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ABSTRACT

A field experiment was conducted during the winter (rabi) seasons of 2011-12 and 2012-13 at Hisar, Haryana,
in randomized block design with 9 treatments replicated thrice, to evaluate the intercropping of Indian mustard
[Brassica juncea (L.) Czernj & Cosson] and chickpea (Cicer arietinum) with barley (Hordeum vulgare L.) in re-
placement series. Results revealed that seed and straw yields of barley was reduced in barley + Indian mustard
intercropping system as compared to barley + chickpea because Indian mustard was found to be more competi-
tive and dominant over barley, as evident from higher partial relative crowding coefficient (RCC), competitive ratio
(CR), actual yield loss (AYL) and positive aggresivity (A) values of Indian mustard in all the planting patterns com-
pared to barley and chickpea. Among the intercropping treatments, barley + Indian mustard (6 : 3) was found most
economical and efficient intercropping system with the highest barley-equivalent yield (BEY, 7.93 t/ha), land-use
efficiency (LUE, 135%), area-time equivalent ratio (ATER, 1.34), land-equivalent ratio (LER, 1.36), land-euivalent
coefficient (LEC, 0.44), crowding coefficient (K, 5.82), actual yield loss (AYL, + 1.10), intercropping advantages in-
dex (IAl, + 3624.3), monetary advantage index (MAI, + 17,975.4), income-equivalent ratio (IER, 1.24), system
productivity index (SPI, 65.4), relative net returns index (RNRI, 1.27), monetary-equivalent ratio (MER, 1.33), net
returns (¥56,321/ha), benefit: cost rato (B:C, 3.41) and profit margin (71%). Among different row patterns, on the
basis of total crop-performance ratio (CPR) values, barley intercropped with either of the intercrop at 6:3 row ratio
performed better. Hence barley + Indian mustard (6:3) intercropping system can be a best option to get more mon-

etary returns and resource-use efficiency.

Key words : Aggresivity, Barley, Chickpea, Crop equivalent ratio, Indian mustard, Intercropping, Land-
equivalent ratio, Monetary advantage index, Relative crowding coefficient

Indiais having only 2.8% of the world’s land area but
we have to feed 17% of the global population and 11%
livestock. Moreover, nearly 50% of our farmers cultivating
less than 1 ha area, and nearly 33% population of our
country suffering from poverty and hidden hunger. Thus
Indiawill have to produce about 281 million tonnes (mt)
food grain, 53.7 mt oilseeds, 22 mt pulses, 127 mt veg-
etables and 86 mt fruits to meet out the demand for in-
creasing population by 202021 with quality under dimin-
ishing natural recourse base and changing climate (Singh,
2014). Consequently, India has high population pressure
on land and other natural recourses and bio-diversity is
under severe pressure to meet its food and devel opment
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needs. There is a need for more broad-based, more inclu-
sive and more sustainable approach; and there is need to
produce more without depleting our natural resources any
further. Intercropping is an age-old practice of growing
two or more crops simultaneously on the same piece of
land. Intercropping has been recognized as a potentially
beneficial system of crop production and evidences indi-
cate that it can provide substantial yield advantage over
sole cropping (Seth et al., 2016). To stabilize crop produc-
tion and to provide insurance mechanism against aberrant
weather situations, intercropping could be a viable agro-
nomic practice of risk minimizing, increasing farmers’
profit and subsistence oriented, energy efficient and sus-
tainable venture (Faroda et al., 2007; Singh et al., 2016).

Barley, grown under rainfed cultivation (49% area),
often meets with scanty rainfall before sowing and pro-
longed spell of no rain shower after sowing, resulting in
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failure or poor stand and yield. Under such conditions in-
tercropping of some deep-rooted crops like chickpea and
Indian mustard along with barley is advantageous. Indian
mustard and chickpea occupy a prominent position at na-
tional level and are valued for their importance in nutri-
tional security, soil amelioration and sustainable crop pro-
duction (DAC, 2014). These two crops aso play an impor-
tant role in protecting the environment from the risk asso-
ciated with high-input agriculture.

