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Table 1 Basic information on plot and plant properties
. A/ AR
PROPET g% fem  Ctrees  hm 7y WE/m o (kg hm® e PR k) ekl U ¥4
Plantation Canopy DB]EI/cm T)‘ nsity/ Tree a b (g+m D [/ &-4=4 AW (/37744
type density MY/ height/m LF/(kg * FR/ Cpp/Nig Nig/Prp Cre/Pre
(trees * hm™ ) g > s
hm® «a ) (gem °)
PP 0.624 17.81+ 1100+ 17. 03+ 6201. 72+ 318. 47+ 45. 64+ 18.83+ 860. 10+
0.02b 1. 63a 34a 0.45a 162. 56b 31.99b 0.71a 1. 15a 58. 28a
MP 0.784 16. 40+ 950+ 14. 90+ 8012.45+ 473.89+ 37.30+ 20. 56+ 767.15+
0.03a 2.15b 25b 1. 08b 196. 88a 23.63a 0.87b 1. 31a 53. 14a

Note:data=mean= standard error (n=4) ,different lowercase letters mean significant differences between PP and MP, P <C0. 05.

1.2 TEHRREMSW
1.2.1 EEHREE

T 2021 4F 8 A XIS AL 8 ANFE Ty 1) - HERE
AT RAE X — B HA AL T4l W A A E 2 2R 0 P
TR R K, W 0°.45°,90°,135°,180°,225°,270°
3155 1) BE B A T o 8 5 m AL REE 8 AR
ST R R A SR RE R 3R TET 1A SV I R A B A 2
& oRAE 0—20 ecm B LEERESL . KRR TT 8 AR
FE R ) - ST Sy — AR i, A A A [ 5
Wit 2 mm 05 5 WG, — 10 F TS 2 iR
PE BT M A HE P A Ay B9 A8, — 3 AR AFAE — 80 °C UKAH
R b GO WA SR B I E
%2 PP MP HIEBILER
Table 2 Soil physicochemical properties in PP and MP

1.2.2 E3EACK o E

48 pH EAH pH 2 (£ 2 k=1 "+ 2.5,
W V)5 R I #% R A0 Ah i #40k  5E + HE A Lk
(SOO™™ 5 YL G 2 A A 32/ (TN 8 48
ZNH, -N) A 2 2 (NO, -ND Byl 2 /26 50 mL
B AALES (0. 01 mol « LD AT AMXF 10 g T EM
fif + FEAT R AR O 2 22 0 3 4y BT AN CAA3, 1 [
A RN A I RE T 095 - 4 A B (TP SR R v SR -
Tt R 31 75 J 101 FH R B 1 b i skl 2 =™ g 49 o 3
B CAP) W] 5% FH RLER (0. 05 mol « LR Al 0. 025
mol « L~ "B Q) #F 47 = $& , I3 ik 40 86 Bt bb 7k Dl
N, PP A MP Y SR BE AL BT LA 2,

dopm AU @Ry BER/WER/ O eRy/ B N N N
Plantatin (& ° kg ) (g-kg ') (mgeke D(mgeke ) (g-kg ') (mg-kg ') pHE  TIEHRAL LA LGB
i;pi " s0¢/ TN/ NHJ N/ NO; -N/ TP/ AP/ pH value Caoit/Neai Nt/ Proi Coit/Poi

(g+kg ) (g+kg ) (mg-ke HDi(mg-keg ) (g+kg ) (mg-kg D
PP 22. 40+ 1.99+ 19.56+ 19. 06+ 0.22+ 2.10+ 4,17+ 11. 28+ 9.09+ 102. 14+
1.05b 0.01b 1. 80b 1.11a 0.0la 0.12b 0.10a 0.25b 0.21a 4. 35b
MP 27.90+ 2.10+ 27.88+ 21,65+ 0.23+ 2.82+ 4,04+ 13.33+ 9.22+ 123.51+
0. 80a 0. 04a 2.45a 1.68a 0.02a 0. 16a 0. 06a 0.51a 0.27a 5. 56a

Note:data=mean- standard error (n=4) ,different lowercase letters mean significant differences between PP and MP, P <C0. 05.
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3100CN , 7l [ ] HJS £ 43 B A 2 A BR2A 5D 43 51100 7 08
R C RN &, MBC #il MBN #4355 3 i 22 28 1if
Ja T ERIR C AN ZKOF 17 22 5ok ff L o SR LY

