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ABSTRACT 
 

A field experiment was conducted for two consecutive years (during Kharif 2019 and 2020) at 
Instructional Farm, College of Agriculture, Jodhpur (Rajasthan) to assess the impact of varying 
levels of FYM, phosphorus and bio-inoculants on biological properties of soil under Mungbean. The 
experiment was laid out in factorial randomized block design with three replications. The experiment 
comprised of two levels of FYM (0 and 5 t/ha), four levels of phosphorus (0, 50, 75 and 100% P2O5 
/ha) and three levels of bio-inoculations (No inoculation, Enterobacter cloacae and Bacillus 
amyloliquefaciens). Mungbean variety GM-4 was used for exprimentation. The results revealed that 
addition of FYM @ 5 t ha-1 recorded significantly higher soil microbial biomass carbon (217.92 mg 
/kg), soil microbial biomass phosphorus (15.47 mg/kg), acid phosphatase (1.019 µg PNP/g soil/h), 
alkaline phosphatase (7.13µg PNP/g soil/h) and dehydrogenase activity (6.10 µg TPF/g soil/ h) of 
soil at 40 DAS as compared to without FYM application. Among the phosphorus levels, application 
of 100% P2O5 /ha gave significantly highest soil microbial biomass carbon (219.13mg/kg), soil 
microbial biomass phosphorus (15.71 mg/kg), acid phosphatase (1.010 µg PNP/g soil/h), alkaline 
phosphatase (7.21µg PNP/g soil/h) and dehydrogenase activity (5.91µg TPF/g soil/h) over rest of P 
levels, however, it was found at par with 75 % P2O5 /ha. Similarly, the seed inoculation with B. 
amyloliquefaciens recorded significantly higher values of all above biological properties as 
compared to un-inoculated control but it was found at par with seed inoculation with E. cloacae. 
Thus, the results reaveal the positive effect of the application of FYM, Phosphorus                                  
and seed inoculation with biofertilizers (E. cloacae or B. amyloliquefaciens) on the biological 
properties of soil (soil microbial biomass carbon, soil microbial biomass phosphorus, acid 
phosphatase, alkaline phosphatase and dehydrogenase activity) for management of sustainable 
environment.  
 

 
Keywords: FYM; phosphorus, bio-inoculants; biological properties; mungbean. 
 

1. INTRODUCTION 
 
Mungbean (Vigna radiata (L.) Wilczek) is a 
leguminous pulse crop cultivated in both kharif 
and zaid seasons under arid and semi-arid 
regions of India. Mungbean is an excellent 
source of dietary protein with high quality of 
lysine and tryptophan. It have a unique ability of 
maintaining and restoring soil fertility through 
biological nitrogen fixation besides addition of 
ample quantity of residues to the soil. At present, 
the intensive land use in relation with continuous 
use of high analytical inorganic fertilizers has 
found to realize enhanced crop production but 
only at the cost of soil health. Thus a vital 
research priority is to sustain soil productivity 
and to supervision changes in physico-             
chemical and biological soil properties as 
influenced by management [1]. It is well 
established fact that application of                
biofertilizers and organic ameliorates to                      
the soil can definitely influence the soil 
productivity [2 & 3] through rising soil properties 

involving microbial as well as enzymatic 
activities. 
 
