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Table 1. Characteristics of the rice varieties igidh this research. Source: Rice Research Itstithilran

Variety Pla?ér?])eight No. of tiller G(trc?inr.]hyai\(le)ld Grov(v(tjr{:l );l))eriod Da¥§ ;rgor/r; lflr(;alvr\}:;r)ilr;a\;ting
Tarom Samadi 175 12.5 4.5 110 50
Tarom Hashemi 140 15 3.8-4.1 113 52
Tarom Mahalli 142.5 14 3.8-4.2 118 57
Shiroodi 106 19 7.5 134 75
Keshvari 115 17 7.5-8.5 130 70
Gohar 120 14 9-10 145 85
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Table 2. Meteorological parameters in 2013 andi2@burce: Meteorological Station of Haraz Extensiad
Technology Development Center, Mazandaran, Iran

April

May

June July August  SeptemberOctober

Meteorological parameter

2013 2014 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014

Meandaily temperature®C)
Mean maximum daily temperature
(°C)
Mean minimum daily temperature
Q)
Soil mean temperature in 10 cm
depth £C)

Mean relative humidity (%)

Precipitation (mm) 2.9

Sunshine duration (hour)

Cumulative radiation
(Mj.m2.day)

125 133 17.1 19.1 21.8 229 26.3 27

73 105 35

3 825125 35 81 0 10 17

26 28.326.5 279 205 19

149 158 19.6 21.8 24 25.6 28.8 295 284 314 29 30.7 23.6 21.8

12.5 10.7 145 16.4 19.5 20.3 23.3 24.5 235 252 24 251 175 16.3

159 14.8 195 209 251 25 30.327.6 27.6 31 27.1 299 226 23.7

743 74 69.1 717 717 72.7 70.8 72.7 75.1 67.5 784 716 73.1 76.3

40 234

180 216.5 275 259 280 265 292 261 192 310 191 210.5 134 143

139 16.6 20.6 18.4 20.6 19.4 22.7 18.8 15.2 215 153 156 13 104
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Table 3. Meteorological parameters in 2013 andi201ransplanting time and different rice gromtage.
Source: Meteorological Station of Haraz Extensiod @echnology Development Center

Transplanting to 50% flowering

50% flowering to 30 days after flowering

Meteorological parameter June 10 May 20 May 5 June 10 May 20 May 5
2014 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014 2013
Meandaily temperature®C) 26.8 257 248235 233 21.8 28.1 264 282 26 28 26.3
Mean max'm“(TC‘;'a"ytemperat”rezgs 282 27.4 26 259 242 313 289 312 285 309 288
Mean m'“'m“?(?c‘;a"ytemperat“rem.z 231 222 21 206 194 25 238 252 236 252 237
Soil mean temperature in 10CM ,6 7 555 967958 263 25 273 266 274 261 269 26
depth £C)
Mean relative humidity (%)  70.7 723 73 715 722714 71 777 687 743 692 725
Precipitation (mm) 715 76 875163 875 25 494 69 173 753 0 53.6
Sunshine duration (hour) 597 541 539 549 561 573 239 204 294 197 284 230
Cumulative radiation 1297 1315 11981302 1299 1347 552 498 654 514 641 578
(Mj.m2.day)
Growth degree day (GDD) 1103 1076 944 843 89974 573 494 565 486 535 494
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Table 4. Combined analysis of variance for the fptdwaracteristics and radiation absorption in viageties in transplanting time treatments

Mean square

Source of variations df  Grain yield Lﬂﬁg vsér?r?g% ;Q(Lﬁlgv(\)/;?ri/gs Biomass I—:Fa]\(rj\(/;st Régllsaetlon fillﬁgaigte Gr%igriféllciing Abpsg‘:?bed Absz:_\E)Ed nuPn?tr)E-:‘Crli)er
efficiency percentage m
Year 1 19728.95 191.41° 21.81™ 81189348.1  474.3% 0.21m 0.69" 359.7" 56902.23° 1424.99' 455454
Replication (Year) 4 605982.2 0.84 1.13 1563515.7 25.8 0.39 0.01 5.8 36442.87 378.15 835.10
Transplantig time 2 19773771.8  3.407 2.53 41007186.T 133.4 0.02"s 1.07" 278.0° 99.24" 19.2" 7275.68
Year x Transplanting time 2 1847818.3 4,74 3.86" 5711073.1 54.10s 0.08 1.21" 77.3" 6136.12° 66.23" 3848.54
Variety 5 28540490.0 11.1T1 9.97" 15159657.7 676.9" 0.57" 1.217 212.7 133812.29 179.90° 14575.7
Year x Variety 5 782928.2¢ 4.84" 1.53 1624399.2¢ 41.8 0.07 0.16" 13.0" 2893.18 3.56 1994.06'
Variety x Transplanting time 10  456025.1% 2.54" 0.86% 2425883.8° 8.9 0.12" 0.20" 42.9 4591.18 36.71 1448.48
Variety x Transplanting time x Year10 1239314.7 1.62" 0.53s 4801337.5 32.5% 0.09" 0.37" 51.8" 2053.87 9.57" 3433.80°
Error 68 515858.8 0.44 0.49 1366498.1 16.8 0.02 0.03 8.3 231.22 2.08 439.24
Coefficient of variation (%) - 11.0 114 20.7 8.6 10.4 7.1 13.8 154 1.94 1.82 7.13

