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ABSTRACT 
 
Aims: Experiment was conducted with the objectives to study the productivity, profitability and 
competition indices of intercropping systems and also to study the difference in progress of yellow 
vein mosaic virus in okra in sole and intercropping systems. 
Study Design: Randomized Block Design with Four replications. 
Place and Duration: The experiment was conducted in lower Gangetic alluvial zone of India at 
District Seed Farm (A-B Block), Bidhan Chandra Krishi Viswavidyalaya, Nadia, West Bengal during 
spring-summer season, 2013 and 2014.  
Methodology: To achieve the objectives, in this experiment baby corn was taken as the base crop 
and it was intercropped with vegetables like cowpea, chilli, brinjal and okra.   
Results: Significantly highest Baby corn Equivalent Yield (BEY) was exhibited by baby corn + 
cowpea (150.8 q ha-1) followed by baby corn + okra (122.6 q ha-1) and baby corn + brinjal (120.9 q 
ha

-1
). Also significantly highest Benefit: Cost (B:C) ratio was observed in baby corn + cowpea (3.34) 

intercropping followed by baby corn + okra (3.29), baby corn + brinjal (3.28) and baby corn + chilli 
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(3.15). All the intercrop treatments recorded Land Equivalent Ratio (LER) values more than 1 and 
highest LER value was observed for baby corn + cowpea (1.60) system. Highest Monetary 
Advantage Index (MAI) was also found for baby corn + cowpea (37833.5) intercropping system 
stating that it was the most profitable among all the intercropping treatments. The total Relative 
Crowding Coefficient (Kt) values ranged from 2.36-12.80 suggesting yield advantage through 
intercropping. Positive Aggressivity values of baby corn (Ab) were showing that baby corn 
dominated the vegetable intercrops. Higher Competitive Ratio for baby corn (CRb) values (4.12-
6.75) than Competitive Ratio for vegetables (CRv) (0.15-0.27) indicated the higher competitive 
ability of the baby corn for resources than vegetable intercrops. In okra, the lesser Yellow Vein 
Mosaic Virus (YVMV) incidence and slow progress in disease at 30 and 60 DAS were observed in 
intercropping situation than sole cropped okra. Conclusion: Summing up all, the study indicated that 
baby corn based vegetable intercropping systems were productive and profitable than sole 
cropping and also baby corn acts as barrier to the movement of whitefly, aphids etc.  
 

 
Keywords: Baby corn; vegetables; intercropping; productivity; competition indices; YVMV progress. 
 

1. INTRODUCTION 
 
Albeit India is the second largest producer of 
vegetables in the world next to China, the per 
capita availability of vegetables in the country is 
much lower than the per capita requirement. This 
demands further increase in the vegetable 
production. Ever increasing population and 
decrease in cultivable land are the general 
constraints to it, but, now a day changes in 
climate added another constrains like crop 
failures, shortage of yields, reduction in quality 
and increasing pest and disease problems [1]. 
Under such circumstances, intercropping of 
vegetables can be a possible and reliable 
measure to cope up with these problems as it is 
a more productive system and a less risky 
technology [2]. It is productive through judicious 
utilization of resources viz., light, space, water 
and nutrients and in stress prone areas, 
especially in south Asia and Africa where 
environmental stresses are common [3] it avoids 
risk as failure in one crop can be compensated 
from the yield of another crop. Intercropping also 
helps in reducing the spreading of diseases by 
preventing contact or acting as barrier to the 
insect vectors of viral diseases, when two 
contrasting crops in terms of diseases are grown 
together. Moreover, intercropping with legumes 
is a key component in nutrient management [4] in 
organic farming, where fossil fuel based and 
synthetic chemicals are not allowed [3]. 
 
Baby corn is best suitable for intercropping 
system as it is a short duration crop, requires 
limited space due to single stem upright growing 
habit rather than spreading and thereby better 
sunlight and aeration are available to the 
companion crops. Baby corn (Zea mays var. 
rugosa) is a commercial crop that fetches high 

return to the farmers and gaining importance 
among farming community for past few years.  
 
