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Abstract  A field experiment was conducted at National Maize Research Program (NMRP) in Rampur, Chitwan, 
Nepal during May-Nov 2013. The experiment was laid out in strip- split design with twelve treatments and three 
replications. Treatments consisted of two different tillage methods namely conventional tillage (CT) and zero tillage 
(ZT) as vertical factor, two different levels of residue (residue kept and residue removed) as horizontal factor and 
three different levels of cropping systems namely sole maize, sole soybean and maize + soybean intercropping 
system as sub plot factor. Manakamana-3 and Puja were the variety of maize and soybean used for the experiment 
respectively. The results revealed that the grain yield and yield attributing components of maize and soybean was 
significantly influenced by cropping systems but not by tillage methods and residue levels. The grain yield of maize 
obtained under sole cropping (4.76 t ha-1) was significantly higher than maize + soybean intercropping system (4.27 
t ha-1). Similarly, the grain yield of sole soybean was significantly higher (1.99 t ha-1) than that of maize + soybean 
intercropping system (1.26 t ha-1). Moreover, the total grain yield equivalent of 6.45 t ha-1 obtained from sole 
soybean system was significantly higher and was followed by maize and soybean intercropping system with 4.99 t 
ha-1. Whereas, sole maize produced significantly the lowest maize grain yield equivalent of 3.47 t ha-1. Significantly, 
higher LER (1.38) was recorded with maize and soybean intercropping system over sole system (1.0). Tillage and 
residue levels did not affect the gross and net return and B: C ratio but the effect was found obvious due to 
intercropping system. Significantly higher net return (NRs.140.49 thousands ha-1) was recorded in intercropping of 
maize with soybean as compared to sole soybean  (NRs. 89.85 thousands ha-1) which was at par with sole maize 
system (NRs. 80.91 thousands ha-1). Maize and soybean intercropping system produced significantly the higher 
(2.47) B: C ratio than sole soybean (2.28) and was at par with sole maize (2.18).  
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1. Introduction 
Maize (Zea mays L.) is one of the main food crop and 

the main source of livelihood and income of the major 
segment of population in Nepal. The crop contributes 
about 6.54% in gross agricultural domestic product 
(AGDP) and 3.15% to gross domestic production (GDP) 
(MoAD, 2013). Maize is the important staple food crop of 
hills and is placed second after rice in Nepal in terms of 
both area and production. It occupies about 27.49% of 
total cultivated area and shares about 25.02% of the total 
cereal production (MoAD, 2012) playing an important 
role in national food security. 

Maize is usually intercropped with soybean, finger 
millet and beans depending on rainfall and farmers 
requirements because of  longer duration of maize, it is 
difficult to grow sequential crops after it during the short 

rainy season. Maize and soybean intercropping is 
predominant in western and southwestern hills in 
relatively dry seasons, to avoid the risk of crop failure. 
Soybean is considered as an ideal crop for intercropping 
with maize owing to its comparative tolerance for shade 
and drought, efficient light utilization and utilizes soil 
moisture efficiently (Wright et al., 1988).  

Maize based cropping system using high intensive 
tillage is predominant in the sloping hill terraces. These 
sloping terraces  suffer more soil runoff loss. Since, the 
problem of soil loss is partly natural and partly human 
induced, need of appropriate technological intervention 
based on land use suitability, have drawn attention of the 
researchers. Resource conservation technologies, for 
example, minimum tillage have shown better performance 
in most part of the world in restoring the organic matter 
and increasing crop yield in  long run (Cassel et al.,1995).  
Decreasing soil fertility,  increased soil erosion, poor water 
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infiltration and increased soil  compaction are the other 
major constraints of maize production system brought 
about by the conventional agricultural practice which is 
more labor intensive mainly  for repeated land preparations 
and intercultural operations.  Conservation agriculture may  
be a viable alternative to make maize farming sustainable  
while conserving the soil. 

