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Extended Abstract

Introduction and Objective: During the recent years, rice has again received a lot of attention
from farmers in the north of the country by improving the self-reliance coefficient of the product
and productivity. On the other hand, temperature drop at the time of flowering and grain filling,
despite the quality improvement, leads to a sharp decrease in the yield of the rice in double
cropping stage. Therefore, identification of suitable cultivars in terms of precociousness and
tolerance to cold, which will result in acceptable grain yield, is one of the priorities of rice
cultivation.

Materials and Methods: In this research, evaluation of cold tolerance for 24 rice genotypes
including five EMS mutant lines, two gamma ray mutant varieties from the Tarom-mahalli
cultivar, five foreign lines, three improved cultivars and nine landrace cultivars in the research
farm of the Sari Agricultural Sciences and Natural Resources University was carried out in the
form of a randomized complete block design in three replications under replanting conditions. At
the end of the growing season, various traits such as the number of days to full heading stage, the
number of days to maturity, the height of the plant, the number of panicles per plant, the length
of the panicle, the number of seeds per panicle, the number of unfilled grains per panicle, the
number of fertile grains per panicle, length of grain, 1000-grain weight, panicle harvest index,
panicle fertility percentage, grain density and paddy yield were measured. Cluster analysis and
principal component analysis were used to categorize genotypes.

Result: Out of 24 rice genotypes cultivated under cold conditions at the end of the season, only
14 genotypes reached the heading stage. The results of analysis of variance showed that there is
a significant difference between the genotypes in all studied traits. The mean comparison results
showed that Zarak and Kohsar cultivars and L181, L183, L184 and L185 mutants were among
the low-duration genotypes. The highest and lowest number of grains in the panicle was related
to D100 and Binam genotypes with 147.47 and 50.67, respectively. The mean comparison results
showed that the highest grain yield of L183 genotype was 339 g.m, which was 79% higher than
the Binam (control cultivar). The dendrogram obtained from the cluster analysis showed that all
the studied genotypes were segregated into four separate groups that the second and fourth group
had the highest amount of yield. The results of principal components analysis showed that the
number of four components had an eigenvalue higher than one and they accounted for 86.36% of
the total variance. In the first component, the number of days to full heading stage (0.73), the
number of days to maturity (0.71), plant height (0.74), panicle length (0.79), the number of grains
per panicle (0.70), 1000-grain weight (-0.68), panicle harvest index (-0.73), and panicle fertility
(-0.76) had the highest factor loading.

Conclusion: By evaluating the agronomical characteristics and grain yield, the mutant line (L183)
was selected and introduced as the best line both in terms of maturity period and agronomical
characteristics.

Keywords: Flowering, Physical and chemical mutation, Rice yield, Temperature drop


https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1
https://www.openaccessjournals.com/

Ve

A% VEY 30b IFY oyleds [ead 3l J / 2lyj kS oMol doliiangy, @w
S oreb @lio g (55,3L8 pgle o>
" pingsy Al
Ol bl 4 STy 0> o g 8L s s Y g pB,) 51 S JUj
Psa . “05 )a

£ . s Y. Y. \ 3 .z
BB b o o' e il ¢ lawlis glaw I (638 05 los
5 S 0aSutimgy o 5 ol 038 ) iras plol Mol oy oK1 ¢ xbs qilio g (555LiST 0uStils ¢ LS (01554 5 KT 095 ¢g 5S> &S ol il -
Ol e0lbile csplo (b glio 5 (55)9liS pole olSiily ¢l b (555l (5p9libunn
(a.abbasian@sanru.ac.ir : Jggue odiuw53) ¢yl ¢ ylybijle s )l (rmab milio 5 (659l pole oKl ¢(g5y9liS” 0aSLiil> csly; 04,5 Lobiwl =Y
) Ol ols eyt Canys oKl “:,&I))"o”f—\“
ol «55)9L8 s g bigel (Dl plajle (lyiiile il (b @lie 5 (55sliS GBigel § ST g (L g (S pele Sl isu bl —F
ol
VAN il fosls VEVRYY il s ol
Ao b VS raomio

bgumo 0352

S )8 59iS (Jlod (lj)gliS a2 g5 350 Yo 59000 9 Jpame (2SSbS eyt o)) L g Sme S 53] slaJls (b 1D 9 dosds
) (aluli s 93 sn 552 g3 S 3,Sla 10 1S & i S Sy sl > (i 5 S olej o> 8l B
bl g ddome CulS 3 )5 g cutS slacoglgl Sl g8 4l JoB B 3 Sles 4y (gt &) i oS Lo & Jood g (9w29) Cker i
o3 31 Ll 4l L 4l e o8) 99 EMS L il oY ety Jold @2 w3 VE sl oo a0 Joos (ool estimgly el 50 S pg 5 9 Slgo
SSsh g5 B ()lo (b @lie 5 (65)gliS pole ol (Lingl deie y3 (e 18y & g oadgMol 08y dw (2B (Y gl (e p)b
Jopd Voo U gy ol pula alisie Gl dby Juad LL jo b plosl Vo) el Jle 50 ddome cudS byl 0 LSS aw o ol S
Job cadign 13 5ol aily dlawi cddigd 50 Sgy aild dlusd cadigd ;3 il dlawi cdgd Job iy )0 g dlasd 0lS gla)l ¢ Sy U jgy 2wy ¢ 2oabe>
N (hiog)S Cap 8)5 5 (5 pSojlul )90 Sl 5Slac g &l 1515 Adgd (6)9)b oy adgs Cudly padls Wl lia g s
b oalitl (ol adlge &) 4505 g S 455 (b,

