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Introduction 
 

Wheat is a major staple food crop of India and 

is of paramount importance for food security 

of the country. It has been a staple food with 

the level of consumption largely unaffected by 

changes in its prices and the price of 

substitutes like rice, maize and millets. The 

current position of production and 

consumption of both pulses and edible oils in 

the country clearly shows that there is a big 

gap between domestic production and 

consumption which is bridged by imports (Ali 

and Shiv Kumar, 2007 and Hegde, 2007). To 

meet the challenges of pulses and oilseed 

production, there is a need to adopt strategy 

which involves enhancing production through 

area expansion and productivity improvement 

through better adoption of improved 

technologies. 

 

Intercropping ensures risks against the crop 

failure due to adverse weather or market 

fluctuations besides satisfying the dietary 

requirement of the explosively growing 

population. The ways of increasing production 

are either expansion in area or improvement in 

productivity. In general, there is hardly any 

scope to bring additional area exclusively 

under pulses or oilseeds or even wheat as the 
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demand of land for other crops will continue 

to rise. Thus there is only way to left is 

improvement in productivity of crops at the 

same time minimizing losses by adopting 

intercropping. Besides, other techniques, 

intercropping systems of growing two or more 

crops together on the same piece of land 

simultaneously may play an important role 

particularly under rain fed situation, where 

risk is more in mono cropping system. Hegde 

(2007) also suggested that there is 

considerable scope to bring large area under 

oilseed through intercropping system. Similar 

case may be with pulses. The success of inter 

cropping depends mainly on the selection of 

most compatible crops and their suitable row 

proportions. Inter crops with main crops are 

grown in two ways of additive and 

replacement series.  

 

In additive series, additional population of 

intercrops is adjusted with full population of 

main crop per unit area, while in replacement 

series, population or rows of main crops are 

replaced by inter crop. In densely sown crop 

like wheat, particularly under rain fed 

conditions, inter cropping through 

replacement series is generally practiced and 

can be economically viable. In agronomy 

planting geometry plays an important role in 

maximizing yield levels in inter cropping 

systems, which may vary with crop 

combinations, varieties and locations. 

Growing of crop without any fixed geometry 

was always inferior than inter cropping with 

appropriate geometry of planting. 

 

Materials and Methods 

 

A field experiment was conducted at research 

farm of Krishi Vigyan Kendra Majhagawan, 

Satna, Madhya Pradesh during for two 

consecutive rabi seasons of 2005 and 2006. 

The experiment was laid out in Randomized 

Block Design with 3 replications and 13 

different treatments combinations with three 

row proportions (2:2, 4:2, 6:2), three 

intercropping (wheat + chickpea, wheat + 

linseed, wheat + mustard) and four sole crop 

i.e. wheat, chickpea, linseed and mustard. The 

objective of experiment was to study the effect 

of various wheat based intercropping system 

on yield, land equivalent ratio and monetary 

indices under different row proportions. The 

soil of experimental area was sandy loam in 

texture and shallow in depth and soil was very 

low in available nitrogen, low in available 

phosphorus and higher in available potassium. 

Soil class was sandy loam and reaction was 

almost neutral. The location has subtropical 

climate characterized by hot dry summer and 

cool winter. The mean annual rainfall received 

during the experimental year varies from 600 

mm to 850 mm. The varieties selected for 

wheat (HD-2285), chickpea (Uday), linseed 

(JLS-9) and for mustard (Rohini) The crop 

was sown on 19 November 2005 and 14 

November 2006. The seed rate of intercrops 

was decided according to row proportions. 

Weeding was done to conserve soil moisture 

through dust mulch created by hand weeding 

after one month of sowing during both years. 

Thinning operation was adopted in linseed and 

mustard crop. The crop was harvested on 

22.03.2006 and 20.03.2007. 

 

Results and Discussion 

 

Effect on growth and yield contributing 

characteristics 

 

It is evident from table 1 that in chickpea 

intercropping system accumulated 

significantly more dry matter /plant than in 

sole crop during both years at maturity stages. 

