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Abstract

To study the N response of intercropped sorghum with pigeonpea, three experiments
were conducted during 1977 and 1978 in Vertisols at ICRISAT Center. In Experiment |,
so’e sorghum (180 000 plantsha), sole pigeonpea (40 000 plants hal, and three intercrop
population treatments (40.:40, 80:80, and 120.120% of sole optimum) were sown as main
plots with four levels of N (0, 40, 80, and 120 kg:ha) only to sorghum as subplots. In
Experiment Il, sole sorghum at optimum plant population (180 000 plants ha), intercrop
sorghum at 33, 67, and 100% optimum population with constant pigeonpea population
{40 000 plantsiha) with the same levels of N as in Experiment |, and sole pigeonpea
{40 000 plantsiha) were grown in a randomized bloc+ design. In Experiment Il, a constant
sorghum (150 000 plants'ha) and pigeonpea popuiation (40 000 plants'ha) were planted
as sole crops at 45 and 90 cm and as intercrops in alternate rows at 45 cm with three
levels of N (0, 60, and 120 kg 'ha) applied only to sorghum in a randomized block design.
Inallthree experiments, sorghum variety CSH-6 and pigeonpea ICRISAT-1 were grown.
Based on the results of these experiments, it can be concluded that intercropped and
sole sorghum responded similarly to applied N. Different sorghum populations in the
intercrop performed similarly. Pigeonpea did not seem to be contributing any N to its
companion sorghum. Sorghum at higher N levels had a greater effect on pigeonpea
yield. Sorghum as well as pigeonpea did equally well at 45 cm and 90 cm when grown as

sole crops.

Intercropping of a nonlegume with a legume
crop is a common practice among the semi-arid
tropics (SAT) farmers of India. In a subsistence
farming situation with uncertain and erratic
rainfall, which is characteristic of the SAT reg-
ion, very little attention has been paid inthe past
to improving the soil productivity. Even though
N is the most limiting plant nutrient in these
soils, intercropped legumes might have been
responsible for maintaining soil productivity, at
least at a subsistence level. Meager data are
available on the response of a nonlegume to N
in the presence of a legume. Enyi (1973) re-
ported an intercrop system where maize and
other legumes were grown: crops such as bean
or cowpea had a more adverse effect on maize
grain yield than did pigeonpea. He attiibuted
this to the high rates of nutrient absorption by
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those two legumes, which coincided with that
of the maize crop, whereas pigeonpea had the
greatest nutrient demand after the harvest of
maize. For the experiments described here, a
typical sorghum:pigeonpea intercrop system
was chosen to compare the N response to
intercropped and sole-crop sorghum.

Materials and Methods

Field experiments were conducted’in 1977 and
1978 during the kharif (monsoon) season on a
medium-deep Vertiso! at ICRISAT Center under
rainfed conditions. These soils are low in or-
ganic matter, available N, and available P, but
high in exchangeable K. The dominant clay
mineral is montmorillionite. The physical com-
position of the soils and the initial fertility status
of the experimental sites are given in Table 1.
The total amount of rainfall during the 1977



Table 1. Some physical and chemical characteristics of medium-depth Vertisols at ICRISAT
Center.
Depth  Org.C. pH CEC Gravel Csand Fsand Siit Clay
{cm) (%) {m e. 100g)
General characteristics 0-185 030 83 43 83 1.3 137 177 573
Depth Available N Availabie P Exchangeable K
fem) (ppm) (ppm) (ppm)
Specific characteristics
Experimental site | 0-30 79 6.5 195
Expermental site |l 0-30 62 7.0 144
Exper:mental site |l 0-30 81 53 168

growing period was 571 mm, which was below
normal but well distributed. However, during
the 1978 growing period, the total amount of
rainfall exceeded the average rainfall (715) by
373 mm. During 1978 there were many continu-
ous rainy days, resulting in short periods of
temporary waterlogging.

