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Effects of phosphate-solubilizing bacteria in the rhizosphere of
Camellia oleifera on phosphorus fractions and phosphorus
transformation in red soil with different textures
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Abstract: [Objective] Phosphate-solubilizing bacteria (PSB) can increase available phosphorus by
promoting the transformation of different phosphorus forms in soil. However, the phosphate-
solubilizing ability of PSB is influenced by soil texture. Therefore, we studied the changes of
phosphorus fractions in red soil with different textures and treated with PSB, with the aims of
improving the efficient utilization of soil phosphorus. [Methods] We collected the rhizosphere soil
samples of four main Camellia oleifera varieties (‘Huashuo’ ‘Huaxin’ ‘Huajin’ and ‘Changlin
No. 40°) in Liuyang City, Hunan Province. PSB strains were isolated, purified, screened, and
identified by plate coating, transparent circle method, molybdenum-antimony anti-
spectrophotometric method, and 16S rRNA gene sequencing, and a batch of highly efficient PSB
strains were obtained. The phosphate-solubilizing abilities of the obtained PSB strains were
investigated with different phosphorus sources (iron phosphate, aluminum phosphate, calcium
phosphate, and calcium phytate). PSB were inoculated into the red soil samples added with 0, 20%
and 40% perlite (0%PR, 20%PR and 40PR%) to clarify the changes in phosphorus fractions in the
red soil samples with different textures. [Results] A total of 57 strains of PSB were isolated from
the rhizosphere of C. oleifera, of which strains CL37, HS5, and CL36 exhibited stronger phosphate-
solubilizing abilities. The three strains were identified by 16S rRNA gene sequencing and named
Pantoea sp. CL37, Burkholderia sp. HSS5, and Burkholderia sp. CL36, respectively. The three
strains showed significant differences in their ability to solubilize different phosphorus sources,
with the highest solubilizing ability for calcium phytate and calcium phosphate. Compared with
CK, the inoculation of PSB increased the available phosphorus (AP) in soil by 8.90%-54.60% and
1.90% —56.00% in 20%PR and 40%PR, respectively. The inoculation with PSB increased Fe-P,
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Resin-P, NaHCOs-Pi, and NaOH-Pi, which showed a tendency of first increasing and then
decreasing along with the increase in the addition of perlite in red soil. Meanwhile, PSB decreased
the content of HCI-Pi and Residual-P, and the decrease in HCI-Pi was more pronounced in 20%PR
than in 0%PR and 40%PR. Of all treatments, the inoculation with HS5 led to the highest increases
in Fe-P, Resin-P, NaHCOs;-Pi, and NaOH-Pi in the soil samples analyzed. Correlation analysis and
random forest analysis suggested that AP was mainly affected by Resin-P, Al-P, NaOH-Pi, acid
phosphatase, urease, pH, and NaOH-Po. [Conclusion] The phosphate-solubilizing pathways of
PSB vary in red soil with different textures. Strain HSS5 has a strong phosphorus-transforming
ability and is more conducive to phosphorus transformation in the red soil with 20%PR.

Keywords: Camellia oleifera; phosphate-solubilizing bacteria; phosphorus-solubilizing ability;

phosphorus fractions; red soil texture gradient
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T2 e R e M AT A B2 BE AR BT IR, OF A
TEAR T U Y &S i s L S

1 AR5 *E

1.1 iRFFERE

AT S6 MR T 0 i 44 0 PH T VD T A AR
W, R WG R, MK 91 m, +
HEAS A Ry e o I R b 1 R I T A 3R

12 4R A ) bR 40 5 ARG AR gR AR
4 ASTHIAS SRR A AR B E A TR, SR B
HEEE IR 5-20 em 2 RYMPR -4, A TCH
A B, M ARG i mlses s, RAFT
4 °CUKA & H o
1.2 EFRE

PR Al ) BF 5T B i R R AR K 8 R ik
(national botanical research institute’s phosphate
growth medium, NBRIP) (g/L): #j % #¥ 10.00,
Ca3(POy); 5.00, MgSO4+7H,O 0.25, KCI 0.20,
(NH4),S04 0.15, MgCl,+7H,0 0.20, Bl 20.00;

