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Effect of planting pattern and plant density on growth indices and radiation use

efficiency of apetalous and petalled flowers rapeseed (Brassica napus L.) cultivars

Ux:{).lw; WYobb@-&d‘uﬁch‘ S gRuns ¢ Uq-jéajjjlmul.lfﬁ

oS>

¥
SIS ad) g Al O e (T b s le p b a5 Sl AT Sy o ol 0015 w7 Sladol p & (290 939!

- () olpl el pele dme 1o IS 4 08 IS G

O3 9 1T 5l (G137 085 9 50 Gl SBpan Tl g by (6 1palh p Cdl LT 9 @515 1w sskuie 4
3T 7 b ol IO el by 30 98 g DB F Awwio 4830 30 - E03 Jw 3o il wF b8
ST A 30 S0l ol (8 wI gl z4b LJB 50 ke b OM Colwl - oab 35 (6 WD G 130 oolaul 590
Hylite & yds™ 090w 8 Hyola 401 jlo o5 o8 G137 nd)y 80 9 Lol ols Olgic 4 flriwn 9 x50 Cadl (5T 80 & 090
4B p 550 b g b Osgoupd g JIl £ g Olge b (R0 by T3 ) & w15 3201
Gpan  Tigaby sl sl B8 ) calr 6 LT 9B o 15 Byl o 45 O10 OS5 i 3T ol 3 Jobo &=
A Gl 030 15 ol D00 i 30y mhw el 205 Ao g0 30 .10 9329 (510 axe B I (RUE)
IO il 485 dy e 5 ST 90 ) 39 i B0le Ol e W () g/ ) S92 gl 31T W5 43 5
D)) CAS g O350 3O & (@00 30 &Ko b0l p F° 9 ) 092 310395 y Bo 30 S
A Ol i o (5 390 (W03 g 0mo 0 / ) 09 dole 3 (NAR) b wda e w 9 (CGR)
9 S 139 9 & T 2Ll 1P 01 S599) ko) dbob yd I eis 039 9 F p haw N Tu>
oL 1 3109 pdaioms bl (b 15T 3 i @y0 ol 15T 30 LAl OO St g 9 OLF WDy e A gl
e ol ) 092 518395 3 GA03d | (S5 3 3 SIS WIF (1) &) St 5 IS 9 085 5 MU B paae
Eo=ocma 30.0h 410 3 sl 3 H pdy il BWod | B gl b THM 30 BN Ol 1T (Je3Ke
D9 I85>y (S5 2 K 10T E 1) 4 S 55 D9 08

O S 9 SIS (B Byan T by (& et ld g o1 el TS AT (S ol

I aesy s b
OSSRkl (g slis r}.lea.ai:.il.' il Wbl 5 L gemdils-
( ) RS ol 55915 e i st -
Ry PSSy poke odStils 5l skiwl -
iy 05958 0 Dol e Bl =

YAY


https://dor.isc.ac/dor/20.1001.1.15625540.1386.9.4.7.9
http://agrobreedjournal.ir/article-1-255-en.html

[ Downloaded from agrobreedjournal .ir on 2026-05-20 ]

[ DOR: 20.1001.1.15625540.1386.9.4.7.9 ]

Ol )+ oaglai ¢

3p8es Al e 6 S U
( ) 358
_TJKSE_?‘_;JME:L»J_{%_QLw
Jd Jsb 53 d i, WU Sl eslanal L
g 4 3L
cl‘—".ﬂul’.“*&c..}}:‘;’-"'ﬁs‘..‘*{%b ;E'&S'Jg
s ay oS5 8L s 51l g YLl 1)

SWB:— .L’L:.‘;J! ';,..IJJ n‘-\;.-..m‘! ED)

s e e R e e
S S5 il 2 1 a0 g oS5 Sl
s P QR F1 SV )
@bl ool s 4 oSis asle O
3)_.5 __»;J}_.Jou;-L..S’J .aJ'JAL&dS\u\!}._G
»l YoSeagsly o, (0 sty )
pd&:;jjfxsﬁe:br@l(@fﬁ»y & g
I S Sy s (SIS
ool syl ol 5 S eSis 05 o eS
5P A e N Lg.(._ﬂj“.JU:l:
AR ol S by Ce e b
S bl S () eedly
.ﬁlb.él;ﬁi;&lh«f:ﬁ&;iﬁiﬁ
Ay S s ST St 055 (LAI) e
53 (NAR) “Lalls s Ce w5 (CGR)
&SNS Sk el 5055 Sl Aol
)75 (Clark and Simpson, 1978) & s—weunw 3
33 adls Sdw; 0lsj ;)5 CGR sNAR 45 uis S
nﬂl}_é”)-l_eu\'@-hgurfb_}'
oy A e 3 L Ol S e | ST
J}_Ajd_.:ﬂ_—jo_)_gl;,_f‘l‘)ﬁ_)-l_idww_g