Recently, zero tillage with residue retention has been 
studied in maize under maize based cropping system of 
Nepal. The crop residues left on the surface have 
advantages of reducing surface run-off and subsequent 
soil losses. This means less nutrients are lost and more 
water is available for crop growth.. Legumes are the 
principal components of maize based system and are 
valuable in terms of food security and soil fertility 
restoration. However, legumes intercropping with maize 
as a component technology of conservation agriculture 
have not been tested so far to date in Nepal and there is an 
urgent need to generate pertinent information on this 
aspect of maize farming through research. Hence, this 
experiment was carried out in order to evaluate the 
agronomic and economic performance of maize and 
soybean intercropping under various tillage and residue 
levels. 

2. Materials and Methods 
A field experiment was conducted at National Maize 

Research Program (NMRP) farm, Rampur, Chitwan 
during summer season from May 2013 to November 2013. 
This location is situated in central Nepal with subtropical 
climate and is 10 km west from Bharatpur, headquarter of 
Chitwan district. Geographically it is located at 27°37’ 
north latitude and 84°25’ east longitude with an elevation 
of 228 masl. The type of the soil was sandy loam. The 
area received about 2014.30 mm of total rainfall during 
the entire growing season. 

The experiment was laid out in strip- split design with 
twelve treatments and three replications. Treatments 
consisted of two different tillage methods namely 
conventional tillage (CT) and zero tillage (ZT) as vertical 
factor, two different levels of residue (residue kept and 
residue removed) as horizontal factor and three different 
levels of cropping systems namely sole maize, sole 
soybean and maize + soybean intercropping system as sub 
plot factor. Manakamana-3 and Puja were the variety of 
maize and soybean used for the experiment respectively.  

The individual gross plot size was of 24 m2 having the 
length of 6 m and width of 4 m. Row to row spacing for 
each plot was maintained at 100 cm so that every plot 
received 6 rows of maize where two outer rows were 
marked as boarder rows, next two rows were for 
destructive sampling and two inner rows were net plot. 
The number of rows of maize was fixed as six in each 
treatment and plant to plant spacing was of 50 cm and 2 
plants per hill were maintained. On the other hand, the 
number of rows per plot of soybean was varied depending 
upon the row ratio of soybean and sole planting. It was 10 
rows for 1:2 and 12 rows for sole planting. The spacing 
for both 1:2 ratio and sole planting was 50 × 10 cm2 fixed 
in all treatments. The net plot of maize consisted of 2 
central rows (8 m2) and in case of soybean it was 4 rows 
in both 1:2 ratio and sole crop. However, the net 

harvesting area of soybean in all treatments was the same 
(8 m2).  

3. Results and Discussion 

3.1. Phenological Observation of Maize Days 
to 90% Germination 

Days to 90% germination of maize did not vary 
significantly due to tillage, residue levels and 
intercropping systems (Table 1). However, crop took 
longer period of 5.75 days to 90% germination in CT as 
compared ZT with 4.92 days. 

3.2. Days to 90% Tasseling 
The first signal of the initiation of reproductive growth 

of maize is tasseling and silking. Once tasseling dates are 
known, we can have a better speculation for the maturity 
period of the crop. 

Analysis of variance for days to 90% tasseling in tillage, 
residue levels and intercropping systems treatments 
registered non-significant differences (Table 1). On an 
average, the tesseling in maize occurred at 58.17 DAS. 

3.3. Days to 90% Silking 
The analysis of variance for days to 90% silking of 

maize in tillage, residue levels and different intercropping 
systems treatments revealed non-significant differences 
(Table 1). On an average, the silking in maize occurred at 
61.71 DAS. 

Table 1. Effect of tillage, residue levels and intercropping system on 
phenology of maize at Rampur, Chitwan, Nepal, 2013 

Treatments 

Phenological stages 
DAS 

90% 90% 90% 90% 
Physiological 

Germination Tasseling Silking Maturity 
Tillage 

Conventional 5.75 57.75 61.25 95.25 
Zero  4.92 58.58 62.17 94.00 

SEm± 0.26 0.62 0.46 0.45 
LSD Ns Ns Ns Ns 

Residue levels 
Residue 
removed 5.42 58.00 61.83 95.67 

Residue kept 5.25 58.33 61.58 94.58 
SEm± 0.06 0.16 0.37 0.10 
LSD Ns Ns Ns Ns 

Intercropping systems 
Sole maize 5.34 58.50 61.75 95.25a 

Maize+ 
soybean 5.33 57.83 61.67 94.00b 

SEm± 0.14 0.45 0.32 0.92 
LSD Ns Ns Ns 0.81 
CV% 9.38 2.70 1.81 1.01 

Grand mean  5.33 58.17 61.71 94.63 
Days after sowing (DAS), Non-significant (Ns). Means followed by the 
common letter within each column are not significantly different at 5% 
level of significance by DMRT 

3.4. Physiological Maturity 
The days to physiological maturity (PM) was not 

significantly influenced by tillage and residue (Table 1). 
These results for the tillage effect are in line with the 
findings of Tangadulratana (1985), who reported that 
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different tillage practices did not delay physiological 
maturity in maize.  

