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ABSTRACT

A field experiment was conducted at New Delhi during 199496 on sandy-
loam soil analysing low in N and medium in available P, K and S. Pigeonpea
[Cajanus cajan (L.) Millsp.] receiving 80 kg P,O¢/ha produced taller plants and
more branches/plant than 40 kg P,O./ha, phosphate-solubilizing bacteria (PSB)
and no phosphorus. However, pods/plant, seeds/pod, 1,000-seed weight and
yield of pigeonpea did not record marked increase beyond 40 kg P,O4/ha.
Similarly, the growth (plant height, branching and leaf-area index) and yield
attributes (pods/plant, seeds/pod and 1,000-seed/weight) and yield of pigeonpea
showed favourable response up to 30 kg S/ha only. In wheat (Triticum aestivum
L. emend Fiori & Paol) grown after pigeonpea, the maximum values of growth .
(plant height and total tillers/m row length) and.yield attributes (productive
tillers/m row length, seeds/spike and 1,000-seed/weight) and yield of wheat
were recorded with 80 kg P,O,, and 60 kg S/ha applied to pigeonpea crop. The
highest net return from the cropping system was obtained when pigeonpea
was fertilized with 80 kg P, O, and 60 kg S/ha and wheat was grown on residual
fertility. :
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Pulses have to-be grown in the multiple
cropping systems for sustainable
production. The progressive shrinkage of
per caput land availability warrants
temporal and spatial intensification of
cropping. The evoluation of short-duration
and input-responsive varieties of pigeonpea
have opened up new avenues in this
direction, as wheat could be grown in quick
succession. Pigeonpea followed by wheat

in northern plains is an ideal example of the
non-conventional .cropping system
(Ahlawat et al., 1985). -
Pigeonpea, being a deep-rooted.crop, is
capable of utilizing plant nutrients from
deeper layers of soil and leaving them as
crop residues in the upper layers. The
succeeding shallow-rooted crops, thereby
increasing the efficiency of applied
nutrients can utilize nutrients so fetched.



26 SHIVRAN ET AL

Phosphorus and sulphur, unutilized by the
crop to which they are added, are partially
available to the subsequent crops, and
residual effect thus becomes an important
dimension of phosphorus and sulphur
management. An experiment was therefore
conducted to study the effect of phosphorus
and sulphur fertilization in pigeonpea and
their residual effect on succeeding wheat in
pigeonpea-wheat sequence. ’

MATERIALS AND METHODS

A field experiment was conducted
during 1994-96 at the Indian Agricultural
Research Institute, New Delhi. The soil was
sandy loam having organic carbon 0.365-
0382%, total N 0.0371-0.0393%, available
‘P 10.2-10.6 kg/ha, available K 176.0-180.2
kg/ha and available S 14 kg/ha, with pH
7.6. The experiment was laid out in
factorial randomized block design with 4
replications. The treatments comprised 5
levels of P [no P, phosphate-solubilizing
bacteria (PSB), 40 P,O,/ha, 40 kg P,0,/
ha+PSB and 80 kg P,0,/ha] and 3 levels of
S (no S, 30 and 60 kg/ha). In pigeonpea
crop, all the P was applied at sowing, while
S was applied 3 weeks before sowing. The
PSB culture ‘microphos’ containing
inoculum of Pseudomonas striata was used
for inoculating the seed as per treatment.
The succeeding crop of wheat was grown
without P and S fertilizers. ‘Pusa 85’
pigeonpea was sown in the last week of
June and the following. ‘HD 2285’ wheat in
"-the second week of December. Other
management practices were adopted as per
recommendations of the crops.
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RESULTS AND DISCUSSION

Plgeonpea

Effect of phosphorus: Increasing levels
of P up to 80 kg P,O/ha in pigeonpea
resulted in a significant increase in plant

height and branches/plant (Table 1)..

