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ABSTRACT

A field experiment was conducted on a silty clay loam soil of Palampur during 2011-12 and 2012-13, to study
performance of maize (Zea mays L.)-based intercropping systems and their residual effect on wheat [Triticum
aestivum (L.) emend. Fiori & Paol.] + lentil (Lens culinaris Medikus) intercropping under organic conditions.
Growth, yield attributes, grain and stover yields of maize were more in sole stand. Intercropping systems resulted
in significantly higher grain-maize-equivalent yield than sole stand. Maize + soybean (Glycine max) in both addi-
tive and paired series resulted in higher maize-equivalent yield than the other intercrops and resulted in better
yield of both maize and soybean crops and proved to be the best intercropping system with a net returns of
¥68,807 and 65,078 and net returns/rupee invested of ¥1.13 and ¥1.08 respectively. However, wheat and lentil
on residual basis showed more yield on intercropping treatment than sole maize. Wheat recorded the highest yield
when sown under soybean and ricebean treatment both in additive and paired series, whereas lentil recorded the
highest grain yield when sown under asparagus bean (Vigna unguiculata sesquipedalis) additive series and was
statistically at par with cowpea [Vigna unguiculata (L.) Walp.] in paired series. The highest available nitrogen was
recorded in maize + soybean in paired and additive series, whereas the lowest available nitrogen in sole maize.
Among the intercrops, soybean fixed more N followed by ricebean (Vigna umbellata), cowpea (Vigna unguiculata)
and asparagus bean (Vigna unguiculata sesquipedalis). Higher values of available Phosphorus (10.5 kg/ha) and

Potassium (228.1 kg/ha) was recorded in sole maize.
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Maize-wheat is the dominant cropping system in the
sub-mountainous western Himalayan region of India. This
system contributes 36.5% of wheat (93.90 mt) and 8.4% of
maize (21.57 mt) into Indian food basket (MoA, New
Delhi, 2012). Most common advantage of intercropping is
the production of greater yield on agiven piece of land by
making more efficient use of the available growth re-
sources using a mixture of crops of different rooting abil-
ity, canopy structure, height, and nutrient requirements
based on the complementary utilization of growth re-
sources by the component crops. Moreover, intercropping
improves soil fertility through biological nitrogen fixation.
Use of legumes increases soil conservation through
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greater ground cover than sole cropping, and provides
better lodging resistance for crops susceptible to lodging
than when grown in monoculture.

Of the 2 types of intercropping, additive seriesis grow-
ing of intercrop between the rows of main crop without
any adjustment in the spacing of the main crop whereasin
paired series, the spacing of the main crop is reduced and
equal opportunity is given to the intercrop for better
growth. The crops are grown in pair of 2 in case of paired
series. Legumes are known to fix atmospheric nitrogen,
thus enriching soil fertility and helping to meet the N
needs of cereals (Manna et al., 2003). Intercropping of
maize with different legumes improves the fertility status
of the soil which is beneficial to succeeding wheat and
lentil intercropping. The beneficial effect of organic
sources applied in preceding crop was recorded in suc-
ceeding wheat crop (Yadav er al., 2008). Although agricul -
tural research originally focused on sole cropping and ig-
nored the potential of intercropping, there has been a
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gradual recognition of the value of this kind of cropping
system. However, intercropping has been shown to give
higher and more stable yields in awide range of crop com-
binations, while the system is characterized by minimal
use of inputs such as fertilizers and pesticides, emphasiz-
ing the production of healthy, and quality food in the con-
text of environmentally sound production.

These days the urge for organic way of farming isgain-
ing momentum all over the world owing to burgeoning
signs of unsustainability in agriculture, degradation of
natural resources and heavy debit charge on ecology and
environment, adversely affecting the welfare of human
society. The farmersin hilly regions have the opportunity
to enter organic agriculture by default because of climatic
conditions, topography, rainfall etc. Therefore, an experi-
ment was conducted to study the performance of maize-
based intercropping systems and its residual effects on
succeeding wheat + lentil intercropping under organic
conditions.

