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Introduction 
 

Rice (Oryza sativa L.) occupies a pivotal 

place in Indian agriculture and it accounts for 

about 43 per cent of total food grain 

production and 55 per cent of cereals 

production in the country.  

 

Nutrient management in rice is under 

submerged condition is a difficult practice. 

Phosphorus (P) is the second most important 

macro-nutrient reported to be a critical factor 

of many crop production systems, due to its 

limited availability in soluble forms Xiao et 

 

 

 

 

 

 

 

 
 

al., (2011). It reacts with oxides/hydroxides to 

form stable forms that may not be available to 

plants, resulting low recovery and 

accumulation in soils Halajnia et al., (2009). 

Microorganisms play a major role in 

improving soil fertility. They are found to 

involve in transformation of soil P and are a 

part of soil P and are part of the soil P cycle. 

Soil microbial biomass plays a central role in 

the cycling and availability of phosphorus in 

soils Richardson and Simpson (2011). The 

microbial phosphorus pool is assumed to be 

Soil microorganisms are supportive in the transformation of soil phosphorus (P) and are 

thus an important component of the soil P cycle. These are effective in releasing P both 

from inorganic and organic pools of total soil P through their respective solubilizing and 

also enhance the soil microbial and enzymatic activities. To evaluate this an agronomic 

trial was conducted with a local high yielding variety of rice (cv. Shahsarang) during 2012-

13 kharif season to find out the influence of phosphorus levels and PSB strains on soil 

microbial and enzymatic activities at Barapani, Meghalaya in North Eastern India. The soil 

microbial carbon (C), nitrogen (N), phosphorus (P) (454.05, 70.35, 17.22 µg g
-1

) and 

dehydrogenase activity (DHA) were found significantly higher (5.61 μg TPF g
-1

 h
-1

) at 60 

kg P2O5 ha
-1

 dose than other levels of P and with inoculation of Pseudomonas sp. (481.19, 

68.18, 16.11 µg g
-1

 and 5.03 μg TPF g
-1

 h
-1

), respectively. Interaction effect was found 

significant on soil microbial C, N, P activities and DHA at 60 kg P2O5 ha
-1

 when 

associated with Pseudomonas sp. Higher value of phosphatase activity (PHA) was found 

(37.15 μg pNP g
-1

 h
-1

) with P control and with inoculation of Pseudomonas sp. (35.14 μg 

pNP g
-1

 h
-1

). The interaction of P control and Pseudomonas sp. was found significant for 

PHA. The main objective of this study was to assess the effect of P levels and PSB strains 

on soil microbial and enzymatic activities. 
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quantitatively small, because most 

measurements have been made on agricultural 

soils that are enriched in phosphorus Clevel 

and Liptzin (2007). Almost half of the 

microorganisms in soil and plant roots 

possess P mineralization potential under the 

action of phosphatase Tarafdar et al., (1988). 

The largest portion of extra cellular soil 

phosphatase derived from the microbial 

population Dodor and Tabatabai (2003). In 

view of these facts, an experiment was 

undertaken at College of Post Graduate 

Studies, Central Agricultural University, 

Meghalaya during kharif season to determine 

the effect of phosphorus levels and PSB 

strains on the microbial and enzymatic 

activities under acidic conditions. 

 

Materials and Methods 

 

Experimental site and treatment 

combination 

 

The field experiment was conducted at 

Agricultural Research Farm of CPGS, CAU, 

Umiam, Meghalaya during kharif season of 

2012. The experimental site was situated at 

91
°
18’ to 92

°
 18’ E longitude and 25

°
40’ to 

26
°
 20’ N latitude and at an altitude of 950 m 

above the mean sea level. The field 

experiment was laid out in split plot design 

with three replications.  
 

Treatments consisted twenty combinations of 4 

phosphorus levels (0, 20, 40, 60 kg P2O5 ha
-1

) 

and 5 PSB strains (control, Arthrobacter sp., 

Enterobacter sp., Bacillus polymixia, 

Pseudomonas sp). Phosphorus levels assigned 

to main plots and PSB strains to sub-plots. 

The rice variety used for experiment was 

Shahsarang-1. Phosphorus was applied 

different levels according to treatments 

through SSP before transplanting of the 

seedlings. Seedlings were dipped into 

different cultures of strains for one night 

before transplanting according to PSB 

treatments. 

Soil microbial analysis 

 

Soils were sampled to a depth of 0-15 cm of 

the soil and were kept in refrigerator. The 

fresh samples were used for determination of 

soil microbial biomass carbon, nitrogen and 

phosphorus by the procedure chloroform 

fumigation extraction method Brookes and 

Joergensen (2006). Phosphatase activity 

(PHA) was determined in fresh samples as per 

the procedure described by Tabatabai and 

Bremner (1969) and dehydrogenasease 

activity (PHA) was determined in fresh 

samples as per the procedure described by 

Casida et al., (1964). 

 

Statistical analysis 

 

Main effects of phosphorus levels, PSB 

strains, as well as their interactions were 

tested by using the Fisher’s method of 

analysis of variance technique as described by 

Gomez and Gomez (1983). 

