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Associative effect of nitrogen-fixing and phosphate-solubilizing bacteria in rainfed soybean 
(Glycine max) grown in Vertisols* 
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vital for photosynthesis, energy transfer and formation of 
sugers (Gaur 1990). Legumes need high amount of P in 
readily available form around their roots for rhizobia and 
the host plant. Only a small fraction of phosphate fertilizer 
is utilized by crops, while remaining portion of applied P 
gets fixed in thesoil 01' rendered unavailable to crop plaots 

(Manda! a.nd Khan 1972). Rock phosphate being available 
in plenty in t1le c<mntry is good source of P for acid soils, 
but it is ineffective in neutral to alkaline soils (Awasthi et 
at. 1977). Continuous effOlis have been made to increase. 
the efficiency in soil with pH more than 7 by adding P­
solubilizing Jllicro~ol'ganisms (Gaur 1990). In the present 
study, an attempt was made to explore the possibility of 
direct use of rock phosphate as a P fertilizer and incre<lse 
the efficacy of superphosphate with the help of P-solubilizing 
bacteria (Pseudomonas striata) on soybean [Glycine max 
(L.) Men.] under rainfed condition in Vertisols. 

A field experiment was carried out during the rainy 
seasons (khal'ij) of 1988-97 (10 years) on Vertisols (typic 
chromustert), having sand 10.5%, silt 35.3%, clay 54.2%, 
with 7.4 pH, electrical conductivity 0.73 dS/111, Ol'gal1ic 
carbon 0.49%, available N 203.6, P 5.63 and K 383 kg/lm, 
cation-exchange capacity 44.0 Cmol (p+)/kg soil. The 
treatments were: control; inoculation with phosphate­
solubilizing bacteria (PSB); superphosphate @ 26.4 kg PI 
ha; superphosphate @ 13.2 kg P/ha; superphosphate @ 13.2 
kg Piha + PSB inoculation; rock phosphate @ 13.2 and 26.4 
kg P/ha alone as well as with PSB inoculation. Inoenlation 
with BradYl'lzizobiwn japonicZlnJ was conm1011 for all the 
treatments. For co-inoculation, phosphate-solubilizing 
bacteria and Bradyrhizobiuln japoniucum inoculants were 
app1ied in equal amount (eaeh of 5g/kg seed) as seed 
treatment. A basal dose of N @ 20 and K @ 33.2 kg/ha 
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wa.s. '.l.'i).plkd.. Ruck 'i).b.us.1j?M.te ~Cayu (PO 4)0 F ,,', IhabUr').lIb':ad.e, 
citrate soluble, contained 28.6% total P20 S' 41.84% CaO, 
0.18% K20; 0.07% S04; 3% F; 0.75% C03; 1.92% Al20 J ; 

19.65% SiP2; 0.05% MgO and 0.04% Na20, was also 
applied at the time of sowing. The experimerit was laid out 
in randomized block design with 3 replications. The' JS 75-
46' soybean was sown in 4.0 m x 2.75 111 plots at 0.4 In 

distance between rows and 0.05 m between the plants with 
0.4 million/ha plant population. At harvest the seed yield 
was recorded. 

Agronomic efficiency, phosphorus-use efficiency, 
availability coefficient ratiO, relative agronomic efficiency 
of rock phosphate and relative economic efficiency were 
calculated as per Mole et al. (1982), Manickam and 
Ramaswami (1985), Mishra and Gupta (1978), Engelstad 
et al. (1974) and Black and Scott (1956) respectively. 
Economics of the treatments was also computed. 

The average rainfall, maximum and minimum 
temperature during the crop season (June--October) were 
743.9 mm, 30.90C and 19.96oC in 1995; 1 437.2 111111, 

32.21 oC and 19.24 DC 1996 and 1 021. 7, 111m 31.27oC and 
19.1SoC in 1997 respectively. 

