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Extended abstract

Introduction

Rice (Oryza sativa.L) is one of the most important grains in the world, which as one of the major food
sources, provides food to more than three billion people in the world. In the near future, there are several
challenges to achieve higher yields in rice plants, and one of the most basic of these challenges is
increasing the average temperature of the earth's surface. Increasing the temperature indirectly reduces
production by increasing water demand in areas with limited water and reducing the area under
cultivation. Therefore, plant physiologists' understanding of plant physiological responses to high
temperatures, as well as the selection of adaptation strategies, is an effective and very important role in
rice research. In line with international research, research on introducing a diverse range of heat-
tolerant rice cultivars on the one hand and finding effective physiological traits and mechanisms in
tolerance or resistance of common rice cultivars in the province to this stress can play a valuable role in
inactivation, modulation of negative effects or greater efficiency of the heat and light stress situation
arising in the coming years. In other words, making management decisions regarding the production
and use of improved cultivars, introducing native tolerant or heat-resistant cultivars and possible
required changes in the temporal and spatial patterns of cultivation of cultivars, can be a significant help
in combating heat stress. Therefore, this experiment was conducted to evaluate heat stress on grain yield
and to study stress tolerance indices in studied cultivars in the Khuzestan region.

Materials and methods

In order to evaluate the stress tolerance and susceptibility indices of rice plant (Oryza sativa L.) in
response to heat stress, an experiment with two factors of planting date and cultivar on the basis of split
plots in a randomized complete blocks design with three replications in two years 2017 and 2018 were
carried out in the south of Khuzestan province. In order to apply high temperature stress (heat stress)
in field conditions, three planting dates of May 15, June 5 and June 25 were selected as the main plots.
At each planting date, seven rice cultivars including Anbouri, Champa, Daniel, Pollen, Hamr, and
Hoveyzeh (native cultivars) and N22 (International cultivar) were cultivated as sub-plots. Stress
tolerance indices included GWHSI SSI, STI, TOL.

Results and discussion
The results showed that at the level of planting date, the highest grain yield was on 5 June with a yield
of 5737 kg.hat, which was 41.7 more than the first planting date. The highest grain yield was obtained
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among the cultivars related to Hoveyzeh with an average of 5606 kg.ha!, which was 34.3% and 29.6%
higher than Champa and Anbori, respectively. In evaluating stress tolerance indices, N22 and Hoveyzeh
cultivars had the highest SSI and STI, Hammer and Hoveyzeh cultivars showed the highest STI and N22
and Hammer cultivars showed the lowest TOL. The lowest (SSI) was obtained in Hoveyzeh cultivar and
then in Hamr and N22 cultivars. The lowest heat stress tolerance was also observed in Champa cultivar.
Also, the highest STI index and the lowest TOL index were obtained in Hamr, N22 and Hoveyzeh
cultivars. The lowest GDD in all three planting dates was in Hoveyzeh cultivar and the highest one was
in sensitive cultivars to heat stress (Anburi and Champa).

Conclusions

In general, heat-tolerant cultivar N22, Daniel and local cultivars Hoveyzeh and Hamr were heat-tolerant
cultivar and Geredeh Ramhormoz cultivar and Anbouri and Champa (native cultivars) were identified
as heat-sensitive.

Keywords: Grain yield, Grain weight heat sensitivity index (GWHSI), Planting date, Rice cultivars
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Table 1. Average meteorological parameters of Shavor Agricultural Research Station in 2017 and 2018 from planting
to harvest.
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Meteorological parameters May June July August September October November Average
2017 yras
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Minimum temperature (°C)
ez Sl g0 476 488 467 439 38.0 34.0 0238
Maximum temperature (°C)
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Mean temperature (C)
() g cosby Bl 50 4 120 115 107 156 18.2 35.5 17.7
Minimum relative humidity (%)
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Maximum relative humidity (%)
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Mean relative humidity (%)
JEE JEXR

285.6  380.3 383.7 365.9 341.1 280.8 180.2 316.8
Sunny hours

2018 yay
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temperature (°C)

Maximum & )ly> 42,3 yiSla> 416 462 480 459 430 36.7 342 422
temperature (°C)

Mean ©)ly> 423 busgho 319 353 374 386 322 272 26.5 32.7

temperature (°C)
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Maximum relative humidity (%)
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Mean relative humidity (%)
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Sunny hours
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Table 2. Results of analysis of variance (two-year combined analysis) of grain yield, biological yield, harvest index and

1000-grain weight in the studied treatments
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T wlaSles SjdswoSles cdlonasly &bl
S.0.V Ol gl dF Grain yield Biologic yield  Harvest Index _1000-seed weigh

