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Abstract; In order to study the effects of mixed Eucalypts with precious native plant species on soil nutrient status from
the perspectives of soil enzyme activities and stoichiometric characteristics, we measured the activities of soil C, N, and
P hydrolase, including B-1, 4-glucosidase (BG), B-1, 4-N-acetylglucosaminidase ( NAG), leucine aminopeptidase
(LAP) and acid phosphatase (ACP) , and physicochemical properties in pure Eucalyptus plantations, pure Castanopsis
hystrix plantations and mixed Eucalyptus and Castanopsis hystrix plantations using a randomized block method in the
Qingshan Experimental Field of Tropical Forestry Experiment Centre of Chinese Academy of Forestry, Pingxiang,
Guangxi. The results were as follows: (1) Soil pH, AN, AP and the activities of LAP were significantly increased in the
mixed plantations at both 0—10 e¢m and 10—20 cm soil layers, and the activities of BG and ACP were significantly
reduced on the above layers, but had nosignificant effects on the activity of NAG. (2) SOC and TN had significant
positive correlation with the soil hydrolase activities and their stoichiometric ratios except enzyme C : N. (3) There were
significant differences in soil hydrolase activities among the three plantations at both 0—10 ¢m and 10-20 ¢m soil layers,
as well as SOC and AN were the dominant factors affecting soil enzymatic activity. (4) The soil ecoenzymatic C : N : P
stoichiometry of the pure Eucalyptus plantations, mixed Eucalyptus and Castanopsis hystrix plantations and pure
1,16 : 1.34 and 1 : 1.07 : 1.31 at 0-20 cm soil layer

respectively, which were inconsistent with the 1 : 1 : 1 global pattern of C : N : P stoichiometry, which suggests that

Castanopsis hystrix plantations were 1 @ 1.08 : 1.37, 1

the soil microbe of the three stands were more easily restricted by phosphorus than carbon and nitrogen. Additionally, the
values of enzyme C : P and enzyme N : P of the mixed Eucalyptus and Castanopsis hystrix plantations were both higher
than that of the pure Eucalyptus plantations, while its enzyme C : N was lower than that of the pure Eucalyptus
plantations, which indicated that the limitation of P was alleviated in the mixed Eucalyptus and Castanopsis hysirix
plantations to some extent, but did not improve the limitation of N. This study can provide scientific basis for soil nutrient
management and the improvement of the nutrient cycle of the mixed Eucalyptus and Castanopsis hysirix plantations.

Key words: hydrolytic enzyme activity, soil enzymatic, stoichiometric characteristics, mixed Eucalyptus and

Castanopsis hystrix plantations, soil nutrients
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- SEK i it 2 A A RN A SR AR AR o B 1 L A7
it , v LA AR I A 33 PIL T, s I S
(C) VA (N) B (P) F* 70 09 A 01 % )M ¢
( Sinsabaugh et al., 2009) , =33 /K fift i & %% AE
i - S AR A, BN AR N TR
FIZER S RS H (Burns et al., 2013), f 1%
KRR S S 2 IR 5, IT4Fk, & T 1
K A g ) I 32 A v A AR AR AL 2 T R L
( Sinsabaugh et al., 2009 ;Cui et al., 2018) , Bl £ 15
e o€ 2 & 0 p-1, 4% % BT (B-1, 4-
glucosidase, BG) . S5 R ILEIGHA W B-1, 4-N-4
Pk 46 B 2 M 1 B (B-1, 4-N-acetylglucosaminidase ,
NAG) F1 5% & iR & FE B (leucine aminopeptidase ,
LAP) Ul e 2 5 W o0 2 18 35 19 T2 7 % 1R i (acid

phosphatase, ACP) {8 X & P ( 52N 4545 ,2020) ,
ST A W 5 43 5 SRR AR R AR =2 1) ) 3 25
i, TIEBUEY 5N R A Z FfFAE C NP
SEFR T 0 A% i, JH 38 3 K S R TR B A LY
B AL R LA, WE R TSRS C NP
oAl ( Ward & Jensen, 2014) . H R, 32 28 + 1%
K A AL 2 T ] T 48 s - HE AR W 1 fE
743 FR iR ¢ ( Sinsabaugh et al., 2009) , % &5 1Y
BG/(LAP+NAG) #l BG/ACP 435l & 7= 1o £ W) 52
FEAR A N BR ) AT P FR 1 ( Sinsabaugh et al.,
2009 ; Waring et al., 2014) ., Sinsabaugh %% (2008)
R R, fE2RRE B, 25 C N P TRIEH
(1 +3ERE AL T i, B In(BG) /In( LAP+NAG) /
In(ACP) (B C : N:P)ITMRIA T =1 1, EWRELE
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SERRNEE IR C: N P AEXTRAE . 24 C -
N:PRE 11 1R, —BIAHh, YT sh 2
2 A ol ) BR i ( Sinsabaugh et al., 2009 ; 5%
4 2018 ;Guo et al., 2019; 77145 ,2019) , WAHF
R THIFEEEC:N:PHEHEC: N: PHER,H
TG T W RE T 0 38T MR G IT LA B S04 W 1 5% 43
TR EGRA, I e — e B LR 23R A R
PE(Hill et al., 2012)

