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Extended Abstract

Introduction and Objectives: Rice is one of the oldest and most important cereals in the world
and is a desirable model plant for genetic and molecular studies. Drought is one of the important
risks for the successful production of crops, especially rice, in the world, which can be created at
any time during the growing season. One of the main challenges in agriculture is to produce more
food with less water consumption, and therefore, the production of rice genotypes that can have
more tolerance to drought stress is one of the main goals of breeding projects.

Material and Methods: In order to evaluate the effect of drought stress (zero (control), -3 and -
5 bar using Polyethylene Glycol) on some genetic, morphological, and biochemical
characteristics of rice at the germination stage, 38 lines with their parents (Mousa Tarom and 304)
were investigated in randomized complete block design with three replications during 2022.

Results: Morphological traits were decreased under -5 bar drought stress compared to the control.
The germination rate and percentage were increased by 9.6 and 1.1% under -3 bar stress, and 37.8
and 33% under -5 bar stress, respectively. The rootlet length, rootlet fresh weight, and dry weight
increased under - bar stress compared to the control, indicating that the rice plant can tolerate such
a stress intensity, and it may even be used as a priming. Catalase, peroxidase and superoxide

dismutase enzyme activities increased by 59, 51 and 81%, respectively, by increasing the stress
to -5 bar compared to the control. This increase shows the increase of the plant's resistance to the
active oxygen and drought tolerance. The highest phenotypic correlation in non-stressed

conditions was between seedling weight and length vigor (0.92), under -3 bar stress was detected
between shootlet length and fresh weight (0.91), and under -5 bar stress the highest one was
between seed germination percentage and rate (0.94). The factor analysis for each of the zero, -3
and -5 bar drought stress levels introduced three factors that explained 73.68, 81.13 and 81.73
percent of the variance, respectively.

Conclusion: The high diversity of traits at the -5 bar drought stress indicates that it is possible to
use germination rate and percentage, length and weight indices, and shootlet length and fresh
weight as criteria for genotype selection under -5 bar drought stress. Such traits could be used as
effective ones in the selection of tolerant rice genotypes at the germination stage and in order to
establish the rice plant optimally.
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Table 1. Descriptive statistics, average, phenotypic and genotypic coefficients of variation, and broadsense heritability
for the morphological and biochemical characteristics

. o ) 98 £95 cuyp (£) 95 €95 oy
> (1) osos s rpivcdl (%) 5 2 95 95 )
o BroadSe Wity Phendfpicoaficent  Gendipi eefcin
bar b-gr Check l';;r b-gr Check bar t;gr Check bar bar Check (Character) 55
354 634 578 70 7697 8648 5295 3282 3857 4430 2879 3587 (Germination rate) _;<lys e
47.56 81.62 80.53 48.39 46.30 78.56 40.16 17.98 24.95 27.94 12.24 22.11 (Germination percent) _sjailss Aoy
0.67 25 534 2851 5136 47.16 6947 4822 3053 3710 3456 2097 (Shootlet length) 4«3l Job
293 6.33 5.01 29.74 28.88 34.55 53.51 31.19 43.26 29.18 16.76 25.43 (Rootlet length) axa, Jsb
0002 0007 0027 3309 3538 0417 7376 4956 6555 4243 2048 4.4 (Shootlet fresh weight) <8l 5 33
0001 0004 0004 5864 3205 1548 5579 4541 9461 4273 2571  37.23 (Rootlet Fresh weight) asay, 5 5
0.0005 0.002 0.003 43.98 54.27 54.30 67.78 41.20 35.04 44.95 30.35 25.82 (Shootlet dry weight) axdsls s 54
0.0007 0.002 0.001 55.09 52.21 53.53 57.69 39.88 46.30 42.82 28.82 33.88 (Rootlet dry weight) axa,; i 559
1998 745 882 4234 5445 5370 7792 4084 4629 5070 3013  33.92 (Length vigor index) Jsb 4y sl
0.0007 0.003 0.004 63.61 64.20 62.58 83.45 45.93 46.97 66.56 36.8 37.16 (Weight vigor index)  sjg 4w asls
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319 19 155 2076 1765 16.96  57.47 5156 4158  26.18 2166  17.13 Peroxidase(Hg) (p55,See) a1y
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Table 2. The phenotypic correlation coefficients of the morphological and biochemical traits in non-stress conditions (below diameter) and -3 bar drought stress (above diameter) of rice genotypes