A significant increase was observed in mean seed yield 
of soybean with all the treatment as compared to control 
except rockphosphate alone (either of dose). The increase 
with superphosphate @ 13.2 kg P/ha, rock phosphate @ 
13.2 and 26.4 kg Plha with PSB inoculation was 5.52, 15.3 
and 10.85% compared with superphosphate @ 13.2 kg PI 
ha, rock phosphate @ 13.2 and 26.4 kg Plha alone 
respectively. The seed yield recorded with recommended 
dose of P through superphosphate @ 26.4 kg P/ha was 
maximum, but it was at par with half dose of superphosphate 
@ 13.2 kg P/ha with PSB inoculation. The response of 
applied P can be expected in low phosphorlls soil as reported 
by Gaur (1990) and Bagavathi et al. (1997). The increase 
in yield with PSB inoculation was due to the production of 
organic acids by phosphorus-solubilizing microbes (PSM) 
which bring about di~solution of bound from of P (Gaur 
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Table 2 Balance sheet of average available soil P (kg/ha) after soybean crop 

Treatment Initial P-added P-removed Difference 
soil P through by crop (4)=(2-3) 

(1) fertilizer (3) 
(2) 

Coiltrol 5.6 8.9 (-) 8.9 
PSB inoculation II 10.8 (-) I {).8 
SupcJ'phosphate 11 26.4 14.3 (+) 12.1 

@ 26.4 kg PJha 
Superphosphate II 13.2 12.6 (+) 0.6 

@ 13.2 kg P/Ila 
Superphosphate II 13.2 13.7 (-) 0.5 

(p;, 13.2 kg P/ha+ 
PSB inoculation 

Rock phosphate 11 13.2 9.3 (+) 3.9 
@, 13.2 kg Plha 

Rock phosphate II 13.2 I 1,6 (+) 1.6 
@ 13,2 kg P/ha + 
PSB inoculation 

Rock phosphare 11 26.4 1(),2 (+) 16.2 
@ 26.4 kg Plha 

Rock phosphate II 26.4 13,9 (+) 12.5 
{!,ii 26.4 kg P/ha + 
PSB inoculation 

-------

1990). Total average phosphorus uptake was significantly 
increased with all the treatments except with rock phosphate 
@ 13.2 kg P/ha and the increase was 4.6-60.7%, maximum 
being in superphosphate @ 26.4 kg P/ha. But it was at par 
with superphosphate @ 13.2 kg P/ha + PSB inoculation and 
rock phosphate @ 26.4 kg Plha + PSB inoculation, which 
was due to more solubilization from rock phosphate and 
superphosphate in presence of P-solubilizing bacteria, 
maximum agronomic efficiency and P-use efficiency were 
observed under half dose of superphosphate applied @ 13.2 
kg Plha with PSB inoculant, followed by rock phosphate @ 
13.2 kg P/ha with PSB inoculant. The results confirm the 
findillg ofBagavathi ef al. (1997). The relative agronomic 
efficiency and relative economic efficiency and availability 
coefficient ratio of tbe rock phosphate were maximum under 
13,2 kg P/ha with PSB inoculant, followed by higher dose 
of rock phosphate applied @ 26.4 kg P/ha with PSB 
inocLllant. Data further indicated the greater utility of PSB 
inoculum at lower levels particularly with rock phosphate, 
Bagavathi et al. (1970) also reported similar results. Highest 
net profit and yard stick value were recorded with half dose 
of superphosphate @ 13.2 kg PJha applied with PSB 
:inoculllm. However, rock phosphate @ 13.2 and 26.4 kg PJ 
ha with PSB inoculation gave net profit ofRs 2 317/ha and 
Rs 2 705/ha and 8.37 and 5.02 kg/ha yardstick value 
respectively, which were almost at par with full dose of 
superphosphate @ 26.4 kg P/ha which gave only net profit 
of Rs 2 560/ha with 6.08 kg/ha yard stick value. Maximum 

Available soil Available P Net P left Loss - or 
P at initiation + after in the soil gain (+) of 

(P added- harvest (7)=6-( 1 + 2) (8)=(6-5) 
removed (6) 

(5)=(1+4) 

(-)3,3 5,1 H 0,5 (+) 8,9 
(-)5,2 6,8 (+) 1.2 (+) 12l) 

17,7 9,8 H 22,2 H 7,9 

6.2 7.3 HI1.5 (+) 1.1 

5.1 8,6 H 10.2 (+) },5 

9.5 6.0 H 12.8 H },5 

7.2 8.8 (-) 10.0 (+) 1.6 

21.8 6.5 (-) 25.5 HIS,} 

18,1 8.4 H 23.6 ( ... J <),7 

benefit: cost ratio and minimum cost of product ionl kg seed 
were recorded under PSB inoculation alone. Among the P 
sources, rock phosphate @ 13.2 kg Plha with PSG 
inoculation recorded highest benefit: cost ratio and less cost 
of production/kg seed. The results are in close agreement 
with the findings of Dubey (1996). A significant correlation 
coefficient (1') of nodule number with nodule dry weight 
(0.55*), nodule dry wei.ght with. shoot dry wei.ght (0.66*), 
seed index (0.66*), seed yield (0.77*) and shoot dry weight 
with yield (0.82*) was observed. 

