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Abstract; A comprehensive understanding of the characteristics of soil phosphorus (P) fractions and their driving factors is

essential for enhancing the productivity of subtropical forest ecosystems. However, standardized quantification of soil P
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fractions across different layers in diverse plantation types remains limited. Additionally, the drivers of soil P fraction
transformations, particularly microbial factors, are poorly understood. This study investigated four representative plantation
ecosystems, including Chinese fir ( Cunninghamia lanceolata ), FEucalyptus ( Eucalypius robusta ), Moso bamboo
( Phyllostachys edulis) , and Masson pine ( Pinus massoniana ). Utilizing a modified Hedley P fractionation scheme, we
systematically analyzed the spatial differentiation patterns of soil P fractions across three soil layers: surface (0—20 cm) ,
intermediate (20—40 cm) , and deep (40—60 cm). Combined with quantitative real-time PCR ( (PCR) to characterize
functional gene expression profiles of soil microbial communities and comprehensive measurements of soil physicochemical
properties, this research elucidates the biogeochemical mechanisms driven by microbial activity that govern P transformation
in distinct soil horizons of plantation ecosystems. Occluded P and organic P dominated soil P fractions ( > 70.0% across all
four plantations) , with surface soils exhibiting significantly higher P fractions, microbial biomass carbon, microbial biomass
nitrogen, microbial biomass P, and copy numbers of the phoX gene compared to deep soils. Moso bamboo plantations
exhibited higher contents of available P (5.6—40.3 mg/kg) and secondary mineral P (8.7—57.5 mg/kg) and higher
proportions ( proportion of available P: 3.9%—6.7% ; proportion of secondary mineral P: 3.3%—9.9% ) in each soil layer
compared to other plantations ( P<0.05). Chinese fir plantations exhibited the highest content of primary mineral P ( surface
layer; 23.4 mg/kg; middle layer; 17.5 mg/kg; deep layer: 17.0 mg/kg) , while eucalyptus plantations showed the highest
content of occluded P (surface layer; 632.2 mg/kg; middle layer: 585.7 mg/kg; deep layer; 535.2 mg/kg) , and Masson
pine plantations showed the lowest content of available P (surface layer: 8.8 mg/kg; middle layer: 6.9 mg/kg; deep layer:
6.8 mg/kg). Microbial biomass P and the phoX gene significantly affected soil P fractions, acid P activity and the phoC
gene were significantly correlated with soil available P ( P<0.05). These results indicated that the soil P supply capacity in
Moso bamboo plantations was significantly superior to that in Chinese fir, eucalyptus, and Masson pine plantations. Soil
layer merged as a key factor affecting soil P fractions. We thus recommend implementing species —specific management

practices for different plantations and prioritizing the soil layer as a regulatory role in regulating P cycle.
Key Words: soil phosphorus components ; plantation; phosphorus—solubilizing microorganisms; soil layer; enzyme activity
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Fig.2 Methods for the determination of soil phosphorus fractions
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pqqC) BEATE R . i SYBR Premix Ex TagTM (Tli RNaseH Plus) qPCR 7% ( Takara Bio, Ki%,
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%1 phoC.phoX 0 pgqC I EE PCR KK R
Table 1 phoC,phoX # pgqC Real-time PCR system and procedure

vy i

Functional

RFR :35g 5149 MEmL g 51

System Procedure Primers R? Function References
genes

i 7 o AR
20pL K% ,PCR Mix B2 1 95°C 3min, A2

95°C 30s, iB k 58°C 30s, ZE CGGCTCCTATCCGTCCGG E TR
10pL, 5149 0.4puL, ’ ° > . " 12
phoC " " it 58°C 30s, 52 1 45 4~ CAACATCGCTTTGCCAGTG 0999 momg [12]

DNA1pL,ddH,0 8.2uL
R G S-SB g S i 72°C 10min

i A5 in. A5
25ulL K%, PCR Mix WZE £ 95C Smin, 2 HE

DhoX 10uL. 514 0.5pL, 95%C 30s, 1B J; 6()\°C 302 3@, CAGTTCGGBTWCAACAACGA 0.998 éﬁﬁ%ﬁ#$ [13]
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10pL, 514 0.4pL, 96 30s, 1B ‘K 63%C 30s, #E CAGGGCTGGGTCGCCAACC ik
raqC DNAIpL, ddH,0 fiff 72°C 60s, 5E WX 30 1 CATGGCATCGAGCATGCTCC 0-995 Wi L4
8.2uL W, e ZIEfif 72°C 10min
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AR BT A P R O R i D R A A R DR B 2 ] B AR DG o R AT AR R B R Y - S A~ PR o o
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SPSS Statistics 22 (IBM Corp., Armonk, NY, USA) Fll R v4.3.1 (R Core Team, 2018) 17,
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Fig.3 Phosphorus fraction contents across different soil layers in the four types of plantations

ANF R E TR IR — N TMASF] 2 (B A7 A 8 35 22 57 ( P<0.05) s AR /NG R SR [A]— 2[R T ARR A7 A 1 35 22 55 ( P<0.05)

A B SR A & i LU R AR Z A LA A S T 2557 (P>0.05) , DUFP T ARER)Z A &L
Al ERA RS i W T R AR Z (P<0.05) ,pH TR EH 225 . BAT AR BRI 25 S8k
B SR RS TRZENPIR(P<0.05) , W EEBINRTT 220 Hr R Wbk 260 |+ R IR R L E 51
¥ &R T IR AR B SRR A AL & i (P<0.05,38 2) .

