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INTRODUCTION 

 

The effective production of any crop was significantly 

impeded by crop weed competition, which was one of 

the primary constraints on productivity. The maize 

productivity in India is significantly lower than that of the 

global average due to a variety of factors, with the inad-

equate management of weeds being the most signifi-

cant (Elhabbak and El-mehy (2023). Weeds are the 

primary factors that reduce the productivity of maize in 

India (Hirwe et al., 2023). The critical period of crop 

weed competition was from the time of sowing until the 

crop was to be maintained in a weed-free environment 

to achieve a higher yield. During the initial 4-6 weeks of 

growth, it is susceptible to competition from weeds 

(Anyoni et al., 2023). In the past, various weed control 

methods have been employed to reduce the impact of 

weed competition on maize, such as using high-

yielding varieties, synthetic fertilizers, and pesticides. 

Nevertheless, the evaluated methods were either ineffi-
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cient and ineffective or not environmentally safe. In or-

der to enhance crop yields, modern agricultural meth-

ods significantly rely on synthetic fertilizers and pesti-

cides to mitigate crop pests (weeds, insects, and dis-

eases) (Namatsheve et al., 2024). 

Even though these agricultural practices have signifi-

cantly increased the yield per unit area, they have also 

led to an increase in the cost of production, the devel-

opment of herbicide resistance in weeds, and a nega-

tive impact on human health and crop ecology, such as 

the loss of biodiversity, water and soil contamination, 

and habitat degradation (Solanki et al., 2023). Weed 

control technology has evolved from manual weeding or 

basic tillage to the more costly chemical control meth-

ods currently in use. Chemicals have emerged as the 

most prevalent approach to weed management in mod-

ern agriculture. Nevertheless, the desire for reduced 

herbicide use on farms has been prompted by the 

emergence of weeds that are more resistant to herbi-

cides and the environmental and economic costs there-

of. Herbicides have been employed extensively by Pun-

jab farmers for the purpose of weed control for an ex-

tended period. Despite the global prohibition of herbi-

cide use, it is not possible to eradicate it immediately. 

The necessity of non-chemical and environmentally 

safe weed management in agro-ecosystems has been 

prompted by the detrimental effects of herbicides on the 

environment (Kaur et al., 2023). One of the environ-

mentally favorable methods is intercropping cereals 

(such as maize, wheat, and rice) with legumes (such as 

mungbean, cowpea, and berseem). To ensure that both 

crop components were in an environment free of 

weeds, it was necessary to implement concentrated 

scientific endeavors for weed management in an inter-

cropping system.  

The productivity of maize was 65 to 90% higher when 

weed control practices were implemented compared to 

unweeded conditions (Sahoo et al., 2024). The major 

maize cultivating Districts in Punjab are Hoshiarpur, 

Roopnagar, Jalandhar, Ludhiana, Patiala, Shaheed Ajit 

Singh Nagar, Shaheed Bhagat Singh Nagar as shown 

in Fig. 1. Maize with wider row spacing could be utilized 

to cultivate short-duration legumes, which would pro-

vide an improved yield and function as a smoother 

crop. The weed management approach that involved 

intercropping in maize and maize-based intercropping 

systems was crucial for achieving high production by 

providing effective and acceptable weed control. More-

over, weed suppression has been noted as one of the 

advantages of intercropping (Bilalis et al., 2010). Inter-

cropping is a cultural method that makes weeds and 

crops more competitive. It can enhance light intercep-

tion in a less competitive crop and may assist in weed 

suppression as part of a long-term weed management 

approach (Ouda and Zohry, 2024). The quantity of light 

captured by the constituent crops in an intercrop sys-

tem is contingent upon the crop geometry and foliage 

development. At reduced maize density, beans ab-

sorbed 50% of the incident light. Intercropping systems 

are documented to utilize more resources, diminishing 

weed proliferation availability. A search for a suitable 

cereal-legume intercropping system in Punjab that in-

corporates appropriate weed management practices 

has become imperative, as weed management was 

previously recognized as a critical factor in the system's 

ability to enhance productivity under Punjab conditions. 

The present work aimed to identify a suitable cereal-

legume intercropping system for Punjab that integrates 

effective weed management practices to enhance over-

all productivity. 