It is also clear that different row ratios had no 

significant effect on dry matter as they 

remained at par in all observations. On an 

average, chickpea in intercropping 

accumulated dry matter 22.5 % higher than 

sole chickpea at maturity on the basis of 

pooled results.  
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Dry matter of linseed could not be influenced 

significantly by different treatments in any 

case of observation in the investigation.  

 

The data provided in table 1 indicates that 

mustard grown in intercropping system 

accumulated significantly higher dry 

matter/plant than in sole mustard at maturity 

stages during both years and also in pooled 

analysis. However, the row ratio of 

intercropping system had no significant effect 

on dry matter accumulation of mustard in any 

case of investigation. 

 

It is obvious from the table 2 that fruits of all 

intercrops were produced significantly higher 

in intercropping than sole stand of respective 

crops in almost all cases of significance. 

Between intercropping treatments, different 

row ratio had no significant effect on fruit 

formation in any of the intercrops and all row 

ratios remained at par with each other in 

respective intercrops. On an average chickpea 

in intercropping produced 18.0% more pods 

than in sole chickpea on the basis of pooled 

results. Similarly, intercropped linseed 

produced 7.8% more capsules than sole 

linseed, while mustard in intercropping 

produced 16.3% more siliquae than in sole 

mustard in pooled results. 

 

The examination of table 3 that harvest index 

of intercrops was significantly higher in 

intercropping than in their sole stand in almost 

all cases. Difference of intercropping was 

found significant only in case of mustard, 

where 6:2 row ratio showed significantly 

lower harvest index than other ratios in pooled 

results. It was calculated from pooled data that 

intercropping system attained higher values of 

harvest index than sole cropping and margin 

of increase were found 0.69, 1.2 and 

1.11percent unit in case of chickpea, linseed 

and mustard, respectively. The data furnished 

in table 4 revealed that seed yield was 

produced significantly highest in sole crop, 

which reduced significantly in intercropping 

with each wider ratio up to 6:2 in all cases 

except individual years. In year wise analysis, 

yield reduction beyond 4:2 row ratio was not 

found to the level of significance. On the basis 

of pooled data, yield reductions in 2:2, 4:2 and 

6:2 row ratios of intercropping as compared to 

sole stand were found 7.06q/ha or 35.8% 

11.21 q/ha or 56.8% and 13.17 q./ha or 66.8%, 

respectively. Although seed yield in 

intercropping are lower than in sole stand, but 

they are higher than expected yields estimated 

on the basis of actual area sown by chickpea 

under intercropping treatments. It may be seen 

from the pooled data given in table 4 that 

actual seed yields in 2:2, 4:2 and 6:2 row 

ratios of intercropping are 2.8 q/ha or 28.4%, 

1.94q/ha or 29.5% and 1.63q/ha or 33.1% 

higher than their expected yields, respectively. 

It indicates about the beneficial effect of 

intercropping system on seed yield of 

chickpea, and this effect increased with wider 

row ratios of intercropping system. The 

comparison of actual and expected yields. 

 

It is evident from the data given in table 4 

revealed that seed yield of linseed was 

produced significantly highest in sole stand, 

and reduced in intercropping significantly 

with each wider row ratio up to widest of 6:2 

ratio. On the basis of pooled data as compared 

to sole stand yield reductions in 2:2, 4:2 and 

6:2 row ratios of intercropping were worked 

out as 5.53 q/ha or 45.4 %, 7.56 q/ha or 62%, 

and 8.78q/ha or 72%, respectively. 

 

When we compare the actual seed yield of 

intercropping treatments with respective 

expected yields (table 4), it is proved that 

actual yields were higher by 56 kg/ ha or 

9.2%, 57 kg/ha or 14.0%, and 36kg/ha or 

11.8% under 2:2, 4:2 and 6:2 row ratios than 

the respective expected yields estimated on the 

basis of actual area sown under linseed. These 

calculations were done for pooled results over 

years. 
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Table.1 Dry matter /plant (g) of chickpea, linseed and mustard at maturity  

Stages under different treatments 

 
Year of experiment Treatments S.Ed.+- C.D.(P=0.05) 