CH#: ¥l MBC B R 0.45, 3B N 5
MBN B R 0. 54, MBP i 5 R S 84 % 1 (0. 5
mol « L', pH {2 8. 5) #EATH I, R AR B6 L L
L L2 I RE MG AR X (INFINITE M200 PRO, %t
A RS T 6 R 35 O S AT I A L 4
B P &4k MBP B R BN 0. 40,

+ B A Yy B I 22 {# ] PowerSoil DNA 435§
R A (MN NucleoSpin 96 Soi) A 0.25—0.50 g +
HEREAS 2 L DNA, $2 50 DNA R 95 K % 2 St it
ERLIFH OMEGA DNA 4l ki 5 & % Bl DNA $2
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BOR it fraife . i HZIEM 519 806R L K& 338F 4
HATE 16S rRNA FEPF A& AR & V3— V4 X, B
A S PR X (ITS) 2 fH ek B Ay ITS2F (5 -
GCATCGATGAAGAACGCAGC-3") il ITS2R (5'-
TCCTCCGCTTATTGATATGC - 3") 5| ¥ ¥~ 14,
PCR F=#) H Monarch & 4; F & DNA #& BR 7 &
(Monarch DNA Extraction kit) #4744k , #£ Ilumi-
na MiSeq V5 b A7 /&5 3 & X o I 7 . & .
UNITE %445 2 (Release 8.0 https://unite. ut. ee/)
X B AT 43 B B BE R 7050,
1.2.4 XgEBEHEGNT

K 96 L HFL AR 1 A 4 HERE b ) B
HEIFEEE I (BG) (£F 4 — 4% /K i i (CB) \N- 2 Bt - 4
PEF I (NAG) | 52 2 R 24 55 Kl (LAP) 1R 7 85 1R
filf CACP) B G P . SR R BE N 200 pmol/L Y 4-
methylumbelliferone (MUB) £ & I & B 69 ¥5 ic Ji§
Yy, Ho , 4-MUB-B-D-glucoside [ T BG B & , 4-
MUB-B-D-cellobioside J] T CB iyl € , 4-MUB-N-a-
cetyl-B-D-glucosaminide T NAG B9l %, L-Leu-
cine-7-amino-4-methylcoumarin f§F LAP B9l € .
4-Methylumbelliferyl phosphate i T ACP &l %€ .,
BG.CB.NAG.,LAP 1 ACP i 7 B 201 ¥ 55— Ky
nmol*g ' +h™',
1.2.5 EIEAEMAS N E

K Hedley 35" 32 9443 B8 45 B 4 U N A4 i i
(Resin-P) 1% & W (NaHCO, -Pi/Po) | {3 4= ¥ 41 it
# (Microbial - Pi/Po) | H 4% §if ¥ & #% (NaOH - Pi/
Po) . A B 1K 4 B (Sonic-Pi/Po) | # JK A1 %I # (HCl-
Pi/Po) FI%% i 5k (Residual-P) % 7 ff P £ 4y, H:
4 Resin-P H ) &) F H] 14 # (Resin P, RP),
NaHCO,-Pi/Po #l Microbial-Pi/Po IH 3k 5 F| 1] 1k
(Labile P,LP),NaOH-Pi/Po 5 A H % 72 £ F) FH 1
fifi (Moderately Available P, MAP), i {2 Sonic-Pi/
Po.HCI-Pi/Po #il Residual-P 5 > X | A t4: 8% (Ocu-
lude P,OP)*!,
1.3 HBERITSHH

A A O Y e I A R R IR L R A
(Phosphorus Activation Coefficient, PAC) 3k 1
B AT .