O 48 3 Gl iyl 458 gl sy (moabsS o pe 4y i VY e cJuad BT (sloju Ll )3 eadeutS @y i) VE I LBl
L183 LI81 (slacilise g ,lungS 9 S5 pli)l aS oy lis Slee duslio gulis .cudld 3 ()10 sz BB calllas D90 Clao 48 )3 s}
VEVIEY (liee 4 plic 9 D100 (slacuisil 4 bgrje oo iy adgs 53 4l 3lass (liee o a8 g ooyt 292 o955 (5 w39 =52 L185 5 1184
L dulie )d a8 35y myo yio p S YV lie 4 L183 (asgij 4 bgyye aily 5)Slas (yl5m0 oy &S 31 it (ko dunlie gl g O+/5Y 4
BAD S8 o8l oo 09,5 ez 5 aalllas )90 slacuisiy adS oS ol (i 1S 35 ) Jols pl)55,055 09yt 3o)d VA pliy ald 8,
W35 S 31 5Vl g e eyl ailge loz 2l 45 ol oLt Lol claailge 4335 s i3y 3,Skes ks yiiber S5 pole 09,5 5 8 09,5 &
G 5oy dlass o +/VY) pdadisd oy Voo U gy ol Glas Slawe Jol ddlge ;o b0 olaid] g5 4 1) IS uibylg 5l aops APIYS gaemme 53 9
ol g (—+IVF) abss bl Lasls (oo [FA) 13 3 i (1Y) dbgs )3 Sy &b 2lios o+ V) abss Jgbo d+IVE) olS gl o+/V)) S
392 [l 1y Jole )b oljee ooyt (—+/VF) ados

o g =l Sluosas 5 (Shusy 093 35 il om0 (5 olsieds L83 ilige (¥ Culed 1 0,8kas 5 (ool)j Sluoguad (b)) | 35 5 Ao
DS (o0 (Bya g G5 Sld 0Slae b 5l

bt 5 (Sajid peslige 2l (S5ls 5 Slos dos il 1S sy

Sspetio MolS 52 25 ol 550 i ()53l § GAS) osse

Vo) Jlo 5l (65)9bsS” (slaaol)lol oy b acanl e
e e 68 s b L8l S YYVY dgs YV U
3l slodes daw Al &S Wloas olwlid bul g3 opl 4o
o) ol @ dag bsiload Joag EL @ 55 b)lils
5 i Slagses 4 2l s 5 caiS I8 o3l
g CulS 5 e GIF Gl (555liS ) o e
39008 g5 oo s sy )3 5 Sloe o158l Lyl plo 5l
S bwly ol o (He et al., 2021) 3903 oyl pea 1y il
cuiS ) olizal o Jpamo (il 5o (sl 5
He et al., 2021; Mandal et al., ) 1ib o g5 d30me
g (o 9 bgd) e €S 3] (sloJlo (2008
g 390 ke il 3 ohy 4 IS 2l
cudby J o Spsbar wul ad S 5 ;a8
50 S Sl s b o 3 5 55 ol Sy
b3l sy calio lsm 5 O bl g Lo Jlo 5l pdms
Al Gl olhsijle > @iy ddome S o aw &5 >

(o D YT il Bl L oMo Ve Jlo U Lid Cumes

My il d dagi b duwy dwled 4@ 0Ll A dgus
Afkhami ) cul jL3 13 i Mg @ ¢ sl o g Como
zy {(Ghadi et al., 2021; Gauchan et al., 2022
dawg > )0 (laysuiS o Lol a)l§‘)> S5yl Jgame
Jﬁ‘am ‘))‘ d)a.a.o 9 ..\Jy Juo))‘\' LJ).QJ ‘39“’6" T )
A5, (Afkhami Ghadi et al., 2021) 595 o ploo! Ll ;>
2 ol 235 glp Sl el «gjpslas (i s lul
Cuol Job hB joiS o il cpl sl (S glaans
S ADFAVY dgis Jixy duoyd +/AY dgis o 0
Vove Jlo jo )iSa 0 p,50LS OYYYF 5, Sles bawgio b
Oliwe @S Jbs y5 (Afkhami Ghadi ez al., 2021) 1ib 0
lopd VeF g e Cures 4 Caws lpl Cures
S e 9 S o haw Codgace (B |l oo
2558 (Jlad slapbsl (sl l30L5 55 03054 58" )5 (o2l


https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1
https://www.openaccessjournals.com/

YA p9d CudS ) (ol bl 4 (uiSTy > g Al i oY g pBl 5l (B L))

