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Introduction. Traditional and monoculture rice transplanting has a historical background in the northern
provinces of Iran. Preparing rice seedlings in the seedbed and transferring them to the main field, as well
as manual weeding, are the most important problems of the traditional rice transplanting system, which
is not very attractive to the new generation of rice farmers. Today, the direct seeding system has become
a suitable alternative to the transplanting system in the world due to advantages such as early maturity,
less required labor, elimination of seedbed preparing and growing seedling on it, elimination of
transplanting operations, prevention of transplanting shock (due to cutting the roots when transferring
the seedlings from the seedbed to the main field), and also reduction of irrigation water. However, few
studies have been conducted on the direct seeding system of rice in Iran. Therefore, in this study, an
attempt was made to evaluate the effect of seeding density on the growth and yield of rice cultivars in
this cultivation system.

Materials and Methods. This experiment aimed to evaluate the growth and yield of rice cultivars
(Anam, Hashemi, and Kian) at different seeding densities (65, 80, 95, 110, and 125 kg of seeds per
hectare) in wet-direct seeding in 2019 and 2020 at the Rice Research Institute of Iran (RRII). The
experiment was conducted as a split plot experiment in a randomized complete block design with three
replications. In this experiment, cultivars were placed in the main plots and seeding densities in the
subplots. Land preparation included the first plowing in the early April, the second plowing in early
May, and the puddling seven days before sowing. The seeds were pre-germinated before sowing. For
pre-germination, the seeds were first soaked in water for two days and then placed in warm and humid
conditions for two days to germinate. The germinated seeds were broadcasted in each plot by hand.

Results and Discussion. The results showed that increasing the seed rate to 95 kg ha'! increased the
number of panicles per square meters, while the number of fill grains per panicle and grain weight
decreased. Paddy yield was not significantly correlated with harvest index. However, it had a high
positive correlation with biomass (r=0.93**). With increasing seed density, yield increased up to about
100 kg ha™' and decreased at higher densities, although the response of cultivars to seeding density was
different. The grain yield of the local cultivar Hashemi had a different response than the improved
cultivars Anam and Kian. The yield of Hashemi cultivar was statistically similar at seeding densities
from 80 kg ha™' to 125 kg ha'. The maximum grain yield for Anam, Hashemi and Kian cultivars was
obtained at seeding densities of 95, 102, and 95 kg ha™', respectively.

Conclusions. The results of this study showed that the local Hashemi variety can better control the
fluctuations caused by seeding density and maintain its maximum paddy yield in a wider range of seed
density. Although the Hashemi variety had the highest paddy yield at a density of 102 kg/ha, there was
no significant difference in this respect with the density of 80 kg of seeds per hectare. In order to reduce
the costs related to seed purchase, a seed density of 80 kg for Hashemi and 95 kg for Anam and Kian
varieties can be suggested to achieve maximum yield in this cultivation method. In addition, it is
recommended that farmers with little knowledge in the field of rice wet-direct seeding use the local
Hashemi variety, whose grain yield is less sensitive to planting density.

Cite this article: Pouramir, F., & Yaghoubi, B. (2025). The effect of seed density on the growth and yield of rice

genotypes  in

wet-direct

seeding.  [ranian Journal of Field Crop Science, 56(3), 53-65.

Doi: 10.22059/ijfcs.2025.384506.655107.

[@XolE

© The Authors.
DOI: 10.22059/ijfcs.2025.384506.655107

Publisher: University of Tehran Press.




S
TETT_AAT s a1l

I (S14 cﬂ??"‘

Homepage:https:/ijfes.ut.ac.iv/

- B e
I|“-.,l_lf,.'3«|.2"'J-._.-fulr-‘!

Wob yo g 33 alliano CulS 30 0 93 P 51 0 oS g iy g3 g o1 5 1

Y 298as (yim | B0 pel ygy 0325587

f.pouramir@areeo.ac.ir :4sbL], .l pl «uiy (AREEO) (¢59UiS zugy5 5 Lbjgel aolinios ylojlo )9S g6y lisiog dumfo ¢ Jgiume ol g )

b.yaghoubi@areeo.ac.ir :asbl], .l sy (AREEO) (¢,9LiS gy g bjgel cliuiog lojls ¢guiS g0 o lisios duawo .Y

oS>

g 4

Ao OlNb!