 

Results and Discussion 

 

Soil microbial biomass carbon, nitrogen 

and phosphorus (µg g
-1

 (dw) soil) 

 

The results (Table 1) revealed that, the soil 

microbial biomass carbon (454.05 µg g
-1

 (dw) 

soil), nitrogen (70.35 µg g
-1 

(dw) soil) and 

phosphorus (17.22 µg g
-1 

(dw) soil) were 

maximum with the application of 60 kg P2O5 

ha
-1

 over rest of the P2O5 levels. The 

inoculation of PSB strains caused significant 

variance on soil microbial biomass C, N and 

P. The results (Table 1) showed that the 

inoculation of Pseudomonas sp., recorded the 

highest soil microbial biomass carbon and 

phosphorus (481.19 and 16.11 µg g
-1 

(dw) 

soil) was superior over control and 

Enterobacter sp., but was at par with 

Arthrobacter sp. and Bacillus polymixia. The 

soil microbial biomass nitrogen was found 

higher (68.18 µg g
-1 

(dw) soil) with the 
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inoculation of Pseudomonas sp., was superior 

(Table 2) over rest of the strains. The 

application of 20 kg P2O5 ha
-1

 with 

association of Arthrobacter sp. achieved 

higher SMBC values (581.95 µg g
-1 

(dw) soil) 

as interaction effect was found significant 

(Table 2).  

 

The interaction effect was found significant 

on SMBN, SMBP where, the application of 

60 kg P2O5 ha
-1

 when inoculated with 

Pseudomonas sp. obtained maximum (95.68 

and 18.91 µg g
-1 

(dw) soil) SMBN and SMBP 

readings (Table 2).  

 

Enzymatic activity 

 

The phosphorus control treatment recorded 

the highest phosphatase activity (37.15 μg 

pNP g
-1

 h
-1

) was superior over rest of P levels 

(Table 1). The highest phosphatase activity 

was observed with the inoculation of 

Pseudomonas sp. (35.14 μg pNP g
-1

 h
-1

) was 

superior over control, Enterobacter sp., and 

Arthrobacter sp., but was at par with Bacillus 

polymixia (Table 1).  

 

The interaction effect of P levels and PSB 

strains was significant on PHA (Fig. 1) and 

maximum PHA (40.98 μg pNP g
-1

 h
-1

) was 

found by P control when was inoculated with 

Pseudomonas sp. The results (Table 1) 

revealed that, the highest (5.61 μg TPF g
-1

 h
-1

) 

dehydrogenase activity was observed with the 

application of 60 kg P2O5 ha
-1

 over rest of the 

P2O5 levels.  

 

The inoculation of Pseudomonas sp. recorded 

highest dehydrogenase activity (5.03 μg TPF 

g
-1

 h
-1

) was superior over PSB control and 

Enterobacter sp., but was at par with 

Arthrobacter sp. and Bacillus polymixia 

(Table 1). The significantly higher DHA 

observed by 60 kg P2O5 ha
-1

 when was 

associated with Pseudomonas sp. (Fig. 1). 

 

Soil microbial biomass carbon, nitrogen 

and phosphorus (µg g
-1

 (dw) soil) 

 

The microbial activity increased might be due 

to diverse substrate availability and moisture 

content in soils of lowlands round the year 

supported higher MBC in comparison to that 

in other rice ecosystems. Soil microbiota 

governs the available pools of nutrients in rice 

ecosystems. Soil microbial biomass carbon is 

a relatively liable fraction of organic matter is 

a key site for mineralization of organic P in 

soils and thus, a central feature in the P cycle 

Brookes et al., (1984). Phosphorus dynamics 

in soil and maintenance of its adequate supply 

are important for sustainability of native and 

agricultural ecosystems. Soil microbial 

biomass nitrogen contributes the largest 

fraction of the biologically active N pool in 

soil Jenkinson and Parry (1989) and the 

content is depended on quantity, quality and 

distribution of carbon inputs in soil that may 

vary with times and depth Kaiser and 

Heinemeyer (1993). Soil microbial biomass 

phosphorus is considered an important source 

of P for plant uptake Macklon et al., (1997) in 

P- fixing soils Ayaga et al., (2006). 

Microorganisms have a fundamental role in 

the biogeochemical cycles of the elements 

and in the formation of soil structure Roldan 

et al., (1994), such that it is widely accepted 

that a high level of microbial activity is 

necessary for the maintenance of an adequate 

quality of soil. 

