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1- Stress Susceptibility Index
2- Tolerance Index
3- Stress

4- Non-stress
5- Mean Productivity
6- Geometric Mean Productivity
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1- Stress Tolerance Index

2- Harmonic mean
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Table 1. Name, origin and characteristics of rice genotypes

a skl G . S gl & e a skl . S gl i)
No. enotype ke Origin Plant height Maturity No. Genotype s Origin Plant height Maturity
1 Abjiboujy el Iran 38s 26 Kadous Ly IRRI s
2 Sadri Lok Iran 353 27 Shahpasand o ol Iran s Oka
3 Domsiah-Solimandarab bl sles Iran 353 28 Tarommahali e ol Iran 353
4 Mohammadi-Chaparsar g (Gehams Iran 353 29 Deilamani olaks Iran s Oka
5 Ghashange Iran 353 30 Neda Y Iran NSrE
6 Mehr Iran s Oka 31 Sange-Tarom il oS Iran s Oka
7 Amol 3 iy Iran L 32 Gill 1 Iran L
8 Tarom-Mantaghe ol Iran 353 33 Gill 3 Iran L
9 Gharib Iran 353 34 Nemat Iran L
10 Hasansaraei 2o Iran 353 35 Gharib-Siahreihani Sl ol o 2 Iran 353
11 Hasansaraei-Atashgah 5T gl Iran 353 36 Ahlami-Tarom ol calsl Iran 353
12 Domsephid Ao s Iran 38s 37 Hashemi Iran 38s
13 Salari ™ Iran 353 38 Line 6 Iran ali S, R
14 Anbarboo Iran 353 39  1IR24 IRRI i ST R
15 Sepidrood 35 ke Iran s Ol 40  IR60 IRRI oSl s
16 Sangjo Iran 353 41 IR30 IRRI i ST L
17 Champaboodar Firyrpwes Iran 38s 42 IR50 IRRI ali S, R
18 Binam el Iran 353 43 IR36 IRRI ali S, L
19 Bejar Sl Iran rans 44 New Bonnet USA i ST R
20 Dorfak 2538 Iran L 45  Vandana IND i ST R
21 Domsorkh Fres Iran 38s 46  IR64 IRRI oSl R
22 Domsiah sl ps Iran 353 47 Araguiua BRA i ST R
23 Khazar I Iran s Oka 48  Diwani SUR i ST R
24 Domzard 358 Iran 353 49 1R28 IRRI ali S, R

25 Alikazemi BB e Iran 2333
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1- Relative water content
2- International Rice Research Institute

3- Paddy yield
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Table 2. Analysis of variance for agromorphological traits in rice genotypes under non-stressed and stressed conditions

(MS) Zey o
Non-stressed BRI
3lda BT B13)
g Jib Fpdd  Fpy e pebole cadgolg pades sk e Aoy - R ST IV T R YN PR A e
PR T gl ahg s e o el o el «ls O P ks g
SOV. Sk gp (PH) (PL) (FLL) (FLW) (GNP) (SNP) (PNP) (PL) (PW) (DF) (DM)  (TGW) (PY)  (BY) (HI) (RWCQ)
Replication A5 0.62™ 171" 0.81™  0.00004™ 235" 4.15™ 1.80™  0.0002™ 0.0002™  10.90”  5.14™  0.009™ 0.01° 0.002™ 0.00007™ 0.0001™
Genotype <I#3 48 2242457 38.697 15452 0077 1277.687 1481.18 207.25"  1.63" 029"  266.53 19345 925" 4317 12.89"  0.007” 0.02"
Error sl 96 1.60 0.43 0.66 0.0001 1.48 1.66 0.61 0.0001  0.0001 0.75 0.48 0.007  0.003  0.001  0.00003  0.00004
Sl
C.V.(%) (o) 10.00 9.02 8.91 9.60 7.70 7.60 6.03 4.10 4.00 9.90 6.10 034 1720 1532 15.21 4.00
Table 2: Continued Jads aals|
(MS) on o o
Stressed
Jek Wl sldai 3l 3l sy G ey
s dib g oy e 3 g3 &k Jdéb e Aoy 5 e S lis 3 Shae 3 Shae e
s S gl kg s o8 gl o el 4ls O kh oSS s &,
SOV, S gr (PH) ey (FLD) (FLW) (GNP) (SNP)  (PNP) (PL) (PW) (DF) (DM) (TGW) (PY) (BY) (HI) (RWC)
Replication 5 2 2.98™ 122 3267 0.00004™ 570 1110 4.38™  0.0003™  0.00002"  7.63" 0.49"  0.00002™ 0.001™  0.007  0.00009™  0.00006™
Genotype S8 48 2270.50"  33.22™  61.30"  0.067  938.99" 981.69" 63.68" 2237 023" 208777 193.72" 15437 2797  10.64”  0.009” 0.017
Error dail 96 1.94 0.29 0.43 0.0003 1.26 1.65 0.70  0.0003  0.00009 0.88 0.66 0.0002  0.003  0.007 0.0001 0.00005
C.V.(%) Dt ::; 16.11 9.31 8.10 721 9.70 8.80 9.54 8.10 4.50 10.50 7.30 0.90 19.81 1831 16.21 5.10
ns, * and **: Non-significant, significant at 5% and 1% probability levels, respectively. B st Jlmt e s s pme s s ome 25w ¥ 1S