Nutrient characteristics of different varieties of Camellia oleifera rhizosphere and test soil

Soil source SOC (g/kg) TP (mg/kg) NO;™-N NH,'-N AP (mg/kg) AK (mg/kg)
(mg/kg) (mg/kg)

Camellia oleifera ‘Huashuo’  19.73+5.06a  352.20+85.02b 1.27+£0.29b 3.30+0.28b 37.36+0.35a 149.25+16.48b

in Shashi town

Camellia oleifera ‘Huaxin’ 9.84+4.49c  368.73x138.27b  0.52+0.19b 4.09+1.08b 34.48+12.04a  110.17+10.91c

in Shashi town

Camellia oleifera ‘Huajin’ in  12.20+4.75bc  241.07+84.32b

Shashi town

Camellia oleifera ‘ Changlin
No. 40’ in Chengchong town

Central South University of 1.81+0.71d

Forestry and Technology

16.36+3.09ab  340.87+25.24b

545.20+138.69a  13.30+1.09a

1.47+0.38b  3.30+1.07b 34.72+12.80a  128.83+37.42bc

1.44+0.68b 4.43+1.48b  4.14+1.82b 108.00£14.79¢

8.31+0.50a  11.85+0.35a 200.33+£3.51a

Different lowercase letters indicate significant differences in soil sources (P<0.05); The data in the table are mean+SD.
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Figure 1  Phosphorus solubilization ability of different PSB strains. A: Transparent circle of inorganic
phosphorus dissolved by PSB strains; B: Available phosphorus in the culture medium. The data in the figure are
mean=SD. Different lowercase letters indicate significant differences (P<0.05).
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Figure 2 Phylogenetic tree of three PSB strains constructed based on 16S rRNA gene sequences. The serial

numbers in parentheses are GenBank accession numbers; Bar 0.02 represents sequence divergence; The red circle
represents the target strain.
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Figure 3  Available phosphorous content and pH value of PSB treated for four days. A: Available phosphorus in

culture medium; B: pH value in culture medium. The data in the figure are mean+=SD. Different lowercase letters

indicate significant differences (P<0.05).
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Table 2  Effects of exogenous PSB on available nutrient and pH in red soil with different textures

Soil texture Treatments AP (mg/kg) AK (mg/kg) NH,"-N (mg/kg) NO;-N (mg/kg) pH

0%PR CL36 7.46+0.32d 164.33+1.15b 7.28+0.26¢d 3.65+0.99cd 5.18+0.06ab
HS5 12.20+0.44a 174.33+6.51a 9.85+0.37a 4.30+1.49abed 5.13+0.02abc
C37 8.73+0.31bc 154.67+5.51cd  8.32+0.33bc 6.26+0.41a 5.09+0.03bc
CL36-HS5 8.144+0.85cd  146.33+6.66d 7.69+0.14cd 3.2440.15d 5.04+0.06d
HS5-CL37 8.64+0.41bc  159.67£5.51bc  7.45+0.63cd 5.91£1.50ab 5.09+0.03bc
CL36-CL37 9.09+0.49b 166.67+6.11ab  9.36+0.33ab 4.04+0.61bcd 5.08+0.02bc
HS5-CL36-CL37 8.78+0.32bc 154.6742.08cd  6.84+1.77d 5.42+0.52abc 5.08+0.05bc
CK 8.36+0.41bc  146.33+2.08d 7.49+0.45¢cd 3.97+1.86bcd 5.22+0.11a

20%PR CL36 14.33+0.55a 159.67+7.23ab  8.43+0.05a 2.89+0.94bc 5.12+0.04a
HS5 13.47+1.19a 168.67+7.51a 8.64+0.93a 11.84+1.32a 4.31£0.10b
C37 12.25+0.60b 153.33+1.53bc ~ 7.80+2.39ab 3.13+1.28bc 5.14+0.03a
CL36-HS5 10.10+0.51cd 149.33+4.51c¢c 8.20+0.30a 4.53+1.62bc 5.16+£0.10a
HS5-CL37 10.49+0.68c 161.67+8.08ab  8.08+0.26ab 7.65+1.07b 5.09+0.04a
CL36-CL37 10.224£0.30cd  159.33+4.04ab  6.87+0.12ab 3.15+0.36bc 5.2340.40a
HS5-CL36-CL37 11.93+0.58b 153.33£2.08bc  7.57+1.50ab 2.72+0.28d 5.11+0.03a
CK 9.27+0.04d 147.33+2.08¢ 6.05£0.33¢ 4.75+£0.51¢c 5.27+0.03a