MATERIALS AND METHODS

A field experiment was conducted during rainy (kharif)
and winter (rabi) seasons of 2011-12 and 2012—13 at or-
ganic farm, Department of Organic Agriculture, CSK
Himachal Pradesh Krishi Vishvavidyalaya, Palampur (32°
4'N and 76° 3' E, 1,224 m above mean sea-level). The
experiment was conducted on silty clay loam soil, pH
5.01, organic carbon (0.59%), available N (173.9 kg /ha),
available P (20.4 kg/ha) and available K (207.5 kg/ha).
There were 9 treatments, consisting of sole maize and in
additive and paired patterns of intercropping, the inter-
crops (soybean, cowpea, asparagus bean and ricebean)
were sown. Residual effects of these treatments were stud-
ied in wheat and lentil intercropping. The experiment was
laid out in afactorial randomized block design with 3 rep-
lications. Vermicompost @ 10 t/ha and enriched compost
(rockphosphate, patent kali, oil seed cake and gypsum
were used for enrichment) @ 2.5 t/ha were applied in the
field before sowing. Maize ‘Early composite’, soybean
‘Bragg’, ricebean ‘BRS 2', cowpea ‘Lobial’ and aspara-
gus bean ‘Gita’ were sown on 7 and 10 June during the
first and second year respectively. Maize was sown in lines
at a spacing of 60 cm x 20 cm for sole crop. In additive
pattern of intercropping, the intercrop (soybean, cowpea,
asparagus bean and ricebean) were sown in between the 2
rows of maize spaced at 60 cm apart. In paired row sys-
tem, the spacing of maize crop was reduced to 45 cm and
the intercrop (soybean, cowpea, asparagus bean and
ricebean) was also grown at 45 cm in pairs leaving 22.5
cm distance after 2 rows of maize crop. In the 2 intercrop-
ping patterns, number of rows remained constant in the
main crop, whereas the number of rows in intercrop var-

PERFORMANCE OF MAIZE-BASED CROPPING SYSTEM UNDER ORGANIC CONDITIONS 225

ied. In case of maize crop, there were 6 rows in all the
treatments, in additive series, there were 5 rows of inter-
crop (soybean, cowpea, asparagus bean and ricebean),
whereasin case of paired series, there were only 4 rows of
the intercrops. Two hand-weedings were done. After har-
vesting, grain yield/haand straw yield/ha were computed.
The intercrops (cowpea, asparagus bean and ricebean)
were harvested continuously from time to time. Soybean
was harvested when it attained maturity. Wheat + lentil
were intercropped after the harvest of preceding crop.
‘HPW 155’ and ‘Bipasha variety of wheat and lentil, re-
spectively, were sown on 10 and 8 November during the
first and second year respectively. Wheat crop was sown
as main crop, whereas lentil was intercropped between 2
rows of main crop. Thetotal N, Pand K contents of plants
was analysed by standard methods. The net returns/rupee
invested was worked out by dividing net returns (Z/ha)
with cost of cultivation (Z/ha). Since data followed the
homogeneity test, pooling was done over the seasons and
mean data were presented. For calculating the maize-
equivalent yield, the prices of different crops were: soy-
bean ¥ 30/kg, cowpea ¥ 30/kg, ricebean ¥ 18/kg, aspara-
gus bean ¥ 170/kg and maize ¥ 10/kg, whereas for wheat-
equivalent yield the price of wheat was ¥ 18/kg and lentil
was T 60/kg.

RESULTS AND DISCUSSION

Yield attributes and yield of maize

Cobs/plant in sole maize, maize + soybean in paired
series, and maize + asparagus bean in both additive and
paired series were statistically at par with each other,
whereas the lowest number of cobs/plant were observedin
maize + cowpea and maize + ricebean in additive series.
Effect of different treatments was not significant for
graing/cob. Maize + cowpeain additive series showed sig-
nificantly lower 1,000-seed weight of maize, whereas all
other treatments behaved statistically similar (Tablel).
Sole maize recorded significantly higher values of al yield
contributing characters of maize than all the intercropping
treatments except graing/cob in which the differences were
non-significant. Although introduction of intercropsin
maize reduced the yield attributes of maize. Less reduction
was noted in asparagus bean in additive or paired series
and soybean in additive or paired series. It may be because
of the reason that the peak demand periods of the 2 crops
for light, nutrients and water were different and there was
optimum utilization of physical resources. In a study con-
ducted for different intercrops with maize by Padhi (2001)
reported that intercropping reduced the values of yield at-
tributes.