The soils of the Western region of Rajasthan 
have multiple challenges like desertic nature, 
coarse texture, slight alkalinity, and poor fertility 
status [4]. Addressing nutrient deficiency is 
crucial, necessitating attention to nutrient 
management strategies involving organic 
manures, inorganic fertilizers, and biofertilizers 
[5]. Among essential nutrients, phosphorus holds 
particular significance for legumes, being 
regarded as the 'energy currency element [6]. 
However, applying phosphorus in problematic 
soils poses challenges due to its fixation, 
resulting in limited availability to plants. To 
enhance phosphorus availability, phosphorus 
solubilizing bacteria (PSB) like Pseudomonas 
sp. and Bacillus sp. play a crucial role in 
converting insoluble phosphorus into a readily 
available form in the soil. Seed inoculation with 
suitable PSB strains is a cost-effective approach 
that enhances yield by solubilizing unavailable 
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phosphorus into an accessible form, reducing 
the dependency on costly inorganic phosphorus 
fertilizers [7]. Evaluating the feasibility and 
efficiency of organic manures and biofertilizers is 
essential not only for improving soil fertility but 
also for increasing phosphatic fertilizer 
efficiency. The management of chemical 
fertilizers, organic manures, and biofertilizers 
has shown great promise in sustaining crop 
production stability, soil health, and productivity 
compared to using each component alone [8]. 
While chemical fertilizers have raised                
concerns regarding their impact on microbial 
activity and soil productivity, the application of 
organic manures and biofertilizers has been 
found to boost nutritional status, microbial 
activity, and soil productive potential. Soil 
microorganisms, being crucial sources and sinks 
of mineral nutrients, significantly contribute to 
soil fertility [8]. Soil organic matter, including 
living microorganisms, acts as a transitory 
nutrient reservoir, releasing nutrients                          
from organic matter for plant use.   
Understanding the microbial processes is 
essential for managing farming systems, 
especially those relying on organic nutrient 
inputs [9]. 
 

The current study aimed to assess the effects of 
various levels of organic manure, phosphorus, 
and bio-inoculants on biological properties of soil 
for two years in mungbean cultivation in arid and 
semi -arid climatic condition. By exploring these 
aspects, we strive to contribute to the knowledge 
and understanding of sustainable agricultural 
practices that promote soil health and crop 
productivity while considering environmental 
concerns in the long term. 
 

2. MATERIALS AND METHODS 
 

A field experiment was carried out during the 
kharif 2019 and 2020 at Instructional Farm, 

College of Agriculture, Agriculture University, 
Jodhpur, Rajasthan. The initial soil properties of 
experimental field were loamy sand in texture, 
soil reaction 8.32, having EC 0.89 dS/m at 25 ºC 
and low in organic carbon (1.3 g/kg). The 
experiment was laid out in factorial randomized 
block design (FRBD) in three replications. 
Treatments comprising of two levels of FYM (0 
and 5 t/ha), four levels of recommended dose of 
phosphorus (0, 50, 75 and 100 % P2O5 /ha) and 
three levels of bio-inoculants (no inoculation, 
Enterobacter cloacae and Bacillus 
amyloliquefaciens). Recommended dose of 
nitrogen and zinc were uniformly applied to all 
the plots as basal application through urea and 
zinc sulphate, respectively. The whole quantities 
of FYM and phosphorus (through single super 
phosphate) were applied as per treatment prior 
to sowing and incorporated manually in top 15 
cm of soil. As per treatments, seeds of 
mungbean variety GM-4 were inoculated with 
PSB strains i.e. Enterobacter cloacae (PSB-17) 
and Bacillus amyloliquefaciens (PSB-41) before 
sowing as per the standard method and dried in 
shade and used for sowing.The general view of 
the experimental site of the mungbean crop is 
depicted in Fig .1. The fresh soil samples were 
collected at 0-15 cm depth from experimental 
field at 40 DAS and stored in refrigerator and 
were sieved through 2.0 mm sieve. The soil 
microbial biomass carbon was estimated by 
adopted fumigation extraction method [10], soil 
microbial biomass phosphorus was determined 
by chloroform fumigation-extraction method [11]. 
The soil enzymatic activities like acid and 
alkaline phosphatases (μg PNP/g soil/h) were 
analyzed by measuring the amount of p-
nitrophenol released as described by [12] and 
dehydrogenase activity (μg TPF/g soil/h) in soil 
was determined by using the reduction of 2,3,5- 
triphenyle teterazolium chloride [13]. 

