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ta)  F& B R E A HE (Castanopsis hystrixz) & T8
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fordii) KWKk (Quercus griffithii) . K F1 i (Mich-
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B P2 5B 81 2 4 IR 22 Bk (Multiple species
Mixed Plantation, MMP) 5T X%t 4, LIAR T B A
LI ST 1l 5% 14 79 2 2l 3k 5 B8 W 2 K (Pure Plantation,
PPy xf B, FE N TARE B W], 3 Fobk o3 8 % FH AR
RLA AR 48 B B AT 2 A B R MR A 2R R 4y
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5 VA A 3 AT U A OB RS AR DT 20 4 AN/ TT (15
m X 15 m) . >R F AR A R 5 ¥ 4 A8 7 R E R AR Y
B (Tree Hight, TH) 1§ 42 (Diameter at Breats
Height, DBHD , 31 st M43 IO AR I B (Canopy Densi-
ty, CD) FAAK 4% & (Stand Density, SD), FHEH

REALATE 9 DIV PICEEANE (1 m X1 m), ] T U s
P85 W) I Ge vt HL AR = i [ AR B AR D7 BEAIL A % 9
AN IR 20T 2R AR B R AR B AR (AR <<2 mm) , iR
EENAE 5 cm BOREVRE R 0— 10 em, FEHIIEA(E B
W1,

*1 HHMERER
Table 1 Basic characteristics in plantations
= , o 4 5
sk B A i/ VA i/ IR
Pl'mt::ijn Tree 8 P12 Wyt /cm B /m (bR /hm®) (kg * ha '+ AT I*ginenioot
< ! CD DBH/cm TH/m SD/ Litter amount / .
types species (tree/hm?) (kg » ha '+ yr- ') biomass/
ree g ¢ ha y (g+m )
PP Pinus massoniana 0.74740.03b 25.8740.65 22.6440.85 8484159 7 682.104290.21b 149.43+1.72c
MP 0.87+0.02a 10 064.124+497. 26a 178.56=+5. 14a
P. massoniana 33.3440.63 20.1740.38 236+11
Castanopsis 13.28+0.75 12.1340.59 342420
hystrix
MMP 0.83740.01a 9 125.014201.00a 161.75+1.38b
P. massoniana 36.6940. 96 21.7440.10 276+19
Various broad- 13. 460, 42 11. 484+0. 26 611449

leaved trees

Note:data are means=® SE,n =5; Different lowercase letters in the same column indicated significant difference between different plantation types

(P<C0.05).
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A% A HE P SR A 1) A 3 B IO L A ) A ) R T
TSR AR .
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3L AR AL M 4 bR S R e AR A )
e, 48 pH B pH T B8 E 5 1 5 PLAR
(SOC) 2R FH 4% 12 4 40 Ak U 7 5 32 A0 (TND SR
FHBIL IR 2 A0k I e s i8S AL (NO, - ND A 8 A
(NH, -N) £ CaCl, =42 J5 5k F Ui 81 43 #T 4L (SEAL

Auto Analyzer 3, 8 8 7 /R 2~ ")) W &2 5 + 58 4
(TP) MR CAP) R FH 41 85 o @ ikl 2, Hop TP
H H,SO,-HCIO, & i 5 ik 2 5L, AP SR HCl-
H, SO, GUR L) B4z .

A W A W R R (MBO) | AR W 2R R
(MBN) B 9 A8 9 i Bl (MBP) 3R H &5 52 7% 13 12
s, SRR 4K &N 4 B, MBC 1 MBN H
K, SO, HWAE R EEBOR , 32 BOR 1) CON & &R H
SN HHAX (MULTIN/C 3100, 78 [ HE 5223 W)
W€ s MBP Hl NaHCO, ¥ W AE o 2 BUHE . >R 40 5
e 2. + 35 MBC.MBN,MBP i35 F .
MBC = EC/K y-» MBN = EN/K .y » MBP = EP/
(K pp XRyp) Hoth ECEN EP 43 % 7 5 & &
AR SOC. AV A M TP By 21H. K e .
Koy Kep RRFH R 80, 575128 0. 45.0. 45.0. 40,
Ry I A TEHLRE ) Tl %R

il 155 P 0 5 240K 96 S AL AR AR O LT L
$E 5 C IEF M OCHE (CB+BG) [ 2 £F 4 2 i (CB) #l p-
1, 4-78 % B 17 B3 (BG) | N PG FAHH X (NAG+LAP)
[B-1.4-N-Z BE ) b5 200 1 i (NAG) 52 & iR = 2L ik
g CLAPY ] DL & 5 P F 3 M ¢ 19 B2 1k 0 1R i
(ACP™, fErs £4 (1. 25 P imA 125 mL &
1% 6 22 vh il (pH B4 4. 0) 1 48 498 2 b i, 43 1 it
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B 200 pl B9+ 3HEEIF WA 50 pL (IR YIIE IR A 3
A 96 AL .25 CEREFRIE 4 h 10 uL A
AALBNIA I (1 mol « L") & 1k 2 0, i £ 3 BE il
FRAY (INFINITE M200 PRO, %175 15 A B2 @) il
EHETOEE, BEEL nmol » g« h! R,
+HEC: N.C: PN : P B L AT i ik

D7 el (1
it C: N = In(CB+BG) ¢ In(LAP+NAG),
(D
it C: P = In(CB+BG) : In(ACP), (2)

i N: P = In(LAP+NAG) : In(ACP), (3)
K, (CB+ BG) x5 C 1F M 56 i 19 5 M,
(LAP+NAG) K/ 5 N JG I AHCEE 15 4, ACP %
N5 PUERA G IGPE, HIEC: N.C: PN P
5% 50k 2= 3 & AT 43 i 7R 28 Soil C ¢ N, Soil
C: P.Soil N: P, i+ AXMTF .