&L_SA.LS' whei? 33

6535 DF w8 ik oo PW S ks J b PL ey 3 4 3 31405 PNP cad g s s g 31an SNP a5 15 51w GNP g o5, 1,0 FLW (x5 b FLL i J b PL <4y, ¢lis i :PH

O s STIRWC sy st THT 6,5 0 5 Shes BY w5l 5 Shas PY cls 5150 055 TGW ¢ ol S, b 55,:.DM

PH: Plant height, PL: Panicle Length, FLL: Flag leaf length, FLW: Flag leaf width, GNP: Grain number per panicle, SNP: Spikelet number per panicle, PNP: Panicle number per plant, PL:
Paddy length, PW: Paddy width, DF: Days to flowering, DM: Days to maturity, TGW: Thousand grain weight, PY: Paddy yield, BY: Biological yield, HI: Harvest index, RWC: Relative
water content.
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Table 3. Means and the reduction percentage of them in rice genotypes under non-stressed and stressed
conditions
= TR elE Aoy .
. Non-stressed Reduction Fh
Trait Stressed . t - Value
.. condition (%)
condition

PH 119.56 126.18 5.24 1.20™
PL 27.94 31.44 11.13 5.00"
FLL 36.58 42.89 14.71 5.09"
FLW 0.40 1.55 9.67 4.78"
GNP 115.41 157.27 26.61 10.76™
SNP 145.39 169.44 14.19 579"
PNP 16.97 25.48 33.39 6.23"
PL 9.53 9.81 2.85 1.77™
PW 2.48 2.58 3.87 1.72
DF 88.82 91.35 2.76 1.50™
DM 110.13 113.59 3.04 2.19°
TGW 22.97 2532 9.28 575"
PY 2.92 4.87 40.04 8.96"
BY 6.74 9.86 31.64 779"
HI 0.43 0.49 12.24 5.82"
RWC 0.55 0.67 17.91 7.06™

Y% 3%|JL.}1CE..JaJIaJ;u3Jl;u;uJ:';%';Q**;* ns

ns, * and **: Non-significant, significant at 5% and 1% probability levels, respectively
slani PNP = j5 agacz s slaw SNP w2 g 53 5 4ils 21w IGNP w5 o5y 2 0 FLW o2y &5y J b FLL a2 J b PL w6 g ¢ s )PH
S gk s Shee PY cadls j15 055 TGW ¢ s Faes U 55, DM« 2l deys b 53, DF wesgls 2,0 PW o5 ale J b PL iy 5 4z
5 i ST RWC sy esla HI oS35 g 2 Shee BY
PH: Plant height, PL: Panicle Length, FLL: Flag leaf length, FLW: Flag leaf width, GNP: Grain number per panicle, SNP:
Spikelet number per panicle, PNP: Panicle number per plant, PL: Paddy length, PW: Paddy width, DF: Days to flowering,
DM: Days to maturity, TGW: Thousand grain weight, PY: Paddy yield, BY: Biological yield, HI: Harvest index, RWC:

