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ABSTRACT Indian agriculture is mainly dependent on the extensive use of chemical fertilizers to raise crop yield. Since 
70 to 90 % of the supplemented super phosphate is not available for crops as a result of mineralization the 

requirements for this fertilizer are high. Hence there is need to increase the effectiveness of low grade Indian phosphate 
rocks. Phosphatic biofertilizers offer a viable alternative as these organisms can be inoculated directly along with the low 
grade rock phosphate and applied to soils. In the present study an attempt has been made to isolate phosphate solubiliz-
ing bacteria from soil, study their phosphate solubilizing activity and their utility as biofertilizer. The organism, Citrobacter 
freundii, has been screened from the local soil samples of Malwa region and was selected for the further studies as it shows 
efficacious solubilization of phosphates and being indigenous it is well adapted to the environment where it can be used 
as a biofertilizer.

Introduction       
It is very important, particularly for poor countries often 
gravely short of phosphate in their soils, to know in what con-
ditions it may be profitably used (Nye and Kirk, 1987). Rock 
phosphates are the nonrenewable resources for phosphate 
fertilizers. The long term application of P fertilizers has re-
sulted in the accumulation of total soil P, most of which is 
poorly soluble. For this reason, the possibility of practical use 
of rock phosphate as a fertilizer has received significant inter-
est in recent years. Recent researches in this regard are di-
verted towards more practical approach, i.e. the application 
of phosphate solubilizing microorganisms for solubilizaton of 
rock phosphates (Vasanthrajan, 1964; Vassilev et al., 1996). 
Other workers have also reported phosphate solubilization 
by Citrobacter species when provided with fructose as car-
bon source (Patel et al. 2008). The holistic P management 
involves a series of strategies involving manipulation of soil 
and rhizosphere processes, development of P efficient crops 
and improving P recycling efficiency (Seema B et al, 2013).

Materials & Methods
Solubilization of inorganic phosphates in soil:

A set of 12 flasks containing 500 mg of TCP, URP and BM in 
quadruplicate were inoculated individually with 100 g gar-
den soil and the mixture was moistened. 6 flasks were steam 
sterilized for 3 consecutive days at 121°C for 2 hours each 
day. The remaining 6 flasks were unsterilized set. Except uni-
noculated control in each series the flasks were inoculated in 
duplicate in each series with 5 ml inoculum per flasks. The 
uninoculated flasks in each series served as control. In these 
flasks 5 ml of sterile distilled water instead of an inoculum. 
Loss of moisture was made up on every alternate day.

Estimation of Phosphorus:
The concentration of phosphorus in soil was determined on 
7th and 14th day by the Na2CO3 fusion method described by 
Jackson (1973). Various aliquots of 2 and 20 ppm standard 
stock solution of KH2PO4   were taken in 50 ml volumetric 
flask. A graph was plotted for concentrations of phosphorus 
against O.D. and the amount of phosphorus in the soil was 
extrapolated from the curve.

Pot culture study:
The experiment was conducted in Kharif season using soy-
bean as an experimental crop. A set of pots containing au-
toclaved and unautoclaved garden soil were kept. Each pot 
was filled with 9 Kg soil. The autoclaved soil used in the ex-

periment was sterilized for 3 consecutive days at 121 °C for 2 
hour each day. TCP and URP were applied to each pot so as 
to have 50 mg P2O5 /Kg of soil. The pots kept as controls for 
autoclaved and unautoclaved soil were kept without addition 
of TCP and URP. 

Seed Bacterization with Citrobacter freundii:
The seeds of soybean were surface sterilized by dipping in 
0.1 % HgCl2 followed by thorough washing with sterile distill 
water and dried overnight under sterile airflow (Brown, 1974). 
Then the seeds were bacterized by the method of Weller and 
Cook (1986). The treated seeds were examined for cfu on 
Pikovaskaya’s agar (Pikovskaya 1948).

The bacterized seeds were sown in pots containing local 
unsterilized and sterilized soils in the set of experiment as 
shown below. For control seeds were treated with a sterile 1 
% CMC suspension and grown under similar conditions. Each 
set of pot was performed in three replicas as per the scheme 
presented in Table 1.