Soil C+ N=SOC : TN, )
Soil C: P=SOC: TP, (5
Soil N: P=TN : TP, (6)

AWy AR A2t B R85 = i o MIBC +
MBN.,MBC : MBP ,MBN : MBP,
1.5 BiESH
Ml & K B (Vector Length, VL) Hl o] & ff )&
[ Vector Angle (°), VATRHE AR 10F .
VL=SQRT -

[( In(CB+BG)
In(LAP+NAG)

VA=degrees *

7

)+ (Mcaen ) |-

®2 BEIMT@BEAERTIBEDEMERYE

{ATANZ RIH(CB_'_BG)) ,( In(CB+BG) )} } ’

In(ACP) In(LAP+NAG)
(8

A VLA 8RR R A Y 2 3] C BRI E ; VA
S5AEYZE N 3 P R$IA L, VA>45"f VA<
455 IR N T AE Y A2 ) P RR G A NOBR . VA 2
A5° A0 TR B B R s B o R

FF SPSS 27. 0 Al Origin 2023b {4 it 45 1k
7883, R KR 7 225381 (One-way ANOVA)
i % PP MP Fl MMP Z [a] + 38 3 A0 M 7 | G 2B 9 A=
Yy i (TS PR B AL A 3 A L 2 ) 25 S (P <<0. 05
RIONEAE .3 22 %), Pearson A 3¢ M 70 M 884+ 1 43¢
PRACAE BT AR W 2R ) i T TR VR AR AL AT R
() (4 AH OGP 5 38 5 J5 22 43 f% 43 Br (Variance Partition
Analysis, VPA) %58 I/ ¥5 9 & (LF) 410 MR 4 ¥ &
(FR) 3 A4 ot L Ik A= 9 A ) £ T 0% 4 R il b
St LA BN B ZE A RN, IR 5 R B Venn
% % 7w 5 2k FIC 4 43 #1 (Redundancy Analy-
sis s RDA) S i %6 FHE 7 5% el g 37 Pk Sl 1k 2 1 o L
114 P LA A d5e G B 119 52 0 TR (P <<0. 05 KR A7
TER 3 22 ) . B AT WA B 78 Origin 2023b FiI
Canoco 5 B4 58 1 .

2 HRE5SMH
2.1 RRBEXHWENTEEBUMREBEVEDE

A

AN 2 R o PR RPAS [R) AR 1 ) o A A S i TR 52
o X = AL SR AR Y A Y A B
MP[#SOC.TN.NH, -N.TP.AP.MBC . MBN #i

Table 2 Bulk soil physical-chemical properties and microbial biomass characteristic

T ALK/ A/ ﬁﬁjf/fhfl %ﬁ"f’fhfl T/ TR/
Pl'mmti?;n (g+kg D (g+ kg D (mg+kg ) (mg-kg ) (g kg ) (mg + kg™ ) T+ AL - BB L
(typ(es SOC/ TN/ NO, -N/ NH:F-N/ TP/ AP/ Soil C: N Soil C: P
(g+kg D (g+kg ) (mg+kg ) (mg-ke > (g+kg D  (mg-kg D
PP 20.7140.57b  1.48+0.06b 13.8241.08a 6.32=+0. 54c¢ 0.30%£0.02b 2.77%0.31c 14.03+0.5b  70.26+4. 4ab
MP 30.87+1.92a 2.014+0.07a 14.12+2.32a 9.18+0.89b 0.49=£0.03a 7.87+0.37a 15.3440.77b 63.08+4.76b
MMP 28.0241.0la 1.5340.07b 12.42+1.79a 12.79-£0.63a 0.3540.01b 3.93+£0.29b 18.51%1.19a 81.0741.63a
PROPHA ey H i A EMRE  EMRE  puEm R BUEYIEYIR BCE R
Plantation SoilT\I L p II; value (mg kg ) (mg * kg ) (mg * kg ) A L /30454 R
types " P ¢ MBC/ MBN/ MBP/ MBC : MBN MBC : MBP MBN : MBP
(mg+kg D) (mg -+ kg D) (mg-+kg D)
PP 5.02+0. 29a 4,1440.06a 206.2947.15b 20.38£0.73b 11.43+0.42c¢ 10.18£0.57¢ 18.16+£1.02b 1.7940.08b
MP 4.13%£0. 31a 4.024£0.01b 435.72410.87a 32.19%1.15a 25.44%0.81la 13.5640.29a 17.2040.73b 1.26=%0. 04c
MMP 4.4540.29a 4.1340.03ab 406.33414.78a 33.86+t1.71la 15.26+1.80b 12.05F0.34b 28.07+£3.36a 2.3140.24a

