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ABSTRACT 
A field experiment was carried out for two consecutive kharif seasons of 2002 and 2003 at Kanpur to find out the most productive, biologically efficient and economically viable intercropping system of maize (Zea mays) with urdbean [Vigna mungo (L.) Hepper] or mungbean [Vigna radiata (L.) Wilczek] alone or in combinations under rainfed conditions of central Uttar Pradesh. All the intercropping combinations significantly improved the yield of maize compared to its sole cropping. Uniform row planting recorded the highest yield of maize as well as production efficiency over paired row planting. Among intercropping systems, treatments having mungbean as intercrop registered higher yield of maize as well as total productivity. Maize in uniform rows with intercrop mungbean under 1:2 row ratio gave the highest maize-equivalent yield (5314 kg/ha) and production efficiency (60.39 kg/ha/day). Intercropping of two rows of both urdbean and mungbean with maize in uniform rows under 1:2 row ratio proved advantageous with higher land equivalent ratio (LER), land equivalent coefficient (LEC) and area-time equivalent ratio (ATER). Maize in uniform row + mungbean in 1:2 row ratio was the most productive and remunerative intercropping system with the highest maize-equivalent yield (5314 kg/ha), net returns (Rs. 12935/ha), benefit: cost ratio (1.72) and LER (1.91) followed by maize in uniform row + urdbean in 1:2 row ratio. 
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Maize (Zea mays L.) is an important crop of rainy season grown generally for grain as well as green cobs in uplands of Uttar Pradesh. Intercropping of short statured pulses like mungbean and urdbean can play a significant role to enhance the productivity and profitability per unit area and time through more efficient use of land, water and solar energy besides minimizing the risk of failure of one or the other crop due to vagaries of weather or disease/pest epidemics in rainy season. Intercropping of maize with legume has been found one of the best crop combinations (Chalka and Nepalia 2005, Adhikari et al. 2005 and Pathi and Panigrahi 2006) due to their complementartly for better growth and development. Amongst different factors, plant population and spatial arrangement in intercropping have important effects on the balance of competition between component crops and their productivity. The present investigation was undertaken to determine the optimum row arrangement for maize + urdbean/mungbean 
intercropping for sustainable productivity and land use efficiency under central Uttar Pradesh conditions. 
MATERIALS AND METHODS 
The field experiment was conducted during two consecutive kharif seasons of 2002 and 2003 at Kanpur. The soil of experimental field was sandy loam with 0.41% organic carbon. 16.1 kg available P/ha. 193 kg available Kha with pH 
7.7. The treatments consisted of maize and urdbean/mungbean intercropping in 1:1, 1:2, 2:1 and 2:2 row arrangement in uniform and paired row planted maize along with their sole crops. Twelve treatment combinations were tested in randomized block design with three replications. 
Maize (cv. Azad Uttam) was sown in uniform rows at 60 cm apart and in paired rows at 30/90 cm apart. One and two rows of urdbean (Pant U 19) and mungbean (Pant Moong 4) were sown between two rows of uniform row planted maize and paired row planted maize, respectively. The sole crops were sown at 30 cm row spacing. Optimum plant population of maize was maintained in both the row arrangements keeping plant to plant spacing 25 cm. The crops were sown on 10th July in 2002 and 13th July in 2003. Recommended dose of fertilizers i.e., 100, 60 and 40 kg N, P,O, and K,O/ha for maize and 15 kg N and 40 kg P,O,/ha for pulses were applied. In intercropping, the fertilizer dose was applied proportionate to areas of the crop. Maize, urdbean and mungbean were harvested after 88, 82 and 69 days after sowing, respectively. Maize-equivalent yield (MEY) and economics of production were calculated on the basis of minimum support prices for the main produce and prevailing market prices for the inputs. Land equivalent ratio (LER) and monetary advantage index (MAI) were worked out as suggested by Willey (1979) and land equivalent coefficient and area time equivalent ratio as proposed by Adetiloye and Ezedinma (1983) and Hiebsch and Mccollum (1987), respectively. Relative value total and relative net return were calculated as per standard procedures. 
RESULTS AND DISCUSSION 
Production potential of component crops: Intercropped maize gave significantly higher grain yield in both uniform row and paired row of sowing than sole maize in respective row proportions (Table 1). The highest maize grain yield was noticed with uniform row maize + mungbean in 1:1 row proportion followed by maize in same row arrangement + 
Table 1. 
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Effect of planting pattern in maize + urdbean/mungbean intercropping on yield, production efficiency and competition functions (pooled over 2 years) 
Population density (%) Maize Intercrop 
Mean yield 
Treatment 
Maize 
grain grain yield Intercrop yield 
(kg/ha) (kg/ha) 
index 
Maize 
Inter - 
crop 
Maize Production equivalent efficiency 
yield (kg/ha) 
LER 
LEC ATER 
(kg/ha/day) Maize Pulses Total 
T1. Maize (uniform row-UR) 
100 
3158 
100.00 
3158 
35.89 1.00 
- 
1.00 
T2. Maize (paired row-PR) 
100 
2963 
93.82 
2963 
33.67 1.00 
1.00 
T3. Urdbean 
100 
780 
100.00 
2096 
25.56 
1.00 1.00 
T1. Mungbean 
100 
854 
100.00 
2294 
33.24 
. 