Length
Shootlet Rootlet Shootlet Rootlet _vigor Weight Superoxide
Shootlet Rootlet fresh Fresh dry dry index(cm) _vigor Catalase  Peroxidase dismutase Character)
Germination ~ Germination  length(cm)  length(cm)  weight(g) ~ weight()  weight(q) ~ weight(q) ~ «»o=ls index(g)  (mmol) (@) (mg) ( ) S5
rate percent (%) aails Jsb ety Job odle J ol ey ok i 0y SS 0 Sk b padls YK sy $Bgoumd dpuS]jy90
Sl cope  (F) Gyl 2o (e s8l) (3ol ) (#5) () dls (p5) ey, (3o s8b) (25) 539 (Jsoiske) (p59,5) (p5 o)

1 0.84* 0.57* 0.39* 0.46% 0.42* 0.56* 0.63** 0.73* 0.82% -0.38* -0.51* -0.42 (Germination rate)_;;als oy
0.842* 1 0.48* 0.45°* 0.43* 0.47* 0.48* 0.59** 0.77 0.79* -0.37* -0.54* -0.44 (Germination percent)_j;«ly vo,s
0.599° 0.64° 1 0.34°* 0.91* 0.37* 0.886°" 0.35* 0.7* 0.70** -0.31° -0.33* -0.31°* (Shootlet length)as sl Jsbo

0.38* 0.567° 0.705** 1 0.4 0.84°* 0.36* 0.74° 0.85°* 0.63°* -0.17" -0.39* -0.21¢ (Rootlet lengthjesai, Job
50.137 0.137" 0.45* 0.31° 1 0.45° 0.91* 0.32°* 0.68°* 0.68°* -0.26* -0.34° -0.31° (Shootlet fresh weight)asasle 5 55
0.294* 0.272* 0.36* 0.317* 0.247% 1 0.44* 0.83* 0.79* 0.74* -0.16™ -0.35* -0.17™ (Rootlet Fresh weight)asai,, 5 5
0.619* 0.605* 0.875* 0.63* 0.41* 0.401* 1 0.42* 0.67* 0.78* -0.28* -0.30** -0.29* (Shootlet dry weight)as sl Szs 54
0.568* 0.636* 0.715* 0.864** 0.23* 0.42* 0.76* 1 0.77* 0.85* -0.25* -0.40* -0.23* (Rootlet dry weight)asas,, sz 54
0.67* 0.81°* 0.86** 0.745°* 0.3 0.354° 0.76* 0.846°* 1 0.89% -0.30* -0.52° -0.37* (Length vigor index) Jsb i jasls
0.786° 0.82* 0.85* 0.897°* 0.303°* 0.422° 0.91* 0.87°* 0.92°* 1 -0.33* -0.48° -0.37* (Weight vigor index) ;s 4s jasls
-0.13™ -0.27* -0.30" -0.36% -0.08"™ -0.06" -0.25* -0.29% -0.34° -0.28°* 1 0.53* 0.43° (Catalase);vuts
-0.27* -0.33* -0.38* -0.38* -0.23* -0.22¢ -0.42 -0.40* -0.38* -0.40* 0.35* 1 0.63** (Peroxidase);ls.sl,,
» ™ »e N N ns . ns »e ™ ™ ™ Superoxide ) ;e 451,
-0.22 -0.29 -0.27 -0.20 -0.21 -0.09 -0.22 -0.15 -0.26 -0.24 0.53 0.40 1 ) ﬁaismutgg‘e“
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Table 3. The Phenotypic correlation coefficients of morphological and biochemical characteristics under -5 bar drought stress conditions for rice genotypes
Shootlet Rootlet Shootlet Rootlet