Fig. 1. Representing the maize-growing districts in Punjab 
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MATERIALS AND METHODS 

 

The experiment was conducted at the Agriculture Re-

search Farm located at Lovely Professional University, 

Phagwara. This research location is situated in the 

Northern plain zone, specifically between 31°14'43"N 

latitude and 75°42'00"E at 243m mean sea level, as 

presented in Fig.3. The meteorological data was gath-

ered from the Agromet observatory of the university 

located at 31°14'41"N, 75°42'05"E latitude and longi-

tude during the crop growing season presented in Fig. 

2. In the crop season temperatures was as high as 

38.4o C and as low as 15.3o C. The treatments include 

T1- Sole maize, T2- Sole moong bean, T3- Sole  

soybean, T4 -Maize + moong bean 1:2, T5 -Maize + 

soybean 1:2, T6 -Maize + moong bean 1: 3, T7-Maize + 

soybean 1:3. Maize (Zea mays). Row intercropping 

system followed, the configuration and arrangement as 

shown in Fig. 4. Maize variety (TA 5084), Soybean 

(Him soya) and green gram (SML 668) were sown on 

June 29, 2022, in row according to the treatments. A 

seed rate of 25Kg ha-1 (maize), 30Kg ha-1 (soybean) 

and 15-20Kg ha-1 (green gram) was used. On 3rd Sep 

2022 (Green gram), 25th oct 2022 (Maize) and 22nd Oct 

2022 (Soybean) the crops were harvested. The soil in 

the experimental field had a sandy loamy texture and a 

neutral pH of 7.5. The soil exhibited moderate levels of 

accessible nitrogen (273.6 kg ha-1) and available phos-

phorus (19.14 kg ha-1), whereas potassium levels were 

high (378.6 kg ha-1). 

 

 Weed studies 

A 1 m2 quadrant was used in each plot to randomly 

choose two spots from which the number of weeds was 

counted at 30 and 60 days after planting. The count of 

weeds was given as the number of weeds per square 

meter. The weeds collected at 30 and 60 DAS from 

each plot are gathered and stored in a brown paper 

bag. They are then dried in the sun for two days and 

placed in a hot air oven at a temperature of 70 de-

grees. Finally, dry matter weight was recorded. This 

index is used to determine the effect of intercropping 

on the suppression of weeds compared to sole crop 

stand. 

WSE% =Weed dry weight in sole crop stand plots – 

Weed dry weight in intercropped plots/ Dry matter of 

weeds in sole crop stand X 100                                      (1) 

 

Yield attributes of maize  

 The mean value per plant was determined for each 

experimental unit by recording the number of cobs of 

five tagged plants at harvest. The total number of rows 

cob-1 and the number of grains per row were used to 

estimate the average number of grains cob-1. Five 

plants were randomly chosen, and their cob lengths 

were measured using a centimeter scale. The selected 

cobs were shelled, and the grains from each plot of the 

selected plants were weighed after cleansing. The re-

sulting weight was converted to kg ha-1. 1000 seeds 

were collected from the produce and weighed in 

grams. This was referred to as the test weight. Dry 

matter of the crop was referred to as stover yield after 

the separation of cobs from the plant. The dry weight of 

selected plants from each plot was recorded and con-

verted to per hectare land. The formula provided by 

Donald and Hamblin (1976) was employed to calculate 

the harvest index. 

 

Yield assessment studies 

Land equivalent ratio 

The Land Equivalent Ratio (LER) was computed by 

Caballero et al. ( 1995): 

Fig. 2. Weekly averages of weather data of Kapurthala district, recorded during the experiment 
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               (2) 

Yab = Intercropped yield of crop a ,                                                Yba = Intercropped 

yield of crop b ,  aa = Sole crop yield of crop a, Ybb = 

sole crop yield of crop b. 

 

Area× time equivalent ratio: The ATER calculated 

by formulae (Naveena et al., 2015) 

         (3) 

La and Lb, are relative yields or partial LER of com-

ponent crops a and b, respectively. Da and Db are 

duration of crops a and b, respectively T              is the total du-

ration of the intercropping system. 

 

 Competition Ratio: Competitive ratio (CR) has been 

developed as a way to assess intercrop competition. 

             (4) 

Where, La = LER of Maize, Lb = LER of Black gram/

French bean, Zab = sown proportion of a in mixture with 

b, Zba = sown proportion of a in mixture with b 

 

Monetary Advantage Index (MAI):  MAI was arrived at 

as follows: 

     (5) 

Maize equivalent yield: The yield of individual crops 

was converted into equivalent yield    (q ha-1) based on 

the prevailing market price of the crop. It was calculat-

ed by following formula. 