However, leaf-area index increased up to
40 kg P;0,/ha only. PSB alone and in
combination with 40 kg P,O,/ha did not
cause additional increase in these growth
attributes (Table 1). The overall
improvement in crop growth with P
application seems to be on account of its
pivotal role in early formation of roots, their
proliferation and increased microbial
activity in the root nodules. This might
have improved effective utilization of soil
nutrients by the crops and greater biological
N-fixation through enhancement in
nitrogenase activity (Venkateswarlu et al.,
1988). Our results are in line with those of
Gupta (1990). ,

Pigeonpea fertilized with 40 kg P,0,/ha
significantly increased the yield attributes,
viz. pods/plant, seeds/pods and 1,000-seed
weight, and grain yield over no P (Tables
1, 3). Further increase in the level of P to
80 kg P,0,/ha did not cause any improve-
ment in yield attributes and yield. The in-
crease in grain yield with 40 kg P,0,/ha
being 15.0 33.3 and 23.5% respectively
over no P in 1994, 1995 and in pooled
data. This could be attributed to overall
improvement in crop growth as reflected
by growth attributes, Moreover, P plays a
key role in the root development, energy

transformation and metabolic processes of -

5

plant and thus resulted in greater transloca-



Table 1. Effect of phosphorus and sulphur on growth and yield attributes of pigéonpea

Treatment Plant height(cm)  Branches/plant  Leaf-area index Pods/plant Seeds/pod 1,000 seed weight (g)
| 1994 1995 1994 1995 1994 1995 1994 1995 1994. 1995 1994 1995
P, Oy (kg/ha)
0 133.7 1315 13.5 129 1.68 1.63 1567 1540 235 2.00 63.2 61.7
PSB 1389 1379 14.7 '13.9 1.73 1.68 1643 1626 266 225 642 62.3
40 1542  150.1 212 209 1.92 1.90 1821 1802 400 3.83 70.8 68.8
40+ PSB 1581 1552 233 226 1.96 1.91 1884 1869  4.32 4.00 70.9 69.2
80 1665 1637 249 23.7 2,01 1.98 190.1 1894 442 | 4.08 72.0 714
CD (P =0.05) 8.3 9.6 2.1 14 0.18 0.16 83 10.2 0.34 0.40 52 58
Sulphur (kg/ha) |
0 1387 1362 15.8 149 1.71 1.66 1583 1565 275 2.20 66.9 65.5
30 1529 1502  20.6 20.3 1.90 1.85 183.0 1813 398  3.60 68.5 67.0
60 1592 1567 222 21.2 197 1.95 187.7 1858 404 390 39.3 61.6
CD(P=0.05) 64 74 1.6 1.1 0.14 0.13 6.4 79 0.26 0.31 NS NS
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tion of photosynthates towards the sink de-
velopment (Tisdale ez al., 1995). Similar
observations were also made by Chittapur
et al. (1994). :

Effect of sulphur : Sulphur fertilization
in pigeonpea @ 30 kg/ha, being at par
with 60 kg/ha, significantly increased
growth attributes (plant height, branches/
plant and leaf-area index) over no S
(Table 1). An improvement in plant growth
by S application might be owing to its role
in the formation of amino acids, viz.

cysteine, cystine, methionine and synthesis-

of protein, vitamins and chlorophyll (Tan-
don, 1991). The results confirm the find-
ings of Ramkala et al. (1992).

The trend of response to applied S in
respect of yield attributes and grain yield
was similar to growth attributes (Table 1,
3). The percentage increase in grain yield
with 30 kg S/ha over no S was 13.1, 19.3
and 16.1 respectively in 1994, 1995 and in
pooled data. The improvement in yield

[Vol. 45, No. 1

components might have resulted from
favourable influence of S on growth
attributes and efficient and greater
partitioning of metabolities and adequate
translocation of nutrients to developing
reproductive structures. The increase in
grain yield was largely a function of
improved and consequent increase in yield
attributes. The results are in conformity
with those of Singh and Ali (1994).