Note:different lowercase letters in the same column indicated significant difference between different plantation types (P<Z0.05).
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MBP & &8 PP 23 5l 3 1 49. 06 %6 .35. 81% .
45.25%. 63.33%. 184.12% . 111.22% . 57.95%.
122.57% (P <C0.05); MMP f§ SOC,NH, -N, AP,
MBC.MBN #I MBP & &% PP ;% 2 F ¥ m 1
35.30% . 102.37%., 41.88% . 96.97% . 66.14% .
33.51% (P <C0.05) ; MMP il MP [a] B4 TG i 3% % &%
(P>0.05),
2.2 RREXBEWNEEEMBLEITELNEIN

TEH A ai bR b 5| A —Fi fE it 4] i 5 22 i i
Wi S U VR S AR L 2 B S e T R CONLP PR ER
A B B % e, MP, MMP ) CB + BG. LAP +
NAG . ACP ¥ M 78 Ji -+ A4 R 42 - R Rk (>2
mm.l—2 mm.0.25—1 mm.<<0.25 mm) ¥ B E5H
T PP, {H MMP #l MP Z [] () fiff 15 M 5 A A
FHES(E 1., MP 5 C 753 SB35 M (CBH-
BG) 75 5t + F1 45 R 42 + A R AR v Lk PP 43 ) B
WA 41.70% . 36.09% . 25. 60% . 24. 78% . 25. 23 %
(P<C0.05), MMP #H [t PP 43 51 &2 2 84 fin 29. 95% .
39.24% . 35.82% . 33.40% ., 28.24% [ P << 0.05,
()], MP 1y5 N 1§ ¥ A1 5C [ 19 35 7 (LAP +
NAG)7E J5t + F R e - e R AR h [k PP 43 5] i 3%
W 79.79% .86.81% .43.82% .114.91%.59.10%
(P<0.05), MMP # It PP 43 5] 35 54 I 44. 47 % .
77.27% . 66.46% . 82.19% . 41.00% [P << 0.05,
K 1(b) ], MP Y5 P 1§ 284 5C Bl 19 3% 1 CACP) 7E
Ji A R A R AR 1 B AT SR AR L PP 4y i S
53.36%.38.81%.,47.18%.37.03% .35.51% (P <<
0.05), MMP #f kb PP 43 5l & 2 3% i 47.20% .
33.91%. 87.30% . 47.82%. 37.56% [ P << 0.05,
1(e) ],

MP il MMP ) + 30§ C : N 78 J7& + f1 K Z 8
B T BAK T (<0, 25 mm RN BB FEET
PP(P<0.05), 7E<C0. 25 mm ki 42 1 49 A B 1k
MP & F % T PP.{H MMP #l PP % A i & % &
[l 2(a)]., MP fl MMP K+ 38§ C: PAUAE 1—2
mm KR R AR b W AR T PP(P<<0.05), 1
Ji A R AR A2 4 3 A R AR (2 mm 0. 25— 1 mm,
<<0.25 mm) H A B AR MY & A K Gk B W E M
(K 2(b)], AL T PP,MMP (¥ 13/ N : P {U7E
I—2mmAL 12 - W Rk B FL TPP(P <

S09r (@ = PP CIMP EIMMP
~_400f a aa
e a aT 15
"o ars T
5 i al ] b b
=] L =]

g 300 a b
< b b
O
M 200
+
m
@)
100
0
Bulk soil >2mm 1-2mm 0.25-1mm <0.25mm
Soil type

3501 () I PP EEMP EEIMMP
—~ a a
T; 280 T la
g a | T
o a T
22]0- T b
g a a
e a

b a
2 140} b b
Z
+ < b
-}
S 70b
0
Bulk soil >2mm 1-2mm  0.25-1mm <0.25mm
Soil type
2501 (o) = PP IMP EIMMP
200
a a
T bi él
—

ACP/(nmol-g"-h™)
S v
3 3

W
(=}

L 2a
a b b
a c
L b b
C
0

Bulk soil >2mm 1-2mm 0.25-1mm <0.25mm
Soil type

Different lowercase letters indicated significant difference

between different plantation types (P<C0.05).
P13 CONLP B GG I8 2 10 28 1k

Fig. 1 Changes in soil C,N,P cycling-related enzyme ac-
tivities
0.05);7E 0.25 —1 mm K42 + 5 & & MP
MMP {4y + 5 N+ P B b4 i e W2 3 (P <
0.05) , 7EJ5 £ A1<20. 25 mm Ri42 + 52 Rk P A
BEZRIE 207,
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Fig. 2 Changes in soil enzyme stoichiometric ratios

R A5 1) 4 43 AT i - 145 R AR 4 1 AT 3R b iy
VLN 1.57—1. 72(VL>1.00), HH,MP iy VL
{ETE S A 0 AT R AR A SR AR b B B AT PP
(P<C0.05), 43 ) i 35 T B 4.20%6.3.97%.3. 71 %,
6.26%.3.62% [ 3(a)];s MMP iy VL {HALA1E > 2
mm.1—2 mm.0.25—1 mm 3 PR E TR RS
WEMT PP(P <T0.05), 43l i & F [ 2.83%.
5.95% 4. 67 % 5 )5 £ AMI<C0. 25 mm KiAE £ HE A R
rf SRR T PP H R R 3k 3 B E K LE 3 ],
Ji A RN [ R %+ A R AR T i VA (B 42. 06 —
44.69°, B/NF 45° [ 3(h) ],
2.3 BEERBAATERTUNEEZREZR

Pearson A &Pk Hr £ B (% 3D, W% Y &
(LF) 4 A ¥ i (FR) | - 58 # b % it (SOC . TN,

N
[
]