It was widely recognized that intercropping system,
designed on scientific basis growing cereals, legumes and
oilseeds together holds a great promise in increasing the
land productivity compared to sole cropping under Indian
conditions. However, spatial arrangement and plant popu-
lation in an intercropping system have important effects on
the balance of competition between component crops and
their overall productivity. Therefore, the present investiga
tion was planned to augment the possibility of increasing
production potentia of barley-based intercropping systems
with Indian mustard and chickpeain different replacement
series.

MATERIALS AND METHODS

A field experiment was carried out at wheat and barley
research area of the Chaudhary Charan Singh Haryana
Agricultura University, Hisar, Haryana (29°10N, 75°46'E
and 215.2 m above mean sea-level) during the winter
(rabi) season of 2011-12 and 2012-13 in a randomized
block design, replicated thrice with 9 treatments (Table 1).
Thetotal rainfall received during the crop season was 47.7
mm in 2011-12 and 113.8 mm in 2012-13. Soil of the
field was sandy loam, dlightly alkalinein pH (7.8), low in
organic carbon (0.38%), available nitrogen (188 kg/ha)
and medium in available phosphorus (23 kg/ha) and rich
in available potassium (256 kg/ha). Sole barley and com-
ponent crops in every intercropping system were sown at
22.5 cm row-to-row spacing. While sole Indian mustard
and chickpeawere sown at 30 cm row-to-row distance. In
intercropping treatments barley rows were replaced with
Indian mustard or chickpea as per planting pattern varying
from 6:1 to 6:3. The gross plot size was 5.4 m x 8.0 m.
Varietiessuch as‘BH 902’ of barley, ‘ RG 888’ of chickpea
and ‘Laxmi’ of Indian mustard were used in the study. The
sowing of the experiment was done on 19 and 24 Novem-
ber during 2011-12 and 2012-13, respectively using a
seed rate of 87.5 kg/ha for barley, 50 kg/ha for chickpea
and 5 kg/hafor Indian mustard. The barley, Indian mustard
and chickpea were harvested at 143, 148 and 160 days
after sowing (DAS), respectively during both the years.
Thefertilizer dose of 60 : 30 kg N and P,O,/hafor sole as
well as intercropped barley was applied. The fertilizer
schedule used for sole crops of Indian mustard and
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chickpea was 80:30 and 20:40 kg N and P,O,/ha respec-
tively. The proportionate fertilizer dose of the respective
intercrop was applied depending upon their planting pat-
tern in the intercropping. Two irrigations were applied at
45 and 85 days after sowing (DAS). The remaining stan-
dard recommended crop-management practices were fol-
lowed as per the package of practices of CCS Haryana
Agricultural University, Hisar, India

The economic yield of different crops was converted
into barley-equivalent yield (BEY) based on the market
price. The price (¥/kg) of barley, Indian mustard and
chickpea considered in the study was 11.05, 29.94 and
30.50 respectively. The benefit of planting patterns and the
effect of competition between the main crop and inter-
crops used in this experiment was calculated using differ-
ent competition indices. Land-equivalent ratio (LER), rela
tive crowding coefficient (RCC), measure of the relative
dominance of one species over the other in the intercrop-
ping, aggressivity (A), to determine the competitive rela-
tionship between component cropsin intercropping, area
time equivalent ratio (ATER), barley-equivalent yield
(BEY) and competitive ratio (CR), which gives more de-
sirable competitive ability for the crops over other indices
were calculated using the formula given by Willey and
Rao (1980). The actual yield loss (AY L) and intercropping
advantage index (IAl) were calculated as suggested by
Banik et al. (2006). Since none of the above competition
indices provide any information on the economic advan-
tage of the intercropping system, the monetary advantage
index (MALI) was calculated according to Singh and Bohra
(2012). Additionally, relative net return index (RNRI) as
given by Jain and Rao (1980), land-equivalent coefficient
(LEC) and monetary equivalent ratio (MER) as prescribed
by Adetiloye (1983), land-use efficiency (Ram er al.,
2012), combination coefficient (Okigbo, 1979) and crop
performance ratio (Yahuza, 2011) were also calculated.
The response to different treatments was similar during
both the years of study, hence the data were pooled and
analyzed statistically.