Significantly highest grain and stover yields were ob-
tained in sole crop of maize. Intercropping of maize with
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different intercrops resulted in statistically at par results
with all treatments except maize + cowpea and maize +
ricebean in additive series with lowest grain and stover
yields. The highest harvest index was recorded in sole
maize owing to the highest grain yield compared to the
other treatments which was statistically at par with maize
+ asparagus bean, maize + cowpea and maize + soybean
in paired series. However, the lowest harvest index was
found in maize + cowpea and maize + ricebean in additive
series (Table 1). Intercropping system caused reduction in
maize yield compared with sole stand in maize and soy-
bean intercropping because of the reason that in sole stand
there was less competition for light, nutrients, and water
and the resources were al so utilized in a proper manner for
better growth and yield (Singh and Singh, 2001).

Yield of intercrops

Theyield of all the intercrops with maize was the low-
est compared to the sole crops (Table 1). However, degree
of reduction was the maximum in asparagus bean additive
as well as paired series followed by cowpea in additive
and paired series, whereas the highest yield was observed
in soybean in additive and paired series followed by
ricebean. Maximum yield loss with asparagus bean and
cowpea might be due to spatial and temporal competition
for growth factors for a prolonged period and their suscep-
tibility to shading effect of maize crop, whereas minimum
loss with soybean and ricebean might be due to tolerance
to shading effect, staggering of peak demands for growth
factors. The results confirm the findings of Padhi and
Panigrahi (2006).

Maize-equivalent yield
Intercropping of soybean with maize in either paired or
additive series gave significantly higher maize-equivalent
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yield (Table 1). Sowing of maize + soybean in the paired
series resulted in significantly higher maize-equivalent
yield, being statistically at par with maize + soybean in
additive series. The lowest maize-equivalent yield was
recorded in maize + asparagus bean in additive series
which was comparable with maize + cowpea in additive
series. Despite of the higher market price of asparagus
bean, maize + asparagus bean recorded the lowest maize-
equivalent yield among the intercropping systems due to
significant reduction in seed yield of asparagus bean as
compared to the other intercrops. Mandal et al. (2014) also
reported similar results.

Residual effect of maize treatments on wheat and lentil

Residual effect was observed in the yield attributes and
yield of succeeding wheat crop. Significantly higher num-
ber of spikes were recorded under residual effect of maize
intercropped treatment than sole maize. Spikelets/spike
were the maximum in maize + soybean paired series
which was statistically at par with maize + ricebean addi-
tive series, sole maize and maize + ricebean paired series.
Different treatments resulted in statistically similar results
for spike length except maize + asparagus bean in both
additive and paired series and maize + cowpeain paired
series. The highest biological yield (t/ha) was recorded in
maize + soybean paired series which was statistically at
par with maize + soybean additive series and maize +
ricebean additive series. The lowest biological yield was
recorded in maize + asparagus bean in both additive and
paired series. Harvest index was statistically similar in all
treatments except maize + soybean additive series which
varied (Table 2). In pooled results of wheat, grain yield
under sole maize treatment gave the lowest yield com-
pared to the treatment where maize was intercropped with
different crops. The residual effect of maize intercropped

Table 1. Effect of maize-based intercropping treatments on yield attributes, yield of grain maize seed yields of intercrops and maize-equiva

lent yield (pooled data of 2 years)
Treatment Cobg/plant Graing/cob 1,000-seeds  Grain Stover Harvest Intercrops Maize-