In the above context, present experiment was 
conducted with the objectives to study the 
system productivity, profitability and competition 
indices of intercropping systems and also to 
study the difference in progress of yellow vein 
mosaic virus in okra in mono and intercropping 
systems. To achieve the objectives, in this 
experiment baby corn was taken as the base 
crop and it was intercropped with vegetables like 
cowpea, chilli, brinjal and okra.  
 

2. MATERIALS AND METHODS 
 
The present experiment was carried out at 
District Seed Farm (A-B Block), Bidhan Chandra 
Krishi Viswavidyalaya, Nadia, West Bengal 
during and spring-summer season, 2013 and 
2014 in Randomized Block Design with four 
replications. In general the soil nutrients of the 
experimental plot were: Total N (6.06%), 
Available P (18.47 kg ha

-1
), Available K (127.22 

kg ha-1) and Organic Carbon (0.63%). The 
experimental site is belong in lower Gangetic 
Alluvial Zone of India and climate is humid 
subtropical having annual rainfall 1300-1500 mm. 
Treatments include both sole cropping of all 
crops and their respective intercrop with baby 
corn. Baby corn was grown at 60 X 20 cm 
spacing in case of sole crop whereas in 
intercropping system it was grown at 30 X 20 cm 
spacing in paired rows. The space between two 
paired rows was 180 cm. Cowpea, brinjal, and 
okra were grown at 30 X 10, 60 X 60 and 45 X 
30 cm respectively, in both sole and 
intercropping system. Chilli was grown at 60 X 30 
cm spacing as sole crop and 45 X 30 cm spacing 
as intercrop. Therefore, the row number in 
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intercropping treatments was as follows, cowpea 
(5), brinjal (2), chilli (3) and okra (3). Seeds of 
baby corn, cowpea and okra were dibbled @ the 
rate of 2-3 seeds/hole and seedlings of brinjal 
and chilli were transplanted at 30 DAS. Organic 
manure (vermicompost) @ 50 q ha

-1
 was applied 

at the time of land preparation. Chemical fertilizer 
as basal dose @ 20:60:40 kg ha-1 (N:P2O5:K2O) 
was applied at the time of sowing and 20 kg N 
ha-1 was applied as top dressing at knee-high 
stage of baby corn. Standard cultural practices 
were followed and irrigation was given as per 
requirement. The most important operation in 
baby corn production technology is the 
avoidance of pollination. If the silk is pollinated, 
the kernels start developing within hours and the 
cob becomes hard [5]. Therefore, detasseling 
was done as soon as the tassels appeared. The 
market value of the crops per kilo gram used in 
calculating the profitability indices was as follows: 
baby corn- 80 INR, cowpea- 15 INR, chilli- 40 
INR, brinjal- 40 INR and okra- 30 INR. 
 
Yield data were collected from whole plot and 
converted into hectare to determine the 
production and subjected to calculate different 
competition indices for system productivity 
evaluation. To examine the intercropping 
advantage or disadvantage over sole cropping 
and best found intercropping system different 
competition indices and competition functions 
were calculated using the following calculating 
procedure:   
 
1. Baby corn equivalent yield (BEY) was 

calculated by considering prices of both the 
crops with the following formula given as [6]: 

 

 
 

2. Land equivalent ratio (LER) was calculated 
[7] as per: 
 
LER = (LERb+ LERv), 
 
where LERb= (Ybv /Yb), and LERv= Yvb / Yv, 
where Yb and Yv are the yields of baby corn 
and vegetables as sole crops, respectively, 
and Ybv and Yvb are the yields of baby corn 
and vegetables as intercrops, respectively. 

