(Sorghum bicolor) (Glycine max)

Assessment of soybean (Glycine max) and sorghum (Sorghum bicolor)

intercropping by using reciprocal model of yield

£ - =, L Y o (F .. \ -

pf))_.a,(Glycine Max) by by dies i S L5l

AY B Y taomio ) ojled coiin dlar Ol (815 p she als 5 Sles Ko Jute i eslizl L (Sorghum bicolour)

% )

AYIAINY 8L 5 U
505 o&ls skl F 5 Y (oS 45180) ol ¢ Jon s} G o823l b slul )

o5 o&sls skl =0 5 ¥



WA ler ) esled cpntin dlo (0l oy pske e’

SALSTAY B, 0T 5, Shes b g Job sy
T

o Sl DAL s s lize 51 (5,8 o510
adlas 1 Go b 93 4 Sl See STl
.,

ST Rl 51 (a5 3 Ollas -l
23S Do an sl B S s £33 o8
.D‘)}Tsﬁ
2 G0 S S a1 ol Slalas L
5 ST 035 b 2 s 5 a8 51 eSS
{(Prather and Calihan, 1991) 53l « » .,b O

55 om0 I O e L bl s s 4 b
4S Sl ol wl )l (godaze 6:}:..»;) cldde w8
izt sl (S5 5 Shas L1 pelol

e Se Ji e adus ol e
sla Sy, ) é (Reciprocal yield model) » J_Q».o
3 gt D s S8y aalllan tne
Roush et al, 1989; Kropff and Lotz '1993)
.Willey and Heuth, 1960; Wright, 1981)

0955 Sy OIS0 eSS et et ]
5 oLy Sul Sl 3L (gl S B s 16
S ygme oy i 5 a5 S 53 A1 0T L
Fribeank and Watkinson, ,1985) 5,375 S
.(Panatone et.al., 1989; Panatone and Baker, 1991;

|y ool ! Gy o s, (Spiters, 1983) 5 =l
S 533, Slas JuSe Jie s SHLS bl ¢l
R Sse i a8 L b gs byke S e
Sloslial U a8 53 o 515 515 513 3lizal 5 40
Gladie jlosliul b Ul 5 e 3, Shes oSe Jole
N S N Rk . LTS

1/W,=by.+by, Ny+by,yNy [V]4slee
1/ Wy=Dby.+byyNy+ by, Ny [Y]dsles

By cps3 s sl slaas 8 55 &S5 055 Wy s Wy &5

3 Shes S i cadslae Tdse 31 o e by,

S ke e 8593 sk 5 o oS5 65
e Jalse Sl e 5 sy b b s el elS L
(Harrison, 1990) Coul b g 5 Shas 31 5
&2 ale (Sorghum bicolor) (sl4 she r;,y
03,3715 (o103 OLalE ¢ 15 51 (g skmy 48T
3L (ajf)j_w (Williams and Itays, 1984) >;Lw s
J_A‘)JA._J\J‘)\J'_AJ{&l{}ji-d}IAVU\ CL&S)HgQ..w\
3 el - Sammde s slasils S 5 SO
tilj Slaadls A S Gy J e Cils
03— S 1y 555 ambion Lyols ;0 S 5 s
95 9o (Burnside, 1980) 48" Lo o> Jw
S 45 S 5,05 (Fellows and Roeth, 1992)
San @l sle 0 855 by 55 53 L g 5 Shes
P LaoT ¢ Ll O ok S o
L p oS 5 s Ol 2alS o y3 YO I ¢ e Sl
.x_zfu_ng._g‘é)c;.\_i‘\_{u_:«bjoul:f@u
.(Burnside, 1980; Fellows and Roeth, 1992)
col (Williams and Itays, 1984) Ll 5 el s
SIS TM G 08 51 GLEL ulsy 55 15 L g 5 Shas
SaS Cul ol jaseis Jiale3T cpl s . diles S
Gab sy et e 3 G V) SIGE WSS
G S b g s Slas (2alS b 0L s
S sl g S S e Al L
L sw 3 ,Shee bl (Mcwhorter and Hartwing, 1972)
L o, kol 5y s £ LS YY1,
OSans (Sy dles S 35158 0 8 5w
Uf))_wa_f.u\o;b Olis (Vesecky et al., 1973)
100 Gy glasls C,f,}_.ﬂ 5 Sl Sl 536 (glad le
(Beckett et al., 1988) ol ,LSe 5 &S wdas j2alS
S 23S Ve S s oS5 S8 sl
Aoy YY O35, Shas el Dy Jab Cassy
Olis (Cannel, 1986) =S~ o) Aol oo 2alS
A 3G VAL Y e 8 oS5 oS das o