PAC= X 100% ,

TP X1000
KX, AP R #E A B (mg » kg ') TP Ha#i(g -
kg '),

i2 i Excel 2016 il SPSS 25. 0 X 7 fff 5 5 5 %k
P AT 5 BT 45 BT BE S HEDE . SR F ST A
AR ¢ #:% (Independent sample ¢-test) Fl /N i & 75
¥ (Least - Significant Difference, LSD) X} PP #l
MP Z[a] iy T3 B AL PR BT | 3% P 450 I
A= g R A iR O M AR R AR E AT 2 TR) 25 S 43 B (P <
0. 05) ;2 ] Pearson #H 3¢ 73 7 + 445 P 44 54
Pt 5 | b S BT L A AR R A RO 1 2 TR Y A G
PE, B KRB E S P <70, 055 i A 3 023 40 B
(PCA)Y X 43 PP il MP -3¢ P 443 (828 4k . (0 A
BT (RDA) i 3% th 5% ma + 38 P 41 2 ) SC B I+,
PCA Il RDA # K27 ¥ 7E Canoco 5.0 L5EM. &
IR 4. 3.2 #4733 W 45 43 #7 (Co-occurrence net-
work analysis) , ¥85¢ PP #1 MP + 3¢ 40 &5 Fl 5 5 B 7%
Z I A H B AE L 9 Gephi 0. 10. 1 #1458 B L 3R
P2 [ i i AR, Al AR 181 # 7E Origin 2023, Mi-
crosoft Visio 2013 [~ 5E A%,

2 HRE5SH

2.1 TEBRASTIEN RS

HE 1A, 5 PP AL, MP 1y RP,LP.MAP
M OP & & ¥ B 3 82 & (P <<0.01), 40 il #2 &
9.43%.9.20% . 11. 64 % F 11. 71%, PAC & & 475
27.13% (P <C0.05),
2.2 TEMEVEYEEELIMEEE

5 PP # kb . MP (% + 3 MBC.MBN #1 MBP %
H ) E RN 13.52% (P <<0.01),31. 11% (P <
0. 01) 1 55. 78 % (P <C0. 01) (& 2), ik Wy it
AP 2 M e S A&l 3 fnk 3 Frok . PP AYBE
Py I 45 41T A e SRR 0 R O T U624 2k i
I"J(Actinobacteria) ], ¥ 5 £~ 405 B 1A F B <58 0
HE OTU1905[ T2 ] (Ascomycota) |, E N
32, ETTAKY BGeat e 5 A5AT 10 A 1 p 34 R Al
SERFHMEAILTT 7 B, 5 H 62, 22%, 4 51 R BR AT
Wl (Acidobacteria,18. 10 %) A H [T (Proteobac-
teria, 14.50%0) . B £k B 1] (10.39%) . 7% B Wi ]
(Planctomycetes, 8. 58 %) | 4% 4 1 '] ( Chloroflexi,
5.03%) Pt ¥ & 1] ( Verrucomicrobia, 3.55%)
WPS-2(2.07%) ;s BHLI& 2 F, (5 L 32. 54 %, 43l 8 F
P ] (28.40%) 1 4H F B 1] (Basidiomycota.,
414 YO [LFE 3Ca) ], MP 9 f A 1 3 30 0 2% v 200 1 11
B & WO R OTU790 (i & | 1), %
He B34 FLTE M B R s 2 OTUL905 (F 1



I ARE,2024 5,31 %, 5 3 # Guangxi Sciences,2024,Vol.31 No.3

80
@ CJrp
[ Iwmp
72
~ ok s
on
-4
L 64+
E e
= 7 7
g ok
S 15F
O sk
10
*k
e
0
RP LP MAP OoP

Soil Pcomponent

2.0

(b)
1.6
* -

1.2F ==
5 T
O
< 1

0.8

0.4r

0

PP MP
Plantation type

Data=mean=+ standard error (n=4); * and * * indicate significant differences at 0. 05 and 0. 01 levels respectively.

El1 PPH MP L8 P4l o0& P ZimkRE(PACO AL

Fig. 1
DRy 34, TETTKOE L geit B A 5 JAHT 10
Ay Ui S 7 I o ) A e
64.77% , 43 Wl S R FF B 1T (18.20%) . B B T 1]
(14.95%) PRI 1(11. 14 %) LT (9. 70%) .
SRASTE ] (4.85%0) VP S A 1] (3. 50%) Fl WPS-2
(2.43%) s EHLB 2 Bl 5 He 29, 31 %040 o T4 H 1]
(25. 54 YO MH T 11(3. 77%) [ 3(b)]., +HEMM
A ) TV O B 1 L B I 45 S BN T S8R L IE A DG
B0 AH DG 8T 3 B RS B AR B R B MP
T PP 3),
300

Cwe

275

250

™
225

L
k%

il —im
MBC MBN MBP
Microbial biomass

Content/ (mg = kg ')

— N W
N B~
T T T

Data=meand standard error (n=4); * * indicates sig-
nificant differences at 0. 01 level.
2 PP AIMP +HERUEYEY R CONLP &R A2
Fig. 2
gen and phosphorus content in PP and MP

Changes in soil microbial biomass carbon, nitro-

Changes in content of soil P components and P activation coefficient in PP and MP

Negative
® Acidobacteria

Positive

® Ascomycota @ Proteobacteria

Planctomycetes Actinobacteria

Chloroflexi Basidiomycota @ Verrucomicrobia
® WPS-2 ® Others
(a) PP

(b) MP

Each node represents an OUT,and the size of the node is
proportional to the number of connections. Red and green
lines indicate positive and negative correlations between
nodes, respectively (Spearman, P<(0.05,R>0.6).

