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(Sorghum bicolor) (Glycine max)

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

intercropping by using reciprocal model of yield

\d - =, Yoo, Y . F “ 1. \ -
9 Lg)g\ég;&jﬁcﬁ&:‘}q-ﬁ};cg‘wwbrkgc f‘)g}“":’.

b&.\w rﬂw‘f‘.k:w

055 25— 3 (Glycine max) Ly by dine s LS5,

AW tamido ) ojlad ozt o Ol (8155 p she dlres 5 Shee Ko Jus il eslizat L (Sorghum bicolour)

(% )

AY//YY 23l 53 o b
o5 oKils skl F ¥ (oS a5150) izl ¢ ol Gimes oKl 5Lkl 1)

o5 o&sls skl -0 ¥


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.1.1.0
https://agrobreedjournal.ir/article-1-300-en.html

[ Downloaded from agrobreedjournal .ir on 2025-10-20 ]

[ DOR: 20.1001.1.15625540.1385.8.1.1.0 ]

WA Lled a)\.a..igr:i.h.u?s";)lﬁ| 691))' r}l_c s’

SALSTAY B, 0T 5, Shes by Job sy
s e

e Sl DAL s 3 Julize 31 (6,8 o510
adllos 5 o b g3 a0 Sl See STl Sl
gl

oS5 SRl 5 B S el 3 Slallas -l
23S Doso iy B S oy £33 o5
ESTI
2 G0 S e SIS a1 ol Slallas L
5 ST 0o b 3 s 5 a8 51 eSS
(Prather and Calihan, 1991) 53l o »db Sl

93 o= 03 LB OIS i LB s dl-a b
Sl ol wl )| godate Gsaw S5 s 4 S
it gl @S5 Shas LS| bl

—Se Jue i adus ol e )
sla Sy, ) u—<i (Reciprocal yield model) » JSL.;
3 g i s e
Roush et al, 1989; Kropff and Lotz, 1993)
.Willey and Heuth, 1960; Wright, 1981)

093 ol Ol ,31 eS et e Jde ]
PP E SRR RN PN I PR GNP UP ik o
Sy i 31y G 33 65 451 BT L
Fribeank and Watkinson, 1985) 5,31,5 S
.(Panatone et al., 1989; Panatone and Baker, 1991;

Iy sl 3 slacs w539, (Spiters, 1983) ;5 ol
S 53 3, Sles oS e 5SS ol ¢l
RS S8 iz b gs bl S
Sloslial U a8 53 o 515 505 53 o3lizul 5 40
ladis jlesliul b Ul g e 3, Shes oSe Jola
O N S P -k e B T EE

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

by cps3 5 Jl s S 55 K5 05 Wy s Wy &

:J,_{L.;pw_ﬁpu_;xim_bwi.x_:ﬁj\ubj_obn.)

S ke g an 8593 sk 5 o oS5 8
r ol e 5l e 5 by b sk 3 215 0l L
.(Harrison, 1990) sl b s 5 Shes 51 53
3> ke (Sorghum bicolor) (gle sle p 5 yu
03,3715 (o155 OLALE ¢l e 31 (6 sk 457
sl (ﬁjf)}_m (Williams and Itays, 1984) 53l s
J_a)su\:)\j_ajél{_sftgju\‘b\ Cw)ll.:ﬁ,.w\
3 8 il S ooy slaails ST 5 IS
b‘ilj Glaals a8 2oy Jse e il
03w U lysgsawbos L ols ;oS 5,0
92 5 95 (Burnside, 1980) 48" Lo~ JL_w
S 45s S 5,5 (Fellows and Roeth, 1992)
s ladshe 0 855 by G 53 L s s Shas
Yoo LagT gLl Ot Oy Sl 8
L oS s bms Dl 2alS A p3 YO U ¢ 2o 5l
A8 e by Sus 4 ey 0lalS sl
.(Burnside, 1980; Fellows and Roeth, 1992)
<l (Williams and Itays, 1984) Ll g el s
SIS TM G 08 51 GLEL Culby 53 15 L g 5 Shas
SaS Cul ol jaseis ialojT cpl )3 . dles S
b sy e e 3G Ve ) SIGE WSS
o o b e s Sas A bl (511 s
S ol 5 S S e Al L
Loy s JSL,.; s (Mcwhorter and Hartwing, 1972)
L by dal 5 s d o s EF LYY I,
O Sans (Sy diles S 25158 0 8 5w
055 55 45 Jlesls Olis (Vesecky et al., 1973)
100 51y slasls o8 g 3 Shae Sl 136 (glebshe
(Beckett et al., 1988) o)L 3 &S odas j2alS
o2 3 S Ve S s oS5 S8 sl
deoyd VY Q)Ssjﬁucd_wx;gsg)_]aq_p)
Olis (Cannel, 1986) J_.f o sl e u;;aLf
e A3 S VNG Y S1p 8 )5 (158 das o