MEY= Grain yield of maize + (Grain yield of intercrop/

Market price of maize) X Market price of intercrop     (6) 

  

Statistical analysis 

A one-way analysis of variance (ANOVA) and a Dun-

can's multiple range test at the 95% confidence level 

was used to find any significant differences between 

treatments. The LSD test was employed as a post-hoc 

analysis to determine whether the means differed sig-

nificantly. SPSS version 22.0 software program was 

used for all statistical studies. The relationship between 

the weed density and weed smothering efficiency was 

examined using a linear regression equation. 

 

RESULTS AND DISCUSSION  

 

Effect of intercropping on yield and yield attributes 

of maize 

Cobs determine the yield of a crop and its growth. Cobs 

plant-1 was recorded highest (1.83) in maize+ mung 

bean (1:3) followed by maize+ soybean (1:3). Lowest 

number of cobs (1.17) was recorded in sole maize. Ni-

trogen fixation in association with legumes plays an im-

portant role in the metabolic activity of maize plants, 

which causes an increase in the number of cobs in inter-

crop combination. The results were similar to the find-

ings of Manasa et al., 2020 in Maize-Legume intercrop-

ping system with 2:2 maize and black gram. The great-

er diameter of the cob indicated more the number of 

rows cob-1. Maximum number of rows cob-1 (17.6) was 

recorded in maize+ moong bean 1:3 followed by 

Maize+ Soybean (1:2). The least number of rows (14.3) 

were recorded with Sole maize. This might be due to an 

increase in the length and girth of stem and an improve-

ment in productivity due to the synergistic effect of 

maize with moong bean association. The results con-

formed with the findings of (Hetta et al.,2023), who 

Fig. 3. Agronomy research trial of Lovely Professional University, Phagwara location with coordinates  
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found that vegetable crops (cowpea, French bean, cori-

ander) intercropped with maize reduced the weed den-

sity and dry weight accumulation by weeds, which re-

sulted in higher maize equivalent yield. A greater num-

ber of grains cob -1(484.3) were noticed in Maize+ Mung 

bean (1:3) and Maize+ Soybean (1:3) followed by 

Maize+ Soybean (1:2). The lowest number of grains 

cob-1 (458) were recorded with Sole maize.  

The greater number of grains cob-1 recorded in inter-

crop combination  might be due to different growth stages 

of crop and different timings of utilizations of resources 

from different soil layers. The results conformed with 

the findings of Kaur et al.,2023) for fodder maize 

+cowpea intercropping with 1:2 proportion. The decid-

ing factor in determining whether one treatment is more 

appropriate than another is yield. Grain yield obtained 

at harvest was converted to kg ha-1 and the results are 

presented in Table 1. The maximum grain yield (5882.0 

kg ha-1) was recorded with Maize+ Mung bean (1:3). 

The second highest grain yield was recorded in (5794.0 

kg ha-1) followed by Maize+ Mung bean (1:2) and 

Maize+ Soybean (1:2) that were non-significant among 

themselves. Lowest grain yield was recorded in Sole 

maize (5611.0 kg ha-1). The higher yield in the inter-

cropping system compared to sole crop was due to bet-

ter resource use efficiency and the synergistic effect of 

maize in association with moong bean in high density 

paired row pattern is greater. The results were in con-

formity with Manasa et al.,2020, Maitra et al., 2020 

where sole maize does not show any significant varia-

tion with intercropping maize+ groundnut 2:1 that were 

statistically at par.  

Stover yield was influenced by the different intercropping 

and mono cropping patterns. Maximum stover yield 

(7519.0 kg ha-1) was obtained in maize+ moong bean 

(1:3) intercropping system followed by Maize+  

Soybean (1:3) and Maize+ Moong bean (1:2). The low-

est stover yield (7155.6kg ha-1) was observed in Sole 

maize. This might be due to less weed infestation and 

minimal pest and insect attack in intercrop combination 

attributed to increased plant biomass and  

nutrient uptake. The results are in corroborate the  

findings of Panda et al., 2022 in rabi maize leg-

ume  intercropping system with 2:2 of maize-chick pea 

intercropping. Highest test weight (386.5 gm) was ob-

served in Maize+ Mung bean (1:3) and showed a non-

significant effect with Maize+ Soybean (1:3). The low-

est test weight (320.9g) was recorded in Sole maize. 