Experiment |

In 1977, a 5 x 4 split-plot design of five popula-
tions (100:0, 0: 100, 40:40, 80:80, and 120:120%
of sorghum and pigeonpea sole optimum plant
population, considering 180 000 and 40 000
plants as optimum for sole sorghum and
pigeonpea, respectively) as main plots and four
levels of N (0, 40, 80, and 120 kg N/ha applied
only to sorghum) as subplots were replicated
four times. These varying populations were
chosen because earlier evidence showed that
the intercrop responded to increasing popula-
tions and there is a likelihood of interaction
between populations and N levels. Before land
preparation, 20 kg P/ha was uniformly broad-
cast and incorporated. Sorghum cultivar CSH-6
and pigeonpea ICRISAT-1 were planted manu-
ally in 45-cm rows, both in the sole as well as in
the intercrop. A 2:1 sorghum pigeonpea row-
planting pattern was followed for the inter-
crops, and varying plant populations were
achieved by changing the intrarow spacing.
Bath crops were sown at a higher than normal
(5~-6times) seed rate and thinned to the desired
plant population 14 days after germination.
After final thinning (and except for zero N plots),
20 kg N-ha as ammonium sulfate was placed by
the side of sorghum rows about 10 cm away and
about 5 ¢cm deep; the remaining N, as urea, was

placed by the side of sorghum rows as men-
tioned earlier at 28 days after germination. The
subplot had 12 rows of 9-m length (5.4 x9 m).
The central four rows of sorghum and two rows
of pigeonpea were harvested at maturity. Dur-
ing the entire growing period, only two hand
weedings were given, one in the second week
after planting and one in the fifth week. A
research level of plant protection was given
against shoot fly and stemborer of sorghum and
against pod borer of pigeonpea. Sorghum was
harvested after 96 days and pigeonpea was
harvested after 158 days.

Experiment Il

In 1878, a similar trial was conducted with slight
modifications based on the results of experi-
ment |. There were 17 treatments in all, repli-
cated threetimes in a randomized block design.
The treatments consisted of one sole sorghum
at optimum population (180 000 plants/ha) plus
three sorghum/pigeonpea intercrops (at 33: 100,
67:100, and 100:100% of optimum populations
in a 2:1 row proportion) with four levels of N (0,
40, 80, and 120 kg/ha) applied only to sorghum,
and one sole pigeonpea at optimum population
(40 000 piantsiha). Land preparation, P fertiliza-
tion, and other operations were similar to those
of Experiment |, but planting was don® by a
seed drill. At the time of writing, enly sorghum
had been harvested (after 98 days).

Experiment Il

During 1977, another sorghumi/pigeonpea
intercrop experiment was conducted with a
constant population of 150000 sorghum
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plantsiha and 40 000 pigeonpea plants ha in a
1:1row pattern in 45-cm rows. in addition, both
Crops were grown as sole crops in 45- and 90-cm
rows but keeping the population constant.
These planting patterns were tried with three
levels of N (0, 60, and 120 kg'ha) applied only to
sorghum. These nine treatments were repli-
cated four times in a randomized block design.
The pianting was done manually and all other
operations were done as in Experiment |. Sor-
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ghum and pigeonpea were harvested 95 and
159 days after sowing, respectively.

Results and Discussion

Experiment |

There was a significant grain yield response of
sorghum (Fig. 1) to N up t0 80 kg N/ha, whereas

Sarghum stalk

N

NI

AN

i

ALY
T

D

A T T R TR Y

0 40 80 120

ZAAMATARIII—_.-S

4

=3
3
3
I~
S

Nitrogen apphtation 1kg haj

Figure 1. Effect of nitrogen on grain and stalk yields of intercropped sorghum and pigeonpea on

Vertisols at ICRISAT Center, 1977.
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yields at 80 kg and 120 kg Niha were similar.
Interestingly, in the intercrop situation, all three
populations performed equally well and their
grain yields did not significantly differ from
each other. However, sole sorghum yielded
more grainyield than intercrop sorghum at any
level of N and more so at higher levels of N. On
an average, the intercrop yield was nearly 20%
less than the sole. The interaction between
population and N Iievels was not significant. The
increase in grain yield with increasing N levels
was mainly due to an increase in grain weight
ear and an increase in 1000-grain weight,
whereas, as the population increased, grain
weightiear decreased, especiafly from 80 to
120% population. This character might have
been responsible for compensation of yields of
different sorghum populations.