Slobo sl lio 23l @ ) (5905 9 O & a8 5l > 4 @ eaiens CuiS Slelo
@bl) @y pB) 2, SMas 5 a3y 2l Ba b B ol egy cnl 1l 0nd s plea 3 )L
S 5 (ESe ) )k pSokS WA 5 M+ AD Ae FD) iy cilie (slapSly 5 (LS 5 el
s gl 5 plogl S g liiog dundge 15 WA 5 WAA (cloflu ;5 ol yo s 5 s
aws a8 Jb o b ye yio pd Adigs Sl i)l & e S )3 )55l AN & 4 Hlade yiul38l ol
bl el b gl sine Stued Ssils 3,Skes il Laals &l i 5 4dgs 5y sloal
3,See oy bl (1= 0.93%F) YL Cute  Siuod 0dgiCuwj b &S dgr b 3 pl sl
ol Csddy JS 53 )dy p Sl D 5515 3 pUT g S pB ) g £ SPlS VoY (515 50 bl o8 il
AN a5 ol 5l g Jg 092 o 1) Sl 5 Slos (p pidin 25 9kS VY 0515 )3 (oibla 08 4251
2S5 ok hpE 4 baye cladn e Al pslaieds (lgice Ctlis p)SolS A (ST L (g l> gne
ol S 1 ) 3 3,Skas 51in Jpan sl | 2,55k A0 5 aile sy Sk A
08) Jl sk ye sy @y pelitae CulS dine) p3 o8 GBI L (15)9liS 45 295 o0 dnogi (inen

S 03kl 3,13 aiS’ 515 4 (6 e Capolis o &l 5 Slae 4 obln loxa

gy Alis 1o od

VLA Al 3 b
VEYINY 1 5,850 g ,U
N RATAN AN A PRV N

VEE/ V) 3 Wi g U

HEYS{PRWLY
o Sles glis!
bl

ioslbae oS3

‘bij‘ 2)

8L

s GalS pple wogkoyo s eltin CuiS 3 g5y p)) 0 SNas g 00 2 40 (515 S (V) o s 5 e el 23]

DOI: 10.22059/1jcs.2025.384506.655107 S0-0Y (¥)8F «/x/

ulf.\.uwy © ul).g) olKiisly ubL.w.sl A go ).wl;




44 gb po gt pt oo ol 30 iyt pl8y] 03 Klok g Ay 4o 4 05T T/

Aoio .
oes (5,Slac e 5 J5Sa 30 VAY lan a5 5 o b e () 10l 158 Al (1 inte it 05 o
Sl g dlasdl o a4l s )0 s & gy )b pdpe oliE il el > olies S (MAT, 2022) (5 eukeo Y/F
JS 3l o5 Ve 590 (Yaghoubi er al., 2022) &S o o) |y Lol i ol Jled )3 Jlgls asle v g (gl Jlins]
T GFypazeSS g S )85 (MAT, 2022) 3,0 )13 (55l 9 (S Jlad (il 53 53 ol ) @iy cuiS j gdaw
wlolo Mo dlos I (swd g 305 9 ol dsyi0 a0 o)) Jll g &l55 13 g0y i augs D)l (Su )b able adlate oyl 5
18 ook Cnlia (L@ p b Jud gl & conl gy )15 5 cutS gt

38 5 oy 4 5l cowydg 4 Olgise ol Ao a8 205 (03b5 (sblje Lt S 4 o itine S &ilol
2 bad) abd 3l ) Slis Seb jl suSsls (o8l Glles Bls Wl 3 sl b9y 9 415 Slsl ol Bis
(Farooq et al., 2011; Liu et al., 2015) 5,5 o,Lil ()bl Ol Lials uiomen o (Lol opej & il 5l clis Jas) plKin
Slg o olis cuiS b dunlio )0 cuiS dlolw g5 5 K0 ¢ Juad 4 do g b zo s puine CudS &S Gl 00l lis ldiss
Ao ) i CudS &S A yasuiie ((Dawe, 2005; Rashid ef al., 2009) and (ials ao > VO U VY 1) I8 950 4 5L
Spbse AL ghopd AV ialS 5 I e e A Gl 4 e mp g @l cuis L
.(Kumar & Ladha, 2011)