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.1.1.0
https://agrobreedjournal.ir/article-1-300-en.html

[ Downloaded from agrobreedjournal .ir on 2025-10-20 ]

[ DOR: 20.1001.1.15625540.1385.8.1.1.0 ]

"... Glycing max b s b jlswe S8 45,17

b 0L Ay a5 ol el Sl s L L 5
(ol 035 4o Oy Olej cole ¢S5 Olej Soka 53 | ga
Lo as 0315 1 3L 55 p 55 5 g ol ik ST
4> 3AC L;L»:l_gu_SjT): Celw tA Dds 4
L e o Kl
055 s s 5 Lge 3 S & by o slaesls

sla li'u_;n- wjfj ui.3))'| Y PSR | S—

A 8 154 2 3,50 (Rejmanck et al., 1989)
o Jie SAS 1l 5 53 gl b glal o b
n Ol e an (oS 5 sl e Sl ealinl L
3,Shee 508 5 g S5 g 3 Shas 5 f s
(o ot 03038 ) JB ke Ol 4 g (sl
oSe i ki Oy 8 e cJds e
3Uin 15l p 48 o 1 ey a5 L3, Shes
A s YL

L s oS5 o Shes o860 LI o) 2 oshie &
o3lil 5 Aslan I 2287 ST - 3 655 (S5
(Watkinson, 1984) » 44 e

W'=A+BN [¥] 4 sles

gdawch.k_a-b)a_sJﬁu—wbud\ﬁS

AT 03 25 S50
Y =N/ (A+BN) [F]dsles

CcSF B A N Y W OYslas ol 5o
(@S5 oty 53 68 5 Shes 55 65 5 Shoe
oo 5 ol Sl gle STl s W oSS s Shes
)l SVslrs Gudisd ol 53 sl 51058 09,5 J5I0
O = JUCEVL Y A AN P RE PN
aolS g5 S Ll 5 s Falsles 3l glasl anw g
S5 3, Ses Ko bl S Sl b his &y 50
.;juycjugb}uuj\uﬁrﬂ;pbaﬁ
LLs,l ;5 (Park et al,, 2003) o ,LSen 5 a5 L
ha S S, Sl o So o bs &
O i Lo byl i S et 53 (ST 5L
S AF

bry 5byy (2l Sl sole Loyl b 55 Laas 5 S
bry sbyy el 8 0503 ST (G S5l
Ny 3Ny 5 @58 09 JFH0 (G S5l
Aizen 33 5 S B8 93 0S5 5
sladis STHLS )y bl G s
ot 35 s LUl Caro 5 533 Slas S
b o lan 0S5 2557 1l s o515 55 Slas
Sl S (08 5 g Cadimn Slag ST 3 b 515
oS5 8 Gl el 53 5 oS s s b S5