(a) = PP @mMP=:mMMP
2.0r
a
|k el Sbb Zhb 2pab
t 1.5F
=
2
S
§ 1.0F
>
0.5F
0.0
Bulksoil >2mm 1-2mm 0.25-1mm <0.25mm
Soil type
0r () = PP E@MP I MMP
45-aaa ibb baba abb a g a

Vector angle/°
W
(=)

—_
w
T
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Table 3 Correlations among individual factors and EEA and EES

5 0

thrs ln(L?BS+ lnf\fLAAGP;+ In(ACP) Enfgnse:CN? N Enggrr?e:CP: P Engsnll\i i\lpi P VL VA
Litterfall mass 0.520" " 0.532" " 0.453" " —0.478" " —0.231" 0.316" " —0.419" " —0.318" "
Fine root biomass 0.404" " 0.462" " 0.3707 —0.452" " —0.233" 0.307 "7 —0.375""  —0.283"
SOC 0.344"" 0.454" 0.352 —0.469" " —0.254 0.309"" —0.403"" —0.289"
TN 0.452" " 0.604" " 0.410" —0.606" " —0.249" 0.476" " —0.481" —0.456" "
NO, -N 0.336" " 0.450" " 0.318" —0.454"" —0.199 0. 339 —0.376 —0.329""
NH, -N 0.381" 0.389" " 0.300° —0.320"" —0.138 0.253" —0.252" —0.236"
TP 0.514 0.527° " 0.640" —0.469" " —0.515" 0.066 —0.552" —0.037
AP 0.461" 0.566" " 0.436" —0.566"" —0.277" 0.392" —0.472" —0.372""
Soil C ¢ N —0.073 —0.125 —0.038 0.121 —0.005 —0.149 0.067 0. 149
Soil C: P —0.003 —0.011 0.016 —0.001 —0.047 —0.032 —0.006 0. 050
Soil N : P 0.082 0.115 0.039 —0.116 —0.014 0.137 —0.050 —0.117
pH value —0.227 —0.283" —0.161 0.271" 0.043 —0.263" 0.196 0.272"
MBC 0. 695 0.706" " 0. 661 —0.620" " —0.398 0.337 —0.581 —0.320""
MBN 0.596 0.642°" 0.619" —0.590" " —0.428" 0.283" —0.569" —0.254"
MBP 0.576" 0.616"" 0.551" —0.568"" —0.343" 0.327" —0.518"" —0.312""
MBC : MBN 0.504" 0.399"" 0.359"" —0.271" —0.083 0.206 —0.237" —0.235"
MBC : MBP 0.324" 0.293" 0.298" " —0.234" —0.169 0.110 —0.228" —0.101
MBN : MBP 0. 090 0.105 0.137 —0.103 —0.140 0.001 —0.121 0.022

Note: " indicates significant correlations (P<C0.05), " "
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(F=5.1,P=0.018),MBC : MBP(F=5.2,P =
0.022) 42 5% Wi + & B 3 Pk 0y 2= K 3 W 7
[E 4(b)]. BeAk. % — E 5k MP Al MMP 5 PP 8]
BIIFLE 4(b) ],

Mgt 220k B L VPA B, 398 3 A0 5T A
A ) A Wy T A Y 28 VR RO A AR T A S
fife BERE 1 B K, A 13, 804 5 HRJE ] ¥ 1y i T 40 AR A=
Yo AR BT A GO W AR ) 2R G AR R
it A S R 11, 9% (Bl 4(o 1. Btk
iR 5T H RDA 4538 B8, 45 — Fam
55 gy A R Ak 2 T B LG AR B Y 38, 21 %6 A
7.58% TN(F=22.2,P =0.002) ,MBC(F =11. 3,
P=0.002)#1 NO, -N(F =5.1,P =0. 016) & 5 I it}
it L EZ 2w LR 4D ],



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

)
. = I
First group (b) u PP ® MP A MMP
(a) Litterfall production |
Fine root biomass
NO, -N
pH value
- R InACP
X P = MB[NBCMBC.MBN
— >
S - — BGHCB)
— P
) & il ~ In(LAP+NAG)
Third group Second group ¢ | C
o
Microbial biomass o : (=4
properties Phy sncoche_mlcal I
properties NH,-H TN
MBC soc AP
MBN ™ Soil C:N I
MBP TP Soil C:P
MBC:MBN NO, -N  Soil N:P o MB
MBO:MER NH,H pHvalue MBC:MBP: /=5
MBN:MBP |
Residual error 34.1% -1.0 RDA1(71.58%)
Explanation rate <0 is notdisplayed o
: T
: - d HPP © A
First group @ MP 4 MMP
(c) Litterfall production | NO,-N
Fine root biomass
—
2
0
\n
~
—
<
Third group Second group 2
o
Microbial biomass Physicochemical Enzyme C:P
properties properties
soc AP
i ™ selen | TN: F=22.2, P=0.002
MBP TP Soil C:P MBC: F=11.3, P=0.002
MBC:MBN NO,-N SoilN:P NO, -N: F=5.1, P=0.016
MBC:MBP NH,-H pHvalue  — l
MBN:MBP ! L

Residual error 71.2%

Explanation rate <0 is not displayed

-1.0 RDA1(38.21%) 1.0 1.5

A,B,C in (a)(c) represent individual variations explainable; D.E,F,G represent combined variations explainable.

