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ABSTRACT

A 2-year experiment was conducted on a clayey deep Vertisols of Bhopal to study the effect of row ra-
tios and phosphorus fertilization on pigeonpea [Cajanus cajan (L.) Millsp.]—soybean [Glycine max (L.)
(Merr.)] intercropping system. At 120 cm row spacing higher, number of branches, grains/pod and yield
were recorded in sole cropping compared with intercropping systems. Among intercropping, 1 : 3 ratio gave
significantly higher number of branches, pods, grains/pod, 1,000-grain weight and grain yield than 1 ; 1 ra-
tio, and pigeonpea-yield equivalent increased by 31.6 and 35.3% over 1 : 1 ratio and sole pigeonpea at 60
cm row spacing respectively. The highest land-equivalent ratio (1.39), monetary yield advantage (Rs 6,712/
ha/a) and benefit : cost ratio of 2.8 were recorded at 1 : 3 row ratio, followed by 1 : 2 row ratio (27.5%
higher pigeonpea-grain-yield equivalent over sole pigeonpea at 60 cm row spacing). Consumptive water use
and water-use efficiency also increased with intercropping at higher row ratios of 1 : 2and 1 ; 3. Increase in
the dose of 30 kg to 90 kg P,O/ha resulted in increase of ‘grain yield of both pigeonpea and soybean. The

pigeonpea-grain-yield equlvalent was increased by 28.2%, the water-use efficiency by 7.7 kglha—cm, net

profit by Rs 5,733/na and benefit : cost ratio by 3.45.

In rainfed situation in black-soil areas,
the success or failure of a winter (rabi) crop
depends mostly on the residual soil-profile
moisture. Therefore an intercropping of
long-duration pigeonpea [Cajanus cajan
(L.) Millsp.] with soybean [Glycine max (L.)
. (Merr.)] is gaining popularity, as it makes
the complimentary use of available re-
sources and ensures sustainable crop pro-
duction. Spatial arrangement and phospho-
rus application of such a system needs to be
systematically studied in order to adjust the
needs of the crop components to the local
situations. The experiment was therefore
conducted.

MATERIALS AND METHODS

The experiment was conducted during

' 1991-92 and 199293 on deep Vertisols

with clayey texture (53 % clay, 32 % silt and
15% sand), receiving an annual average
rainfall of 1,200 mm (90% during the mon-
soon). The soil was poor in organic carbon
(0.54%) and available N (164 kg/ha), me-
dium in available P (11.2 kg/ha) and K (238
kg/ha). The bulk density was 1.48 g/cm3.
Ten treatments of intercropping systems
(pigeonpea and soybeanin1:1,1:2and I':
3 row ratios with pigeonpea at 60, 90 and
120 cm row spacing and soybean at 30 cm
row spacing and in 1 : 1 and 1 : 2 row ratios
with pigeonpea at 80 and 120 cm row spac-
ing and soybean at 40 cm row spacing along
with sole pigeonpea at 60, 90 and 120 cm
and sole soybean at 30 and 40 cm row spac-
ing) formed the main plots and 3 phospho-
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- rus levels (30, 60 and 90 kg P,0O//ha)
. formed the subplot in split-plot design with

3 replications. The population density of
component cropsin1:1,1:2and I : 3 row

_ratios (with soybean at 30 cm) were 83,000;

55,000; and 41,500 plants of pigeonpea +
666,000 plants of soybean per hectare. The
plant densities at 1 : 1 and 1 : 2 row ratios
with soybean at 40 cm were 62,500 and
41,500 plants of pigeonpea + 500,000 plants
of soybean per hectare. ' '
‘Punjab 1* soybean and ‘JA 3’ pigeonpea
were sown in the first week of July and
harvested in October  and January
respectively, during both the years. The
phosphorus was applied equally to both the
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component crops at sowing. Uniform basal
dose of 20 kg N/ha and 30 kg K/ha was
applied in the form of urea and muriate of
potash respectively.

