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Introduction

Intercropping involves cultivating two or more crops together in the same field within a single cropping year.
One common method to supply nitrogen to plants is through the use of chemical fertilizers containing nitrogen.
However, excessive use of nitrogen fertilizers conflicts with the principles of sustainable agriculture. An
alternative approach is to utilize microorganisms capable of nitrogen fixation, such as rhizobial bacteria and non-
symbiotic bacteria (Azospirillum, Herbaspirillum, Azotobacter, etc.). The purpose of this study is to evaluate the
usefulness of intercropping of Guilan bean (Phaseolus vulgaris) landrace and maize (Zea mays) under
inoculation with Rhizobium phaseoli.

Materials and Methods

The present study was conducted in Talesh, Guilan province, as split plots based on the randomized complete
block design with three replications. The main factor was the use of bacteria at two levels (inoculation and non-
inoculation) and the split factor was the ratio of maize-bean intercropping in five levels (monoculture of maize
and bean, 25% bean + 75% maize, 50% bean + 50% maize and 75% bean + 25% maize). Maize and bean seeds
were planted simultaneously on May 22, 2022. Beans were harvested in late August, and maize was harvested in
mid-September. Each gram of inoculant contained 107 bacterial cells. To inoculate with bacteria, the seeds were
first coated with Arabic gum, and then 10 grams of inoculant was added per kilogram of seeds. Planting was
done after half an hour and drying the inoculated seeds in the shade. After measuring seed yield at harvest,
various indices were used to evaluate the effectiveness of intercropping, including the Land Equivalence Ratio
(LER), Relative Crowding Coefficient (RCC), Competition Ratio (CR), Aggressivity, and Relative Value Total
(RVT). The analysis involved variance assessment, mean comparisons, and calculations of intercropping
usefulness indices, all performed using R software.
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Results and Discussion

In bean, the effect of inoculation was significant on plant height, number of pods per plant, number of seeds
per pod, pod length, hundred seed weight, biological yield, seed yield, and harvest index and the effect of
intercropping was significant on plant height, number of pods per plant, number of seeds per pod, biological
yield, seed yield and harvest index and the interaction effects of two factor were significant on plant height,
biological yield and seed yield. In maize, the effect of inoculation was significant on plant height, ear length and
grain yield. The effect of intercropping was significant on plant height, ear length, number of grains in the ear,
grain yield, biological yield and harvest index, and the interaction effects of two factors were significant on ear
length and hundred-grain weightUnder both inoculated and non-inoculated conditions, the Land Equivalence
Ratio (LER) exceeded one across all intercropping ratios, demonstrating the superiority of intercropping over
monoculture in these systems. The highest LER and Relative Crowding Coefficient (RCC) were observed in the
planting ratio of 75% bean + 25% maize under inoculated conditions, indicating that inoculation enhanced the
yield of both species compared to non-inoculated conditions. In the inoculated condition, the Competition Ratio
(CR) was greater than 1 for beans and less than 1 for maize across all intercropping ratios. However, under non-
inoculated conditions, for the ratios of 75% bean + 25% maize and 25% bean + 75% maize, the CR was greater
than 1 for maize and less than 1 for beans. This shift indicates that maize had a lower competitive ability
compared to beans in inoculated conditions within the mixed cropping system. The Aggressivity index for beans
was positive under inoculated conditions across all three intercropping ratios, further supporting its competitive
advantage. The Relative Value Total (RVT), which combines the RVT values of beans and maize, was greater
than 1 in all intercropping ratios, highlighting the economic benefits of mixed cropping compared to
monocropping of either species.

Conclusion
In general, for the sustainable production of crops, the intercropping of bean and maize under inoculation
with rhizobium bacteria can be one of the suitable solutions to reach the optimal yield performance.

Keywords: Biological nitrogen fixation, Growth promoting bacteria, Land Equivalence Ratio, Rhizobial
symbiosis, Sustainable agriculture
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Table 1- Analysis of variance for some of bean traits under Inoculation with bacteria and intercropping ratios
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Table 2- Effect of Inoculation and non-inoculation with bacteria on some of bean traits
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Fig. 1- Number of pods per plants of bean under the difference intercrroping ratio
LSD(5%)=1.81

Dol pae L) () @ il §) b Wlg3 o bl
Al BaSe crm (695 Sy 5590 708 5o b B )95 Cased
«=» L bLs)l s .(Dahmardeh & Keshtegar, 2014)
Ardalani et al., ) l)LSen g Vo)l (oud cuiS > &g glis)|
i Sid (yjg dawlgdn Lbl pB)l &S sl bl (2014
oL5sSh pBl 4 s &lld (135 2 53 syt S JUi] 5 o
il cpd gty ol ioles] plosl 4 dsgi b ol ply csyls
Coalo s g L bl Olus 4 Coje 6 i Sy gl
Comd s S )3 olS (ST o 0 o (23Sl byl cuts
utli o g zudl bl 90y )0 il b belswe cuiS 4

el cnyider (S b gl pae g gl Llpd 9 2 5

s 3l o Lo OVYY g FOINY Lyl poolie b s oy el
Jois) ael Candes Log) o yd YO + )3 1o y> YO boglske S
L el pas 5 el Ll 93 )5 Jble cutS slacuns gls (¥
S elacuns olas > Lag) aisy £lis)) oS sl s 6,55,
P9 gl pae bl b 5l pdie gdli bulyd ) bl g alls
93y o Nlge 6L bl slayles > g il Sl
Slapgess (B b g oS ad) 0a S S o0 Ol 5 b
Gastelum &) 545 0315 Cns (S gitaw dlos 51 4D oS pulats
CuiS G opl > &g i)l iulisl s s (Rocha, 2020



v ul.».m.a) Folods NP Wl (559l 5.»‘.2.& P9 A yuad 4K

o8l ealed )3 g o Fwgd dgue o )3 9 bug) Wdguel
kS 3l b e saled o 4y gl (solail 5, Slos
slajlog o aS cwlosds o il 3 Sas  Lug) 9 &y byl
5 i o 2l b €9 S, il Loy oo S
Latati et al., ) .ol zals (ool olieds Sl55 oo Loy 3,Sas

(2013

SIS S Ll 53 4l 3,Shas 5 Soigae >Slas (it
S i ) gl s Uasl a8 sl canday Log)
L ash oy Slos zols dapivn (3l 53 950005l 22510 2555 bglses
Sy oo byl CusdS (gaiodge (sloasls jl odlitl
i o 40 s s 38 53 L) 3,5k 2l
A S5 L 10 e sty S5 Lol
Alwgdr jo5 i Gl el pol (pl 48700k Hg Cls o

S Gl o 5 Gl gl 53 bglice S liin (gl 53 g Sl 1 2 S elon gl Y g
Table 3- Mean comparison of some of bean traits under the difference intercrroping ratio in Inoculation and Non-inoculation
with bacteria
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Table 5- Effect of Inoculation and Non-inoculation with bacteria on some of maize traits
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Table 6- Mean comparison of some of maize traits under the difference intercrroping ratio
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Table 7- Mean comparison of some of maize traits under the difference intercrroping ratio in Inoculation and Non-
inoculation with bacteria
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