3 T OTU K- PP FI MP 1) L e 40 1 | 5 3 R
T LB 4

Fig. 3 Co-occurrence network of bacteria and fungi at

OTU level in PP and MP
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RI TEAH . EFHEE OTU K ELFHEINES Y

Table 3 Co-occurrence network parameters of soil bacteria and fungi at OTU level

V=g R & s TEAH G % NP SUE R 3 -2 A0 A
Plantation type NN PCNE NCNE AD AWD
PP 338 2 823 451 19. 37 0. 40
MP 371 3 366 522 20. 96 0. 44

Note: NN indicates number of nodes; PCNE indicates positive correlation number of edges; NCNE indicates negative correlation number of edges;

AD indicates average degree; AWD indicates average weighting degree.

2.3 TEBTUSFEREMBEXMEST NAG #y + $ W 75 ¥4 8% fn 113.30% (P << 0.001)
5 PP #HIL.MP 5 C R A ¢ B BG F1 CB (K 4(b) ], 5 PACEAHICH) ACP Y 38 B 5 14 4% hn

Y B W R PR 4 0 B8 i 175.58% (P << 0.01) il 71.49% (P<<0. 0D[ & 4(c)].
21.81% (P <<0.05) [ 4 (a)], 5 N X i AH 6 19

300 - 300 12 -
o @ ger| | Cep| = |© wr PP
on
- 250 FEEIMP| 5501 N1V T {» Cme
fl= = fl=
s S 200t 3 s
£ 200 g 200 E 8
E " E **jP =
Z 1sof - £ 150 Zz 6t
2 2 >
2 2 g
2 100 o 100 o 4F
£ £ £
> 50t I 50t S 2r
% % m = s
0 0 0
BG CB NAG LAP ACP
Enzymes associated Enzymes associated Enzymes associated
with C metabolism with N metabolism with P metabolism

Data=mean= standard error (n=4); % , * * and * * % indicate significant differences at 0. 05,0. 01 and 0. 001 levels re-

spectively.
4 PP A MP 8 C.N.P 1R i vk 25 1k
Fig. 4 Changes in activities of soil C,N and P metabolic enzymes in PP and MP

HilE 5 ApA, e C GBS E S N ACEE 2.4 M ETEBESHEF SN

WEE N ARG PE S P A S M 2 ) A AT 45 L M L B FR 5
IEMI KK FR (P<<0. 0D, CREG IS S PRI B G RP L& X &4, LF.FR 54 P 40 ¥ 5 B & EH
PR B IR A GO &R (P <C0. 05) KRR (P<C0.05),1M Cw/Nyp 5% PHSERE
7.0 3.2 3.0
@ «pp ®) « PP © “ PP
*MP * MP o MP
6.5 28k 27t
2 6.0 . 224 24} |
+ &) Q
2 . < <
ES.S- Y £2.0 =921
sob & ow Y=0.77928x+1 55616 | 1 6l - - 18} 1=0.87568x-2.28657
R'=0.68517** %;2(')?;2;3)7*2'47554 . " R'=0.806 77%*
4535 48 50 52 54 48 50 52 54 56 58 60 0 46 48 50 52 54
In(NAG+LAP) In(BG+CB) In(NAG+LAP)

