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Introduction

Today, increasing sustainability in agriculture is essential to meet future food needs. In this regard, the
intercropping culture has been considered as a viable and environmentally friendly approach to sustainable
agriculture. Further, the investigation of complementary species relationships in annual cropping systems could
be addressed to achieve sustainability and development. In order to fully understand the inter-specific
interactions between crops, it is crucial to know how to react to neighboring species. The selection of species
with different spatial structures in the intercropping culture pattern can be helpful in this regard. The differences
in crop canopy in intercropping cultivation increase the efficiency of using water, light, and nutrients, as well as
facilitating inter-species competition. Therefore, this study investigated the competition between soybean and
Niger seed on yield and yield components, radiation efficiency, and yield advantage in the intercropping
cultivation system.

Material and Methods

A field experiment was conducted for two years (2018-19) at the Research Farm of Sari Agricultural Science
and Natural Resources University, Iran (33°, 36’ N, 53°, 03’ E with 43 m altitude). The experiment was done
based on a randomized complete block with four replications. The experimental treatment was 75% soybean +
25% Niger, 50% soybean + 50% Niger, 25% soybean+75% Niger based on the replacement method and soybean
monoculture (100:0) and Niger monoculture (0:100). For example, a 25:75 combination included around three
rows consisting of sowing a soybean and one row of Niger, along with vice versa in the 75:25 combinations. The
50:50 combinations also included planting two rows of each studied crop. The seed was sown directly on the 5™
of May with a density of 28 plants per square meter. This study was investigated agronomic traits, radiation use
efficiency, and the impact of competition on intercropping using Hill and Shimumoto models.

Results and Discussion

Based on the results, different planting ratios significantly affected plant height, dry weight, radiation use
efficiency, yield, and yield components of both crops. The highest shoot heights of soybean and Niger, with an
average of 76.3 and 189.7 cm, were related to a planting ratio of 75:25, respectively. Also, the number of pods
per soybean plant and the number of capitule per plant of Niger in intercropping cultivation increased compared
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to monoculture. The reduction in the share of soybean and Niger sowing rows in different intercropping ratios
increased the crop yield components. Also, both crops' shoot’ dry weight increased in different planting ratios
compared to the expected values. The highest percentage of dry shoot weight in soybean and Niger was related
to 25:75 and 75:25 planting ratios, respectively. Besides, during different stages of growth, the radiation use
efficiency of Niger in planting ratio was 50:50 and 25:75 higher than soybean. Also, the radiation use efficiency
in intercropping cultivation was more elevated than in monoculture. Due to the growing trend in its amount
compared to the expected values, the effect of competition on radiation use efficiency during different growth
stages was the type of mutual cooperation. According to the results, soybean (100:0) and Niger monoculture
(0:100) had the highest and lowest grain yield, with an average of 4965.7 and 462.4 kg. ha, respectively.
Among the different intercropping, the combination 75:25 with an average of 4173.73 kg. ha™* had the highest
grain yield. Finally, the average land equivalent ratio in all different intercropping ratios was more than one, and
the planting ratio 50:50 had the highest average yield (LER = 1.28).

Conclusion

Increasing resource utilization efficiency and establishing a mutual co-operation relationship is essential in
improving the usefulness of Soybean and Niger intercropping cultivation compared to monoculture.
Furthermore, the selection of Niger in intercropping systems can be beneficial due to their morphological
features and facilitation of competition.
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Fig. 3- The average final shoot dry weight in different planting ratios of intercrop (niger-soybean respectively) and the

studied years
L5l oo (SE) 5 laibul (gllad aximd lis blis g9, » (53506 bolas
vertical bars on the points are standard error (SE)

oo 3 olS 1y ol (cLsd 3,)g 305 Lgus olS S35 ke & .cdly
U )9 Gpae (ol 55 baw 5 obusys oS ail> 93 (g)ken dlai,
JS8) 92 008 Gty polie Sl pin bgw g obuols olS > 598
295 B LS Al Gl )5 are LB gs90 ol (0
0ALS CuiS 4 Cud balwe cudS X p0 adllas 3y50 LS
Bymo oh)LS Jlude oy by (opo ol 5o sl LS 51 S