@\@f)‘})@.lﬁlﬂyéﬁk«&&j)j(}f)y

SIVWAY S VFAY sladl s slacs e LiolaT

e ol (65, 5S 0 uSKisils Slados s
Vs s o, eYA 07y S5 dsbENIY)
2 S G S AS A s Sl (s mlaw 5l e
5 kg sdn i pds plawl ) 28 ST S
o 3o S Al 035 (glad sle (}f)}# 3 oLk
SN s ag £ S,k 5 g 4 5 el Sliios
o loled oy GIE GG S gy Sl s
bsm pin e 52 G500 580 O (Y GlagSTT 5 Jols
08 s gy 03 S VY sA o eSS
b BB s (s sSh Do i LesT sy
e osly )G a5 dolas JolS slacs b
AL pslie 3l Gy b e alE Glas sla ST 3
s g LaOT (o &8 oo 5 135350 05715 )
Vel Ly el a0 DS e T
SO lazin T 555 0 eV dgb 4y e Sl
Jras sk 53 5 m slacale J 28 as 43 8 i s L
(b 8 plonil (s gy 4 4 e Sl Jil A
Gl 5l plege 55 Slas s 5 shie & Sils
5k a5l s, 53) el Codo i aws
Sz e 51 (Lacans ) plaad slae, LS 51 e 0o
SLaals oty 31y ol A planil n e 50


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.1.1.0
https://agrobreedjournal.ir/article-1-300-en.html

[ Downloaded from agrobreedjournal .ir on 2025-10-20 ]

[ DOR: 20.1001.1.15625540.1385.8.1.1.0 ]

WA Lled a)\.a..igr:i.h.u?s";)lﬁ| 691))' r}l_c s’

LU, asls olis gl o s 45 Sas Ko e
2550 g ol 53 b g 3 et 505 5w o515 0
ST o dailss Cao 5 (61 S (23515 eslinad
Lt a5 8 I8 4 55 o Aol 53 b g 5 Shes
A 95 ol (gl amdy HLS o SVslas (> ol
ol Mb:.oﬁét_io .(“_5\ L;LAJ)JQ-) .,\.SJ},: Q}\.i:.a
Ay bg e OVYslas el 53 F J g sl sl (6l
)b}(@fﬂ)b{j)?b‘))})ﬁqﬁo‘kﬂ
(8 J3der) 3 5 513 eslinal 5550 (ks (glaoST| 5
rf\,:,clg_“\)\,,;\i}_w;}_iwoﬁbu)\
STl o 4 58 g Calibs (0S5 53 L s
L (‘}?u—”‘ Sols slas lm adaly oml (Js o
(¢ Jg.z) Lol @:4{%\ Sl s (63 9
)36;)&‘.'\-")):&}-“’&4&"‘;’
il L S 5 Sl sole sl 53 (prpo 0
S (S5 S M) mpa e 53 6500 G L gu oS5
GLanST1 5 03 (Js sl a5l (GlejT cpl 53 o
P L OT Oln cp 8 g mjo e 53 G )Y 5 A
34 LYY c“iu%_‘;;@[i}_wdurf‘ﬁ
(8 JS8) 313 0Lt a8 o 5 a3 50 20
53) dals glasles 5o bsw 3 Shee Ol jen cp YL
OT Ol e (s el Coms 4 (Calibes a0 ST 5 poled
(8 JS8) cdly 2alS 0 8 5 oS5 18I L
)br;)yjiisrf\jimjprf\jwc;\é%\
AL s a5 4 b 51 YL slag ST s

(& K8 g i s Shes

by 3, Shes 4 by o loosls Ggm S5 4 2
b 3 Shee 555 2 08 o5 o515 5B oS 5ls 0L
Sleslitawl L bgw 3 Shas olul cpl Sl ls Sne
A S5l 5 sl
[V]dsles
Wy=Y / (—+/+YAREY++/+ « VAN, ++/+ Y4ANy)

SIS D33 15 s e 5§ e
LS8 51 o lp 148 00 S50 o 0 4
.(Rejmanek et al., 1989) .,\iajf dsloes 5y Oygo

Jsl 68 Sdle = by, /by [0]dslee
b33 48 < =byy /by, [5] slee
13 s 4o 5 SIS 0LET s sl
NDI = (byy/ byy) (byey/ byy) [V] Jsles

B 5 ¥ o S¥slas tolons 51 o sl S35V
A 3l mlie gy 1 53 3550 Y 31 S¥olas
e 3, Sos bl 3 s 5 it
43,8 ealial 5 adaly 1 5 dals sl jles o
.(Mamolos and Klburtji, 2001)
[A] Dslas
= (dali 5, Shes = il 5, Shas)/ (Aol 5 Shas)
5 Shas Sl o s