The highest test weight in Maize + Moong bean (1:2) 

indicates the greater utilization of available nutrients in 

legume intercropping than sole maize. The results were 

similar with the findings of Sahoo et al.,2023 who re-

vealed that competitive and complimentary relation-

ships influenced yield attributes where devoid of com-

petition resulted in higher values and complementarity 

was recorded in some treatments probably because of 

the proportion of crop species and their planting geom-

etry. 

 

Effect of intercropping of maize with legumes on 

weeds 

Weeds cause damage to crops by about 50%; though 

there are many chemical methods to control weeds, 

they cause adverse effects on the environment and are 

expensive to reduce these impacts. Intercropping plays 

a major role in reducing weed density. Weeds interfere 

with crops for resources such as sunlight, water, and 

nutrients, and they also have an allelopathy effect on 

Fig. 4. Representing row configuration and crop combinations in maize-legume intercropping and productivity of maize 

legume intercropping over sole cropping 
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the main crop. Different intercropping patterns sup-

press weeds more effectively than mono-cropping and 

reduce the frequency of weeding. At the experimental 

site, the weed flora consisted of grasses, sedges, and 

broad leaves. The major weed species were: Grasses: 

Cynodon dactylon (Bermuda grass), Digitaria sangui-

nalis (Crab grass), Dactyloctenium aegyptium (Crow 

foot). Sedges: Cyperus rotundus (Nut grass), Cyperus 

difformis (Dila motha). Broad leaves: Trianthema protu-

lacastrum (Giant pigweed), Eclipta alba (False daisy). 

The results were similar to the findings of Berdjour et 

al. (2020; Ananthi et al. (2017). 

 

Effect of intercropping on weed density of grasses 

(no. m-2): The density of grassy weeds at the experi-

mental site in different plots was recorded at 30 and 60 

DAS. The data recorded at 30DAS showed that the 

lowest weed density was observed in Sole moong 

bean, Sole soybean (3.27, 3.44) m-2 and were non-

significant among themselves. Second lowest weed 

density (3.76, 3.91) m-2 was recorded in maize+ moong 

bean (1:3) and maize+ soybean (1:3). Highest weed 

density (4.93 m-2) was recorded with Sole maize as 

indicated in Table 2. At 60 DAS, the weed density grad-

ually decreased. The lowest weed density (3.38,3.71 m-

2) was noticed in Maize+ Moong bean (1:3), and 

Maize+ Soybean (1:3). Highest weed density was ob-

served in Sole maize (6.61 m-2). The results were simi-

lar to the findings of Abbas et al.  2021 who reported 

that maize-gram intercropping systems significantly 

reduced weed density compared to Sole maize in sin-

gle rows (60 cm apart) and double rows (90 cm apart). 

 

Effect of intercropping on weed density of sedges 

(no. m-2) 

The data related to the weed density of sedges was 

recorded at 30 DAS and 60 DAS. At 30 DAS, a mini-

mum number of sedges (2.81m-2) was observed in 

Maize+ Moong bean (1:3). Second least density of 

sedges (3.21m-2) was observed in Maize+ Soybean 

(1:3) and Sole soybean. Maximum number of sedges 

was recorded in Sole maize (4.7m-2). Sole maize rec-

orded more sedges might be due to less plant competi-

tion for soil-derived growth resources, such as moisture 

and nutrients, as well as for environmental resources 

(light and CO2), compared to intercropping systems. At 

60, DAS Maize+ Moong bean (1:3) recorded minimum 

weed density (2.94m-2). The second lowest weed den-

sity was recorded with Maize+ Soybean (1:3), followed 

by Sole soybean, which was statistically at par with 

sole moong bean. Maximum weed density (5.6m-2) was 

recorded in Sole maize. The highest percent reduction 

was observed in Maize+ Moong bean (1:3) followed by 

Maize+ Soybean (1:3). Additionally, intercropping cere-

als with spreading varieties of legumes (black gram, 

green gram etc.) continued to be successful in reducing 

weed incidence through weed-seed bank in the upper 

soil strata. The results conformed with the findings of 

Naderi et al.,2022 found that the intercropping of maize 

and soybean decreased weed density compared to the 

maize sole cropping system. The soybean plants may 

have had this effect by reducing the number of niches 

available for weed growth. This outcome supports past 

research on the impact of intercropping systems on 

weed control. 

