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Introduction  

Phosphorus (P) is an essential element for energy transport, cellular structures and is thus necessary for life. The 

weathering of parental material and the input from atmospheric dust deposition are the two main P sources for 

ecosystem. Apart from essential, soil phosphorous is also a limiting element for plant growth and its turnover in soil 

play an important role in determining the overall biological availability of P, which in turn influences ecosystem 

productivity [1]. Because organic P must be hydrolyzed by phosphate solubilizing bacteria (PSB) and phosphatases 

enzymes to be available for plants, thus, the activities of these bacteria and enzymes (acid phosphomonoesterase, 

alkaline phosphomonoesterase etc.) play a major role in organic P cycling [2]. Soil phosphorous solubilizing bacteria 

are the bacteria that convert unavailable forms of phosphorous to plant utilizable form by array of mechanisms like 

organic acid production, chelation etc. whereas, phosphatase enzymes are produced by bacteria, fungi and plant roots. 

These enzymes cleave a phosphate group from its substrates; transform complex and sometime unavailable forms of 

organic P into assimilable phosphate. The activity of soil P-solubilizing bacteria and phosphatase production depends 

on a combination of P demand from plants and microbes, available organic P substrate and P limitation of the soil. 

However, the variation of soil phosphate solubilizing bacteria and phosphatase activities under different fertilizer 

regimes remain poorly understood despite extensive investigation [3].  

The turnover of soil organic P is influenced by its chemical nature and associated reactivity. Many studies have 

shown that the amounts and forms of organic P in soil are influenced by environment conditions as well as land use 

and management including nutrient availability and organic matter nutrient inputs [1]. For example, soil organic P 

may decrease significantly in response to long term cultivation and crop removal [4]. Long term atmospheric nitrogen 

(N) deposition and P fertilizer inputs, both facilitated more P stored in organic forms [5]. Furthermore, the 

transformation and recycling of these P forms in the soil environment is regulated by population of soil phosphate 

solubilizing bacteria and phosphatase activities [6]. But, the population of soil phosphate solubilizing bacteria and 
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activity of soil phosphatase enzyme is sensitive to farming practices practice like type of fertilization [7]. For 

example, several studies have shown that the activities of phosphatase in natural forest or grassland were higher than 

those in cultivated soil [8]. Application of inorganic P can inhibit phosphatase activities in soil through repressing the 

synthesis of phosphatase [2]. However, the effect of different fertilizer regimes (organic and inorganic fertilization) 

on function of soil phosphate solubilizing bacteria and phosphatase activities still remains poorly understand. Organic 

and inorganic fertilizers not only serve to maintain or improve crop yields, but their application directly or indirectly 

cause changes in chemical, physical and biological properties of the soil. These changes, in the long-term, are 

believed to have significant influences on the different groups of bacteria, enzyme activities, quality and productive 

capacity of the soil [9]. However, available information is conflicting and uncertainties still remain about the long-

term influences of different fertilizers regimes on soil phosphate solubilizing bacteria and phosphatase activities. 

These conflicting reports emphasize the need for research on long-term effects of organic and inorganic fertilizer 

application on bacteria and enzymes linked with various biogeochemical cycles [10]. As the effects of management 

practices are best evaluated using long-term experiments [11] so, a long term field experiment that has been ongoing 

at the Punjab Agricultural University provided a unique opportunity for such a study. In the course of the experiment, 

investigations were conducted on soil phosphate solubilizing bacteria and soil alkaline phosphatase activity of rice 

crop.  

Material and Methods 
Experimental design 

A long-term field experiment (started in 2005) laid out in split plot design in triplicate at the experimental area of 

Department of Soil Science, Punjab Agricultural University, Ludhiana was used to explore the long-term effect of 

organic (rice straw-RS) and inorganic fertilization (nitrogen) on the population of soil phosphate solubilizing bacteria 

and alkaline phosphatase activity in rhizosphere of rice crop at different growth stages of rice crop. The rice crop 

(variety - PR 118) was raised by following the crop management practices recommended in Package of Practices, 

PAU, Ludhiana. A total of 16 different combinations of rice straw (0, 5 ton/ha, 7.5 ton/ha and 10 ton/ha) and urea 

fertilizer (0, 90 Kg/ha, 120 Kg/ha and 150 Kg/ha) were made which are listed in Table 1. 

Table 1 Different treatments 

Treatments Fertilizers 

T1 Without RS + Without N  

T2 5 ton RS/ha  + Without N  

T3 7.5 ton RS/ha  + Without N  

T4 10 ton RS/ha  + Without N  

T5 Without RS  + 90 kg N/ha 

T6 5 ton RS/ha  + 90 kg N/ha 

T7 7.5 ton RS/ha  + 90 kg N/ha 

T8 10 ton RS/ha  + 90 kg N/ha 

T9 Without RS  + 120 kg N/ha 

T10 5 ton RS/ha  + 120 kg N/ha 

T11 7.5 ton RS/ha  + 120 kg N/ha 

T12 10 ton RS/ha  + 120 kg N/ha 

T13 Without RS  + 150 kg N/ha 

T14 5 ton RS/ha  + 150 kg N/ha 

T15 7.5 ton RS/ha  + 150 kg N/ha 

T16 10 ton RS/ha  + 150 kg N/ha 
RS: Rice straw and N: Nitrogen 

Soil sampling 

Soil samples were collected from rhizospheric soil of rice crop at different growth stages of rice crop i.e. 