RESULTS AND DISCUSSION

Yield

Compared to chickpea, an intercropping of Indian mus-
tard in barley reduced the barley effectivetillers/m? signifi-
cantly over sole barley (Table 1). The decrease in effective
tillersin barley was observed with proportional increase of
intercrops from 6 : 1to 6 : 3. This could be attributed to
variationsin the magnitude of competition among compo-
nent crops grown in various proportions. Graing/ear head
in barley were non-significant, higher number of grains
was found under barley intercropped with chickpea than
barley intercropped with Indian mustard. Increase in
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1,000-seed weight owing to various intercropping systems
was not perceptible. These findings support those reported
by Megawer er al. (2010), who reported higher yield at-
tributes of barley, when intercropped with chickpea com-
pared to other crops.

Sole barley gave significantly higher seed and straw
yields than all the intercropping systems except barley +
chickpea (6 : 1) for straw yield. Among the intercropping
systems, straw aswell as seed yield of barley was reduced
more drastically in barley + Indian mustard intercropping
as compared to barley + chickpea intercropping. Among
the intercropping systems, the least barley seed and straw
yields were obtained with barley + Indian mustard (6 : 3),
while barley + chickpea (6 : 1) was found with highest
seed (4.31 t/ha) and straw yield (7.04 t/ha), which were
10.2 and 4.9%, respectively, less as compared to sole bar-
ley crop. More effective tillers'm? coupled with higher
population of barley in 6 : 1 row ratio could be the reason
for higher seed yield of barley in barley + chickpea (6 : 1)
(Table 1). These results confirm the findings of Antti
Tuulos et al. (2015), who reported that sole barley gave
significantly higher yield than intercropping.

An intercropping reduced the seed and straw yields sig-
nificantly compared with sole crop (Table 1). The inter-
cropping of barley with either intercrop at 6 : 1 row ratio
recorded significantly the lowest yield than other row ra-
tio. Marked reduction of 79.4% and 77.9% was observed
in mustard seed and straw yields, respectively, in barley +
Indian mustard (6 : 1) compared to sole Indian mustard.
Similarly, chickpea seed and straw yields were reduced to
94.0% and 82.8%, respectively, in barley + chickpea (6 :
1) compared to sole chickpea. Among the intercropping
systems, the highest seed as well as straw yields of both
intercrops were obtained at 6 : 3 row ratio due to more
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proportion of crop in intercropping. These results are in
line with those previously reported by Megawer et al.
(2010), who reported greater competition ability of barley
when intercropped with chickpea.

Barley-equivalent yield

Sole Indian mustard showed significantly higher
barely-equivalent ratio (BEY) than al other sole and inter-
cropping systems, whileit was statistically at par with bar-
ley + Indian mustard (6 : 3) intercropping system (Table
2). Among the intercropping systems, barley intercropped
with Indian mustard at al row ratio was found with higher
BEY than barley + chickpea. Among the intercropping
treatments barley + Indian mustard (6 : 3) was found with
highest BEY, which was significantly higher than all inter-
cropping treatments. Similar trend of result was observed
by Ahlawat et al. (2005), who also reported that sole In-
dian mustard showed significantly higher crop-equivalent
yield.

Land-use evaluation

Land-equivalent ratio: Intercropping advantage mea-
sured in terms of land-equivalent ratio (LER) inintercrop-
ping systems revealed that total LER for all intercropping
treatments except barley intercropped with either of inter-
cropsin 6 : 1 row pattern were greater than unity, indicat-
ing an advantage of intercropping compared to the sole
crop (Table 2). The highest LER (1.36) was found with
barley + Indian mustard (6 : 3) followed by barley +
chickpea (6 : 3) with LER (1.20), which indicates that
36% more areawould be required by a sole cropping sys-
tem to equal the yield of intercropping system (Midya et
al., 2005). Partial LER of barley was more than intercrops
in al the planting patterns except barley + Indian mustard

Table 1. Yield and yield attributes of barley as influenced by intercropping with Indian mustard and chickpea (pooled data of 2 years)