Grand mean of physiological maturity of maize was 
94.63 DAS. The effect of intercropping systems was 
found significant on physiological maturity (Table 1). PM 
period was found significantly longer in sole maize 
system (95.25) as compared to maize and soybean 
intercropping system (94). The reduction in number of 
days to physiological maturity in intercropping system 
might be attributed to the competition effect for nutrient, 
space and moisture and which in deficit condition can 
result in lowered metabolic processes in the plant. 

3.5. Biometric Observations of Maize Plant 
Height (cm) 

Tillage and residue management did not affect 
significantly on plant height at all dates of observations 
but the intercropping systems influenced significantly 
(Table 2). The average height of maize at 30, 45, 60 and 
75 DAS was 128.78 cm, 235.73 cm, 245.39 cm and 
245.25 cm, respectively. 

Effect of intercropping systems on plant height of 
maize was significant at all dates of observation except 30 
DAS (Table 2). Height of maize was significantly higher 
at 45, 60 and 75 DAS in sole maize plots whereas in 
maize and soybean intercropping plots, significantly lower 
height of maize was recorded. Higher plant height in sole 
cropped maize might be due to better utilization of solar 
radiation and CO2 as there was no competition with 
intercrop resulting in better N uptake and less weed 
infestation.  

Table 2. Plant height of maize as influenced by tillage, residue levels 
and intercropping system at Rampur, Chitwan, Nepal, 2013 

Treatments 
Plant height (cm) 

DAS 
30 45 60 75 

Tillage 
Conventional 130.08 236.69 248.33 248.17 

Zero 127.48 234.77 242.45 242.33 
SEm± 1.16 2.11 2.79 2.80 
LSD Ns Ns Ns Ns 

Residue levels     Residue removed 129.31 236.63 244.23 244.08 
Residue kept 128.25 234.83 246.55 246.42 

SEm± 0.29 2.99 3.45 3.39 
LSD Ns Ns Ns Ns 

Intercropping systems 
Sole maize 130.71 238.39a 248.56a 248.50a 

Maize + soybean 126.85 233.06b 242.22b 242.00b 
SEm± 1.63 1.44 1.91 1.95 
LSD Ns 4.68 6.24 6.36 
CV% 4.37 2.11 2.7 2.76 

Grand mean 128.78 235.73 245.39 245.25 
Days after sowing (DAS), Non-significant (Ns). Means followed by the 
common letter within each column are not significantly different at 5% 
level of significance by DMRT 

3.6. Number of Leaves per Plant 
The average number of leaves per plant was increasing 

from 30 DAS to silking 60 DAS and then after declined at 
cob development stage (75 DAS) due to shedding and 
drying of old leaves. There was no significant effect of 
tillage, residue levels and intercropping systems on the 
number of leaves per plant across all the time series (Table 
3).  

Table 3. Effect of tillage, residue levels and intercropping system on 
number of leaves plant-1 of maize at Rampur, Chitwan, Nepal, 2013 

Treatments  
Number of leaves plant-1 

DAS 
30 45 60 75 

Tillage  
Conventional 6.82 11.27 15.72 15.25 

Zero  5.46 10.35 15.77 15.25 
SEm± 0.43 0.17 0.69 0.64 
LSD Ns Ns Ns Ns 

Residue levels 
Residue removed 6.29 11.00 15.17 14.67 

Residue kept 5.98 10.62 16.32 15.83 
SEm± 0.43 0.5 0.24 0.21 
LSD Ns Ns Ns Ns 

Intercropping systems 
Sole maize 6.04 11.04 15.85 15.33 

Maize + soybean 6.23 10.57 15.64 15.17 
SEm± 0.26 0.55 0.17 0.16 
LSD Ns Ns Ns Ns 
CV% 14.51 17.59 3.68 3.54 