1.00 
1.00 
T,. Maize (UR) + urdbean (1:1) 
100 
50 
3313 
376 
104.90 
48.20 
4323 
49.13 
1.04 
0.48 
1.52 
0.50 
1.53 
To. Maize (UR) + urdbean (1-2) 
100 
100 
3205 
687 
101.48 
88.07 
5052 
5741 
1.01 
0.87 1.88 
087 
188 
T7. Maize (PR) + urdbean (2:1) 
100 
25 
3066 
187 
97.08 
23.97 
3570 
40.57 
1.03 
0.34 
1.27 
0 24 
1 27 
Tg. Maize (PR) + urdbean (2:2) 
100 
50 
3148 
397 
99.68 50.99 
4213 
47.88 
1.06 0.50 1.56 
0.53 
1.56 
To. Maize (UR) + mungbean (1:1) 
100 
50 
3.399 
390 
107.63 
45.66 
4445 
50.51 
1.07 0.45 1.52 
0.48 
1.44 
Tio. Maize (UR) + mungbean (1:2) 
100 
100 
3282 
756 
103.92 
88.52 
5314 
1L. 
T11. Maize (PR) + mungbean (2:1) 
100 
25 
3065 
199 
97.05 23.30 
3600 
T12. Maize (PR) + mungbean (2:2) 
100 
50 
3196 
419 
101.20 
49.06 
4322 
1.03 0.88 60.39 
0.23 1.26 1 03 40.91 
1.56 1.07 0.49 49.11 
1.91 
0.90 
1.77 
0.23 
1 22 
0.52 
1.48 
SEM + 
20 
23 
CD (P = 0.05) 
41 
48 
UR = Uniform row: PR = Paired row: LER: Land equivalent ratio: LEC = Land equivalent coefficient: ATER 
mungbean with a row ratio of 1:2. Maize planted in uniform rows recorded 7.63 and 3.93% higher grain yield under maize + mungbean in 1:1 row proportion and maize + mungbean in 1:2 row proportion over its sole cropping, respectively. In maize (paired rows) + mungbean (2:2) intercropping combination, the grain yield of maize was higher by 1.20 and 7.86% over sole maize in uniform row and paired rows, respectively. Maize + mungbean intercropping system in both planting patterns resulted in the highest grain yield, which showed a tendency to increase with increasing row proportion from 1:1 to 1:2 in uniform row pattern and 2:1 to 2:2 in paired row pattern of sowing. However, 1:1 and 2:2 row ratio had significantly higher grain yield of maize over 1:2 and 2:1 ratio, respectively. The increase in grain yield of maize under intercropping systems might be attributed to nitrogen fixing behaviour of legumes and higher canopy cover resulting in the reduced evapo-transpiration (Shah et al. 1991). However, increased legume rows may have resulted in competition for space, nutrients, moisture and light interception leading to reduced maize yield. 
The intercropping with urdbean and mungbean apart from staking support provided additional yield (Table 1). The higher yield of intercrops in uniform rows of maize was recorded because of higher plant population compared to paired row planting. Among the row arrangements, 1:2 row ratio in uniform rows of maize recorded maximum grain yield of both the intercrops over other proportions. 
The yield index of maize increased consistently when intercropped with either of legumes in both the row arrangement while reverse trend was observed for intercrops. The similar results indicating the depressive effect on maize yield with increasing legume population was observed by Shah et al. (1991). 
Maize-equivalent yield (MEY) and production efficiency: Uniform row sole maize resulted into significantly 
= Area-time equivalent ratio 
higher MEY than all other sole crops (Table 1). Among the intercropping systems, uniform row maize intercropped with mungbean in 1:2 row proportion gave significantly the highest MEY (5314 kg/ha) followed by urdbean in 1:2 row ratio (5052 kg/ha) which were 68.27 and 59.97% higher over sole cropping of uniform rows of maize, respectively. Higher maize yield in addition to intercrop yield in these combinations resulted into higher MEY. Chalka and Nepalia (2005) also recorded higher productivity of maize + legumes intercropping system over sole maize. MEY under uniform row of sowing was higher than under paired rows irrespective of intercrops, indicating that pairing the rows in tall statured crops proved counter productive. The differences in MEY between row arrangements in either 1:1 and 1:2 or 2:1 and 2:2 row ratio were considerable in urdbean and mungbean, wherein 1:2 and 2:2 row ratio recorded significantly higher MEY over 1:1 and 2:1 row ratio. 