Akbari ) &b Juols 5 150 Cubls gu )l 9o b duslde j3 340
Joaze 3,Slee ysls Jb ,> .(and Moumeni, 2015
Oy siels b (ol CulS 4 cud dame cuiS
Fuetal., 2021; Laborte ) sl o yieS oS g 5 il
(et al.,2012; Zhong et al., 2006; Zhou et al., 2022.
FoS (538 09 b Mo g 5kl 13 93 3y slaJlo
0095 P8yl Glsims ((Swy B (o8by3 olej ) gy W)+ 5l
Moumeni and Amogholi-) Kb Syme pgd CuiS p
Al e sllas pBl Slulis oplply (Tabari, 2019
2ze CulS ) b Sluogad Hai 5l oa 5 0, Sles g
2 @S Gl gl caslie (sl Sug) 5 (S @
9 liwgy JUdl «(55:5L88 (syg0 0 9 09 e el

b yl5yalsS” dael o sla|

W sdg; 9 dlge

9 55098 pole oSl (gl deie y3 yola Ll
0oy YEIYARY! : oldlas b))l b mlo
Jlo 3 (e =V« ilyd pdaws 1 glas )l g OV FYF" : Ll jan
ol 4 barye dilale slod lawgio ub plow] Y-VY 2l);
2 ob¥ile Gl s ()l Gl ped )3 Lo )8 g cutS
rewoy; VYol Jislejl cpl 50 .Cuol oad 03yl V S5
odlo b a4l yins (Y iy Jols 45" )5 1)8 eoliiwl 390
9 ¢ (e pylb 08) » (EMS)' cllidgulie Juil slisiae
o8y 515 S mie 5 LS axil b o)l 4l jies o3,
) & g oadgMol 13 dw ()b Y g (e p)lb
s CAUTL) ()l (Y 93 Gizmen (V Jgio) 292 (Joxe
2 gy olidss Mol 3850 I"GSR (g054 51 (D100
Sgpo g (doxe 08y o plin o3 0 I3 (IRRI) kd
3 pol alejl )3 als o3, (lgis 4 jolate (pen
las JolS slaSsl )b LB > iolel opl i a8 S
9 pblole by Jol 0 (oS @l o 5 1l J1,S0 aw o
Byl i 93 im (SO LY ds e ) aasals
) d)'L»obLoi 5 e bl e S (6L
P ayeye ¥V x Yokl a oS )0 4ai5)se sy
P Ep sbdy o dold )5 cuis ole dldye VO Fu b
3 e gBle VO jole (slachd) b cwizned 5 i3,
slacadlye ouimen g 5l 3)90 395 Bpae (je S 485
plol adhate Gy b Billae gyl 9 I L oj)lke 5 (215
Voo U jgy olaw julas alisee cilbo ad)y Juad LL 5o 0
Sy olS glasyl o Sy U gy ol o p0ddies do)d
S il olis cddigd > aily slawd cdbgs Jobo gy p> dbgs
il )‘).b U)9 «aily J9]0 ¢M9> JLl )9)[) Gy ol tdwu9> »
RIS PSR 7SRY .))9:0 Sgilis 5ySlos
Syl Jood g 305

3590 SASO.1 l58le 5 lawgs iolosl 51 Juols (slaosls
dulie Cap opzmen (285 )3 (ol v g 4 o0
Colis Jols gy 5l eialejl glajles i (60ke

3+ g (Nouri et al., 2013) Y+ VYV Jlw o )i 5o
Agricultural jihad ) cusl ead (5,5 VY Jlo po )l
olisle liwl sble (S ol5,elis” (statistics, 2021
Al p b ey BB Kl Jpama 329 pas S
3 o @ 2dome CudS &y (s 9 50l 3 )lie (KBS
Taheri-Otaqsara et ) Slodds o 5 Jol Jaaee cubld y
b oy 4 bae (glod 09y ol 84k 5l (al., 2020
CulS )3 g ey 9 W Gy loj 5> (o) Al ye
Fallah et al., 2015 Hu et al., 2020;) 548, 0 7
P oo Jolo oyl )55 ags 5l (Okpala et al., 2020
5 &b b p g jle Sie gl il 5l wcaast sl
il o Lo 5l pdn )3 o8y £ Sl Cudgize n ) e
sl ( Xie et al., 2022; Akhil et al., 2008) 1S’
Bble jl )l > @p 23y (lp de slod 5l Homb
CuiS > &S w0 &y obS gy alisee Jolye j0 s
il 5 (2AS loj > Jad slasl o (5 ol ddsee
4 Joos byl @ gMol 4l y 10 00)5 o il olS
ili o g (Jol cutS cap) lazalS e 3 oo Lo
Bosetti et al.,) 3,5 gl Cocnl (pgd culS cus)
Gy cwlio pBB)) Sb5,1 1Y (2012; Jiang et al., 2020
g &S Loy & Joo 9 (1991001395 > jl @ pgd oS
PO g S lacaglsl 5l aed aly Jod b > Slas &
Sun and Huang, ) ks g b bl e g0y 2500 cuiiS
@ 55 Bble ) @y dame CuiS &S WS ol (2011
Sedge o ol BB (ej o) slod (2 Rl el
PB)l St aB)S Cjgo laguyn b - O Sals
4 03y plin o) 4 dgdte dizme CudS (gl Jgliie
4 Yoare Jb ol b Jg 5 u5,ﬂm CutS g u.:—)lawyn
Sy b (o) &5 0 arlgo (bl g 10 53 Juad B (slopoo
Jobs il o 2,Skee dala (S 5 5 03 VL
38das bawgie (s Jol cutS )3 pliny (s092 063) 295
fles pgd CulS > Jg edg S o 5 P/ Seilis
P lod FF LYY w3 05 V/O-Y/0 4 o Sels
[(Fallah et al., 2020) &b, o inlS 5,0liS" deyie plaw
Jesly obj)l > (Ansari e al., 2015) )], Ken ¢ (5 lail
Ly Glo pgd 9 Jol cutS sagSl o g Sl vl
Jol cuiS 5l jiaS doyd ¥r pgd S Sl 5 Slos oS
Job 9 4nils 65V (sloju 4y Joods a5 (o8 1V 0L, o
.,\‘«.leL;c £9° cuiS dl).: A.,u.ul.m JJ)‘J d).)bl.)?{ ..\.w) 0,93
B B (pen il & 55 lensS 05y @y (pixen
Ll (395140 (S 0)93) ollan (13920995395 S 5 A
Alinia et ) Asb o Syl 4B canlio dild cuas s
Olile 53 slunsS 68y g8y daome CulS )3 (9 355
WA S o, 5wl 5 Sles e oyt oS Db LS

