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Abstract 
 

A greenhouse experiment was conducted to study bio-activation of rock phosphate vis-a-vis seed treatment with 
phosphorus solubilzing microbes in enhancing P nutrition in cowpea and ragi. Bacillus megaterium and Aspergillus 
awamori were used to bio-activate Udaipur rock phosphate URP and seed treatment. In both the crops higher 
concentration of chlorophyll was noticed when inoculated through bio-activated rock phosphate with A. awamori. In 
cowpea, more number of nodules was observed in plants inoculated through bio-activated rock phosphate with A. 
awamori. Inoculation through bio-activated rock phosphate with B. megaterium contained higher total P content and 
total biomass in cowpea. In ragi, total P content and total biomass were higher in plants inoculated through bio-
activation of rock phosphate with A. awamori. The results indicate that inoculation of phosphorus solubilzing microbes 
through bio-activation of rock phosphate enhanced the phosphorus uptake and growth of cowpea and ragi. 
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Introduction 
Phosphorus (P) is an important plant nutrient required in 
large quantities. It is associated with several vital 
functions such as photosynthesis, cell division, cell 
organization and transfer of heredity. Phosphorus 
constitute about 0.2% of plant dry weight also plays a key 
role in crop maturity and disease resistance (Schachtman 
et al., 1998). Since, water soluble phosphatic fertilizers 
are generally fixed by iron and aluminum oxides or 
hydroxides in acid soils and thus, unavailable to plants. 
These situations necessitate searching alternative 
sources which are reliable and cost effective. Under such 
circumstances improving the availability of P from the 
water soluble rock phosphate hold promise of higher 
production at a cheaper cost.  Besides, the advantage of 
using low-grade rock phosphate as direct fertilizer, the 
initial crop growth and development is not normal when it 
is used in a non-responsive soil. There is a need to 
search for alternative eco-friendly sustainable systems 
where the supply of P nutrient to plants should be 
ensured. Microorganisms and plants have evolved highly 
efficient mechanisms for absorbing Pi from very dilute 
solutions. 
 Usually the application of phosphorus solubilizing 
microbes (PSMs) is through seed treatment. It is well 
known that seed inoculation of phosphorus solubilzing 
microbes enhance P uptake and yield of economic parts 
(Gaur, 1990; Tomar et al., 1993). Recent studies 
indicated that  bio-activation of rock phosphate with 
culture filtrates of phosphorus solubilzing microbes before 
application increases P availability soon after application 
and may sustain it later, since these organisms have 

assured supply of energy substrates. Goenadi et al. 
(2000) used culture filtrates of Aspergillus niger to bio-
activate Mussorie rock phosphate (MRP). These findings 
suggested that mixing the growth media of A. niger with 
MRP caused remarkable increase in citrate soluble P 
after incubation in laboratory. The application of bio-
activated MRP with homogenized media and culture 
filtrate of PSMs as well as inoculation of soil with AM 
fungus Glomus ageratum enhances P uptake and growth 
of Leucaena and Sesbaenia (Hema, 2005). Virtually no 
studies have been conducted to compare the efficacy of 
bio-activation with seed treatment. Hence, the present 
study was carried out to determine better method of 
application of PSMs by taking cowpea and ragi as a test 
plants. 
 
