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phosphatase ALP)F M, %% m T 4 pqqC #= phoD A H e # 9 £ % 4 M4 . L T Mantel 425

R KW, % 7 R Citrate-P 54 paqC A& B #) 4% % 4 7 1R £ 12 H /& (Pseudomonas). .78 K &
J& (Geoder matophilus)f= 4% £ # /& (Saccharothrix) 2 % 48 % , ™ 4 phoD X B &9 4% 4 4% 7 1% & 4R
J& & /& (Bradyrhizobium). 4| & /%(Ensﬁer)%wﬁfri % K @ /& (Skermanella)5 Enzyme-P 2 % 48
X, MAKEE GG, HAAXBEHRIG. & paqqC A E @ A% 49 W &-F ¥) L (average
degree) £ % 7 RAKKE 2 F & X 3 A 38 o, r\ﬂﬂl’&xﬂ“fﬂ' 1A%, £% 30 AR5, KKkEALEE
BT ARG EAEK; A, & phoD K E étﬂ'ffiﬁfié’?ﬂ BPFHEES T REEFE R
RE mmm 3G, Mm% 30 REMARALE. [4£&] 2FFFm@iTiA#4 pgqqC 4= phoD A&
Bt BER M), VA RBR. AR BR BEE I, JL*Q"’ILJT:J:J% Enzyme-P, #m#m T £E
YRR SFe B KRR MR T & FF 7R LEAY G F BB IR AR X kA YRR R
TALE AR, ST A F B T 238 P R 0) 5 & A H RAEA FARIE.
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Abstract: [Objective] To explore the effects of different concentrations of chlortetracycline on
the characteristics of microbial communities involved in inorganic phosphorus (P1) dissolution
and organic phosphorus (Po) mineralization in the soil applied with organic fertilizer, focusing
on soil P transformation and availability. [Methods] The purple soil collected from Tongnan
District of Chongqing was used for a pot experiment with the addition of chicken manure as the
organic fertilizer. Three chlortetracycline treatments (No-CTC, Low-CTC, and High-CTC)
were designed with the addition levels of 0.0, 0.1, and 4.0 mg/kg, respectively. The soil
samples were collected on days 7 (D7) and 30 (D30) after pepper (‘Xinxiang 8’) was planted.
Real-time qPCR and Illumina MiSeq high-throughput sequencing were employed to analyze
the community characteristics of the bacteria carrying the key genes (pqqC and phoD) of Pi
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dissolution and Po mineralization, respectively. Furthermore, the sequencing results and
biologically based P (BBP) fractionation were employed to examine the effects of CTC
addition on soil P transformation. [Results] High-CTC increased the content of Citrate-P and
Enzyme-P by 8.2% and 44.0%, respectively, compared with No-CTC on D7. Low-CTC and
High-CTC increased the content of Enzyme-P by 44.0% and 65.6%, respectively, compared
with No-CTC on D30. The addition of CTC suppressed alkaline phosphatase (ALP) activity
and affected the community structures of pqqC and phoD-harboring bacteria in the soil. The
Mantel test results showed that Citrate-P was significantly associated with the dominant
pqgC-carrying taxa Pseudomonas, Geoder matophilus, and Saccharothrix on D7. The dominant
phoD-carrying taxa Bradyrhizobium, Ensifer, and Skermanella exhibited notable correlations
with Enzyme-P on D7, and such correlations weakened over time. The average degree of the
community network of the bacteria carrying pqqC increased in the Low-CTC treatment and
decreased in the High-CTC treatment on D7. The average degree of this network decreased in
High-CTC and Low-CTC treatments on D30. The average degree of the community network of
the bacteria carrying phoD decreased with the increase in CTC addition on D7, while this trend
was opposite on D30. [Conclusion] The addition of CTC significantly affected soil Enzyme-P
by regulating the community structure of pgqC- and phoD-carrying bacteria as well as acid
phosphatase (ACP) and ALP activities, thereby affecting the P forms and availability in the
soil. This study contributes to a deeper understanding of alterations in microbial communities
associated with P cycling in the soil-plant system contaminated by CTC. Moreover, it lays a
scientific foundation for enhancing nutrient utilization efficiency in the soil applied with
antibiotics.

Keywords: chlortetracycline; application with organic fertilizer; pqgC; phoD; network
characteristics; organic phosphorus mineralization; inorganic phosphorus dissolution
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ININXE Citrate-P g OB E 0 ; £ 7 K
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Enzyme-P & 8% No-CTC %I T 44.0%
1 65.6%.
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Effect of different periods of growth and CTC concentration on soil basic physical and chemical

properties soil. A: pH. B: Total nitrogen. C: Available phosphorus. D: Organic carbon. Different capital letters
(A, B) indicate the significant difference among the different sampling time, different lowercase letters (a, b,
ab) above bars indicate the significant difference among the different concentrations of antibiotics at the same

sampling time (P<0.05).
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E2 €BHRAMNLRFAEBRERSHEMW

'SO’I I I I
0

Figure 2  Effect of different periods of growth and CTC concentration on different phosphorus forms in soil.
A: CaCl2-P. B: Citrate-P. C: Enzyme-P. D: HCI-P. Different capital letters (A, B) indicate the significant
difference among the different sampling time, different lowercase letters (a, b, ab) above bars indicate the
significant difference among the different concentrations of antibiotics at the same sampling time (P<0.05).
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Figure 3 Effect of different periods of growth and CTC concentration on phosphatase. A: Acid phosphatase
(ACP) activity. B: ALP activity. Different capital letters indicate the significant difference among the different
sampling time, different lowercase letters above bars indicate the significant difference among the different
concentrations of antibiotics at the same sampling time (P<0.05).
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Figure 4 Effect of different periods of growth and CTC concentration on pgqC (A) and phoD (B) gene copy
numbers, and Shannon index (C, D). Different capital letters indicate the significant difference among the
different sampling time, different lowercase letters above bars indicate the significant difference among the
different concentrations of antibiotics at the same sampling time (P<0.05).
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Figure 5 PCoA analysis of pqqC and phoD harboring bacterial communities of different periods of growth

and CTC concentration. A: pqqC. B: phoD.
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bacterial community composition on genus level (relative abundance>0.01). A: pgqC. B: phoD.
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