TERMRA B R G, Mo AR TSR 1Y
FEI N K (BE 7% ,2003), FIEFRSHEE
iy AR 8 Y ) RN AR ) AR R A3 W, A TR R 4y 2
R[]+ 39 iy A (%) U 95 40 R0 G 0 ) 0 I R R R
), AT T3 R0y & i oA 22 57, X b SR 52 M)
- S IS P RN AL 2 F 5 LG (Hill et al., 2014515
TEAE 2016, 7K B R4 2018) . S 48 45 (2020)
Xof Hp T ARG ML Y (1 T B P AR b AR AR D R A
R A Y 5 AR 14 A 38 il TG 1 S LAk A L A I 5
RIR,MRAA R 2S00 T 13 BG RN LAP {5,
Hill %5 (2014 ) XF 32 Hb + 58 Bl Ak 2% 1 F 5 09 iF 58 %
A, I 408 ik o 5t 4 000G O, RV ) T LR AIG,
3 BG I VEREAR, A WA BT g o, H AT, G
TSR3 XoF K fife Bl 05 1 S FLAb 220 o L iy
SR 5E AR X B> P IR A B A S 5 A
Yk ER Ak e — o BRI, ik — 2P B 1
R A W 0 37 53 T SR AR AR RRAE , A A B TR
Ay AGE 4 el A AL AT R AE A R,

AR N TR AT ok i Pkl & R, AN AUEE R T
] A U, B4 0 T AR 25 % i HL 3 o
T AR AR A RE ) (R E AR AR 25 2016) , H
I, B TR N TR PR s — | 5247
AR B TR LA S s B T8 m AR TS
YLRNAR = 5 AROME ARG 1B MR B X R
IOGAF,2014) , B S B N TMOA: 38 R 4 ik
55 UIREW S , W Ah 2 REPEREAR, B R A A R
SR B, A58 R, B — W R A T
T2 B R T AT 22 A TR 2 1 AR e A A
NTMBEIE S50, LRe Rk N THAESREN R
P & J& ( Forrester et al., 2006; Hu et al., 2006;
Huang et al., 2017) . #T4FK, ¢ T AN TAR L84
BALFT R AR A 5T, B AR X T — b i
ORI RS (8 5 28 45,2014 ; 2531 25, 2016 2F 5
T4 2016 ; 5K FT4E 2016, 5 AH LS, 2017 ; AT 3% B
A5 2017 ;K 4R MESE 2020) , SR, AR R £ LR

ol 55 A A T S 0 - 3 K A A 2 T 8 R A R W A
AR R AR, AR =X 25 5 LW Fh S
Fe R TR A2 R - 38 3R IR DL i A AR, PRt AR
5% AR 4l AR ( pure Eucalyptus plantation, PE) |
LT HE AR ( pure Castanopsis hystrix plantation, PCH)
A B x 20 HE IR 3¢ MK (mixed Eucalyptus X
Castanopsis hystrix plantations, MEC) = Ff A [F] Ak 73
HWFFERS R [ A SCHEFE R 52 b ke 8 2 0 e B A
( Eucalyptus grandis X urophylla) ], i i3 #fF 5% 4l bk
TR bR - S 3k 5 R 7K e il 955 P B oAk 2% 3t
i LA AR A6 2 BT R AR 5 21 TR A X R R L
[R5 W 3 17T 4 75 0 BRI VR S8 RO - 8 il A 27 3
HEFERE AL . ©A PR, 5T L,
TR AP 7S ] 7 W) 1) 50 o R B B2 O 7 0 1)
O3l TR NSRS 0 UE G i AT A 1 o
(Forrester et al., 2005; Huang et al., 2014; Huang
etal., 2017) , £ 3G Ab 2348 Lo ol LA4B 7 £ 3357
I3 50U W) 3R 53 Z 18] 1 SR AR R OC &R (Bell et
al., 2014) , P, AR I LUR BRI (1) 1%
W5 LLHE TR S AR BE £ 8 - B 3R 0 i A R, DA
WA LM 1 5 (2) LRI e S RS
S ETH R I Z A IE R GG R, AW B TE
M SR REAL T LAY AR R Ok fi8 7 M 21 o TR
S SRy 0 e AL SRy e S 2% X A RN
TTORRAE fE AR S B IR PR AR OO B BERL A 0 B 98
etk

