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Abstract 
Field experiment was conducted at Annamalai University Experimental Farm, Department of Agronomy, 

Annamalai Nagar to find out practically sustainable maize based intercropping system for aberrant 

rainfall condition during Kharif, 2014 (June to September). The treatments included in the investigation 

were maize alone (T1), maize + redgram under additive row system (T2), maize + greengram under 

additive row system (T3), maize + sunflower under additive row system (T4), maize + sesame under 

additive row system (T5), maize + castor under additive row system (T6), maize + redgram under paired 

row system (T7), maize + greengram under paired row system (T8), maize + sunflower under paired row 

system (T9), maize + sesame under paired row system (T10) and maize + castor under paired row system 

(T11). The present study clearly revealed that higher growth parameters (plant height, LAI and DMP) of 

maize were noticed under intercropping of greengram with maize under paired row system (T8). 

Intercropping system favorably influenced the yield of maize and the highest maize grain yield of 6048 

kg ha-1 was recorded with maize + greengram paired row system (T8) and it was on par with maize + 

greengram in additive row system (T3) and maize alone (T1). 
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Introduction 
India is an agricultural based country where more than 70 per cent of the people are dependent 

for their livelihood. Increasing temperature and declining precipitation are significantly 

reducing crop yields in many parts of India. Ensuring food security under changing climate is 

one of the major challenges of 21st century. Climate smart agriculture (CSA) tackles the food 

insecurity and climate change together rather than in isolation. Uncertainties of production and 

low yields per unit area are twin problems of rainfed agriculture due to unpredictable nature of 

rainfall and aberrant weather situations like delayed onset and early withdrawal of monsoon 

during the cropping season. There is still room to increase the productivity in rainfed area by 

employing the most appropriate agronomic practice and better resource management 

techniques (Rashid Saleem et al. 2006) [7]. Productivity of the systems can be enhanced by 

optimizing crop geometry, judicious selection of intercrops. Cropping system involving 

legumes, oilseeds and cereals together in the same field offers the possibility of yield 

advantages for both component crops (Ogutu et al. 2012) [6]. Maize is a tall growing, wide 

spaced crop which can accommodate short duration statured crops under rainfed condition 

(Vandermeer et al. 2011) [10]. Marc Corbeels et al. (2009) [4] also revealed that maize + legume 

intercropping combined with reduced tillage significantly reduced the risk of crop failure, 

improved productivity per unit area and ensured food security in vulnerable production 

systems. Shah et al. (2011) [8] noticed that intercropping of greengram with maize recorded 

significantly the highest maize equivalent yield followed by maize + soybean intercropping 

system than sole maize. In this context, the present investigation would pave way to improve 

the productivity of maize in order to get higher profitability by the small and marginal farming 

communities under aberrant rainfall condition.  

 

Materials and Methods 

Field experiment was conducted at Annamalai University Experimental Farm, Department of 

Agronomy, Annamalai Nagar during kharif season in 2016. The experimental field is 

geographically located at 11024’N latitude and 79041’E longitude with an altitude of +5.79 

meters above the Mean Sea Level in the southern part of India and 15 km away from the Bay 

of Bengal coast. The weather of Annamalainagar is moderately warm with hot summer 

months. The crop received a total rainfall of 272 mm distributed over 18 rainy days. The 

weekly maximum temperature ranged from 32.6 to 36.5 oC with a mean of 34.6 oC. The 

weekly minimum temperature ranged from 24.0 to 26.3 oC with a mean of 24.9 oC. The 

relative humidity ranged from 78 to 85 per cent with a mean of 82 per cent.
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The soil of the experimental field is clay loam in texture with 

low in available nitrogen (234.6 kg ha-1), medium in available 

phosphorous (15.03 kg ha-1) and high in available potassium 

(305.7 kg ha-1). The experiments were laid out in Randomized 

Block Design (RBD) and replicated thrice. The treatments 

included in the investigation were maize alone (T1), maize + 

redgram under additive row system (T2), maize + greengram 

under additive row system (T3), maize + sunflower under 

additive row system (T44), maize + sesame under additive 

row system (T5), maize + castor under additive row system 

(T6), maize + redgram under paired row system (T7), maize + 

greengram under paired row system (T8), maize + sunflower 

under paired row system (T9), maize + sesame under paired 

row system (T10) and maize + castor under paired row system 

(T11).  