d\..)b}.))p culs )10"’))9) VY. 4\1>).a 9 °L:""Ql>91i9“’ 01{5 )y

YONO ¢ 0+:d+ cdlS lacu s o ol olS Llas jo

Sl 0 L obw s olS sy o yais ) Lgw ol & s
= slaasls SaSly o i ola)) ccuwlio (glad sl
OBl s g9-S9e ml g 0ad (0B) (6LAS 3y yies po sl
5 Ll B polie 4y G )5S 30 0l 495 Bpan 2L Gline
o baw oLS 0 Lol .l o bglows cudS” calises slacuus
Ol Uidnngls jSg e i b CllS 1y o) VO d> po

S iy il 8l 0d il dw i polie 4 Cuwd ygb Bpae )



VFo¥ bl « Yo loid 3O alr «(g55bins’ owbcls pgs 4 pits  YOY

5 3LEl Loy g ol loj g Lo &y staly (938 il 5 (YL
4 g (Machado, 2009) cusl oaws jlun a3 o LU
Ay sy lal38l g 593 5l ool )3 SVL (oL sy oo slas
asl> 93 (gl dlaly Sbul b bolie cuiS )5 dalllas )50 lalS
L balswe coiS )3 595 Bpae slokly iuliol .ol ol cogas
(Gou et cowloads (i)55 56 Hlaie plw bwg ps lals
oo al., 2017;Liu et al., 2017; Chimonyo et al., 2018
i ) 1y dsls 90 (g)luen adaly slou] Cldlles 5y il
Arshad et al., Kim et al., 2018) s a5 o ol balswe cuss

(2020;

| —e— 25:75
—o— 50:50
| —v—75:25 **

®

=
o

o
oo

K%

o
o

o
~

NS

o
o

Initial flowering

The fraction of interception PAR of
niger in different intercropping ratio

o
o

101 —e— 25:75
—0— 50:50 -
0.8‘+75:25 *

NS
0.6 1

0.4 1

0.2 1

The fraction of interception PAR of
niger in different intercropping ratio

nitial flowering

0.0

45 60 75 90 120
Day after planting

105

The fraction of interception PAR of

The fraction of interception PAR of

2 o5l VY o YA 5:5lin L YOND 5 0D+ cadlS o
Plo a5 09 WA 5 WAV Ll Jls )0 b iy j9) 40 @ipesie
2 ol oS (Sisn 8 9 (Seiodshiee sl Shy cueal
Uelge 51 ey o0litol 5 ol ol oL 4 45 sl Logloio caiS
hLS il al e duulie aad o bl cuiS ) e
ol )Ll B polie 4 Cunsd bgw 5 olawld olS 99 B pae
biges ol 51 st 43y CiliSee Jolpo (o )3 ol ol ol wae 0l
2l St ()39 sle Gl core B £g9e nl Bl
o bl by cutS calisee slacaus ) olus s olS a8l
slagize 3 9 dile (axe Jelge S ol (LS <uld) x>

= ®

0.8 i *%

p T

oybean in different intercropping ratio

0.4 4
—e— 75:25
021 —0—50:50
—»— 25:75
8 0.0 : : ; , , .
=
E *%
> 10 . B
.g *%k
g 0.8 - NS
o NS
E 0.6 -
c
: T
£ 04 1
S —e— 75:25 ‘ib
= 024 —0—50:50
g —v—25:75
2 0.0 , , , : :
45 60 75 90 105 120
Day after planting

SBJLw 53 5 (Lgw —oluw yld cud yds) bolses CulS iliste (BT 13 Lo g olaw s oL bawgi (8L ,3 493 31 (SamS cpSiloe —€ JSUS
ddUac Q)’O
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Vertical bars on the points and the letters A, B represent the standard error (SE) and studied years, 2018-2019
ns, * and **: not significant, significant at 5% and 1% probability levels, respectively)
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Fig. 5- The effect of niger and soybean crop competition on radiation use efficiency (RUE) in different intercropping ratios
and the studied years
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