Year (Y) Jw 1 2505.8" 108367.8987™  102.4022865™  9.34920384 ™
Y*Rep (Errora) @) slbas (Jl) 1,55 4 115463.7 880995.9407  26.52796825 2.7523887
Planting date (Pd) culs @t 2 66625817.6  25727758.51%  3284.1854577  120.1261289"
Y*Pd J* el gt 2 285522.5™  845463.8976™  9.469765079™  0.3393429™
Error (b) b) Sy s 8 365420.6 3418960.508  17.82321111 3.9358280
Cultivar (C) oS 6 8849686.77  28623315.13™  224.2288476™  132.9881943"
Y*C Joxpd, 6 378306.8™  414197.0521™ 2.944117989™  1.2194513™
Pd*C Cobls F,bxedy 12 567118.5™ 10797578.18"  61.78048214™  2.0355279™
Y*Pd*C Jluxedils g ,lx o3, 12 223884.0™ 285370.78™  2.957827116™  0.8811971™
Error (c) (©) Sypsbs 72 16436123.2 1242972.009 14.2104172 2.008016
CV% (1) &y g i 10.02083 8.24756 10.67212 6.496643

el e Sl g yls pixe pae slixe 418 Cdle Lail o0 1) 570 Jlio mhaw jo jles Sl g)le (gme edims lid cud 4 s

* and ** indicate the significance of the treatment effect at the probability level of 5% and 1%, respectively. ns

sign means no significance of treatment effect.
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Table 3. Results of mean comparison of grain yield, biological yield, harvest index and 1000-grain weight in interaction

of planting date and cultivars using LSD test.

als s Slos g oS des o p pls als 5l 059
cultivars ) Grain yield Biologic yield Harvest Index 1000-seed weight
kgh (%) g

Anbori e 2243.04 14495.1 ® 15.63 ¢ 16.821 ¢
cosis g,y Champa WS 1998.4 4 13430.2 > 15354 17.057 ¢
Jy  Daniayl Juils 3247.2°¢ 9380.3 4 33.9® 19.924 ®
First  Gerde 00,5 3445.8 b 12436.3 © 27.65 b 22.248
Planting  Hamar joes 4201.5° 16894.1 ¢ 24.84¢ 22.725 %
date  Hoveze IS 435272 147448 ® 29330 20.421°
N22 N22 39212 13449.6 > 29.16° 20.112°
Anbori g 4835.6 " 12779.8 ¢ 37.87° 17.964 ©
cosis g,y Champa oS 5015.4b 13025.7 ¢ 37.73° 18.101 ©
oy Daniayl Juils 5929.42 13614.6 < 43450 23.373 Y
Second  Gerde 00,5 5943.6 ¢ 14617.4° 40.66 24.804%
Planting  Hamar joes 6144.4 2 16017.2 38.37° 25.527 2
date  hoveze IS 6454.5 15622.8 41.16 23.712%
N22 N22 5836.9 14318.1 > 40.68 23.448 b
Anbori g 3978.9 4 10618.9 ¢ 37.61° 18.901 ¢
cois s Champa oS 4819.7 ¢ 11908.3 © 40.07 19.229 ¢
oo Daniayl Jusle 5135.7¢ 12174.5be 42.16% 23.735°b
Third  Gerde 00,5 5638.7 13518.3 ¢ 41.71 % 25.303 @
Planting  Hamar joes 5262.5%® 13062.7 @ 40.24 25.615 2
date  Hoveze SO 6011.72 1402322 42831 24.543 @
N22 N22 5710.0 @ 13738.1 ¢ 4134 24.488

Al oo 10 Jleixl mhaw jo s g Solds 9525 pas S a4y aline 13V By > S92 Jlend o w0
At the level of each treatment, the presence of similar Latin letters means the absence of a significant difference

at the 5% probability level.
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Table 4. Results of analysis of variance (two-year combined analysis) of stress evaluation indices in the studied
treatments