s *and™: Not-significant and significant at 5% and 1% pabllity levels, respectively.
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Table 5. Mean comparison of plant traits andatiain absorption in rice varieties in differentisplanting time treatments in 2013 and 2014

Treatment Grain yield LAl at 50% LAI at 20 dgys Biomass _ Harvest RUE  Grain filling f(iflzﬁign RePcAeiF\{/ed Absorbed PAR Absorbed PARPanicle number
(kg/ha) flowering after flowering  (kg/ha) index (%) (g/MJ) rate (mg/day)period (day) (MJ/n?) (MJ/r?) percentage per n¥
Year
2013 6493 a 44D 3.0b 15404 b 420a 2.05a d.40 16.7b 1004 760.0 a 75.6 a 273.2Db
2014 6520 a 7.0a 39a 17138 a 379b 214a K24 204a 974 806.7 a 82.8a 3143 a
Transplantig time
May 5 7204 a 5.8a 33b 17229 a 419a 211la d.16 206a 1050 827.2a 78.7b 310 a
May 20 6587 b 54D 3.3b 16465b  40.0ab 2.06a 29 h. 196 a 1012 798.6 b 79.0b 286 b
June 10 5729c 59a 3.8a 15121 c 38.0b 211a 0Oal5 154b 907 7255 ¢ 80.0 a 285b
Rice varieties
Tarom Samadi 5780 bc 49Db 26d 14952 d 388c 0.1 1.57a 156 Db 921 714 c 775¢c 293 bc
Tarom Hashemi 5113 d 49Db 3.1lcd 16458 abc  31.32130 a 158a 17.2b 927 722 ¢ 77.7¢c 298 b
Tarom Mahalli 6380 b 52b 29d 16336 bc 39.0c 282 1.47 a 16.3 b 921 717 c 779¢c 308 b
Shiroodi 8311l a 6.6 a 3.6 bc 16997 ab 489a 2.0910.94c 240a 1072 812 b 75.9d 335a
Keshvari 5707 cd 6.3a 4.2 ab 15483 cd 37.1c 4.92 1.13b 16.6 b 982 804 b 82.0b 277 ¢
Gohar 7751 a 6.4 a 4.4 a 17404 a 448b 186c H.22 22.0a 1113 935 a 84.2a 251d

Means followed by the similar letters in each catunave not significant different by Duncan’s mukipange test at 5% probability level.
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Table 6. Mean comparison of year x transplantimg tinteraction effect on plant characteristics eatlation absorption in the rice varieties in 2@hel 2014

Grain yield (kg/ha)

LAI at 50% flowering

LAI at 20 days after

Biomass (kg/ha)

Harvest index (%)

flowering
Treatment 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014
Transplantingime
May 5 6995 a 7413 a 4.7 a 6.9 a 29b 3.7a 16542 a 17915 a 426 a 419a
May 20 6521 b 6653 b 36D 7.1a 25b 41a 1841 17788 a 42.7 a 37.4b
June 10 5921 c 5494 c 48a 71la 36a 39a 14530 15711 b 41 a 35.0b
Rice varieties
Tarom Samadi 5881 bc 5679 de 4.02 a 5.8b 21b 23.0 14330 b 15574 ¢ 41.16 b 36.4 bc
Tarom Hashemi 5105 d 5122 e 41la 5.8b 2.63b c3.6 15382b 17534 ab 33.46¢ 29.2d
Tarom Mahalli 6139 b 6621 c 412 a 6.2b 252b c3.2 15784 b 16886 b 38.83 b 39.3 bc
Shiroodi 8335 a 8286 a 474 a 8.4a 35a 3.7 bc 6360a 17633 ab 51.14 a 46.6 a
Keshvari 5456 cd 5959 cd 423a 8.4a 394 a 45b 14212 a 16753 b 38.61b 35.7¢c
Gohar 8045 a 7457 b 5.08 a 7.7a 3.43a 54a 18359 18450 a 49.28 a 40.3 b