"ol #) g sle

S Sl gyl T Sl SIS

Slpolomrs e S7aawol o)

23, __»_)1}031.&.".“13_)}3 ) _;L.‘.:M_.BJLG.A
S 5SS el 8N Sdsise %)

Wy E I Ll 0
bl 5 o)lg3) 3ols Vs L3U gy g &3 5 Sae
JHS" 53 vgo &K 55500 Dl 151 S
A1 SLIS ps.cwl 508 050 e
Y2 80,53,568 1S e isai s L, ol
Sy gledS Sas ch_.w Glasl 4
K oyt MU el el &S s
T plys FalS o 3 gedi Ol L S 5o
Jsb 3 Sis o3l e Ol a8 s WSS 5
s s S¥5 Hyess A S e
o3t S IS s gade [ e SIS
deryede Jsa 585 O pplllale f1s
OSuly SYL s 10ST,5 5o S bl da 58
3,534 >3 cla_.- NUES PRSI UL N PV2R o |
(Rao et al,, 1991)
sl Vsl b b i Sl S
Soslial L o llas Lo )5 501 YU 5, Sas
PG gd sl d g s e AU
O Yool TS ds
sn SIS, HLO e
)il e e daly 3Gy a S
Al p g osgS G (0 0By
=3 093 3 Do eila n 55 o mlaa
i 1 ol 1l s s 0
Sl

3PN ST

JJQ}LE.}'\:.._L‘;#._:U.L&:J}.MJ:

173y Sl ) o

1- Canopy Architecture
2- Apetalous flowers
3- Leaf Area Index

4- Crop Growth Rate
5- Net Assimilation Rate
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1- Total Dry Matter
2- Photosynthetic Active Radiation

3- Radiation Use Efficiency
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Table 1. Analysis of varience for growth indices in apetalous and petalled flowers rapeseed cultivars at flowering

stage, in different planting patterns and plant densities.

a3 Mean Squares Sl o o 5La

w21l
SOV e g LAI TDM CGR NAR
Repelication (R) NS 2 0.0001™  57.33™ 0.0000028™  0.000044 ™
Planting pattern(PP) =25 1,7 1 0.1190" 254184.02"  0.1778" 0.0413™
Error (a) fall) sllost 2 0.0003 11.44 0.000053 0.000011
Cultivar (C) s 1 0.0930"  232484.69"  0.0217 0.0152"
Plant density (D) oS5 2 1.9090"  756382.33""  0.4599™ 0.158"
PP xC oy Xesls nl,T 1 0.0272"  13884.69™ 0.0182" 0.000044 ™
PP xD WS X S T 2 0.0212" 3552.11" 0.006™9 0.00753"
CxD S1EX 3, 2 0.0185" 25025.44" 0.0061"" 0.000053 ™
CXPPXDwyaSliXwy sl %) 2 0.0067 2714.11"" 0.0097" 0.00064"
Error (b) (hslias 20 0.0002 15.59 0.00018 0.000074
**: Significant at the 1% probability level. deys Jlazst gl s s K
ns: Non-Significant. s g :ns
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Table 2- Mean comparison of plant traits in petalled and apetalous flowers rapeseed at flowering stage in

square (S.P.P.) and rectangular (R.P.P.) planting patterns.

Cultivar s LAI TDM (g/m?) CGR (g/m*/day) NAR (g/m*/day)
S.pP.P AT
Petalled Jt gy 3.15b 1345b 2.52b 0.17b
Apetalous o Han 330a 1545 a 2.62a 021a
R.P.P 0,7
Petalled Jt gy 3.09¢ 1216d 243 ¢ 0.10d
Apetalous & I8 Oy 3.14b 1337 ¢ 243 ¢ 0.14 ¢
Main effect of planting pattern =25 &1,T Lol ji
S.P.P. 0,7 323a 1444 a 257a 0.18 a
R.P.P. 0,7 3.11b 1267 b 243D 0.11b

Ll Gl e S glis %'Jl..::ﬂ‘,da.- 33 _SJ; QJA}TJ«L_J /.a..‘..(',..f..‘_sl.a-h;'-)br.f_;):..-)a).:;d
Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using
Tukey's Test.

chu_...«lf W) 33 53 &8I O 5 JS LIS SIS 05553 S Olaw -l
_.Mdfda-fﬁclz.‘.b-ljjs-ﬁﬁhg ,(._fljj_,J._
Table 3- Means comparison of plant traits of petalled and apetalous flowers rapeseed cultivars at flowering

stage in square (S.P.P.) and rectangular (R.P.P.) planting patterns and different plant densities.