1 #R5 7%

1.1 R X R

AHFFE XA T PO AR X S A2 T B e T
rh MO B 25 B 5 B B MOl 52 50 Hhucs 7 LD S5
YAk X (106°39'50"—106°59'30" E, 21°57'47"—
22°19'27" N) , J@ i W 4T 22 KU X AR F 23
J£22 °C, =10 CHURE N 6 000~7 600 °C , 4%
Kt 1550 mm, AEZE K i 1 325 mm, T2 M 25
W TR F AT 4—9 A, 24 54E K BR Y
75% (K 4k #E4E,2020) , ISR 32 H A 5 41 4
FRELLE (TN AESE,2017) .

PERRIZ X 3 2012 4F & @ AR 2R (PE) (21
HEAAR (PCH) RN x 1 HE TR 2R (MEC) S ifF 5%
XF G T MRCHb A R A SR AR b, 37 b A% R AR —
0, 2011 4FA 25 SR AR b A7 N T3 B, OR
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PER 2 m, SEATATHE N 7 m, A7 AREE 9 2 m (&
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(a)4itk Pure plantations

2m 7m
| L

AT 2 0], ATIRIRREE R 2 m, BEANEIURRECH 334 Bk,
RIRAZ LB 8 = 2, £S5/ X H R AR IR
b e 1 m, I 20 em; N TIE5C, #A& R 50
em X 50 ecm x 30 cm, FAEHET 7 d, &7 250 ¢ £
FNEHAL, T 2012 4 H1 2013 4FRKF#EAT AT
PREEH . LI EEAEOLILEE 1,

| i i

2
O O | | O |
O O | | O |
o 1 | | 1 |
(bYRAX# Mixed plantations
m 3.5m 3.5m 2 m 3.5m 3.5m 2m
Jﬁ, | . . ‘ | ‘ | | . | ‘
o [ o | | o [ |
2m
O L o | | o L |
o 1 ® L | o 1 L
o O o | | o O |

(a) Y /NTTHEARR LUMRB IR SSCZAE 5 (b) PR/ IN T HE Zple it /1N Bl BB ARG 2T

The small boxes in (a) represent Eucalyptus or Castanopsis hystrix in pure plantations; The small boxes in (b) represent Eucalyptus and the

small circles represent Castanopsis hystrix.

3 2 (7 S5 N R UL Vs

Fig. 1

1.2 #itigESHARE

2019 4% 5 H 43 7 4% S50 /0N X8 A W) 3% A5 Bl
LS 5 AEE 20 m x 20 m AR, it 15
ANFET . AR T BENLIEERE 9 A SRAE A, H
WAEH 8.5 cm AU L4 R4 0~ 10 cm & 10~

Diagram of tree species in pure plantations and mixed plantations

20 em HJERIYHHE, 300 L BRI YR R K AR il
RS LA 2 mm FLARGH KR 2 2 7,1
Gy W T I0 2 L SEBARPE T, 55 1 (R AR AF T 4
C VKT T - S | ol 2B W A o SR I
SR CHSRRIE
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Table 1  Characteristics of the experiment plots in different stand types
Frsr K @TAZ I b _ etz WE e
Stand type Altitude Canopy density DBH Height Soil type
’ (m) (%) (em) (m)
PE 241 0.49+0.01a 13.60+0.41b 19.37+1.18b UiFAR: 3
Lateritic red soil
MEC 245 0.68+0.02h 13.00+£0.41b 18.36+£0.99b TRETHE
Lateritic red soil
o) — — 14.28+0.30 20.79+0.77 —
FEucalyptus
AR — — 9.49+1.12 11.68+2.26 —
Castanopsis hystrix
PCH 281 0.75+£0.02¢ 7.37+0.95a 9.54+0.68a TRETHE

Lateritic red soil

I PE. Healibk; MEC. #R xZLHEIRZSH ; PCH. ZLEE4ibk . Kd ="FI9ME = brifEiR; SR FR/NG T8 3208 AR 7y 25 51

I 2 5 8 % (P<0.05) . FIA],

Note: PE. Pure Eucalyptus plantation; MEC. Mixed Eucalyptus and Castanopsis hystrix plantation; PCH. Pure Castanopsis hystrix

plantation. Value=x % s.; Different lowercuse letters in the same column indicate significant differences among different stand types (P<

0.05). The same below.