Grand mean  6.14 10.81 15.75 15.25 
Days after sowings (DAS), Non-significant (Ns). Means followed by the 
common letter within each column are not significantly different at 5% 
level of significance by DMRT 

3.7. Leaf Area Index 
Leaf area index (LAI) of maize varied significantly 

with intercropping systems but LAI did not vary 
significantly in response to tillage and residue at all dates 
of observations (Table 4). However, higher LAI was 
observed in CT than ZT across the time series. 
Significantly, higher LAI was measured at all dates of 
observations under sole maize except at 30 DAS. LAI was 
increased from knee high stage (30 DAS) up to silking 
stage (60 DAS) and it decreased from silking stage to cob 
development stage (75 DAS).  

Table 4. Effect of tillage, residue levels and intercropping systems on 
leaf area index of maize at Rampur, Chitwan, Nepal, 2013 

Treatments 
Leaf area index (LAI) 

DAS 
30 45 60 75 

Tillage 
Conventional 0.67 2.3 3.4 2.44 

Zero 0.63 2.27 3.37 2.38 
SEm± 0.03 0.04 0.02 0.05 
LSD Ns Ns Ns Ns 

Residue levels 
Residue removed 0.61 2.31 3.48 2.38 

Residue kept 0.69 2.26 3.3 2.44 
LSD Ns Ns Ns Ns 

SEm± 0.03 0.14 0.04 0.08 
Intercropping systems 

Sole maize 0.68 2.56a 3.57a 2.66a 
Maize + soybean 0.62 2.01b 3.20b 2.18b 

SEm± 0.05 0.14 0.1 0.13 
LSD Ns 0.47 0.34 0.42 
CV% 24.44 22.01 10.6 18.4 

Grand mean 0.65 2.29 3.39 2.41 
Days after sowings (DAS), Non-significant (Ns). Means followed by the 
common letter within each column are not significantly different at 5% 
level of significance by DMRT 

3.8. Total Dry Matter Accumulation (g m-2) 
Effect of tillage and residue on total dry matter 

production (g m-2) was not significant. However, the 
higher total dry matter accumulation was recorded in CT 
compared to ZT at all stages of crop (Table 5). Slightly 
higher total dry matter production was measured at the 
time of harvest in residue kept plots. The CT treatment 
showed the higher value of corn dry matter probably due 
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to the deep root proliferation and less competition by 
weeds. 

Intercropping systems had a significant effect on total 
dry matter accumulation of maize as shown in Table 5. 
The effect of intercropping systems at 30 DAS and 45 
DAS was not significant but significantly higher total dry 
matter accumulation was recorded from 60 DAS up to at 
harvest stage under sole maize compared to maize and 
soybean intercropping system. 

Table 5. Effect of tillage, residue levels and intercropping system on 
dry matter accumulation of maize at Rampur, Chitwan, Nepal, 2013 

Treatments 
Total dry matter accumulation (g m-2) 

DAS 
30 45 60 75 At harvest 

Tillage 
Conventional 45.54 220.33 552.42 854.67 1146.83 

Zero 43.58 218.83 549.33 853 1133.33 
SEm± 1.54 9.81 16.73 20.38 12.37 
LSD Ns Ns Ns Ns Ns 

Residue levels 
Residue removed 43.9 226.33 555.25 858.5 1140.5 

Residue kept 45.22 212.33 546.5 849.18 1139.67 
SEm± 2.22 13.06 11.87 8.61 44.52 
LSD Ns Ns Ns Ns Ns 

Intercropping systems 
Sole maize 44.95 225.83 583.00a 875.33a 1176.33a 

Maize +Soybean 44.17 213.33 518.75b 832.33b 1103.83b 
SEm± 2.79 14.28 18.82 11.29 22.22 
LSD Ns Ns 55.06 36.83 65.02 
CV% 21.68 22.52 11.84 5.98 6.75 

Grand mean 44.56 219.58 550.87 853.83 1140.08 
Days after sowings (DAS), Non-significant (Ns). Means followed by the 
common letter within each column are not significantly different at 5% 
level of significance by DMRT 

3.9. Yield Attributing Characters of Maize 
Yield attributing characters like kernels row per cob, 

kernels per cob, kernels per cob row, cob length and cob 
diameter were varied significantly due to intercropping 
systems but it was not affected significantly by tillage 
methods and residue levels.  

