[ Downloaded from agrobreedjournal .ir on 2026-06-16 ]

[ DOR: 20.1001.1.15625540.1386.9.4.7.9 ]

"Olpl L) pale
Glen)  oaled

Qj&élﬁé}jé&ﬁdﬂ lerju\-ﬁ)é nymfﬁyﬂrijsmvgﬁb‘fjf
Effect of planting pattern and plant density on growth indices and radiation use

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

YA


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

[ Downloaded from agrobreedjournal .ir on 2026-06-16 ]

[ DOR: 20.1001.1.15625540.1386.9.4.7.9 ]

Ol )+ oaglai ¢

A papldS oo oy 5 Sl s aia I jad
4 055,55 355 hdd O3 s )1 30 5 LS
H s s Bl 5l s o e 33 55 65 1 Sy
eosl el Sa 3 p S oAS R a s
Ol g 2 s Ol Ll b a5 b 5uds O e
b S e PR Rty
sl 5 A8
A plnil ol QL1 y3 mas Oy g 4y CSE7
ST ada Sl de e OS5 Sl Ay
g Joolgp ;W L dd Dple 3LSI g 1y 005
Dls A s 0S1icdll s 5060
S S 31 g s s s 0 S
59 o) ga5 Bl 253
LoLoLes 5ey paobag(cals 51

Ljl g sty g s &S 5k s 5o

93 wils aalsl SIS 1 ey s o 4l 1
WS 6ol i sad (SLdd I (G 5ls i sad
Blai jpbasap e [ 342 s
i S et S ST 55 e g Bl
Sisds e l) 4 dkob 5 Ll esls 5l 3oy
S s el Jime i8S iy Sl
S ot B lesliwl L) o5, v 4 by
333 3(Licore-3100 Area meter, USA) &5 cla_.ﬂ
las 53 01 53 e ges 4l s SIS L)
(criss s el L oumag sl 8 sloe s
23 5 el )
S
Sl jlad) Dol &l —
loa s el leS s 05 ;‘SJ_:C]:_.A
OS5 g [ s
2L a0l Holie s ud ol wljlad o )
A e S gl B
TDW = W = e“”’””’z LS S oS 0

Ol £ p ke

Dy &S S O 5 )l SIS SIS o5

o992 § Sge
odbs, g DS B el
Lo Ll Lsbodl sl oy Se
=y dle bolSS 3rlas alS sla oS4k
&5 08 i Olais e ia des o 3 -
S iy kg 3 0= kel S
R ol Sl Besdsb
Sl 23 L ga=y )
rla g mam s b Sl g
Eree L) LTl ek wlE
gl 53 03 pLisl s Lol Jale Ol (0 e
&1—3.)' (39 el «,Lg) (Hyola 401) prigmiy
59 adls 3 Shas ¢ el
s Pl e Sl aS IS 3 p S S
O3 5 (390 0l 4,558 o L
O pLBl 35 i «,lg) (Hylite 201) &5 08
s9ds adls s See ezl 13
3 S5leS Slades oS | 514 S ys 0 S5k

4.:-1_,J;4_:y_r§1j;_,(;ﬁu & o8 5

3_94_7-4_';}:.

Jlse (rrerss )
Lk 5 5 oy 556 Sy 4 g3 5 Ul
M ¢y - sl Ll as, e S
oS s pH= | 5o I S S
WA eSO WelS saeys [

93013 ,5 5 oal S8 L o3 Jals ) 4 O

O W, AS Cale s |l ele g 5SS
S LS 3 = e a2l L8 D) 50
O Jldn dlolbdl g s eslanal a6 siile J 28
X 2 il sty slal A 035 033 S

3o a5l 05 sl S

1- Total Dry Weight

YAo


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

[ Downloaded from agrobreedjournal .ir on 2026-06-16 ]

[ DOR: 20.1001.1.15625540.1386.9.4.7.9 ]

g oS5 s T A"

K4S CulK s b s S0 LAI
I-:.h—nlh > .3-) .._J: 5' i._{b:
{(Wells, 1991)

K=LAI/Ln (Iy /) ()l

B35 RUB) 36 a1
220 5) IS St osla oy O g 5 ks
358 (@f F3d5 %) mea A6 s (
(sl Yo OLSaas )
o))} p s ST alasly 3l o2linal b 61355 53555 A6
o | 5l eda | ity (glm sls eSS L 4 (
(Rietveld, 1987) ol 42
R, =R [a+b(n/N)] (),
Tl 4oy 5 ) SLALR g p ) o
CYL ppoliaii Ol Ry )

Sl a

_b..éb_ga
JJ\:...:UJ}G.; ,.R.;‘} ﬂhéTQLGLwHG&;ﬁ}hU.dW
P aarg LaS S bl Okl SN sobe a

.J_:ul.gd‘;.:b)}_q-_g‘}_:u_)s.!._]ij .91)4!:-
Sl e a3 edd e G e
ol e b Ao )s gredd Silua (g35)s M0
S5 ikl g el Cas 4 43

pard Sy g 4 Al 0 8 )3 0kl e AU
Olen ) 55
3 PAR Olge au allip; 835,55 b Aoy

w3l LS )

Y| 3l

o dslae oy L§1J'f'(
Sdn lasgs 4 S 5 &5y el ol S
CVslas aSSAS (o a8 )l 1 5 51 AS Ol cuiS
skl LS - =1, (R?) gl