2 oo Jos a5l e
A e - 4 Caw . a
wol3! o u‘w o ) S Slos
R o e Jed 2 ld LS Yield
S.0.V Ol @l SSI STI TOL GWHI reduction
Year (Y) Jle 1 0.013873°  0.004052°  70477.946™  4.711946™  102.50147™
Y*Rep (Errora) (@) slas (JL) 55 4 0001008  0.000343 30537.85 3.5994 46.4405279
flli‘i‘)‘t“‘g date cllS b 1 0254494 1475313 23985584.67°  1.055710™  8.87652"
Y*Pd Jlo* calsa,t 1 0.010669™  0.000176™  33002.04™ 525213  34.81248™
Error (b) (b) s 4 0.003288  0.000855 126161.26 6.2318 85.7468087
Cultivar (C) o8, 6 0538869 0213124 867740.51™  323.5559"  2.5303"
Y*C Jlexed, 6 0.005548™  0.002342™ 27885291 1.9096 ™ 63.1440 ™
Pd*C cils abixed, 6 01707217 03317577  2815352.80"  31.6930" 4.8402"
&)UX |‘°§) *
Y*Pd*C 6 0.002330™ 0.000623™  14280.81" 1.0557™  78.13192908
Jlusxcails
Error (c) (©) s 48 0.002596  0.001379 58300.11 2957197  39.30328963
CV% Oy > 421 5.50 11.10 14.13 17.91

ol L Sl 6yl gire pas glixe 4 NS Ceodle Lail 0 1) 570 Jliol e jo Jles Sl gle s odies flid Cud 5 dy g
* and ** indicate the significance of the treatment effect at the probability level of 5% and 1%, respectively. ns

sign means no significance of treatment effect

5051 3 eolisaw! b axdlland ygo g9 plB 1 30 Aild & yShoe Bl B0 30 § Wik 43 Gl g Jooxi (gla sl 545 5 polie B Jgu

LSD
Table 5. Estimation values of stress tolerance and sensitivity indices and percentage of grain yield reduction in the
studied rice cultivars using LSD test

ails 3 Shos G 4 ol 3 Jor sl sl
Grain yield Stress Tolerance and Sensitivity Indices
Soplan flyp T ST el 2L
. S Slos il T g s Optimum Joi o @ o @
Cultivars %) reduction _ Stress condition condition TOL STI SSI
% kg.ha'
Anbori S 53.61°¢ 22434 4835.6°¢ 2592.5° 0.464 ¢ 1.285°¢
Champa Loz 60.15 d 1998.4 ¢ 5015.4°¢ 3017 ¢ 0.398 ¢ 1.442°¢
Daniayl Jusls 45240 3247.2°¢ 5929.4° 2682.2° 0.548 " 1.085°"
Gerde 00,5 42.02° 34458 ¢ 5943.6° 2497.7° 0.580° 1.008 ®
Hamar > 31.62° 4201.5* 6144.4° 19429 0.684 ¢ 0.758*
Hoveze opgr  32.56% 4352.7% 6454.5° 2101.8* 0.674 ¢ 0.781%
N22 N22 32.82°% 3921.2° 5836.9° 1915.72 0.672* 0.787¢

il oo 10 Jlotol mhaw ;5 Iy (Gre Sl 3529 pus (e 4 bt Y By 3529 Jlen o w3
b S o A bl Glsieay Jol csls b T
b s S5l s cgllas byl Glsiear pgs CuBlS &6
At the level of each treatment, the presence of similar Latin letters means the absence of a significant difference at the 5%
probability level.

T First planting date was considered as stress condition.
§ Second planting date was considered as optimum condition
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Table 6. Estimated values of heat tolerance index and heat sensitivity index of grain weight in the studied rice cultivars
using LSD test.

S0k oy sls &1 415 439 wsls
Fertility percent . 1000-grain weight
Y P o oo 4 4
-l o lulph gl byl b <l O lylpd gl byl g
5.( reduction Stress Optimum reduction Stress Optimum .
Cultivars el v condition condition HTI condition condition GWHSI
% %) - g -

Anbori  sose 31.18° 46.04 © 77.22¢  59.63° 1.14* 16.82°¢ 17.96 © 6.36°
Champa ez 36474 40.03 © 76.50¢  52.32° 1.04? 17.06 ¢ 18.10° 5.77°¢
Daniayl Juil 16.10° 61.07° 77.16¢  79.14°  3.45¢ 19.92° 23.37° 14.76 *
Gerde 0,5 15390 64.94° 80.33%  80.85° 2.56° 22.25¢% 24.80 @ 10.30°
Hamar »>1261° 71.52% 84.13* 85.01* 2.80° 22.73% 25.53 ¢ 10.98°

Hoveze oz  13.92° 72392 86.31* 83.87* 3.29°¢ 20.42° 23.71% 13.88 ¢
N22 N22 15.13° 71.54? 86.67* 82.54* 3.34°¢ 20.11° 23.45° 14.23*

Sl (o0 70 Jlota gl )3 )18 (e Dglis 3929 pue Se 4 bt (5 By 3979 e ya prlaw 5o
At the level of each treatment, the presence of similar Latin letters means the absence of a significant difference at the 5%
probability level.