Table 1
Pot Culture study

S.N. Autoclaved soil Unautoclaved soil

  1     Control Control

  2     Soil + TCP  Soil + TCP    

  3     Soil + TCP + Citro-
bacter Soil + TCP + Citrobacter

  4  Soil + URP   Soil + URP        

  5  Soil + URP + Citro-
bacter     Soil + URP + Citrobacter     

Soil inoculation study:
Tropical soils are deficient in available phosphorus and thus 
make it unavailable for plant growth (Russel and Russel 1950; 
Somani et al., 1990). Soil comprises both living and inert mat-
ter and various kinds of interactions are known to occur in it, 
it is mandatory to conduct soil inoculation studies to deter-
mine the actual impact of phosphate solubilizing microbes. It 
was suggested by Rose (1957) that the phosphate solubiliz-
ing capacity of different soils may be tested by inoculating 
a liquid medium with soil suspension. This may give an idea 
regarding a soil’s total activity of phosphate solubilizing mi-
croorganisms. The solubilization of TCP in soil by inoculation 
of some Pseudomonas sp. was reported by Ostwal and Bhide 
(1972). 
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RESULTS AND DISCUSSIONS
In the present study the effect of C. freundii for solubiliz-
ing phosphates in soil was studied. For these studies auto-
claved as well as unautoclaved soil was considered. Maxi-
mum phosphate solubilization was observed on 14th day for 
all the inoculated sets. The effect of C. freundii in phosphate 
solubilization of sterile and non – sterile soil was studied 
and was observed that the organism effectively solubilizes 
phosphorus in non-sterile soil. The organisms with good 
competitive ability colonize the non-sterile soil hence it is 
difficult to predict the competence of an organism based 
on taxonomic information (Milus and Rothrock, 1993). Since 
the organism in this study effectively solubilizes phosphate 
it can be said that it is competitive enough to work in con-
sortia in non-sterile soil.

Pot culture study:
To check the efficiency of microorganisms in soil they were 
bacterized on seeds and their effects were studied. The 
seeds were sown (10 seeds per pot) in respective pots at 
suitable distance and watered everyday till the seedling 
appeared after which watering was done after every two 
days. At an interval of one month 3 plants from each pot 
were uprooted and washed repeatedly with running tap 
water and finally rinsed thoroughly in distilled water and 
blot dried. Different parameters of growth viz. root and 
shoot lengths, fresh weight and dry weight were recorded. 
Dry weight was measured by keeping the entire plant in a 
paper bag in an incubator at 70 °C for 24 hours (Chabot 
et al., 1996). 

The treated seeds were examined for colony forming units 
(CFU) on Pikovskaya’s medium and approximated so as to 
give 8.9 x 106 CFU / seed. The use of C. freundii as seed 
inoculant showed increased percent of root length; shoot 
height, fresh and dry weights and phosphorus uptake. Avail-
able phosphorus in the soil also increased. Enhanced root 
and shoot length on seed inoculation in both autoclaved and 
unautoclaved soil with both phosphate fertilizers (TCP and 
URP) was observed. The plant growth increased till the end 
of the experiment (90 days).

The organism proved superior for TCP to URP in terms of 
root and shoot lengths. URP proved better in autoclaved soil 
than in unautoclaved soil. With URP percent rise of root and 
shoot lengths was 1.8 times more in autoclaved soil than in 
unautoclaved soil. 

Available P in the soil:
Total phosphorus of soil was analyzed as 10.61 mg% and the 
available phosphorus of soil came out to be 5.00 µg/g.

It is evident from the Table 2, available P in soil increased 
with addition of both the phosphate fertilizers and further 

increased with seed inoculation with autoclaved soil as well 
as unautoclaved soil. Enhanced plant growth vigour was ob-
served in soybean inoculated with C. freundii. 

Table 2
Effect of seed bacterization with C. freundii on uptake of 
phosphorus

Treatments
P uptake by plant 
(mg P/plant), 
Day 90

Available P on 90th  
day  µg/g soil

Autoclaved
Soil
Soil+TCP
Soil+TCP+C
Soil+URP
Soil+URP+C
Unautoclaved
Soil
Soil+TCP
Soil+TCP+C 
 Soil+URP
Soil+URP+C

36.71±0.91
45.32±0.80
53.63±0.09
31.68±0.65
50.17±0.37

32.83±0.25
36.15±0.32
37.31±0.68
29.03±1.60
43.02±0.55

8.32±0.24
8.76±0.17
13.35±0.49
8.18±0.41
11.68±0.35

8.21±0.07
8.96±0.21
13.73±0.28
7.39±0.51
9.18±0.53

CONCLUSIONS
The organism solubilizes phosphorus to higher extent in 
liquid medium as compared to soil because in broth readily 
metabolizing substrates are easily available while in soil the 
organism has to depend on the limited energy that is readily 
available rest it has to extract by spending its energy.

Non-sterile soil gave better solubilization as microorganisms 
work in consortia and various microbial interactions exert 
positive effect on solubilization.

When the seeds bacterized with Citrobacter freundii were 
inoculated in soil and various parameters were considered 
taking uninoculated seeds as control it was found that bac-
terized seeds could bring increase in fresh and dry weight of 
plant and also increase in root length and shoot height was 
observed. 

Results of present work indicate promising use of the isolate 
for phosphate solubilization under field conditions in local 
soils.
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