The rainfall received during the cropping
period of pigeonpea was 68.9 and 41.2 cm
during 199192 and 1992--93 respectively.
The consumptive use of water was
determined from the data recorded on total
rainfall, run-off and change in the moisture
regime of the soil up to 90 cm depth during
cropping period of pigeonpea. The run-off
data recorded in lysimeter installed in the
adjoining plot were used. The total run-off
of 19.7 cm and of 9.35 cm occurred during
1991—92 and 199293 respectively.

Tablel. Growth and yield attributes of pigeonpea and soybean as influenced by intercropping row ratios and P fer-

tilization (average data of 2 years)

1,000-grain weight {(g)

Treatment Branching/plant Pods/plant Grains/pod
PP s PP S PP S PP .S
Intercropping system
Pigeonpea (PP) ) sole (60 cm) 8.2 87.4 291 64.7
PP (60 cm) + soybean (S) 60 117 796 387 291 207 63.6 1720
‘(30cm), 1:1
PP(0cm)+S(30cm)1:2 82 120 873 405 292 220 642 17238
PP(120cm)+S(30cm)[:3 99 147 980 423 298 230 646 174.0
PP(80cm)+S@0cm) 1:1 75 (23 863 .39.0 292 210 64.7 174.4
PP(120cm)+S@0cm)1:2 113 154 963 408 295 233 65.1 - 1748
PPsole(@0cm) 114 88.8 340 65.2
PP sole (120 cm) 16.0 100.8 3.44 66.3
S sole (30 cm) 15.3 38.9 2.13 © 1758
S sole (40 cm) 15.7 46.8 230 176.8
CD (P =0.05) , 15 L7 40 NS 005 o0.11 0.8 1.4
P (kg P,04ha) -
30 7.5 107 807 367 295 207 62.0 170.2
60 99 136 912 414 3.00 212 63.8. 1723
90 ‘ 118 157 1029 449 3.05 2.8 68.1 175.9
CD (P =0.05) 05 05 24 1.1 0.01 005 1.7 0.6
Interaction NS NS NS NS NS NS NS NS
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RESULTS AND DISCUSSION

Effect of spatial arrangement

Pigeonpea and soybean mtercroppmg in
1:3 and ! : 2 row ratios showed significant.
improvement in number of branchés;/plant,
pods/plant, grains/pod ‘and 1,000-grain -
weight than that in 1 : 1 ratio (Table 1). The

main reason for such a reduction was poor

development of plants and lesser accumula-
tion 'of photosynthates due to lack of sun-

[Vol. 40, No. 3

“light "and shading effect. Pure crop of

pigeonpea at 60, 90 and 120 cm or pure soy-

- bean at 30 and 40 cm had more number of

branches, pods/plant, grains/pod and 1,000-
grain weight than intercropping system.
This was mainly due to proper utilization of
resources such as water and nutrients owing
to no competltlon from component crop.

Pure pigeonpea at 60.cm gave the yield of
20.2 and 16.8 g/ha during 1991-92 and
'1992~93 respective]y' (Table 2). Reduction

Table2. Effect of spatial arrangement and P femhzatlon on gram yxeld and monetary yleld advantage in

' pigeonpea—soybean mtercroppmg system

Pigeonpea-grain-yield- LER - Monetary yield

Treatment Graln yield _
* (g/ha)y " equivalent (¢/ha) - — advantage (Rs/ha)
. —_— Y, Y,
Y, - oYy Y Y, R 4 Y,

Pigeonpea Soybean . Pigeqnpp_a Spybean ’