 
 

Fig .1. The general view of the experimental site of the Mungbean (Var. GM-4) crop 
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3. RESULTS AND DISCUSSION  
 

3.1 Effect of FYM on Biological 
Properties  

 

3.1.1 Soil microbial biomass  
 

Incorporation of FYM had significant influence on 
soil microbial biomass carbon (SMBC) and soil 
microbial biomass phosphorus (SMBP) content 
in soil at 40 DAS of mungbean (Table 1). 

Significantly higher SMBC (217.92 mg/kg) and 
SMBP (15.47 mg/kg) were recorded with the 
incorporation of FYM @ 5 t/ha over control 
(198.10 and 14.21 mg/kg) respectively. It might 
be due to the fact that FYM is a steady source of 
organic carbon to encourage the soil microbial 
community [14]. Moreover, build-up of soil 
microbial biomass is largely due to the contained 
of microbial biomass in the organic manures, 
resulting addition of substrate carbon, which 
encourage the native soil micro-biota 
[15,16,17,18]. 
 

3.1.2 Soil enzymatic activity  
 

The enzymatic activities were increased 
significantly with incorporation of FYM. The 
maximum acid phosphatase activity (1.0919 µg 
PNP/g soil/h), alkaline phosphatase activity (7.13 
µg PNP/g soil/h) and dehydrogenase activity 
(6.10 µg TPF/g soil/h) at 40 DAS of soil were 
recorded under the treatment of FYM @ 5 t/ha. 
Application of FYM @ 5 t/ha increases the APA, 
AlPA and DHA of soil to the tune of 6.81, 2.15 
and 12.34 per cent, respectively over control. A 
significant increase in acid phosphatase activity 
under FYM manured treatments might be due to 
better growth and number of fine roots of lesser 
diameter and thus producing exudation of 
intracellular acid phosphate [19]. This might be 
due to fact that FYM is a batter source of carbon 
resultant enhanced microbial activity which 
secreted more alkaline phosphatase enzymes 
[19]. Comparable consequences were also 
reported by Bargaz [20]. Significant improvement 
in dehydrogenase enzyme activity under FYM 
treated plots might be due to increase in 
microbial growth with the addition of carbon 
substrate [21].  
 

3.2 Effect of Phosphorus on Soil 
Biological Properties 

 
3.2.1 Soil microbial biomass  
 
Significantly higher SMBC (219.13 mg/kg) and 
SMBP (15.71 mg/kg) content was observed 

under application of super optimal phosphorus 
level (100 % P2O5 /ha) over control and 50% 
P2O5, while it was found statistically at par with 
75% P2O5. Soil microbial biomass carbon 
augmented by increasing levels of inorganic 
fertilizers, might be due primarily increase in 
microbial population [22] besides secondary 
formation of root exudates, mucigel soughed off 
cells and underground roots of previous cut 
crops which besides play a significant role in 
increasing biomass carbon [23]. Soil microbial 
biomass phosphorus increase with increases 
graded levels of phosphorus. It provided 
substrates indispensable for microbial growth 
and their activity, which in term accountable for 
increase soil microbial biomass phosphorus [17].  
 

3.2.2 Soil enzymatic activity  
 

The highest activities of all enzymes in soil at 40 
DAS were observed under the crop fertilized with 
100% P2O5 followed by 75% and 50% P2O5 
while, minimum activity was noticed in control. 
The maximum values of APA, AlPA and DHA 
were 1.010, 7.21 μg PNP/g soil/h and 5.91 µg 
TPF/g soil/h under the 100% P2O5 application, 
respectively on pooled mean basis. However, 75 
and 100% P2O5 were being at par to each other. 
The increases the level of inorganic P fertilizers 
has led to an increased the activity of 
dehydrogenase as well as phosphatase. It might 
be ascribed to the fact that inorganic sources of 
nutrient encouraged the enzymes activity of soil 
microorganisms which utilize the native pool of 
organic carbon as a source of carbon [18]. 
Comparable findings were also reported by [17].  
 