Sole crop 2:2 4:2 6:2   

 Chick pea  

2005-06 15.45 19 19.16 19.1 0.69 2.17 

2006-07 16.54 20 20.18 20.19 0.7 2.23 

Pooled 16 19.5 19.67 19.64 0.49 1.07 

 Linseed  

2005-06 3.003 2.961 2.867 2.873 0.114 NS 

2006-07 3.102 3.006 2.916 2.909 0.116 NS 

Pooled 3.053 2.984 2.892 2.891 0.081 NS 

 Mustard  

2005-06 15.37 20.78 20.49 20.46 0.55 1.74 

2006-07 16.72 21.7 21.64 21.64 0.63 2 

Pooled 16.05 21.24 21.05 21.05 0.42 0.91 

 

Table.2 Number of chickpea pods, linseed capsule and mustard siliquae/plant of intercrops under 

different treatments 

 
Year of experiment Treatments S.Ed.+- C.D.(P=0.05) 

Sole crop 2:2 4:2 6:2   

 Chick pea Pods 

2005-06 22.15 25.98 27 26.87 1.17 3.73 

2006-07 23.2 26.45 27.19 27 1.15 3.66 

Pooled 22.67 26.22 27.1 26.94 0.82 1.79 

 Linseed Capsule 

2005-06 28.21 31.08 30.34 29.87 1.18 NS 

2006-07 28.32 31.17 30.44 30 1.16 NS 

Pooled 28.27 31.13 30.39 29.94 0.83 1.8 

 Mustard Siliquae 

2005-06 113.22 130.41 134.19 134.96 4.9 15.6 

2006-07 118.32 133.14 137.11 138.05 5.61 17.85 

Pooled 115.77 131.78 135.65 136.51 3.72 8.11 

 

Table.3 Harvest index (%) of intercrops under different treatments 

 
Year of experiment Treatments S.Ed.+- C.D.(P=0.05) 

Sole crop 2:2 4:2 6:2   

 Chick pea  

2005-06 42.02 43.15 42.21 43.1 0.3 0.95 

2006-07 41.97 42.13 42.38 42.14 0.35 NS 

Pooled 42 42.64 42.8 42.62 0.23 0.5 

 Linseed  

2005-06 38.47 39.98 40.05 40.1 0.34 1.08 

2006-07 37.95 38.56 39.18 38.56 0.32 1.01 

Pooled 38.21 39.27 39.62 39.33 0.23 0.51 

 Mustard  

2005-06 32.72 34.35 34.42 34.3 0.3 0.97 

2006-07 32.65 34.2 33.46 32.05 0.31 0.98 

Pooled 32.69 34.28 33.94 33.17 0.22 0.47 
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Table.4 Seed and Stover yield (q/ha) of intercrops under different treatments 

 

Year of 

experiment 

Seed Yield Stover Yield 

Treatments S.Ed.+- C.D.(P=0.05) Treatments S.Ed.+- C.D.(P=0.05) 

 Sole crop 2:2 4:2 6:2   Sole crop 2:2 4:2 6:2   

 Chick pea  Chick pea  

2005-06 19.35 12.51 8.32 6.38 0.83 2.64 26.7 16.57 10.93 8.42 0.83 2.65 

2006-07 20.11 12.83 8.71 6.73 0.75 2.39 27.81 17.62 11.84 9.24 0.99 3.15 

Pooled 19.73 12.67 8.52 6.56 0.56 1.22 27.26 17.1 11.38 8.83 0.65 1.41 

 Linseed  Linseed  

2005-06 11.94 6.57 4.42 3.34 0.41 1.32 19.1 9.86 6.62 4.99 0.61 1.94 

2006-07 12.43 6.74 4.85 3.49 0.42 1.34 20.32 10.74 7.53 5.56 0.65 2.06 

Pooled 12.19 6.66 4.63 3.41 0.29 0.64 19.71 10.3 7.08 5.28 0.45 0.97 

 Mustard  Mustard 

2005-06 13.97 10.41 6.98 5.31 0.38 1.21 28.73 19.9 13.3 10.17 0.86 2.74 

2006-07 14.25 10.67 7.23 5.48 0.51 1.62 29.37 20.53 14.38 11.62 0.93 2.95 

Pooled 14.11 10.54 7.11 5.39 0.32 0.69 29.06 20.22 13.84 10.9 0.63 1.38 
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Table.5 Wheat equivalent yield (q/ha) and land equivalent ratio, Gross Income (000 Rs./ha), Net 

income (000 Rs./ha) and B:C Ratio under different treatments 

 

