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WAN Renping" ?, TANG Jiandong’, HE Bo"*, Fan Ji"*, ZHAO Zhi"?, LIANG Zhengchuan"?, ZOU Xingcheng "2,
HU Junxi"*°, ZHOU Shixing" %3, HUANG Congde" *°"
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Engineering in the Upper Reaches of the Yangtze River Key Laboratory of Sichuan Province, Sichuan Agricultural University, Chengdu
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Forestry Investigation and Planning Institute, Yinchuan 750001, China; 5. Sichuan Mt. Emei Forest Ecosystem National Observation and
Research Station, Leshan, Sichuan 614200, China)

Abstract: [ Objective ] Extracellular enzymes in soil play a crucial role in mediating the ecosystem's responses to environmental
drivers, and their stoichiometry can be used to assess the resource limitation for microorganisms. The conversion from pure forest
plantations to mixed forest plantations is an important approach to achieve sustainable forest development. The current study on
ecosystem responses to forest conversion has predominantly concentrated on soil nutrients, carbon (C) sequestration capacities,
timber productivity metrics, and silvicultural landscape attributes. However, the effects of this conversion on extracellular
enzymes and their stoichiometric characteristics in soil remain poorly understood. [ Method JHere, the 5-year-old mixed forests of
Prunus persica ‘Atropurpurea’ + Malus x micromalus, Cunninghamia lanceolata + Phoebe zhennan + P. persica ‘Atropurpurea’
and Cinnamomum camphora + Metasequoia glyptostroboides as well as pure forest plantation soil of E. grandis were investigated.
All forest plantations were recently constructed after clear-cutting the E. grandis plantations. It was determined the effect of
mixed forests on soil physical and chemical properties, microbial biomass, extracellular enzymes, and their stoichiometric
characteristics. Moreover, the correlation between soil extracellular enzymes and stoichiometry with various soil properties was
analyzed, and the main controlling factors affecting the extracellular enzymes and stoichiometry in soil were explored. [ Result ]
The results showed that: (1) The three mixed forests increased B-1, 4-N-acetylglucosaminidase and l-leucine aminopeptidase
activities, but decreased that of B-1, 4-glucosidase and acid phosphatase activities in soil. (2) The vector length of extracellular
enzymes ranged from 0.68 to 0.88, while the vector angle ranged from 72.59° to 81.18°, indicating that microorganisms were
co-limited by C and phosphorus (P) in all the forest plantation soils. (3) The three mixed forest plantations reduce microbial C and
P limitations by increasing organic C, total nitrogen (N) content, pH, microbial biomass C: N ratio in soil, and C: P and N: P ratios
in soil. However, the microorganisms were still co-limited by C and P. Therefore, in the early stage of mixed forest plantation
construction, organic and P fertilizer can be applied to reduce resource limitations of soil microorganisms in the study area.
(4) Total N and microbial biomass N were the key controlling factors influencing extracellular enzyme activity and enzyme
stoichiometry in all the forest plantation soils. [ Conclusion ]JCollectively, these findings suggest that the conversion of pure forest
plantations to mixed forest plantations alleviates the microbial C and P limitations in soil. Notably, extracellular enzymes and
their stoichiometric characteristics in soil are influenced by interactions among vegetation, soil properties, and forest
microclimate factors. Thus, future studies should prioritize analyzing how mixed forest plantations affect these parameters
through plant diversity assessments (e.g., tree and understory vegetation), and understory microclimate monitoring.

Key words: Eucalyptus grandis plantation; Forest conversion; Extracellular soil enzymes; Enzyme stoichiometry; Microbial

nutrient limitations; Soil carbon, nitrogen, and phosphorus
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MBI, SRTEAR PO R F R ), R 1
TG, FEHEMORAA, DT 4 32 S AR 2 i 25
BREET BT, AR A 7 R G R Y BIFSE
BN OGHE RSSO BRBEAE . AR AE P RIAR R S
Jra ST T SR, N T AR R IR A MO
XF 4 A A1 Bl S Ak 2E T R R i A AT HiaE i
A M — S i s 25 R IR A — 3. . AR
( Cunninghamia lanceolata ) N T Zik5| A S L4
P T R R R ARG (AP ) TEHEUO), AR,
TE LS ( Pinus massoniana ) N T SR ARE L [
AR A AR S T I SR E S K (LAP )
WPE, (B ERART 18 p-1, 4-HET RS (BG)
AP WEME, JE—ERE LS T LY
AR, b R AR— S i R AT S AR IS R A
e S BU RPN R AR T S5 A FIAR 2R 3 W)
I FEC SR | GUE VI TR S5 A RN AR W ) 284k
PRI 0 - g AR RN Rk, A T4k
A 4 Ry YR SE ARS8 A il S LA 27 i 19 52 i
BLHMTSAS B