Cal YL oli cuiS b odwolie [ e S ol Gpae oS &S cwl e ol olidss
S ol jd gyl Ol Gyums 9 Sglis 3,Slas e «slae o aiss 5 > (Bhuiyan et al., 1995; Dawe, 2005)
12 olye Ty (bl b s (ol S 5 5208 0o p3 YA B VY g st 0o pd WY B s el 5y ccsbopo yias p2 oaions
A5 cilS ogd opl 2 Bpae Ol (g0 o YA L YD LLIBl 4 pxie 45 g olS A3y ey b
B Y- bl pas =Y 5l wdg @le cuiS Slobo ol > Of Gyme ials” LY Ll 3,155 4 (Tabbal ef al., 2002)
Gl g hes doi slaglp SEalS 4 oxie oS 1) gl Jole 0 ol Ol aw i0ml Y (ks ) e oy 10
4l olite sl )5 S sy 53 50 g 0,5kes ogad 53 0L Wi 0ye3 Jsb 0jsy Vo Pgds LialS Y g 30 e
DM 53 (Ao )d YAD B A/Y) jieS quuiiims CuliS )0 oy 3 Sas (yliasSy 5 did (gla)yguiS > ¢ Jlio laisay (Cunl i
S ;3 (Kumar & Ladha, 2011) 54 lis cuiS alie Sbl g zowelS (Jo 13 g (a0 > YAA b A/F) iy copenlid o
Cll dgrg patime 5 (oLl culS dlolw 90 > @iy 2Sles o (g me Cgle &S Wb sdalin dle can s
S io bl eaitane culS dilolus )0 gy 3, Slas oS cunl o 555 K00 uiod )0 blas ) (Huang er al., 2011)
(Zhou et al., 2021) >4 olis CuiS

SIS 51,551 sy il 5 M 51 15l gy 22 51> 5 oL 3,Shae > ot sl 18 3 (ST
ookl 35,k 1oL L g oS LS slapSly Jg {(Zhao eral., 2007) 0ib o aild 5, Slas Lads aoes)d g o515 pulas 4y 218
&S Cul odds o)l35 (Uzun et al., 2004) si xalgs 5,Slos (ials 4 yoxis ol 5l in colby b g Jaswe il 1 iaS
b dwglio )3 )d pudiune culS )3 VL Sid o3l Agi 4 poie ()L Sed 5l Qlinl rioren g olS (15 a8l
2 adsl gladosy & LY Siunly ddgd ol &S cuwl ouds by (Dingkuhn et al., 1990) 344 oo g0y axalS (g ,SLis
oelple (Huan ef al., 1999) Wb o (ials 55 badoxy slaws )4 o815 (]380 b g diily pow g 4silb (ladasy b awglds
slaoy ) laadss i 5 duy s 4 LS (o B, o 18l WSS & bl et CadlS el 5 (ST (e
Ojg LRl Oeomen g adgs Jsb (B L Canl (S iy )d jlade a3 Adg Sl Sl Coje Nigd A5 4l
Opan yh e wudS byl g hey 4 diws &S Cawl 03 LS cliass (Bhattacharjee, 1978) Wb Jas adgs 43 &l
yidw yd ,lade (Kumar & Ladha, 2011) sib yusie S )0 p)SekS Voo B Y+l Conl S puitins S dilobus 5o
)8 ool 3)50 Bl QByE Ll ) (LSLyd b g 358 el olyj olS WS L jye sladile S8 oS (o )lje 55 G2