Treatments Wheat 

equivalent 

yield(q/ha) 

Land 

equivalent 

ratio 

Gross 

income 

(000 Rs/ha) 

Net income 

(000 Rs/ha) 

B:C 

ratio 

Sole wheat 39.94 1 47.582 36.882 3.45 

Wheat+chickpea(2:2) 46.04 1.36 54.099 42.429 3.64 

Wheat+linseed(2:2) 35.86 1.08 41.335 30.52 2.84 

Wheat+mustard(2:2) 35.14 1.16 41.038 30.203 2.79 

Wheat+chickpea(4:2) 44.61 1.27 52.72 41.232 3.59 

Wheat+linseed(4:2) 39.83 1.12 46.486 35.687 3.31 

Wheat+mustard(4:2) 37.04 1.11 43.957 33.119 3.06 

Wheat+chickpea(6:2) 44.16 1.23 52.078 40.718 3.59 

Wheat+linseed(6:2) 41.76 1.14 48.78 37.952 3.5 

Wheat+mustard(6:2) 38.5 1.1 45.907 25.07 3.24 

S.Ed.+- 1.92 0.06 2.466 1.914 0.17 

C.D.(P=0.05) 3.76 0.11 4.834 3.752 0.33 

Sole intercrop      

Chickpea 27.62 1 30.346 19.146 1.71 

Linseed 26.82 1 27.795 19.366 2.09 

Mustard 25.4 1 28.306 19.589 2.15 

 

Like other interactions, seed yield of mustard 

also maximized under sole stand and reduced 

significantly in intercropping (table 4).  

 

In different row ratio of intercropping, seed 

yield of mustard reduced significantly with 

each wider row ratio up to widest of 6:2 ratio.  

 

In pooled results the margin of yield reduction 

in intercropping as compared to sole stand 

were found 3.57q/ha or 25.3% 7.0 q/ha or 

49.6% and 8.72q/ha or 61.8%, respectively in 

2:2, 4:2 and 6:2 row ratios treatments. 

 

In comparison of actual yield with expected 

yields of respective intercropping treatments, 

actual yield were found always higher than 

expected yields estimated on the basis of 

actual area sown under mustard crop in 

intercropping treatments. The actual yields 

obtained under 2:2, 4:2 and 6:2 row ratios 

were computed to be higher than respective 

expected yields by the margin of 348kg/ha or 

49.3%, 241 kg /ha or 51.3% and 186kg/ha or 

52.75, respectively on the basis of pooled 

data.  

 

It is clear from the table 4 that stover yield 

was produced significantly highest in sole 

stand of all intercrops during both years. 

Stover yield reduced in intercropping with 

each wider row ratio up to widest of 6:2 ratio 

in all cases but reduction beyond 4:2 row ratio 

was significant only in pooled results. On the 

basis of pooled data yield reduction in 

intercropping as compared to sole stand were 

found to be 10.16 q/ha or 37.3%, 15.88 q/ha 

or 48.3%, and 18.43 q/ha or 67.6% under 2:2, 

4:2 and 6:2 row ratios, respectively in case of 

chickpea. Such reduction in linseed were 

found as 9.41 q/ha or 47.77%, 12.63 q/ha or 

64.1%, and 14.43 q/ha or 73.2% and in 

mustard as 8.84q/ha or 30.4%, 15.22q/ha or 

52.4%, and 18.16 q/ha or 62.5%, respectively.  
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Wheat Equivalent Yield, Land Equivalent 

Ratio and Monetary Returns 

 

Wheat equivalent yield was significantly 

influenced by treatments during both years 

and also in pooling. The pooled data show 

that wheat +chickpea in 2:2 and 6:2 row ratios 

produced significantly higher wheat 

equivalent yield than all the other treatment 

combinations. Among remaining treatments 

wheat + linseed in 6:2 row ratio being at par 

with sole wheat, wheat +linseed in 4:2 row 

ratio and wheat +mustard in 6:2 row ratio 

gave significantly higher equivalent yield than 

rest of the treatments. It may also be seen 

from the table 4.40 that wheat equivalent 

yield increased with each wider row ratio in 

wheat, linseed or mustard intercropping but 

reduced in wheat +chickpea intercropping 

numerically.  