B4 T 2535001 Cas O FITTAR 5387 (b D

Fig. 4 Variance partitioning analysis (a.c) and redundancy analysis(b.d)

3 g
3.1 RRBXTHOEX TEEEEMNI N

RN N T ARG A —Fi ol 2 Fi i n 3 o S5 4%
TR 2SR S o MR o3 2SR RUMR 2 &85 4 1) 22 Ak B 5 3R
Gy oRAFE R HR M 22 5, R R, i T AR AR
SRR IE AR R 2 5, 5 80 % W) o il
R IR B R I AN [ I 6 4 3 Y B AR T
FE A W 0 M A AR R, TS MRt S BE 2
ARHE RIS R R RS B N T
FE i N MR B A BLB | 37 4 A S50 R AR W AR ) i
(£ 2), SHRRAE MRS R -, SREMAT
LRI RE B A . AR R 2% T R i 2
R ZR R I 53 W0 00 R 9 0 i A\ 1) 388 im0 AR bR
HeA LR LR AR R B AR . BN A
) C PEFN N Y5 3G A 1A B AR O i) 3% 43 e
it R B R A

SRR R VT A A HE A 3 s B 3R A T R

FEAEIR 2 —, HE S 53R 5 A &50OR] 25 1A
KA AR R A K B X CONL P AR 3R 40 1 7 2R Ok
3 P it 5L DA U 3 o U8 5 i 1 2 36 R B AT LA TR B
AP A R T G R AR A AR WL 5 A R
T i VR 5 AR G 4R TR R A5 R AR ] R AR 5
C 5 ¥ HH 5 B il (CB+BG) 1 # . CB 1 BG J& P Ff 32
L) £ 2 22K A Tl 5 L R A 1 2R A B i T
ALY 53 o A AR SR ICE 2 C 1Y [a] i, 5
BOMARN Y NLPRWRE A BMARKEE®R K. &
{0 S N e L O e w4l I B TR i g G
Y (LAP+ NAG) il 16 o4 1 3 15, =R 51 A
B A R R NOR SR . 3 ACP
FE A W, K PONAS BT A LZS A E
AL S AT Bl A W RN AR L R R R A AR
B T B g K B AR T R AR i AR b G A
VA I i R ACP B9 S M LR R ) fig 2
BN (A 8OHE RS R R T R R 3R S
PRGN T OXE PO R SR I BOCE W TE 2



HBEE SERAIMNSREINEN T HARKEEERBUFITELNZ NI

ACP R FH AR P,

- T A SR AACTE R VT ) R A A Ak R A R A
HEEAEN . B EAS [FRL AR A5 A b i 43 A
AL AR IFZ 2R R B2, -+ R 7 =
MW A W BEIE S R T R AT
R S5 W T 28 TR e 3 e R0 98 0 A R O I O R TE AN
[ 7 A% - 98 A SR 4 o 11 A8 A 1 100 LA — 350, S
FE /N 1A 5 A AR 3R AR (0,25 — 1 mm Al << 0. 25
mm) PRI A = AT UL AR N R AR R R B A
Yy 1% S0 O RE A R A 0 A B, TR R TN = sk R X
it R AN R ASARASE T - 998 Wl 0% M AR AT SR AR A v
Sy A FRAE MBI 5T Rl 2 B, R T A R R B A A
(R 22 S ¢ S0 SRR b A T 2 L R A R AR R . i
AT RE A2 PR K P AR A LA KL TG 1 T o) 2 B A
R FE I 5 /R AR A R AR T B A HLR LR A AR RT DA
Wi FF - 8 il A T AR A T L (A T R R AR B
FENA o KA SR A Y il 0% M B . ROt A ) A A
SR R il G M ER 2 i R B e B A AR — SRR
FER R R A L6 % I8 2 07 T N R T IF ik — b
3.2 BREBTHENTERBLEITELNIIE

- ST Ak A T L5 R A AR U 0% DDA OG ]
VE S I e - S8 Tl A= Wy 52 AT ol 37 43 BIR ) %) B 248 A
R BE U543 T P8, 2R P30 R St 1Y) 8 VR A= i 411
g L AR A A XA BRAY %43 . Sinsabaugh 251 ik 17 42
PR ZE A Ir 45 LRI, 13 C+ N = P (fk
PRI T 1 1 1, S B XA E A A
T 1 52 BAR A RE i (O BLFR 70 (NG P YRR . ASBFHE
AR YE B 2 B Ak A i LT 3SRt PPLMP A
MMP fy G PE C+ N = P SR E L4351k 1. 20 ¢
1.03:1,1.17 £ 1.07 £ 1,1.16 ¢ 1.04 = 1, L C
AR A 5 18 B 2 X R A= W 3 C R Y R R B
iR 2 e a - la e B ) PN G (TP i e
R AME M R, WY X g C ¢ N
(LA TABRKFE (14D, C: P(1. 1) & T4
BRAKSE (0. 62) i N = P(1.05) i T 43k KF (0. 44)
(Bl 2), L3R C: N FIE C: P s, R AEY
AR EBEZEZ C RS, APt F C M
PEE T NP,

BEAb 3 Ffobk 43 2 20 1) + B il Ak 2 T e )
FABERS/NT A5°, FRIAIX 3 Bk 4> - HERLAE B Bk
2 N BRI FE N BRI L AT £ 55
N, A P21 hn NAG Rl LAP [ 1% Mok JR