Jlos 54 25 SAS il 5 leslaal b e esls,
EXCEL 1331 p 5 U Lajylsges 5 sba dpr. 55
SISl lia gl ,—. —
350 Do S 6l ho)s 1w 53 (S 5 005
Sy Sliwo 4l (gl Ao s S oslinul )

O, & Llg oS

--l:d OJLa.:M‘ 55“-))3

iy ;tf5~ =038

-

2z
+ g Leef Dry Weight (LDW) = Qi
2
TDW J! Ls LAI — ea +b"t+c", Lig—j

CGR;.?....;J’!JL_ NAR_,e—Lﬁ-;,._ CGRLdeS\..i;'-

Sl Gt LAI
RGR=b+2ct (),
CGR = (b+2ct)e™"*" () daly
NAR=(b+2cp)g Mo ey )
LAI = ¢+ ()t

3b" a” ¢ b'a' ¢ b adbit3e g sdaly o
.\;...—»1 .JKI 4 €3 QY)L&A \:...il.‘; "',"..1}““’ c”
(RUE) b Gyan T4

3 (RUE) U O s 155 dlos 61

33 3 Sl JAS' Odd
JLaé C)U_:.BL_}_’J.IG_.»_’QJLGK_MJJLJL:&S_E‘
1_314_}1 39 .l:...»_g 33 (PAR) &

ji 4 lag; G._g_ a2 _)1_3 t.‘-g-
- ;1_‘;0&2_»'3 oesla _wl L &
G._w o~ D ) J_ﬁ
& s3ld!(Skye Instruments LTD, UK)

Ol adcwlos g o) a.‘iC.._p-C.._r'IJSc_:_J1

839 >we 33 34 Sl = J;Jigb'
L ba S by e S sl LPAR
LS‘J—E'( Lo)U )_9( Li}bm_, )

3l Light Interception (LI) = .._;.Jt_a- 2y
[(Wells, 1991) A oslizal () abal
|

0/ — _—
LI% = (1 IO)XIOO () o,

Db ol Tl ol LTk, o s

YL, Aol Tos

S Mgwl o o 45 (K) (555 S Mgl
LA]}C...M‘G-L&QD;&CHJ}_EJJL#@SJ_’

Ln (I() /I) Jb‘,_a.; ) 5)‘1 clﬂ.w Jv-L.t

YAY


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

[ Downloaded from agrobreedjournal .ir on 2026-06-16 ]

[ DOR: 20.1001.1.15625540.1386.9.4.7.9 ]

Ol )+ oaglai ¢
sJLA_)LLE.ﬁ J}Tbé ..:LfS\.:..;-
L):)_g\ll_gd_:b@@}»ﬁ):dﬁ TSl s S

rsb_‘;;,.'l_p

“J;&ﬂjgﬂcbu‘z’_b

1oadls s See APHEY WYY
(s J5) oS5 4 S oS5
C)LE.E?:AJ.I S leﬁJ.at:-G

O, 5 o1y .(Rao er al, 1991) s & ilba
O3ds Cmols 457 Anls gLz (Rao e al, 1991)
Sy JF13 53 B S S s
£33 33 =5 Sy g 23S 0L o
23 olnb el RS LagST 0 aldS s Lass
S gl ey Jodd el 53 YL 0SS
ESis sl O Sy gadlssess g YL
oLz (McGregor, 1987) . 158l
S VL =(.§1J.:J>¢S\:.>'-;;j_9ﬁt§~;ipqs';!>
LS Sals 5 Lass o g5l a L e gllas A
s Ol g s 5 d o s Sy g
cia_.-_,d.&_.ée;u;fibcuuﬁjzjrﬁ;ﬁ
S S My S gt s s o Jol s S
T 4ol w003 ;U4 e g sb e

Al )

O g

Ol £ p ke

1) JJJU‘SJ‘K.’JJ‘KQ}JULS!J’L{HJ}JJ“’)LS

a

—®IE
S Solo xaxd Uy

L) G o3 S 3l ani Ly, IS4k
Vo3 1S CBIS a2 1l 5 0S5

( S ‘JS‘—:“)JJHUJ

03 &S aals J_JID-LS 10303 il lga

Dy b g alia

ABD IS

oS15 508, 11 51as s Ol ([l

JJMS)L&CAQJ'JU*?&J_:LGJT\J:&AJE}A}'}:
(dsds) smls e s oS

30550 D) RS 51 ol

JS')'L:«S( Lg:._]_,Jq—):bQUlJ\LJLfrfiJT

el 4:1‘)! '.k)

OJJ‘f(‘—;Jﬁti}”J:‘.lJl M.l:yfd.&.’a—hl.adb

-('J&:‘)J}—f@fﬁ‘ﬁﬁx Sl S K
Mh-sj—lfu}-idﬁ))) 14\5'-L-J

RS SICABEICEC e .._J‘l uﬂ\’- Sidose Lo

e P e g P g e
LS 034k S >l a

)yh.._é;-—mtfrblt}.;wls. 1J1L§i}‘.9
o ¢l - Ulg da 203 b e

;JL»J_;J;J}J;,‘L'Euu)t’jj_ﬁujijé_)bu;{u

v $lp bty 4 = e

_.mdfa\.lp-f):g__a.l.;au;h

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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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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