 
3. Area Time Equivalent Ratio (ATER) was 

calculated [8] according to the formula: 
 

 
       (RYb X tb) + (RYv X tv) 

ATER = ———————————— 
T 

 

Where, RY = Relative yield of baby corn and 
vegetables (RY = yield of intercrop per 
hectare/yield of sole crop per hectare), t = 
Duration (days) for baby corn and vegetables 
and T = Total duration (days) of the intercropping 
system. 
 
LER and ATER indicate the yield advantage per 
unit area in an intercropping system over sole 
cropping providing that all other things being 
equal [9]. 
 
4. The Actual Yield Loss (AYL) was calculated 

[10] as: 
  
AYL = AYLb +AYLv,  
Where, AYLb = ((Ybv / Xbv ) / (Yb / Xb) ) - 1, 
and AYLv = ((Yvb / Xvb )/ (Yv/ Xv) ) – 1, where 
Xbv and Xvb represent the sown proportion of 
intercrop baby corn with vegetables, and 
vegetables with baby corn, respectively. 
 

Actual Yield Loss (AYL) is the better index than 
CR and IA [11]. It is the proportionate yield loss 
or gain of intercrops when compared with the 
particular sole crop. Partial actual yield loss also 
represents the proportionate yield loss or gain of 
each species grown as intercrops compared to 
pure stand [12,13]. 
 

5. Intercropping Advantage (IA) was calculated 
using the following formula [11]: 

 

6. IAb= AYLb X Pb 

IAv = AYLv X Pv 

 
       Where, Pb and Pv are the commercial value 

of baby corn and vegetables respectively 
 

7. The calculation of Monetary Advantage 
Index (MAI) was calculated as [14]:  
MAI = (value of combined intercrops) (LER-
1) /LER 

 

8. The relative crowding coefficient (RCC or K) 
was calculated as [15]:  
 
K = (Kb X Kv),  
 

Where, Kb = Ybv X Zvb/ ((Yb - Ybv) X Zbv) and Kv = 
Y vb × Zbv /(( Yv - Yvb) × Zvb) where Zbv and Zvb 
were the proportions of baby corn and 
vegetables in the mixture, respectively. 
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Relative crowding coefficient (RCC or K) 
indicates the relative dominance of one species 
over the other in intercropping [15]. K value 
greater than1 indicates a yield advantage and 
less than 1 indicates disadvantage; whereas K 
value equals to 1, there is no yield advantage 
[16]. 
 

9. The Aggressivity (A) was calculated as [17]:  
 
Ab = (Ybv / Yb X Zbv) – (Yvb / Yv X Zvb) 
Av = (Yvb / Yv X Zvb) – (Ybv / Yb X Zbv), 

 
10. The Competitive Ratio (CR) index was 

calculated using the following formula [18]: 
 
CRb = (LERb /LERv) (Zvb / Zbv), 
CRv = (LERv / LERb) (Zbv / Zvb) 
 

‘b’ and ‘v’ denotes baby corn and vegetable, 
respectively in all cases of this article.  
 
To study the progress in Yellow Vein Mosaic 
Virus (YVMV) disease in okra, observations like 
no. of infected leaves per plant and percentage 
of infected leaves per plant were collected on five 
randomly selected plants and percentage of 
infected plants was calculated on whole plot 
basis. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Productivity and Profitability 
 

Baby corn Equivalent Yield and Benefit: Cost 
ratio of intercropping system were presented in 
Table 1. All the intercropping treatments except 
baby corn + chilli (93.5 q ha

-1
) produced higher 

BEY than sole baby corn (115 q ha-1). 
Significantly highest BEY was exhibited by baby 
corn + cowpea (150.8 q ha-1) followed by baby 
corn + okra (122.6 q ha

-1
) and baby corn + brinjal 

(120.9 q ha
-1

) proving the more productivity of 
intercropping over sole cropping. Higher BEY 
values for baby corn + cowpea intercropping 
system was previously reported [5,19]. 
Significantly highest B:C ratio was observed in 
baby corn + cowpea (3.34) intercropping 
followed by baby corn + okra (3.29), baby corn + 
brinjal (3.28) and baby corn + chilli (3.15). Higher 
B:C ratios were exhibited by intercropping 
treatments than that of sole cropping treatments 
[4]. Also [5,20] higher B:C ratio for baby corn + 
cowpea intercropping system was supported. 
 