Treatment Seed yield (t/ha) Straw yield (t/ha) Barley
Barley Mustard Chickpea Barley Mustard Chickpea  Effective Grains/ear 1,000-
tillers'm? head seeds
weight(g)
Barley sole 481 - - 7.40 - - 328 43 46
Indian mustard sole - 1.60 - - 521 - - - -
Chickpea sole - - 121 - - 4.25 - - -
Barley + Indian mustard (6 : 1) 3.53 0.33 - 6.11 1.15 - 300 42 44
Barley + Indian mustard (6 : 2) 2.90 0.88 - 5.45 3.05 - 292 42 43
Barley + Indian mustard (6 : 3) 2.48 135 - 4.85 4.49 - 282 42 43
Barley + chickpea (6: 1) 431 - 0.07 7.04 - 0.73 313 43 45
Barley + chickpea (6: 2) 4.03 - 0.27 6.36 - 1.63 308 43 45
Barley + chickpea (6: 3) 3.75 - 0.51 5.67 - 2.03 306 43 45
SEmz+ 0.11 0.01 0.02 0.25 0.18 0.15 7 05 0.8
CD (P=0.05) 0.34 0.02 0.07 0.77 0.64 0.52 23 NS NS
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barley + chickpea intercropping. Among the intercrops,
chickpea was found with lower values of partial RCC
compared to Indian mustard, which showed that Indian
mustard was more competitive than chickpea when inter-
cropped with barley. Similar results were a so reported by
Khan er al. (2012), who reported higher RCC for Indian
mustard compared to barley.

Aggresivity: The results of aggresivity (A) confirmed
with those of LER and RCC. TheA valuesgivenin Table
3 showed that Indian mustard was the dominant crop with
positive A values in intercropping systems over the barley,
which had negative A values, while in barley + chickpea
intercropping, barley was dominant over chickpea. Rela-
tive dominance of Indian mustard over barley was in-
creased with increase in number of rows from 1 to 3.
While dominance of barley over chickpeaintercrop was
decreased with increase in proportion of chickpea. Domi-
nated nature of chickpea and dominant behaviour of In-
dian mustard to barley intercrop as shown by RCC and A
values, was also observed from competitive ratio (CR)
(Table 3). Values of CR for intercropped barley were
lower than Indian mustard but higher than chickpea,
which revealed that in intercropping, Indian mustard was
more competitive over barley. The highest CR value for
barley was observed with barley + chickpea (6 : 1) inter-
cropping system. While for mustard highest CR value
(2.77) was found with barley + Indian mustard (6 : 3) in-
tercropping system. With increasing proportion of inter-
crops from 1 to 3 rows in intercropping with barley, the
competitiveness of intercrops also increased and the high-
est competitiveness of intercrop was observed with 6 : 3
intercropping pattern of barley with either of intercrops.
These results are in harmony with those of Abu-Bakar et
al. (2014), who concluded that owing to higher values of
CR barley was dominant and chickpea was dominated in
intercropping.

Competition coefficient. Competition coefficient (CC)
values of Indian mustard (1.59-3.67) were higher than
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barley (0.11-0.58) in barley + Indian mustard intercrop-
ping (Table 3). While reverse trend was found in barley +
chickpea intercropping. Where barley CC (0.80-2.41)
values were higher than chickpea. Crop-performance ratio
(CPR) valuesfor barley intercropped with Indian mustard
at al row ratios were less than 1, which showed that bar-
ley in the intercropping with Indian mustard performed
less efficiently compared to the sole crop (Table 3). On the
other hand, Indian mustard as an intercrop performed bet-
ter than it's sole crop. However, the total CPR was not
efficient than sole crop. While barley intercropped with
chickpea performed more efficiently as than sole crop.
Maximum performance by Indian mustard and chickpea
asintercrop was shown at barley intercropping with either
intercrop at 6 : 3 row pattern. On the basis of total CPR
values, barley intercropped with either of intercrop at 6 :
3 row ratio had given best performance. Similar results
were aso represented by Yahuza (2011).