"... Glycing max L yu b jlswe Si8" b 5,1

ek Ol Ay 4 5 ol el Sl s L L 5
(b 05 4 Oy Olej ol S5 Oles ke 5 | 5
Lo 0315 ) 3L 55 p 55 5 g ol ik ST
a3 A les L Lr;ﬁT P Celw A Sds 4
L e 3 Kl
05 s s 5 g 3 Shes & by o slresls

sl 1;6;,“ A.Jf) SCE Y5 X |- S—— ) E—

.,\_.:9; )8 40 ;>3 555w (Rejmanek et al., 1989)
—Le Jue SAS )\J'Sal(aj; Pl b gld> 0 Sy,
e Ol g a0 5 sl i Sl eslinl Ly
3, es 508 ) g S5 5, Shes 5 s
(o ot 03038 )l SR ke Ol 4 g (sl
S i 0y £ e Jis e
B A e L A YN
A e YL
Ly 655 Slas oSe bl (o5 sk &
uuu\ﬁjmw,w@.:f&au)m;rﬂ;
(Watkinson, 1984) 334 e
W'=A+BN [¥]&slas
Qdél&»ch_wd}lj).)})w@\xﬁé\ﬁg
LT 58 25 s
Y =N/ (A+BN) [F]dslee
CSFiaBs A N F W YVslas ol 5
4v§|jgcbb|j)sdjf;§wcdﬁé§5sﬂ“&
st 5 Sl Gl Tl s w5 ST s Shee
wl )l SVslrs Gaisd ol 53 ol 51458 09,5 JoI0
o S 5 s i By ¥ Y o) Ul 55 o
aolE g3 it S Lyl i s Falsles I glabl anw g
ESG 3, Ses Ko bl S Sl b ghins &y 500
.;juwcju#uu;\uﬁrﬂ;p\)aﬁ
bLs )l 5 (Park et al,, 2003) OLSen 5 ¢S,
ha S S5, She o Se o bs &
CF wr L g byl S el 53 (S5 L
38 EANF

bry s by« 1 (sole Jal i 53 Laass 5 &S
bry sbyy cslas § 0555 J S s S5 il i
O No Ny 5 Gl B0 S5 G 55 ol
s 093 5 Ul B8 930815 5

sladis oTOLS )y bl o s
ot 35 e BLS ol Cao 5 535, Slas o Se
by osllan (Sla0ST1 5 3557 5 b s oS5 55 Shas
Sl oS p S sy Cadimn oS 5 L I 5
ST 5 bl 53 5 S s 5 Lsw S50

el 43 813 5 e b s Shas 655 1 05 )5

SIWAYSVRAY sladlu 5o slacs e LilaT

Fag oES s g5 slas oSl Slaass as e
Vo s Ji o, oA 07y 5, 5dsbEnIY)
03 2 s5 O S Fa kS A 5o Ly (U)o maw Sl e s
S FRUPSBTR VR PRI IES PP MEEFC L CS
b 3o S bl 0 55 (sl she 08 5 5 el g
S L4 = S5 5 I ag 5 Okl Dliios
o Lasles .;xd.iilptéu&,wu;,,@s;!wt{
Lo piyn e 03 G500 5 E0 OF0 (Y Lgurf\;dﬁu
0 s g 33 S VY SA & i SlaeST 5
b B s (o sSh e o SlasT s
03l 1SS w53 ol S slacS s L
AL olie S 5 b Sl alS pllas (slae STl 5
@:guoT&M;&smjﬁwyvﬂ;j\
Vel by T el a8 e T
G sl T 55355 2N Jsb 4 5 e Sl
Jrab sk 53 5 m slaciale J 28 as 43 8 i s L
(b 8 plonil (s gy 4 4 e Dl Jol
Sl 5l plage 55 Slas un 5 glaie & Sl
5 ,b s, 90) badle Oodo- Sl day ¢ Jaws
Sl g (e s plad Lo )L™ 51 e 0o
SLAls (bl 3l g koD i plonil o 2o



WA ler ) esled cpntin dlo (0l oy pske e’

