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ABSTRACT

A field experiment was conducted during 1995-96 and 1996-97 to study the
eftect of phosphorus, Rhizobium culture, phosphate-solubilizing bacteria (PSB)
and micronutrients on uptake of nitrogen and phosphorus and their balance sheet
in soil of chickpea (Cicer arietinum L.) crop in a rice (Oryza sativa L.) based
cropping system under rainfed conditions. Uptake of N and P increased with the
increasing levels of P and it was further increased with application of phosphate-
solubilizing bacteria alone or in combination with rhizobium culture with each level
of P. Use of phosphate-solubilizing bacteria and rhizobium cuiture along with
inorganic phosphorus fertilizers increased the grain yield and uptake of N and P.
This also solubilized the native and applied phosphorus and reduced phosphorus

fixation.
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Integrated nutrient management for pre-
vailing cropping systems appears to be one
of the effective ways to meet the economi-
cal nutritional requirement of crop (Kulkar-
ni et al., 1993; Pandey and Tripathi, 1993).
Phosphate-solubilizing bacteria (PSB) are
known to mobilize the unavailable P in soil
and make it available to crop. Though a
considerable information is available on
nutriticnal aspects in irrigated condition for
P fertilization alone, that on phosphatic fer-
. tilizer with PSB, RC, organic manuring and
supply of micronutrients is lacking under

rainfed condition.

MATERIALS AND METHODS

A field experiment was conducted dur-
ing the winter (rabi) season of 1995-96 and
1996-97 at Research Farm of Indira Gan-
dhi Agricultural University, Raipur (Mad-
hya Pradesh), under rainfed condition. The
soil was silty clay (Vertisols) with pH 7.3,
having 302 and 318 kg available N/ha; 13.4
and 12.7 kg P/ha and 450 and 441 kg K/ha
during 1995-96 and 1996-97 respectively.
There were 12 treatments, viz. no phospho-
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" rus, 30 kg phosphorus/ha, 60 kg phospho-

rus/ha, no phosphorus + PSB, 30 kg phos-
phorus/ha +PSB, 60 kg phosphorus/ha +
PSB, no phosphorus +PSB + RC, 30 kg
phosphorus /ha + PSB + RC, 60 kg phos-

phorus/ha + PSB + RC, 60 kg phosphorus

(10% through FYM + 90% through SSP) +
PSB + RC, 60 kg phosphorus/ha (20%
through FYM + 80% through SSP) + PSB
+ RC, 60 kg phosphorus/ha + PSB + RC +
seed treatment with Mo and Fe (Table 1).
Chickpea (cv. ‘JG 74’) was sown at 30 cm
spacing on 10 and 13 December 1995 and
1996 respectively with light irrigation
through sprinkler. A common dose of N
and potash each @ 30 kg/ha was drilled at
sowing. In treatment T,,, where FYM
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(0.5% N), 0.2% P,0, and 0.5% K,O supply
full dose of N and K, urea and nitrate of
potash (MOP) were not applied, whereas in
T,, the quantity of urea and MOP was re-
duced by half. The seeds were treated with
Rhizobium and PSB each @ 10 g/kg seed
and/or 5 g ammonium molybdate and 15 g
ferrous sulphate/kg seed as'f)er treatments.
Total and available soil N and P were deter-
mined by standard methods described by
Tandon (1993).

RESULTS AND DISCUSSION

Nitrogen and phosphorus uptake
Grain accumulated more N and P than

straw (Table 1). Uptake of N and P by grain

of gram increased significantly with

Table 1. Uptake of nitrogen and phosphorus by chickpea as influenced by phosphorus, bacterial cul-

ture and micronutrients

Treatment

Nitrogen (kg/ha) Phosphorus (kg/ha)
Grain Straw Grain Straw
Y, Y, Y, Y, Y, Y, Y, Y,

0kg P,0,/ha 25.0 253 9.8 9.1 2.79 245 248 221
30 kg P,O,/ha ' 29.3 27.6 124 11.1 4.35 3.26 1.79 253
60 kg P,0./ha 32.8 352 133 12.3 5.46 5.29 3.04 285
0kg P,0, + PSB 27.1 309 113 104  3.26 3.62 261 232
30kg P,O; + PSB 340 41.1 13.7 14.0 5.76 533 330 335
60 kg P,O, + PSB . 40.5 44.6 14.6 170 687 6.70 3.37 1 433

0kgP,0; + PSB+RC 311 354
30kgP,0,+PSB+RC = 385 428
60kgP,0,+PSB+RC 514 4438

60 kg P,0O, (10% FYM + 46.2 382
90% SSP) + PSB + RC

60 kg P,O; (20% FYM + 24 343
80% SSP) + PSB + RC

60 kg P,0, +PSB + RC + 56.3 45.8
seed treatment Mo, Fe

~ CD(P=0.05) 78 56

130 123 464 460 278 296
168 166 636 583 3.66 3.69
208 189, 843 738 412 439
192 153 742 596 391 352