3.10. Number of Plants at Harvest 
(Thousands ha-1) 

Number of plants at harvest was not affected 
significantly by tillage system, residue and intercropping 
systems (Table 6). However, more number of plants was 
harvested at CT (35.04 thousand ha-1) compared to ZT 
(34.79 thousand ha-1). The reason for lower corn 
population in ZT was due to the crop weed competition 
during the initial growth stage. 

Likewise, total number of plants at harvest was higher 
in Residue removed plot (35.22 thousands ha-1) and sole 
maize system (35.04 thousands ha-1) compared with 
residue retention plots (34.61 thousands ha-1) and maize 
soybean intercropping system respectively. 

3.11. Number of Kernel Rows Per Cob 
Number of rows per cob was not affected significantly 

by the tillage methods and residue but intercropping 
systems had significant effect on number of kernel rows 
per cob in case of maize (Table 6). Number of kernel rows 
per cob was found significantly higher in sole maize 
system (12.73) whereas under maize and soybean 

intercropping system it was found significantly lower 
(12.26). 

3.12. Number of Kernels per Row 
The grand mean number of kernel per row was found to 

be 30.50. Number of kernels per row was not significantly 
affected by tillage system and residue levels while 
intercropping systems influenced the number of kernel per 
row significantly (Table 6). Significantly higher number 
of kernels per row was recorded under sole maize system 
(31.27) compared with maize and soybean intercropping 
system (29.73). 

3.13. Number of Kernels per Cob 
Intercropping systems affected significantly the number 

of kernels per cob of maize (Table 6). Higher number of 
kernels per cob (384.94) was observed with sole maize 
system as compared to maize and soybean intercropping 
system (359.87), while tillage methods and residue levels 
showed statistically insignificant variation. 

Table 6. Effect of tillage, residue and intercropping system on yield 
attributing characters of maize at Rampur, Chitwan, Nepal, 2013 

Treatments 
No. of plants at 
harvest ‘000 ha-

1 

Kernel 
per 
row 

Kernel 
row per 

cob 

Kernel 
per cob 

Tillage     Conventional 35.04 30.63 12.54 378.6 
Zero  34.79 30.36 12.45 366.21 

SEm± 0.36 0.48 0.1 6.32 
LSD Ns Ns Ns Ns 

Residue levels     Residue 
removed 35.22 30.83 12.52 375.01 

Residue kept 34.61 30.17 12.46 369.8 
SEm± 0.41 0.22 0.04 4.63 
LSD Ns Ns Ns Ns 

Intercropping 
systems     

Sole maize 35.04 31.27a 12.73a 384.94a 
Maize+ Soybean 34.8 29.73b 12.26b 359.87b 

SEm± 0.52 0.37 0.14 7.64 
LSD Ns 1.2 0.45 24.91 
CV% 5.12 4.19 3.81 7.11 

Grand mean  34.92 30.5 12.5 372.41 
Initial plant population 40.00 thousands maize plants ha-1. Non-
significant (Ns). Means followed by the common letter within each 
column are not significantly different at 5% level of significance by 
DMRT 

3.14. 1000-grain Weight (g) 
Thousands grain weight is one of the most important 

yield attributing parameter of maize. In this experiment, 
all the tested factors i.e. tillage, residue levels and 
intercropping systems found to have no significant effect 
on thousand-grain weight (Table 7). Thole (2007) also 
found similar results and reported that intercropping 
system had no significant effect on 1000-grain weight of 
maize.  

3.15. Shelling Percentage 
Shelling percentage of maize was significantly affected 

by intercropping system (Table 7). Under sole maize 
system, significantly higher shelling percentage (76.33) 
was recorded whereas significantly lower shelling 
percentage (74.46) was recorded in maize and soybean 
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intercropping system while the effect of tillage and residue 
on shelling percentage of maize was not obvious. 