F2 AIMKBMLERERESAEANIEBAS AFERMAEMSFENRZIT
Table 2  Effects of plantation types and soil layer and their combined effects on soil phosphorus fractions, chemical properties, and

microbial traits

e " AT HAHHAS R AT
iﬂ%%i‘ﬁﬁﬁ*ﬂﬁfl’#%%ﬁ . . ' Types of plantations Soil layer Types:n‘f plant‘atmnsx
Soil chemical properties and microbial traits L2 Soil layer

F P F P F P
H %W Available phosphorus 220.327 <0.001 35.674 <0.001 11.286 0.004
F HLBE Organic phosphorus 400.697 <0.001 135.254 <0.001 13.816 <0.001
AW ) Secondary mineral phosphorus 191.521 <0.001 29.831 <0.001 14.647 <0.001
A )% Primary mineral phosphorus 255.114 <0.001 20.392 <0.001 3.907 0.007
1 E 8% Occlusive phosphorus 94.987 <0.001 0.685 0.514 4.306 0.004
[T Total phosphorus 49.453 <0.001 9.942 0.001 1.318 0.288
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Soil chemical properties and microbial traits HJZBREE Soil layer
F P F P F P

H %W/ B Available phosphorus/Total phosphorus 282.004 <0.001 67.693 <0.001 8.713 <0.001
F P8/ BB Organic phosphorus/Total phosphorus 238.835 <0.001 43.223 <0.001 7.293 <0.001
) i/

Sjﬁﬂfﬁjinerz&phwphom Total phosphorus 70.089 <0.001 33.54 <0.001 13.635 <0.001
5 e/ T

Eijy%firi Ejlosphorus /Total phosphorus 115.657 <0.001 3.733 0.039 2.893 0.029
A& AW/ Sk Occlusive phosphorus/Total phosphorus 153.164 <0.001 67.152 <0.001 12.477 <0.001
pH 6.117 0.003 0.101 0.904 0.516 0.790
F A Available nitrogen 57.193 <0.001 35.769 <0.001 4.844 0.002
A Total nitrogen 34.666 <0.001 26.099 <0.001 3.063 0.023
W B S EALY) Free Iron—Aluminum Oxides 7.508 0.01 5.539 <0.001 3.168 0.02
F BBk Organic carbon 29.588 <0.001 23.469 0.11 1.476 0.228
PR PEWERRE Acid phosphatase activity 127.687 <0.001 0.125 0.883 3.847 0.008
T IE BRI Alkaline phosphatase activity 42.480 <0.001 4.818 0.017 1.127 0.376
phoC 25 DUEL phoC gene copy numbers 235.290 <0.001 9.564 0.001 3.017 0.024
phoX F 5 DUEL phoX gene copy numbers 59.405 <0.001 6.772 0.005 9.616 <0.001
pqgqC FEFHE DU pggC gene copy numbers 495.463 <0.001 11.613 0.021 16.258 <0.001
W4 W Bk Microbial biomass carbon 73.855 <0.001 49.671 <0.001 1.236 0.323
A ) R Microbial biomass nitrogen 20.575 <0.001 95.845 <0.001 3.554 0.012
Tk A W E W Microbial biomass phosphorus 2.778 0.057 399.732 <0.001 7.337 0.003

0—20cm 20—40cm
100 2 & 100 —R

90

AR KW

40—60cm

2
b

.

T DREM

Q

W E 43 b P percentage/%

80

70

AR KW

¥

7

B BREM

AT kS

Types of plantations

90

AR M
A TS

Types of plantations

z
//

* T T e

B DREM

) A%k
AL
] KA Prsk
BB J5i A7k

B4 MOMAIKBARELEBASSBBMLLE

Fig.4 Proportions of soil phosphorus fractions in total phosphorus across different soil layers in four plantations

http ; //www.ecologica.cn



8 xR 45 %

40 6

Aab

Be
>

A
30 o apAab A2 g, S

Z
>
o

pH

20

A HL
Organic carbon/(g/kg)

10

250

Aa
200 ‘I‘

=

150 [ Ab Ba Ab

Ba b

" ;
100 ca Ac b
“ab
0

AR s B HEmM

£
Total nitrogen/(g/kg)
[\S]
- = I

z

Z
z

g
o}
AR
Available nitrogen/(mg/kg)

20

@ AT HkZH Types of plantations

é’b As Aa
§ é By AL Ba i

= y
= = RE
®E 10
% E = 2
s -
Bg s

o

&

0

AR i) B OREM
AT Ak Types of plantations

5 mFHAIRPRELIEHNEEER

Fig.5 Chemical properties across different soil layers in the four types of plantations
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