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Garden pea (PiSUJJl sativurn L.) and potato (Solanunl
tuberosunl L.) are the Inajoroff-season vegetable crops grown
in Lahaul valley located in high hill dry temperate regions of
north-western Hin1alayas. The area remains under snow during
winter having only single growing season during sumn1ers
(April- September). With changing scenario and heavy losses
in pea and potato Cll ltivation due to disease infestation, famlers
have switched over to crop diversification to saIne extent by
growing carrot (Daucus carotaL.), cabbage (Brassic oleracea
var capitata L.f.), cauliflower (Brassica oleracea var botl:vtis
L.) and ton1ato (Lycopersion esculentunz L. Mill. nom. cons.)
as off-season crops. The cultivation of vegetables involve
heavy expenditure as well as time, high degree ofrisk depriving
off the growers sometin1es froln regular stable returns.
Intercropping of rajnzash and French bean (Phaseolus
vulgaris L.) with space planted vegetable crops might help in
stabilizing the farmer's incolne and increases production per
unit area. Potato + raj/nash and cabbage + rajnzQsh
intercropping systems are being popular among the fanners
of dry temperate region without following an appropriate
spatial an'angen1ent which intulTI leads to increased inter- and
intra-plant cOInpetition for two Inost lin1ited inputs, i ~ moisture
and nutrients in the ecosystem. Intercropping under fragile
environnlental conditions ensures stability in yield and
Ininitnizes risk of crop loss due to weather aberrations. Fast
growing legun1e crops have detenninate growth habit with
less canopy to cover the ground and thus offer a possibility
to grow thetn as intercrop in space planted vegetables to utilize
the space and other resources efficiently. Keeping all above
aspects in view, the present investigation was undertaken to
evaluate the raj/nash and French bean in association with
different vegetables along with cOlllparing them with
commercial grown garden pea and carrot for increasing the
production potential of vegetable-based intercropping
systems.
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A field experiment was conducted during the summer
season of 2000 and 200 1 at the experimental faml of the
Highland Agricultural Research and Extension Centre,
Kukun1seri (Lahaul and Spiti), Himachal Pradesh. The soil was
loamy sand having 0.70% organic carbon, 340 kg/ha available
nitrogen, 26 kg/ha phosphorus and 270 kg/ha potassiunl with
pH 6.8. The 16 treatments cOlnprised ofintercropping ofpulse
type 'Triloki' rajrnash and vegetable type 'Contender'
Frenchbean with 4 dlf1crcnt vegetables, namely 'Golden Acre'
cabbage, 'K.ufri Chandranlukhi' potato, 'Him Pragati' tomato
and 'Pusa Snowball K l' cauliflower along with the sale stand
of all these crops and major cash crops of the area, ie "Azad
PI' garden pea and 'Nantes' carrot were arranged in
randomized block design (Table 1) replicated thrice. The
sowing/transplanting ofcabbage (45 em x 40 em), potato (60
em x 20 em), tomato and cauliflower (60 em x 45 cm)~ French
.bean and rajmash (30 cm x 10 cm), garden pea and carrot ( 30
cm x 5 cm) were done on 2 June and 28 May during the year
2000 and 2001 respectively. One row each of rajn1ash and
French bean was sown in between the rows of the tnain crop.
The recolnmended packages of practices were follow,ed for
raising the main crops. The pea-equivalent yield was
calculated using the prevalent prices available to fanners at
crop harvest. The land-equivalent ratio, aggressivity, relative
crowding coefficient and cOInpetition ratio were computed as
suggested by Willey (1979), Mc Gilchrist (1965), Hall (1974)
and Willey and Rao (1980) respectively. The data for individual
years and pooled over 2 years were used for statistical
analysis ..