axlland yg0 (U Lo )0 Sy g (PAS) Lhul) 9 (Sgy Wby Glreygs )0 (Alwgd o yo & jou) (Wibylg 4 i s .V Jgua
Table 7. Results of analysis of variance (two-year combined analysis) of for vegetative and reproductive growth periods
(flowering and maturation) in the studied treatments

o5 golin olS i 0p90 S sl °)9f S .°;9~> ey T)sé 9) °;.s°
S.0.V dF Al growth stage Reproductive Maturity Flowering Vegetative
stage stage stage stage
GDD (A% 59,742 ,9)
J . ) . . s
1 2398.456™ 0.6578 " 388.815"™ 440.528 ™ 2599.736™
Year (Y)
@) gtz () 55 4 1672.2014 181.7206 64.8732 149.468 1312.4950
Y*Rep (Error a)
Al b 2 1056.6350** 30411.4834%* 4460.043** 11253.66%** 110038.67**
Planting date (Pd)
Joo ™ el g b 2 23232.975m 47.87218 2345 34386 116.255"™
Y*Pd
Error (b) (b) sk 8 991.83 108.006 102.2616 130.1960 893.32
i 6 10484.32%* 3852.794** 741.940** 1237.192%* 1755.705**
Cultivar (C)
Jhoxeds 6 707.74%* 180.043 s 97.463 s 61.82m 259.532ms
Y*C
AEELeS 524.700* 233.747* 153.51% 54.186™ 2187071
Pd*C
Jlxeedls g )6 05 12 875.162%* 344.014** 103.95"s 144.168* 267.352%
Y*Pd*C
Error (¢) ©) shs 72 250.800 125.5254 63.550 70.2460 136.942
CV% Ol k' g 2.47 4.79 6.08 8.40 2.82

el Jlas Sl 6l (g pae slise 44 ns cdle il (o 7Y 970 Jleixl maw o jled Sl gl pme odims LaS oS5 ay s g %
* and ** indicate the significance of the treatment effect at the probability level of 5% and 1%, respectively. ns sign means
no significance of treatment effect

2 GDD (56 g 0o 5 Jool> pgo cuslS gl 0 o)1 5 OSlee YL A Jeaz j0 caddll )] ol bl
).lél.ado u;,..J r:ls)l @r° Aol Cawd L Jj‘ csls @)L’ O™ 9 P ol @)L o ‘sm.v‘) 0,99 o a\.\..fa;‘,....s GDD
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st (5 A

O Ll 90 8 )3 03, je g ongn o] Al wax gl
2bo @ Cons ails o Sles 555 b wollae Llyd g
JS8) 3l j1805,5 S o plgise ) 08, 59 (nl s )]
Gk saimolis je5ae plB)l o o Slae (g lul ()
Sy Gy o8l Ll 4 j553e pB)1 (VL
(Lafitte et al., 2007) cosl \liw;o>

O s d..:‘a)f suline co)f 9N22 © 339D [als)l BN GDD
ol S Jols e g LS a4 ules plB)l o GDD
5 el 00y a5 ity 690 Jsb 5l e SlS b
L OMWJ GDD u‘r‘ U")‘M ‘(A) Jﬁ.}.} c.:l.u doL.q‘
L)")"‘JB J.A" Cuwd A £9o cls CJ)LI 5o ‘;M) 0,99
Exdse | oS Jol> pow cl R )b e Sl
2 eskhe (Soww; 8550 Jsb 5 wollae los 9 ,Slis
5958 5l olannl S Tas a4y youe a5 Col S A )b oyl
2 0Skes Sl ol gt 5 9l sed g oy g Lo

el 090 )5 19500 cuilS &b

Pl,l g cdls Zu,b ilise il 51 (w39 30 (S y 9 (BIS) (Sl g (ol gy wudy (SUo0 90 (6] «(raRiloo Ay llo s A Jgu

LSD u,.n)i 31 eolaiw! b

Table 8. Mean GDD for vegetative and reproductive growth periods (flowering and maturation) in the interaction of

planting date and cultivars using LSD test.