¥t ( Eucalyptus ) AF Ry SR A Rl BAT
L HESTEZ . T ERE S, C R FRE R
ARSI AR T b, DX S 0 i AR A, i 4 R T
BLEL A 546 J5 hm™™, Y iiAept A T 3 % A
B (5~7 4). ZAEEMB A2 E T
X, BECTMMAY) ZFEMET R HIEIE T =iR &
AR RGNS DRI 55 55— R A A A R R & A
ZHR TR Z w1 IR, AR A
T AR B SR 4+ & LR IR AR, B
e TR A Rl F s B, 4ERF TR A L
AW, JFANE LR R e S EEE
FAUSIOL SR, AR RR N T libk S ol 1 s e
el A AR Aol (18] Y A8 OG- S8 L A g R Ak 2 T A S
W AVERE . R, R UIER (E grandis ) A\
T 2fbR AR b 7 A Y E R AR 3 PG B AR
FhETR S MR X G, MSE T AN [RI AR 53 28 Y 1 1 S5 3
PR . A A Yy AR AN PR, b T 1
WS S AL 2z i 5 4% R R 2 B A E R,
FEERDT T 52 ) A 48 B A1 g K Ak 2 i AR A Y 324
K, B e 7~ B AR B AR b 3 3 AN [R) VR A PR A
XoF - S A1 T 1 RD GCAE W 9 4 BRI R s e, T
R B AR N TR A T R RTS8 0 A I 4 I R A
Z%

1 MRSk

|1 kT

fr e R VAS B I DL KR WRCA PR SN i/ /N W S il = P /33)'e
TR AT (29°26'N, 103°35'E ), 78 v a5 Sy B A 1y Fre
B LS, TIRAE 420~451 m Z[A], HuAbIF B I
B, BALUTRE . SR, AR
16.5~18.0 “CZI[a]; FIfEFLIH, 4 [EK R 7E 800~
1 600 mm Z [0, FEKFEETTEE (68 ).
G b e SR SRR, IREEZYSH 100 cm.
TR 3 A B AR AR L R SR TR S MR
] R AS AR =R 2R A8 TR Z IR L E A |
L2848k ( Prunus persica ‘Atropurpurea’ ). V9 it
% ( Malu < micromalus ). 2 K ( Cunninghamia
Wi f ( Phoebe zhennan ). 7 f&
( Cinnamomum camphora ) FIK*% ( Metasequoia
glyptostroboides ) %57 ¥ ; HEARZLUERIKRA ( Rhus
chinensis ). YK (Aralia elata) F1liZs ( Camellia
Jjaponica ) “F N F 3 FLAZ W LLER ( Preridium
aquilinum ), 357K ( Pouzolzia zeylanica ) FI ¥
( Veronica peregrina ) gy E

2016 /2, W E N T AR 05 R A
AR A T LM B+ VU (MPM, i
PRELM BRI AZ AR ). A2 K + MU + 20 i 25 Bk
(MCPP, FIFRIZAIRIIM ) FIFR+KEZ (MCM,
IR AR ACAR ) 3 RS, JFE B R aibk Ry
X (CK), 3t 4 Fobksp2emy, o il B, &
FiobR oy BB TR L 100 T (6.67 hm? ),
1.2 tREMITESEE

2021 4F 5 A, 30l 4 Fobk 2R, 38 ST
Mo S5 HEA 30, AR 400 m® (20m x 20 m)
Pl BEAAROF AL 3 AN, Heat 12 AR,
PR AR BN, BT, BIFERT 100 m.
X 25 s 14 1l 1) P AR R A T A, e T & AR O
HIEEATE AL, AR IR 1.
1.3 HEmREELE