Wheat

Residual effect of phosphorus: Applica-
tion of 80 kg P,O,/ha to preceding
pigeonpea recorded greater residual effect
in terms of growth attributes (plant height
and tillers/m row length) of wheat when
compared with lower levels of P and PSB
(Table 2). Similar behaviour was also
noticed for yield attributes (productive
tillers/m row length, grains/spike and
1,000-grain weight), and grain yield of
wheat (Tables 2, 3). The differences

Table 2. Effect of residual phosphorus and sulphur on growth and yield attributes of wheat

Productive Grains/ 1,000-grain
tillers/m spike weight (g)

1994 1995 1994 1995 1994 1995

Treatment Plant height Total
(cm) tillers/m
1994 1995 1994 1995
P, O, (kg/ha)

0 705 687 - 963 954
PSB 731 71.8 997 1013
40 755 745 1117 1113
40+PSB 770 754 1129 1134
80 782 780 1254 1213

CD(®=00526 28 62 63
Sulphur (kg/ha)

0 720 698 997 988
30 755 742 1094 109.1
60 775 711 1185 1177

CD (P=0.05) 2.0 22 48 48

746 731 302 291 422 421
770 749 320 318 434 431
86.6 836 354 350 449 450
88.1 8.2 384 377 462 457
973 953 414 405 483 480

78 6.5 30 2.6 24 35

767 744 318 307 438 433
85.1 827 352 350 452 450
924 907 397 389 460 459

61 51 23 20 18 NS
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| Table 3. Grain yield of plgeonpea and wheat and net return as affected by phosphorus and sulphur

CD(P=005) 058 088 062

fertilization
Treatment Pigeonpea yield (g/ha) Wheat yield (g/ha) Net return (Rs/ha)
; v - (mean of 2 seasons)

1994 1995  Pooled 1994-95 1995-96  Pooled
P, O;(kg/ha) _ ‘ ‘
0 1591 1381 1486 2870 2646  27.58 16,960
PSB 1608 1545 1597 2921 2888  29.05 19,005
40 1831 1841 1836 3436 3259 3348 21,668
40+PSB 1845 1883 1864 3487 3356  34.22 22,693
80 . 1868 1928 1898 3690 3750 3720 23,788
CD(P=005) 075 113 081 193 2.80 1.88
Sulphur (kg/ha) ' S , R _

0 1591 1505 1548 2924 2740~ 2832 18,205 -
30 1799 1795 1797 3320 3270 3295 21,588
60 - .. 1855 1847 1851 3600 - 3531 3566 . 22,615

149 216 145 '

| between 40 kg P,O, /ha with and without

PSB, and PSB and no P were not

perceptible. Over the seasons, the grain

yield of wheat increased by 18.8 and 34.9%
with 80 kg P,0,/ha applied to preceding
pigeonpea as compared with 40 kg P,Oy/ha

~ and no P respectively. The increased vigour .
" and growth of plants (Table 2) resulting

from the residual effect of P led to better
development of yield attributes and finally
led to increased yield of wheat. Singh et al.
(1983) and Singh and Faroda (1987) also
reported similar results.

Residual effect of sulphur : The growth
attributes (plant height and tqtal tillers/m
row length), yield attributes (productive
tillers/m row length, grains/spike and
1,000-grain weight), and yield of wheat
increased markedly in linear fashion with

to precedmg plgeonpea (Tables 2 3)
'However, the differences between 60 and
30kg residuals S, and 30.and 0 kg residuals
S in terms of 1,000-grain weight were not
marked. Based on 2 seasons, the mean
grain yield with 60 kg residual S/ha
increased by 8.2 and 25.9% over 30 kg
residual S/ha and no S respectively. In
general, the marked improvement . in
productivity of wheat crop with residual
sulphur could be ascribed to enhancement
of SO,-S content of soil. This might have
modified soil environment along with the
improvement in physical parameters of the
soil conducive for the growth and
development of wheat crop

Economlcs of plgeonpea—wheat se-

) . - quence
increasing level of S up to 60 kg/ha applied” -

The maximum net retum from ‘the.
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cropping system was realized with 80 kg
P,O,/ha applied to pigeonpea. PSB
inoculation alone fetched a net return of Rs
19,005, which was Rs 2,045 higher than no
- phosphorus. Singh and Faroda (1987) also
recorded the maximum net returns with
higher level of P applied to pigeonpea in
pigeonpea wheat cropping system: Further,
the highest net return of Rs 22,675 from the
cropping system was obtained when
pigeonpea crop was fertilized with 60 kg S/
~ ha (Table 3).
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