LER and ATER values were presented in Table 
2. All the intercrop treatments recorded LER 
values more than 1 depicting the yield advantage 

in intercropping over sole cropping. Among all 
the intercropping treatments highest LER value 
was observed for baby corn + cowpea (1.60) i.e. 
60% more area was required to produce same 
combined yield as in intercropping system when 
these two crops are grown separately. This was 
followed by baby corn + chilli (1.56) and baby 
corn + okra (1.41). Lowest LER value was 
observed for baby corn + brinjal (1.20) 
intercropping system. It was previously [21] 
observed higher LER values for maize + legume 
(beans) intercropping system than maize + 
tomato and maize + tuber crops. LER value of 
0.82 was observed [22] for maize + okra 
intercropping. Highest ATER value was observed 
for baby corn + chilli (2.25) showing an 
advantage of 125% followed by baby corn + 
cowpea (1.69), baby corn + brinjal (1.61) and 
baby corn + okra (1.58) showed an advantage of 
69%, 61% and 58% respectively, over sole 
cropping. Area time equivalent ratio provides 
more realistic comparison of the yield advantage 
of intercropping over monocropping in terms of 
time taken by component crops in the 
intercropping systems [13].  
 

Table 1.  Baby corn equivalent yield and 
benefit: cost ratio of baby corn based 

vegetable intercropping system 
 

Treatments BEY (Q ha
-1

) B:C 
ratio 

Baby corn sole 115.0 3.09 
Cowpea sole 106.9 2.42 
Brinjal sole 81.2 2.35 
Chilli sole 11.0 1.13 
Okra sole 69.6 1.88 
Baby corn +Cowpea 150.8 3.34 
Baby corn +Brinjal 120.9 3.28  
Baby corn +Chilli 93.5 3.15 
Baby corn +Okra 122.6 3.29 
S.E (m) 15.35 0.34 
C.D (p=0.05) 46.4 1.04 

 

AYL, IA and MAI of intercropping system were 
presented in Table 3. Highest reduction of 158% 
in yield was observed for okra followed by 41% 
for brinjal, 27% for cowpea and 19% for chilli 
when intercropped with baby corn. However, 
positive values the total AYLt values gave a 
picture of gain in combined yield of components 
in intercropping system when compared to the 
sole crops of components. Baby corn + chilli 
intercropping system had highest gain in yield 
(290%) followed by baby corn + cowpea (277%), 
baby corn + brinjal (250%), baby corn + okra 
(143%). Positive AYLb values were a sign of gain 
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in yield in baby corn when compared with sole 
baby corn. Negative AYLv values of vegetables 
were a sign of reduction or loss in the yields of 
intercrops when compared with sole crops. 
Likewise positive AYLt values were observed for 
maize + cowpea intercropping system [16]. 
Intercropping Advantage (IA) is another index, 
which indicates proportionate loss or gain of 
intercrops in terms of money when compared 
with the particular sole crop. The positive IAb 
values were suggesting an advantage for baby 
corn whereas negative IAv values were 
advocating disadvantage for vegetable 
intercrops. The positive values of total IA (IAt) 
were meant that there was an advantage in 
intercropping than sole cropping and the baby 
corn component compensated the loss in 
vegetable component. Monetary Advantage 
Index (MAI) is the real index that gives 
information on economic advantage of 
intercropping system as it utilizes LER values 
besides economic value of crops. Highest MAI 
was found for baby corn + cowpea (37833.5) 
intercropping system stating that it was the more 
profitable among all intercropping treatments and 
it was also evidenced by B:C ratio analysis. This 
higher MAI was probably due to higher LER, 
RCC and CR [14]. This was followed by baby 
corn + chilli (26172.9), baby corn + okra 
(25080.1). Baby corn + brinjal was proved to be 
the least profitable in comparison to other 
intercropping systems with a low (15853.8) MAI 
value. Higher MAI values for maize + legume 
intercropping were previously studied by [14,16]. 
 