Ve F g & los i g oloxiy 6590 oyl ) <1y j lolS pale dlro ¥4

) g ) il b clacaw] b 4 Sjale Llys a5 blge 1 e (Moody, 1977) 3,5 e
oo Wl (Zhao et al., 2007) L T Sles il 38l dons 13 5 5,0 clacale 39T j g dluxi EalS 4y e moye yie
Ol aom )3 g 52 slacile 0dgicnj > Ay BB el 4 oxie mye yie )3 )R Be e 4 oST)5 GlliEl S 08 ol
S 0 £y 8l Voo H1 (ST L Cob e yiun o peiins CuiS dilolw )0 3 Slas (i a7 Wb odaline 85 ploxl
ol 2o g 0,Sdes wShis o jglcund ¢lp oS 39 Jls ,> opl (Gholami Rezvani et al., 2014) Lol cavdey
[(Kaabi Rahnama, 2011) 34 L3 )4 p,55LS A+ &) cuiS ailolw

hay (S 598" Jlod (ganldl Lyl yid 5 (ogase ol )3 jei cudS dilolo (ol quuiitins <ulS” Glh8 (gLl 2929 L
L ooy oSS 32y 5 (utirn) 5 2009.8) (o5 clonslel e 3 35 (Sl I & Sblin (5l > ol 03,55
(oorldl byl 4y g b ol iy bl pod i i () B4888 ) S paitans ST gy YL O (6,105 byl
d‘); WLA u’_c‘)) dLbMy 9 u9.L>).o)a.~.u)J W wfd.J F3Y o.h.uc%o' 9 u’.bm elﬁ) 0“519 u’.:b))l 9 WLO.A dy90
B sly catS Slolo cpl )3 08) 1 (slp 0,ee (il g jolate 4 )d oS5 Cp a9 4855118 (owyp 3)90 @0
D9 Bl 98 Jloud S of559l8S &

g 3 ol Y

2 Glalejl oo s |2l €y =58 @ g dusge (gl 45550 )3 AR 5 WA (gl Jlo (o )3 ialojl ol
s §) sl o i g5 b b B> VP 5 a0 TV ldlitn (ose 5 By 4iB YA 5 42, VR ldlyie oo
as )50 yglme (55y9ltS pwlidlon oSl | cutS Juad (b ) talef] e pulidlon SleMbl )l )15 Sl (glac]
ol 035 03591 V Jgda 3 9 cdlyd dules]

2 55l Lwlidlgn oS! 5l osls ol AYAR 5 WWAA gla Sl (b )5 culiS Juad 4 by e (wlidlen (laosls Y Joua
sl 00 A j9ulS g8y Oladod dudge (SR ds)je O jgloee

Temperature (degree centigrade)

Month Precipitation (mm) Sunshine hours
Minimum Maximum
2019 2020 2019 2020 2019 2020 2019 2020
April 9.9 8.6 16.8 16.1 131 158 101 102
May 13.8 13.4 24.6 22.8 65 58 223 178
June 18.8 18.7 30.5 304 10 1 306 301
July 21.4 21.0 31.0 31.7 171 27 253 254
August 20.4 21.1 314 29.6 25 80 227 144
Total - - - - 401 324 1110 978
Mean 16.9 16.6 26.9 26.1 - - - -

5 bl ) oy .05 lial )5 d b olias JolS (slacSsl 4l )b JB 13 0050 5 sla S s & tale]

S Shy il (S w5 58 058 Sk ) (S )3 p)SolS WD 5 W1+ AD AL £B) 10 (ST 5 ol @S 3 (Ol

X0 8 e ,S olul g 50 Wx D Lol slacs S sl ol oad o ¥ Jada 0 3aiod (ol ) dslllas 390 pB8)] poe
Dy o SO S o dlold g e oi S o dlold b a8 )3 L > gL ¥



QY igb po s gt oo CodeS 40 gei g pl8)] 0y Kl g Ay g0 4l 05T o)

i (3 J5) pow woud g Culigund)l bawlyl )3 pod o5ub 3398 Sl dass 1 Sl o plol Jold (e (55Lo00Le]

o3l O 1 59, 95 St 4y pods lanl (0,8 ol iy (gl b ol iy BT S B 5ok 00 (Bl 51 S S,
29 plgl jgd (35l b b 3l 41,8 oliislejl Ll 53 ogloye (S (sla 38 S5 53 gy 93 ke 4y e g 0D
YIVA o5 s WWAR 9 WYWAA (sla Sl jo ol ds o, o plool (b Cygmds )8 )3 i jbdiles (slaydy cois
JUo 3 bl y gu )b i s OYY ol g pUl 8,1 (gl 9 0V (LS o8, (sl WWAA Lo p3 cuslsy go,l o9 YIYY 4
b olojon g 392 (9,5 CSKid g 5 O yguods 1l )5 (6ylol gy 390 FIA Loudle g pUT 55,1 (gl 9 515 LS o3, gl VTR
bl sl 5 b asam g3 .8l il yie o Cudn b gy 39 4 6 e )S 31 Of glas) laasalS gl yiol38)