Density 51, LAI TDM (g/m?) CGR (g/m?/day) NAR (g/m*/day)

SPP. m,e lT

33 3.04¢ 1362 ¢ 2.53¢ 0.14 ¢

67 3.68a 1712 a 28la 034a

133 2.98d 1261d 2.38d 0.08d
RPP. Jhee 21T

33 3.01c 1206 ¢ 2.40d 0.09d

67 3.56b 1571 b 2.62b 0.22b

133 277 1054 £ 227e 0.04 ¢

Main effect of plant density o515 el ;I

33 3.03b 1283 b 246 b 0.11b

67 3.62a 1641 a 271a 0.28a

133 2.86 ¢ 1157 ¢ 232¢ 0.05 ¢

LAyl s ,‘u&a:L&S%nJL.‘JACJMJ: s crj'\_u.-L..-ljg‘f_,‘_La Y P Y P E T
Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Tukey's Test.
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Table 4- Mean comparison of plant traits of petalled and apetalous rapeseed cultivars at flowering stage in

different plant densities.

Density .75 LAI TDM (g/m?) CGR (g/m*/day) NAR (g/m*/day)
Petalled ,1ss8 8
33 3.02¢ 1249 d 2.44d 0.10d
67 3.56b 1515b 2.67b 0.26 b
133 278 ¢ 1077 £ 232e 0.04
Apetalous <8 8 o5
33 3.03¢ 1319 ¢ 249 ¢ 0.14 ¢
67 3.68a 1767 a 2.76a 0.30a
133 2.95d 1237 ¢ 232e 0.08 ¢
Main effect of cultivar .5, Lol ji
Petalled B gLy 3.12b 1280 b 2.48b 0.13b
Apetalous &8 05 oy 322a 1441 a 252a 0.17 a

PRI VR Y ’.'a.-_“a:LéJ%IJL.‘;-1C'h.,-J: Sy .jrj'l_‘_,—.L..J RU P P B O - S
Means, in each column, followed by similar letter are not significantly different at the 5% probability level-using Tukeys Test.
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Fig. 2. Dry matter accumulation in petalled rapeseed at rectangular planting
pattern and three plant densities.
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Fig. 4. Dry matter accumulation in apetalous rapeseed at rectangular planting
pattern and three plant densities.
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Fig. 6. LAI variation in apetalous rapeseed at square planting pattern and three

plant densities
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Fig. 8. LAI variation in apetalous rapeseed at rectangular planting pattern and three

plant

densities.
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Fig. 9. CGR variation in petalled rapeseed at square planting pattern and three
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Table 5. Analysis of variance of radiation use efficiency and light extinction coefficient in apetalous and petalled

rapeseed cultivars in different planting patterns and plant densities flowers.

Mean Squares ol »
S p S gl

©305T 4 s NG e T i taiihiz

SOV - df Radiation use efficiency Llil;teigziti[tlon
Replication (R) NS 2 0.0000013"™ 0.00002 ™
Planting pattern (PP) e T 1 0.0924" 0.005™"
Error (a) foa) 2 0.00000033 0.0000322
Cultivar (C) (C) o5, 1 0.44578" 0.0138™
Plant Density(D) (D) 515 2 0.5298" 0.1159"

P.p xC WX m2ls 1T 1 0.0023" 0.00189™

PP xD WSEX sl 0T 2 0.04293" 0.000843"
CxD RPN 2 0.0682" 0.0007"
CXPP XD 6y STX o2l (41TX 43, 2 0.0013™ 0.000126™

Error (b) (s 20 0.00000043 0.0000314
“and “":Significant at 5% and 1% probability levels, respectively. days gt bt g gl o Rk K
ns: Non-Significanat. s ‘ns

L'),.kf,)bé_?ﬁl?-hgljlfP.S_)j.:_p;gj_,idﬁ'MlﬁféjﬁUdrmdb@mngwﬁ»- " gl
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Table 6- Mean comparison of radiation use efficiency and light extinction coefficient in apetalous and petalled

rapeseed cultivars in square (S.P.P.) and rectangular (R.P.P) planting patterns

Cultivar o, ('.'JJ{; ez ) J“L‘ O :T{F 5 . éJJ{£?*’F""' i
J Radiation use efficiency (g MJ " 'm™) Light extinction coefficient
SP.P. a,e nl)T
Petalled B gy 22lc 0.48 ¢
Apetalous gL PNe 242 a 053¢
RPP. ot 21,7