2l 6555 Mo oSe 831 0L uls
OUs Gl 731 ¢85 3 oS5 Ll b ST 5 ol
a2l )b (gl ods aculoes pslas () JSC2) sl
O Jsitr) G 85 bt a5 e Sl o0
3305 b do g 53 b 3, e 3557 0 61
oMl 35 g0 p 8 g il (5 LS5 53 (o 20
L o s 533 Shee o ol S3a03¥ .08 8
Ls 55T o Y Jsds s Tote SVslas a5
L Lo el oty 53 3 S Ol s o7 315 0Lt gl
Y JS8) sl o 2l 0 5 s oS5 il B
SLaeS 5 3l i 08 5 gl SlagS T3 55 el
4 (33 0V) 5 ;S bl b o 5V 3 VY
Shsm e 2 a3V 500 GlaeST5 oS f
(Y JSC8) s oalin 08 5


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.1.1.0
https://agrobreedjournal.ir/article-1-300-en.html

[ Downloaded from agrobreedjournal .ir on 2025-10-20 ]

[ DOR: 20.1001.1.15625540.1385.8.1.1.0 ]

"... Glycing max b s b jlswe S8 45,17

0.7

o)

o

5 ‘%0.6-

>

c _ 0.5 A

5.

SS9 o4

O - % :

(I)C,.;|

5 S

Sa 31 0.3 A

§ 2

s M 0.2

) a

o =

< 01
0 I I I I I I I I I I I I

(e sie 2 4iz) o R e oSI 5
Shatter cane
Density (plant/ m2)

R W)Y L 4y 0SS5 Shas oS Ol i Ly,0) S
))C;)}wrf\j}(A A)a')(A_____,A)F' ¢ (O 1) ¥
L_}w GJ.AJSAJJ 4.7_3.30'}*'4\"4?' LELG*;‘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 (Cm——0),
40 (A------ A),and 50 (A A)plants/m’
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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 H), 30 (Oevarnnsnnss &), 40 (A= — —A), and 50(A
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Table 1. Applied equations for calculation of reciprocal of soybean yield

A) plants/m?

per- plant at different densities of shatter cane

(prre > $8) bym oS15 (Ve 5) s Sas 8o Uslan ok i 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
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Table 2. Applied equations for calculation of soybean yield at various densities of shatter cane

(grre 263 by o515 (grre 020 8) 3 Shes Uslas c.k.ﬁ:c.:».ajrz
Soybean density (plant/m?) Equation of 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

liy@h»éurf\;,;gyzﬁ&gﬁwﬁ@wé\ﬁa,,\fafcfy;w_mj,\?

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

densities of soybean

(prse 2363 5 33 oS5 0765 5 Shas Bslas Al s 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
)


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.1.1.0
https://agrobreedjournal.ir/article-1-300-en.html

[ Downloaded from agrobreedjournal .ir on 2025-10-20 ]

[ DOR: 20.1001.1.15625540.1385.8.1.1.0 ]

"... Glycing max b s b jlswe S8 45,17

0.7

0.6 1

0.5 1

0.4 1

0.3 1

plant (1/gr)

0.2 1

0.1 1

() /o) g g S5 3 Shee e

Reciprocal of soybean yield per

20 30 40 50

(e rie 2 4is) s oS 5
Soybean density (plant/ m2)

(A

L) o ¢S e il (S0 5 53 g 65 555 5 Shas oS S L3, 1 S

(O= = =) VY s(m——m) A (A A) ¢

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

(pri 3363 .5 30 oS5 (e 53 0 5) 5 Shas Balas Sl e 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)
el i G680y p JHIG o @IS 00 JEIS s EACPRGPRT R P
Response variable 1/W Intraspecific Intraspecific Competitive S ] RECN
interference interference ability R’adj Probability
coefficient (1/gr.m?)  coefficient (1/gr.m?) level
Ve S s 57 S5 5 Shoe o Se 0.01987 0.0079 0.4 0.81 0.00001
Reciprocal of soybean yield
per plant (1/gr)

Ve by 5y &5 ey oS 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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Assessment of soybean (Glycine max) and shatter cane(Sorghum bicolor)
intercropping with using of reciprocal model of yield

Raee. Yl., K. Ghasemi-Golozaniz, A.J avanshir3, 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/m2 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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