A glab oIS oo,
(18 oo Lt S ) s 93 (5 0le 4y g po laosls) g3y ol 53 odlil 5)50 0 P8l sl S 5l (S5 Jgde

Growth Paddy . Panicle Thousand
Genotype period yield :::lzf)er length seeds weight Ree;iased Description

(day) (ton/ha) (cm) ) y
Hashemi 111 4.4 14 27 25 - Native genotype

Improved genotype

Anam 109 49 22 22 24 1397 (Saleh x Hashemi)
Kian 106 54 16 24 27 1399 Mutant from Tarom

native cultivar

(US> g WVO wud)) ISy slapisiale I osbyd I S gy cuda e slacdle b oj)le jslaiea
ez U 9> als yo 55 0 oolisl QB slacs S gaw 3 PLSE ©jgoh (JiSa )3 p)5 0+ «(uS1g)) Jito g9l
(U 53 Jadisdee Voo jlade 4003 Fr rs Slo plpn) 90l S ile jloslial b (cdlows 33 5 slacile (S
b plosl (LS ©)g0d,

i O g 04 4 i 390 ctile] dsje I S cladiges bl B pae clodsS (lise (sl polaiod
Caol 0del ¥ Jods 53 Lislejl oo S diges U1 4y bgypo SleMbl iad 20358 & pladl ol 5 39300 olie polis
PSS V) el Sl (LS )3 )59k Ve v) o 5 lid g Jolid (395" @i ) 455980 9 dwliy 0 )dud (sladgS
23 05 (g3lwodlel al o 5 duslty 3957 ard g 5lind (sladgS oled D (ol (LS 1 p)SAlS Y+ +) 0)9) 5 (S o
(i Al ye )3 8o yd Ve (Sl g Gg) Vo o3 Ye) dls e jlaz 53 gt 398 AS Bpas Yl 3590 la)S
55wl 355 0leuBl duo)d B+ A Bpuae Sy O ygody (Adgs jorld Al yo 13 o > Vo g ¢yi8ydBlu dls o 13 Ao > V-
LS 55 i gl )5 b il iiats 05 e W53 S 355 Ao yn e ooty oy a3
38l oS 0 pend Sloy gl Jl o Jay Cdn g Cugh 93 (b JUSB )3 p)SolS V0 e 4 8oyd Ve (il (ASe i
5 plosl dbgype (Lol dpog 3 g0

csiloil deyie S Slewd 5 (Sojd Sluogas Y Jods

Absorbable Absorbable . . Electrical
. . Total nitrogen  Organic ..
Soil texture Potassium phosphorus (%) carbon (%) pH conductivity
0 ()
(mg/kg) (mg/kg) (dSm™)
Silty- clay 191 6.7 0.2 2.11 7.49 0.92

b ploxl ) o s ls b jglite &) b g ,Saiged yio +/0 X /0 sla3lS 5 o3l b aals als ye 5

s Ioablos 51145 olos oyl JUas] 5| m 5 0 el S g 1,008 o J515 (clodigas poles 8 ol (ol
s;go)yy)ﬁ ‘;M) 41>)A 2 W) du.wbm ;?).3 C.sz ua.‘>L.4 (LI-COR— 3100) Gmuj); C.bw olKws )l odlaiwl l.: 9 0