 
 

Enzymatic activity 

 

The result was supported by findings of 

Araujo et al., (2008), might be due to the 

application of high dose of inorganic 

phosphorus in soil supplies adequate amount 

of available phosphorus to plants, which 

restricts the activity of phosphatase and helps 

in mineralization of total phosphorus present 

in the soil. 
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Fig.1 Interaction effect of phosphorus levels and PSB strains on PHA and DHA of soil 
 

 

 
 

Table.1 Effect of phosphorus levels and PSB strains on microbial and  

Enzymatic activities of soil 
 

 

SMBC 

(µg g
-1

) 

SMBN 

(µg g
-1

) 

SMBP 

(µg g
-1

) 

PHA 

(μg pNP g
-1

 h
-1

) 

DHA 

(μg TPF g
-1

 h
-1

) 

Phosphorus levels 

    P0 442.73 54.49 12.31 37.15 3.42 

P1 444.99 56.61 15.60 33.44 4.28 

P2 450.74 57.66 16.26 32.96 4.77 

P3 454.05 70.35 17.22 31.59 5.61 

S.Em± 0.94 0.56 0.29 0.79 0.19 

CD (P=0.05) 3.26 1.95 1.00 2.75 0.64 

PSB strains 

     B0 362.98 54.71 14.44 32.72 3.64 

B1 468.68 58.69 15.57 33.23 4.95 

B2 448.25 55.41 14.87 32.95 3.94 

B3 479.55 61.90 15.77 34.89 5.03 

B4 481.19 68.18 16.11 35.14 5.03 

S.Em± 9.04 0.81 0.20 0.60 0.18 

CD (P=0.05) 26.04 2.33 0.58 1.73 0.52 

Interaction  * * * * * 
*Interaction significant 
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Table.2 Interaction effect of phosphorus levels and PSB strains on SMBC, SMBN and SMBP (µg g
-1

 (dw) soil) 

 

 

 

SMBC (µg g
-1

 soil) 

   

SMBN (µg g
-1

 soil) 

   

SMBP (µg g
-1

 soil) 

   

 

P0 P1 P2 P3 Mean 

 

P0 P1 P2 P3 Mean 

 

P0 P1 P2 P3 Mean 

B0 349.98 400.50 325.08 376.34 362.98 B0 54.63 54.52 53.26 56.42 54.71 B0 12.24 16.01 13.08 16.41 14.44 

B1 386.76 581.95 501.25 404.78 468.68 B1 53.51 70.66 53.20 57.41 58.69 B1 13.73 17.00 15.98 15.56 15.57 

B2 504.01 388.20 387.48 513.30 448.25 B2 56.79 53.16 54.73 56.95 55.41 B2 10.47 14.34 17.43 17.24 14.87 

B3 549.45 368.86 502.68 497.22 479.55 B3 51.89 53.69 56.71 85.29 61.90 B3 11.47 15.51 18.07 18.01 15.77 

B4 423.44 485.45 537.23 478.63 481.19 B4 55.64 51.02 70.39 95.68 68.18 B4 13.65 15.14 16.75 18.91 16.11 

Mean 442.73 444.99 450.74 454.05 

 

Mean 54.49 56.61 57.66 70.35 

 

Mean 12.31 15.60 16.26 17.22 

 S.Em± for 

PSB strains at 

same or 

different 

levels of 

Phosphorus 18.08 CD (P=0.05) 52.08 

S.Em± for 

PSB strains 

at same or 

different 

levels of 

Phosphorus 1.62 CD (P=0.05) 4.66 

S.Em± for 

PSB strains 

at same or 

different 

levels of 

Phosphorus 0.40 CD (P=0.05) 1.17 

S.Em± for 

phosphorus 

levels at 

different PSB 

strains 33.62 CD (P=0.05) 96.91 

S.Em± for 

phosphorus 

levels at 

different PSB 

strains  2.14 CD (P=0.05) 6.34 

S.Em± for 

phosphorus 

levels at 

different 

PSB strains  0.41 CD (P=0.05) 1.29 
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Results indicated that the application of 

agrochemicals significantly inhibits the 

population of phosphate solubilizers and 

nitrogen fixers, which was reported earlier by 

Balamurugan et al., (2010). It may be stated 

that the increase in phosphatase activity in 

PSB-treated soil is an indication of the 

increased soil fertility and improvement in the 

phosphate solubilization. The increase in 

DHA might be due to application of 

phosphorus increases the microbial 

population in rhizosphere of plant and PSB 

inoculation increased as compared to control 

treatment Duarah et al., (2011). The 

dehydrogenase activity of soil in case of both 

rice and bean cultivation was found to be 

decreased with the amendment of NPK 

fertilizer. In contrast to this, a significant 

increase of dehydrogenase activity (p ≤ 0.05) 

was found in PSB treated (without NPK 

treatment) soil over the control. 

Dehydrogenase activity is commonly used as 

an indicator for biological activity, i.e., it can 

be used to indicate the total microbial 

population Duarah et al., (2011). However, 

the decrease in dehydrogenase activity may 

also be contributed by the fact that indicator 

TTC (triphenyltetrazolium chloride) yield less 

formazan for the interference by the NPK 

with the electron donors Casida (1977). 

 

The soil microbial and enzymatic activities 

were significantly influenced by application 

of phosphorus levels and highest values 

recorded with 60 kg P2O5 ha
-1

 over other P 

levels. The soil microbial and enzymatic 

activities were recorded significantly higher 

with the inoculation of Pseudomonas sp. The 

interaction effect was found significant on 

soil microbial and enzymatic activities. 
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