3.16. Length of Cob (cm) 
Intercropping systems had significant effect on length 

of cob in maize (Table 7). Sole maize system produced 
significantly higher length of cob in maize (14.40 cm) as 
compared with maize and soybean intercropping system 
(13.28 cm) whereas tillage and residue displayed non-
significant difference on length of cob.  

3.17. Diameter of Cob (cm) 
Similarly, intercropping system had a significant effect 

on diameter of cob (Table 7). Significantly, higher 
diameter of cob (4.45 cm) was obtained in sole maize 
system, whereas significantly lower diameter of cob (4.22 
cm) was recorded under maize and soybean intercropping 
system but effect of tillage and residue on diameter of cob 
was found non-significant. 

Table 7. Effect of tillage, residue and intercropping system on yield 
attributing characters of maize at Rampur, Chitwan, Nepal, 2013 

Treatments 
Yield attributing characters 

1000 grain 
weight (g) Shelling% Length of 

cob (cm) 
Diameter of 

cob (cm) 
Tillage  Conventional 298.5 75.75 14.09 4.3 
Zero 300.83 75.05 13.58 4.36 

SEm± 7.001 0.36 0.27 0.07 
LSD Ns Ns Ns Ns 

Residue levels 
Residue 
removed 300.67 75.68 14.08 4.39 

Residue kept 298.67 75.12 13.59 4.28 
SEm± 7.06 1.03 0.32 0.04 
LSD NS NS NS NS 

Intercropping systems 
Sole maize 299.5 76.33a 14.40a 4.45a 

Maize 
+soybean 299.83 74.46b 13.28b 4.22b 

SEm± 7.16 0.4 0.3 0.07 
LSD Ns 1.3 0.97 0.21 
CV% 8.29 1.83 7.48 5.19 

Grand mean 299.66 75.39 13.84 4.25 
Non-significant (Ns). Means followed by the common letter within each 
column are not significantly different at 5% level of significance by 
DMRT 

3.18. Grain and Stover Yield (t ha-1) 
Tillage system had no significant effect on grain yield 

of maize (Table 8). However, grain yield of maize was 
found higher in CT (4.53 t ha-1) as compared to ZT (4.49 t 
ha-1). Non-significant difference in yield of maize is due to 
non-significant difference in biometric traits like leaf area 
index, total dry matter accumulation and yield attributing 
characters such as 1000-grain weight, length of cob, 
diameter of cob etc. Likewise, grain yield of maize was 
not significantly influenced by residue levels (Table 8). 
However, higher grain yield was recorded in residue 
removed plot (4.62 t ha-1) as compared to residue kept plot 
(4.42 t ha-1). Lower yield in residue kept plot might be due 
to the lodging of more number of plants caused by termite 
attack and infection on cob.  

Intercropping system had a significant effect on grain 
yield of maize (Table 8). Significantly higher grain yield 
of maize (4.76 t ha-1) was obtained in sole maize system as 
compared to maize and soybean intercropping system 

(4.27 t ha-1). Under maize and soybean intercropping 
system, there was 10 percent reduction of maize yield as 
compared to sole maize system. Undie et al. (2012) found 
similar results and reported that sole crop of maize 
produced significantly higher grain yield than any of the 
intercrop arrangements. 

Tillage system as well as residue and intercropping 
systems showed non significant difference on stover yield 
of maize (Table 8). The average mean of stover yield was 
6.75 t ha-1. 

3.19. Harvest Index (HI) 
The partitioning of biomass between vegetative and 

grain tissue should be affected by tillage, residue and 
intercropping systems. This partitioning is often expressed 
as grain dry matter divided by the total harvestable 
biomass known as harvest index. Harvest index of maize 
did not vary significantly in response to tillage, residue 
and intercropping systems (Table 8). The average HI of 
the experiment was 0.41. 

