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Table 1- Physical and chemical characteristics of experimental field soil (soil depth 0-30 cm)
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Table 2- Analysis of variance (mean squares) for leaf area index max (LAl max), total leaf chlorophyll and plant
height in different replacement intercropping patterns of soybean and millet
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*

*and **: Significant at 5 and 1% probability levels, respectively. ns: non significant
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Table 3- The effect of different replacement intercropping patterns on leaf area index max (LAl 1), total chlorophyll and
plant height of soybean and millet
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ratios Sy Total chlorophyll Plant height Sy Total chlorophyll Plant height

LAI (mg.g") (cm) LAL (mg.gY) (cm)

100S: OM 7.21° 0.57° 64.8°
0S: 100M 4.20° 0.759° 69.3°
75S: 25M 6.57° 0.61° 68.30° 1.07° 0.996° 68.9°
50S: 50M 4.07° 0.62° 72.8° 2.52° 0.995° 69.0°
25S: 75M 1.92° 0.63 69.0% 3.33* 0.836% 68.9°
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* Means followed by the same letters in each column are not significantly different according to Duncan s multiple range test
(p<0.05).
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Table 4- Analysis of variance (mean squares) of the effect of different replacement intercropping patterns
of soybean and millet on yield components
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Error
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CV (%)
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*

*and **: Significant at 5 and 1% probability levels, respectively. ns: non significant
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gy bgw bales cuis jl by iSO oy o &b do 59
G oA eliS U dalio 5 L iSols bybke cuiS clagS]
L5315 inlS 1y bgw &l duo 459 oy 6/34 4 9/15 6/34 s 5
5 Js»2)

Jods a0 als &l o yjs jl g yo wb dlawr iuliel L

& 5imwgid dlgo ¢ yalls CoiS > BME y3 wb dluwi (o9 yieS

O3l 9 Lgww 4313 3, Shos gT3a] o o 3Sule balbes CulS cilisee glagRll 51-5 Joss
Table 5- The effect of different replacement intercropping patterns on yield components of soybean and millet

Lgw e o))

L Tuvoe) Soybean Millet

cuils i T . . . @l e (39 . o e @l e (39
Plantin Gy yd AL dlaws dgr 4> Al dlaxs (o48) dgy 4D dudgd dlaxs (055)

ng Number of pods per  Number of seeds per P2 Number of panicles P2
ratios
plant plant 100- Seed per plant 100- Seed
weight (g) weight (g)

100S: OM 34.8° 90.55° 14.2°
0S: 100M 6.31° 0.652°
75S: 25M 36.3" 104.2 13.3° 7.5° 0.64*
50S: 50M 38.2° 1155 12.9 7.2 0.64*
25S: 75M 37.3° 102.9°* 13.3° 7.0° 0.64*

L5 ()b dme BB oy gy Jlein] ans j3 (Kb (glaiely Wix 90l ool gt o 3 S yidie gy gl sla il *
* Means followed by the same letters in each column are not significantly different according to Duncan s multiple range test
(p<0.05).
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Table 6- Analysis of variance (mean squares) for biological yield, grain yield, harvest index (H1) in different
replacement intercropping patterns of soybean and millet

bgw Seeo o)
Soybean Millet

e il s LR 35es PECH:

SXOAY df S5elam &l 2, Sos o5t S99l &l 3, Sos .
Biological ~ Seed yield s Biological ~ Seedyield =77

i HI i HI

yield yield

Rep;;)(j’:tion 2 1442.5" 107.57™ 24.89 277.66™ 9.313™ 1.957"
In];’:;" 0;‘;;9 3 80384 14203 8.134™ 91165.72"  8679.61"  2.066™
E::Zr 6 452.94 63.83 4.51 575.21 6.828 1.874

(M’a)cj’("j )*”""”' 5.81 5.33 5.19 6.44 2.191 4.23

0

I xe e NS o yd S g gy Jloin] gaws 53 Jb dme s 4 FF g

*

*and **: significant at 5 and 1% probability levels, respectively. ns: non significant

3 gt oty Jis 4y ol 3,-Sloe ls 3l Lglsa S
3oy Lug 9 o3y asdllas ;> 3.5 (Tavassoli et al., 2010) ,\Son
Slyi (alB cuss ) Lgl g o5l a3 Slas &8 165 S ssaliie
(Ghanbari et al., 2010) ,Kan ¢ (58 591 bglsxe (slacuss
pSlae o352 L bt g L el () bglie a5
Wl ST 558 balore it ) (alld s o lah ol 4l

B B Seed yield
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500
450
400
350
300
250
200
150
100
50

Yield (g.m!)