Petalled JHtguLy 2.10d 0.47d
Apetalous E LS b 2.34b 0.49b

Main effect of planting pattern 28" &1,T Lol ji
S.P.P 0,7 2.32a 0.506 a
R.P.P 457 2.22b 0.482 b

Ll Gl e Zoglas U 4 Jl..::d‘,da..‘): .SJ; J}‘;.TV.JLJ ){JJ:LAL.'SJF‘_;1J|) (O gt B 38
Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Tukey's
Test.
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Table 7- Mean comparison of radiation use efficiency and light extinction coefficient in apetalous and petalled

rapeseed cultivars in two planting patterns and three plant densities

(prie 2dsi B o 8) b e (TS Sop Sl
Density o515 Radiation use efficiency (g MJ"'m?) Light extinction coefficient
S.P.P. A7
33 2.15¢ 0.6la
67 2.63a 047 c
133 2.18¢ 0.44d
R.P.P. 1,7
33 2.09f 0.59b
67 239b 0.46 ¢
133 2.17d 0.39¢
Main effect of plant density <15 Lol ji
33 2.12¢ 0.60 a
67 250a 0.46b
133 2.17b 041 c

I s e sl B Sl e j3 S T bl oS ke o e STl g a o
Means, in each column, followed by similar letter are not significantly different at the 5% probability
level-using Tukey's Test.
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Table 8- Mean comparison of radiation use efficiency and light extinction coefficient in apetalous and petalled

rapeseed cultivars in three plant densities

(prr 2dsiBa e S) b Span DK o gl
Density o5 5 Radiation use efficiency (g MJ"'m™?) Light extinction coefficient
Petalled 1548 &
33 2.00 f 0.59b
67 2.33b 0.44d
133 2.14¢ 0.40 f
Apetalous <8 & o5
33 225¢ 0.62 a
67 2.69a 0.49 ¢
133 2.20d 043¢
Main effect of cultivar 5, Lol ji
Petalled Bt gty 2.16b 0.48b
Apetalous £ Ha 2.38a 0.51a

il Zee e glls %IJL}\?LL..-J.: _SJJ Q:A}TJ«L_J)gJS):.LAL.'s;f-Lg\an.'_;)‘..-)a).:;Lg
Means, in each column, followed by similar letter are not significantly different at the 5% probability level-using
Tukey's Test.
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Effect of planting pattern and plant density on growth indices and radiation use
efficiency of apetalous flowres and petalled flowers rapeseed (Brassica napus L.)

cultivars

Ozoni Davaji, Al., M. Esfahaniz, H. Sami Zadeh® and M. Rabiei*

ABSTRACT
Ozoni Davaji, A., M. Esfahani, H. Sami Zadeh and M. Rabiei. 2008. Effect of planting pattern and plant density on
growth indices and radiation use efficiency of apetalous flowres and petalled rapeseed (Brassica napus L.) cultivars. Iranian

Journal of Crop Sciences. 9 (4):382-400.

In order to evaluate the effects of plant density and planting pattern on yield, yield components of apetalous
flowers and petalled rapeseed, a field experiment was conducted in Rice Research Institute of Iran located in
Rasht in 2005- 2006. The experimental design was arranged as a split plot-factorial in a randomized complete
block with three replications in which, planting pattern (rectangular and square) assigned to main plot and two
rapeseed cultivars (petalled = Hyola 401 and apetalous = Hylite 201) and plant densities (33, 67 and 133 plants
per unit area) as factorial in sub-plots. Results showed that there were significant differences between cultivars,
plant density and planting patterns in growth indices and radiation use efficiency (RUE). At the flowering, the
leaf area index in apetalous cultivar was 3% greater than the petalled rapeseed (3.22 and 3.12, respectively). Dry
Matter of apetalous rapeseed was 11% higher than the petalled rapeseed (1441 and 1280 g/m’ respectively).
Similar results were obtained for crop growth rate (CGR) and net assimilation rate (NAR) (1.5 and 23%,
respectively). Maximum LAI and TDM were obtained earlier with the high plant density. Leaf area index, Dry
Weight, CGR and NAR in square planting pattern were higher than the rectangular planting pattern. Radiation
use efficiency in apetalous rapeseed was 9.2% higher than the petalled cultivar (2.38 and 2.16 g/Mj) which

caused 14.6% increase in grain yield.

Key words: Planting pattern, Plant density, Growth indices, Radiation Use Efficiency, Apetaluos, Petalled,

Rapeseed (Brassica napus L.).
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