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Table 1- Physical and chemical characteristics of soil
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Figure 1- Leaf area index (LAI) trend of Anam (A and B), Hashemi (C and D) and Taher (e and F) Cultivars at different
densities. (The lines are fitted data and the points are measured data)
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Table 2- Analysis of variance results of effect density and cultivar on light extinction coefficient, radiation use efficiency, seed
and biological yield and harvest index of rice

i qolio ©ol3l 4 ys 39 oigeld o 39 San 21, w3 8dos Al aSles Gy yadli
- d.f Light extinction coefficient  Radiation use efficiency  Biological yield Grainyield Harvest index
)l’,s 2 0.0051ns 0.0121** 3556.95ns 124.68ns 6.1555ns
Replicate
A'““"‘f" 2 0.0171ns 0.301** 7247.35ns 2345.75ns 5.9555ns
Cultivar
“’S‘)f 4 0.0022ns 0.407** 41089.61** 9812.20** 17.8000**
Density
“’;.l’; %‘%]’j 8 0.0003ns 0.071** 11838.57* 2388.61* 2.0666ns
Density*Cultivar
olxd! 28 0.0221 0.009 3912.40 924.59 2.7746
Error
Sl 8.0 10.4 55 56 3.4
(AY

Lo S5 g gug Jlein! pdaw )3 5 gime > gime puE o Sy w9 % NS
ns, * and **: are non-significant and significant at 5% and 1% probability level, respectively
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Table 3- Estimation of extinction coefficient by equation Ii/1,=exp (-k*LAl) at different levels of density and cultivars in rice

plant
Cultivar o8, Density o515 “%* 31z KisE B Ol oSle o o SLpe
RMSE R
65 15 0.410.014 0.022 0.99
4l 80 15 0.41+0.008 0.019 0.99
95 15 0.42+0.017 0.017 0.97
Anam 110 15 0.42+0.019 0.042 0.98
125 15 0.44+0.009 0.062 0.96
65 15 0.42%0.011 0.052 0.89
s 80 15 0.44+0.013 0.057 0.88
e 95 15 0.45+0.023 0.029 0.88
Hashemi 110 15 0.47+0.027 0.036 0.93
125 15 0.47+0.022 0.042 0.89
65 15 0.470.013 0.037 0.91
L 80 15 0.47+0.032 0.039 0.92
”» 95 15 0.49+0.009 0.020 0.92
Taher 110 15 0.50+0.007 0.023 0.92
125 15 0.51+0.021 0.041 0.90
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Table 4- Means comparison of interaction effects between cultivar and density on biological and grain yield in rice

slowi w3y Nas &> 3 Slos
Treatment  Biological yield (kg.ha™) Grain yield (kg.ha™)
65 10210+15.2¢ 5190+4.9%
i 80 10270420.2¢ 5170+35.6™
£ 95 12720+16.4% 6100+15.0%
Anam 179 11470+11.6%¢ 5540+3.8%
125 1037045.8° 4890+6.7°
65 10900+30.5™ 5210+4.8%
i 80 10950+12.4™ 5340+6.1%
e 95 11240+58.5%¢ 5400+21.4%
Hashemi 110 11890+77.8%* 5490+10.3%
125 11380+9.83" 5270+4.7%
65 10600+23.5° 5410+7.93%
L 80 11600+69.4%* 5700+44.0"
”® 95 13030+17.5 6380+9.8?
Taher 119 11170+45.8%¢ 533029.0%
125 11030+4.8" 5050+6.7°

3b o /0 gaw 1 LSD (9051 wlel )l ixe M) S8 ez S e By Sy gyl JBlis (ot o p3 4 (3 likil (glas ) ola 5 Sike
Means (+ SE) in each column followed by similar letter(s) are not significantly different at 5% probability levels using LSD test.
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Figure 2- Plant density effect on harvest index of rice
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Figure 3- Relationship between cumulative absorbed photosynthetic active radiation (PAR) and total dry matter of rice
cultivars at different densities. Anam cultivar (a and b), Hashemi cultivar (c and d) and Taher cultivar (e and f).

P eSS Ve g WO (S5 0 cuipa &5 29 PAR o515
055 5 PAR J5ilSe s 4.5 ¥15) (i 35 ol S
ol 2o Gpae Gl Glie PAR Jgile 2 p)5 YY)
9 0 Sty o Cuipa &5 Lol cuwnnay jalb W8y o il

(8 Jgaz 5 ¥ JS5) A osnlin p)Sols VYO

g odd Gl (i Jb pdadd ggerme (o ) ol

2 ol Sl o 28l g0 455 B ) Sy oS StS 5
» owiph PAR Jgilse p pS YAF b YYY I pUT o5,
=S o3l 5 saalie S )3 4l p,SskS A0 5 VYO clanSTy
2 PS5 VIOF BYIVE o (edla o8, )3 odal Cunddy g CByuna



WY mp sboais) alald Bpan oIyl 9 wdar ooy cbls (o515 i1

Cilises (WS35 gy e, (8 Fwgd Jlnd pudiants JojlRe p sller SWid o3le 0,5) 95 b pue (2,5 -0 g
Table 5- Radiation use efficiency (g.dm.MJ™) of rice cultivars at different densities

o) Plant density (kg ha™) cwils o51,5
Cultivar 65 80 95 110 125
Az‘jm 2.62+0.09cde 2.68+0.12bcd 2.94+0.02ab 2.64+0.16cde 2.24+0.269
Hjs‘:; L;]i 2.33+0.10fg 2.39+0.15efg 2.44+0.02defg 2.56+0.15cdefg 2.28+0.269g
»b 2.56+0.10cdefg 2.80+0.12abc 3.06+0.24a 2.40+0.18defg 2.20+0.23g

Taher

sl oo 70 glaw ;3 LSD 905l ywleol o I3 ixe U] 516 csitnns S o By S5 glyl> JBlas (L) g ygim) Jodo 50 a8 (5)lubl (slls %) ola 5 Silie
Means (+ SE) in table (row and column) followed by similar letter(s) are not significantly different at 5% probability levels using
LSD test.
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Figure 3- Daily photosynthetic active radiation absorbed of rice cultivars at different densities during the growing season.