Planting ratios

B Biological yield

100M:0S 7T5M:258 50M:50S 25M:758

P Sfdgn 3, Slos oy coglie cutS oSl s
S_zd 3o p,8 554 5032 L s @ 0yl 5 Ligw LIl S
AL S 6 i 5 Slas oy el Cond 4 c@ipeyio )
odnliie cxyeyio 3 aild 5 172 3219 L sy & 50 9 Ligw
(1 Jss) ws
ciliee gglaw 53 Lgw 9 o))l olS 93 5l o yp cad 58]

B Seed yield
EBiological yield
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500
450
400
350
300
250
200
150
100
50

Yield (gm)

100S:0M 758:25M 508:50M 258:75M

Planting ratios

(B) 03351 9 (A) Ligws il 3,5os 9 (SK590m 3,M0s p1 (3l blio CulS lliseo (glagRl 511 JS
Fig. 1- The effect of different replacement intercropping patterns of soybean and millet on the biological and seed
yield of soybean (A) and millet (B)
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Table 7- Analysis of variance (mean squares) of weed density, Shannon- Weiner index and soil
respiration at replacement intercropping of soybean and millet

o il @il aryy 5 gdle by o515 P97 oPW pas s SB i
S0V df Weed density Shannon-Weiner index Soil respiration
"_’S . 2 3.2000™ 0.00456"™ 1.246
Replication
byle i 4 120.567" 0.5914™ 6.906"
Intercropping
%%
8 3.1166 0.0498 0.1504
Error
(n03) Sl o2 11.46 21.21 173
CV (%)

I xe e NS o yd K g gy Jloin aaws 53 Jb dme coi 4 KK o *
*and **: Significant at 5 and 1% probability levels, respectively. ns: non significant

8/14 44159 Ly () 5 Ligw (S SH b dulio > bglse
5§ adld (S amSlier b olj1L(8 Jgae) K292 2o
ialidl el byl cois (Garcia Orenes et al., 2007)
Iy a6 58 jLasl i l38l donis (0 g S dy005 dguty (ylojods
P S s Giliel LY 5 (S wls el ash JLs
el Gl g JI ol gy (alS i £55 cbgle cuts
A5l 153 IS g Sie
Ll e pre padls K plyie 4 s s plp o
oinlejl ol ol 3,5 oo )8 ookl 390 bglste cuis” SIS
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ol el 48 39 S )yt LSS Yo Lgus g 55
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s )3 5ya sladile By S oS15 Sl olie (B8 Jg2)
5 4y Lgus IS5 |y aulio ;5 75S: 25M 4 50S: 50M
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Table 8- Mean comparison of weed density, Shannon-Weiner index and soil respiration at replacement
intercropping patterns of soybean and millet.

CdlS G 5"”( Sladle & "’;‘f ;ﬁs Tople patle (jo, 3 S 0SS )5 (S aenSIis3 05 o) S il
: . Qo0 yd digy annon-Weiner Soil respiration
Planting ratios Plant density (plant.m?) index (Mgeoz kg™ soil.day™)
100S: OM 34.66° 1.70° 51.77°
75S: 25M 31.33%" 1.59° 54.49°
50S: 50M 19.67° 0.99° 53.83°
25S: 75M 22.66° 0.98° 53.90°
0S: 100M 28.00™ 1.29° 50.00°

L5 ()b e BB oy gy Jlein gaws 43 S5 (gltals w905l olol (i yp > S jtdie gy gl slapSile *
* Means followed by the same letters in each column are not significantly different, according to Duncan’s multiple range test (p<0.05).
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Table 9- The land equivalent ratio (LER), aggressivity (A) and actual yield loss (AYL) in different replacement
intercropping patterns of soybean and millet

CudlS Slaams 03 il Conm ol u.v.v 3 Slos ‘_,_a.a@ cdl
Planting ratios  Land equivalent ratio (LER) Aggressivity Actual yield loss
9 a At AYL sy AYL s AYL 1
25S: 75M 1.159 -0.026 0.026 0.137 0.163 0.300
75S: 25M 1.200 -0.055 0.055 0.172 0.227 0.399
50S: 50M 1.143 -0.004 0.004 0.156 0.160 0.316
P b g oil & WS jasuie bl cuis o 16, & 325 Ao

il 0Sles (ABly cdl bgliwe cusS i (glacd
bglbro cuiS slagSl den o oS db lis cudle (adld oy p
03 ey 8y (Ul Sl s (ul & g L olS )
B e e
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Introduction