Intercropping system

Pigeonpea (PP) sole  20.2 16.8
(60 cm) . . R
PP (60 cm) + soybean 156 - 6.5 119
(S)30cm) 1:1 ‘
PP (90 cm) + § 185 85 163"
(B30cm) 1:2 o
PP (120 cm) + 19.4 97 164
(30cm) 1:3 _ )
PP (80 cm) +S 17.7. 57 137
(40cm) {:1 :
PP (120 cm) + S 18.8 69 165
(40cm)1:2 . S :
PPsole (90cm) 211 o192
PP sole (120 cm) 21.2 - 209
S sole (30 cm) -18.8
S sole (40 cm) o162
CD (P = 0.05) 28 . 15 . 17
P (kg P,04/ha) ‘ -
30 16.5 83 - 145
60 . 195 106~ 166
90 21.1 120 - 186
CD (P =0.05) 1.7 06. 05
Interaction NS 15 NS

61 2L1-170 - LI2

- 6.6 256 218 132

26.2 168 10 " 10

119 2,147 2,578
137 5895 . 5,593
72 916 225 143 135 7,884 5,541
63 225 190 119 126 3412 3725
6.7; 24.6...22.1 131 138 5,530 5,781

211 192 L0 10
212 209 10 10

127 158 1077 1.0 1.0

114, 136 96 10 10
19 22 21

77 235 210
19 284. 231
88 312 260
08 13 05
NS - NS NS

LER, Land equivalent ratio; Y, 1991—92;_ Y,, 1992-93 .

ey~

4
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. in pigeonpea yields was noted under inter-

cropping system in all the ratios, but the
yield was lowest in 1 : 1 row ratio with soy-
bean at 30 cm. The reduction in yield under
intercropping was due to lower values of
yield attributes (Table 1). Among the inter-
cropping systems, a row ratio of 1 : 3 gave
the highest seed yield than others in both the
years. This was because the depressing ef-
fects of soybean on pigeonpea under 1 : 3 ra-

tio were minimized due to more number of-

rows of soybean and better growth and pod
development of pigeonpea, since it could
utilize more space leftover by soybean after
its harvest in October.

Yield of pure soybean was higher at both

30 and 40 cm row spacings. In intercrop-
ping system yield of soybean was reduced at
all the ratios; however, 1 : 1 row ratio gave
the lowest yield of soybean compared with
the other ratios. This was mainly because of
more space occupied by intercrop, and the
main crop of pigeonpea could not compete
with it owing to its slow growth up to flow-
ering stage of soybean.

The highest pigeonpea-equivalent yields
of 27.6 and 22.5 g/ha were recorded with 1 :
3 row ratio during 199192 and 199293
respectively (Table 2), which was signifi-
cantly higher than pure pigeonpea and other
row ratios except 1 : 2 (30/90) intercrop sys-
tem. Similarly, a row ratio of 1 :2 (40/120)
gave higher equivalent yields of 24.6 and
22.1 g/ha compared with 1 : 1 row ratio and
sole pigeonpea or soybean. Patra and
Chatterjee (1986) and Tomar et al. (1987)

~also found increase in pigeonpea-equivalent

yields at higher row ratios.

The land-equivalent ratio increased with
the number of intercrop rows up to 1 : 3,
which gave the highest values of 1.43 and
1.35 during the first and second years (Table
2)._This was followed by 1 : 2 row ratios.
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Tomar ef al. (1987) also reported similar re-
sults. Monetary yield advantage of the inter-
cropping system was higher than that of
monocropping system. It was also highest at
1: 3 row ratio (Rs 7,884 and Rs 5,541/ha
during 199192 and 1992—93). This was
followed by 1 : 2 row ratio (30/90), showing
monetry advantage of Rs 5,895/ha and Rs
5,593/ha during the first and second years
respectively compared with the sole-crop-
ping. systems. .