3.3 Effect of Biofertilizers on Biological 
Properties 

 

3.3.1 Soil microbial biomass  
 

Significantly higher SMBC (218.87mg/kg) and 
SMBP (15.78mg/kg) content was observed in B. 
amyloliquefaciens inoculated plots as compared 
to un-inoculated plots and it was found at par 
with seed inoculation by E. cloacae. Increase in 
biomass carbon as a result of the secretion of 
cellulolytic or lignolytic enzymes which in turn 
might have improved the SMBC. Higher 
microbial activities obviously make the microbes 
to transform small fraction of available P into 
microbial biomass phosphorus [24]. 
 

3.3.2 Enzymatic activity  
 

It is evident from data presented (Table 2 &        
Fig. 2) indicated that that acid phosphatase 
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Fig. 2. Effect of different levels of FYM, phosphorus and bio-inoculants on enzymatic activity of soil at 40 DAS (Pooled basis) 
[F0: 0 t/ha, F1: 5 t/ha; P0: 0%P₂O₅, P1: 50%P₂O₅, P2: 75%P₂O₅, P3: 100%P₂O₅; B0: Control, B1: E. cloacae, B2: B. amyloliquefaciens ] 
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Table 1. Effect of varying levels of FYM, phosphorus and bio- inoculants on soil microbial biomass at 40 DAS 

 

Treatments  Soil microbial biomass carbon (mg/kg) Soil microbial biomass phosphorus (mg/kg) 

2019 2020 Pooled 2019 2020 Pooled 

FYM Levels 

0 t/ha 197.61 198.59 198.10 14.19 14.22 14.21 

5 t/ha 214.35 221.50 217.92 15.16 15.78 15.47 

SEm± 1.30 1.39 0.90 0.11 0.12 0.08 

CD (P=.05) 3.70 3.94 2.53 0.30 0.34 0.22 

Phosphorus levels (Recommended dose of P2O5) 

0% P2O5 /ha 188.24 189.17 188.70 13.17 13.31 13.24 

50% P2O5 /ha 205.45 208.84 207.14 14.63 14.92 14.78 

75% P2O5 /ha 214.34 219.81 217.07 15.40 15.86 15.63 

100% P2O5 /ha 215.88 222.38 219.13 15.50 15.91 15.71 

SEm± 1.84 1.96 1.27 0.15 0.17 0.11 

CD (P=.05) 5.23 5.58 3.58 0.43 0.48 0.30 

Biofertilizers 

Un-inoculated control 185.98 189.03 187.50 13.04 13.15 13.09 

E. cloacae 215.08 220.25 217.66 15.38 15.90 15.64 

B. amyloliquefaciens  216.87 220.86 218.87 15.61 15.95 15.78 

SEm± 1.59 1.70 1.10 0.13 0.15 0.09 

CD (P =.05) 4.53 4.83 3.10 0.37 0.42 0.26 
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Table 2. Effect of varying levels of FYM, phosphorus and bio- inoculants on enzymatic activity of soil 
 

Treatments Enzymatic activity of soil at 40 DAS 

Acid phosphatase activity (µg 
PNP/g soil/h) 

Alkaline phosphatase activity (µg 
PNP/g soil/h) 

Dehydrogenase activity (µg TPF/g 
soil/h) 

2019 2020 Pooled 2019 2020 Pooled 2019 2020 Pooled 

FYM Levels 

0 t/ha 0.950 0.958 0.954 6.95 7.01 6.98 5.40 5.45 5.43 
5 t/ha 1.000 1.038 1.019 7.00 7.26 7.13 5.98 6.22 6.10 
SEm± 0.006 0.007 0.004 0.04 0.05 0.03 0.038 0.040 0.026 
CD (P=.05) 0.017 0.019 0.011 NS 0.13 0.08 0.10 0.12 0.07 

Phosphorus levels (Recommended dose of P2O5) 