1- Ethyl methane sulfonate

2- Green super rice project

3- Nternational Rice Research Institute



va

Sy owoed b odlatwl XLSTAT lible s 5l Myl
S o 1 IS ) Jual cslaog,$ e Sl gl
5l ol slaog )5 a8 g0k &y s odlaal Joleiol dolas
2 3929e Scwip] s g jles plyie & S 4 jos

Wb 485 Gl )3 IS5 plyie 4 ads a

VY 50l /FV ojles /ol Sl /ey olS oMol sl

23,5 ool Moy O Jlis! mew  (LSD) b e
FdlS 355 5l asdllas 3)90 (slacis (siiog)S jolated,
lr g (ooaeddl Aol s 5lo g UMGMA (b9 (it
slaadlse & 4355 (o) 5l Gialejl jl ol (slaosls rals
o) 9yl ajed el ce )5 el Lol
) 9 kol badlge & S rizren 5 plSg)00

30
28 A o= - = - - -
. 20 * S
2 22 PPTTT YT T PP S e
§Eg2] — >
3 201 \ ~
% 218 A ~
2816 - e
14 A
12 A
10
June-July July- August August- September  September- OctoberOctober- November
» ob e 292865 e ol

= @ e Sari Temperature ¢l clo>

ole

em@mme Temperature of Mazandaran province )55k kol clo>

oo @ e Long-term temperature of Mazandaran province . sl okl e 1l glo>

ol Sasily glos 5 pste bl 5 ol by alale (glod Laugze =) JS5

Figure 1. Average monthly temperature of Sari city and Mazandaran province and long-term temperature of the

province

ol 020 g lase ol & adllas 350 g2 sl Y 5 )] o =V Jpi
Table 1. The list of studied varieties and lines of rice along with their origin and pedigree

0,2 lse ) pb ) 02 [ w95 pb )
Pedigree Origin Genotype name No. Pedigree Origin Genotype name No.
o9 ) ol <)) 13 5t o) ol plic 1
Landraice Iran Zarak Landraice Iran Sardbinam
) ol obsles 14 HSCSS IRRI JhusS 2
Landraice Iran Nemarivaran Kohsar
e polb () (guslige N :
KH23 15 Induced mutation of the local Tr‘a); Jahe S'h 3
tarem
: do gyl Sl el .
o9 ) ol 0295 S 16 P o 8 9o ol ¥ 4
Landraice Iran Kelachaye zodras Induced mu{ggeomn of the local Iran Partov
9 1) ol Sals 7 9 05 ol by pilo 5
Landraice Iran Shahak Landraice Iran Tarom rashti
- o CAUI ;I GSR 18 9 ) ol Pl S 6
China Landraice Iran Sang tarom
e ool Wl annlise Aol : Aol . s
i o Ms-L181 19 9 o0 ol Saad 7
Induced mug;n;g of the local Iran s Landraice Iran Shastak
o ol 2l grlige Sl gl Mo
Induced mutation of the local })1';;1 Ms-L183 20 - Ll)r::; Milad 8
arem
e oyl (2l (gubige S S/ 3! 6
: ol Ms-L184 21 o 39 b olr ~ 9
Induced mutg;necig of the local Iran s Sepidrood/Sang jo Iran Ghaem
e ol LWl glise ol .
Induced mutation of the local o Ms-L185 22 - o D100 ;| GSR 10
¢ Iran China
arem
dowe oyl Sl ygpnlige ' '
Induced mutation of the local T;a); M;-L436 23 - - Mari305 11
tarem
9 ) olx! FL‘“ 24 - - Lemenimo 12
Landraice Iran Binam
lal> o &y 3955 5l 9 35 Algzs )08 S A, ) Cou g mW

Shi ) wgd o azaly 5l pdades 5 A LS A5, (s
b 3o Lialejl cpl > (et al,, 2022; Zhou et al., 2022

x5 oo B e Lol 156 co plalS gai 5 45,
oblS Sl bl i 03)5ln g 3 oS sk 4



A p9d CudS ) (ol bl 4 (uiSTy > g Al i oY g pBl 5l (B L))

5 yiis G ¢yl (655068 sy S Gl ol pon  JoSo
Martini et al., 2022; Rehman ) ¢l cglate Ay dls yo
Olas 4 bayye uibyly 4550 ls .(and Tanti, 2022
2l b b ol LB Y Jodo jd adllas 290 alizee
3y50 calivre (slacade] opo a5 A odblie ool Cusd &
Abgs el Cuio 3 4 ddlllas 3yg0 Slas adS” ) oy p
el b deng dopd S maw jd (b Sxe BB
Mo yd oy paw 53 Adgs Sl Cas 3 LS jols adllles

Doy b Gxe

sl Sials b ws, et sleal as Bolae 4 a8
slogig jl ool o9 Gad Ll izen 5 Lo
duslio 3y50 ol slinl 9 3 Sos il Coigis VF ol
Cepw dod ialS b oas asib gl e 8,5 )48
Fog g i Gozzed AL]E g olend slaiiS]y
cilize Jolyo jools )3 3 o domd p> 4l ialS
9 g0 3Ses 5 GAI wloge LialS Lol g olS ()
Jodll S (Jiang et al., 2020; Mesa et al., 2022)
5 lesdan (Soigledige Gl b lopw (IS 4 olS