3.2 Competition Indices 
 

RCC, Aggressivity and CR of intercropping 
system were presented in Table 4. The partial 
(Kb) values of bay corn (11.39-19.12) were 
greater than 1 indicating an advantage in yield 
for baby corn. But, the partial Kv values of 
vegetables (0.21-0.99) were less than 1 depicting 
a disadvantage or potential reduction in yield 
when compared to sole cropping. However, the 
total Kt values were greater than one for all the 
intercropping systems (2.36-12.80) signifying 
yield advantage of intercropping systems over 
sole cropping. It further indicated that baby corn 
was more competitive than vegetables and 
intercropping with vegetables did not have any 
negative effect on baby corn. Similar results were 
observed for maize when grown with cowpea 
[23]. Aggressivity (A) is often used to determine 
the competitive relationship between two crops 
used in the mixed cropping [16]. The positive 
aggressivity values of baby corn (Ab) and 

negative aggressivity values of vegetables were 
showing that baby corn dominated the vegetable 
intercrops among all the intercropping systems. 
Moreover, the lesser numerical values of 
aggressivity indicated that there was no greater 
difference between actual and expected yields. 
Competitive ratio (CR) is also a measure of 
competitive ability of the component crops in an 
intercropping system and is also a better index 
as compared with RCC and aggressivity [18]. CR 
also followed the similar trend like A. Higher CRb 
values (4.12-6.75) than CRv (0.15-0.27) pointed 
out the higher competitive ability of the baby corn 
for resources than vegetable intercrops. This 
might be the reason for considerable yield 
reduction in intercrops when compared to 
respective sole crops which was specified by the 
lower Kv values (<1). [16,23] also found complete 
dominance of maize over cowpea and also 
reported that maize was more competitive than 
cowpea and beans. 
 

3.3 Progress of YVMV of Okra in Sole 
and Intercropping Systems 

 

Observations on percentage of YVMV infected 
plants, no. of infected leaves per plant and 
percentage of infected leaves per plant were 
recorded on okra plants at 30, 60 and 90 DAS in 
both sole and intercropping system to study the 
disease progress in both the systems. The data 
were presented in the form of graphs in Figs. 1, 2 
and 3. The gap between percentages of YVMV 
infected plants in both systems was more at 30 
DAS (51.44%, 36.27%) and it was gradually 
reduced by the time of 60 DAS (79.79%, 
72.77%), which became almost similar at 90 
DAS (94.46%, 91.03%) showing that infestation 
was less in initial stages in intercropping system 
(Fig. 1).  
 

Table 2. Land equivalent ratio (LER) and area 
time equivalent ratio (ATER) of baby corn 

based vegetable intercropping system 
 

Treatments LER ATER 
Baby corn +Cowpea 1.60 1.69 
Baby corn +Brinjal 1.20 1.61 
Baby corn +Chilli 1.56 2.25 
Baby corn +Okra 1.41 1.58 

 
Observations on number of infected leaves per 
plant and percentage of infected leaves per plant 
(Figs. 2 and 3) also showed less incidence of 
disease in intercropping system at 30 DAS than 
sole crop and the gap was maintained up to 60 
DAS, but the gap was much narrowed by the
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time of 90 DAS. This could be due to removal of 
baby corn plants after 75 days of sowing, which 
permitted the free movement of white flies 
(Bemisia tabaci ), the vectors of disease. The 
less disease incidence at 30 and 60 DAS in 
intercropping situation was due to the restricted 
movement of white flies as baby corn plants 
acted as a barrier to them.  
 