F 202147 H (AEKZE) M20224 1 H (4F
A TR ) TR b 1 N $2 RS AETE T R UBURE R i
B 5 A IR, B E T 0~20 cm H120~40 cm
PIAS L2 IO . TERBRARCT AR | B ACRIA AS v it
Ja oy RS AR SR 100 em® SR TRE S . ] —FR

lanceolata ) .
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Table 1 General situation of stand types

) R ) ”» RS o I HiIp] B2 R LT 27 W
oy A AT PR AL
Mixed Average breast Density/ Canopy Shrub and herb ~ Altitude/  Slope/
Stand type Agela Average height/m
proportion diameter/cm hm? density richness m (°)
CK / 5 7.0 8.1 1350 0.7 15+£2 451 15
MPM 3:2 5 7.9 5.6 1250 0.7 17+£3 425 17
MCPP 4:1:1 5 4.7 4.1 1460 0.7 24 +7 438 20
MCM 3:1 5 8.2 6.9 1510 0.8 22+4 438 18

. CK: BEHealitk; MPM. 210284k 4 PTG 32T AR MCPP: AZK 4 Midi 4+ 20 BRI A AR, MCM . T di 4+ K AZ IR Ak
A, Note: CK: Eucalyptus grandis pure forest; MPM: Prunus persica 'Atropurpurea’ + Malus x micromalus mixed forest; MCPP:

Cunninghamia lanceolata + Phoebe zhennan + Prunus persica 'Atropurpurea’ mixed forest; MCM: Cinnamomum camphora + Metasequoia

glyptostroboides mixed forest. The same below.

HEHD SRR i 20 R R S, 2t 48 A HHERE AL R 240
AP TIRE S o B S S BRI SOCE T K&
(<4 °C), It s, bRk R g Ze A
AR, 4 AR 2 mm 0, BT 4 CUkE TS,
FH TN 3 G0 W AR W i RO AP RS P 5 O — 3
gy HRE A SRAT BE 41 FH T2 -3 pH . A bR . 4>
RAAHE . 100 cm® B JTRE 5L T 5E 5K
1.4 HRNESHH

S (R T ) VIR A R
pH i1 (PHS-3C, PUCHUN, H[E ) I35 E AR 7
B bRy 10 2.5 (9 3K BRI I e 5 pH;
IR )3 4 EoKk s A IR Ak —
ARG E - A AL s RIHGHERY Kjeldhal's
ik, H A HHL (UDK-149, VELP Scientifica,
RORA) ME 3R S A Rl —H 6
Fb 7R DN A - 498 4l s (0 R el i 22 LG TR 2 0k
52 4 St A A s AR A e | Y

HHE Dick!"? 1 Nannipieri %5 POWF 58 d 4R 45 1Y
PRERR T, LR 2SO IE I E 138 BG. B-1,
4-N-Z, Bt 2 JE A M7 B ( NAG ), LAP 11 AP I 1,
RV T M A1 b 2 T R A G R i . A
BEBR R ¥ 4 g BriE A 200 mL BEAR T,
JA 40 mL SR 2% v (50 mol'L ™', pH=5.0) Jf
FHEE AR S 5, Hl & s LS. i
Z B E W 100 pL A 5 B 77 WA 150 pL iKY
BWEAN 96 FLEGAR AR . 7E 25 CHYEWE &1k T 85
Fl, mAENFLRMmA 10 pL 89 1 mol-L ™' A %R

AW LA 2k O o SR, 2 2 e i A
( Spark 10M, Tecan, %+ ) 7E 365 nm JA I K
Fl 450 nm K SHEK T D0, R HIETY
Jo £ R B N7 B ) A T B T T R ) RS )
8% 75 I [ 3 DL 3% 2P,

B (BG). & (NAG+LAP) FI# ( AP) {EF
1) - 38 L A1 il A 27 T e P T T 08 X B L A R T
AP, B C: N=Ln ( BG/nmol-g*h') :Ln
[ ( NAG+LAP ) /nmol'g"“h'l; i C : P=Ln
(BG/mmol-g"*h™") : Ln (AP/nmol'g"h™"); fiff N :
P=Ln [ ( NAG+LAP ) /nmol-g"h'] : /Ln
( AP/nmol-g "*h™" ), il A1t 5% 0 FH 2K 12t 4 3 A K it A
FERITS . B KK L=SQRT (x’+)°); KEM
J# A=DEGREES ( ATAN2 (x, y)), X : x»=BG/
( BG+AP) ; y=BG/ ( BG+LAP+NAG ) ., KK JF
2% IR Y 27 BRI B R, % B A AR
A 32 A 0 A R Y ARE ORI
HHERAE YIRS B Y, KR KR T 0.61 Ut
W52 B0 B0 0 I A e R, < 1K B R R W A3k
A BRI R s R A EER T SSeut MU E WA
FERERR S, /N 550U B i A A7 e PR
1.5 HIERESSH