43 N DL S B 3% 50 T 2R, 2R 28 A NRR I
I, BF 5T X3 Fbk oy R HE 232 C Al N Ag S [a] B
il . EHEIN R, VL AAE MK, C RSB S, &
IR 51 A R R A S5 08 TR 22 il , MP i MMP
B VL AH B BAR LR 3 Ca) ], Ui B & B B Fb 5 05 1R
ZEREHI 55 HIEM A Z B C BRI, H RS A T AR
S U TR A2 W0 T 4 - 57 43 A A8 Y TR I i 3 4
I R R C A R 48 - SOC ¥k BE R i
YL N AR AR T AMNE N B A R
AR FCE W B R AE R A5 R A% Lo An [8 Z0R Fh el
PLIE 1 5 [ 0B 45 A ok 1 e NU L SR A B 5
R LT TR TR AU A, S R AN /IR A MR 1 N
B 1R AT RE R A AL AR T e iR )2 - BE R N
AR R WSO LR 9 I3 A i O S E R 2
SNy ==Y /110 AN LR R R RV R G =N
T A CON I P 45 n) 8, [ i A B F 28 M 2 2
N TR — 2 A = 5 350 = 48 57 43 iR AL FAE )
e A IR R

AH OGP AG 30 245 SR W1, R 7 ) i R AR AR 2R ) 6
+ 8575y F 8 (SOC, TN, TP %) 5 C : N Jif§ C :
PHfEAER Z RAHCHE, 58 N = P |2 B ¥ FEAH
oKL 3K R WA V& Wy o R A0 AR AR L 1 HESR A  E n
e RIS B N OB SRR b R
FROrBUIR Tl A2 T H AT DL 7R A Wk 3R 40 18
FEOL . AW WA 1 5 b 5 5% 4 B A &k
Z I AAEB MR KR G IRt i ez WA
WERA O ZR U] - St i O R 2
KRR A M B AL AT bR SR 4 1 b = B AE AR
FH— XL SR, BT D A R N T4l bk
ST ZR A 2T 2 B R b2 R e
FEOP T o L 22 AT 0 3 A AH DG G 3R L T R 2 Tl Ak 2
THg e 5 5z Fofh I 7 Cn 345 8 R L KR
) s B 32 Z R0 T I 25 A 52 i, R 303R a1k
St a L X AL 2E T L S I 55 . RDA 458
/R s TN.MBC.NO; -N J& 5% Wi + 3§ 16 2 3 5 b i
RPN, ELIR 75 W e R0 A0 AR A i | R B Ak R
FGLA: ) A= ) i 00 2565 R D BR A B Tl Ak 270t o L A2
Ry 11 9% [ 4(o) . AR AR H A MAEYEY
i S EEE AT A B A O R M A
1kt e MBC @ MBN,.MBC : MBP 5 C : N
FFATE & UM C R . WUAEY A R FiHE L
PR R 000 A 25 R G A M R B SRR S I Fe A,
BT 3SR 1A S 5 3R e aE T L )



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

MISEET dr s AT AR R[] A bR 4 S R 5 B o+ e
e 03 Lo HAT RO R 8 2 ol A 0y A i DT 82 ol A
Py m] ) 57 23 ) Bl R 5T B R R e AL 2 T B LG T
Fr o3 MR 9 A ) o Al 2 3 o L T AN R 2 B )
] AT BE IR BEAR

4 Hit

TEE A N T alidkrh 5| A —Ff 5l 2 Fir 7 i R F
S U VR AC L A R R S A R AR SR A AR A
Yyt R M 5 B Ak 2E T R L 25 R R W] PPLMP M
MMP 3 Fbk o3 i -+ AR AR A= B 4 %8 C IR 75
SRy WA AE R AR 2 CON SR [R] BRI, 1 5 18 TR
L R AR R S RS N AR HHE C BRI
MBC.TN.TP,MBP.,MBC : MBP J& 3K 3 + 13 fiti 1%
PR ) EEH L i TNLMBC fil NO; -N 25 i
fiff fb 2 it i AR B . AN AR B S R B
WA TR A i J5 1 E AN N TARATS A7 76 N ]
o FE 228 o P o 3 RO 0 Y it R D A A L e A AR
FE IR RS R

2% Lk

[1] CUIY X,BING H J,FANG L C,et al. Extracellular en-
zyme stoichiometry reveals the carbon and phosphorus
limitations of microbial metabolisms in the rhizosphere
and bulk soils in alpine ecosystems [ J]. Plant and Soil,
2021,458(1) . 7-20.

[2] YANG Y.LIANG C,WANG Y Q.,et al. Soil extracellu-
lar enzyme stoichiometry reflects the shift from P-to N-
limitation of microorganisms with grassland restoration
[J]. Soil Biology and Biochemistry,2020,149:107928.

(3] XU BRARZAE  J7 il B, 55 08 76 90 WS Jn RS o % A2 R N
bR A K A B 0 1 B H AR A R L s [T, AR A
24 ,2020,40(16) :5739-5750.

[4] HUANG Y X,WU Z J,ZONG Y Y,et al. Mixing with
coniferous tree species alleviates rhizosphere soil phos-
phorus limitation of broad-leaved trees in subtropical
plantations [ J]. Soil Biology and Biochemistry, 2022,
175:108853.

(5] 2, JHFe B, sk Bk IY , 55, rh I $4af AS [] 2% bk 58 3 75 =X
AL AR AE (T, A2 25731, 2018, 38(18) : 6741~
6748.