V1P F qosuw & los ppuicis g oloeis 8590 iylpt) (<15 HloLS pole dlxo a4

W)l 3m 59 cigd 1> Sar gy Al Dlax cdigh ;D il Dl bt Dl oy dlaw b 5l Slao g ods Jaiie oKiylojl
Cromd | @iye yio gy Colun jladils 31 Gl 1 w50 ally 5 Sles 35l 0 dlore Clly y a3 LS 5 039
V¥ Cogby olulyy Sl 3,Slac 0 plo cing; ole B 03,5550 ey b Job 9 85 (tslofl sl S (55
4525 1 oalisl ciyly uilly (160 el 51 talesl Sl 93 o by (BI9SS igejl (sl b sl o>
O Smed duwle (gl b plul LSD (905l b oSl duslie g SAS Ver. 9.2 ,158lp 5 51 odlal L ol S ye
5 oLl (g 9y 5l o8 lao

2520 | oolitel b 4l 3 Slas g Sojglon 3 Ses « Sy o Slio g g0y pB)l CulS 1515 (g dlasly Buios ol
oolizl (1 o) cyms el o aolen Sl ecilisin (ge S sloJao (il o slate (ol Sl 4 (s o300
8 QBEIYLR? 55 9 Jae lajiehl (5l sime 1905y 4325 ()P ine «lps 9y o ple > 4 Juo pl a3
f=y0+a*exp(-0.5*((x-x0)/b)"2) () dalso)

sl i o515 Lt w815 p0p5eS )3 Lomiyyt y90 o YO sl X 5 ool Ala 3 gl e £ e ol 52
Cho pShas g (y0) by jlie (Sl g Cunl () 390 o (2RI L GBI 2y 1515 Sl 31 Slea el
D9 o Jeols Ja5 3590 Cauo e yiSlas ol )3 a5 Cunl digy 6515 X0 g S WST5 X md e LS |y pwyp D)9
dy90 Cutuo &S 4B o s il So 58 b (ST .Cunl cuiS (51,5 Ol &) w350 Cuttio Comolus [ Slo (b) Jdo o
390 oy (5332 86 Wl o S 015 10 SS9 sl Yl S (glagS15 5] (S0l 039000 13 s o) 2
Sl 4 Koo STyl g amg 05b S5y Jai D90 Cuto oS Cuwl (ol s LS WSl S b ST.ASl adly )y
o3> gpogs Jiwe (sl yiie Lawgd dluly iite Slpdl I shopd 4r 30 (LS (RY) (St oo Slooe (B
olge 45" 45l ol S0l sl S puito ) oy Se g sl oyeito i (598 b3 ino 42 o] 392 YL g 3500
b)) lr 2l R? VL jlade )l (g 3)90 S (sl 53 (oter (18 (€edS 05155) Jiuno pusite I (65503
35 € 55 Jan sl abl (55 sinn 5 Jio (slled 5l ine s S5Lo 6,503 Jolge & 2l 5 o I Jao S
Dy 3939 b yusio yo (610 xe g (2ly dlayly a5 20 Jols Ll

S g pidg 3 slaadl .Y
OGS e il b Al 3 Slee Sliss K sl 0l 03l (Ui Y JSE > Sl oSl g 5d 1515 o dal
P ESHS Ve 39 1515 b0 Slee wtS (oS15 Gl L oad 35l Jae illas (R7288%) 90 ol B 0iell)ler
) 4l 3,des 29 Cglite cutS WS15 4 pB)) JiSly d2 ST g (Bl W9y il YL slaeSTy 3 g Gl s
A3l Yl S w815 5 o8; nl 0Skes 5 392 LS g pUT eabp ol )l 4y o Sglite STy (e adle (oo
gt oS g ceile pUT A1 (gl il 5, Sas yiSlas g wliie (ol i 51 LS 45 £, okS VYO U LS 45 p,S ok
oS 392 olyen 3,SMos (Al L e o515 51 h Oliee (IS ol US55 2 SelS A0 9 VoY AD cutS (oS
D5 dop> Vo g WY ity bS5 pUT eddgdol pB)l (dlys g dioyd iy gdn adile (e o8 sl (10l ol ol
Ao g )58 3908 3 a &8 Canl (aigS 9)d Cuald)y i Jidsay s 3 pSlas ol g S @515 Gl canl e
OO § Aoy il y dxwgi yliwe 50 gl MBI 5 5L Wlg5 o e oS15 4 plB,] cgline STy i3l o 551 l3e
Al ) lalyd ) bl ple g Sy i)

w3 e gt a grehly (¥ Joio) wimso L 1) pByl SHST (98 &) 55 5 )Shos (sbrodls (90055 35 sl el
GMES] (gl g sl adla lxe o3, il duo 390 S 5 pUT oMol syl 43 5 glite cilises pl5,| )3 gy ] oS
o8y 4 Cond (b 30 syl odp Mool sl 5, Sdas 5 lise @l oS ol o Slo poolie oyl e ()l gixe
w8y 2 o o o go ot 5 )1 g Byl 2 )Shas S (S15 bl (eliie Gl b eyl il el e