Relative water content.
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Table 4. Combined analysis of variance for different traits in rice genotypes under non — stressed and stressed

conditions
(MS) &l o S0k
S.0V s pla df PH PL FLL GNP SNP PNP
Environment (E) 1 322292 904.01™ 2933.61" 128799.87"" 42526.53" 5326.117
Rep (Environment) ket 4 1.80™ 1.46™ 2.04" 4.02" 7.62" 3.09"
Genotype o3 48 4451497 63327 184317 1806367 2033217 216.85"
Environment x Genotype x_sg; 48 61.45" 8.59" 31517 41030 429.66" 54.08"
Error LslsTelazl 192 1.77 0.36 0.55 1.37 1.66 0.65
C.V.(%) fie o) 8.1 7.02 8.1 8.6 8.1 8.32
C gl aslsl
Table 4: Continued
(MS) Sl o o SiLe
S.0.V S i ulie df PW DF DM PY HI RWC
Environment (E) 1 079" 470.69"  881.22"  278.79" 0.25" 0.96"
Rep (Environment) w0, S5 4 0.0001™ 9.27" 2.82" 0.006™ 0.0001™ 0.0001™
Genotype sy 48 0487 461.13"  367.52" 573" 0.015" 0.03"
Environment x Genotype x_ss; 48 0.047 1417 19.65" 1.36™ 0.0017" 0.008""
Error LslsTelzal 192 0.01 0.81 0.57 0.003 0.00009 0.00005
CV(%) S 4.00 10.00 6.70 14.10 12.20 5.11

(4s0)

RPY TR P A P PRI PR N - PR (&

ns, * and **: Non-significant, significant at 5% and 1% probability level, respectively
slans PNP w5 55 amas o 5lawi ISNP waz i 5 il 514w IGNP v, o5 5 0 FLW 8 Jsb FLL a2 = J b PL oy gl 0 )PH
.t JJS.L‘_F:PY wasls 5l Jj}:TGW oy ‘_;..a__..-JUjjJ ‘DM ¢L¢a.u'f doys U jJJ:DF WS gls u“.,e:PW WS 2l JJ.'pPL ST
8, i ST RWC 5 il HI oS5 0 » Shie BY
PH: Plant height, PL: Panicle length, FLL: Flag leaf length, FLW: Flag leaf width, GNP: Grain number per panicle, SNP:
Spikelet number per panicle, PNP: Panicle number per plant, PL: Paddy length, PW: Paddy width, DF: Days to flowering,
DM: Days to maturity, TGW: Thousand grain weight, PY: Paddy yield, BY: Biological yield, HI: Harvest index, RWC:

Relative water content.

il Toals 2als (gyls cas jebaly 4l ol ) &8 5 5 blaal o Olg » Olawe
@B S s ol gedd 535 2y 413 5ldm) 3 Ses gl L s J2alS S|
DS el Say e bl elE W5 g 3 ad g sldad cad 5 53 dpad g sl (ad -
TS P e S pdsk el Ao oS Jlasl Ol Jdsas aal (a0
st |y [ e (S 2 S IS o p Al OAS pe)ss 55 DT g
sl ) SN o 5 a8 gl (1 J ) Pirdashti ef al., ) O Sen 5 &5, g
Ylao| 5 ol 4 edblyon gl p 2o 8 )3 Jlb (Jongdee ez al., 1997) O, 5 (2004
Vo5l S oz S 5 S s sk als — g5l 3 (Zheng et al., 2003) Ol LS 5 &5Sl5
03 4 4313 3 Sas 0T Claze 5 4l g5 )5 5 415 sliws Ol 5 &85 .5 1> Cllas (Matsushima, 1966)
4S A o O 35 s e Dol o 5. S oS wml Cws 4 | 4 (Zheng et al., 2003)
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Table 5. Mean comparison of paddy yield and drought tolerance indices in rice genotypes under stress and non -