weight yield yield index seed yield equivalent

(t/ha) (t/ha) (tha)  yield (t/ha)
Maize sole 114 202.8 224.4 2.6 5.8 031 - 2.60
Maize + soybean (additive) 1.02 173.3 219.8 1.9 5.2 0.27 127 573
Maize + cowpea (additive) 0.97 119.5 216.9 1.6 4.1 0.25 0.40 2.80
Maize + asparagus bean (additive) 1.04 175.6 2233 18 4.9 0.27 0.06 2.86
Maize + ricebean (additive) 0.96 155.1 220.1 15 4.2 0.24 1.05 343
Maize + soybean (paired) 1.10 196.2 223.6 2.0 52 0.28 127 5.83
Maize + cowpea (paired) 1.00 189.5 222.3 1.9 51 0.29 0.42 3.26
Maize + asparagus bean (paired) 1.06 199.3 221.1 18 53 0.30 0.07 3.05
Maize + ricebean (paired) 1.02 165.3 218.7 18 49 0.27 112 3.77
SEmz+ 0.03 27.6 1.16 0.10 0.15 0.01 - 0.16
CD (P=0.05) 0.10 NS 3.47 031 0.45 0.03 - 0.47
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3 sgg| Tererereees effect of maize + ricebean in both additive and paired se-
g ries and maize + soybean in additive series treatment. The
g =l B e R R R grajn yield of_succeed_ing_wheat cropincrea_sed probably
L g’ga 2ezy2&zzseg owing to the nitrogen fixation by the legume in the preced-
z ing maize crop. The findings are in close conformity with
= = those of Das and Mathur, (1980) and Singh and Singh
g 50 ® © o N O W N ©ON Q© (1984).
5 8"@ < §§ — O g M A 40N~ M . . . .
5 TEE| MMM MM E 6o o The grain yield of lentil grown under residual effect of
= =1 maize treatments is presented in (Table 2). The residual
IS § - effect of maize + asparagus bean additive seriesresulted in
¥ 8 BE(3 98933598389 significantly higher grain yield of lentil which was statis-
g B |dNddNdANNdNSS tically at par with maize + cowpea paired series. All treat-
= ments were statistically similar for pods/plant except
S 23 I HLEIIIERIYTBN maize + ricebean in both additive and paired series and
4 EQ G ddddddddo o maize + soybean paired series. Seeds/pod were more in
= maize + cowpea paired series treatment in the preceding
T g Cl~NYTANT®MO T N season, being statistically at par with maize + asparagus
E £z |8¥HIFT8ELE Y bean and maize + ricebean both in additive series. Pod
‘é length showed statistically similar results. Biological yield
£ B (t/ha) also showed statistically similar results except for
% g% § °g’ § § § § § § § § § maize + cowpea both in additive and paired series and
i T mai ze + ricebean paired series treatmentsin the kharif sea-
§ To) son.
= S8 I BBIBBEZIEEESY
g 3 -G;S,E AN N NN o o . .
< Wheat-equivalent yield
5 = Wheat-equivalent yield reflected the total productivity
he %gg LIYILIAYIILIT S of the intercropping system which showed significant im-
'_3 TS| W 66w OE LY woo provement owing to intercropping over sole cropping
g § @ (Table 2). Residual effect of maize + asparagus additive
g = ggg omNnoowoodS series gave higher wheat-equivalent yield which was sta-
2 Fos|oggoggoeago-d tistically at par with maize + soybean additive series,
& maize + cowpea paired series and maize + ricebean addi-
3 2. © 2 . tive series.
? E 5— ONNNOOOOWIMNOW O «
S = A Hd A Hd AN A A A . . . .
o & Maize-equivalent yield of the whole cropping system
= k= Growing of soybean with maize in either paired or ad-
) 3 gLl esg ditive series resulted in significantly higher maize-equiva
8 = d N d o N oM NN — - - -
g 3 NN 8NN lent yield of the whole cropping system. Maize + soybean
= in additive series resulted in significantly higher maize-
g equivalent yield of the whole system, which was statisti-
4 T . cally at par with maize + soybean in paired series (Table
e - 2 3 3). The lowest maize-equivalent yield of the whole system
kS g ) 2T _ g _ was recorded in maize + cowpea in additive series which
B s = 2 g b= '§ 3 § @ was statistically similar to maize + asparagus bean in
g 3 8 % 2888 - g paired series. Shivay et al. (2001) also recorded similar
S % 8 Fl- - = findings.
jE| 5 | BEIEREEEL o

= (&] o
"5 |gFBESESES T Economics
Z % Lg8eLLgee };E-i 5 Maize + soybean in additiv.eseriesga\/ethehigh&et _net
E £ g g g g g g g g g © returns and net returns/rupee invested followed by maize




228 KAUSHAL ET AL.

+ soybean in paired series with net returns and net returns
per rupee invested (Table 3). Net returns from the inter-
cropping treatments were more than sole crops. The re-
sultsarein close conformity with the findings of Shivay et
al. (2001) and Padhi and Panigrahi (2006).