fresh Fresh dry dry Length Weight
Germination  Shootlet Rootlet ~ weight(g)  weight(g)  weight(g)  weight(g) vigor vigor  Catalase  Peroxidase
Germination  percent (%) length(cm)  length(cm) FT) P ok S b9 S 0y index(cm)  index(g) (mmol) (ng) Superoxide
rate $ile> 2o ails Job aady) Job aails dady, aails gady 4l pasls s pasls Ve el dismutase (mg)
Sl ey ) (y2es8l) (y2es8l) 5 (%) () (£5) (ol st (p5) 53y (Jsaidee) (P 9,5) (ps5 o) gonsddnS g0
1 (Germination rate) _s;ale ey
0.94° 1 (Germination percent)_;;alss vo)s
0.30** 0.31* 1 (Shootlet length)as st Jobo
0.64* 0.64* 0.60** 1 (Rootlet length)asas,, Job
0.27* 0.26* 0.91* 0.52* 1 (Shootlet fresh weight) assl 5 55
0.77* 0.68* 0.40* 0.75* 0.45* 1 (Rootlet Fresh weight) asai, 5 5
0.42 0.38* 0.86* 0.55* 0.93* 0.54% 1 (Shootlet dry weight) asasl, s 59
0.78* 0.70* 0.39* 0.80* 0.38* 0.91* 0.51* 1 (Rootlet dry weight) asas, s 55
0.81* 0.82* 0.63* 0.90* 0.55* 0.77+ 0.60* 0.80* 1 (Length vigor index) Jsb 4 jasls
0.87* 0.82* 0.57* 0.74% 0.579* 0.84% 0.69** 0.87* 0.91% 1 (Weight vigor index) ;s as asls
-0.24* -0.25* -0.20* -0.19* -0.20* -0.14™ 0.24* -0.16™ -0.26* -0.25* 1 (Catalase) ;yuls
-0.30* -0.34* -0.13™ -0.28* -0.1m™ -0.19* -0.13™ -0.27 -0.35* -0.32* 0.50* 1 (Peroxidase) jlu.st,
-0.40°** -0.34* -0.16™ -0.32 -0.19* -0.37* -0.27* -0.36" -0.39* -0.41* 0.38* 0.31* 1 (Superoxide dismutase) jbge.s> 1S5
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Table 4. The rotated factorial loads, relative and cumulative variance of rice genotypes in non-stress conditions (control)

(Factor load) _Jele ,U

(First) J, (Second) s> (Third) pgu (Commonalities) cs'zsl (Character) 554
0.85 -0.06 -0.06 0.73 (Germination rate) s;aly co yw
0.88 -0.21 -0.06 0.83 (Germination percentage) _jals o)
0.75 -0.21 0.46 0.82 (Shootlet length) aasle Jsbo
0.69 -0.25 0.38 0.69 (Rootlet length) asac,, Jsb
0.04 -0.15 0.84 0.72 (Shootlet fresh weight) asasl 5 55
0.31 0.05 0.54 0.39 (Rootlet fresh weight) e, 5 559
0.75 -0.16 0.46 0.81 (Shootlet dry weight) asasl, Sss 39
0.82 -0.15 0.32 0.79 (Rootlet dry weight) asas,, S 59
0.89 -0.23 0.27 0.91 (Length vigor index) Jsb 4 asls
0.93 -0.16 0.28 0.96 (Weight vigor index) ;s 4 asls
-0.17 0.82 0.03 0.7 (Catalase) ;yuls
-0.25 0.6 -0.29 0.5 (Peroxidase) jlu.s1,
-0.09 0.84 -0.04 0.72 (Superoxide dismutase) jbgeu> 1S5
4329 15.67 14.72 (Relative variance) (%) s b))y
43.29 58.96 73.68 (Cumulative variance) (%) e b)ls
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Table 5. The rotated factorial loads, relative and cumulative variance of rice genotypes under -3 bar drought stress

