc 2.6ab 41.5d 44.1abc 39.8cd  80.8bcd  75.1abed
17 7751a 7069bc 5466abc  42.0ab 42.8a 39.4a  79.9abcde 74.4abcd  69.3a 2.9ab 2.6abc 2.6ab 47.9a 44.9ab 43.8a 84.9abc  80.6ab
18 7202a  6995bcd  561labc  43.5ab  39.8abed 35.5ab  77.0abcde  72.4abcd  61.8abc 2.7abc 2.7abc 2.4abcde  45.labecd  43.4abcd  41.4abced 84.4abc  79.7abc
19 7084a  6435cdef  5029bc 44.7a  40.4abcde  36.6ab 82.2abc  71.7abed  57.7bc 2.4bc 2.5abc 2.4abcde 42.3cd 43.8abcd  40.5bcd  81.5abed  75.4abed
Mean 7345 6657 5322 42.9 40.0 36.4 79.7 71.9 62.9 2.7 2.5 2.3 44.4 42.6 41.8 82.5 76.4

vU)‘-LL;)\J‘_éMQ}wM)b@dw}‘c!d.djé;/Sl:‘5‘4;61}.»\;?;)}A)'TJL»'X¢M5}:¢;.})>6‘)‘56&\.&3&%&0?&}&13
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan's Multiple Range Test
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Fig. 1. Regression between canopy temperature depression and grain yield of wheat genotypes under severe

drought stress condition
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Fig. 2. Regression between cell membrane stability (CMS) and grain yield of wheat genotypes under severe

drought stress condition
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Table 4. Drought tolerance indices for wheat genotypes in severe drought stress condition
No. of wheat genotypes Yp Ysl Tol MP GMP STI SSI

1 7.116 4228 2887 5672 5485 0558 1476
2 7372 4856 2516  6.114 5984  0.664 1.241
3 7.447 5420 2.027 6433 6353 0.748  0.990
4 7331  5.571 1.760 6451 6391 0.757 0.873
5 6.986  5.295 1.691 6.140 6.082 0.686  0.880
6 7.863  6.057 1.806 6960 6901 0.883  0.835
7 7.877 5733 2144 6.805 6.720 0.837  0.990
8 7.648 5540 2108  6.594 6.509 0.785  1.002
9 7.633 5211 2422 6422 6307 0.737 1.154
10 7.151 5492  1.659 6322 6.267 0.728  0.843
11 6.987  5.603 1.384  6.295 6.257 0.726  0.720
12 7.234 4881 2353 6.058 5942  0.655 1.183
13 7.140 5.097 2043 6.119 6.033 0.675 1.040
14 7.234  5.273 1.961 6254 6.176  0.707  0.986
15 7.518 5233 2285 6375 6272 0729 1.105
16 6971 5528 1444 6250 6.208 0.714  0.753
17 7.751 5466 2285 6.608 6.509 0.785 1.072
18 7.202  5.611 1.591 6.406 6357 0.749  0.803
19 7.084 5.029 2.055 6.057 5969 0.660 1.055

s oo 15 Ll 3 eaS glac s g5 sl i 5 e g jasli alie -0 su
Table 5. Drought tolerance indices for wheat genotypes under moderate drought stress condition
No. of wheat genotypes Yp Ys2 Tol MP GMP STI SSI

1 7.116  6.057 1.059 6.586  6.565 0.799  1.583
2 7372 6320 1.052 6.846 6.826 0.864 1.518
3 7447 6480 0967 6964 6947  0.895 1.382
4 7.331 6.920 0412 7.126  7.123  0.940  0.597
5 6986  6.718 0269 6.852  6.851 0.870  0.409
6 7.863  7.706  0.157 7.784  7.784  1.123  0.213
7 7.877 7.164 0713  7.520  7.512 1.046  0.963
8 7.648 6962 0.687 7305 7297 0987  0.955
9 7.633  6.656 0977 7.145 7.128 0942  1.362
10 7.151 6.715 0436 6933 6929 0.890 0.649
11 6.987 6.756  0.231 6.872  6.871 0.875  0.352
12 7.234  6.017 1217 6.626  6.598  0.807  1.790
13 7.140 6.448 0.692 6.794 6.785  0.853 1.031
14 7234 6289 0946 6.761 6.745  0.843 1.391
15 7.518 6449 1.068 6983 6963 0.899 1.512
16 6.971 6.335 0.636  6.653 6.645 0.819 0.971
17 7.751 7.069  0.682 7410  7.402 1.016  0.936
18 7202  6.995 0207 7.098 7.097 0934  0.306
19 7.084 6435 0.649 6.760 6.752  0.845 0.974
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Table 6. Correlation coefficients between tolerance indices and grain yield in wheat genotypes under normal

and severe drought stress condition (n=19)