Anam cultivar (a and b), Hashemi cultivar

(c and d) and Taher cultivar (e and f).



WO iy sboais) aladd Bpan 21yl 9 wder oliue y cbls (o515 i1

Oy Cawd l cepw Jdoay wby Jed b o adeds Ol
[ Jpia) €3l nlS 15, 0195 31155 5 o bl

2 e il pByl 5> WS15 ol a2 Gl ol

li9) 9 Gl Glie 4o 13 9 Sy e R3S oljEl Cs o
3,8 I8 mitieds ol il 4 e Colps po &S bl i3l
@ oy JLJS B Ol lise 25T SokS IV (515 5 Ll

iy Juad Job 4> i glapSTy5 3 g ey (& e 32 J951%0) (205 (G 5wgid JUad puiiands i (e =T Jo>
Table 6-Cumulative absorbed photosynthetic active radiation (MJ.m™) of rice cultivars at different densities.

o3, 4 o51,5 Seed density (kg.ha™)
Cultivar 65 80 95 110 125
#Ul Anam 665 701 773 766 710
sl Hashemi 678 744 810 880 790
,alb Taher 685 770 852 790 690
LSD (5%) 45 39 37 43 49
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Table 7- Correlation coefficients between investigated traits in rice cultivars at different densities
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Grain o ; ; Extinction Radiation use Absorbed
. ield yield index index fici fici diati
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b s Slas
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Cad 3); U»Lu
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EXtInCt!OILCOEffICIGHt 0.052ns 0.13ns 0.12ns -0.39** 1
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Introduction: Effective use of sunlight is a great opportunity to improve crop productivity. In conditions
without growth limiting factors, there is a linear relationship between radiation absorption and dry matter
production in plants, that the slope of this relationship is radiation use efficiency. In addition to genotyping,
radiation use efficiency is affected by crop management. Changes in density of rice varieties by affecting leaf
area index and light extinction coefficient change the amount of absorption and distribution of light within the
canopy and thus affect dry matter production. Therefore, the response of different rice cultivars to change in
density is not same. According to this, the present study was carried out to investigate the radiation absorption
and efficiency of use and also determine the light extinction coefficient in new and old rice cultivars at different
direct seeding densities in Rasht climatic conditions.

Material and Methods: The present experiment was carried out as a factorial based on randomized complete
block design with three replications at research field of Rice Research Institute of Iran-Rasht. Treatments
included five levels of densities (65, 80, 95, 110, and 125 kg ha™) and three levels of cultivar (Taher (promising
line), Anam and Hashemi). Sampling was performed once every two weeks, 25 days after emergence. Sampling
was performed with 0.5%0.5 m quadrates to measure leaf area, dry weight, and radiation in different treatments.

Results and Discussion: The results showed that the interaction effect of cultivar and density on radiation use
efficiency, LAI, grain and biological yield were significant. Harvest index was affected only by density and light
extinction coefﬂment was not affected by any densny and cultivar treatments The highest grain yield of Taher
(6380 kg ha™) and Anam cultlvars (6100 kg ha™) were obtamed in 95 kg ha™* density, while the highest yield of
Hashemi cultivar (5490 kg.ha™*) was observed in 110 kg ha™ density. Grain yield followed biological yield, and
treatments with higher biological %/ield had higher grain yield. The highest leaf area index (5.63) was observed in
Hashemi cultivar and 110 kg ha™ density in 70 days after emergence. At this stage, the lowest leaf area index
(4.21) was observed in Taher cultivar at 65 kg ha™ density. Although, in the early stages of growth, higher
densities had a higher rate of Ieaf area expansion, but the highest leaf area index did not differ significantly
between 95, 110, and 125 kg ha™ densities. The light extinction coefficient of this experiment varied from 0.4 to

0.5 in different cultivars and densities and Taher cultivar had the higher light extinction coefficient. AIthough no
significant difference was observed between treatments. The hlghest grain yield of Taher (6380 kg ha™) and
Anam (6100 kg ha®) cultivars were obtalned in 95 kg ha® density, but the highest yield of Hashemi
(5490 kg ha™) was obtained in 110 kg ha™. In this study, the highest (3. 06 g MJ? PAR) and the lowest (2.20 g
MJ? PAR) radiation use efficiency were observed at 95 and 125 kg ha™ of Taher cultlvar respectively. In all
cultivars, the lowest radiation use efficiency was observed at density of 125 kg ha™. Anam and Taher cultivars
had the highest radiation absorption (773 and 852 MJ™ PAR, respectlvely) during the growing season at 95 kq
ha. Although, the highest radiation absorption of Hashemi (880 MJ? PAR) cultivar was obtained at 110 kg ha
density.

Conclusions: The results showed that Taher cultivar had the highest graln and biological yield compared to
Anam and Hasheml cultivars. Based on yield, the best density was 95 kg ha™ for Anam and Taher cultivars and
110 kg ha for Hashemi cultivar. Increasing the density of rice cultivars to the optimum level increased the
radiation absorption and use efficiency. There was a positive correlation between radiation absorption and
efficiency with biological and grain yield of rice cultivars.

Keywords: Hashemi cultivar, Leaf area index, Light extinction coefficient, Shading
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