In an experiment [24] reported, the maize and 
cowpea intercrops reduced the final incidence of 
Cassava Mosaic Disease in the cassava. The 
effect of intercrops viz., ground nut, sorghum and 
pearl millet with blackgram on different insect 
pests was studied in Tamil Nadu, India by [25] 
and their results revealed that the sucking 
pests B. tabaci and E. kerri population was low in 

the intercropped blackgram when compared to 
sole crop. Presence of sucking 
pests whitefly Bemisia tabaci and leaf hopper 
Empoasca kerri was high in sole blackgram crop 
than intercropped plots. B. tabaci population was 
1.55 plant

-1
 in sorghum intercropped blackgram 

plants at 1:3 ratio during 2010. In pure crop the 
population was 3.65 plant-1. Several workers had 
found the better control of whitefly through 
intercropping than sole cropping. It was reported 
[26] that cassava intercropped with cowpea 
supported 46% fewer whiteflies per leaf and 70% 
fewer per plant than cassava monocultures. 
Border cropping system in okra with maize, 
sorghum, pigeonpea and pearl millet revealed 
that maize border plots recorded highest number 
of parasitoids on aphids of okra [27]. 

 
Table 3. The actual yield loss (AYL), intercropping advantage (IA) and monetary advantage 

index (MAI) of baby corn based vegetable intercropping system 
 

Treatments AYL IA MAI 
AYLb AYLv AYLt IAb IAv IAt 

Baby corn +Cowpea 3.04 -0.27 2.77 24357.8   -406.3 23951.5 37833.5 
Baby corn +Brinjal 2.91 -0.41 2.50 23292.1 -1634.0 21658.1 15853.8 
Baby corn +Chilli 3.09 -0.19 2.90 24737.3   -757.8 23979.5 26172.9 
Baby corn +Okra 3.01 -1.58 1.43 24102.4 -4752.5 19349.9 25080.1 

 
Table 4. Relative crowding coefficient (RCC), aggressivity (A) and competitive ratio (CR) of 

baby corn based vegetable intercropping system 
 

Treatments RCC Aggressivity CR 
Kb Kv Kt Ab Av CRb CRv 

Baby corn +Cowpea 13.34 0.54   7.50 0.0332 -0.0332 5.66 0.27 
Baby corn +Brinjal 11.39 0.21   2.36 0.0332 -0.0332 6.75 0.15 
Baby corn +Chilli 19.12 0.49   6.89 0.0328 -0.0328 4.12 0.24 
Baby corn +Okra 14.17 0.99 12.80 0.0318 -0.0318 5.79 0.21 

 

 
 

Fig. 1. Percentage of yellow vein mosaic virus infected okra plants in the baby corn based 
vegetable intercropping system at different days after sowing (DAS) 
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Fig. 2.  No. of yellow vein mosaic virus infected okra leaves per plant in the baby corn based 
vegetable intercropping system at different days after sowing (DAS) 

 

 
 
Fig. 3. Percentage of yellow vein mosaic virus infected okra leaves per plant in the baby corn 

based vegetable intercropping system at different days after sowing (DAS) 
 

4. CONCLUSION 
 

Among all the intercropping treatments baby corn 
+ cowpea intercropping system was found to be 
as the most productive and profitable cropping 
system than other systems as it had the highest 
BEY, B:C ratio and MAI. Baby corn was found to 
be dominant and more competitive than the 
vegetables. This could be proved by high Kb, CRb 
values. All the vegetable intercrops were less 
competitive than baby corn and had almost 
similar competitive ability. Though productivity of 
vegetables was reduced with intercropping, the 
loss in yield was compensated by the gain in 
yield of baby corn. Lesser initial incidence of 
YVMV was observed in baby corn + okra 

intercropping than okra sole cropping and the 
disease progress was also slow in intercropping 
system than sole cropping. So, it could be 
concluded that baby corn based vegetable 
intercropping systems were productive and 
profitable than sole cropping and such systems 
may be playing prominent role in future, 
especially under changing climatic scenario and 
also baby corn acts as barrier to the movement 
of whitefly, aphids etc. 
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