The consumptive water use by crop
(Table 3) increased from 64.8 and 45.9 cm
respectively during 1991-92 and 1992--93
in pure pigeonpea (60 cm) to 74.2 and 45.8
cmin 1 : 2 (30/90) and 71.9 and 49.1 cm in
1 : 3 row ratios (30/120). This showed that 1
:3and 1 : 2 (30/90) row ratios used more
soil moisture than 1 : 2 (40/120) and 1 : 1
ratios due to higher plant densities. The wa-
ter-use efficiency of the above systems also
increased from 31.2 and 36.6 kg/ha-cm
(pure pigeonpea) to 38.4 and 45.8 kg/ha-cm
in 1 : 3 row ratio during 1991-92 and
199293 respectively. The 1 : 2 row ratio
also performed equally well. The increase of
water-use efficiency, with row ratios ‘was
also reported by Prasad et al. (1985).

The intercropping in 1 : 3 row ratio was
found more profitable with the net profit of
Rs 6,210 and Rs 4,595/ha during 199192
and 1992--93 respectively. The benefit ; cost
ratio for the same system for the 2 years was
3.18 and 2.41 respectively, which was also
highest compared with the -other row ratios
(Table 3). Tomar et al. (1990) and Dubey
et al. (1991) also reported higher net profit
and benefit : cost ratio with higher row ratio
over the lower ones.

Effect of P o .
Applization of P up to 90 kg/ha to the in-
tercropping system gave significantly higher
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Table3. Effect of spatial arrangement and P fertilization on water-use efficiency and economics in

pigeonpea—soybean intercropping system

Consumptive
moisture use (cm)

Treatment

Water-use efficiency
(kg/ha-cm) (Rs/ha) ratio

Net returns Benefit : cost

1991-92 199293 1991-92 1992-93 1991-92 199293 1991-92 1992--93

Intercropping system

Pigeonpea (PP) 64.8 459 31.2
sole (60 cm)

PP (60 cm) + soybean 66.8 45.8 317
(S)(30cm) 1:1

PP(90cm) +S 742 458 34,5
(BOcm)1:2

PP (120 cm) + 719 49.1 384
(BOcm)1:3

PP (80cm)+S 67.0 49.1 336
(40cm)1:1

PP(120cm) + S 64.6 474 38.1
40cm)1:2

PP sole (90 cm) 68.1 48.1 31.0

PP sole (120 cm) 69.8 519 304

S sole (30 cm) 72.8 49.1 21.7

S sole (40 cm) 715 487 19.0

P (kg P,0/ha)

30 685 _ 44,1 343

60 96.7 47.2 40.8

90 69:1 49.8 452

36.6 13,740 10,510 2.52 1.93
371 13,970 10,125 2.30 1.68
47.6 18,150 14,540 294 2.35
45.8 19,950 15,105 3.18 2.40
38.7 15985 12,660 2.96 2.35
46.6 17,650 15,305 3.11 2.69
39.9 14,845 13,040 2.85 2.51
40.3 15,175 14,890 3.05 3.00
218 9,010 4,185 1.50 0.69
19.7 7,445 3,645 1.36 0.66
476 16,531 14,156 285 244
439 21,036 16,001 3.54 2.69

52.2 23,547 18,607 3.86 3.05

- number of branches/plant, pods/plant,
grains/pod and 1,000-grain weight and
grain yields of both component crops as well
as pigeonpea-equivalent yield in both the
years, except pigeonpea yield during
1991—92 where 60 kg P/ha remained on a
par with 90 kg P/ha. The increase in
pigeonpea-equivalent yield at 90 kg/ha was
9.8 and 12.5% over 60 kg/ha and 32.7 and
23.8% over 30 kg P/ha during 199192 and
1992—-93 respectively. Similar increases in
yield of both the components of
legume—legume system with P fertilization
was also reported by Thakre et al. (1988).
Increase in P fertilization from 30 to 90 kg/

ha also increased water-use efficiency of the
system from 34.3 to 45.2 kg/ha-cm during
199192 and 47.7 to 52.2 kg/ha-cm during
1992—93. The net profit also increased by
Rs 7,016/ha and Rs 4,451/ha during the first
and second years at 90 kg P,O /ha.
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