stress (using Tukey method at the 1% probability level) conditions

oS gl s Slee 5 e le
Genotype s _ Paddy yield Stress tolerance index

Y Yp MP GMP HM TOL SSI STI
Abjiboujy el 202 387 295 280  2.66 1.84 1.19 0.33
Sadri sue 208 392 3 285 272 1.84 1.17 0.34
Domsiah-Solimandarab Chlklede slwss 271 439 355 345 3.36 1.67 095 0.50
Mohammadi-Chaparsar s sdeme 285 394 340 335 331 1.09 0.69 047
Ghashange 327 509 418 4.08  3.99 1.82  0.89 0.70
Mehr 244 442 343 328 3.14 1.98 1.12 045
Amol 3 ‘T 278 524 401 382  3.64 246 117 0.61
Tarom-Mantaghe abal 311 617 464 438 414 3.05 124 0.81
Gharib 249 374 312 305 299 125 083 0.39
Hasansaraei ol = 240 374 3.07 3 292 1.34 089 038
Hasansaraei-Atashgah BT ol e 2.14 0 3013 264 259 255 099 0.78 0.28
Domsephid Lieas  1.82 274 228 224 219 092 084 0.21
Salari s 233 333 283 273 274 099 074 032
Anbarboo 227 331 279 274 269 1.04 0.79 0.31
Sepidrood sy 459 653 556 548 540 1.93  0.74 1.26
Sangjo 258 469 364 348 333 211 112 0.51
Champaboodar Jssle= 412 579 496 489 482 1.66 0.72 1.01
Binam po 322 523 423 411 3.99 201 095 0.71
Bejar s 403 698 550 530 5.1 295 1.05 1.18
Dorfak oSays 268 607 438 404 372 338  1.39 0.68
Domsorkh ey 196 380 288 273 259 1.83 121 0.31
Domsiah dwps 367 392 379 379 3.79 025 0.16 022
Khazar & 327 526 427 415  4.03 1.99 094 0.72
Domzard syjes 222 399 3111 298 286 177 1.10 0.37
Alikazemi b e 313 439 376 371 3.66 125 071 0.57
Kadous o5 3,66 563 4.64 454 444 1.97 0.87 0.87
Shahpasand ol 341 494 418 411 4.04 1.53 077 0.71

GJJJJ}_IQQS\_;?-&;_;J_HJJJG‘L?:” j!-)}—f
SUS) 1595 ame ol 5 4Bl el SlalS L5
ths—ﬂﬂcb_mu&_;ru@jijb1ﬁ_)ni&lf

S o 5 3l ge L 5 O Cdlaze 5 4l 2alS OF plgo
ﬁlﬁ‘jéﬁmﬁsﬂyﬁjwm_giwﬁdm
Slad e 53 9 ) 5,b ey sl a6 5 055 S,
(i Tl 93,8 e )5 (6 xS 4ils
L:A_.niL?uJJLAA_Ebﬂ_La:HWJU:&S’%}n
sl g —as SLAE N Lo a S a5 a0

oL r.x_‘f 2 s—a> 3 (Fischer and Maurer, 1978)

ALS g e g0l g Al S
b ydaly sldar b s o adly sl
JJJ_?u_p:JS.l.;LgiJ'_ﬁﬁdﬁJ;d}i-:lM_,
(Lafitte e al., 2004; Kumar and Kujur, 2003)
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Table 5: Continued

b e aalsl

o8 el .‘JS.LQ.P oS s sla
Paddy yield Stress tolerance index
Genotype wis; Ys Y, MP GMP HM  TOL SSI  STI
Deylamani Skks 207 488 348 3.18 291 2.81 144 042
Tarommahali el 241 370 3.06 299 2.93 1.28 0.86 0.37
Deilamani Skks 326 682 504 471 4.41 3.55 1.30 0.93
Neda s 359 465 412 4.09 4.05 1.06 0.56 0.70
Sange-Tarom polb oS 278 504 391 375 3.59 2.26 1.12 0.59
Gill 1 333 596 465 446 4.28 2.62 1.10 0.83
Gill 3 7.07 731 719 7.19 7.19 0.24 0.08 2.18
Nemat 223 356 289 282 2.74 1.33 093 0.33
Gharib-Siahreihani Slyelecy,e 2320 410 321 3.08 2.96 1.78 1.08 0.40
Ahlami-Tarom polb et 255 417 336 3.26 3.17 1.62 0.97 0.44
Hashemi 435 499 467 4.66 4.65 0.64 0.32 0091
Line 6 3.01 6.14 458 430 4.05 3.12 1.27 0.78
IR24 290 5.08 399 384 3.69 2.18 1.07  0.62
IR60 205 6.52 428 3.65 3.12 4.47 1.71 0.56
1IR30 438 6.15 526 5.19 5.11 1.77 0.72 1.13
IR50 2.66 505 385 3.66 3.49 2.39 1.18 0.57
IR36 1.88 654 421 351 2.92 4.66 1.78 0.51
New Bonnet 3.09 4.03 356 3.52 3.49 0.49 0.58 0.52
Vandana 4.04 698 551 531 5.12 2.93 1.05 1.18
IR64 1.68 276 222 215 2.09 1.08 0.97 0.19
Araguiua 146 397 272 241 2.14 2.51 1.58 0.24
Diwani 281 593 437 408 3.81 3.12 1.31 0.70
IR28 241 370 3.06 299 2.93 1.28 0.86 0.37
HSD (1%) 0.18 0.18 0.13 0.14 0.16 0.26 0.11 0.05