Soil-nutrient status after harvest

Sail pH dlightly increased with the application of en-
riched compost and vermicompost. Soil pH, in general,
increased with application of organic manures. This might
be because of quick release of K*from compost and also
the buffering property of compost when added to acidic
soils. Statistically similar result was observed for organic
carbon. It may be due to the fact that because of applica
tion of enriched compost and vermicompost microbial
population might have increased and as aresult soil aggre-
gation and decomposition have resulted in increased or-
ganic Cin soil. Available NPK were influenced by differ-
ent treatments. The highest available N was recorded in
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maize + soybean in paired series and additive series,
whereas, the lowest available N was recorded in sole
maize. The available N in soil might have increased dueto
intercropping of different legumes because of N fixed by
associated legume crops compared to sole maize. Among
the intercrops, soybean fixed more N followed by
ricebean, cowpea and asparagus bean. Higher available
phosphorus and potassium were found in sole maize
which was significantly superior to the other treatments.
On the contrary, soil available P and K showed a down-
ward trend due to legume incorporation compared to sole
crop.

Maize + soybean proved to be the best intercropping
combination in both additive and paired series with higher
production potential in terms of maize-equivalent yield
under organic farming conditions with a net returns of
68,807, ¥65,078 and net returns/rupee invested of 1.13
and ¥1.08 respectively. However, wheat and lentil on re-
sidual basis showed more yield on intercropping treatment
than sole maize.

Table 3. Effect of maize-based intercropping on maize-equivalent yield of the whole system and economics of different intercropping systems

(pooled data of 2 years)
Treatment Maize equivalent Total cost of Net returns Net returns/
yield of system (t/ha) cultivation (x10°F/ha) (x10°F/ha) rupee invested

Maize sole 84 54.5 29.6 0.54
Maize + soybean (additive) 13.0 61.2 68.8 113
Maize + cowpea (additive) 9.5 60.1 34.6 0.57
Maize + asparagusbean (additive) 10.4 64.5 39.4 0.60
Maize + ricebean (additive) 10.5 59.8 44.9 0.75
Maize + soybean (paired) 125 60.2 65.1 1.08
Maize + cowpea (paired) 10.4 59.6 445 0.74
Maize + asparagus bean (paired) 9.5 63.2 317 0.50
Maize + ricebean (paired) 105 59.4 45.3 0.76

SEmz+ 0.20 - - -

CD (P=0.05) 0.59 - - -

Table 4. Effect of maize-based intercropping systems on pH, organic carbon, available N, P and K in soil after harvest of maize (pooled data

of 2 years)
Treatment pH Organic N(kg/ha) P(kg/ha) K(kg/ha)
carbon (%)

Maize sole 5.16 1.72 156 10.5 228.1
Maize + soybean (additive) 5.03 1.60 250 9.4 197.8
Maize + cowpea (additive) 4.94 1.56 235 8.8 183.7
Maize + asparagus bean (additive) 5.04 1.56 235 9.2 154.9
Maize + ricebean (additive) 4.94 1.39 219 8.4 199.7
Maize + soybean (paired) 5.05 153 250 8.3 173.6
Maize + cowpea (paired) 5.05 154 232 9.6 186.5
Maize + asparagus bean (paired) 5.15 1.65 235 8.7 172.3
Maize + ricebean (paired) 4.94 1.62 235 8.3 184.8

SEmz+ 0.08 0.06 3.84 0.69 8.57

CD (P=0.05) NS 0.13 11.54 0.23 2.86
Initial values 5.01 135 235 8.91 231.0
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