Actual yield loss: Actual yield loss (AY L) showed that
Indian mustard as an intercrop was more dominant than
barley at all row ratios as values of partial AYL of barley
was negative, whereas Indian mustard had positive values
(Table 2) probably due to the negative effects of Indian
mustard on barley (Singh and Bohra, 2012). It was also
revealed that in barley + chickpea intercropping, barley
was dominant over chickpea, because the partial AYL of
barley was greater than partial AYL of chickpea. Partial
AYL showstheyield loss or gain by itssign aswell asits
value. Thus there was 128% (AYL= + 1. 28) increase in
yield of mustard in barley + Indian mustard (6 : 3) as com-
pared to it's sole crop. In contrast, in barley + chickpea (6
: 1) and barley + chickpea (6 : 2), the ALY for chickpea
was —0.54 and —0.10, respectively, indicating yield loss of
54 and 10%, respectively, compared to it's sole crop. In
all the intercropping systemstotal ALY values were posi-
tive (+0.02 to +1.10) except barley + chickpea (6 : 1), in-
dicating an advantage from intercropping over pure
stands. Maximum yield advantage of 110% was obtained

Table 3. Biological potential evaluation indices as affected by intercropping of Indian mustard and chickpea with barley (pooled data of 2 years)

Treatment RCC A

Barley Intercrop K

Barley + Indian mustard (6 : 1) 0.43 173 074 -0.73
Barley + Indian mustard (6 : 2) 0.33 3.68 123 -1.40
Barley + Indian mustard (6 : 3) 0.63 9.14 582 -1.45
Barley + chickpea (6: 1) 1.78 0.43 0.68 0.57
Barley + chickpea (6: 2) 2.24 0.85 187 024
Barley + chickpea (6: 3) 2.08 126 263 0.09

SEm:+ 0.56 021 046 0.06

CD (P=0.05) 1.73 068 146 0.20

CR CcC CPR
Barley Intercrop Barley Intercrop Tota Barley Intercrop Barley Intercrop System
073 054 187 241 058 243 085 1.58 0.88
140 037 274 311 027 367 077 2.20 0.94
145 036 277 313 011 159 075 2.28 1.06
-057 236 045 281 246 078 1.03 0.46 1.01
-024 127 080 207 118 059 1.06 0.88 1.10
-0.09 108 092 201 080 048 112 1.15 1.06
006 017 006 015 015 041 0.05 0.05 0.03
020 055 019 047 049 132 016 0.16 0.09

RCC, relative crowding coefficient; A, aggressivity; CR, competitive ratio; CC, competition coefficient; CPR, crop performance ratio
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from barley + Indian mustard (6:3) having AY L value of
+1.10.

Intercropping advantage index: Intercropping advan-
tage index (1Al) followed the same trend as that of AYL
values, indicated that barley + Indian mustard (6 : 3) with
Al value +3,624.3 was most advantageous intercropping
system (Table 2). The intercropping system having nega-
tive Al values showed an economical disadvantage. The
lowest total 1Al value of —16,11.8 showed that barley +
chickpea (6 : 1) lead to highest loss. These results con-
firmed the findings of Dhima er al. (2007).

Economical evaluation

Monetary advantage index: Monetary advantage index
(MAI) values were positive in all intercropping systems
except barley intercropped with either of intercropat 6: 1
row ratio, which showed a definite yield advantage in
these intercropping systems compared to sole crop (Table
4). Barley + Indian mustard (6 : 3) was found with the
highest MAI, closely followed by barley + chickpea (6:3).
These results were also supported the findings of Ghosh
(2007), who found that when LER and K values were
higher, significant economic benefit was also expressed
with higher MAL.

Income-equivalent ratio: The Income equivalent ratio
(IER) was significantly influenced by intercropping sys-
tems (Table 4). The IER issimilar in concept to LER, ex-
cept that yield is measured in terms of net income rather
than crop yield. Barley intercropped with either intercrop
at 6 : 3 row ratio was found with IER values more than
unity (1.01 to 1.24), which showed an economical advan-
tage from these intercropping system over pure stand. The
highest |ER value of 1.24 was observed with barley + In-
dian mustard (6 : 3). On the other hand, |1ER value below
one (0.81 to 0.94) found with barley intercropped with
either intercrop at 6 : 1 row ratio and barley + chickpea
(6:2) had shown economical disadvantage of these inter-
cropping over pure stands. Similar results were also re-
ported by Dhaka et al. (2014), who reported that the |ER,
in general, declined with increasing proportions of base
crop in intercropping system.