Yot Ys, TOL,, MP,  GMP,  STI, SSI, CTD, CMSy
Y, 1.00  040™ 035™ 078" 072" 0737  0.15™ 0.17ns -
Ys; .00 -0.72"  -0.54" 093" 092" 084" 066" 078"
TOL 1.00 031" -041™  -039™ 098"  -039"  -0.25
MP 1.00 0.99" 099"  -0.49" 0.54" 0.85"
GMP 1.00 0.99"  -0.58"  0.58" 0.85"
STI, .00  -0.56 0.57" 0.85"
SSI, 1.00 -0.62" 047
CTD, 1.00 0.46
CMS 1.00

(n=14) §.~>-“ : ﬁ%uiﬁ}dwby\gb‘\fiﬁrxféh%}}jdb:

Table 7. Correlation coefficients between tolerance indices and grain yield in wheat genotypes under normal

and moderate drought stress condition (n=19)

Y, Ys, TOLs, MPs, GMPs, STI, SSI, CTD, CMS,
Yp 1.00 0617  0.12® 090 0.85" 0907  0.06® 013" -
Ys, .00 -071" 093" 0.94" 0.94"  -0.74" 0.23™  0.89"
TOL s, 1.00  -0.40™  0.42™_  -042" 099”7 021™  -0.65"
MP s, 1.00 0.99" 1.00"  -0.46 0.29™  0.88"
GMP s, 1.00 1.00"  -0.48" 0.29™  0.86"
STI , 1.00 -0.48" 0.30™  0.86"
SSI 1.00 -0.27"™  -0.60"
CTD 1.00 0.50"
CMS 1.00

ns; Not significant s gme & IS

*,** Significant at 5% and 1% probability levels, respectively — as,5 oS 5z dlat 7 g 3 s fns o 5 4 5% 7%
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Evaluation of physiological traits in winter and facultative bread wheat

genotypes under terminal drought stress conditions
A. R. Koocheki', A. Yazdansepas2 and U. Mahmadyorov3

ABSTRACT

A. R. Koocheki, A.Yazdansepas and U. Mahmadyorov. 2013. Evaluation of physiological traits in winter and facultative
bread wheat genotypes under terminal drought stress conditions. Iranian Journal of Crop Sciences. 15(2):121 -135.

(In Persian).

Drought stress is the most limiting factor for agricultural production in arid and semi-arid regions, therefore
development of drought tolerant varieties in wheat breeding programs is in top priority. This experiment was
conducted to compare 19 facultative and winter wheat genotypes under normal irrigation and anthesis (S1) and
post-anthesis (S2) drought stress conditions, as split plot arrangements in randomized complete blocks design
with three replications at Karaj agricultural research station of Iran in 2008-11 cropping seasons. Drought stress
affected grain yield, Harvest index (HI), leaf relative water content (RWC), canopy temperature depression
(CTD), chlorophyll (CHL) and cell membrane stability (CMS). Results showed that genotypes with high grain
yield also had higher leaf relative water content (RWC), canopy temperature depression (CTD) and cell
membrane stability (CMS). Under S1 drought stress condition, grain yield had significant positive correlation
with cell membrane stability (CMS) and canopy temperature depression (CTD), therefore, cell membrane
stability and canopy temperature depression could be used for selection of tolerant genotypes. Among the
genotypes, genotype no. 6 had higher cell membrane stability and canopy temperature depression than the
others. Tolerance and susceptibility of the genotypes to drought stress were assessed using STI, SSI, TOL, MP
and GMP. Considering grain yield, physiological traits and stress susceptibility indices in three conditions,
genotype no. 6 (Pishtaz*2/Gaspard) was identified as the most tolerant genotype and was selected for on-farm

trials.

Key words: Drought stress, Physiological traits, Susceptibility and Tolerance indices and Wheat.
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