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Screening of rice (Oryza sativa L.) genotypes for drought tolerance using
tolerance indices and multivariate analysis
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Table 1. Characteristics of rice genotypes

osleds dlize ojlad slise
No. Rice genotypes =, sleesss  Origin - No. Rice genotypes e ebesgs  Origin
1 Khazar S 1 21 Keshvari o35S 4
2 Dorfak Gy 1 22 Shiroudi (§59 s 4
3 Nemat VeY 4 23 Koohsar Sl S 4
4 Gohar Yy 1 24 Hashemi bl 1
5  Saleh Ao 1 25 Ali Kazemi b e 1
6  Kadoos 9 1 26 Domsiah olsd 1
7  Tabesh ot 4 27  Sangejo reton 4
8 Shafagh ) 4 28  Sadri Soko 1
9 Pouya Ly 4 29  Binam el 1
10 Fajr b 4 30 Hasansarayi Sl e 1
11 Sahel J=L 4 31 Hasani s 1
12 Ghaem 6 4 32 Deylamani Slabs 4
13 Jelodar sl 4 33 Ahlomi Tarom ol adal 4
14 Pajohesh SRk 4 34 Hamar Ahvaz BT Joes 3
15  Pardis ey 4 35 Champa Ahvaz BT wes 3
16  Zayandeh Rud Sgyedl; 2 36  Anboori Ahvaz Slsals, sue 3
17  Sazandegi S Ll 2 37  Hasani rishak ghermez = . 5 oSy e 1
18  Danial Juls 3 38  Gilaneh ke 1
19  Hoveyzeh opsh 3 39 Line831 Ay Y 1
20  Neda 1% 4 40  Firoozan Ols 2
1:Gilan, 2:Isfahan, 3:Khozestan and 4:Mazandaran OLL3LF 5 Ol = ¥ Olgiol Y (OAE N
Yo.
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Table 2. Volumetric moisture content and soil water potential after irrigation withhold (IW) (2015)

S [Cacat C—*{_}J’)

Soil volumetric moisture S OT Jomily
Measurement time . $sj10l ol (%) Soil water potential (kPa)

7 days after IW bl Alas 3l am 5,V 47.8 -38

12 days after IW ;LT abas 5 dw 55, VY 46.8 -58

17 days after IW ¢, LT abs 5l am 55,1V 42.6 -142

22 days after IW (LT Ak 51 dw 55, YY 34.1 -347

24 days after IW o )LT Al 5l dw j5, YF 24.0 -900
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Table 3. The used equation for calculating drought tolerance indices

Indices Jos gla e ls Formula dal, Reference na
b Sl
o Y (Ys+Yn)/2 Rosielle and Hamblin, 1981
Mean productivity
ks e
. . GMP=,/Ys x Yy Fernandez, 1992
Geometric mean productivity
K 50,y 5Kk
] S HM=(2xYy\xYs)/(Yny+Ys)  Fernandez, 1992
Harmonic mean
Sz jesla

Tolerance index

O 4 Gl a5 ls

TOL:YN _YS

Rosielle and Hamblin, 1981

SSI=(1—(Ys/Yy))/SI

Fischer and Maurer, 1978

Stress susceptibility index SI=1- (\_(s/\_(N)
5 s asls _
_ SIS o (v < Ye) (Y2 Fernandez, 1992
Stress tolerance index
B Sl.g.p =L —
. o Yl=Ys/Ys Gavuzzi et al., 1997
Yield index
Shes @)l esls
ST YSE=Ys /Yy Bouslama and Schapaugh, 1984

Yield stability index
Relative drought index
S 4 Sl Ao s e la
Stress susceptibility percent index
Modified stress tolerance index (K1STI and K2STI)
S5p el
Superiority index

S s Sles jasls DYI—

Drought yield index

RDI=(Ys/Yn)/(Ys/YN)

SSPI=[Yy — Ys/2(YN)]x100

K, STl = Ys?/ Ys?
K,STl =Yp2 /YN

4 2
Pi :Z(X” _MJ) /2n
i=1

Fischer and Wood, 1979

Moosavi et al., 2008

Farshadfar and Sutka, 2002
Farshadfar and Sutka, 2002

Clarke et al., 1992

YN, G
NN Raman et al., 2012
Ys
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Ys : Mean yield of all genotypes under stress conditions, Yn : Mean yield of all genotypes under non-stress conditions, G:

Geometric mean across genotypes, Ys: Yield of genotype under stress, Yn: Yield of genotype under non-stress conditions,
SI: Stress index, Xi: Grain yield of i genotype in the j™ environment M;: Yield of the genotype with maximum yield at

location j
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Table 4. Grain yield of selected rice genotypes in non-stress (Yn) and drought stress condition (Ys)

and yield reduction rate (YR) (2014)

TS s 5 Oa dl b s e Sas 5 Lld s ah s Sles 5 Sles sl
Rice genotypes Yn (g.plant?) Ys (g.plant?) YR (%)
Dorfak &S5, 374 29.4 -21.4
Nemat Caani 41.0 33.6 -18.0
Gohar a5 18.0 14.6 -18.6
Kados o33 311 27.1 -12.7
Pouya Ly 32.0 25.6 -20.0
Sahel J-l 34.4 25.8 -33.5
Ghaem 6 34.9 32.7 -6.5
Jelodar Sl gk 39.9 32.2 -19.4
Pajohesh sk 35.6 32.4 -9.0
Pardis e 323 29.9 -7.2
Neda 5 34.8 323 1.7
Shiroudi 39,5 37.6 24.9 -33.7
Alikazemi b Je 44.0 25.9 -41.2
AhlamiTarom ¢ b _.lal 38.3 28.6 -25.5
Gilaneh kg 36.4 34.7 -4.7
Line831 A Y 36.3 33.9 -6.7
Firoozan Ols 2 33.1 32.4 2.2
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Fig. 1. Dendrogram of cluster analysis of rice genotypes by Ward’s minimum variance method (2014)

(Coph.Coef: 0.7516)
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Table 5. Discriminant function analysis using Wilks' Lambda for rice genotypes under drought stress condition for Fig. 1

oSy ey S esliTar s Sl e
Test of function(s) s o5l Wilks' Lambda  Chi-square df Sig.
1 through 3 pom mG 0953 51 dsl AL 0.009 161.004 18 0.000
2 through 3 pow 26 0553 5l ps Al 0.128 69.956 10 0.000
3 poe 0.425 29.131 4 0.000

WL&)Mle.bu.”-\.&uwl.w‘jcj;6&%};56‘4‘3?Qﬁ)‘d&&éb@)fﬁ@%\i&-?J).\:—

Table 6. Mean comparison of classified groups by cluster analysis of rice genotypes using susceptible and

tolerant indices

Groups Yn Ys TOL MP GMP HM SSI STI
| 16.07d  10.93d 5.17c 13.53c 13.17d 12.90d  1.30b  0.20c
1 36.73a  29.70a 7.07b  33.20a 32.97a 32.63a 0.83c 1.20a
1 31.43b  19.90c 11.57a 25.70b  24.97c 2427c  153a 0.70b
v 28.87c  24.87b 400d 26.87b 26.77b  26.70b  0.60d  0.80b
LIk (6513 e g A3 &S ezt pelae 53 LD 505T b s ccin 57 250 Do 511 o7 oo S0ke O gt o 53
Means with similar letter(s) in each column are not significantly different at 1% probability level using LSD test
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Table 7. Grain yield of rice genotypes in non-stress (Yn) and drought stress conditions (Y's)

and yield reduction rate (YR)

@'ﬁéu%};)" ui:o_;,lf.\a_ll}.i);q;lssjgkw u.l’,.‘.?.]m_\fl‘«):&\.s.sjgl.:.p :ng.o.su.;.alf
Rice genotypes Yn (kg.ha!) Ys (kg.ha1) YR (%)
Sahel Lo 4074.4 3605.2 -11.51
Jelodar 3 sl 3431.4 2642.9 -22.98
Ghaem o6 3679.9 2902.5 -21.12
Pooya Ly 3795.6 1373.9 -63.80
Kadoos 338 3521.9 1871.9 -46.85
Dorfak S, 3834.5 2812.9 -26.64
Nemat S 4830.9 2633.2 -45.49
Shiroodi Ty 3090.1 2731.6 -11.60
Neda 15 4713.5 3198.6 -32.14
Gohar Yy 3056.0 1430.2 -53.20
Pardis e 2075.9 1452.5 -30.03
Gilaneh HE 3519.3 2196.8 -37.58
Ahlami Tarom  o,b _olal 3599.4 2590.5 -28.03
Ali Kazemi b e 3264.3 1178.6 -63.89
Pazhohesh Uiash 4138.7 21449 -48.17
Line 831 A Y 37954 2748.0 -27.60
voo
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Fig. 2. Dendrogram of cluster analysis of rice genotypes by UPGMA method (2015) (Coph.Coef: 0.8338)
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Table 8. Discriminant function analysis using Wilks' Lambda for rice genotypes under drought stress condition for Fig. 2