Ty e glacaisi; ) adllas 550 il Sl Sl pe (1SSke 4 by yo gl =Y Joa
Table 2. Results related to analysis of variance of different studied traits in different rice genotypes

(3o)) Glysd copo s lupe (She Jlad Slupe (1Ske 1S5 Slaje (ke
CV (%) MS of Erorr MS of Treatment MS of Repeat Olas Slas o)ledd
df (oljl as > Traits Traits No.
- 25 3 )

0.92 0.58 150.74™ 0.68" pdss 2o Ve b ) alis X
Days to 100 % of heading

0.53 0.37 167.76™ 0.60 Sy B g, 21 X2
Days to maturity

248 715 745,617 12.9% oS li)| X3
Plant height

13.02 1.98 17.63" 3.24m g > g dlass X4
Number of panicles in plant

8.59 351 12.81" 0.61™ b Jobo xs
Panicle length

9.94 69.52 1690.38" 59,59 39> 2 &b 2l Xe
Number of seed in panicle

23.84 25.60 245.15" Ve/SA 10.68™ wbgd 53 Sy wbd ol %
Unfilled seed in panicle

12.47 73.97 1509.86™ 2371 dg 2 )90l il liai Xs
Number of fertile seed in panicle

1.85 0.03 331" 011" b b X0
Grain length

429 1.26 16.89" 0.16™ bl o X10
1000 Grain weight

6.63 33.56 140.26** 20.51™ abgd Cudly pasld X1t
Harvest index of panicle

6.12 25.42 226,95 9.547s adss 5yl xi2
Panicle fertility

13.76 0.29 6.10™ 0.18™ b Sy X3
Grain density

21.96 3178.14 8966.83" 1266.18" Sy 3’“‘;‘ X14
Grain yield (g.m™)

2o S g gy Jlein! o 43 )b gze b dxe pb g T 9" S

ns *
5

By 3 (Kidg b s a5l a8 abl e (S U o)
US o Sop (PSP dopd Voo U e, S Caw
b 5oy yioS dlaw &S bl 5l (Alasti et al., 2022)
G} ol (ilejl )3 2)l5 Comex )l ped CuiS )5 ¢ S,
oy Ggllas cun ool 5l oy VY Gl idh b S5
Ghoyy can ials gl sals 05, L awlie > g 39y 0
$acilige g jludsS o8, Adb oo Fy0)395 5 0391 )19 2
b wisis cppiwyds) =3 30 L185 4 L184 L1183 [L181
B3 85 oy b (Khazai, 2023) JSlis .cowl 634
sbogy » ab culs 5 (o)) Shegad Sy
» e BB g5 8 I IS5 @y b e
ooy Jlie b Jols EMS ol slacibse
Nemarioran s 4 bayye (Siuw)y U 5oy Cuto yljee
Dy 158 (5o 3 WY Jisli8l 5l aals b duslde jd &S 3g
M obj,l b (Nasiri er al., 2013) o )Kea 5 (5 puas

and ™" are non-significant, significant at the 5 and 1 % probability levels, respectively

addllas 390 Calisie Slas & by (1Sle dulio guls

B jgy ol Cio yliwe oy ki o5 0310 L5 ¥ Jgd>
5 pladpe  Glaguis) 0 (b dop Ve
b duslde > &S A5 odnlie 9, 45 )l500 49 Nemarioran
Ciio Olise (nyieS Jlio )3 gy pliy 40)3 W) plin o5,
@ S)) ) 4 baye (p3adgd o Ve U ) ol
SaS 20> Woplin o8y b auglie j> &5 591 59y VY ol
LS i dop Ve U g Dl Cas Dy
P> CuiS ) ogadd @y olS wre Hhuw Sluogad
S sl ool e a5 45 (50 24 93,5 o g
2B s> Aoy Vv U joy ol Catuo (glylo aST uigi5 pad
Sl (sloyw b 25 ol (sanlge pac > 4 a3l (6208
Fallah and Miarostami, ) 3g) oo jleuiy ollao | fund
& pro Hlww Sluogas 505 51.(2015; Li et al., 2022
i o Gl layed ol Sl gy pad S



AN

VPV 50l ¥V oladds /ol Jlo /2l bl Mol dolisags

DRl el doxiy Dl dm > ol @y olS Sjaxy
S adgs Jsb i (Fallah er al., 2021) b o
2 soe i &5 23l oo g olS e Slogad 1 S0
P & b a o)y oie pgp 3Ses il
bl v (Zheng et al., 2022) sl o Ml slaads
@ byyo adgd Jsb liee cpyiie & L osalie wls
b duglio )3 a5 59 yio Blu Y7 lise 4 pliwdpw Coigi)
Plis o g jbyes oy YA Soli8l 5l sald o8,
Ol 4 D100 Csgif & boape adgs Jsbo (lae (3508
VW Lol sals b dwlie (o oS dg jio Slw VW/VY
o pgd CulS ) adgs Jobo Ygane 92 )3)95 5 (g0
Xu ) aib o (g 5066 o501 glyly Jgltto cuiS b dusldo 5o
(etal., 2018