LU, asls olas gl o s 45 Shas Ko e
3590 o Ay 53 L 3 Shee 508 55 oS5 0
ST o Blsy Cao g (sl 4k (28 8 15 etz
s a8 8 4 5 el oy 53 b g 3 Shes
I 53 ol 8l ashy HLS” 4 SVslas el o
odd dwlbe polas (¥ ) sladsd>) Lo s gl
Ay b o OVslas pend 53 F Jgd sl el (6l
23 5 (a3 0,5) o Al 533 Shae Ol e
(8 Jpi) 05,8 13 eslizal 5 g0 ki (slaeST) 5
oS5 5 e Aty 53 b 3, Sdas o B
Sl S 4y p 5 Calitne (5lagST1 5 )3 L g
U 8 55 3 obe sl sl adails ol Js 0
(S8 T s 4 Sttannsl Ll 45 (63 00
2305 gl Al 53 by s, Slhas S L
L 8 s Sl 6ol sLaslag 53 (p o e
S @S5 SI) e e 93 6500 B L gw oS 5
laeST 5 5o (Js el a3l ()T cpl yaeus
I OT Ol 058 5300 o0 53 65 W 5K ok
SR AR AR O e e
(8 JS8) 15 QU 2887 o 5 Gl 31 s 50 20
23) als gljles 3 s 3 Shes Ol o0 5V
OT Ol (s ol Coms 4 (Calibaiglan ST 5 poled
(8 JS8) Cdly 2alS o Sypat oS5 5181 L
)pr)}“ﬁi’r{‘f‘wﬁﬁrf‘f&ﬁi‘um‘
AN s s b YL slanST S

(¢ J.i.':) Sy phdd :‘S.L,.c

b 3, Shee 4 Lo gy o gloosls G 85 4 520
Lo 3, Shes 555 2 05 o5 o515 5T o875l Ol
Sleslital L b g 3 Slas bl pl sl ls Sne
b Al ) sl
[V]&slae
W= / (=+/+VA4EY++/+ « VAN ++/+ Y4AN,)

S48 0355 JFIE g b s G b Sl

LS 551K 2 gl 148 0s J515 o
(Rejmanek et al., 1989) 15 8 auloes 3 &y g0 4
Jsl 68 I =byy /by
£33 43; e =byy / by,

[0] 4 slns
[5] Dslas
RS 5 SIS 0LET il el
NDI = (byy/ by.y) (bys/ byy) [V] &3lae
D 3 C¥olans sl (gl 2 4 ol S5 4 oY
A el a3 350 Y 5 ) DY slas
Cnnss 3 aSles Cbl Uls )5 dnlons 5 bots 4
8 sl aly 5 adal 1 55 dals slasles
.(Mamolos and Klburtji, 2001)
[A] Dslas
= (ali 5, Shas — bl 5, Shas)/ (Aol 5 Shas)
5 Shes Sdl Aoy

2 L 655 5 Slas S 7515 0l mls
Ui I3l o 85 5 oST5 Rl I L ST 5 ales
Lo 2yl (6l o dwlous yalae () ) 5l
OV Jsdsr) G § 5 o oo o 5 e 51 5 e
5308 o Al o3 b 3, Shee 35T 2 sl
o3lial 35 g0 p 8 g il (5 LS5 53 (mpo 0
L g oy 53 3 Shoe o ol S3a05¥ .08 8
s 35T 2 Y s 55 e SVslae s a2 5
LUy pelaw domg 533 Shes 0 457 51 0L ol
Y JS2) s o 2l 055 5 o515 130
SLapST5 5 phes 05 e ol SLapS 5 5> el
(w3 0V) 5, Shese bl doys o YL 3 0 VL
Sbow e 3 S8 VY 500 GlagSl 5 s i 5
(Y JSK8) i oalin p 8 5



"... Glycing max L yu b jlswe Si8" b 5,1

0.7

0.5 1

0.4 -

Plant (1/gr)

(V& R) Lgs 450 S5 2 Slee (1S

0.3 A

Reciprocal of soybean yield per

(e 24 o8y sm oS 3
Shatter cane
Density (plant/ m2)

c(l ————— I)Y'Erﬁx&)ﬁ&ﬁ&‘ﬁ&})-\ﬁ
ﬁ(,?)y{,suj:ju A0 g(A oo A)F (O——) ¥
l.g_).w GJAJJ.AJ) ﬁﬁb'}*"‘ﬂ"f' L;L@,Af‘j;
Fig. 1 Trend of variation in the reciprocal of Soybean (Glycine max) seed yield per plant and shatter

cane (Sorghum bicolor) densities at soybean densities 20 (& - - - - &), 30 (CommmmmDJ),
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Fig. 2 Trend of variation in soybean (Glycine max) seed yield per unit area and shatter cane density (Sorghum bicolor) at

soybean densities 20 ( = m), 30 (Devennnnnnns 2), 40 (A= — —A), and 50(A A) plants/m?

