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Abstract: In this study, we measured the contents of P in various forms in the topsoil (0~10cm) of 8representative pine (Pinus
massoniana) forests in the main urban area of Chongqing. We used high-throughput sequencing technology to investigate the
community characteristics of the phoD-harboring bacteria. The results showed that the surface soils of Pinus massoniana forests in
the study area had relatively low phosphorus levels, with average total phosphorus (TP) contents of 192.787mg/kg in winter and
169.512mg/kg in summer. Among the inorganic phosphorus fractions, the content distribution followed the order: occluded
phosphorus (O-P) > iron-bound phosphorus (Fe-P) > aluminum-bound phosphorus (Al-P) > calcium-bound phosphorus (Ca-P) >
exchangeable phosphorus (Ex-P), showing a seasonal pattern of higher levels in winter and lower levels in summer. The dominant
phyla of phoD-harboring bacteria in the soil were Proteobacteria, Actinobacteria, and Planctomycetes, collectively accounting for
96% of the average relative abundance. Correlation analysis showed a significant negative correlation (P<0.05) between the diversity
of phoD-harboring bacteria and Al-P, as well as a significant positive correlation (P<0.05) with soil pH. Redundancy analysis
indicated that Al-P and pH were the most important factors influencing the community structure of phoD-harboring bacteria. In
conclusion, the topsoil of pine forests in the main urban area of Chongqing is generally P-deficient, and the P content is significantly
influenced by season. The forms of P occurrence affect the community structure and diversity of phoD-harboring bacteria.

Key words: Pinus massoniana forests; phosphorus forms; phoD gene; diversity of phosphorus-solubilizing bacteria
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Table 1 Summary of Pinus massoniana forest plots in main

urban area of Chongqing
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BilBE VAT SHi ficd
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Fig.1 Contents of various phosphorus forms and their
differences between winter and summer in topsoil of
Pinus massoniana forests in main urban area

of Chongqing
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Fig.2 Relative abundance of the phoD—harboring bacteria at
the phylum and genus levels in soil of Pinus massoniana

forests
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KA 3, P<0.05),PD it R L FEPEIRELS Ex-P 2 18
F AR (K 3,P<0.05).
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Table 2 Diversity index of the phoD-harboring bacteria in

soil of Pinus massoniana forests

RS BN BeME CPEME FRiEE BRRE(%)
Chaol 86632  142.11 40385 20638 51.10
FE R
Shannon 541 342 4511 0581 12.87
ZREPERR L
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e
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Fig.3 Correlation between o—diversity indices of the phoD-
harboring bacteria and various phosphorus forms and soil pH
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Fig.4 Redundancy analysis results of phoD—harboring
bacteria communities and various forms of phosphorus
and soil pH in soil samples
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1000mg/kg LA T ISt F AR A A 1 4 H 10 4 Hh e 3%
HE S A AL (155 L L ASTIE 9T £ b 0 R IR
(B0 1,33 55 8 ) e S R A AR — 35012520,
0,78 W G 22 0 = 2 PR A K R X R A A K
(10 T 2 R 32 AW 9T TR LB 7 3R AT T A B Ak I
KILH Fe-P. Al-P £, Ca—P B4 Ak A,
Higt b w R . BRI S RE
G E 7 TN ISE DS

5 7E 94 R W e il P e g XA g
REERT TP, Ex-P S B MGEELRIE
o AR (B AKAR) L AN ], A 9 ke L B PR 2 3 X 1
R EE LS B AP SMSEIH & E R
G 1A 280 o A A 33X ] g A2 IR — T K M
X B 7R [ /K 4 Hp, I W o A O, G 36 T 0 o ik
VA R 2. 5 — 5 T IR 1 B 2 g A S
LA Rt 2 10 2 K, L 338 b (R T R ke )



6 3] FAABESE: Iy RAMR IR S LR phoD S DA WIEAN R IE 1) R

3195

HAE i+ 5 R R e s 4l i B s+
B M 3 AR VO 9 20, DT R R R VAR B L
S (e R AT M, B S R (Y kb FE AR RS
PRI Yu> V4% P AF 7 45 SR A 2 WAL T AR B2 A G
PR3 B8 D B AL ) Dk T2 X 4 A 3o e v e ) PRk

LR (R I, 5 R i R AN Bl 2B A K BB
BT LR I AL g 0D P IR T AR R
F B8 4 TV £ 338 b ORI B AR AL 2% 5 L
XA RTEE AI-P SR TAFN

(%)
3015055 BFIER2 Adgusted R2 38.3%
RE Residual 61.7%
E
B
=
4 16.33
7
e
®
U
R
2.854.08-5.74-7,93  -13.75
1.11-1.23
T 401 76
1775
-10f 9.39
M (%) 1506
N 0 - B
20 10 0 -10 14.37
Al-P @ I ® ®
PH @ I