 

Effect of intercropping on weed density of broad 

leaves (no.m-2) 

The weed density of broad leaf data was recorded at 

30 DAS and 60 DAS. At 30 DAS, Maize+ Moong bean 

(1:3) recorded the lowest weed density (3.04m-2), and 

the second lowest broad leaves (3.07 m-2) were noticed 

with Maize+ Soybean (1:3) followed by Sole moong 

bean and Sole soybean. The highest weed density was 

noticed in Sole maize (4.50 m-2). At 60DAS, the lowest 

weed density (5.36) was observed in Maize+ Moong 

bean (1:3) and Maize+ Soybean (1:3) that were non-

significant among themselves, which was followed by 

Sole moong bean, Sole soybean. The highest weed 

density was recorded in Sole maize (5.36 m-2). Thus, 

Intercrops perform better than sole crops in terms of 

weed management by increasing crop yields while re-

ducing weed development by appropriating weeds' re-

sources and inhibiting weed growth through allelopathy. 

The results were similar to the findings of Lebreton et 

al. (2024). The density was significantly reduced by 

intercropping of legumes with maize in a row ratio of 

1:2 compared to legume intercropping with a 2:2 row 

proportion. 

 

Effect of intercropping on total weed density  

(no.m-2). 

The different species of weeds were collected at the 

experimental site and data was recorded at intervals of 

30DAS and 60DAS. At 30DAS, minimum weed density 

(6.24 m-2) was observed in maize+ moong bean (1:3), 

second lowest weed density was observed in Maize+ 

Soybean (1:3) followed by Sole moong bean, and Sole 

soybean that failed to cause significant increase among 

themselves. Minimum weed density was recorded in 

Sole maize (9.08m-2) followed by Maize+  

Soybean (1:3) and Maize+ Soybean (1:2). This might 

be due to less space available in the cereal-legumes 

intercropping system. The effect of companion crops' 

closely spaced row strips on weed suppression was 

amplified. At 60 DAS, the least density (5.73 m-2) of all 

species at the experimental site was recorded in 

maize+ moong bean (1:3) and Maize+ Soybean (1:3). 

Highest weed density was observed in sole maize (18.2  

m-2). The results showed at 60 DAS, the percent reduc-

tion of weeds over Sole was greatly increased. This 

shows that with the increase in crop duration, the de-
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creased weed density might be due to resource compe-

tition. The results were similar to the findings of Naher 

et al.  (2020) and Abbas et al. (2021), who reported a 

40% decrease in weed infestation when planting field 

beans in narrow rows compared with wide rows. Com-

pared to the sole maize and soybean crops, the maize–

soybean intercrop may substantially decrease the num-

ber of grass, broadleaf, and sedge species. This could 

be attributed to the decrease in the number of niches 

accessible for weed species growth under the inter-

cropping system. 

 

Effect of intercropping of maize with legumes on 

weed biomass of grasses (no.m-2) 

The weeds, namely Dactyloctenium aegyptium (crow 

foot) and Cynodon dactylon (scutch grass) were col-

lected at 30 DAS and 60 DAS to record their dry 

weight. The lowest weed biomass was recorded with 

Sole soybean (2.1 gm-2) and Sole moong bean (2.10gm
-2), as represented in Table 3. The second lowest weed 

biomass was observed with Maize+ Mung bean (1:3) 

followed by Maize+ Soybean (1:3). Sole maize record-

ed the highest dry weight (3.53gm-2). The data studied 

under 60 days revealed that the lowest weed biomass 

(2.5gm-2) was noticed in Maize+ Mung bean (1:3). Sec-

ond lowest weed biomass was recorded in Maize+ Soy-

bean (1:3). Highest weed biomass was recorded in 

Sole maize (4.08 gm-2). Intercropped legumes compete 

fiercely with weeds for essential resources, including 

space, light, nutrients, and moisture, which may cause 

interference in intercropping systems. The results were 

similarly corroborated with the findings of Ananthi et al., 

2017 and Lebreton et al., 2024 that intercropping maize 

with legumes had a higher weed biomass relative to the 

sole crops of the legumes. In contrast with this result, 

Bedoussac et al., 2015 reported higher weed biomass 

in a sole legume crop relative to the intercrop of wheat–

faba bean and barley–faba bean intercropping. The 

increase in weed biomass with increasing soybean in-

tra-spacing could also be attributed to reduced soybean 

plants per unit area. 