gy ades D b ol e cpyieS g (b
9 VWYY (lise @ pliy 9 D 100 slacassi 4 bgye
Ve Sl 5 aals b duglie )3 D 100 43, 5 39 B+ /5
(Nourietal.,2013) -,Kan g (555 D5 410)95 1 (500>
Syt s awslis 5 hu5le 13 gy dazee CuiS adllas )
laoe Jole a8 ol s cuiS cugs 90 )0 @i pB)l )5
oials 0 wae Jelse 5l SS daome S jn L el
by ol sy K00 ow 3l o dded 0 il WS
250 cguxe @y olS Gblie IS S Sy
oS o ol el bl @bs (Kumar et al., 2020)
@ bgye adgs 1> Sy &b ol Gline (a8 9 (b
s PYIYY e 4 ol gy pliy 9 Nemarioran lacois;
LSy 3l ol olS s geST Sgy aly slas g Y/VA
090 b )0 b (glod Lials &S cusly Lo (e al., 2022
Wigs 5 dodiw dlawd jialS cuw ddsd dnwgd g jled
S R9de Jypaze e (ol Ll 5 (S ol
Sk g Cal Sgliste ()l dne yobo 4 iliio 13 ol
oadgs 1 8 59, 0=V by slod &S (B Laaty lg 4o
Gl 0393 d> o 50l 50 b Jlos!

Sl oy & Jooio 5 (o395 Cluogad () g8 555
09295 Collas (Sdwy 0y LHSCSS Y cdiize 3blic
Hidged (Byme JlusS o) e L,

5 0LS Sl il coge gy oS 0 cuslie glasyl il
yobs adles o (Fu ef al., 2022) 5,5 o w9 pic
bgye aallas 3)90 syl om ) €] Gljee n i
duglie )3 &S 39 ylo Bl WY (300 plisd po i 40
oS blie yd 05 45y 1 (sduo > VA Liuljal 5l sals b
FoBlo VW liee 4 CAU T iy & bgapo sl 52
Dy )55 0 o Y Lials jl aals b awslie > a5 2g
CulS b dunlis 3 pod CuiS (3 gy olS Wy glasyl ials
(Lietal., 2022) ool osis (555 awsiS Slalllas p3 sl
A5y Sl G gdads dgs0S g o8l Clebo e ialS
Fallah et al., ) 545 o0 330t S 13 gop olS ool
(2013

Agd Jaws lime Cp yid 45 3l LS ol isles] s
28535030 W0 e & i ) 4 bogrpe g
Sy 5 Cud Dy yidey bopd Fr e 4 sald b awglis
Oh9y 98y Ogmed slhane g (wd9) Vb3 Sles L g )l
o9 Sygld b sl (6551 325k 51 LS anitl Sl esliul L
;| (Nematzadeh et al., 2020) w3l o pbsl Jb o
@ baye G 3 adg S Glie (nyleS 03 (29w
P aS dg 048 FIFY 50 4 CAU 1 4D 100 slacussss
adgs s g y0y5 1 (o VY ials l aals b awslis
Rl 9 28l oo g obS )3 e sl 3hos il I (S
B85 ) (b wrew Slgi oo @p AdgS I gyt S
(Zhong et al., 2021) w3l axils iy 3 Slos 45 it
Wb Cos ades ol &S ol ol ol 5 eolaw
Ganguly et al., 2020; Liu ) 5,5, - 41,8 | Jawseo Loyl s
o) o Shinada .(ef al., 2019; Xu et al., 2020
5 Suij Gluogad wyp L (Shinada er al., 2013)
Loy 235 bl )3 @i pB1 (6pp)le Al po 53 (S olsh 90
b duslie 5o i baylyd )0 plB )] ddigd dlaw o aisily olo
ol pials pBl (oeles (sl (L5 G9) (Jgene Ll
iy g 0y90 LidlS o sledldye 1 Lo )38l .cuwl 00l



AY

p9d CudS ) (ol bl 4 (uiSTy > g Al i oY g pBl 5l (B L))

adllae 3)90 ilise Slho oll 1 (o) 590 B oc9] O (Sl dulis @B Y Jou
Table 3. Results of mean comparison between rice genotypes based on different studied traits