0% P2O5 /ha 0.944 0.958 0.951 6.79 6.89 6.84 5.49 5.58 5.54 
50% P2O5 /ha 0.971 0.990 0.980 6.94 7.08 7.01 5.66 5.78 5.72 
75% P2O5 /ha 0.990 1.019 1.005 7.07 7.25 7.16 5.80 5.97 5.88 
100% P2O5 /ha 0.994 1.026 1.010 7.10 7.33 7.21 5.81 6.01 5.91 
SEm± 0.008 0.009 0.006 0.06 0.07 0.04 0.054 0.057 0.036 
CD at 5%(P=.05) 0.024 0.027 0.016 0.17 0.19 0.12 0.15 0.16 0.10 

Biofertilizers 

Un-inoculated control 0.882 0.895 0.888 6.31 6.40 6.35 5.10 5.18 5.14 
E. cloacae 1.017 1.044 1.030 7.28 7.46 7.37 5.96 6.13 6.04 
B. amyloliquefaciens  1.026 1.056 1.041 7.34 7.55 7.44 6.01 6.20 6.11 
SEm± 0.007 0.008 0.005 0.05 0.06 0.04 0.047 0.049 0.031 
CD (P=.05) 0.021 0.023 0.014 0.15 0.16 0.10 0.13 0.14 0.09 
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activity (APA), alkaline phosphatase activity 
(AlPA) and dehydrogenase activity (DHA) of soil 
at 40 DAS were significantly influenced with 
biofertilizers seed inoculation. Significantly 
higher acid phosphatase activity (1.041 µg PNP 
/g soil /h), alkaline phosphatase activity (7.44 µg 
PNP/g soil/h) and dehydrogenase activity (6.11 
µg TPF /g soil /h) were observed in B. 
amyloliquefaciens inoculated plots as compared 
to un-inoculated control, however it was found 
statistically at par with E. cloacae inoculated plot. 
Acid phosphatase activity increase with seed 
inoculation with PSB might due to secretion of 
acid phosphatase from legumes roots into 
rhizosphere to hydrolyze organic- P [25,26]. 
Secondly microorganisms, in addition to roots, 
are another vital source of acid phosphatase 
activity in rhizosphere [27,28]. Alkaline 
phosphatase activity increase with seed 
inoculation with PSB, which might due to 
producing of alkaline phosphatase phosphate 
solubilizing bacteria [29]. Alkaline phosphatase 
activity was found to be better than acid 
phosphatase activity in the rhizosphere soil due 
to the slightly alkaline reaction of experimental 
soil.Significantly increase in dehydrogenase 
activity through seed inoculation by biofertilizers. 
It might be due to increases microbial and root 
activity in the rhizosphere may largely account 
for higher activity including phosphatase 
[30].Similar results were also reported by            
[24 & 31]. 

 
4. CONCLUSIONS 
 
On the basis of above results, it is concluded 
that application of FYM @ 5.0 t/ha, 75 percent 
recommended dose of phosphorus and seed 
inoculation with biofertilizers (either with E. 
cloacae or B. amyloliquefaciens) significantly 
improved the biological properties of soil at 40 
DAS under mungbean. Further, different sources 
of nutrient will be suitable approach for 
enhancing soil heath and productivity. 
 

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 
Author(s) hereby declares that NO generative AI 
technologies such as Large Language Models 
(Chat GPT, COPILOT, etc) and text-to-image 
generators have been used during writing or 
editing of manuscripts. 
 

ACKNOWLEDGEMENTS 
 
Author is highly thankful to the administration of 
Agriculture University Jodhpur, for providing 

facilitation for completion of research and 
laboratory work at College of Agriculture, 
Jodhpur. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Larson WE, Walsh LM, Stewart BA, 
Boelter DH, editors. Soil and water 
resources: Research priorities for the 
nation; 1981. 

2. McInroy JA, Kloepper JW. Studies on 
indigenous endophytic bacteria of sweet 
corn and cotton. Molecular ecology of 
rhizosphere microorganisms: 
Biotechnology and the release of GMOs. 
1994 Aug; 25:19-28. 