 

Effect of intercropping on weed biomass of sedges 

(no.m-2) 

The weed biomass of Cyperus rotundus (Nut grass) 

sedges and C. difformis (Dila motha) was recorded at 

30 DAS and 60DAS. Maize+ Mung bean (1:3) recorded 

the lowest weed biomass and was statistically at par 

with Maize+ Soybean (1:3). Highest weed biomass of 

sedges was observed in Sole maize (3.42gm-2). At 

60DAS, maize+ mung bean (1:3) recorded the lowest 

weed biomass, which was statistically at par with 

maize+ soybean bean (1:3), followed by sole soybean 

bean (2.1). The highest weed biomass recorded in Sole 

maize (3.16gm-2) increase in the weed density is the 

reason to highest dry weight in sole maize. The results T
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were similar with the findings of Wienberg and Gerowitt 

(2024) and Gazoulis et al., 2022 who reported that the 

intercropping system's lower weed species indices in 

comparison to the sole maize cropping system may be 

attributed to the plant architecture differences, which 

result in a higher plant density per unit area in the  

latter. 

 

Effect of intercropping on weed biomass of broad 

leaves (no.m-2) 

The weed biomass of broad leaves Trianthema protu-

lacastrum (Giant pigweed), Eclipta alba (false daisy) 

Amaranthus viridis (pig weed) was recorded at 30 DAS 

and 60 DAS. At 30DAS, the lowest weed biomass was 

noticed in Maize+ Mung bean (1:3) and Maize+  

Soybean (1:3). Sole moong bean recorded the second 

lowest (3.29 gm-2) weed biomass followed by Maize+ 

Soybean (1:2). Maximum dry weight (4.05 g m-2) was 

recorded in the sole crop of maize (4.05 gm-2). At 60, 

DAS Maize+ Soybean (1:3) recorded the lowest weed 

biomass and it was non-significant with Maize+ Mung 

bean (1:3). Highest weed biomass recorded with Sole 

maize (4.5 gm-2). As, the intercrops show greater effi-

ciency in converting available resources to productivity 

they become less available to weeds, decreasing their 

biomass. Broad leaf weeds were more tolerant to 

shade effect in intercrop and thus increase their num-

ber than grasses and sedges. The results conform with 

the findings of Berdjour et al. (2020); Sharma and 

Rayamajhi (2022), who suggest that intercropping early 

maize maturity type with soybean at 10 cm intra spac-

ing could be used to increase grain yield, LER and con-

trol of grass and broadleaf weeds in a maize-based 

cropping system in the Guinea savanna zones of West 

Africa. 

 

Effect of intercropping on total weed biomass 

(no.m-2) 

The weeds from different species were collected at the 

experimental site and weighed at intervals of 30DAS 

and 60DAS. At 30DAS, the total weed biomass was 

minimum in (3.89gm-2) in Maize+ mung bean (1:3). 

Second lowest weed biomass was recorded in Maize+ 

Mung bean (1:2), Maize+ Soybean (1:2). Maximum 

biomass was recorded in sole maize (6.01gm-2). At 

60DAS, least weed biomass was recorded in Maize+ 

Mung bean (1:3) and Maize+ Soybean (1:3). Highest 

weed biomass was recorded in sole maize (36.1gm-2). 

Additionally, it has been suggested that the shade ef-

fects produced by intercrops' (green and black gram's) 

canopies negatively influence weed germination, 

growth, and biomass production and caused the fresh 

and dry weights of the weed flora to decrease. The re-

sult was similar to Berdjour et al., 2020 and Falade et 

al., 2023 who reported that maize intercropping re-

duced weed density and biomass. 

Effect of intercropping on weed smothering  

efficiency (%) 

Weed smothering efficiency is an index that measures 

the reduction in weed density, weed biomass between 

Sole and different intercropped pulses. Weed smother-

ing efficiency was highest (68.7%) in Maize+ mung 

bean (1:3) and was followed by Maize+ Soybean (1:3). 

Second highest weed smothering efficiency (55.1%) 

was noticed in Sole soybean, as represented in Table 

3. Lowest weed smothering efficiency (40.02, 44.7%) 

was observed in Maize+ Soybean (1:2) and Maize+ 

Mung bean (1:2). Different planting patterns in inter-

cropping system attributed to high coverage of land that 

suppress the weed emergence and the growth. Maxi-

mum weed smothering efficiency was noticed in 

Maize+ Moong bean (1:3) intercropping compared to all 

other intercrops and mono-cropping as it might be due 

to heavy competition between the main crop and inter-

crop during vegetative growth that results in suppress-

ing the weeds. The regression equation is expressed in 

Fig. 5. The results conform to the findings of Pierre et 

al., 2022, who reported that cereals with legume inter-

cropping suppress the weed population. 