 

The treatment of wheat +chickpea in 2:2 row 

ratio produced highest of 46.04q/ha wheat 

equivalent yield, which was 1.43 q/ha or 

3.21%, 1.88q/ha or 4.26%, 4.28q/ha or 

10.25% and 6.10 q/ha or 15.27% higher than 

equivalent yield under wheat +chickpea in 4:2 

row ratio and 6:2 row ratio, wheat +linseed in 

6:2 row ratio and sole wheat, respectively. 

Wheat equivalent yield of pure intercrops was 

recorded much lesser than sole wheat or all 

the intercropping treatments.  

 

It is visible from Table 5 that the treatment 

wheat +chickpea in 2:2 row ratio being at par 

with 4:2 ratio attained significantly higher 

values of LER than remaining all treatments. 

All treatment of intercropping showed higher 

LER values than sole wheat crop, but 

difference was not found significant under 

wheat +linseed in 2:2 row ratio, wheat 

+mustard in 4:2 and 6:2 row ratio of 

intercropping. 

 

The data furnished in table 5 clearly indicate 

that effect of treatments was significant on 

gross income during both years. Pooled data 

show that the treatment wheat +chickpea in 

2:2 row ratio earned maximum gross income 

from same intercropping in 4:2 (Rs 52720/ha) 

and 6:2 (Rs 52078/ha) row ratio. But 

significantly higher than all other treatments. 

It may be seen that wheat +linseed 

intercropping earned higher income than 

wheat + mustard intercroppings in all row 

ratios, but difference was not significant. The 

intercropping of wheat + linseed earned 

significantly lesser income in 2:2 row ratio 

than both other ratios, while income from 

wheat +mustard system did not vary 

significantly under different row ratios. The 

best treatment of wheat +chickpea in 2:2 row 

ratio recorded Rs. 1379/ha or 2.6%, 

Rs.2021/ha or 3.9%, Rs. 5319/ha or 10.9%, 

Rs. 6517/ha or 13.7% higher income 

compared with the income from following 

treatments, wheat +chickpea in 4:2 row ratio, 

in 6:2 row ratio and sole wheat, respectively. 

However all intercropping treatments gave 

higher income than sole cropping of any 

intercrop except wheat +chickpea, none of 

intercropping earn significantly higher gross 

income than sole wheat.  

 

The data given in table 5 clearly indicate that 

wheat +chickpea in all row ratios being at par 

gained significantly higher net income than 

all other treatments on pooled basis over 

years. The highest net income of (Rs 

42429/ha) was obtained with wheat +chickpea 

in 2:2 row ratio, which was found higher by 

Rs. 1197/ha or 2.9%, Rs.1711/ha or 4.2%, Rs. 

4477/ha or 11.8%, Rs. 5547/ha or 15.0% than 

the net income with wheat +chickpea in 4:2, 

in 6:2 row ratios, wheat +linseed in 6:2 row 

ratio and sole wheat, respectively. The 

intercroppings of wheat +linseed or wheat 

+mustard in any ratio could not give 

significantly higher net income than sole 

wheat. Not only had this, but wheat + linseed 

or mustard in 2:2 row ratio given significantly 

lesser net income than sole wheat. Sole 
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cropping of intercrops gave much lesser net 

income than sole wheat or different 

intercropping systems. 

 

It is apparent from table 5 that B: C ratio 

behaved in almost similar manner to net 

income. The treatment of wheat +chickpea in 

2:2 row ratio gave highest B:C ratio of 3.64, 

which was found at par with B:C ratio of 

same intercropping in 4:2 and 6:2 row ratios, 

wheat +linseed in 6:2 row ratio and sole 

wheat, but significantly higher than ratio of 

all other treatments. The treatments of wheat 

+linseed or mustard in 2:2 row ratio gave 

minimum value of B: C ratio. Sole crops of 

all intercrops have given much lesser B: C 

ratio than sole wheat or all intercropping 

treatments. 
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