Table 8. Effect of tillage, residue and intercropping systems on grain 
yield, stover yield and harvest index of maize at Rampur, Chitwan, 
Nepal, 2013 

Treatments Grain yield (t 
ha-1) 

Stover yield (t 
ha-1) 

Harvest 
index 

Tillage    Conventional 4.53 7.28 0.39 
Zero 4.49 6.21 0.42 

SEm± 0.08 0.32 0.01 
LSD Ns Ns Ns 

Residue levels    Residue removed 4.62 6.46 0.43 
Residue kept 4.42 7.03 0.39 

SEm± 0.14 0.51 0.02 
LSD Ns Ns Ns 

Intercropping 
system    

Sole maize 4.76a 7.11 0.41 
Maize + soybean 4.27b 6.38 0.40 

SEm± 0.12 0.47 0.02 
LSD 0.40 Ns Ns 
CV% 9.46 24.18 17.22 

Grand mean 4.52 6.75 0.41 
Non-significant (Ns). Means followed by the common letter within each 
column are not significantly different at 5% level of significance by 
DMRT 

3.20. Yield Advantage of System 
Since the maize and soybean were involved in 

intercropping experiment, it is not logical to compare total 
yield of two crops in one system with other. Thus, some of 
the indices are used here to evaluate the biological 
suitability of the intercropping system. 

3.21. Maize Grain Yield Equivalent (t ha-1) 
The grain yield of the intercrop converted into 

equivalent grain yield of any crop based on the existing 
market price of the produce called grain yield equivalent 
(Reddy and Reddi, 2002). 

Maize grain yield equivalent (t ha-1) was not 
significantly affected by tillage system and residue levels 
(Table 9) but the grain equivalent of the maize varied 
significantly due to the intercropping systems. 
Significantly, higher maize grain yield equivalent (6.45 t 
ha-1) was obtained in sole soybean system followed by 
maize soybean intercropping system (4.99 t ha-1). It was 
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due to the higher grain yield and higher existing market 
price of component soybean (Rs. 80 per kg), while the 
existing market price of maize grain was Rs. 30 per kg. 
Whereas in sole maize system, significantly lower (3.47 t 
ha-1) grain yield equivalent was recorded. 

Thus, in respect of grain equivalent yield, maize + 
soybean intercropping was found better than sole maize 
system. It indicated that equivalent yield was strongly 
affected by the market price and yield of component crop 
in intercropping system. Similarly, higher maize 
equivalent yield produced in maize soybean combination 
illustrated that intercropping was more profitable over sole 
planting of maize in rainfed condition. 

3.22. Land Equivalent Ratio (LER) 
Land equivalent ratio is the relative land area under sole 

crops that is required to produce the yield achieved in 
intercropping (Willey, 1979). The average LER recorded 
in the experiment was 1.19 and varied from 1.0 to 1.38. 
Intercropping system had significant effect on LER (Table 
4). Significantly, higher LER was recorded from maize 
soybean intercropping system (1.38) where as sole maize 
and sole soybean recorded only 1.0 LER.  

The mean total land equivalent ratio was more than 1.0 
in intercropping treatment (1.38), indicating that 
intercropping of maize and soybean was advantageous 
over sole crops alone. The maize canopy alone could not 
utilize all incoming radiation during the growing period 
and remaining solar radiation was captured by the soybean 
when grown under maize, showing complementarily in 
use of resources (Prasad and Brook, 2005). Efficient use 
of land resource, where land shortage inclines the farmers 
to grow many crops on small piece of land is one of the 
rationales of intercropping in the traditional farming 
systems.  

Table 9. Effect of tillage, residue levels and intercropping systems on 
maize grain yield equivalent and land equivalent ratio at Rampur, 
Chitwan, Nepal, 2013 

Treatments Maize grain yield 
equivalent (t ha-1) 

Land equivalent ratio 
(LER) 

Tillage   
Conventional 4.97 1.14 

Zero 4.96 1.12 
SEm± 0.23 0.01 
LSD Ns Ns 

Residue levels   
Residue removed 5.03 1.13 

Residue kept 4.91 1.12 
SEm± 0.10 0.02 
LSD Ns Ns 

Intercropping 
systems   

Sole Maize 3.47c 1.0b 
Sole Soybean 6.45a 1.0b 

Maize + Soybean 4.99b 1.38a 
SEm± 0.19 0.01 
LSD 0.57 0.04 
CV% 13.34 4.93 

Grand mean 4.97 1.13 
Non-significant (Ns). Means followed by the common letter within each 
column are not significantly different at 5% level of significance by 
DMRT 

3.23. Economic Evaluation 
Economic evaluation is most important part of this 

experiment. The indices like land equivalent ratio and 
grain yield equivalent give the biological suitability of the 

cropping system. At the same time, intercropping system 
should be economically viable and profitable too. Thus, 
some of the economic indices are used to evaluate the 
profitability of intercropping system. The economics of 
maize and soybean through tillage, residue and 
intercropping system was worked out (Table 100). 