14.7 139  6.96 541 333 3.00

214 198 870 746 422 458

- 3.8 32 - 147 1.33 0.86 0.80

Y,, 1995-96; Y,, 1996-97
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Table 2. Balance sheets for nitrogen and phosphorus (kg/ha) as influenced by phosphorus, bacterial

culture and micronutrients

Treatment = - Grain Nitrogen Phosphorus
yield .
(g/ha) Total Up- Balance Total ~ Up- Balance
available  take of Nafter available take of PO
Nforcrop of N harvess PO for of N after har-
I+A* ting  cropI+A* - vesting
: 1995—96 .
T,, 0kg P,0/ha " 822 306+30 348 290  36.2+00 12.1 243
T,, 30kg P,O /ha 9.26 296+30 416 - 290 283430 163 283
T,, 60kg P,0 /ha 1012 298+30 - 461 .306 293+60 195 365
T,, 0kg P,O, +PSB 8.82 308+30 389 296 322400 134 297
T, 30kgP,0, +PSB 1068 305+30 478 308 291430 207 327
T, 60kg P,0;+PSB . 1250 304+30 - 55.1 321 300460 234 . 404
T,, O0kgP, O +PSB +RC 947 295430 440 306 313400 169 303
_ T 30kg P O +PSB+RC 1097 294+30 553 316 253430 229 374
Tg, 60 kg P O +PSB+RC 13:82° 303+30 722 330 324460 287 ‘444
T, 60kg PZO5 (10% FYM 13:25- 308+30 655 320 260+60 259 ' 413
+90% SSP) + PSB + RC ) , ' ;
T,,60kg P,O, (20% FYM 1290 307+30 57.1 328 333+60 236 = 385
+ 80% SSP)+PSB+RC
T,,, 60 kg P,O+PSB+RC 14.51 30130 776 339 333460 29.6 458
+ seed treatment with -
Mo and Fe
CD (P =0.05) 1.62
) 1996—-97 -
T,, 0kg P,0,/ha © 818 318+30 344 298 304400 1069  20.1
- T,, 30kg P,0O5/ha 859 . 318+30 387 306 280+30 1326 31.6
T, 60kg PO /ha 1081  316+30 475 313 30.0+60 1864 3838
T, OkgP,0,+PSB 9.7 320+30 413 303 29.6+00 1360 284 .
T, 30kgP,05+PSB 1270 318+30  55.1 311 302430 1988  36.5
T, 60kg P,O;+PSB 13.41 318+30 61.6 320 300+60 2525 380
T, OkgP,0,+PSB+RC 1096. 316+30 477 306 304400 1731 29.0
T, 30kg P,O,+PSB+RC 1296 ~320+30 594 322 29.0+30 2180 36.0
T, 60kgP,0O,+PSB+RC 1318 316+30  63.7 328 29.6+60 2695 380
T, 60kg P,O, (10%FYM 1193  320+30. 535 308 300460 21.71 36.6
+90% SSP + PSB + RC
T,,60kg P,O, (20% FYM - 10.82 320+30 483 311 287+60 1926 37.0
+ 80% SSP) + PSB +RC - '
T,,, 60 kg P,O; + PSB + 1333  316+30 65.6 331 280460 2757 - 36.6
RC+ seed treatment with
Mo and Fe
CD (P=0.05) 1.87

*1 , Initial available N; A, applied nitrogen fertilizers
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. increasing level of P during the second
_ year. Similarly, Raju et al., (1991) reported

. that increasing level of P from 20 to 60 kg/
ha significantly increased the uptake of N
and P by rainfed gram. Uptake of N and P
increased significantly due to inoculation of
PSB in each combination of P and it futther
significantly increased when combined
with rhizobium culture. Uptake of N and P
showed similar trends in straw. Alagawadi
and Gaur (1988) and Shrivastava and
Ahlawat (1995) reported similar results.
Significantly highest uptake of N and P was
obtained due to combined application of 60
kg P,O./ha, PSB, rhizobium and seed
treatments with Mo and Fe. This may be
due availability of nutrients for bacterial
population, nitrogen fixation and crop
growth. Mo and Fe were found to be the
most suitable micronutrients for nodulation,
N, fixation. o _

Grain yield increased significantly with
increasing level of P and it further
increased when éombined with inoculation
of PSB and RC (Table 2). The response of
'PSB was greater with lower level of P than
higher level. These results are in
conformity with those reported by Tiwari et
al. (1989). There was a decrease in yield
- when FYM containing 6 kg and 12 kg P,O;
was applied along witi. PSB and RC. Patel
~ and Patel (1991) observed no significant
difference in yield due to FYM application.

Balance sheet for N and P

There was a depletion of soil N (Table 2)
during both the years, when no P, 30 kg
P,O,/ha and no P + PSB were applied
except in 30 kg P,O,/ha during first year
where a slight build up of available soil N

(5.6 kg/ha) was recorded. Build up of soil N -
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_level was recorded due to addition of with

or combined application of PSB and
rhizobium. Highest build up of soil N was
recorded with 60 kg P,Os/ha, PSB,
rhizobium and micronutrients during both
the years. Application of PSB alone
reduced the depletion pattern of available
soil N over no PSB. There was build up of
available soil N with 30'and 60 kg P,O,/ha.
Reduction in available soil N under FYM
treatment may be attributed to imbalance of
nutrient supply because N and K were not
applied through fertilizer at the time of
sowing which resulted in poor early crop
growth and most of the available nutrients
be used by the micro-organisms for
building their tissues.

Application of PSB alone without P -
helped in solubilization of native P over no
inoculation. It was further observed that
fixation of P reduced with 30 and 60 kg
P,O;/ha along with PSB. Combined
application of PSB and rhizobium alone
resulted in net solubilization of native P
over no P. It was observed that-either
application of 60 kg P/ha as fertilizer alone
or 20% P through the farmyard manure
fixed more P. This may be due to presence
of more organic matter in Vertisol. The
impact of micro-nutrients was also recorded
for reduction in phosphorus fixation.
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