c\}S L)}U'T «J“SLJ sl j‘)i,.,\ s Lg:l)'T 4> )3 Gols sne
Test of Function(s) ~ Wilks' Lambda  Chi-square d.f Significance
1 (Jsl mb) 0.129 22.529 6 0.001
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Table 9. Mean comparison of classified groups by cluster analysis of rice genotypes (2015)

group Yn Ys TOL SSI STI MP GMP HM
| 2869.3  1353.8 15156 1.35 0.27 21116 19441 1793.1
I 3946.7  2592.1  1354.6 0.90 0.74 3269.4 3176.7 3089.2
LSD (0.05) 3114 327.4 537.7 0.49 0.07 1726 191.0 221.9

group DYI YSI Yl Pi RDI  SSPI KI1STI  K2STI
| 1.35 0.50 0.57 3710538 0.78 13.0 0.253 0.143
I 0.97 0.73 1.09 1394447 1.04 116 0.470 0.510
LSD (0.05) 0.28 0.19 0.14 340370 0.28 4.63 0.074 0.079
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Table 10. Principal components analysis for drought tolerance indices of rice genotypes

o asLs Jol kol ailge o35 Jol adlse
Indices PC1 PC2
Yn 0.155 0.394
Ys 0.301 0.023
TOL -0.175 0.374
SsI -0.250 0.255
STI 0.277 0.138
MP 0.262 0.227
GMP 0.279 0.174
HM 0.289 0.128
DYI -0.249 0.230
YSI 0.251 -0.253
YI 0.301 0.021
Pi -0.255 -0.215
RDI 0.251 -0.254
SSPI -0.175 0.374
K1STI 0.154 0.389
K2STI 0.296 0.023
Eigenvalue o paie  11.0034 4.7054
%\Variance obolsdeys 698 28.1
%Cumulative e 4ws,s  69.8 97.9
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Fig. 3. Biplot of 16 rice genotypes and drought tolerance and susceptible indices based on the first

and second principle component
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Table 11. Ranking of rice genotypes using drought tolerance indices and statistical methods (2015)

15 _
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§2 58 S £ 2 85 5 3 223 % 5 5T 8 & 38 5 @
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o

1 Sahel J=te 4 1 15 16 1 2 2 1 16 1 1 15 1 15 4 1 6.0 6.2 122
2 elodar S 12 7 12 13 8 9 8 8 13 4 7 8 4 12 12 7 9.0 28 118
3 Ghaem ~b 8 3 13 14 4 5 5 4 14 3 3 11 3 13 8 3 7.1 42 113
4 Pooya Ly 6 15 1 2 13 13 13 13 2 15 15 4 15 1 6 15 9.3 55 148
5 adoos s 100 12 5 5 12 12 12 12 5 12 12 5 12 5 10 12 9.6 3.0 126
6 Dorfak &Sy 5 4 10 12 3 4 4 5 12 5 4 13 5 10 5 4 6.6 3.3 9.8
7 Nemat ] 1 8 2 6 2 3 3 3 6 11 8 14 11 2 1 8 5.6 3.8 9.4
8 Shiroodi sos,.e 14 6 16 15 10 10 10 9 15 2 6 6 2 16 14 6 9.8 45 143
9 Neda 15 2 2 7 8 6 1 1 2 8 9 2 16 9 7 2 2 5.3 3.9 9.2
10 Gohar »5 15 14 6 3 14 14 14 14 3 14 14 3 14 6 15 14 111 46 156
11 ardis s 16013 14 9 16 16 16 16 9 8 13 1 8 14 16 13 124 40 164
12 Gilaneh a8 11 10 8 7 11 11 11 11 7 10 10 7 10 8 11 10 9.6 15 111
13 Ahlami Tarom b sl 9 9 11 10 7 8 7 7 10 7 9 10 7 11 9 9 8.8 14 101
14 Ali Kazemi b e 13 16 3 1 15 15 15 15 1 16 16 2 16 3 13 16 110 6.0 17.0
15 Pazhohesh sk 3 11 4 4 9 7 9 10 4 13 11 9 13 4 3 11 7.8 34 112
16 Line 831 A\ Y 7 5 9 11 5 6 6 6 11 6 5 12 6 9 7 5 7.3 2.2 9.5