fdi 41 SPSS 22.0 X T Al s B s i AT 48 1143 #r o
B, BT SR 2y 2555, R R
BEWEZESD (LSD) #1725 B EHERE (P <
0.05); M ZEAFEE, FIHXEJEHE T3 ¥ ( Dunnett
T3) #7225 B EMHRE (P<0.05). K, RH
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Table 2 Name, enzyme commission number, abbrev, substrate, and culture time of extracellular soil enzyme ™
- e - HeJein
TN AL T FK JE#)
Enzyme commission Culture
Extracellular soil enzyme Abbrev Substrate
number time/h
B-1, 4-THET M 3.2.1.21 BG 4- F]V R4 I ] - B- D - L P A 47 1
B-1, 4-glucosidase 4-MUB-B-D-glucopyranoside
B-1, 4-N-Z 5t Ik A W41 1 3.2.1.14 NAG 4= B T R T - - D - I A AR 4
B-1, 4-N-acetylglucosaminidase 4-MUB-N-acetyl-p-D-glucosaminide
SER TR AL KA 3.4.11.1 LAP L-Se /R -7- Ak -4-H IR B2 R 5
L-leucine aminopeptidase L-leucine-7-amino-4-methylcoumarin
P A T P P 3.1.3.1 AP 4= TS A T e T B i 1
Acid phosphatase 4-MUB-phosphate

MR ARV AR (LMM ) KAk 28 | 4 R
JE ISR B ] 9 2 20007 B FLA2 BARE AR+ 3 Sk 1
BT, AR Mk R L UE Y AR Y A
FAbzeit it . M AN IS M Sk 2 R . FE
i, EARUERL G S VR M BEAL 5, AR

A SRR E FSRAE ] )V [ Y o F3, FILH LSD
AN [R] A 35 R B RN SR A B[] 1 £ R 2R FR AR 1)
flhiit#E (EMM) #17 T 25 AP, e
SEFE W SRR AR AR SR EE, T
T E A ML VT AL A RO R BUFE AR 22 57 . BT BB
BUL OFYE £ b2 Fon. ma, RS
( Pearson ) AHOCHESFHr o E - BB N+ 5 - 1 i S ily
FAE R A 2R 5 IFRS I AP A Ak~ it
5 R T 2 A ST TUAR A HT (RDA ).

2 4 R
2.1 REHE LR ERRFRSUEITRHE

H1FE 1a~[&] 1e WA, 4 FibRor 2RI AE 45 RAE B
[ A4 20 3 pH . Sk ALK, 2EM4e
B 4 T 3.49~5.44 287.4~433.7 g'kg ' . 10.43~
2592 g'kg™'. 0.77~2.10 g'kg ' F1 0.26~1.21 g-kg .
S EAAEMAH LG, 3 FESS MY 2EE  T 4% pH
A LB . A A AR AT E (P <0.05,

Kl 1a, Bl le~Kl le), fUFRFIRASHE ERS T 1
HEKEMAEITEE (P<0.05, El1b).

H B LE~& Th a1, 4 FhARsr 28R 3% C -
N, C:PH N: PorjlfT 11.02~14.11, 13.15~
56.26 1 1.14~3.98, 3 FlIR SIS i REAR T 145
N: P A4 (P < 0.05, I 1h), {HXf+3E C
NI ER AN B (R 1), A, 2otk
FAZATR S B FRAR T 38 C : P A TTIME (P
< 0.05), EFMEELHMITHHE C : P MG EE
WA EE (F 1g). 78 3 FRscHT, FRRASH
THEC - PAIN PRI IEY W E R TR
PRFILL - ZEBRIR Sk (P <0.05, K 1g, &l 1h), {8
3FIRAAREYE C NI E2E R AR E(E 2d ),