The response of sorghum populations at
different levels of N (Fig. 2) reveals that near-
optimum sorghum populations (80 or 120% of
optimum) behave more or less as sole optimum
population, although at a fower grain yield
level; but low population (40% of optimum) at
higher N (120 kg/ha) still responds to N. The
sorghum fodder yield also more or less fol-
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Figure 2. Nitrogen response of sole sorghum

and different populations of sor-
ghum intercropped with pigeonpea
on Vertisols at ICRISAT Center,
1977.

lowed the same trend, except that the fodde
yields at different populations did not diffe
significantly.

The pigeonpea grain as well as stalk yields ir
the intercrop were not influenced by either the
N applied to its companion sorghum or by
varying populations. Even though a reductior
in the pigeonpea yield might be expected
especially at higher levels of N and at highe
sorghum population, these effects might have
been countered by simultaneous increase ir
pigeonpea population. The Cropping Systems
group at ICRISAT, on similar soil and during the
same period working in 2:1 sorghum
pigeonpea intercrop system, found a positive
response to pigeonpea population whereas
sorghum populations at 90 000 and 360 00C
plants/ha performed equally well (ICRISAT
1978). On an average, pigeonpea yields were
about 65% of the sole pigeonpea grain yields
and about 60% of stalk yields.

The total N uptake (Fig. 3) in sorghum in-
creased with increasing levels of applied N. Or
an average, sole and all intercrop populations
were similar in N uptake. The different levels o'
N applied to sorghum in intercrop did not
influencethe N uptake by pigeonpea. Thetotal F
uptake by sarghum was similar for the 40, 80
and 120 kg N/ha treatments, but this was higher
than zero N treatment. As in the case of N
uptake, the total P uptake by pigeonpea was not
influenced by different N levels.

Experiment Il

Only the sorghum crop in this experiment has
been harvested, and the data are presented ir
Table 2. Unlike the previous year, both the sole
and the intercrop sorghum responded up to 12C
kg Niha. This may be mainly because of excess
rain resulting in more N loss compared to the
previous year. The sorghum in intercrop was as
good as sole in 0 and 40 kg N/ha, but at 80 and
120 kg Niha it yielded about 90% of sole” sor-
ghum. During the previous year, a similar trenc
had also been observed.

Experiment lll

There was no significant difference in sorghum
grain yield between 45- and 90-cm row spacing
as a sole crop at all tevels of N (Table 3). The
sorghum grain yields both in sole as well as in
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Figure 3. Effect of nitrogen on the total N

uptake of intercropped sorghum
and pigeonpea grown on Vertisols
at ICRISAT Center, 1977.

intercrop responded up to 120 kg N'ha. The
intercropped sorghum yielded significantly
lower grain when compared to sole cropping at
60 and 120 kg N’ha, but they were not signific-
antly different at zero N treatment. The increase
in grain yield of sorghum with increase in N
level is mainly due to increase in grain weight/
ear and increase in 1000-grain weight. The
reduction in intercrop sorghum grain yield
compared to sole at the same level of N is
mainly due to reduction in grain weightiear.
Pigeonpea grain yields from 45- and 90-cm
row spacings were similar. The pigeonpea
yields were significantly lower in intercropping
than in sole cropping. The different levels of N
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applied to companion sorghum did not influ-
ence the intercrop pigeonpea, since pigeonpea
yields were similar at different N levels. The
advantages of intercropping were 68, 39, and
47% for the 0, 60, and 120 N treatments,
respectively. This may be in agreement with the
work of Liboon and Harwood (1975), but in the
2 : 1system of Experiment|, the LER was more
or less the same at all levels of N—1.46, 1.58,
1.34, and 1.41 at 0, 40, 80, and 120 kg N'ha,
respectively. Aithough the LERs for the 60 and
120 N treatments were lower than the zero N
treatment, the total absolute yield or total value
was far greater in the 60 and 120 N treatments.
The data for fodder yields of sorghum and
stalk yields of pigeonpea show a pattern similar
to that of their grain yields. The total N uptake by
sorghum (Fig. 4) shows that at 0 and 60 kg Niha,
the sole and intercrop sorghum were similar,
but at 120 kg N'ha, the intercrop sorghum had a
lower uptake than the sole. As expected, with
increasing levels of N, the N uptake of sorghum
also increased. In contrast, pigeonpea at all
three levels of N to sorghum had more or less
the same amount of N uptake. This emphasizes
that whether its companion sorghum is fer-
tilized with N or not, the uptake remains more or
less constant. Dalal (1974) had clearly shown
that in a maize/pigeonpea alternate-row ar-
rangement, at the end of maize harvest (16
weeks), the intercrop pigeonpea had taken only
5.7 kg N, whereas the sole pigeonpea had taken
17.1 kg N:/ha. At pigeonpea harvest, however,
sole and intercrop pigeonpea had taken 119.4
and 126.8 kg N'ha, respectively, which was
similar. In Dalal’s trial, sole and intercropped
pigeonpea vyielded similarly, but intercropped
maizeyielded only 80% of sole maize. From the
data of sorghum-N uptake at the zero N level, it
can be conciuded that there was no current
transfer of N from intercrop pigeonpea to sor-
ghum as sole, and intercrop sorghum had
almost the same quantity of N uptake. There
was also no evidence of transfer at a low fertility
level of 60 kg N. Henzell and Vallis (1877), in an
extensive review on transfer of N in grass/
legume forages, found no evidence of current
transfer of N from léegume to its companion
nonlegume. Dalal and Quilt(1977), in a study of
response of pigeonpea to N, clearly showed
that pigeonpea did not respond to applied N.
This response holds here also, because even
though pigeonpea did not receive directly any