b 50, olass . -
e b 5o, olass oS glis) 2 adg 2 iy s 15 &b sl gy s sl
doyd Ve Z . & - . . L n
it e (o L) z (secls) ady> adgs ) N
RId> Days to Plant height N:Irlxilgleer i(r)lf Panicle length Number of seed Unfilled seed Genotype
O?a}%shto (1100 maturity (cm) P plant (cm) in panicle in panicle
o of heading
96.33+0.33"  129.00+0.58>  132.00 + 1.15° 8.67 +0.67¢ 26.10 £ 0.27° 107.11 + 4.18° 28.78 £ 3.09 Sardbinam
76.33+0.88¢  108.33+0.332  104.33 + 0.88¢ 9.67+1.33%  21.16+£0.57*¢  90.78 +5.31<¢ 1522 +2.31¢F Kohsar
88.00 +£0.00°  118.33£0.33¢ 119.00 + 0.58° 15.00 + 1.00? 22.91 +1.19*¢ 80.44 + 4.33% 19.33 £2.22>4 Jahesh
86.00£0.58°  11533+0.33°  118.00+3.61>  12.00+0.00™¢ 2037 +3.18%¢ 67.67 £ 5.80° 11.44 +0.91%¢ Partov
86.00 £0.58°  118.33 +0.33¢ 92.00 = 1.15" 11.00 +0.00¢  22.06 +0.42>¢ 80.56 = 1.424 14.33 +1.73¢f Ghaem
86.00£0.00°  119.67 = 0.33¢ 94.67 + 0.88°" 6.67+0.33" 17.27+0.39°  147.44 + 12.28 8.11+1.82f% D 100
71.00 £0.58"  107.00 £ 0.58" 98.00 = 0.58° 9.33+0.88%  2397+0.38°  101.67+3.79"  24.11+4.15" Zarak
96.67+0.33*  131.33+0.33*  136.33+0.88"  11.67+0.67"°  24.66 +0.73% 94.11 + 6.40% 37.67+7.82*  Nemarioran
77.00 £0.58°  109.33 +0.33% 73.33 £ 1.20¢ 6.67+0.67" 20.10 + 0.56% 79.22 + 1.44% 18.56 + 2.30 CAU 1
79.00 £0.00¢  108.33+0.33% 10533 +2.40°  13.00+1.00*  22.93+0.86*¢  80.78 + 1.85% 9.22+0.29¢¢ L181
79.00+0.00  109.33+0.33% 10500+ 1.15¢  14.00+0.00®  21.21+£0.38*¢  62.44+0.78% 6.89 + 1.64% L183
79.00 £0.00¢  109.67+0.33"  114.67+1.86*  10.00+ 1.00%  22.06+0.08"¢ 7222+ 1.06° 11.22+1.614¢ L184
79.00 £0.00°  109.33+0.33%  113.00+£0.58°  12.00+ 1.53>¢  21.87+£0.77°¢  64.78 £2.88°¢ 7.11 £ 1.18% LI85
86.00£0.58°  11633+033°  111.33+1.76°  10.67+0.33%¢  20.28 + 0.29°¢ 50.67 £ 1.76¢ 3.78 + 0.80¢ Binam
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The means in each column that have common letters do not have a statistically significant difference at the level of 5 % according to LSD test.
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Table 4. Results of mean comparison between rice genotypes based on different studied traits

5 59,k &l slass

- abs Jgo ooy sl Sl Sks 38l »
Numbor of G(x?afleo) (r5) (1y2) a5 (+2) Grain (e 5o 2 p5) s’
fertile seed in rain length 1000 Grain Harvest index Panicle density Grain }_lzleld YP!
panicle (gr) weight (gr) of panicle (%) fertility (%) (g.m™)
78.33 £ 6.67° 9.84 +0.02¢ 21.38 +0.24° 82.73 +2.42%¢ 72.89+3.83¢  4.10+£0.16>  233.01 + 34.35%° Sardbinam
75.56 + 7.28"4 11.04 £0.04*  29.45+0.89° 91.91+£0.95®  82.85+3.59>¢  429+0.21° 326.99 + 7.38% Kohsar
61.11 £3.614F 9.80+0.05¢  24.45+0.18% 83.29 + 1.94% 76.01 £2.35¢  3.55+£0.38*  284.27 +35.76* Jahesh
56.22 + 6.38°" 9.93+0.02°  25.87+0.49"¢ 8619+ 1.41%°  82.69+2.49"¢  353+£0.73>¢ 22320 +31.62% Partov
66.22 + 0.59°° 10.82 £0.04*  21.89+0.41° 84.81 +1.99*¢  8227+1.85¢  3.65+0.04 201.97 £7.70° Ghaem
13933+ 12.02°  6.80+0.08%  26.32+0.67* 95.11 +0.37° 94.47 +1.13 8.53+£0.66°  329.17 + 37.49%® D 100
77.56 £ 3.35% 8.44 +0.06 26.61 +0.50° 95.38 +3.33° 76.42+3.71¢  425£020°  283.31£29.86"° Zarak
56.44 + 5.15° 9.00 + 0.24¢ 24.06 + 0.95¢ 75.27 + 4.88% 60.49 + 6.34° 3.81£0.17" 184.11 £8.10° Nemarioran
60.67 + 1.024F 10.38£0.05°  30.55+1.11° 91.73 £ 0.30° 76.66+2.47¢  3.95£0.17% 181.44 +£9.85¢ CAU 1
71.56 + 1.82%¢ 10.01 £0.09°  26.96 +0.77° 72.63 + 8.82¢ 88.57£0.41*  3.53+£0.06"¢  278.51 £65.33%° L181
55.56 +2.35° 9.89 +0.02¢ 26.65 + 0.40° 91.91 £0.79®  88.91£2.72*¢  295+0.04«  339.89 +25.57° L183
61.00 + 1.264F 9.44+0.11¢ 26.76 £ 0.51° 87.35+4.06™  84.50+2.12%¢  3.27+£0.04>¢  248.85+29.70* L184
57.67 +3.02¢ 9.33+0.19¢ 27.31+£0.25° 91.79£1.93®  89.00+ 1.88*¢  2.96+0.06<  268.21 +43.60*° L185
46.89 +2.50" 9.33+£0.19¢ 26.72 +0.31° 90.74 + 0.85% 92.43+1.84® 2,50 0.07¢ 189.23 + 17.84¢ Binam
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The means in each column that have common letters do not have a statistically significant difference at the level of 5 % according to

LSD test.
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Figure 2. Dendrogram obtained from cluster analysis based on all studied traits in different rice genotypes
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Table 5. The results of analysis of variance related to groups obtained from cluster analysis based on all studied traits