Material and methods 
 Bacillus megaterium and Aspergillus awamori, found 
to be most effective in solubilizing ‘P’ from insoluble form 
‘P’ in laboratory investigation were used to bio-activate 
Udaipur rock phosphate (URP) (Table 1). These 
organisms were grown on modified sperber’s broth in 
which the only source of P was URP. After inoculation, 
flasks were incubated on temperature controlled 
reciprocatory shaker at 30°C for 15 d. Udaipur rock 
phosphate was sterilized by autoclaving at 15 lbs/sq. inch 
and at 121°C for 15 min. Udaipur rock phosphate was 
bioactivated using culture filtrate. The culture filtrate of B. 
megaterium was obtained by centrifuging the broth at 
4500 rpm for 30 min and then filtering supernatant 
through Whatmann 42 grade filter paper. The culture 
filtrate of A. awamori was obtained by filtering the broth 
through Whatmann 42 grade filter paper. Udaipur rock 
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phosphate was placed in conical 
flask. The culture filtrates were 
added at the rate of 50 ml/Kg of 
Udaipur rock phosphate. The 
samples were adjusted to 60% of 
water holding  capacity  by  adding  
sterilized  water. The  
inoculated samples were then 
incubated at 30°C for 15 d (Goenadi et al., 2000). 
 The lignite was used for the preparation of inoculants. 
Lignite was powdered and sieved through 200 mm sieve. 
Liming of lignite was done by mixing CaCO3 with lignite at 
the rate of  250 g/Kg of lignite to raise pH of this mixture 
to 6.8 to 7. After sieving and liming, lignite was packed 
into polypropylene covers at the rate of 100 g per pack 
and autoclaved at 15 lbs/sq. inch and 121°C for 30 min. 
Then broth cultures of Bacillus megaterium and 
Aspergillus awamori were injected to these packets 
separately using a sterile syringe at the rate of 20 ml per 
packet and mixed uniformly. 
 A green house experiment was conducted to evaluate 
the bio-activation of rock phosphate with PSMs in 
enhancing P nutrition in cowpea (cv C-152) and ragi (cv 
GPU-28). Soil for conducting this study was collected 
from an uncultivated field at G.K.V.K, Bangalore. This 
soil is classified under kaolinite, isohypothermic, 
kanhaplustafs (SMSS technical monograph No. 19 
USDA). Soil samples were sieved through 4 mm sieve 
and were mixed thourghly to get homogenous mixture. 
Polythene bags (10 X 12 cm) were filled with 3.8 kg of 
soil. Rock phosphate was applied at the rate of 250 mg 
of rock phosphate per polybag of soil. The rock 
phosphate applied was mixed well in the soil. The seed 
treatment was done separately with lignite based 
inoculants of B. megaterium and A. awamori at the rate 
of 6 g/kg of seeds using jaggery solution as an adhesive 
agent. The treated seeds were dried in shade and used 
for sowing. The crop was harvested at 60 DAS. 
 The total chlorophyll content of leaves was 
determined on the 55th day after sowing by the procedure 
outlined by Hiscox and Israelstam (1979). Shoots were 
harvested on 60 DAS by separating stems at the collar 
region. Roots were washed free of soil particles by using 
slow jet of water. The dry weight of shoot and root were 
recorded after drying in oven at 60°C for 72 h to get a 
constant weight. The total biomass was computed as the 
summation of shoot and rot dry weight. The total P 
content in shoot and roots were determined by procedure 
outlined by Black (1965). The statistical analysis was 
done by using factorial randomized complete block 
design and means were separated by Duncan’s multiple 
range test (DMRT). 
 
Results and discussion 
 The phosphorus solubilzing microbes PSMs as bio-
fertilizers in crop production is becoming popular. These 
PSMs have the ability of solubilzing the insoluble P forms 

(Sharma & Kamath, 1991). 
Usually the application of these 
PSMs is through seed treatment 
which increases the plant growth 
parameters, P uptake and yield of 
crops (Tiwari et al., 1989; Tomar 
et al., 1993). 
Chlorophyll content 

 The concentration of chlorophyll in cowpea and ragi 
when inoculated through bio-activation and seed 
treatment with Bacillus megaterium and Aspergillus 
awamori along with and without rock phosphate was 
estimated. Chlorophyll concentration of cowpea plant 
grown through bio-activation of rock phosphate with A. 
awamori was highest (2.25 mg/g) followed by bio-
activation of rock phosphate with B. megaterium (2.18 
mg/g). The chlorophyll concentration of ragi plant grown 
through bio-activation of rock phosphate with A. awamori 
(0.79 mg/g) was highest followed by bio-activation of rock 
phosphate with B. megaterium (0.74 mg/g). Significant 
differences were observed among bio-activation and 
seed treatment on chlorophyll content. Inoculation with 
and without rock phosphate differed significantly on 
chlorophyll content. 