Means followed by the similar letters in each catunave not significant different by Duncan’s mukipange test at 5% probability level.
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Table 6. Continued
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Grain filling period Panicle number per Recieved PAR Absorbed PAR  Absorbed PAR  Growth period

(day)

2013 2014 2013 2014

2014 2013 2014

Radiation use Grain filling rate
efficiency (g/MJ) (mg/day)
Treatment 2013 2014 2013 2014
Transplantingime
May 5 211 a 21a 1.22b 1.10b
May 20 197a 216a 157 a 1.02b
June 10 206a 216a 1l1l4lab 159a

Rice varieties

Tarom Samadi 208a 2.12bc 1l1l6ab 1.54 a
Tarom Hashemi 2.26 a 2.33a 1.81a 1.35ab

Tarom Mahalli 23la 226ab 144ab 150a
Shiroodi 207a 210c 0.97c 0.92c
Keshvari 1.76b 2.08c 1.22bc 1.05hc

Gohar 18b 1.93d 1.37bc 1.07 bc

21.5a a289331a
23.2&5c¢c2 317 ab

858 a76.4 a
828 b75.2 a
733 c75.1a

14.3b c 17254 cd
1430 bc2 273 bc

735f74.5Db
760 d3.7 b
748 3.8b
836 w2.5b
804 c78.3 a
957 &80.7 a

104 106

83b 103 104

101 103

80d 94 97

95 98
94 96
115 113

86b 102 100

120 124

Means followed by the similar letters in each catunave not significant different by Duncan’s mukipange test at 5% probability level.
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Table 7. Mean comparison of variety x transplanting interaction effects on plant characteristind radiation absorption in rice varieties in 2@b8 2014

Treatment Lfﬁ)l Vsé Er?g% efﬁggﬁcti;?g/u&i) Abs(ch;r?/i?z)PAR Absorbed PAR (%) Gra(inm gl/l(ljr;% )rate S;ﬁi(;\dﬁ(lggg) Panicle nrql;xmber per
Ricevarieties Transplantingime
May 5 5.0 def 2.10 cg 735 hi 78 de 1.36 ¢ 17.6 bed 298 d-g
Tarom Samadi May 20 4.7 ef 1.97 e-h 753 fgh 79d 1.44 bc 17 b-e 302 c-f
June 10 4.9 def 2.20 cde 653 k 76 ef 19a 123 e 78 e?
May 5 5.5 cde 2.27 bc 771 ef 80 cd 1.28¢c 20.7b 6 8%
Tarom Hashemi May 20 40f 2.11cg 758 fgh 79d 1.7 ab 17 b-e 8 @t
June 10 5.4 cde 250 a 637 k 74 f 1.75a 13.6 de 0 f-27
May 5 5.7 b-e 2.48 ab 720 i 76 ef 131c 16.6 b-e 24 &d
Tarom Mahalli May 20 4.2f 2.16 cdef 745 gh 78 de 1.37c 18.8 bc 12 13e
June 10 5.5 cde 2.22cd 685 | 80 cd 1.72 ab 13.3de  290d-h
May 5 6.7 ab 2.02 d-h 860 c 74 f 0.78f 28 a 352 a
Shiroodi May 20 6.5 abc 2.22cd 815d 75 f 0.89 ef 26.6 a 413
June 10 6.5 abc 2.02 d-h 761 fg 79d 1.16 cde 4-e.3 339 ab
May 5 5.1 def 1.95 fgh 868 ¢ 82 bc 13c 15 cde @83
Keshvari May 20 6.8 ab 2.02 d-h 791e 80 cd 0.9 ef 19.6 bc 56 11
June 10 7.0a 1.80h 752 fgh 84 b 1l.2cd 15.3 cde 87 en
May 5 6.7 ab 1.83 h 1009 a 83b 0.94 def 25.8a P63
Gohar May 20 6 a-d 1.9 gh 930 b 83Db 1.45 bc 18.8 bc i245
June 10 6.4 abc 1.87 gh 864 c 87 a 1.27c 20.6b 6124

Means followed by the similar letters in each catuinave not significant different by Duncan’s mukipange test at 5% probability level.