The maize seeds were dibbled in each treatment plot by 

adopting a plant to plant spacing of 20 cm under additive and 

paired row series. The respective intercrops were also seeded 

simultaneously the spaces between the maize strips on the 

same day using their recommended seed rate, spacing and 

sowing depth. As per the treatment, one row of intercrops 

were sown in between maize row (60 cm) under additive 

series and two rows of intercrops of redgram, sunflower and 

castor and three rows of greengram and sesame were sown in 

between maize pairs of 75cm (45×75×20cm) under paired 

row intercropping systems. Five representative plants of 

maize and every component crop in all the treatment plots 

were selected at random, tagged and used for periodical 

recording of growth characters and yield attributes and yield 

of the respective crops.  

Results and Discussion 

Growth Characters of Maize 

The growth characters of maize such as plant height and dry 

matter production (DMP) are varied significantly under 

diverse maize based intercropping system under different 

spatial arrangements (Table 1). Among, the different 

intercropping and spatial arrangement practiced, the 

maximum plant height of 196.13 cm were recorded in maize 

+ greengram paired row system (T8). This was statistically on 

par with maize + greengram additive row system (T3) and 

maize alone (T1). The least plant height of 159.11 cm was 

registered in maize + castor additive row system (T6). Higher 

growth characters in maize in intercropping greengram with 

maize was attributed to the complementary effect offered by 

greengram for effective utilization of the available natural 

resources viz., water, nutrients and light and space. These 

results are in corroborate with the findings of Mishra et al. 

(1997) [5] and Ibrahim Hamza (2008) [3]. 

The highest dry matter production of 15158 kg ha-1 was 

registered in maize + greengram under paired row system 

(T8). This was statistically on par with maize + greengram 

additive row system (T3) and maize alone (T1). The lowest 

DMP of 11339 kg ha-1 was registered in maize + castor 

additive row system (T6). This may be attributed to the 

beneficial effects of legumes as associated crops. Probably 

greengram and redgram exerted least competition and 

contributed to the N requirement of the base crop through 

symbiotic fixation N. Further, intercropping greengram with 

maize recorded significantly higher leaf area plant-1 which 

was mainly due to better growth and development of maize 

due to early harvest of greengram providing ample scope for 

better utilization of spatial and temporal resources including 

soil nutrients which resulted in increased DMP. These results 

are in line with the findings of Kamanga et al. (2010) and 

Duraisami and Mani (2000) [1]. 

 
Table 1: Effect of intercropping and spatial arrangement on the plant height (cm) and dry matter production (kg ha-1) of maize 

 

Treatments Plant height (cm) Dry matter production (DMP) (kg ha-1) 

T1-Maize alone 192.13 14752 

T2-Maize+Redgram (AR) 177.71 13289 

T3-Maize+Greengram (AR) 193.63 14935 

T4-Maize+sunflower (AR) 167.71 11774 

T5-Maize+Sesame (AR) 176.14 13002 

T6-Maize+Castor (AR) 159.11 11339 

T7-Maize+Redgram (PR) 185.88 13915 

T8-Maize+Greengram (PR) 196.13 15158 

T9-Maize+Sunflower (PR) 174.26 12761 

T10-Maize+sesame (PR) 183.63 13848 

T11-Maize+Castor (PR) 165.34 11339 

S.Ed 2.64 331.6 

CD (P=0.05) 5.76 723 

AR - additive row 

PR - Paired row 

 