  
Inoculation of PSMs through bio-activated rock 
phosphate increased chlorophyll content in leaves of both 
crops. Lebot et al. (1994) reported higher photosynthetic 
ability of plants inoculated with PSMs due to increased 
availability of phosphorus in the rhizosphere. The 
chlorophyll concentration has been shown to have direct 
connection with level of P and higher chlorophyll content 
positively correlated with net photosynthetic rate in crop 
plants (Ameresh & Bhatt, 1999). Adequate supply of P is 
essential for bio-synthesis of chlorophyll.  
Total biomass 
 Biomass content of shoot and root as well as total 
biomass content of cowpea and ragi significantly 
increased by all the inoculated PSMs as compared to 
control without rock phosphate. The total dry matter 
content of cowpea due to bio-activation and seed 
treatment along with rock phosphate increased by 

Table 1. Treatment details (RP: Rock 
phosphate; BM: Bacillus megaterium;  

AA: Aspergillus awamori ) 
+ RP - RP Treatments 

BM AA BM AA 
Control 1 4 7 10 
Bio-activation 2 5 8 11 
Seed treatment 3 6 9 12 

Table 2.  Effect of bio-activation of rock phosphate and seed 
treatment with B. megaterium and A. awamori with rock 

phosphate on total dry wt. in V. unguiculata. 

Total dry weight (g/plant) 

+ RP - RP Treatments  

BM AA BM AA 

Main 
effects  

of 
treatment

Control  6.02 b 6.5 b 5.16 b 5.46 b 5.78 b 

Bio-activation  9.04 a 8.9  a 6.8 a 6.98 a 7.93 a 

Seed treatment 8.73 a 8.34 a 7.24 a 6.96 a 7.82 a 

Main effects of 
microorganisms 

BM 
7.16 a 

AA 
7.19 a - 

Main effects of 
rock phosphate 

+ RP 
7.92 a 

- RP 
6.43 b - 

RP: Rock phosphate; BM: B. megaterium; AA: A. awamori 
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68.92% and 60.64% respectively over control without 
rock phosphate (Table 2). Similarly in case of ragi it 
increased by 107.18% and 85.77% respectively over 
control without rock phosphate (Table 3). This may be 
attributed to increased plant height, number of leaves and 
branches/plant which are the main contributing factors for 
plant biomass. Significant increase in total dry mater 
accumulation of chickpea and groundnut due to 
inoculation with PSMs have been reported by Gaind and 
Gaur (1990); Hebbara and Suseeladevi, (1990). 
  

The increased available P in the soil due to inoculation of 
PSMs probably increased the root biomass as P is 
known to stimulate the growth and multiplication of plant 
roots. Similar reports are also available in other pulses 
like green gram, black gram and chick pea (Kole & Hajra, 
1999; Tanwar et al., 2003). The high dry matter 
production in bio-activation treatments could be 
attributed among other factors to the better growth of 
plants as well as chlorophyll content in these treatments. 
 
Total P content 
 Significant increase in P concentration and P content 
of tissue and total P uptake of cowpea and ragi 
inoculated through bio-activation and seed treatment in 
presence and absence of rock phosphate observed in 
current study is consistent with observations of Raj et al. 
(1981). Total P content of cowpea due to inoculation 
through bio-activation and seed treatment along with rock 
phosphate was increased by 391% and 352% 
respectively over control without rock phosphate (Table 
4). Similarly in case of ragi it was by 224% and 162% 
respectively over control without rock phosphate (Table 
5).  
 