40%PR CL36 7.45+0.22¢ 151.334£3.79b 7.27+0.59¢ 2.70+0.72¢cd 5.19+0.05¢
HS5 11.41+£0.41a 164.33+8.02a 12.29+0.67a 1.85+0.66d 4.98+0.05d
C37 7.17+0.49¢ 154.00+1.00b 8.18+0.24b 3.92+0.75¢ 5.27+0.08ab
CL36-HS5 7.98+0.43¢c 159.00+1.00bc ~ 8.24+0.31b 3.26+1.51cd 5.294+0.03ab
HS5-CL37 9.35+£0.21b 157.33+4.04bc ~ 9.03+0.46b 5.81£1.24b 5.28+0.05ab
CL36-CL37 8.80+0.73b 157.67+3.51bc ~ 8.48+0.33b 4.13+0.40bc 5.2240.03bc
HS5-CL36-CL37 7.82+0.66¢ 159.00+5.29bc  8.77+0.63b 8.12+1.33a 5.234£0.01bc
CK 7.31+0.28¢ 154.33+3.21b 8.76+0.18b 3.06+0.62cd 5.32+0.02a

Different lowercase letters indicate significant differences among different treatments of PSB inoculation in the same red soil with

different texture (P<0.05). The data in the table are mean+SD.
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Figure 4 Effect of exogenous PSB on inorganic phosphorus fractions in different red soil textures. A: Resin-P;
B: NaHCOs-Pi; C: NaHCOs3-Po; D: NaOH-Pi; E: NaOH-Po; F: HCI-Pi; G: conHCI-Pi; H: Residual-P. The data in
the figure are mean+SD. Different lowercase letters indicate significant differences among different treatments of
PSB inoculation in the same red soil with different texture (P<0.05).
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Figure 5 Effect of exogenous PSB on inorganic phosphorus fractions in different red soil textures. A: Al-P; B:
Fe-P; C: Ca-P; D: O-P. The data in the figure are mean+SD. Different lowercase letters indicate significant

differences among different treatments of PSB inoculation in the same red soil with different texture (£<0.05).
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Figure 6 Effect of exogenous PSB on enzyme activity in different soil textures. A: Soil acid phosphatase; B:

Soil urease. The data in the figures are mean+SD. Different lowercase letters indicate significant differences

among different treatments of PSB inoculation in the same red soil texture (P<0.05).
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Table 3
PSB inoculation on available phosphorus in the same

Random forest analysis of the effects of

red soil with different texture

Indices %IncMSE

0%PR 20%PR 40%PR
Resin-P 8.65%* 13.01** 1.54
NaHCOs-Pi 3.09 1.43 3.90
NaHCOs-Po 5.19 1.66 0.75
NaOH-Pi 7.99%* 14.81%* 10.18**
NaOH-Po 2.55 -0.82 9.41%*
conHCI-Pi -0.16 4.87 4.60
HCI-Pi -2.64 1.79 -1.82
Resdual-P -0.77 1.41 6.48%
Al-P 8.19%* 1.37 9.97**
Fe-P 4.34 4.67 2.63
O-P 1.93 3.29 5.46
Ca-P 1.91 -3.83 2.23
AK 5.10 4.51 -0.87
NH,"-N 6.06* 4.80 5.97
NO5;™-N -2.58 5.68% 1.69
pH 5.50 6.41% 5.20
Uresea 0.31 6.03* 9.27*
ACP 7.16* -0.22 0.10
R 72.06% 57.52% 72.70%

**: P<0.01; *: P<0.05.
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Figure 8 Redundancy analysis of soil phosphorus fractions, physicochemical properties, and enzyme activity. A:

0%PR; B: 20%PR; C: 40%PR.
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