1.3 #FaillE
1.3.1 23 @A L+ pH (2R M pH it
(Starter2100, Ohaus, USA) I E (+ : 7Kk=1: 2.5,
w/v) ; T3 25T (soil bulk density, SBD) & FH#5 7]
I 52 5 £ 35 i i & K & ( soil moisture content
SMC) FH 3 I 5E CRF 20 g s L AEAE 105 C AL
At 2 fEE ) A7 LK (soil organic carbon, SOC)
K H K, Cr, 0, —H, SO, &} in #4329 5 5 4= A (total
nitrogen , TN ) FlI 5 %0 & ( available nitrogen, AN) (£
SRR R % SE 3 3 53 BT AL (AA3, Bran
Luebbe 72y #] ) il %€ ; 4= (total phosphorus, TP) %
A H, S0, -HCIO, - £ %6 Bt bb €8 32 I 2 5 7 30 W
(available phosphorus, AP ) 2K F X iR ( HC1-H,SO, )
AR FHBR T L AR E (8 4 H.,2005) .
1.3.2 23R B & MW RS PR LR 28Ok
% (Saiya-Cork et al., 2002) 7€ , Hovf BG B4
Oy 4= F 3 <px . I 9 -B- D -tk i 4 %5 5 (4-MUB-B-
D-glucopyranoside ) ,NAG i IK #) & 4-H 3 < JE Fiil
fE-B-D-Nk W #j M R # ( 4-MUB-N-acetyl-B-D-
glucosaminide ) , LAP i JFE ¥ R L-5% & IR -7-% 3 -4-
B F 5 K B ( L-leucine-7-amino-4-
methylcoumarin) , AP [ IS ¥ Sk 4-H 5L <2 I R 152
fig (4-MUB-phosphate )
1.4 HESH

AHFFERE T Excel 2013 #AFF1 SPSS 19.0 FfF

HATEAE ST RN 34T, SR SR 25 07 22 23 BT ( Two-
way ANOVA) H1 (/N 3 M 25 5 (1LSD) 3k Al 57
FEAS T Ko 9032 LA [ AR 43 5 [l — AR o AN a2
V] - SFE PR AR B | - S K A il I RN Ak A T T
B2 T ErE, B EMKER P<0.05, RH
Pearson AHICE 20T 3B AL 2201 & Ho 5 Bk
PR Z [H AR S HE . 7E R 3.5. 15 R H vegan 1L+
8 It 15 1 Sy e 07 72 i A SR A B AR B K -4 C
N P JeEb i b o i B AR b A 7T 40 BT RDA
(P<0.05), 43 % L In (BG)/In (LAP + NAG) ,
In(BG)/In( ACP) 1 In(LAP+NAG)/In( ACP) /=~ +
Bkt € N.C: P HIN : P, >RJH Sigmaplot
10.0 5HBNZ: B Ay 25 R B LA I E AR EZE TR

2 HER G54

2.1 HIEEAER

MO 26 g 2 B + 3 pH  SBD . AN | AP,
SOC 1 TN F i, 1 + )2 B 5 m bk pH Ml TP & &
LA HG At 3 Ak BT, MR A 25 80 5 R0 22 BAE
5200 SBD A1 AP & i (3R 2) . Kb 520
IRAZAE 0~10 em F110~20 em 1234 5 E 5 pH
AN K AP & (3£ 3), [A—m4rH, SMC . SOC
TN TP (AN Fl AP & 5 ¥4 B + )23 U8 FE (9 38 hnn iy %
i, T SBD Bifi - 8 UR B (Y34 w4, AE R — +
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R2 AEAMRSGMEEXNAEELER BEERE
WREHELHMPNERFTESH (FEH)
Table 2 Two-way ANOVA of the effects of different stand
types and soil layers on different physicochemical properties,

enzyme activities and stoichiometric ratios ( F' value)

A7 5 AR e b MAFFeAIx 4 )
Source of Stand 1 Soil Iz Stand typex
variation and type ot fayer Soil layer
pH 83.04 s 2.29 0.94
SMC 3.22 8.47 3% 1.70
SBD 5.47 * 22.74 sk 3.69 *
SOC 94.52 sk 58.13 sk 0.14
TN 4.32 % 54.32 sk 0.13
TP 1.12 3.06 0.01
AN 19.46 s 58.43 sk 2.76
AP 143.08 s 217.84 s 8.21 %
C:N 33.43 sk 3.88 0.89
C:P 29.73 sk 2.75 0.09
N:P 4.36 * 6.10 * 0.05
BG 154.89 st 305.44 sk 15.72 sk
LAP 70.99 sk 373.69 sk 2.04
NAG 71.07 s 490.84 sk 25.71 sk
ACP 137.36 sk 149.41 sk 2.67
fitf C : N 76.07 sk 0.76 2.00
Enzyme C : N
fifFC: P 23.52 sk 55.51 sk 2.73
Enzyme C : P
fEN:P 242.95 sk 136.35 s 12.83 stk
Enzyme N : P