 Further, seed treatment with PSMs along with rock 
phosphate was effective in increasing in P uptake but 

magnitude of increase was less than bio-
activation of rock phosphate with PSMs. The 
higher availability of P in the rhizosphere of plants 
inoculated through bio-activation probably 
induced good proliferation of root, providing 
enough number of sites for rhizobia to form more 
number of nodules and its uptake in cowpea 
plants. The effectiveness of legume rhizobium 
symbiosis is known to be improved by PSMs.  
Several authors also observed increased P 
uptake in black gram, maize, Pigeonpea and 
soybean (Racheward et al., 1991; Dubey, 1996; 
Pawar & Pawar, 1998; Kole & Hajra, 1999). The 
bio-activation of rock phosphate with PSMs also 
enhances the plants growth parameters and 

nutrient uptake in Leucaena and Sesbaenia in 
presence and absence of AM fungi G. 
aggergatum (Hema, 2005). 
 
 From this investigation, it was observed 
that inoculation through bio-activation of rock 
phosphate with PSMs increases the crop 
growth. The chlorophyll content, P uptake and 
total biomass enhanced in both crops by bio-
activation method of application. Hence, bio-
activation of rock phosphate was the better 
method of application of PSMs to harness 
effectively phosphorus from soil.  
 
 
 

Table 3.  Effect of bio-activation of rock phosphate & seed 
treatment with B. megaterium & A. awamori with rock phosphate 

on total dry weight in E. corocana 

Total dry weight (g/plant) 

+ RP - RP Treatments 

BM AA BM AA 

Main 
effects  

of 
treatment

Control 4.73 b 4.84 c 3.52 c 3.6 c 4.17 c 

Bio-activation 6.98 a 7.15 a 5.61 a 5.19 a 6.23 a 

Seed treatment 6.35 a 6.32 b 4.87 b 4.44 b 5.49 b 

Main effects of 
microorganisms 

BM 
5.35 a 

AA 
5.25 a 

- 

Main effects of 
rock phosphate 

+ RP 
6.06 a 

- RP 
4.54 b 

- 

RP: Rock phosphate; BM: B. megaterium; AA: A. awamori 
 

Table 4.  Effect of bio-activation of rock phosphate and seed treatment 
with B. megaterium & A. awamori with rock phosphate on  

total P content in V. unguiculata. 
Total P content (mg/plant) 

+ RP - RP Treatments 

BM AA BM AA 

Main 
effects  

of 
treatments 

Control 32.11 b 31.63 c 14.34 b 13.54 b 22.91 b 

Bio-activation 68.32 a 68.58 a 40.9 a 42.56 a 55.09 a 

Seed treatment 64.78 a 61.32 b 44.33 a 41.78 a 53.05 a 

Main effects of 
microorganisms 

BM 
44.13 a 

AA 
43.23 a - 

Main effects of 
rock phosphate 

+ RP 
54.45 a 

- RP 
32.91 b - 

RP: Rock phosphate; BM: B. megaterium; AA: A. awamori 
 
 Table 5.  Effect of bio-activation of rock phosphate & seed treatment with  

B. megaterium & A. awamori with rock phosphate on total P content in  
E. corocana 

Total P content (mg/plant) 

+ RP - RP Treatments 

BM AA BM AA 

Main effects 
of 

treatments 

Control 26.41 c 24.83 c 14.42 c 15.82 b 20.37 b 

Bio-activation 49.18 a 48.93 a 32.67 a 28.49 a 39.82 a 

Seed treatment 40.58 b 38.91 b 27.72 b 25.69 a 33.22 a 

Main effects of 
microorganisms 

BM 
31.82 a 

AA 
30.45 a - 

Main effects of 
rock phosphate 

+ RP 
38.14 a 

- RP 
24.13 b - 

RP: Rock phosphate; BM: Bacillus megaterium; AA: Aspergillus awamori 
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