Yields attributes and yield of maize  

Number of grains cob-1, grain yield and stover yield were 

varied significantly due to different maize based intercropping 

system under different spatial arrangement (Table 2). Maize + 

greengram under paired row system (T8) recorded 

significantly higher number of grains cob-1 (574.56) which 

was followed by maize + greengram additive row system (T3) 

and maize alone (T1) were on par with each other. This may 

be due to complementary effect of greengram that favored 

source-sink relationship in maize to produce higher grain 

yield. This is in accordance with the findings of Egbe and 

Adeyemo (2010) [2] who also reported that intercropping of 

legume with maize substantially increased the yield 

components and yield of maize 

Among, the different intercropping and spatial arrangement 

tried, the maximum grain yield of 6048 kg ha-1 and stover 

yield of 10967 kg ha-1 were registered in maize + greengram 

under paired row system (T8). This was statistically on par 

with maize + greengram additive row system (T3) and maize 

alone (T1). The least grain and stover yield were found in 

maize + castor additive row system (T6). This could be due to 

complementary effect of greengram that favored source-sink 

relationship in maize to produce higher grain yield. Legume 

intercropping increased the yield of maize by increasing NO3 
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and NH4 concentrations and populations of beneficial active 

bacteria in the maize rhizosphere (Waddington et al., 2007 

and Surve et al. 2011) [11, 9]. 

 
Table 2: Effect of intercropping and spatial arrangement on the yield attributes and yield of maize 

 

Treatments Number of grains cob-1 
Yield (Kg ha-1) 

Grain Stover 

T1-Maize alone 535.46 5447 10755 

T2-Maize + Redgram (AR) 418.40 4635 8663 

T3-Maize + Greengram (AR) 550.84 5924 10820 

T4-Maize + sunflower (AR) 363.39 3714 7284 

T5-Maize + Sesame (AR) 405.51 4512 8453 

T6-Maize + Castor (AR) 297.61 3016 6011 

T7-Maize + Redgram (PR) 482.31 5211 9710 

T8-Maize + Greengram (PR) 574.56 6048 10967 

T9-Maize + Sunflower (PR) 388.51 4257 8110 

T10-Maize + sesame (PR) 457.15 5147 9638 

T11-Maize + Castor (PR) 346.24 3642 7149 

S.Ed 14.8 191.70 296.70 

CD (P=0.05) 32.12 412.00 647.00 

AR - additive row 

PR - Paired row 

 

Economics  

Among the intercropping system and spatial arrangements 

intercropping of greengram with maize under paired row 

system (T8) registered maximum gross return of Rs 78624 ha-

1, net return of Rs 51883 ha-1 with 2.94 as return rupee-1 

invested (Table 3). This was closely followed by maize + 

greengram under additive row system (T3). The minimum 

gross return of Rs 39208 ha-1, net return of Rs 12467 ha-1 and 

return rupee-1 invested of 1.47 were noticed with maize + 

castor under additive row system (T6). 

 
Table 3: Effect of intercropping and spatial arrangement on the economics (Rs ha-1) of maize cultivation 

 

Treatments 
Total cost of cultivation Gross return Net return Return rupee-1 

invested (Rs ha-1) (Rs ha-1) (Rs ha-1) 

T1 - Maize alone 26741 70811 44070 2.65 

T2 -Maize + Redgram (AR) 26741 60255 33514 2.25 

T3 -Maize + Greengram (AR) 26741 77012 50271 2.88 

T4 -Maize + Sunflower (AR) 26741 48282 21541 1.81 

T5 -Maize + Sesame (AR) 26741 58656 31915 2.19 

T6 -Maize + Castor (AR) 26741 39208 12467 1.47 

T7 -Maize + Redgram (PR) 26741 67743 41002 2.53 

T8 - Maize + Greengram (PR) 26741 78624 51883 2.94 

T9 - Maize + Sunflower (PR) 26741 55341 28600 2.07 

T10 - Maize + Sesame (PR) 26741 66911 40170 2.50 

T11 - Maize + Castor (PR) 26741 47346 20605 1.77 

AR - Additive row 

PR - Paired row

 

Conclusion  

In the light of the above facts it is concluded from the results, 

growing of maize + greengram under paired row system 

appears to be more promising system by registered higher 

growth characters, yield attributes, yield, nutrient uptake and 

economics of maize. 
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