22 BREMHTEREDEDERRRUFTE
FHE

& 2a~1& 2¢ AIAL, 4 FhbRs» 2870 B 1 3 A
Yy A RN AR ) A i R o B A T 44.8 ~
223.2 mg-kg ' Fil 11.14~41.82 mg-kg '; TIEHEY
YR C NAYT 3.59~10.76., SEMAiIMARMEL, 3
PR A MRS 8 25 4 3 T - SR W A i A s
P& C: NRAEIHRME (P < 0.05, K 2a,
Kl 2c). #£ 3 FEscH, 20nt EBRIE SRS R
TR SR L G A W 2B s B R A 113408 10 35 K T4
REIR AR L1 ZEAR TR S Ak L 3 W A W e Y

http://pedologica.issas.ac.cn



6 Y] TP BRI 5 R SRR S Al e A~ A5 1893

T HE R FER T ARSI ERIR S, EA T BRI A RR A (P <0.05, K 2a~
IR I A C: N AiHERER K 2c),

SMC/(g-kg™) SOC/(g-kg™) TN/(g-kg™)
0 200 400 600 800 30 40 3 4
I I I I I I I [ ]
a) b) c) d)
IS
25 5
m
5 = ©
= <
a Q L |
g Q% QTH** QTH** ]
8 gl g SD*x* QD %
Y o = T* TH** 2
i Ja ST-SD** I STxSD*# STxSD** | 2
:ﬁ Qe b g¥i’£DXT** - 2 2 = D
T L ‘Hb K 3 i E
S 1 = =}
Q S Q Q I
] =
b £ g g =
3 b s 3 E
@ - =l = =
ey o g 7 g
= £
20 6 &
@]
1 f =
D ok S h| |
& S > %
=
i ie aE
5 = S b
= —
= SF gDk QFF SD***
S iy T d Toekox g
N QT x Tk STxSD** g
53 SDx T STXT** =
® 2k STXSDXT*  ezemmh SDXT** |
+H 4B LB b STxSDxT -
Q N L
= = =
i o

TE: B AR R) /NG 7 375 A ) I [ AR [R) L 2 AR RAR S 2B R 22 5 i3 (P < 0.05), *, **HI***p | R IRTE P<0.05, P<0.01
P <0.001 WA LA BENER, BIPREEWT . ST, #oksd; SD, LHERE; T, REMNE., SMC, 13EE/KE; SOC,
T HEA LR TN, L8E4%; TP, B4R, SOC: TN, SOC: TP Fll TN: TP /3414 C: N, C: P fI N: P, F[d. Note: Different
lowercase letters in the table indicate significant differences between stand types ( P <0.05) . *, **  and *** indicate statistical significance
at P <0.05, P<0.01, and P <0.001, respectively. ST is the stand type, SD is the soil depth, and T is the sampling time. SMC, SOC,
TN, and TP represent soil moisture content, organic carbon, total nitrogen, and total phosphorus, respectively. SOC: TN, SOC: TP,

and TN: TParesoil C: N, C: P, and N: Pratios, respectively. The same below.

K1 R TR B ALYERT (a. pH, b. SMC, ¢.SOC, d.TN, e.TP) KFF/MEEIHRARE (£ SOC: TN,
g.SOC: TP, h.TN: TP)
Fig. 1 Physic-chemical properties ( a. pH, b. SMC, ¢. SOC, d. TN, e. TP ) and stoichiometric ratios of C, N, and P (f. SOC: TN, g. SOC:
TP, h. TN: TP) in the four forest plantation soils
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)
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= ST**
é QD %\ &
M 1 (2|0
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STxT** = STxT** |m | @
SDxT*#* 1 SDxT##* |~
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. MBC, H3ERUEY YRR ; MBN, H3EHCEY Y% . MBC: MBN b H3EHUEY £ Y& C: N, T, Note: MBC and

MBN represent microbial biomass carbon and nitrogen in soil, respectively. MBC :

same below.