Table 2. Effects of nitrogen and populstion on grain yield (kg/ha) of sorghum (Experiment H

1978).
Population (% of sole optimum)
Sole crop Intercrop
Applied N 100:0 33:100 67:100 100: 100 Mean
0 1293 1621 1394 2082 1598
40 3192 3542 3288 2986 3252
80 4293 4261 3920 3944 4104
120 4967 4593 4656 4448 4666
Mean 3436 3504 3314 3365
Population N Population x N
LSD (0.05) NS 298 NS
CV (%) 105

Table 3. Effects of row spacing and nitrogen application upon grain and straw/ stalk yleids of sole
and intercropped sorghum and pigeonpea (Experiment lll).

O N on sorghum 60 N on sorghum 120 N on sorghum

Crop Row spacing Yield LER Yield LER Yield LER
(em) {kg/ha) (kg'ha) (kg’ha)
Grain yield
Sole sorghum 45 930 2830 4590
Sole sorghum 80 1330 3140 4240
Sole pigeonpea 45 1390
Sole pigeonpea 90 1370
intercropped sorghum [ 1240 1.10 2410 0.80 3710 084
Intercropped pigeonpea N 800 0.58 820 0.59 870 0.63
Total LER 1.68 1.39 1.47
LSD (0.05}: Sarghum 571 Pigeanpea 401 CV (%) Sorghum 143 Pigeonpea 22.9
Straw .stalk yield
Sole sorghum 45 4110 5640 8750
Sole sorghum 20 4110 4390 5360
Sole pigeonpea 45 2740
Sole pigeonpea 20 2440
Intercropped sorghum . 3420 0.83 4250 0.85 46%0° 077
Intercropped pigeonpea a 1760 0.68 1440 0.56 1900 0.74
Total LER 1.51 141 - 1.51
.SD (0.05) Sorghum 770 Pigeonpea 111 CV(%) Sorghum 11.1 Pigeonpea 33.6

a Alternate row. 45 cm
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Figure 4, Effect of nitrogen on total N uptake of sole and intercropped sorghum and pigeonpea

grown on Vertisols at ICRISAT Center,

applied N, its companion sorghum received up
to 120 kg N/ha. The total P uptake more or less
followed the same pattern as N uptake but at a
very low magnitude.

Conclusions

Based on the results of these experiments, the
following conclusions can be drawn.

In a sorghum/pigeonpea intercrop system,
the sorghum response to applied N is more or
less similar to sole-sorghum response. The
sorghum crop seems to be very plastic with
regard to population response. At high levels of
N (80 or 120 kg/ha), there is a slight reduction in
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1977,

sorghum LER, which causes a small reduction
in total LER.

Indirect evidence reveals that pigeonpea in a
2:1 sorghumipigeonpea system may suffer a
little at higher levels of N applied to its compan-
ion sorghum, and in such a situation, a re-
sponse to pigeonpea population might be ex-
pected.

Atlow levels of N fertility, sorghum planted in
rows at 45 and 80 cm performs equally well.
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