(6] Srmids. EMERATWEFT, 5. b E oy 38 A TbK 1 3
il % M B Ak 2 TE s R AR [T, 0w 2R 35 2 4, 2020,
31(6):1980-1988.

(7] AEmSSe, 330, BRI e, 4. vh 0 $A A [) AR I 2 F Ak

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

TR AL [T MR 4%, 2022, 43 (2) 1 1059-
1068.
LIU H F,WANG X K,LIANG C T,et al. Glomalin-re-
lated soil protein affects soil aggregation and recovery of
soil nutrient following natural revegetation on the Loess
Plateau [J]. Geoderma,2020,357:113921.
BRI BB A, DLHE KL A5 ZUES I X =0k X B B AR A
AR S SR A HL A 2 S MR AL R 2 ma L. 1
A AR 2023,34(10) : 2601-2609.
FANG X,ZHOU G Y.LI Y L.et al. Warming effects
on biomass and composition of microbial communities
and enzyme activities within soil aggregates in subtrop-
ical forest [J]. Biology and Fertility of Soils, 2016,
52(3):353-365.
WANG H,LIU S R,WANG ] X,et al. Mixed-species
plantation with Pinus massoniana and Castanopsis
hystriz accelerates C loss in recalcitrant coniferous lit-
ter but slows C loss in labile broadleaf litter in South-
ern China [J]. Forest Ecology and Management, 2018,
422:207-213.
NIE M,PENDALL E.BELL C,et al. Soil aggregate
size distribution mediates microbial climate change
feedbacks [J]. Soil Biology and Biochemistry,2014,68:
357-365.
LI Z J,REICHEL R.LI Z M,et al. Effects of snow ab-
sence on available N pools and enzyme activities within
soil aggregates in a spruce forest on the eastern Tibetan
Plateau []J]. Soil Ecology Letters,2022,4(4) :376-382.
ALI A,DAI D,AKHTAR K,et al. Response of under-
story vegetation, tree regeneration, and soil quality to
manipulated stand density in a Pinus massoniana plan-
tation [J]. Global Ecology and Conservation,2019,20;
e00775.
MARRON N,EPRON D. Are mixed-tree plantations
including a nitrogen - fixing species more productive
than monocultures? [ J]. Forest Ecology and Manage-
ment,2019,441:242-252.
5 B e Ak A BT (M. 3 J. b v B ROl R
#t,2000.
RAEK I BRSO Y E E Tr
B HIML JE 5T R R - 2006,
SATYA-CORK K R,SINSABAUGH R L,ZAK D R.
The effects of long term nitrogen deposition on extra-
cellular enzyme activity in an Acer saccharum forest
soil [J]. Soil Biology and Biochemistry, 2002, 34 (9) ;
1309-1315.
SINSABAUGH R L,LAUBER C L,WEINTRAUB M



[20]

[21]

[22]

(23]

[24]

[25]

[26]

(27]

[28]

[29]

HBEE DERAINSREIMEN T HARFEEEREBUFITELL

N, et al. Stoichiometry of soil enzyme activity at global
scale [ J]. Ecology Letters,2008,11(11):1252-1264.
YAN J L, HUANG X M, SU X Y, et al. Introducing
N, -fixing tree species into eucalyptus plantation in sub-
tropical China alleviated carbon and nitrogen con-
straints within soil aggregates [ J]. Forests, 2022,
13(12) :2102.

GUAN H L,FAN J W, LU X. Soil specific enzyme
stoichiometry reflects nitrogen limitation of microor-
ganisms under different types of vegetation restoration
in the karst areas [ J]. Applied Soil Ecology, 2022,
169:104253.

MOORHEAD D L, RINKES Z L,SINSABAUGH R
L.et al. Dynamic relationships between microbial bio-
mass, respiration, inorganic nutrients and enzyme ac-
tivities: informing enzyme-based decomposition models
[J]. Frontiers in Microbiology,2013,4:223.

AR BRI B SE PR - PR R AR ] A A
AU - WG KA E R AR AR ] B 5 IR AR
S H.2023,29(2) :423-431.

W1 W X%, 224, 55 0T [ AR 1k o it 0 5 R AR A2
AN TAARA WYy i RSB s ma [T ], A %4k, 2017,
37(23):7833-7842.

CHEN H,LID J,MAO Q G,et al. Resource limitation
of soil microbes in karst ecosystems [J]. The Science
of the Total Environment,2019,650(Pt 1) :241-248.
T L 2% PR, XS, A A TR] it I 1 i % 7 PR A% )
R ACEE IS PE R R LT ] N 5 R A
2020,26(5):1107-1114.

ARIEEE TCLE A J 5 IS S5 RO AR Al ) 3 L B
LA bR S Bl 2 4 AV A R g [T, A A A
2021,41(14) :5611-5621.

WU, TR AR 8 IR R A il R 1 BOE RUE W AR )
RO EHAZ R N AR H e A o 56k [ ], A A 2 A ik
2020,39(12):3934-3942.

LAGOMARSINO A, GREGO S,KANDELER E. Soil

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

5 0

organic carbon distribution drives microbial activity
and functional diversity in particle and aggregate-size
fractions [ J]. Pedobiologia,2012,55(2) :101-110.

T H R WM S SRR X 2 A T R IR SE AR
AT B A R M 4 R RRAE [T . 4R S % R, 2020,
40(17):6179-6188.