E: Ranks mean, SDR: Standard deviation of ranks and RS: Ranks sum
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Table 12. The selected drought stress tolerant rice genotypes using various statistical methods

baasy g same RS 5 baasy slas 1l SDR claes; Sl R

Statistical method ¢ LT i,

Rice genotypes mpebesss

Guad,
Ranking
lad 5 4 2
Cluster analysis
sl
Biplot
e

Three methods

AN Y 5 Gt sl adal Gls sl 44}‘)\:.? ‘(,jlé A (e (S5 5
Dorfak, Nemat, Neda, Ghaem, Gilaneh, Jelodar, Ahlomi Tarom, Pajohesh, Line 831
Ls Ld)\:f (839 cu,«plf ¢¢§§_;: AYY uiy LVJB s gl CR9 R L(aj\.bgwla‘ ARY LJ>L.« (Coms
Nemat, Sahel, Neda, Ahlami Tarom, Pajohesh, Jelodar, Ghaem, Line 831, Dorfak, Kadoos, Shiroudi, Pouya, Guilaneh,
W8 5 5358 ol Gl gl oyl kol (55,5 ATY Y
Line 831, Dorfak, Ahlomi Tarom, Jelodar, Sahel, Shiroudi, Ghaem
ol eyl okl ATY Y (036 G5
Dorfak, Ghaem, Line 831, Ahlomi Tarom, Jelodar
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Screening of rice (Oryza sativa L.) genotypes for drought tolerance using
tolerance indices and multivariate analysis

Fallah-Shamsi, S. A.1, H. Pirdashti?, A. A. Ebadi®, M. Esfahani* and M. Raeini®

ABSTRACT
Fallah-Shamsi, S. A., H. Pirdashti, A. A. Ebadi, M. Esfahani and M. Raeini. 2017. Screening of rice (Oryza sativa L.)
genotypes for drought tolerance using tolerance indices and multivariate analysis. Iranian Journal of Crop Sciences.

18(4): 347-363. (In Persian).

This experiment was carried out to identify drought tolerant genotypes in a set of 40 rice genotypes.
Experimental materials were tested in two experiments including; a; pot experiment carried out on 40 local and
improved rice genotypes under two conditions of non-stressed and water stressed (water withholding at booting
stage), and b; field experiment with 17 selected rice genotypes from pot experiment using tolerance indices, at
Rice Research Institute of Iran in 2014-15 rice growing season. These genotypes were tested under field
conditions under normal (fully irrigated till the end of crop life cycle) and stress condition (water withholding at
panicle initiation stage, till the end of crop life cycle). Results of the field experiment showed that two rice
genotypes; Nemat and Pardis with 4831 and 2076 kg.ha* had highest and lowest paddy yield in the non-stressed
condition, respectively. In watered stress condition, the highest paddy yield obtained from Sahel (3605 kg.ha')
and the lowest yield recorded from Ali Kazemi (1179 kg.ha?). In drought stress conditions in the second year,
paddy yield was reduced by 11.5% in Sahel to 64% in Ali Kazemi cultivars. Cluster analysis could classify 17
rice genotypes iin two groups and among them13 genotypes had higher stress tolerance indices. Using ranking
method and biplot based on principle components analyisi, 9 and 7 genotypes were identified as tolerant,
respectively. Dorfak, Ghaem, Line 831, Ahlami Tarom and Jelodar genotypes were identified as drought stress

tolerant genotypes.

Keywords: Biplot, Cluster analysis, Drought stress, Rice and Tolerance indices.
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