The yields of cabbage, potato, tomato and cauliflower
were the highest in their sole stands owing to less competition
for space, light, tlloisture and nutrients in both theyears (Table
1). Sin1ilar findings were also observed by Tiwari et al. (2002).
Sole potato yield reduced considerably in 2000 compared with
the intercropping with French bean. Almost all the
intercropping systems (Table 1) except cabbage + rajlnash
led to significantly higher total productivity in tenns ofpca­
equivalent yields than the sole crop mainly owing to higher
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Table 1 Yield and econoolics in vegetable-based intercropping system

Treatnlent Crop yield Pea equivalent yield Net returns Benefit:

(tonnes/ha) (tonnes/ha) (Rs million ha) cost ratio

2000 2001 Pooled 2000 2001 Pooled 2000 2001 Pooled 2000 2001 Pooled

Cabbage + rajl1Uls}z 39.30 44.14 41.72 11.43 13.4 12.44 0.14 0.17 0.15 2.94 3.27 3.11

(1.62) (2.18) (1.90)
0.21 4.08 3.72 3.90Cabbage + French bean 56.72 54.11 55.42 15.86 15.28 15.57 0.22 0.20

(1.37) (1.47) (1.42)

Cabbage 63.68 63.34 63.51 14.15 14.07 14.1 I 0.19 0.19 0.19 4.11 3.84 3.98

Potato. + rajn-lash 21.80 17.36 19.58 6.92 6.17 6.55 0.07 0.05 0.06 2.15 1.85 2.00

(1.25) (1.39) (1.32)

Potato + French bean 25.66 24.08 24.87 7.56 7.21 7.39 0.08 0.07 0.07 2.35 2.16 2.26
(0.84) (0.84) (0.84)

Potato 24.93 24.93 24.93 5.54 5.54 5.54 0.05 0.05 0.05 1.99 1.92 1.96
Tomato + rajfnash 47.77 55.79 51.78 14.71 16.89 15.80 0.19 0.23 0.21 3.73 4.06 3.89

(0.86) (0.88) (0.87)

Tonlato + French bean 48.10 53.44 50.77 14.78 16.26 15.52 0.20 0.22 0.21 3.75 3.90 3.85
(0.64) (0.64) (0.64)

Tomato 50.91 61.29 56.10 14.14 17.03 15.58 0.19 0.24 0.22 3.98 4.51 4.24
Cauliflower + raj/nash 24.0 17.54 20.77 12.92 11.27 12.1 0.17 0.13 0.15 3.47 2.81 3.14

(1.35) (2.08) (1.72)

Cauliflower+French bean 23.81 15.55 19.68 12.11 8.84 10.47 0.15 0.09 0.12 3.25 2.21 2.73
(0.69) (0.87) (0.78)

Caulit1.ower 24.15 18.09 21.12 10.74 8.04 9.39 0.13 0.08 0.11 3.22 2.23 2.72
Pea 11.11 13.47 12.39 11.31 13.47 12.39 0.15 0.18 0.17 3.63 4.04 3.84
Carrot 24.71 36.45 30.58 8.24 12.15 10.19 0.10 0.17 0.14 3.37 4.56 3.97
Rajmash 2.86 3.92 3.39 4.76 6.53 5.64 0.05 0.08 0.07 2.38 3.09 2.74
French bean 4.24 4.55 4.40 9.42 10.11 9.77 0.13 0.14 0.14 4.71 4.79 4.75

CD (P=O.05) 1.30 0.99 0.80 0.02 0.02 0.01 0.43 0.28 0.25

Values given intheparenthesis are ofcorresponding intercrop
Prevalent nlarket prices ofdifferent commodities (Rs 1 800,600,400,400, 500, 800,3.000,4 000 for greenpea, carrot, cabbage, potato,

t0l11ato, cauliflower, rajJnash and French bean seed respectively)

yield recovery than expected from conlponent crops as wen
as higher· economic value of the produce of intercrops.
However, tOlnato-basedilltercropping was at par·with sale
stand oftonlato.Among theintercropping systelTIS, tonlato
grown in association with rajmash recorded highest yield that
was at par with. those of tomato + French bean, cabbage +
French bean and sole tomato. However, these equivalentyields
were significantIyhigher than the conlmonly grown pea, potato
and carrot. Prasad· et al.·. (200 I) reported higher production
withintercropping system. Among the intercrops, the yield
of French bean was higher than the rajmash because of its
profuse branching habit and· higherpods/plant.· However,
rajJ'1'lClsh as intercrop invegetables excelled Frenchbean which
I11ightbe attributed tothe variation in the growth rhythm of
these crops and also due to shading effect ofmain crops on
Frellchbean~