OrP () I

Ca-P o I ®
Fe-P @ I

0-P o [ ) o

K5 4 pHAH. AHBEROP). K& TCHUBEIE AR % phoD FE DA A1 T Vi 45 K4 (8 7K 1) 5% i B AR X 3 24

Fig.5 The relative importance of soil pH, organic phosphorus and various inorganic phosphorus forms on the bacterial community

structure (genus level) containing the phoD gene
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1) B Ji DR A A3 0 1) 2 R AR R B A0V 2 A
FERFAIT phoD JE R 40 [A] It 2 5 3]+ 3 A8
FA AT R o, 48] a5 L T e R 4 e A L A SR
Pt o ) A PO B IR E IR
AR 2 TR B DA OC, 1 L3585 phoD &K 41 B 1] R
MR M 51 H.
3.3 3 pH {H K EAF TE AN phoD JE R 40 B
& 152

— MNP AR 5 M Sl AR DR AL d
(IR BE R PO (B A S 25 b, phoD HEA]
YR TV o ZFEPEFRECS AL-P [FAHDCHE TE pH {E B
sR(E 3), Bk — 2 I AT R R AN TS A SRS Y ik
AT LRI, AL-P X 3855 phoD DR 28 T Uk 46 1)
FRISE R 25 v T -3 pH {E (& 5). 5 AT 45 SR I+,
TEVFZ W0 #2275 = L3 h phoD FEH
(10 2 3 S 2 v T v Wl S Rl bl B ek
565 phoD JE R 40 B ¥ 5 Wi B0 T pH L. — 7 1f, it
LR ELUESE phoD FEKI%Z Pho 15 1A%
A - 3 Ry 3 B S 2 R A A A 0 e Tl R il A
IR I PRT IR 3 R ) A N S V2 SR A phoD &
PRI B 53— T, ACWIF 5 BT Ak G o ML X RV - L
T A PR DA RS TR, R K E
T PR B R R B AR <4 Ex-P X — R
BAT b HEGE W T IR A B A YEAL-P R
b b LR B R 2 4. S G I B
AP SRR AR M I ] e o S8 £
FEVE R B FEZ R K 2 —.pH AH — B i 5% ma i g
Pk 5% ) - SR AR 4 A A, B 08 I s e S5
eSS M s LI phoD JED 40T I
SER A RT B 32 B 2R 3B AT AR R M 1) B
Bl pH (kIS s L85 T 4% pH
BN phoD FE DR 48 W1 T 45 1) (1) L4285 i) X [ I
FEERE T M AT SRV e ol PR Il 3 1P = A v 1k
Bl RS 32 5 A T E 7 A S 4 SR LR R
PEM) 3R phoD JEDSI 20 A 1) F & BE AN 2 PR PR

AR BV O B R (24T, AR T
TR R 1A AR N [A) RUSE IR B, K
PR A ] 2 21 PR e 21 ) - S LT AR
T ARSEAT HLIE P 2, SRR A I RE i
SR PRt 1 3 AN TR A AR S 2 SR o A Sy i
IR I S N JEEYIIK) OrP 5 FAE 48 TP v o LA,
HIFRA RIS 385 phoD e K 41 11 A ¥ 45
FAFAE R (1R 5). X T REAE A T ACHIE T
Iy A N A AR g T35 i 39T B b (5 1 4
AR P i A 5 1 0, AT ML IR O R PR = H
MRS 7 s AT F U W L A B I B )
ST LT AR Ex-P IR AR K
TR 2 ST i P B AR 1 OrP 11
WA R R, (H B AR B BATVE PR W Ho2AE OrP
NSRS

17 38 rP ORS00 2% ] )
TSR A AT MR R AP XS phoD
L DA 20 T B v AT 9 RN SEM.0-P BURJE 5 i
s (B DFTCHUBEAL 3, (B i FAR R E I B AL o7
P EUE AR LT A S SRR LR, AT
G5 IR PO TR R A EAR T (R ARt LT B AT Dk
HEAVR R, 35 50 Wi DR 35 1R 3 T 0 I 5 B 2 1 114 B
BE R RIS WA K pH (HAESR 6 A8 P X
phoD FEDN AN ARV &5 R i SR B 5 I S 2
[ PR A7 5% 28 2 Nt R B ZE eV R 52 )

4 Z5ig

4.1 FPRDY X - 3588 i B, A TR R B 2R 1 0
SO (TP) & & ¥ M 70 il A 192.787mg/ke,
169.512mg/kg. 5 (TP) TCHLBE(P) 5 732 2 215
AR k2 R, S A i B AR A A b %
THUBE TS & B AR e, I & S
(O-P)>4k 45 5 T (Fe—P)>45 45 45 1 (A1-P)>45 45 5 T
(Ca—P)> 1] AZ e AW (BEx—P) [ 43 Aii 4 ).

4.2 RIS phoD JE R 4 B RES T AR
JE B | ] (Proteobacteria). Ji{Zk # | ] (Actinobacteria) il
7% %% 1 |1 (Planctomycetes) 41 B, 1 ¥ AH XS 3= B 1A 2]
96%. 13 7 phoD JE R 41 17 2 #1VE 5 Al-P Z [AI4FAE
BFE AL R(P<0.05),5 pH (H2 WA RFHIE
FHIE K FR(P<0.05). Al-P Fl pH {E /& 5% & phoD &
DRI 41 P 1 Y 5 AL R I 1) e R PRI 3R,
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