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Abstract: Phosphate-solubilizing microorganisms (PSM) play an important role in the process of sediment phosphorus release.
However, the effect of PSM on phosphorus release in sediments and the adaptation mechanism of PSM to black bloom are still un-
clear. This study collected surface water and sediment samples from Lake Taihu during black and non-black bloom periods, and de-
termined the major physicochemical factors in the samples. The characteristics of microbial community structure in sediments were
studied by 16S rRNA and Illumina high-throughput sequencing, and the differences of PSM species structure between black bloom
and non-black bloom sediments were analyzed. In addition, the relationship between PSM and other microorganisms were also stud-
ied via microbial co-occurrence networks. The results indicated that concentrations of TP and PO} -P in the surface water during
the black bloom period were more than 10 times higher than those during the non-black bloom period. The relative abundance of

PSM in the sediments during the black bloom period was approximately 7 times higher than that during the non-black bloom period.
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During the black bloom period, PSM in sediments was dominated by Acinetobacter, Novosphingobium and Flavobacterium, and
PSM was less distributed in non-black bloom sediments. Correlation analysis showed that different PSM had different effects on the
release of various phosphorus fractions. The correlation coefficients between the main PSM and organic phosphorus ( Org-P) , iron-
bound phosphorus ( BD-P) and calcium-bound phosphorus ( Ca-P) were less than —0.627, and the main phosphorus release frac-
tions were Ca-P and Org-P. The microbial network analysis showed that the positive correlation nodes of PSM in the black bloom
period were mainly denitrifying bacteria and fermenting bacteria, and the negative correlation nodes were mainly iron-reducing bac-
teria and sulfate-reducing bacteria. This indicated that PSM tended to collaborate with denitrifying bacteria and fermenting bacteria
involved in organic matter metabolism during phosphorus release, while competing with iron reducing bacteria and sulfur reducing
bacteria to a certain extent. In a lake environment, PSM worked together with multiple microorganisms to promote the release of en-
dogenous phosphorus in sediments. In summary, PSM could adjust the community structure and its interaction with related bacteria
to cope with the occurrence of black bloom. These results extend our knowledge on the importance of PSM during black blooms and
the adaptation of PSM to environmental changes in freshwater lakes.
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Fig.1 Main physicochemical parameters in the surface water during black bloom and the non-black bloom periods

(Dotted lines indicated lake eutrophication evaluation index, and experiments were performed in triplicate)
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Fig.2 Content of different fractions of phosphorus in sediments during black bloom and non-black bloom periods
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Fig.3 The relative abundance distribution of the main PSM genera under different depths of
sediment during black bloom (a) and non-black bloom (b) periods
( Average relative abundance >0.05% )
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Fig.4 Heatmap of correlation between PSM and content of various phosphorus fractions based on correlation
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Attached Tab.I Changes of environmental factors in sediments during (a) black and (b) non-black blooms

VEEE YHSKmg/L)

NH3-N/(mg/L)

Total iron/%

TOC/(mg/kg) TN/(mg/kg) TP/(mg/kg)

PO,%/(mg/L)

cm T2 S0 AR S0 1 30 A 30 T S0 AR S0 W 30 A 30 0 3 AR S0 W 0 A 0 0 ARz

1 064 0.12 395 0.88 3.04 263 19.96 13.64 134 1.05 082 125 159 0.59
2 053 0.20 36.55 0.93 3.3 2.59 14.83 123 116 0.99 087 127 0.96 0.57
3 033 0.22 28.05 0.38 275 31 16.79 154 095 0.9 0.88 1.22 0.82 0.61
4 025 0.11 26.3 045 297 3.16 1555 12.72 0.87 1.09 092 112 1.06 0.83
5 0.28 0.83 2255 0.58 261 273 9.04 1351 0.79 0.92 12 1.08 1.04 0.67
BE 2 I Zettk M= 73 A &
Attached Tab.II Linear regression analysis results
WIZ AL H T 45 5R (n=15) ARZ AL A TR (n=15)
bt ZE WML RS FLLR ML AepriEfl 23 FrAEfl B2 FLLR LS
B fRfE  Beta P VIE 2% B bR Beta P VIE g
ik -1.54  0.07 - -21.876  0.000** - - 1.441 0.09 - 15.943  0.000** -
R 0.081 0.014 0.845 5.708 0.000** 1 1 -0.064 0.014 -1.13 -4.492  0.001** 3.646 0.274
PSM 0 0 -0.514 -2.163 0.050** 1 1 -0.001  0.001 -0.298 -1.185  0.259 3.646 0.274
R? 0.997 0.792
% R?  0.996 0.757
F F(2,12)=1792.786,p=0.000 F(2,12)=22.802,p=0.000
D-W{H 1.468 2.599
[H45E: TP, *p<0.05 **p<0.01
WZIAZAERNA 3BT 45 R (n=15) N IAZETE A b 45 3 (n=15)
AEbRiEAL R FRUEIL R EL AL M At 2% RUELREL LIS M
B FrdERR  Beta P VIF  #ZE B pRifER  Beta P VIF  HRE
HH 1.027 0.31 - 3.308 0.006** - - 0.196 0.152 - 1291 0.221 - -
PSM 0001 O 0.885 6.84 0.000** 1 1 0.088 0.024 1.324 3.704 0.003** 3.646 0.274
IREE -0.131  0.046 -0.581 -2.858  0.014* 2205 0.454 0.003 0.001 0.813 2276  0.042* 3.646 0.274
R? 0.775 0.58
R 0.737 0.509
F F(2,12)=20.629,p=0.000 F(2,12)=8.269,p=0.006
D-W1{i 1.165 1.143
A& PO, *p<0.05 **p<0.01
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Attached Tab.III Main parameters in microbial network diagram

] WeH L CP¥E WMEHEAR BEE BHYLES RERE CFHBAKE EAEXE%
Wz 30 216 14.4 4 0.497 0.567 0.741 1.616 71.3
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Attached Fig.I The sampling sites of the Lake Taihu (31°24.335'N, 120°01.762'E)
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Attached Fig.Il The number of OTUs at the microbial phylum level in sediment

(a: black blooms, b: non-black blooms, S1-S5: 1-5 cm)