 

Intercropping efficiency and yield assessment 

Land equivalent ratio (LER) 

 The impact of intercropping on land use efficiency was 

assessed using the land equivalent ratio (LER). From 

the results obtained, LER was significantly higher 

(1.99) in intercropping maize with moong bean (Maize+ 

moong bean 1:3) and it was followed by Maize+  

soybean (1:3) with 1.87 LER, other intercropping com-

binations were also close to higher value. This might be 

due to higher yield noticed in maize+ green gram (1:3) 

intercropping system. Lowest LER was observed in 

pure stand crops sole maize, sole mung bean, and 

Sole soybean with (1.0), as represented in Table 4. 

This indicates more land is required for Sole crops to 

produce equivalent yield to intercrops. The regression 

equation is represented in Fig.6.Land use efficiency 

was good in intercrops compared to mono-cropping. 

LER >1 shows the benefits of intercropping and when 

grown in pure stand. The results conformed with the 

findings of Manasa et al., 2020 who reported that the 

highest average combined land equivalent ratio (LER) 

of maize and legume was obtained with maize (PR) + 

chickpea (2:2) and it was closely followed by maize 

(PR) + field pea (2:2), maize (UR) + chickpea (1:1) and 

maize (UR) + field pea (1:1). 

 

Maize equivalent yield (MEY) 

MEY is a metric that compares the yield of different 

intercrops and sole crops based on market prices. The 

intercropping system of maize and soybean (1:3) exhib-

ited a significantly higher maize equivalent yield (MEY) 

of 11.34 t ha-1, indicating a substantial increase com-
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pared to other intercropping systems. The second 

greatest MEY of 10.38t ha-1 was reported in the Maize+ 

Soybean (1:2) cropping system. Subsequently, Maize+ 

Mung bean (1:3) and Maize+ Mung bean (1:2) were 

observed in close succession. The lowest MEY of 5.88 

tons per hectare was recorded in plots where only 

maize was grown. The assessment of maize equivalent 

yield in different treatments demonstrated that inter-

cropping maize with legumes resulted in significantly 

greater yields of both kernels and stover. This phenom-

enon can be ascribed to the increased productivity 

achieved through the combination of legume and cereal 

crops and the additional yield produced from intercrop-

ping, in contrast to the exclusive cultivation of maize. 

Moreover, the market price of maize and intercrops 

impacted the equivalent yield. Enhanced growth and 

yield attributes had a notable effect on the production of 

maize and intercrops. The results were consistent with 

the findings of Bekele et al., 2021. The findings are 

consistent with the results reported by Villegas-

Fernández et al., 2024, which similarly indicated that 

intercropping with maize yielded positive outcomes. 

 

Monetary advantage (MA) 

 Different intercropping techniques exhibited different 

monetary advantages. Intercropping is advantageous 

since it not only leads to higher crop yield compared to 

growing a single crop, but also results in increased re-

turns per unit area and greater financial benefits. The 

Maize+ Mung bean (1:3) combination yielded a higher 

monetary gain of ₹4800.80. The second greatest mon-

etary advantage (₹4143.51) was observed in the 

Maize+ moong bean (1:2) combination, closely followed 

by Maize+ soybean (1:3) and Maize+ Soybean (1:2). 

The findings mentioned above suggest that a greater 

density of plants and minimal spacing result in the effi-

cient exploitation of resources and available nutrients. 

Additionally, the data demonstrates that intercrop pro-

duction costs are lower than solo cropping due to de-

creased labor needed for weeding. The findings, as 

published by Kutamahufa et al. (2022) and Atumo 

(2022), indicate that maize-based legume intercropping 

with a row proportion of 1:3 ratio resulted in significant 

monetary gains. The results conform with earlier stud-

ies (Manasa et al., 2020), which reported that the high-

Treatment 
Land equiva-

lent ratio 

Maize equiva-

lent yield 

(t ha-1) 

Monetary ad-

vantage index 

Area Time 

Equivalent 

ratio 

Competition 

ratio 

T1-Sole maize 1.0 ± 0.00 5.88e ± 5.715 -- 
1.0±0.00 

  

1.00± 0.000 

  
T2-Sole moong bean 1.0± 0.00 -- -- 1.0±0.00 1.00±0.000 
T3-Sole soya bean 1.0 ± 0.00 --   -- 1.0±0.00 1.00±0.000 