transplanting, maximum tillering, flowering and harvesting stage. Plants were excavated from five random locations 

from each treatment. Loose soil was shaken off the roots and the soil that adhered strongly to the roots was carefully 

brushed from the roots and kept as rhizospheric soil. The five rhizospheric samples from each treatment were 

combined, passed through 2-mm sieve and stored at 4° C until required for analysis. 
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Enumeration of soil phosphate solubilizing bacteria and assay of soil alkaline phosphatase activity 

Enumeration of soil phosphate solubilizing bacteria was done on Pikovskaya’s medium using serial dilution spread 

plate technique. The bacterial colonies with clear zone (due to solubilization of organic phosphorous) around them 

were counted and expressed as cfu/ g of soil. Alkaline phosphatase activity was assayed with the method of Tabatabai 

and Bremner [12] using para nitro phenylphosphate (PNPP) as substrate and the rate of release of para nitro-phenol 

(PNP) was determined. 

Statistical analysis 

To determine the effect of different fertilizer regime, stages of plant growth and their interaction on soil PSB 

population and phosphatase activity, analysis of variance (ANOVA) was used with a probability P=0.05.  

Results and Discussion 
PSB population 

The results indicated significant difference (CD@5%: Environment: 0.430; Treatments: 0.165; Interactions: 0.662) in 

population of soil phosphate solubilizing bacteria among different treatments at each time interval (transplanting 

stage, tillering stage, flowering stage and harvesting stage). Maximum PSB population (190 ×10
2 

cfu g
-1

 of soil) was 

observed in treatment T11 with 7.5 ton RS/ha + 120 Kg N/ha (Figure 1). The PSB population in treatments with 

integrated application of rice straw as organic amendment and inorganic fertilization was significantly higher than the 

population of these bacteria in treatments with solitary application of rice straw or inorganic nitrogen. This reflects the 

positive impact of balanced nutrient application on these bacteria. The population of PSB decreased during flooding 

conditions (tillering stage). This might be due to the fact that under flooded conditions, the redox potential of paddy is 

low and NO3
−
, Fe

3+
, Mn

4+
, and SO4

2−
 are, respectively, reduced to NH4

+
, Fe

2+
, Mn

2+ 
and S

2−
. Thus, flooding improves 

the availabilities of elements like P, K, Si, Mo, Cu, and Co [13]. So, P availability initially increased on flooding and 

population of phosphate solubilizing bacteria decrease. Maximum population of these bacteria was observed at the 

flowering stage time interval owing to establishment of the microflora whereas decrease in the population of 

phosphate solubilizing bacteria was observed as the crop proceeds towards maturity. 

 
Figure 1 Effect of incorporation of rice straw and inorganic nitrogen fertilization on population of soil phosphate 

solubilizing bacteria at different growth stages of rice crop 

Alkaline phosphatase 

Alkaline phosphatase is an enzyme of great agronomic value because it hydrolyses compounds of organic phosphorus 

and transforms them into different forms of inorganic phosphorus that are assimilated by plants [14]. Data of alkaline 

phosphatase tended to be lowest in the control treatment T1 (0 ton RS/ha + 0 N Kg/ha) at all the growth stages of rice 

crop (before sowing, maximum tillering, flowering and at harvest of crop). The alkaline phosphatase activity was 

found to be significantly higher (CD@5%: Environment: 1.25; Treatments: 0.609; Interactions: 2.43) in treatments 

with integrated application of rice straw and inorganic fertilization relative to activity of this enzyme in treatments 

with solitary application of rice straw or inorganic nitrogen (Figure 2). Maximum activity of alkaline phosphatase 
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(25.9 µg pNP/hour/g soil) was observed in treatment T16 with 10 ton RS/ha + 150 kg N/ha at flowering stage. The 

results were in accordance with Balakrishnan [15] who ascertain that the phosphatase activity is highly correlated 

with soil microbial biomass. The provision of organic carbon and stimulation of microbial growth under the combined 

treatments (organic + inorganic) could have elevated the synthesis of phosphatase enzymes thereby contributing to the 

soil phosphatase pool. Therefore, the application of organic fertilizers increased nutrient turnover through both 

increased microbial biomass and activity [16]. The results of the present study showed that integrated application of 

organic and inorganic amendments could significantly improve soil biological activity while maintaining crop yield. 

 
Figure 2 Effect of incorporation of rice straw and inorganic nitrogen fertilization on soil alkaline phosphatase activity 

at different growth stages in rice crop 

Conclusion 

The dynamics of soil phosphate solubilizing bacteria and the activity of soil phosphatase enzyme was significantly 

influenced by the crop growth stages and different fertilizer regimes. The integrated application of rice straw and 

inorganic nitrogen emerged out as the best treatment compared to mono application of either rice straw or inorganic 

nutrients. Application of organic amendments along with inorganic nutrient levels not only improved soil biological 

activities but also significantly contribute to nutrient buildup in soil. It also maintained a balanced enzymatic activity 

with a lesser pollution potential then high dose of nutritional levels. 
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