3.24. Gross Returns 
The mean gross return of the experiment was NRs. 

182.14 thousands per hectare (Table 100). The tillage and 
residue levels did not significantly influence it. But effect 
of intercropping system on gross return was found 
significant. Significantly higher gross return was obtained 
under maize and soybean intercropping system (NRs. 
236.23 thousand ha-1) followed by sole soybean system 
(NRs.160.11 thousand ha-1) which was found at par with 
sole maize (NRs. 150.07 thousand ha-1). The higher gross 
return under maize and soybean intercropping system was 
due to higher land use, higher total yield of maize and 
soybean and higher marketing price of soybean. 

3.25. Net Returns 
Effect of tillage on net return was found to be non-

significant (Table 10). However, net return was obtained 
higher in case of zero tillage (NRs. 107.22 thousands ha-1) 
as compared to conventional tillage (NRs. 100.28 
thousands ha-1). Higher net return in ZT might be due to 
the lower cost of production. Similarly, effect of residue 
on net return was also found to be non-significant. But 
intercropping systems affected it significantly (Table 10). 
Maize and soybean intercropping system produced 
significantly higher net return (NRs. 140.49 thousands ha-1) 
followed by sole soybean (NRs. 89.85 thousands ha-1) 
which was at par with net return obtained from sole maize 
(NRs. 80.91 thousands ha-1). Greater net return from 
intercropping treatment is attributed due to the efficient 
use of inputs, soil and other resources. 

Table 10. Effect of tillage, residue and intercropping systems on 
production cost, gross return, net return and B: C ratio at Rampur, 
Chitwan, Nepal, 2013 

Treatments Gross returns NRs 
(‘000 ha-1) 

Net returns NRs 
(‘000 ha-1) 

B: C 
Ratio 

Tillage    
Conventional 183.38 100.28 2.20 

Zero 180.90 107.22 2.42 
SEm± 7.00 7.00 0.08 
LSD Ns Ns Ns 

Residue levels    
Residue removed 179.36 104.12 2.36 

Residue kept 184.91 103.39 2.26 
SEm± 4.82 4.82 0.07 
LSD Ns Ns Ns 

Intercropping 
systems    

Sole maize 150.07b 80.91b 2.18b 
Sole soybean 160.11b 89.85b 2.28b 

Maize + soybean 236.23a 140.49a 2.47a 
SEm± 4.77 4.77 0.06 
LSD 13.71 13.71 0.16 
CV% 9.08 15.94 8.50 

Grand mean 182.14 103.75 2.31 
Non-significant (Ns). Means followed by the common letter within each 
column are not significantly different at 5% level of significance by 
DMRT 

3.26. Benefit: Cost (B: C) Ratio 
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Tillage and residue had no significant effect on B: C 
ratio (Table 10). However, higher B:C ratio was obtained 
from zero tillage with 2.42 as compared to 2.20 in 
conventional tillage methods, which indicates that ZT is 
more profitable than CT. Higher B:C ratio from ZT was 
due to the lower cost of production and higher gross return. 

There was a significant influence of intercropping 
systems on B: C ratio (Table 10). Maize and soybean 
intercropping system produced significantly higher B: C 
ratio of 2.47 followed by sole soybean with 2.28, and was 
at par with 2.18 in sole maize system. 

4. Conclusion 
Maize and soybean intercropping system in rainy 

season could be grown successfully and found superior 
over sole cropping system of either crop in Chitwan, 
Nepal.  

Significant reduction in cost of cultivation under zero 
tillage was worked out over conventional tillage and the B: 
C ratio was also higher in zero tillage. 

There is little or no short-term yield benefits from zero 
tillage and crop residues, but both the tillage methods and 
residue levels were found to be non-significant in terms of 
yield and related parameters. 

The experiment need to be further tested for one more 
season taking into account the overall qualities of soil 
along with growth and yield parameters of both the 
component crops in order to have the robust findings and 
recommendations. 
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