T4-Maize+Mung bean (1:2) 1.75c ± 0.00 9.09d ± 17.240 
4143.51b±18.491 
  

1.45b±0.00 1.02b±0.002 

T5-Maize+ Soybean (1:2) 1.72d± 0.006 10.38b ± 25.409 2609.95d±12.608 1.68b±0.04 1.00±0.001 

T6-Maize+ Mung bean (1:3) 1.99a ± 0.013 10.17c ± 39.139 4800.80a±32.427 1.60c±0.01 1.02a±0.003 

T7-Maize+ Soybean (1:3) 1.87b ± 0.011 11.34a ± 28.323 2910.25c±23.595 1.78a±0.01 1.00±0.001 

Table 4. Effect of maize with legumes intercropping on intercropping efficiency on competitive ability 

Fig. 5. Determination of the linear regression of total weed density with weed smothering efficiency % (P ≤ 0.05, N=7, 

R2=0.4685, y= 8.5583-11.658), R2 = 0.6474, y= 1.0417x-4.6806) 
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est monetary advantage was recorded with maize + 

chickpea (2:2), followed by maize + chickpea (1:1). 

 

Area time equivalent ratio (ATER) 

The optimal utilization of area and time between inter-

cropping and growing a single crop showed an ATER 

value greater than one (>1) was discovered in inter-

crops, while a value equal to 1 was reported in sloe 

crops. Out of all the intercropping treatments, the 

Maize+ soybean (1:3) combination had the highest 

ATER (1.79), with the Maize+ Soybean (1:2) combina-

tion coming in second place. The single crops in the 

cropping system exhibited no significant variance and 

had a value of one. The results were consistent with 

the findings of Mohammadkhani et al., 2023, who de-

termined that intercropping had a higher yield ad-

vantage than mono-cropping. Panda et al., 2022 sup-

ported such results and suggested that Maize (PR) + 

field pea (2:3) had the highest ATER value (1.53), 

which was closely followed by maize (UR) + chickpea 

(1:2) (1.49), indicating that they used the land and  

time most efficiently than other intercropping systems. 

 

Competition ratio (CR) 

The competition ratio between sole crop and intercrop 

of legumes and maize was 1:1. The competition ratio 

was much greater in the Maize+ Mung bean (1:3) treat-

ment compared to the other treatments. It was closely 

followed by the Maize+ moong bean (1:2) treatment. 

The remaining treatments did not show any significant 

differences among themselves. This statement indicat-

ed a reasonable and equitable competition between the 

intercrop and sole crop. The results were consistent 

with the findings of Panda et al., 2022 who reported 

that among the legumes, the lower values were noted 

with maize when intercropped with legumes with a 2:2 

ratio and it indicated that 2:2 proportions created a  

balanced competition in maize-legume intercropping 

system. The results clearly showed the complementary 

and competitive relationship among crops in the  

mixed stands, probably because of the adopted  

row proportion and planting geometry (Manasa et al., 

2020). 

 

Conclusion 

 

The research indicates that intercropping systems, spe-

cifically maize paired with mung bean in a 1:3 ratio, 

markedly enhanced maize yield and its attributes, weed 

management, and overall resource utilization efficiency 

compared to sole maize cultivation. This intercropping 

system achieved the highest metrics: cobs per plant 

(1.83), cob rows (17.6), grains per cob (484.3), grain 

yield (5882.0 kg/ha), stover yield (7519.0 kg/ha), and 

test weight (386.5 g). Augmented nitrogen fixation and 

synergistic relationships between maize and legumes 

facilitated these enhancements. Regarding weed dy-

namics, the maize+ mung bean (1:3) combination effi-

ciently reduced weed density and biomass, attaining 

the maximum weed suppression efficacy (68.7%) due 

to the denser intercrop canopy. Moreover, the inter-

cropping system exhibited enhanced land-use efficien-

cy, achieving the highest land equivalent ratio (1.99), 

an elevated maize equivalent yield (11.34 t/ha), and 

notable economic advantages through augmented 

yields and diminished weed management expenses. 

These findings highlight the potential of intercropping 

as a sustainable method to enhance productivity and 

profitability while reducing weed pressure in maize cul-

tivation systems. 

Fig. 6. Determination of the linear regression of area time equivalent ratio with competition ratio (P ≤ 0.05, N=7, 

R2=0.6474, y= 1.045x-74.829), (R2 = 0.843, y= 1.930x-1.7863) 
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