49 gb po gt pt oo Sl 30 gei st pl8y] 03 Klok g Ly 4o 5 05T T/

Sllog Sl it odle oxo 15) &l o] Sl @l ) ol ondpdol 6] 1 355 (sl sine psbay saiile
S (JB 3 cnl S Lads yda o515 ) g 008 Aials 3 1) 353 Sgils 3 Slas Slas g 03 JyuS ) S 1515 51 8L
295 3,8Mas lipl s 4 3B g bl )iy (515 4 (S Gl (LS g pUT ondzdol 08 93 50 Sals 3 Shes &S
o3zl 15y 93 p sy (ite Sl S @S15 Sl ol pogdle ngs cllisie (slaS1)5 53 3 )Slas Sl bais 4l
oy 48 Jo s aizily JiSa )3 4, p S5l WO (oS15 50 |y Sl 5 Slae 0505 08 93 (ol 45 (5 5oy sl S U]

bl 1y ke (g 5SS 9kS PO )4 6515 55 (el (v

6600 -
6400

\’2 6200

e

'i 6000

1

vy 5800 A

3: 5600

Y, 5400

Q

2 5200 4
5000 |
4800 [
4600 . . : : : :

60 70 80 90 100 110 120

(=2 3 0,5 9kS) Jiu o515
$9) BB gy i rdtis CulS Wlob 5 )y cilises (lapST5 )3 (S W oble O olT @) g p5)) Sl 5 Slas Sy 55, ) JSG
s ]SS A (S0ke icie

sy st 5y altione CudS &bl 3 4y il (slanS1 50 Sgild 5 Slas Sk L9y ey 0 w5y 037 syl £ Jgn

Genotype yO0 (se) a (se) X0 (se) b (se) R?

Anam 5052 (257) 959 (97) 95(2.9) 10.2 (2.2) 0.90
Hashemi 5120 (315) 317 (26) 101 (1.5) 15.9 (1.6) 0.97
Kian 5292 (415) 971 (85) 95 (3.4) 94 (2.2) 0.88

y0 is the yield of rice at the lowest planting density; a is the trend of rice yield changes with changes in seed density, x0 is the
planting density at which maximum yield is obtained, b is the slope of the model, R? is the coefficient of determination, and se is
the standard error.
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Tiller Panicle Panicle Filled seed Hollow seed 1000 seeds HI
Treatments (No.m2)  (No. m2) lensth . . . o
gth (cm) (No./panicle) (No./panicle) weight (g) (%)

Year 2019 62172 5912 222 40¢ 6P 2532 4832

2020 580" 553° 222 422 8 2482 46.8 2

Anam 6252 5912 21 390 102 23.8°% 4782
Genotype Hashemi 6412 6172 242 40" 6" 24.1° 4702

Kian 537°b 508 P 21° 46 # 5b 27272 4792

65 567°b 540 ¢ 234 462 gb 25.3 2 47.6?

80 561° 539¢ 228 40° 6°¢ 26.12 49,12
Seed rate 95 6382 606 ? 228 41° 92 24.6° 47.52

110 6372 603 2 224 40° 6° 25.1° 47.7¢2

125 599 ab 572 b® 222 40° 6° 24.1°¢ 458°

Year (Y) * * ns ns ok ns NS

Genotype (G) ok Aok ok Aok Aok ek NS

Seed rate (D) ok Aok ns Aok Aok Heok *
ANOVA Y xG ns ns ns ns ns ns NS

Y xD ns ns ns ns ns ns NS

G X D ok Kk ns *k *k Kk NS

YxGxD ns ns ns ns ns ns NS

C.V. 9.1 8.7 6.6 11 11.6 5.6 5.4

Based on the LSD test (p<0.05), means in each column with the same letter for year, genotype and seed rate are not significantly different.