MBN is microbial biomass C: N ratio in the soil. The

B2 RTEIAR Y S R W A e i R AR T RRE (a.MBC, b.MBN, ¢.MBC: MBN)
Fig.2 Microbial biomass carbon and nitrogen and stoichiometric ratio in the four forest plantation soils (a. MBC, b. MBN, ¢. MBC : MBN)

2.3 BRTMABLIERIMERE . BRI YT

B A 55 53 BR 15 05

i & 3a~ & 3d AT, 4 RS2 3 BG
NAG . LAP H1 AP if % 43 ol /v T 1453 ~
454.8 nmol-g ""h™', 28.4~192.2 nmol'g *h™", 3.86~
13.82 nmol-g "“h™' Fl 845~2 232 nmol-g “h"', HE
FRAMAR L, 3 RS P2 5 T 1% NAG i
PERUATEIME, WEREALT 13 AP IR AT
i (P<0.05, ¥ 3b, & 3d), {Hxf+3E BG fil LAP
EHERATIEE A RS (K 3a, B 3c¢); 7 3
PR AS AR, BREL BRI 2K 35 NAG 36 M4l
THAME R TR AR RR M (P <
0.05, &l 3b) , HAth T HERAMEGIEPERAG T 2
SRR E (K 3a, K 3c~K3d) .

i & 3e~ & 3g Al T, 4 FhAKs» 28R + 3 A
fitg] C: N.C:PHIN:PHHIANTF 1.12~1.47.0.72~
0.84 F10.50~0.71, 3 FEACHRYY 1 24 m T 1A
G N P ORIAG T IE, A RRAR T e A il
C: NAEHME (P <005, Kl 3e, K 3g), HX+
HEMaSME C P AAIT I ER AN B (& 36); 7E

3 FPRASHT, PR FEARIR SR - e S N 2 P
ARG THSE R TR RERASMIN (P<0.05, &l 3g),
A2 YR 5 A A S M At Ak 24 A A TS Y
T EER (K 3e~K 3f).

& 3h~ &l 3i AT, 4 FhobRsr 287 1Y 1 S A b
ity O 5 A< BE A O B A BE 4 A T 0.68 ~0.88 Al
72.59°~81.18°, S EMAIMAHLL, 3 PRSI B
FRAR T AR A1 AR A B RN AR o A B A Y
fE (P<0.05, B 3h~& 3i); 3FIRsSHE]R 2 F
AN, (RZ I ZEER TR S AR i AR i B R K o A
FE B A T E AR AR (B 3h~&] 31 ),

24 TIEMIMNEFE. WETERESIERF

FEORRRAADCHE T 2RI (3% 3), L3 4 Fiish
ity 15 3 5 A LK . A AEY B AR
WMEBEEMELER (P<0.01), H5HEMAEYE
Prar € NE2BFERME (P<005), Lo, i
JIAMEE C @ N AN R B R LR A S
AT LR A RN GA: 0 A o e R R b 3 A
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TR, Note: BG issoil B-1, 4-Glucosidase; NAG is soil B-1, 4-N-acetylglucosaminidase; LAP is soil leucine aminopeptidase; AP is the
soil acid phosphatase; L, vector length of soil extracellular enzymes; 4, vector angle of soil extracellular enzymes. BG: ( NAG+LAP ),

BG: AP, and (NAG+LAP ): AP are extracellular enzymes C: N, C: P, and N: P ratios in soil, respectively. The same below.

RFIRR G2 + e GE WA S (2. BG, b.NAG, c.LAP, d. AP). fiifb"#itii it (e. BG: (NAG+LAP),
f.BG: AP, g. (NAG+LAP): AP) KGA#FRnMRalRkal (h. L, i.4)

Fig. 3 Extracellular enzyme activities ( a. BG, b. NAG, c. LAP, d. AP ), extracellular enzyme stoichiometry (e. BG: (NAG+LAP ), f. BG:

AP, g. (NAG+LAP ): AP ), and microbial nutrition limitation status (h. L, i. 4 ) in the four forest plantation soils