System productivity index: Barley + Indian mustard (6
. 3) intercropping system was found with highest system
productivity index (SPI) value 65.4, which was signifi-
cantly higher than all other treatments (Table 4). Barley
intercropped with chickpea at all row ratios was found
with lower SPI values (37.5 to 43.2) than barely + Indian
mustard intercropping systems. |ndian mustard as an inter-
crop with barley at 6 : 2 and 6 : 3 row ratio with relative
net return index (RNRI) value of 1.10 and 1.27, respec-
tively, were found profitable compared to sole barley as
values were more than 1 (Table 4). Barley + chickpeain-
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Table 4. Economical evaluation indices as affected by intercropping of mustard and chickpea with barley (pooled data of 2 years)

PM  Netretuns MER SPI MAI IER
Iday (%) (/ha)

RNRI

Net Benefit:

returns

Gross
returns

Cost of

cultivation
(% 10°3/ha) (x10°F/ha) (x10°F/ha)
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SEm+

1,310.1
4,181.4

CD (P= 0.05)
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RNRI, Relative net return index; MER, Monetary equivalent ratio; SPI, System productivity index; MAI, Monetary advantage index; IER, Income equivaent ratio;

PM, Profit margin
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tercropping were found uneconomical as al RNRI values
were lessthan 1. The highest RNRI was found with barley
+ Indian mustard (6:3).

The higher cost of cultivation was incurred on sole bar-
ley crop, while the lowest amount was spent on sole Indian
mustard. In intercropping systems cost of cultivation was
higher than sole Indian mustard and chickpea but it was
less than sole barley. Among the intercropping treatments,
barley + Indian mustard (6 : 3) was obtained with the high-
est gross return, which was 20.7% higher than sole barley
and it was aso significantly higher than al treatments. Net
returns had also followed same trend as that of gross re-
turn. The highest and lowest net returns were found with
barley + Indian mustard (6 : 3) and sole chickpea respec-
tively.

Barley + Indian mustard intercropping systems were
observed with higher benefit: cost (2.99-3.41) than barley
+ chickpeaintercropping systems (2.81-2.95) at 6 : 2 and
6 : 3row arrangements (Table 4). Barley + Indian mustard
(6 : 3) was observed with the highest B:C (3.41), which
was 18.8% higher than sole barley. Barley intercropped
with either of intercrop at all row ratio except 6 : 1, was
found with monetary equivalent ratio (MER) values more
than 1, which indicate the monetary advantage over sole
cropping (Table 4). The maximum MER was observed
with barley + Indian mustard (6 : 3). Barley intercropped
with either of intercrop at 6 : 1 row arrangement was
found uneconomical as the MER values were less than 1
(0.87-0.96). Mbah and Ogidi (2012) also reported that in
all the intercropping combinations, MER was above unity,
an indication that it was more advantageous to grow the
crops in mixture than sole cropping. Net returns per day
had also followed the same trend as that of B:C and net
returns and maximum per day return of #380.5 and the
highest profit margin (PM) of 71% was obtained with bar-
ley + Indian mustard (6 : 3).

It was concluded that intercropping of barley + Indian
mustard (6 : 3) proved the best option owing to relative
yield advantage, economic return, optimum and efficient
use of available resources because of to its maximum val-
ues of different land use, biological potential and economi-
cal evaluation indices. System recorded land-use effi-
ciency of 135%, 34-36% relative advantage over sole
crop, monetary advantage index (+17,975.4), net return
(56,321/ha), benefit: cost (3.41) and F380/day return.
Among the different row patterns, 6 : 3 ratio of barley +
Indian mustard or chickpea was found most economical.
Therefore, in the current scenario of growing population
pressure, changing climate and the need to produce di-
verse products from the ever shrinking land holdings, in-
tercropping of barley + Indian mustard (6:3) can be avery
useful management strategy not only to meet out the food
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requirements but also to increase profitability for farmers.
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