* and * * indicates significant difference at 0. 05,0. 01 levels respectively.
Bl 5 PP A MP 3 C NP /KR EGZ H Y5 &R
Fig. 5 Relationship among soil CsN and P hydrolytic enzymes in PP and MP
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FA K FR (P <T0.05); 78 BIEME T, SOC. TN 5
% P A4y H R W IE A OE 6 R (P <C0.05),NH, -N
5 LP.OP & & % IEAH X ¢ & (P<C0.05),NO,-N,
AP 5 MAP & I 2 1F M 56 K R (P <<0.05), Cyi/
Noi~Coit/Poit 54 P 44 (MAP [ 4M ¥R B E 1F
*H?éiégwﬁﬁ TP‘pH {E\Nson/Psoil I—:jﬁ' P gﬁﬁi}’ﬁjﬂﬁ
PR OGO R s A TR W AR W RO M T
MBN.MBP.BG .NAG.ACP 54 P 4/ 5 B ¥ iF
A K £ (P <<0. 05) ,MBC {15 RP.MAP & i % IF
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Fig. 6 Pearson correlations of soil phosphorus components with plant properties,soil properties and microbial properties
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Effects of Multi-layer Mixed-age Modification on Soil Phosphor-
us Components and Transformation in Cunninghamia lanceola-
ta Plantation

LI Changhang' s GAO Guannii' s HUANG Haimei', LI Jiajun', XIAO Na'?, LIAO Shushou®*,
HUANG Xueman'',ZHAO Lijun', YOU Yeming'"'" "

(1. Guangxi Key Laboratory of Forest Ecology and Conservation, Guangxi Colleges and Universities Key Laboratory for Cultiva-
tion and Utilization of Subtropical Forest Plantation,College of Forestry, Guangxi University, Nanning, Guangxi, 530004 ,China;
2. Guangxi Zhuang Autonomous Region Hechi Eco-Environmental Monitoring Centre, Hechi, Guangxi, 547003, China; 3. Experi-
ment Center of Tropical Forestry,Chinese Academy of Forestry,Pingxiang,Guangxi,532600,China;4. Guangxi Youyiguan Forest
Ecosystem National Research Station, Youyiguan Forest Ecosystem Observation and Research Station of Guangxi, Pingxiang,
Guangxi,532600,China)

Abstract: The purpose of this study was to investigate the effects of multi-layer mixed-age introduction of
broad-leaved tree species into Cunninghamia lanceolata plantation on soil Phosphorus (P) components and
transformation. The soil physicochemical properties and P components were measured in the unmodified Pure
C. lanceolata Plantation (PP) and the Mixed C. lanceolata Plantation (MP) after multi-layer mixed-age
modification. The soil microbial community composition and enzyme activity were determined by high-
throughput sequencing and 96-well plate, respectively. Furthermore, the relationship of soil physicochemical
properties and P components with soil microbial community and enzyme activity was clarified. The results
showed that: (1)Compared with those in PP, the Resin Phosphorus (RP),Labile Phosphorus (LP), Medium
Availability Phosphorus ( MAP) and Oculude Phosphorus (OP) in MP were significantly increased by
9.43%,9.20%,11.64% and 11.71%, respectively, and the Phosphorus Activation Coefficient (PAC) was
significantly increased by 27.13%. (2) The Microbial Biomass Carbon (MBC), Microbial Biomass Nitrogen
(MBN) and Microbial Biomass Phosphorus (MBP) in MP significantly increased by 13.52%,31.11% and
55. 78% ,respectively, compared with those in PP. The number of nodes,the number of edges and the average
weighting degree of the microbial co-occurrence network in MP were higher than those in PP. (3) Compared
with PP, MP increased the activities of B-Glucosidase (BG) and Cellobiohydrolase (CB) related to Carbon (C)
metabolism by 175. 58 % (P <C0. 01)and 21. 81 % (P<C0. 05) , the activity of N-Acetyl-Glucosylase (NAG) re-
lated to Nitrogen (N) metabolism by 113. 30% (P<C0. 001) ,and the activity of Acid Phosphatase (ACP) in-
volved in P metabolism by 71. 49 % (P <C0. 01). There were significant positive correlations between the activ-
ities of enzymes associated with C, N and P metabolism. (4) Soil Organic Carbon (SOC), Total Nitrogen
(TN) and Fine Root Biomass (FR) were the main factors driving the changes of soil P components. In con-
clusion, multi-layer mixed-age modification promotes soil P transformation and improves P availability in C.
lanceolata plantation by altering the plant and soil physicochemical properties and increasing the content of P
components and activities of enzymes involved in soil C,N and P metabolism. This approach may pave a new
way for the alleviation of soil P limitation in subtropical C. lanceolata plantation.

Key words: Cunninghamia lanceolata plantation;soil phosphorus components;microbial biomass;soil enzyme

activity ;co-occurrence network analysis
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