Yp = Yield potential o 0dll 3 Slas

Y, = Yield in stressed condition oAl s s Shee

MP = Mean Productivity

GMP = Geometrical Mean Productivity

HM = Harmonic Mean P P

Tol = Tolerance Index
STI = Stress Tolerance Index

SSI = Stress Susceptibility Index

HSD = Tukey's honestly significant differences

(Fischer and Fukaei, 2003) LS & 5 5d s
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Table 6. Correlation coefficients between drought tolerance and susceptibility indices and paddy yield for

rice genotypes under non — stressed (N) and stressed (S) conditions

S 4y fomi e s

Drought tolerance Ys Yp MP GMP HM TOL SSI STI RWCq RWCy
indices
Ys 1 0.62" 087" 093" 0967 -022" -0617 0.94" 0.88"  0.62"
Yp 1 0.92" 0.86" 079" 062" 0207 0.81" 0.56"  0.91"
MP 1 0.99" 0967 0277 -0.18®  0.96" 0.77"  0.87"
GMP 1 0.99™  0.14™ -030" 098" 0.83"  0.81"
HM 1 0.02™ -0.41"  0.98" 0.87"  0.75"
TOL 1 0.87"  0.06™  -0.18™  0.52"
SSI 1 20357 0577 0.14™
STI 1 0.79"  0.78"
RWCg 1 0.56"
RWCy 1
* and **: Significant at 5% and 1% probability levels, respectively. B 5% bzt pedane s 4ls kK
ns: Non — significant Sls ns
Yp = Yield potential o5l 5 Slas

Y, = Yield in stressed condition

MP = Mean Productivity

GMP = Geometrical Mean Productivity
HM = Harmonic Mean

Tol = Tolerance Index

STI = Stress Tolerance Index

SSI = Stress Susceptibility Index
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Evaluation of tolerance to terminal drought stress in rice (Oryza sativa L.)

genotypes
Safaei Chaeikar, Sl., B. Rabieiz, H. Samizadeh® and M. Esfahani*

ABSTRACT

Safaei Chaeikar, S., B. Rabiei, H. Samizadeh and M. Esfahani. 2008. Evaluation of tolerance to terminal drought stress in

rice (Oryza sativa L.) genotypes. Iranian Journal of Crop Sciences. 9 (4): 315-331.

In order to evaluate rice genotypes for tolerance to terminal drought stress and to identifying tolerant and
sensitive genotypes to this stress, 49 rice genotypes were studied in two environments (stressed and non —
stressed conditions) using randomized complete blocks design with three replications in Research Field, Faculty
of Agricultural Sciences, Guilan University in 2006 cropping season. The studied traits were included: plant
height, panicle number plant, grain number panicle, spikelet number panicle, paddy yield, harvest index, relative
water content, etc. Analysis of variance showed that there were significant effect (p < 0.01) of genotypes on all
traits in two environments, which implies genetic variation among genotypes. Mean comparison of genotypes
showed that in two environments, the highest paddy yield belonged to Nemat cultivar (7.31 and 7.07 t/ha
respectively), whereas the least paddy yield in non - stressed environment belonged to Dom - sefid’s cultivar
(2.74 t/ha) and in drought stressed environment to Diwani’s cultivar (1.46 t/ha). Considering yield components
(panicle number/ plant, spikelet number/ panicle, grain number/panicle in Nemat contributed to its higher paddy
yield in stressed and non - stressed conditions. Percentage of reduction in traits means by drought stress showed
that the paddy yield (40%) was the most affected trait. According to drought resistant indices, the highest mean
productivity (MP), geometric mean productivity (GMP), harmonic mean (HM), stress tolerance index (STI),
relative water content (RWC) and the least stress susceptibility index (SSI) and tolerance index (TOL) belonged
to Nemat's cultivar. Relationship between drought resistant indices and paddy yield in stressed and non - stressed
environments showed that MP, GMP, HM, STI and RWC indices had positive and significant correlation with
yield in stress and non - stress environments and would be suitable indices in both environments for selection of

drought tolerant cultivars. It is concluded that STI, is the most suitable index among drought indices.

Keywords: Rice, Terminal drought stress, Drought tolerance indices, Paddy yield, Panicle.
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