L [ES [
CV (%) (o) <l o9 e (bl
( D)( 4 ) o e MS oqurorr MS of Treatment Slas Slao oyles
df eoljl sy TraitS Traits No.
- 10 3
5.54 21.25 166.90" padgs Jopd Ve b gy ol xi
Days to 100 % of heading
3.17 13.27 217.87" Sy b g s x2
Days to maturity
11.48 154.82 631.80" oL glis)| X3
Plant height
21.12 5.14 9.24m Sy )3 b dliad X4
Number of panicle in plant
452 0.98 17.51° g Jsb xs
Panicle length
16.09 183.93 1862.55™ adgs 5o b slas X6
Number of seed in panicle
14.71 41.32 254.90° adgd > Sy b b X7
Unfilled seed in panicle
13.95 92.25 1852.09™ b9 )3 ypols Sl Xs
Number of fertile seed in panicle
7.60 0.53 3.02" b Jsb X9
Grain length
8.94 5.44 9.09™ b i o X10
1000 Grain weight
7.43 42,00 68.19° by Sl yadld Xn
Harvest index of panicle
7.69 39.79 218.28" adss ol X2
Panicle fertility
14.11 031 7.78" b sl Xi3
Grain density
11.38 842.91 10317.83™ S5Ld 2Skes X14
Grain yield (g.m™)

2oy3 Ko g oy Jlein] pdaw 50 I gixe )5 Gxe puE Sy s g 8 NS
NS, * and ** are non-significant, significant at the 5 and 1 percent probability levels, respectively
@ ol 3 adllas 3)50 Clio 4l 4 bgsye oM 4o 5l Jols (6lrog ) (o (60ke duslie gl =7 Jgao
Table 6. The results of the mean comparison between the groups obtained from the cluster analysis related to all the
studied traits in the rice plant

Group o9,5 Slaw Slas ojlesds
Fourth p)lea Third pgu Second g3 First ol Traits Traits No.
86.00° 83.75 78.76" 96.50° AT N Rl X
Days to 100 % of heading
119.66° 114.83b 110.04° 130.16° Sy B gy 2 X
Days to maturity
94.66° 98.66" 108.47% 134.16° (o sls) oL glis)] .
Plant height (cm)
6.66° 10.08 11.85° 10.16° 2 3 g dliss X4
Number of panicle in plant
17.26° 20.70° 22.30° 25.37° (siocsib) ades Jsbo x5
Panicle length (cm)
147.44° 69.52¢ 79.01% 100.61° adgs 3 &l ol X6
Number of seed in panicle
8.11° 12.02b 13.30 33200 abgs )3 Sy &> slass X7
Unfilled seed in panicle
139.33° 57.500 65.71° 67.38 abgt 53 59,k Sb ol Xs
Number of fertile seed in panicle
6.80° 10.11° 9.718 9.420 (o) > Jobo X0
Grain length (gr)
26310 2625 26.88° 2272 (%) > 5l 03 X10
1000 Grain weight (gr)
9518 88.36% 87.75% 78.99 (10,3) abgs Cublyyy yadli X1
Harvest index of panicle (%)
94.46" 83.51° 83.75 66.69° (J2y2) 235 (593l Xi2
Panicle fertility (%)
8.53 3.40b 3.54b 3.95b b o515 X3
Grain density
329.17° 198.96 290.00° 208.56 (e o p5) Sk 5,Slae Xi4

_ _ Grain yield (g.m?)
Lo gy e 5D (g me BMB] (gly)> (LSD) Jb sime wolds J8lus 903l (bl y (gylol Sl 5l it Sy gy (ghyld &S gty 50 3390 (slo ke
bl s
The means in each column that have common letters do not have a statistically significant difference at the level of 5 % according to LSD test.

45 b ol adles ,> (Hosseini et al., 2020 alS can (ool | ey S ol claadge 4 4jo
Jde gl adlge o dlaws &S oy ol Lol slaadge Hosseini et al, 2019;) 3,5 o Couwse ol



N p9d CudS ) (ol bl 4 (uiSTy > g Al i oY g pB)l 5l (S b))

Oy (70IVF) adgs )9,k 9 (/YY) 4l cutlyy
po> adlge ;> hlie )3 (Y Joia) w392 L 1) Jole )b i
abgs 53 o5l ails ol o +/AF) Aded > il slawy law
e ooy (+JAN) &l oST5 g (—+/5A) ils Jgbo o+ /A¥)
plee 5 pyw adlge 3 oy olaidl 3gs 4 ) ele )l
(+15%) Sqilis 5,Slas 5 (+/5+) adigs dliw Clas ol pay

K339 [i> 1y Jole 5l olee oy

obly Sl 8oy3 MIVE ggeome 3 9 392 S 5l 5L o
oL @l iomen (VY Jgia) 3 ol g5 1) S
Mo & i e U gl sradlge (s (il g o8 3l
25 (Y Jsis) 35 Lop> AIFA 5 VAN YASA YV/5Q
Jol adlge 15 a8 oy Lt Lo (slaadlge & 43550 §1 Jols
B 59y ol o+ /YY) (22abed doyd Vo v U g ol lano
S5 (/1Y) asgs Jgbo o(+/VF) oLS gl )l (/YY) (S,
oa3Ls (= I5A) Wl Jlim s +IV+) ads 55 S i

T iz gy ) adlas 3)90 Clio 4l Julul (ol slaadse & 45 ols -V Joi>
Table 7. Results of principal components analysis based on all studied traits in different rice genotypes
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Figure 3. Biplot related to the first and second components obtained from princi%)al component analysis (A: based on
traits and B: based on genotypes) based on all studied traits in ditferent rice genotypes
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