VO



\yay ULMMJL /ra5b o)Lo..fC: /M 0,99 [ B—JlﬁM

4 s glp ails (Al g dl> e )3 egeades 4z
Gk 5l A Sl 09 0y 55 wls CudeS 9 YL o Shee
Denget ) wi aog olS lyaiwl 5 cils oylej eudass
Vo) pgw 5L ley o cblopy el «@l., 2015
(O Jgaz) 390 ;500 )L ey 5o 5l 5eS (Olsy2
5 o (Smad AlS al y Ce i b il el
ot &l ol 5 S b g (=-0.66) jls e
L oS oy o0 k0 4y csls (= 0.7T1%) o sme 5 Ciio
P Ol )3 Wl (D 5y Do g Cae e ASl 4 Az
(A 595 5% p S e VO Joloo o iy (s L
2 Py Jolse sl astsla 1) jlade (0n 5eS) 59, VOIT 4
G Glapley plo 4 Cod el a3l als
oRIBl s Sk Al (35 b begte (2al8 ey 0
Al o ails ol 5y g 009 bl o puiS jo o ,Sles
a5 w2l ge Gl s edle plgn 5 T Laulpd o w055
g esyS waldly ails (om0 ud n sl BB ol
Brdar) os o olos! Sas byls 25 9 Yo sles
b oo (St glyls cuilsyy a3l (et al., 2008
5 (1I=0.727) wls o,Skee (1=0.62") i> PAR
23> PAR als ool plo 5 990 (I=0.637) ogicens
PAR e iall 5 o] olele ol alaulge
S e ploy yo SIS SE oo Jalse 51 (b o
Olee SN0 Sile 4 A 50 slaJgaz) o9 (Sls,> V)
G2l 8L pgm Loy )3 3 g ails o Sles
oerls 0e S dlo 0 ,Slee Ll ol Ll sl
5 OVY) (e Jsl b 5 60908 o8, ,o <eblo
g lade (VAY) 0n 530S po9s Jlo )0 (oodla 3, 50
Aoy ¥V odgas jo Jgamey plB)] o cllyy jasls
B9 oo pB)) 5 S A
odd i b aeys p 8y 8L oley S
Oley 5o 0ads Cdz il e (F Jeuz) o9 o sme
VAIR) Slade 0n S Jsl 9 (eyd At) pow )50
AT) 5295 o8) )0 (232 WU (i o (we)s
(o)> YOIR) gogymd oy ;0 ol aipS 5 (o)0
ol Glg oo |y gl el Yo 5l SO samlin
50,5 55 kS 5l 59, Ve 50 Sk S chaw
ol aoye b (1=0.627%) Jls sme g Cuite  Sion
chw jarls als e Ko Ojle 4 cls i
AR SO9pd 03y )0 9 (RS B oy 0 Sp

.95.3

VO

ST 0 Fawgid S Sy csdipolis 505 RUE
Ay 0,98 Job alavlsy ae8 wile (LBl e A
s5bar (e 0555 255 08, ) Ly el ol S
o Dd sl g 0 pBl ple 5l 5 SYsb S35kt
30 yidwgid S a8l 4 az gl b blae jo 0l 5 o
olS gl Sl plo 5l 5pS cilye ar 0l 0)99 5l
))‘)J ) 6.\...]9; Sz oole M &5.0.‘7{." o o @f
035 U")‘)f 099 M‘P 6fs.§.‘>95 das 04l u..\.‘> u’“‘)l"
oS, e o,Slas 55 0uuS 4>y RUE &5 il
Ty Jyamep a6l L awlis o Liangyoupeijiu
35 e Olos o b ol P o Kol Al
o ,Slee (5,5 0 0,90 ,o (Katsuraet al., 2007, 2008
ol ol (5155 (stelive a5 5 S yed poe @
eyl o ab Gyae ol (Yunbo et al., 2009
2y b oy Jyazey Bl 5l Gt 0o 0 VY7 (sap
Ll 5 2L« sos2 pB1 0y 0,55 (105 5iolisS &,
(0 Jgar) W5 5 0395 Cem ) i 4y ymie