Outfie basis ofnet returns (Tahre 1), tomato as sole crop
w.as:foondtobethe most remunerative andwas at parwith
tOlTIato +.rajlnash, cabbage+··Prench··beanand tomato +
Frel1:ch bean. Due tosemi-determinate growth habitoftomato,

tomato and intetcrops or vice...versaaffected the propergrowth
ofeach other and resulted in cOlnparable production with the
sole crop. However, theirnet returns were significantly higher
than the commercially grown pea, carrot and potato. These
systems recorded 30.3,28.5,26.7 and 24.8% higher net returns
in .tomato, tomato +rajmash, cabbage + French .bean and
tomato + French bean respectively. compared· with the pea
over the years. These· findings are·in consonance with those
ofAdeniyi (200 I), Tiwari et ai. (2002), Anwaret al. (2003)and
Saini· et al. (2003). The higher benefit: cost ratio in French
bean,carrot and pea .was· due to .low-cost of interventions
involved in their cultivation compared to transplanted
vegetable crops and highereconomic value of the produce.

Land-equivalent ratio of aU the intercroppingsystem
were greater thaJ?. the unity indicating greater biological
efficiency in utilization of land, space and tinle by intercrops
and thereby yield advantage over the respective sole crops
(Table 2). Thehighestlandequivalent ratio of L89was recorded
in cauliflower + rajlnash (pooled data) indicating the
complimentarity ofthe combination. Maincrops having higher
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Table 2 CODlpetition function of vegetables with Phaseo/us vulgaris intercropping system

31

Treatnlent Land equivalent ratio Aggressivity Relative crowding coefficient Competition ratio
2000 2001 Pooled 2000 2001 Pooled 2000 2001 Pooled ;"'-20-0-0--2-00-1--P-o-o-le-d

Cabbage + rajmash 1.54 1.59 1.56 0.003 -G.08 -0.04 1.01 1.44 1.23 0.68 0.78 0.73
(0.30) (0.19) (0.24) (2.10) (2.01) (2.06) (1.47) (1.27) (1.37)

Cabbage + French bean 1.42 1.51 1.47 0.39 0.20 0.30 5.09 3.68 4.39 1.76 1.46 1.61
(-0.11) (O.07) (-0.02) (0.76) (0.76) (0.76) (0.59) (0.76) (0.68)

Potato +' rajnlQsh 1.76 1.31 1.53 0.03 0.09 0.05 3.49 1.15 2.32 1.01 1.22 1.12
(0.04) (-0.08)(-0.02) (1.55) (1.10) (1.33) (1.0 I) (0.87) (0.94)

Potato + French bean 1.42 1.34 1.38 0.63 0.60 0.62 -17.50 14.18 -1.66 2.61 2.68 2.65
(-0.19)(-0.60) (-0.40) (0.49) (0.45) (0.47) (0.35) (0.38) (0.36)

Tomato + rajnzash 1.54 1.36 1.45 0.34 0.46 0.40 7.59 5.07 6.33 1.57 2.03 1.80
(-0.06) (-0.16) (-0.11) (0.87) (0.59) (0.73) (0.64) (0.50) (0.57)

Tonlato + French bean 1.25 1.16 1.20 0.65 0.60 0.62 8.55 6.81 7.68 3.15 3.12 3.14
(-0.25) (-0.24) (-0.24) (0.35) (0.33) (0.34) (0.32) (0.32) (0.32)

