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Impact of Phosphate-Solubilizing Bacteria on the Microbial Activity and
Inorganic Fractions of Phosphorus in Sugarcane Cultivated Calcareous Soil
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Abstract

Phosphate solubilizing bacteria are effective in improving phosphorus availability in calcareous soils by
different mechanisms. The objective of this study was to investigate the effect of phosphate solubilizing
bacteria inoculation on microbial activity, phosphorus availability, and inorganic phosphorus fractions
in calcareous soil cultivated with second ratoon sugarcane. The study was conducted in a research field
(CP73-21 variety) at the Dabal Khozaei Agro-industry in Khuzestan. The experiment followed a
randomized complete block design with three treatments: 1- control (C), 2- inoculation with
Enterobacter cloacae R33 (B33), and inoculation with a bacterial consortium (Enterobacter cloacae R33,
Brevundimonas sp. Staphylococcus hominis 9E) (Bmix). Phosphate solubilizing bacteria were applied
using the soil spraying method. Three months after the treatments inoculated, basal microbial
respiration, microbial biomass carbon, soil available phosphorus, and chemical fractions of phosphorus
in the soil were measured. The results indicated that phosphate solubilizing bacteria inoculation caused
a significant increase in microbial respiration, microbial biomass carbon, and soil available phosphorus.
In the B33 and Bmix treatments, available soil phosphorus concentrations were 52.5% and 24.6% higher
than in the control treatment, respectively. B33 inoculation led to a significant increase in the Ca2-P and
Ca8-P fractions and a decrease in Al-P and Cal0-P fractions in the soil. The proportion of inorganic
phosphorus fractions in the control treatment was as follows: Cal0-P > Ca8-P > Fe-P > Al-P > Ca2-P,
while in the B33 treatment, the trend was: Ca8-P > Cal0-P > Fe-P > Ca2-P > Al-P. The results revealed
that the B33 treatment was more effective in enhancing phosphorus availability in the soil than the Bmix
treatment. In general, the results of this study demonstrated that inoculation of Enterobacter cloacae R33
can effectively increase phosphorus availability in calcareous soil by converting phosphorus from less
available fractions to more available forms.
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Table 1. Analysis of variance (mean squared error) of the effect of treatments on microbial biomass carbon and
available P concentration

Source of

. df Mean square
variation
MICf(.)bI?| Basal . Microbial Soil available P
Respiration Biomass carbon
Block 2 58.8" 194.1"™ 1.75™
Treatment 2 5097 2677 11.1™
Error 4 96.1 60.8 0.03
CV (%) 8.97 461 3.78

Kk ns

oy ) sl mhaw (o ls pe g e S mé i Ay

" and ** are non-significant and significant at the 1% probability level, respectively
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Table 2. Comparison of means for the effect of treatments on microbial biomass carbon and available P
concentration in the soil

Microbial Basal

Microbial Soil available P

Treatments Respiration Biomass carbon 4
(mgkg'dayl)  (mgkg?) (mgka™)
C 174.3° 197.7° 7.33¢
B33 253.52 248.32 11.182
Bmix 233.62 237.92 9.14°
LSDo.05 20.8 15.1 0.73

55105 (P<0.05) (I3 gixe MBI LSD 5031 ulusl 1 ygim 50 40 S jidie By, (sl sl Silo
Enterobacter cloacae R33 sl xSL oS 5 Jjale o Enterobacter cloacae R33 5 ,:SL Siale (5,80 Siale ) dals oS 4y Bmix 5 Bas £

Brevundimonas sp. 4 Staphylococcus hominis 9E

Means with similar letter(s) are not significantly different according to the LSD’s test (P<0.05)
C, B33 and Bmix: control (without bacterial inoculation), Enterobacter cloacae R33 inoculation and Enterobacter cloacae R33,

Staphylococcus hominis E9 and Brevundimonas sp. inoculation respectively.
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Table 3. Analysis of variance (mean squared error) of the effect of treatments on inorganic P fractions in the soil

Source of variation df Mean square

Cay-P Casg-P Al-P Fe-P Cajo-P
Block 2 0.19™ 3.01m™ 2.18™ 2.08™ 26.6™
Treatment 2 3657 50.8" 20.9" 12.6™ 242.5™
Error 4 0.14 2.94 2.61 2.94 9.25
CV (%) 5.01 4.63 13.2 4.63 4.80

oy ) 0 Jloool mhas jo jls pae g 0 gire e o S KT g * s
", *and ** are non-significant and significant at the 5 and 1% probability level, respectively
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Figure 1. Comparison of the mean effects of treatments on chemical fractions of phosphorus in the soil
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Means with similar letter(s) are not significantly different according to the LSD’s test (P<0.05)
C, B33 and Bmix: control (without bacterial inoculation), Enterobacter cloacae R33 inoculation and Enterobacter cloacae R33,
Staphylococcus hominis E9 and Brevundimonas sp. inoculation respectively.
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Ca2-P: Di calcium phosphate; Cag-P: Octa Calcium phosphate; Al-P: Aluminum phosphate; Fe-P: Iron phosphate; Caso-P: Apatite

C, B33 and Bmix: control (without bacterial inoculation), Enterobacter cloacae R33 inoculation and Enterobacter cloacae R33,
Staphylococcus hominis E9 and Brevundimonas sp. inoculation respectively.
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