30 25 wo 0 B0 A 0 Sy g el
092 P 5l i 5 g bl 05,5 Sy 0 Lol 66|
rhw als S 0 g il JI 3 gaxs 0,5 j0 aS
5 0al Mol sl o 2alS wo o B Ao 0 Sy
Sr gl (a3l 09 O 9 FIY S 4 oep B
P25 w8y 5 pgs Jl 3 (2alS 5l w5, Ve e
OGS See 18) 5 Jol e 5o 5 (BFF) (n i
Ayl o palf woys B0 Al e 4 Cas 2ul5
.95.3 ..\..0)\) \”V/(B AW CM@‘ ‘Alﬁ)‘ )\) 9 ..\..0)\) f\’ ¥

2 dbe g pd) ASern g 08, 9 8L ol
(22,0 YV/A) pgo Jlo 51 5 i (0uo,0 FY) Jol Jlw j0
30 0ga> g SV (gloo (1 loo a5 o) oo L5 4y 09
alold jo Jol Jlo 4 Cond pgo Jlo 5o wguds ax 0
BYo 51 ool 5l e ey Yo B aalS ss e 0
(Y Jgoz) sl 00gs pgo Jlw jo cils p azls uals
4.:.15 9 w‘bﬁ ua.‘>Lw as _\J‘OQ; U")‘)f uL‘UJJLA
oS5y 5 Sl 5l e anld b e sl S
50 g sles a4 (gl g jsbay alby gl &S
YY-yYY 9 ‘5&15) J..i'J) 4.19).»0 e u.u}..wl...u 4z ,0 YZF-YA



\vay QLMM.JL/‘Q5Q O)LA-MJ/M o)jé/s:)}l.é- g_al.a.:.n?:.; u‘)&.o.bj‘smb

L i slagle) )0 @i pB)l o U Qi 9 (8L S S Gmr (Kot ul o A Jgox
Table 8. Correlation coefficients among plant cheeastics and radiation absorption in the ricdeat#s in different transplanting times

Biomass 073" 1
LAl at 50% flowering 0.30%s 0.20% 1
LAl at 20 days after flowering ~ 0.45" 0.12"s 0.63" 1
Harvest index 0.93" 0.45" 0.48 0.34s 1
Absorbed PAR 0.72 0.63" 0.44 0.59" 0.62" 1
Absorbed PAR percentage  -0.05"S  -0.11"s 0.24"s 0.62" -0.002" 0.52 1

Radiation use efficiency -0.28"s 0.11"s -0.42ms -0.61" -0.44ns -0.68" -0.69" 1
Panicle number perin 0.23" 0.11"s -0.06" -0.37" 0.24" -0.23% -0.55" 0.33m% 1

Grain filling rate -0.67" -0.47 -0.70" -0.38m -0.66" -0.62 -0.09ms 0.42" -0.26" 1

Grain filling period 0.81" 0.68" 0.48 0.27s 0.71" 0.68" -0.04" -0.30® 0.24m -0.81"

ns * and™: Not-significant and significant at 5% and 1% pablity levels, respectively.
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Abstract

The formation of grain yield depends on fators sashavailable radiation and the genetic
characteristics of plant like radiation interceptioate, radiation use efficiency and biomass
contribution. In regard to climatic changes, fardsting the effect of environmental conditions ois th
characteristics, a factorial experiment in rand@dizomplete block design with three replications
was conducted at Haraz Extension and TechnologyelDpment Center, Iran, in two crop seasons,
2013 and 2014. Three transplanting dates were tseehcounter rice varieties under different
environmental conditions. Treatments included dolivars (Tarom Samadi, Tarom Hashemi, Local
Tarom, Shiroudi, Keshvari and Gohar) and transpigntlates (8 may, 26" may and 19 June).
Results showed that grain yield, biomass, LAl adieg and 20 days after heading, harvest index,
accumulated intercepted photosynthesis active tradifPAR), radiation use efficiency, grain filling
rate, grain filling period and panicle numbet.naaried significantly between rice varieties.
Transplanting date had significant effect on aditsr, except radiation use efficiency. Highest mrai
yield, biomass, harvest index, accumulated incidRXR, accumulated intercepted PAR, grain filling
period and growth duration were obtained in tréargjing on 5th may ( 7204 kg.$a17229 kg.h3,
41.9%, 1050 MJ.r 827 MJ.n?, 20.6 and 105 days, respectively) and lowestangplanting on 10th
June. Results of this experiment showed that chgnigi transplanting date of rice varieties caused
changing in mean temperature during growth peraagtumulated incident PAR and accumulated
intercepted PAR as fallow, but had non significafifiect on radiation use efficiency.
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