3. Glick BR. The enhancement of plant 
growth by free-living bacteria. Canadian 
Journal of Microbiology. 1995 Feb 
1;41(2):109-17. 

4. Kumar M, Kar A, Raina P, Singh SK, 
Moharana PC, Chauhan JS. Assessment 
and mapping of available soil nutrients 
using GIS for nutrient management in hot 
arid regions of North-Western India. 
Journal of the Indian Society of Soil 
Science. 2021;69(2):119-132. 

5. Mandiwal M, Shukla UN, Yadav VL, Sarita 
BH. Effect of phosphorus and biofertilizers 
on plant height and yield of mungbean 
[Vigna radiata (L.) Wilczek]. International 
Journal of Chemical Studies. 
2019;7(4):63-65. 

6. Tisdale SL, Nelson WL, Beaton JD, 
Havline, JL. Soil fertility and fertilizers. 5th 

(Eds.); Prentice Hall of India Private 
Limited, New Delhi, India; 1997. 

7. Parveen S, Sagir KM, Zaidi A. Effect of 
rhizospheric microorganisms on growth 
and yield of green gram. Indian Journal of 
Agricultural Science. 2002;72(7):421-423. 

8. Nambiar KKM, Abrol JP. Long-term 
fertilizer experiments in India-An overview. 
Fertilizer News. 1992;34:11-26. 

9. Smith JL, Paul EA. The significance of soil 
microbial biomass estimations. In: Bollag, 
J.and Stotzky, J.D.G., Eds., SOIL 
Biochemistry, Dekker, New York. 
1990;357-396. 

10. Vance ED, Brookes PC, Jenkinson DS. An 
extraction method for measuring soil 
microbial biomass C. Soil Biology and 
Biochemistry. 1987;19(6):703-707. 



 
 
 
 

Raiger et al.; Int. J. Plant Soil Sci., vol. 36, no. 9, pp. 113-122, 2024; Article no.IJPSS.122576 
 
 

 
121 

 

11. Brookes PC, Powlson DS, Jenkinson DS. 
Measurement of microbial biomass 
phosphorus  in soil. Soil Biology and 
Biochemistry. 1982;14(4):319-329. 

12. Tabatabai MA, Bremner JM. Use of p-
nitrophenyl phosphate for assay of soil 
phosphatase activity. Soil Biology and 
Biochemistry. 1969;1(4):301-307. 

13. Casida JRLE, Klein DA, Santoro T. Soil 
dehydrogenase activity. Soil science. 
1964;98(6):371-376. 

14. Bhattacharyya P, Chakrabarti K, 
Chakraborty A. Microbial biomass and 
enzyme activities in submerged rice soil 
amended with municipal solid waste 
compost and decomposed cow manure. 
Chemosphere. 2005;60(3):310-318. 

15. Verma G, Mathur AK. Effect of integrated 
nutrient management on active pools of 
soil organic matter under maize-wheat 
system of a Typic Haplustept. Journal of 
the Indian Society of Soil Science. 
2009;57(3):317-322. 

16. Nath DJ, Ozah B, Baruah R, Barooah RC, 
Borah DK, Gupta M. Soil enzymes and 
microbial biomass carbon under rice-toria 
sequence as influenced by nutrient 
management. Journal of the Indian 
Society of Soil Science. 2012;60(1):20-24. 

17. Mohammad I, Yadav BL, Ahamad A. 
Effect of phosphorus and bio-organics on 
yield and soil fertility status of mungbean 
[Vigna radiata (L.) Wilczek] under semi-
arid condition of Rajasthan, India. 
International Journal of Current 
Microbiology and Applied 
Sciences.2017;6(3):1545-1553. 