The production efficiency which refers to per day productivity of a system was maximum in uniform rows of maize + mungbean in 1:2 row ratio (60.39 kg/ha/day) followed by intercropping of urdbean in 1:2 row ratio (57.41 kg/ha/day) in same planting pattern of maize (Table 1). Production efficiency in uniform row was higher than paired row of sowing irrespective of intercrops. The production efficiency increased significantly due to inclusion of more intercrop rows under either of planting patterns. Sole cropping of maize in uniform row and paired row recorded production efficiency of 35.89 and 33.67 kg/ha/day, respectively. 
Land equivalent ratio (LER) and area-time equivalent ratio (ATER): All intercropping treatments exhibited higher LER and land equivalent coefficient (LEC) values i.e.. 1.26-1.91 and 0.23-0.90, respectively (Table 1). This indicates greater biological efficiency of intercropping treatments. Higher LER due to intercropping of maize with legume under varying row ratios were also reported by Shah et al. (1991). Among maize + legume intercropping systems, uniform rows of maize + mungbean (1:2) registered the highest LER (1.91) 
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Table 2. 
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Net returns and monetary benefits of maize + urdbean/mungbean intercropping systems as influenced by different planting patterns (pooled over 2 years) 
Treatment 
Gross returns Net returns 
(Rs/ha) 
(Rs/ha) 
T1. Maize (uniform row-UR) 
Monetary Monetary Relative net Relative efficiency advantage return value total equivalent (Rs/ha/day) (Rs/ha) 
Income 
Benefit: cost 
ratio 
ratio 
18619 
4959 
227.1 
T2. Maize (paired row-PR) 
1.36 
17406 
3931 
212.3 
1.29 
T1, Urdbean 
11689 
3664 
142 5 
1.45 
T.. Mungbean 
12895 
4955 
186.9 
1.62 
Ts. Maize (UR) + urdbean (1:1) 
25245 
9596 
307.9 
7716 
1.24 
1.36 
1.93 
161 
To, Maize (UR) + urdbean (1:2) 
29229 
11369 
356.4 
12200 
1.34 
1.59 
2.39 
1.63 
T7. Maize (PR) + urdbean (2:1) 
20926 
6711 
255.2 
3935 
1.15 
1.20 
1.70 
1.47 
Tg. Maize (PR) + urdbean (2:2) 
24577 
9357 
299.7 
7741 
1.30 
1.42 
2.38 
1.61 
T,, Maize (UR) + mungbean (1:1) 
26002 
10418 
317.1 
7934 
1.29 
1 40 
2.10 
1 66 
Tio. Maize (UR) + mungbean (1:2) 
30715 
12935 
374.6 
13112 
1.43 
1.68 
2.60 
1.72 
T1. Maize (PR) + mungbean (2:1) 
21058 
6908 
256.8 
3780 
1.17 
1.21 
1.75 
1.48 
T12. Maize (PR) + mungbean (2:2) SEm+ 
25134 
9974 
306.5 
7941 
1.35 
1.45 
2.53 
1.65 
126 
126 
0 01 
254 
253 
0.03 
CD (P=0.05) 
and LEC (0.90) followed by maize + urdbean in 1:2 row proportion (1.88 and 0.87). 
All the intercropping systems recorded area-time equivalent ratio (ATER) value more than 1 (Table 1), indicating better land utilization efficiency than their sole crops. The highest ATER (1.88) was recorded in uniform rows of maize + urdbean (1:2) intercropping system. In general, uniform row of sowing recorded higher values of ATER compared to paired rows irrespective of intercrops. This might be due to efficient utilization of land. 
Economic analysis: All the intercropping systems recorded higher gross and net returns as well as monetary advantages than sole cropping of component crops (Table 2) indicating thereby that intercropping being a productive and remunerative system of cultivation. The intercropping of mungbean in maize under various row arrangements enhanced gross and net returns by 13.10 to 64.96% and 39.30 to 160.84% respectively over sole maize planted in uniform rows. The highest gross and net returns (Rs. 30715 and Rs. 12935/ha) were recorded in uniform rows of maize intercropped with mungbean in 1:2 row ratio followed by maize + urdbean in 1:2 row ratio (Rs. 29229 and Rs. 11369/ha). This was due to higher productivity of the system than other intercropping and sole cropping treatments. Intercropping of maize with one row of either legume (1:1 and 2:1) could not prove economically viable and profitable due to low productivity of the system. Uniform rows of maize + mungbean (1:2) also gave higher monetary advantage (Rs. 13112/ha), monetary efficiency (Rs. 374.6/ha/ day), benefit: cost ratio (1.72), relative net return (1.43), relative value total (1.68) and income equivalent ratio (2.60) compared 
to other intercropping systems. 
Thus, it could be inferred from the above study that mungbean proved to be more compatible intercrop with maize in 1:2 row proportion planted in uniform rows with the highest productivity, land use efficiency and monetary return. 
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