VFoF oy & jlasds s g oLy 6590 o)) £y lOLS pgle dlmo Fr
sy i gt aione CulS lob )3 gy 3 )Sas linl 4k 0515 9 ) Jlie 51T Jg
Genotype x Sced rate Tiller  Panicle i::;tcl:e Filled sced  Hollow seed 1000 seeds HI
(No./m*)  (No./m*) (cm) (No./panicle) (No./panicle) weight (g) (%)
65 552 ¢h 522 def 212 39 cde 142 23.6 °f2 482
80 569 °f 541 ¢ 224 38 def 10° 26.1 bed 51%
Anam 95 621 b 584 cd 202 472 bed 152 219¢ 472
110 7272 6842 222 40 cde 7 de 24.] def 4732
125 655 bed 625 e 21¢% 33f 8¢ 23.4 ¢fe 46°
65 592 def 571 ¢ 254 47 b 6 def 24.8% 4772
80 627 be 610 b 242 38 cde 5¢ 24,5 de 482
Hashemi 683%® 659 24 36 6 %t 24.7 % 472
110 664 ¢ 632 abe 242 38 f 7 cd 243 de 4772
125 641 bed 614 be 254 38 f 6¢f 22.5¢f 46°
65 559 h 528 def 232 512 6 9f 27.4 % 482
80 489 b 468 f 202 43 bed 5¢ 2792 4972
Kian 95 612 cde 576 ¢4 223 44 be 7 de 25.8 < 4972
110 521 feh 491 <f 202 4] cde 6°f 26.8 e 492
125 502 & 477 21¢% 502 5S¢ 28.0? 46°
Based on the LSD test (p<0.05), means in each column with the same letter are not significantly different.
B Sy g oS5 gt 0 Slas (Sl 0 Slos s (Sison oy ¥ Joia
X1 X2 X3 X4 X5 X6 X7 X8 X9 X10
Yield (X1) 1
Tillers (X2) 0.12 1
Panicles (X3) 0.09 0.99 ** 1
Panicle length (X4) -0.16 0.42 0.48 1
Filled seed (X5) 0.19 -0.53" -0.55" 0.05 1
Empty seed (X6) 0.17 0.07 0.02 -0.42 -0.22 1
1000 seed weight (X7) -0.08 -0.68" -0.67 -0.21 0.57" -0.56" 1
HI (X8) 0.20 -0.34 -0.35 -0.23 0.03 0.13 0.35 1
Biomass (X9) 0.93 ™ 0.26 0.23 -0.06 0.17 0.13 -0.22 -0.16 1
LAI (X10) 0.18 0.57" 0.55" 0.26 -0.31 0.11 -0.39 -0.17 0.27 1

* and ™*: significant at 0.05 and 0.01 probability levels, respectively.
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Genotype y0 (se) a (se) X0 (se) b (se) R?
Anam 4.7(0.1) 0.95 (0.2) 95 (4.1) 10.4 (2.3) 0.84
Hashemi 4.3(0.2) 1.24 (0.1) 112 (3.4) 22.7(3.7) 0.96
Kian 4.4(0.1) 0.54 (0.6) 104 (1.1) 104 (1.4) 0.97

y0 is the rice leaf area index at the lowest planting density; a is the trend of rice leaf area index changes with changes
in seed density, x0 is the planting density at which maximum leaf area index is obtained, b is the slope of the model,
R? is the coefficient of determination, and se is the standard error.
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Genotype yO0 (se) a (se) X0 (se) b (se) R?

Anam 10025 (128) 2742 (420) 106 (1.87) 10.8 (1.9) 0.94
Hashemi 10842 (159) 693 (25) 111 (0.9) 18.3(1.1) 0.99
Kian 11039 (201) 1968 (337) 96 (2.3) 9.8 (1.8) 0.93

y0 is the rice biological yield at the lowest planting density; a is the trend of rice biological yield changes with changes in
seed density, x0 is the planting density at which maximum biological yield is obtained, b is the slope of the model, R? is the
coefficient of determination, and se is the standard error.
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