18. Yadav B, Naga SR, Yadav BL, Sharma S, 
Meena SK. Effect of different fertility levels 
and organic manures on biological 
properties of soil in Pearl millet. Journal of 
Pharmacognosy and Phytochemistry. 
2020;9(1):210-213. 

19. Jadhav AB, Suradkar R, Taggu B, Tamboli 
BD, Priyanka B. Effect of phytase and 
FYM on soil enzyme activities, microbial 
population and nutrient availability of non-
calcareous soil. Journal of the Indian 
Society of Soil Science. 2017;65(2):222-
229. 

20. Bargaz A, Faghire M, Abdi N, Farissi M, 
Sifi B, Drevon JJ, Ghoulam C. Low soil 
phosphorus availability increases acid 
phosphatases activities and affects P 
partitioning in nodules, seeds and 
rhizosphere of Phaseolus vulgaris. 
Agriculture. 2012;2(2):139-153. 

21. Manna MC, Kundu S, Singh M, Takkar 
PN. Influence of FYM on dynamics of 
microbial biomass and its turnover and 
activity of enzyme under a soybean-wheat 
system on a Typic Haplusterts. Journal of 
the Indian Society of Soil 
Scienc.1996;44:409-412. 

22. Hasebe A, Kanaza WS, Takai Y. Microbial 
biomass in paddy soil: II.“Microbial 
Biomass Carbon” Measured by 
Jenkinson’s Fumigation Method. Soil 
science and plant nutrition. 
1985;31(3):349-359. 

23. Goyal S, Mishra MM, Hoda IS, Singh R, 
Beri V, Choudhary MR, Sandhu PS, 
Pasricha NS, Bajwa MS. Build-up of 
microbial biomass with continuous use of 
inorganic fertilizers and organic 
amendents. Proceeding of the 
International Symposium on Nutrient 
Management for Sustained Productivity. 
1992;(2):149-151. 

24. Sreelakshmi MM, Aparna, B. Effect of 
phosphorus solubilizers on enzymatic 
activity and microbial parameters in the 
soil. Int. J. Curr. Microbiol. Appl. Sci. 
2019;8(8):2647-2649. 

25. Yadav R, Tarafdar J. Influence of organic 
and inorganic phosphorus supply on the 
maximum secretion of acid phosphatase 
by plants. Biology and Fertility of Soils. 
2001;34:140-143. 

26. George TS, Gregory PJ, Robinson JS, 
Buresh RJ. Changes in phosphorus 
concentrations and pH in the rhizosphere 
of some agroforestry and crop                
species. Plant and Soil. 2002 Sep; 246:65-
73. 

27. Marschner H, editor. Marschner's mineral 
nutrition of higher plants. Academic press; 
2011 Aug 8. 

28. Wei X, Ge T, Zhu Z, Hu Y, Liu S, Li Y, et 
al. Expansion of rice enzymatic 
rhizosphere: temporal dynamics in 
response to phosphorus and cellulose 
application. Plant Soil. 2018;445:             
169-181. 

29. Chen Q, Liu S. Identification and 
characterization of the phosphate-
solubilizing bacterium Pantoea sp. S32 in 
reclamation soil in Shanxi, China. 
Frontiers in Microbiology. 2019 Sep 19; 
10:2171. 

30. Tarafdar JC, Chhonkar PK. Status of 
phophatases in the root‐soil interface of 

leguminous and non‐leguminous crops. 



 
 
 
 

Raiger et al.; Int. J. Plant Soil Sci., vol. 36, no. 9, pp. 113-122, 2024; Article no.IJPSS.122576 
 
 

 
122 

 

Zeitschrift für Pflanzenernährung und 
Bodenkunde.1978;141(3):347-351. 

31. Sahay R, Patra DD. Identification                    
and performance of sodicity tolerant 

phosphate solubilizing bacterial                  
isolates on Ocimum basilicum in sodic soil. 
Ecological Engineering. 2014;71:639-         
643. 

 
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for 
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

_________________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 

 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/122576  

https://www.sdiarticle5.com/review-history/122576