& 3
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®3 TIRMINBEM. KFEUERHESTIREFRIEXNE
Table 3 Correlation between soil extracellular enzyme activities and stoichiometry and soil factors
TN T BG: (NAG+LA
BG NAG LAP AP BG: AP A
Soil factors (NAG+LAP) P): AP
pH -0.015 0.175 0.217 -0.233 -0.292* 0.108 0.258 -0.232 —-0.057
SMC 0.244 0.340* 0.097 0.473%* 0.035 —-0.155 -0.102 0.022 0.173
SOC 0.621%** 0.721%* 0.691** 0.622%* —0.588%** 0.576** 0.702%* —0.380%** —0.585%*
TN 0.678%* 0.789** 0.668** 0.724%** —0.606** 0.578** 0.725%* —0.416%* —0.584**
TP 0.184 0.248 —-0.022 0.436%* —-0.220 0.007 0.150 —-0.165 0.052
SOC: TN —0.096 —-0.046 -0.010 0.028 —-0.003 0.001 -0.019 0.035 -0.026
SOC: TP -0.117 -0.115 0.038 -0.224 —0.156 0.280 0.260 —-0.101 —0.360*
TN: TP 0.119 0.166 0.401%* —0.109 —0.145 0.274 0.258 —0.111 —0.360*
MBC 0.130 0.183 0.376** —0.091 —0.767** 0.463%* 0.787** —0.650%* —0.660%*
MBN 0.320%* 0.715%* 0.449%* 0.153 —0.613%* 0.707** 0.788%* —0.385%* —0.808%*
MBC: MBN —0.546%* —0.345* —0.540%* —0.386** 0.039 —0.535%¥*  —0.297* —0.134 0.459%*

e * TR REMK (P<0.05); **Fml i FEHHK (P<0.01). N, Note: * indicates a significant correlation ( P <0.05) and

** indicates an extremely significant correlation ( P <0.01) . The same below.

K (P<0.01); LI C: PFIN: P35 L4
BB . AR R ) A P i RS A 3 TE AR O
(P<0.01),

TOARATEE R, X S AN BT 1 5 )
FHHE R ELE . AR MDA
Y C: N M3 C: N, MBESINAN 71.9%,
12.2%. 5.2%K1 4.5% (& 4a, [ d4c). X +IEHEIH
il Ak 2 5 ) Y R R A Y
A WEY YRR SR, BRRES N
66.6% . 18.3%#1 6.6% (& 4b, K 4d).

3 3 ®

3.1 REMI HIEEAMERESFS U ETTERN RN

E R sl MR 40 R IR A 3 pH I AG T 34ME
WE T (P<0.05, K la), XAl fe5IRASHE A
TR B G SERSEMARLL, RAC
RO RE SR R AR R (I, A
MLER . B 2 FER R4S ) ek 08 & 4 b i i v Ak &
Yo, ARBTRMPTEE) mAgREA, i
A pH LAY pAh, R ZRREE Y
Al e SR A Y XA WL REH , THFEE £
MR T, i3 pH® 2, AR5 KB,

3 PRS- HEA ML . 2R 2k &m0
H¥ B E R FHAAK (P<0.05, K 1~ le).
— 5T, RSl PR 1 B — R R A e R
Sy TRAEE , T IR S MGE 1 B AR 1) BAME T, B BT
YR AR T R HEFR KPP 5 — T, MR Tl
M, TRASHRTRAM RN . AR HEA A ) 2 R
B, PR AR ER, WReE R3S
AR EE AL, #m T RS S

3 C P FIN : P RENSHT IR A R0
+HEC: P ORI N P BRI MR A A
o, R ke B G 2R I 0 A 55 - R T RS
BT EMIRE S BGR P AR LE RS Chen ZER8HF
AL, EERACHR B LR T C:P I Nt P
MIAGTTIME, FRITRACMAT 2 o s A
(B 1g~K 1h). FEEZEAL PG H, H5,
BT Ak, TR AR b 2 R T BE S 4 E
YR T 2 0B sh R, DI = 3R Y
AR Hok, R EHE pH (i, kT
ST Iz shRaT Kok, A R TR e A
ROPERS 20 e Ah, 19 C 0 NCRHIW AR A AL
JE 43 R I AR AR DY SR SRR D I g A R
— 3, FEE AL 3 MRS 1 C 0 N RIS
HHEZEFHIAREE (A1) o XATHERE R N 14
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Fig. 4 Redundancy analysis of extracellular enzyme activities and stoichiometry and soil factors for the four plantations ( a. Redundancy

analysis of soil extracellular enzyme activity and soil factors, b. Redundancy analysis of the soil extracellular enzyme stoichiometry and soil

factors, c. Ranking of importance of influencing factors of soil extracellular enzyme activity, d. Ranking of the importance of influencing factors

of soil extracellular enzyme stoichiometry )
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