conditions
(Factor load)  dels ,U

(First) J (Second) 4> (Third) pg. (Commonalities) szl (Character) 55,
0.47 041 -0.55 0.69 (Germination rate) jaly cue
0.525 0.32 -0.57 0.7 (Germination percentage) ;aly sy
0.2 0.92 -0.22 0.93 (Shootlet length) ayasls Job
0.88 0.14 -0.09 0.81 (Rootlet length) a>a, Jsbo
0.22 0.92 -0.15 0.92 (Shootlet fresh weight) «asls 5 5
0.905 0.21 -0.04 0.86 (Rootlet fresh weight) asasy, 5 559
0.255 0.92 -0.16 0.93 (Shootlet dry weight) ayesl Szs 559
0.895 0.14 -0.22 0.87 (Rootlet dry weight) ayas,, s 59
0.775 0.49 -0.31 0.94 (Length vigor index) Job a0 jasls
0.70 0.56 -0.34 0.93 (Weight vigor index) ;s 4 jasls
-0.03 -0.14 0.74 0.57 (Catalase) ;¥iis
-0.29 -0.09 0.8 0.74 (Peroxidase) jls..sl,;
-0.06 -0.14 0.8 0.66 (Superoxide diSmutase) jbgow> 1Sl 50
32.55 26.84 21.75 (Relative variance) (%) s bl
32.55 59.39 81.13 (Cumulative variance) (%) e (b )y

g 2dls i ojy Clio o dag | Ol j o)
Olgise o8 1l 1y b oy Cute Cap > apady,
¥ Jgt) 30ab "5 39 4 bgsye Jole™ 1) ol cl b

5 aoy YYD ol ele ol Y Sits i el
Job il dops Jolo cpl 1335 4 gl Sy JS
s padld g doddy) SUS (g daddy) § )y o)
S il 1) 86 oppidn Cute S ) Sy 9 Job
i ot 4 baye Jele |y Jele nl pb e
dog |y Gl 5l asyd YEIAY poy Jole .cuisliS aoals
Sud iy dadle 5 iy cadle Job Clio oS
L 5638 Oyt e Cap 33 (g da a3 Ld g azaile
o 4 bgye Jolo |y Jele cpl bl oo oS il
Iy IS Sl 5l 2o )d YVIVO pows Jole ol oS olon
5 )’]J.,,..Sl)g:‘ GYBE ol Jole (pl 0 0)$ ang
L8l 1y 53 cp it Cote S 3 Bgound Al g
2B Lo Ca 3 3 il Loy g ey Slio
@ bope Jole ) ol ool pU lgie 9 29 IS
0 Jgaz) sl obopdsn Cliosad

Shasyd BVAY gl Jole )L -0 Sas i cdls
Slao (Jole opl 37 Jgi2) 08 a2 1) S Clyess
S g iy daradsy Job (Sialp dopd g Loy
O e Cute S )3 (F59 9 Jgb 4 padld g o)
4 byye Jele |y Jele ool pb plgiee o8 Al | 556

Sy &S JaSlyy o Sl ¥ LSS 5 gaw
G O] SpSoilul g Cowl [ Sid 4 Cooglie jd phe Cuino
Slp & Loy 5 dlse Jdoay conl i (5350
5 Sl Lo 5 Cepus b sl Sl 3,90 ) (5 Sejll
(Stasod (Cul ol gl (5503101 &) Jbo 4y (a3l
5 sy Slao 5l e calply B3 L s s
s & QIS )3 (Jobo asy el g (Jjaler woy
2905 03wl jlacuSTy Chs de0 sl
W Jole as 42 3005