BE 22 RV RN S RV DR I & T
e P SR MO B S PR R [T . AR A 4R, 2015,35(5)
1422-1433.

R TR A L 43 B A R s el L 5 DA 2R A R 2 X

FEAS AR B A g 07 [ ). AR A& 24, 2020, 40 (18) : 6532+~
6541.

WARING B G. Exploring relationships between en-
zyme activities and leaf litter decomposition in a wet
tropical forest [ J]. Soil Biology and Biochemistry,
2013,64:89-95.

YOU Y M, HUANG X M, ZHU H G, et al. Positive
interactions between Pinus massoniana and Castano p-
sis hystrix species in the uneven-aged mixed planta-
tions can produce more ecosystem carbon in subtropical
China [J]. Forest Ecology and Management,2018,410:
193-200.

HUANG X M,LIU S R, YOU Y M, et al. Microbial
community and associated enzymes activity influence
soil carbon chemical composition in Eucalyptus uro-
phylla plantation with mixing N,-fixing species in sub-
tropical China [J]. Plant and Soil,2017,414(1):199-
212.

S H O VEIKSE . B ER AR A RN Dbk 4 3
PR SR AR Tt 0% 1 B LA 24 ik i e i sg L. 7 Ve
2022,42(4) :569-579.

LUO X Z,HOU E Q,CHEN ] Q,et al. Dynamics of
carbon,nitrogen,and phosphorus stocks and stoichiom-
etry resulting from conversion of primary broadleaf
forest to plantation and secondary forest in subtropical

China []J]. Catena,2020,193:104606.



AR ,2024 £,31 %, 5 3 #§ Guangxi Sciences,2024,Vol.31 No.3

Effects of Introducing Other Tree Species of Different Ages into
Pinus massoniana Plantation on Activities and Stoichiometric
Ratios of Enzymes Associated with Soil Aggregates

HUANG Haimei' » YAN Jinliu' LI Jiajun' » XIANG Mingzhu' - LI Changhang' »
LIAO Shushou”’,HUANG Xueman'’,YOU Yeming'®" "

(1. Guangxi Key Laboratory of Forest Ecology and Conservation, Guangxi Colleges and Universities Key Laboratory for Cultiva-
tionand Utilization of Subtropical Forest Plantation, College of Forestry, Guangxi University, Nanning, Guangxi, 530004, China;
2. China Experiment Center of Tropical Forestry, Chinese Academy of Forestry, Pingxiang, Guangxi, 532600, China; 3. Guangxi
Youyiguan Forest Ecosystem National Research Station, Youyiguan Forest Ecosystem Observation and Research Station of Guan-

gxi, Pingxiang , Guangxi, 532600, China)

Abstract: The activities and stoichiometric ratios of soil enzymes are important indicators to characterize soil
microbial nutrient demand and nutrient limitation status. This study aims to investigate the effects of intro-
ducing broadleaved tree species of different ages into pure Pinus massoniana plantation on the activities and
stoichiometric ratios of enzymes in soil aggregates and their response mechanisms. The activities of enzymes
involved in carbon (C) ,nitrogen (N),and phosphorus (P) cycling in original soil and soil aggregates with dif-
ferent particle sizes,soil physicochemical properties,and microbial biomass were measured in a pure P. mas-
soniana plantation (PP),an uneven-aged mixed plantation (MP) of P.massoniana and Castanopsis hystrix ,
and a multiple species uneven-aged mixed plantation (MMP) of P. massoniana. The relationships between
the indicators were evaluated.,and the major factors driving the variations in the activities and stoichiometric
ratios of soil enzymes were identified. The results showed that: D Introducing other tree species of different a-
ges into the plantation significantly altered soil enzyme activities, which were higher in MP and MMP than in
PP and had no significant difference between MP and MMP. The enzyme activities were the highest in micro-
aggregates (<(0. 25 mm) ; @Litterfall mass,fine root biomass,soil physicochemical properties,and microbial
biomass were correlated with the activities and stoichiometric ratios of soil enzymes. Redundancy Analysis
(RDA) revealed that Microbial Biomass Carbon (MBC) , Total Nitrogen (TN), Total Phosphorus (TP),Mi-
crobial Biomass Phosphorus (MBP) ,and microbial biomass carbon to phosphorus ratio (MBC : MBP) were
the main drivers affecting soil enzyme activities,and TN, MBC,and nitrate nitrogen (NO, -N)were the main
environmental factors affecting enzyme stoichiometric ratios; @ The stoichiometric ratios of C, N, and P of
soil enzymes in PP,MP,and MMP were 1.20 ¢ 1.03 ¢ 1,1.17 ¢+ 1. 07 ¢ 1,and 1. 16 ¢ 1. 04 : 1,respectively,
which indicated that the soil microorganisms in this area had high demand for C and were easily limited by C
source. The findings suggested that introducing other tree species of different ages alleviated the C source
limitation of soil microbial growth and metabolism. In conclusion, introducing broadleaved species into the
pure P.massoniana plantation can effectively increase soil enzyme activities, promote soil nutrient cycling,
and improve soil quality. However,attention should be paid to the application of nitrogen fertilizer in the in-
troducing process in order to maintain the high productivity and sustainable development of the plantation.

Key words: Pinus massoniana plantation;broadleaved tree species;introducing other tree species of different

ages;soil enzyme activity;enzyme stoichiometric ratio;nutrient limitation
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