Table 1. Applied equations for calculation of reciprocal of soybean yield
per- plant at different densities of shatter cane

(a5 3 s o515 (/p5) 5 Shes S olas b s T
Soybean density (plants/m?) Equation of yield reciprocal R’adj
20 1/W=0.13222+0.013962ds 0.88
30 1/W=0.17678+0.016268ds 0.89
40 1/W=0.19788+0.018306ds 0.92
50 1/W=0.2825+0.030826ds 0.76

()f)ygo.l;&utguvf\j)s(y)cla.».\:—\,)aanﬁw@budlﬁw’))lfyaﬁbbu_" d).—\:—

Table 2. Applied equations for calculation of soybean yield at various densities of shatter cane

(prre > ) bsn oS5 (grrre 53080 3 Shas Uslns ok s T
Soybean density (plant/m?) Equationrof yield (gr/m?) R’adj
20 Y =20/(0.13222+0.013962ds) 0.88
30 Y =30/(0.17678+0.016268ds) 0.89
40 Y=40/(0.19788+0.018306ds) 0.92
50 Y=50/(0.2825+0.030826ds) 0.76

b Calibes (GaSTT 5 53 g B30 5 5 Shes oSe slons gl 485 IS 4 SYslae ¥ gt

Table 3. Applied equations for calculation of reciprocal of soybean yield per-plant at different

densities of soybean

(prsa 2 43) 05 53 oS15 (V/p,5) 5 Shas Uslan b o T
Shatter cane (plant/m?) Equation of yield reciprocal (1/gr) R’adj

0 1/W =0.06219+0.00391dsy 0.9

4 1/W=0.29215-0.01022dsy+0.00025dsy* 0.94

8 1/W=0.36085-0.0133dsy+0.00034dsy’ 0.86

12 1/W=0.29215-0.0165dsy+0.00038dsy” 0.76
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Fig. 3. Trend of variation in the reciprocal of Soybean (Glycine max) seed yield per plant and
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Fig. 4 Trend of variation in the reciprocal of Soybean (Glycine max) seed yield per unit area and
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Table 4. Applied equation for calculation of soybean yield (gr/m?) of
different densities of soybean

(e 58 e £ 5 565 5 (grre 05 3 Shos Uslns odb emnai T
Soybean density (plants/m®) Equation of yield (gr/m?) R’adj
0 Y = dsy / (0.06219+0.00391 dsy?) 0.88
4 Y =dsy / (0.29215-0.01022dsy+0.00025dsy?) 0.89
8 Y = dsy / (0.36085-0.0133dsy+0.00034dsy?) 0.92

12 Y = dsy / (0.50604-0.0165dsy+0.00038dsy?) 0.76
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Table 5. Estimation of reciprocal of soybean yield per plant and shatter cane

biomass per plant (1/W)
Gl e G168 0sp JEHE e SIS 090 G s o By ot e dlel b
Response variable 1/W Intraspecific Intraspecific Competitive R e RECIN
interference interference ability R’adj Probability
coefficient (1/gr.m?)  coefficient (1/gr.m%) level
Ve B g By 055 Shee S 0.01987 0.0079 0.4 0.81 0.00001
Reciprocal of soybean yield
per plant (1/gr)
(/e S s 59y &S5 ol gy - So 0.00014 0.00076 5.23 0.78 0.00001
Reciprocal of shatter cane
biomass per plant (1/gr)
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Figure 5. Three dimensional plot of the combined effects of soybean and shatter cane

densities on the reciprocal yield of soybean
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Figure 6. Three-dimensional plot of the combined effects of soybean and shatter cane densities on the reciprocal

yield of shatter cane (1/gr)
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Assessment of soybean (Glycine max) and shatter cane(Sorghum bicolor)
intercropping with using of reciprocal model of yield

Raee. Yl., K. Ghasemi-Golozani’, A. Javanshir’, H. Aliari*
and S. A. Mohammadi’

Abstract

A field study was conducted to evaluate the effects of shatter cane and soybean densities on soybean seed
yield, and to quantify interspecific and intraspecific interference coefficients. The relationship between soybean
seed yield per plant and shatter cane density at different densities of soybean and also with soybean densities at
different densities of shatter cane is well described by the reciprocal model.-Soybean seed yield per unit area
decreased with increasing shatter cane densities. The highest yield loss (57%) was related to 50 and 12 plants/m’
of soybean and shatter cane densities, respectively. Optimum soybean densities‘on the basis of maximum
soybean seed yield per unit area at 0, 4, 8, and 12 plants/m” of shatter cane were achieved at 50, 34, 32, and
36plants/m®. The combined effects of soybean and shatter cane densities showed that shatter cane was a stronger
competitor than soybean, as a shatter cane plant was equal to 2.5 soybean plants, based on soybean seed yield. In
contrast, a soybean plant was equal to 0.18 shatter cane plant, on the basis of shatter cane biomass. It was,
therefore, concluded that the superior competitor was-mostly affected by intraspecific interference, but the

weaker competitor was mostly affected by interspecific interference.

Key words: Soybean, Shatter cane, Competition, Reciprocal model of yield, Seed yield, Biological yield.
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