Cauliflower + rajnuish 1.75 2.20 1.89 0.24 0.03 0.14 77.92 16.01 56.97 1.46 0.94 1.20
(0.07) (0.08) (0.07) (l.80) (2.28) (2.04) (0.74) (0.75) (0.75)

Cauliflower +French bean 1.31 1.24 1.28 0.67 0.48 0.57 34.30 3.06 18.68 3.08 2.27 2.68
(-0.25) (-0.12) (-0.18) (0.39) (0.47) (0.43) (0.33) (0.44) (0.38)

Sole stand ofeach ofabove 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
crop, pea and carrot

CD (P = 0.05) 0.22 0.20 0.14 0.20 0.18 0.13 0.31 0.34 0.23
(0.46) (0.48) (0.32) (0.17) (0.28) (0.16)

Values given in the parenthesis are ofcon-esponding intercrop

competitive ratio except cabbage with rajmash appeared to
be more competitive than the intercrop. The lowestcompetition
was recorded in cabbage·associated with rajmash compared
with the highest in tOlnato with French bean· (3.14) in the
respective years and pooled over the years. This.may be due
to compact growth habit of cabbage plant resulting in .low
cOlnpetition with rajmash for light and space. The negative
aggressivity of intercrops except rajnlash with cabbage and
cauliflower in all the arrangements indicated poor
c0111petitiveness of intercrops than the vegetables which had
positive aggressivity in all theconlbinationsexcept cabbage
with raj/nash. Vegetable crops have vigorous and rapid initial
growth than the iritercrops which might have offered more
competition for moisture, nutrients and radiation causing more
yield reduction in intercrops than the area replaced in main
crop· and in consequence· resulting in negative aggressivity
for· intercrops. The relative crowding coefficient was more
than unity in all intercropping combinations exc.ept potato +
French bean.·The highest relative crowding· coefficient was
noticed in cauliflower + French bean showing the highest
yield advantage froln this combination.

Thus, vegetable-basedintercropping systeln resulted in
yield as· well as monetary· gains. compared with. their sole
cultivation and .. commercially grown pea,. carrot and potato.
An intercropping oftomato + rajlnash,cabbage+ French bean,
t0111ato +.French·bean and tomato as the sole crop gave the
highest production and net returns.

SUMl\1ARY

A field ·experirrtent was. conducted ·during·the. sumlner

season of2000 ·and 2001at Highland Agricultural Research
and Extension Centre, Kukumseri (Lahaul and Spiti),Hima~hal

Pradesh with the aim to stabilize the fanners' income and
increased production/unit area. Phaseolus vtl/gariu L., nanlely
rajmash and French bean were evaluated as intercrops with
cabbage (Brassica oleracea var. capitata L.), potato (Solanum
tuberosuffJ, L.), tomato (Lycopersicon esculentum L. Mill. nom.
cons.) andcauliflower (Brassica oleracea var botrytis L.) along
with their sole· stands as well as cash crops of the area, ie
garden pea (Pisum sativum L.) and carrot (Daucus carota L.).
It was found that sale stand of each crop gave higher yield
than their respectiveintercropped stands. Tomato
intercropped with rajmash gave the maximum yield.and was
at par with those of tomat~ and cabbage·with French bean
and sole tomato but significantly higher than the major cash
crops pea, potato and carrot. These systems also proved more
remunerative and gave higher. net returns/rupee invested_
Land-equivalentratio of all the intercroppi-ng systems were
greater than unity indicating greater biological efficiency in
utilization of land, space and time byintercrops and there by
yield advantage overtherespective sole crops. The intercrops
had· negative aggrcssivityexcept rajmash with" cabbage
indicated· poor competitiveness of intercrops.. The relative
crowding coefficient was more than unity in almost all the
intercropping systems. Thus,.vegetable-based intercropping
systems resulted in yield· and m01?-etary· gains compared to
theirsolecrop.. An·intercropping ofrajmashor French bean
with tomato and French bean withcabbage·gave the highest
production and net retumswhich were equally comparable
with. the sole tomato.
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