A verage available soil phosphorus indicated a significant 
increase due to P application alone as well as with PSB 
inoculation compared with the control. This may be ascribed 
to addition of P and there may be some short of triggering 
action of native soil P resulting increased P availability. 
Inoculation with P-solubilizing bacteria caused a further 
improvement in soil P possibility due to the solubilization 
of fixed or the added P (Gaur 1990). But, when compared 
to initial status of available P it was observed that all the 
treatments showed gain of P, which was higher ill treatment 
recieved 26.4 kg/ha and lowest under the control. 

PhospllOl1lS balance indicated that P application alone as 
well with PSB inoculum had marked influence on the 
residual P status (Table 2). The net P left in the soil showed 
negative trend with all the treatments except with PSB 
inoculation which show:ed gain (1.2 kg P/Ita) of P. The 
depletion in net amount of P was -0.5 to --25.6 kg P/ha, 
which was maximum in rock phosphate @ 26.4 kg Plha, 
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might be due to more removal of P from furrow layer, poor 
availability and rapid chemical fixation of P from 
rockphosphate (Chatteljee et al. 1972). Inoculation with p­
solubilizing bacteria increased P availability through 
dissolution of fixed native P. Similarly, data on loss or gain 
of P showed both trends. But it was observed that addition 
of higher doses of P caused more loss of P due to mote 
utilization and demands by soybean crop for root 
proliferation, N2 fixation, growth and higher yield and 
protein synthesis (Gaur 1990). 

These results indicate that about 30-40% phosphol'llS 
could be saved with the use of half dose of superphosphate 
@ 13.2 kg P/ha along with B. japoniclim + Pseudomonos 
striata (PSB) inoculants. It was also observed that rock 
phosphate (j_il 13.2 kg P/ha along with B. japoniclIlII + PSB 
inoculants was fmind to be an effective source of P, hence 
can be safely llsed in phosphorus deficient Vertisols. 

SUMMARY 

A long-term (10 years) field study was carried out on 
phosphorus-deficient Vertisols during the rainy seasons from 
1988 to 1997 to generate information oli biocoenotic 
association betweetl Bradyrhizobium japon tCLlm and P­
solubilizing bacteria'on rainfed soybean [G6Jcine //lax (L.) 
Merr.) with and without superphosphate and rock phosphate. 

,The maximul11 average seed yield (1.99 tonnes/ha) was 
recorded with superphosphate @ 26.4 kg P/ha, and was 
equally effective with 50% dose of superphosphate @ 13,2 
kg Plha (1.88 tonnes/ha) and rock phosphate @ 26.4 kg PI 
ha (1.93 tOl1nes/ha) applied with phosphate-s~lubmzing 
bacteria (Pseudomonas striata), However, 50% reduction in 
superphosphate, ie @) 13.2 kg P/ha, along with P­
solubilizing bacterial inoculum recorded highest agronomic 
efficiency, P-use efficiency, net profit (Rs 2 967/ha) and yard 

. stick value (12.27 kg/ha), Rock phosphate applied @ 13.2 
and 26.4 kg Plha with PSB inoculum also proved to be an 
effective source ofP than the superphosphate alone for seed 
yield and superior inl'espect of agronomic efficiency, P-use 
efficiency, net profit benefit; cost ratio and low-cost of 
production/kg seed. Inoculation also improved the 
availability coefficient ratio, relative agronomic efficiency 
and relative economic efficiency of rockphosphate compared 

with the rock phosphate alone. Nodule number had 
significant positive correlation with nodule dry \~ejght, 
nodule dry weight with shoot dry weight, seed index, seed 
yield and shoot dry weight with seed yield. 
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