Intercropping is a multiple cropping practices involve growing two or more crops together. The most
common goal of intercropping is to produce a greater yield on a given piece of land by making use of resources
that would otherwise not be utilized by a single crop. Intercropping is one of the ways that causes more stability
and increases protection and security in ecological farming systems. Intercropping is an agronomic practice that
lubricity movement towards ecological agronomic system, increases the efficiency of resources (Mushagalusa et
al., 2008) and vyield stability. Intercropping is a sustainable practice used in many developed and developing
countries and an essential element of agricultural sustainability. Many intercropping systems have proved to be
better than sole crops in terms of yield because intercropping makes better use of agricultural resources and
reduces interference of weeds. Muhammad et al. (2008) reported that intercropping of millet (Pennisetum
glaucum) and cowpea (Vigna unguiculata) is the most predominant cropping system in the Sudan and Sahelian
zones of West Africa. Millet is the staple diet while cowpea serves as a source of vegetable protein. Considering
the importance of intercropping towards sustainable agriculture this study aimed to determine the best
combination of soybean and millet in mixed cropping to optimal use of available resources with minimum crops
competing with each other.

Materials and methods

In order to study the effects of soybean (Glycine max L.) and millet (Panicum miliaceum L.) replacement
intercropping on agronomic traits and weed species diversity, an experiment was conducted at the Research
Station of Agricultural Faculty, of Bu-Ali Sina University, in 2014. The experiment was carried out as a
randomized complete block design with three replications. The replacement intercropping series consisted of
monoculture of soybean, monoculture of millet, 75% soybean+ 25% millet, 50% soybean+ 50% millet and 25%
soybean+ 75% millet.

Weed diversity was calculated using Shannon- Weisner diversity index (Equation 1).

_ >.[P; Ln@)] n,
Equation (1) H=-id , P= n

Where N is the number of individuals, n; is the number of individuals related species i and S is number of
species.

Biological and grain yield were determined at the end of growing season. Before harvesting, plant height,
LAI max, total chlorophyll, number of pods per plants, number of soybean seeds per plant, number of millet
panicles per plant and 100 seed weights were measured in 5 randomly selected plants. Analysis of variance
(ANOVA) and Duncan’s multiple range test (DMRT) were performed.

Land Equivalent Ratio (LER), Aggressiveness and Actual Yield Loss (AYL) were calculated as follows
(Dhima et al., 2007).

Ysm+ ans
Equation (2) LER= Yss  Yum
sm Yius Yins Yom
Equation (3) A swybean= Y55 X Zem - Ymm xZas A pijer = Ymm % Zus - Yo X Zu,
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Equation (4) AYLsoybean= " Lz AYLnilet= \om
AYL= AYI—soybean+ AY Laitiet
Where Y and Y are the grain yields of intercropped and sole soybean, and Ypns and Y, are the grain
yields of intercropped and sole millet, respectively. Zs,m and Zys are the mixing ratio of soybean and millet,
respectively.

Results and discussion

The results showed that the highest seed yield of 219.8 and 171.9 g.m™ belonged to monoculture of soybean
and monoculture of millet, respectively. Intercropping reduced maximum leaf area index of soybean and millet
but leaf chlorophyll content of soybean and millet were increased. The highest number of pods per plant, number
of seeds per plant of soybean and panicle number per plant of millet were obtained in 50S:50M ratio. Mean soil
respiration rate in intercropping treatments was 4% and 8 % higher than that of monoculture of soybean and
millet, respectively. Tavassoli et al. (2010) in a millet and common bean intercropping system, showed that grain
yields of intercropped millet and common bean were significantly higher than those of millet and common bean
in the corresponding sole cropping.

Intercropping patterns of 50S:50M and 25S:75M were successful in reducing weed plant density and
diversity in comparison with soybean sole cropping.

For all intercropping treatments, land equivalent ratio (LER) was more than one. Maximum value of LER
(2.20) was achieved in 50S:50M intercropping. Soybean and millet intercropping at different levels of
replacement did not have actual yield loss. Calculating the aggressiveness showed that millet was more dominate
than soybean. The maximum relative crowding coefficient of soybean was observed in 75S:25M, however that
of millet was obtained in 25S:75M and 50S:50M intercropping indicating that millet is more competitor than
soybean.

Conclusion

Land utilization indices such as land equivalent ratio, relative crowding coefficient and aggressiveness
indicated that intercropping of soybean and millet in comparison to sole cropping, increased economic usage of
land in different mixed proportions. According to above mentioned indices the best proportion of soybean and
millet intercropping was 50:50. Aggressiveness index of components showed that millet was more dominant
than soybean.

Keywords: Competition index, Diversity index, Land equivalent ratio
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