oS SwWje0 s il 098 Sy 090
cultivars PSSl AN growth stage Reproductive stage Maturity stage
GDD (4 j9,-42,9)
Anbori S 3288.0 % 985.6* 522.7°
Champa Loy 3333.3% 986.5? 528.9°
Daniayl Juls 3151.1 918.7 be 509.2 ¢
Jol il 2, Gerd 0d,5 3131.5 921.6°% 511.4°¢
First Planting date erde 4 ’ ’ '
Hamar o> 3247.0 b 967.8 % 5446
Hoveze 039® 3050.9 4 882.7°¢ 518.5°b
N22 N22 3072.2¢ 904.0 © 539.8®
Anbori Sogs 3130.8* 1045.5¢ 540.0°
Champa Loy 3130.8 1045.5 % 540.0°
93 cublS g b Daniayl Jusls 3047.6° 1009.7 be 529.4
Second Planting  Gerde 03,5 3015.0 b 1002.4 ¢ 534.8 %
date Hamar o 3080.4 1042.5 562.2°
Hoveze 039® 2951.6°¢ 964.1 ¢ 509.24
N22 N22 2966.3 © 978.8 ¢ 5239°¢
Anbori Sogs 2918.12 1052.02 502.2°
Champa Loy 2860.7 2 1035.02 525.8?
__ Daniayl Jusls 2860.7 2 1035.02 525.8?
pre SETEE e 00,5 2788.1° 984, 511.7°
Third Planting date ’ ’ ’

Hamar o> 2932.3° 1046.1 2 516.4%
Hoveze oygd 2727.9° 946.6° 4719°¢
N22 N22 2727.9° 946.6 ° 493.2°¢

The average GDD presented in the table above is calculated based on the unit day temperature

Sl 00l dnlos 59, Ol a0 axly bl (588 Jsuz o ouds &I GDD (.Sl
il o0 10 Jloisl mhaw jo ls gae Solad 9525 pas Se 4 aslive 13V By > 0929 e o s (o

At the level of each treatment, the presence of similar Latin letters means the absence of a significant difference at the 5%

probability level.
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oS Lalal, s (Chang et al., 2005) .l Sen § Sl
Slgeds (GWHSD ails 59 o5 a4 cpnlas a3l
U 5 Cwglie (liee Gl sln L byl ) (S
sloS @ Caglie 55 n ails (ol y alope )5 @y pB)
@S ol 2 03,5 oo 90l 5 0090 3 N22 (JUils o3,
GDD e b8 al, oy JS 0 GDD .5l
SOl poe cllS A b a4 Jol cldlS &Ll ) eadionS
OGS 3 Bl sz 3 e R e S2elS et
slie (n i 9 Lo 4 Josio o8] (sl GDD (253l
GDD &l s a0 5 Jols L )5 pis 4y Gl plB)] 5o
(o 8, j7a) SOl Gl aw jo yo aid) 54 6B sl
Oles rlple 2503 oy 03, o alie )
Solite sl S & Jord uilSo 5l jom 08, C8)5 A
Ol @S o JS )0 el 55 0590 g N22 6Bl oy o
2 > g onge a5l (g oo a5 wms o0 LA G
LS 5 @ Jood Sux mn pB)) (el slaasli

Dol oolazwl

0.66 [
0.6

0.54

STI

0.48

0.42

0.36

s 41 45 SSD) Jors pobli rSios 2205

9 0ns® 8 0 Cel U 4 Jood D508 (YL 52
Dy8 G yieS 00,8 Jol> N22 5 po 03, 30 o1 5l g
o ol ;3 TOL aslis oy yiaS 5 STI aslis oy 3L
Olsreas N22 o8, Sl o s e ol s 4y 05390 9 N22
Soy byl @ln gl oS A5 4 Jexie o8,

Roy and ) ius, 8,50 0 LS iis 4 plb)) plo Jooo
Ghosh, 1996; Bahrani and Hagh Joo, 2016; Bose
0,95 95 g (and Ghosh, 1995; Gesch et al., 2003

Yoshida et al., 1981; Mackill et ) S, 3 pol5
al., 1982; Prasad et al., 2006; Jagadish et al.,
Wl ool ond asls Moln zhe s (2008
Olye wols ol £ 9 O Jolaz jo coiddl)l sla azli
S5 05,5 0,505 03, al 5| SV epgn 5 s plB) Lo
(Gilani et al., 2009) -l Kas 5 S 05T 5,50 L3
G5 hlie o ense g sem pB)] YL Joxd e

Loz =Y Gygme =) ioad yi a S e due L(STT) Lasli who p (Sis a5 Josio o8 )l cpnnd ) JSC3

N22 -V opgn —F yoo -0 00,5-F - JLilo -

Fig. 1. Selection of drought tolerant cultivars using STI index. Figure numbers in order: 1-
Anburi 2- Champa 3- Danial- 4- Gerdeh 5- Hamr 6- Hoveyzeh 7- N22
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