T Sd G g bl Sl S e gl Jale 4w
ORS Gge Laalpd ) Jelge cnl 8 glstl Sl -0 5 b
2 g dod MY L =Y i lid 5 weop YW/EA
ang |y Sluss JS 51 oy MY b -0 i byl
2o FYIVA gl Jole (anld) (a5 ooty cdls j3 .160,8
Joyd g S Jole opl 3 a8 08 ang |y Ol
5 bl SUS iy drady; 5 walle Job (Jjale
g ) b g Sig g Job 4k pabls g e,
by Jole® 1y Jole ol (lgiee cnlpl g caizidly cote
5 2oy VOBV pgd Jele el " SS5edg8 00 o 4
GBS i clole ol > & 38 dng |y Ol
Sz 1y 86 (e gemsd 4mSlpgm g sl
bgrye Jole' 1) Jolo ol o ol o gl 9 a2l et
VEIVY & g Jole 3 cadliS " lasden clio 4


http://dx.doi.org/10.61186/jcb.15.48.103
http://jcb.sanru.ac.ir/article-1-1456-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-16 ]

[ DOI: 10.61186/jcb.15.48.103 |

WY

sl dele plgisds Suie glaole gyl ) by b
(Parida & Das, 2005) w3l oo dbgsyo piie 5 i 150
iy a pa3ld Clao 4 bgype STdl e (il
3 (+/AY) il duops o+ 1AY) (Jobo ety (a3 L3 (-/3%)
Gl =Y S i pdaw 5 g 2ol pdaw 5> dsasle Job
O3y (V) eddls 5 g /AT) a2l Job olin
oadli g (+/AF) Job 4y asls (+/AY) asaile ik
(+1AY) azadlo Job ol —0 gaw 3 5 (+/AY) () 4
5 (/) apddls S 5y (V) wals 5y

ol 005 )9l (+/2Y) Jobo 4ty asls

S Sidgn g (6)lmd dgmune ¢ Sllad g el Lo o Jaudl] i son dabols
VEY Gliao; FA ojlas /o233 Jho /£1y5 kS e Mol doliiangsy

Sl oy YEIA pgd Jole .cuisliS olS cuej pj (icu
SS9 5 0y cdzadle Job Clio ) dagi |y Ol
Olpiee o8 2ty 1) 13U cp i Cute Cq )3 42l
IS LS Ll ity 4 barye Jole |y ole ol 5l
S8 ang |y IS Ol jl as)d VFAY pow Jolo
Ol Ugeusd dpuSlpgw o STy GYBE clio
dy Jole ol U oy oo 1 sl oo g o 1y b

(7 Joi) cadliS alosidon Slio oo Jolo
obly Sl (i yeiite o STyl da ale sl >
odimd oyl bl i Ol O‘}.:.n 40 &S ol gy O‘

=0 (Suas iS blpd )0 g8 lacaip) reod g o wil)ly Bl o> sla Jele b —F Jgan

Table 6. The rotated factorial loads, relative and cumulative variance of rice genotypes under drought stress conditions

-5 bar
(Factor Toad) Ll L
(First) J, (Second) pg> (Third) pg. (Commonalities) szl (Character) 55,

0.91 0.06 -0.23 0.89 (Germination rate) jalg cue
0.87 0.06 -0.25 0.82 (Germination percentage) ;aly sy
0.23 0.93 -0.08 0.92 (Shootlet length) asasles Jsbo
0.75 0.42 -0.12 0.76 (Rootlet length) asa, Jsbo
0.2 0.96 -0.07 0.96 (Shootlet fresh weight) «ails 5 3
0.87 0.27 -0.05 0.83 (Rootlet fresh weight) asasy, 5 559
0.33 0.89 -0.11 0.91 (Shootlet dry weight) ayesl Szs 559
0.89 0.22 -0.10 0.85 (Rootlet dry weight) ey, s 54
0.83 0.41 -0.22 0.91 (Length vigor index) Job a0 jasls
0.85 0.41 -0.21 0.93 (Weight vigor index) ;s 4 jasls
-0.01 -0.16 0.85 0.75 (Catalase) ;yuls
-0.19 0.007 0.79 0.65 (Peroxidase) jla.sly,
-0.32 -0.08 0.58 0.45 (Superoxide diSMUtase) jbgows> 1Sl 50
41.91 24.88 14.94 (Relative variance) (%) s b))y
41.91 66.79 81.73 (Cumulative variance) (%) x5 b))y
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