. pH. HIERRBE; SMC. +3E&kE; SBD. +HEKH,
SOC. FHLik; TN. % ; TP. 26f; AN. HAUA; AP. 4,
C: N HHUR S 2AW L C : P A HLER S 2B LM, N :
P. SRS 2BIILE; BG. B-1, 4- M4 T, LAP. 2&RE
FLRRRE; NAG. B-1,4-N-Z BHEIFEEWEH B ; ACP. FRtEBEmR Y ;
fii C : N. In(BG)/In(LAP+NAG) ; fifi C : P. In(BG)/In( ACP) ;
i N : P. In(LAP+NAG)/In(ACP) ; * FIRTE P<0.05 /KF 1.1
MRS wx FIRTE P<0.01 KV R RFMERES; wex £
/RTE P<0.001 AKF ERYRE MRS T,

Note: pH. Soil pH; SMC. Soil moisture content; SBD. Soil bulk
density; SOC. Soil organic carbon; TN. Total nitrogen; TP. Total
phosphorus; AN. Available nitrogen; AP. Available phosphorus;
C : N. Ratio of organic carbon to total nitrogen; C : P. Ratio of
organic carbon to total phosphorus; N : P. Ratio of total nitrogen to
total phosphorus; BG. B-1, LAP. Leucine
aminopeptidase ; NAG. -1, 4-N-acetylglucosaminidase ; ACP. Acid
phosphatase ; Enzyme C : N. In(BG)/In( LAP+NAG) ; Enzyme
C:P.In(BG)/In(ACP); Enzyme N : P. In(LAP +NAG)/In
(ACP); =
## indicates significant differences at 0.01 level; #*:*= indicates

4-glucosidase;

indicates significant differences at 0. 05 level;

significant differences at 0.001 level. The same below.

JZ,SMC . SOC FI TN ¥R}y PCH % 75, MEC X
Z,PE A%, Ko [a] — 4+ JZ AR [F A3 SOC F
25 % (P<0.05) 1 TN } TP £ 5 7E = Fk 43 [a]
FEIANEE(P>0.05),

2.2 TEEEEE MY

MR BTN 4 2 R B2 1 35 5 BG | LAP |
NAG il ACP 36, 3 128 BAE R i 252 M BG
FINAG M (3R 2) . £ =FhRsrH  BG LAP \NAG
FACP TG PEY SR Bt 2 UR B B 15 i A%
FH IR (P<0.001) , H[F—#K 53 Al —BETE PE7E 0~ 10
cm F110~20 ecm +JZ R LA —E (K 2) . W
N2 BG 1HEYFEI N PCH>PE>MEC, 7E 0~
10 em )29 =M 22 5 B 2 (P<0.05) ,10 ~ 20
em HJEZHNERBK PCH B3 & T PE Ml MEC, 7
WA~ )2 LAP i V348 88 MEC>PCH>PE, =
M) 25 R 53 (P<0.05) ; ACP 1H 43l PCH
>PE>MEC, = #R53[H] 22 5 18 3 ( P<0.05) ; NAG Hif
PEYIZ I N PCH>MEC>PE, £ 0~ 10 ecm + 2
PCH & %5 T PE A1 MEC(P<0.05),10~20 ¢m +
JZHEBA PCH .35 % T PE,MEC 5 H:APibksy
ERAREE(P>0.05),
2.3 TEFSMEBFEELZITELLR

RSN A 39 35 40 F1OK it Bt AL 2 T B e 8
HA W, 20 5 m g fb At & e,
TP A8 B AE AR e 552 il N 2 P(3R2) ., 7F
SRR BR C o0 N AR, Al 4 38 SR A3 R AR A
THEE F R A b ¥ B A 2 TR R A 38 i [ AIG, L
fiti C: PFIEEN : PAEO~10 cm WL H T 10~20
em /2 (P<0.05) (£ 4), f£0~10 em F1 10~20
em HJEH =FASKC:N.C:PAIN: P K
PR — 3y AR e BAR R BN PCH & , MEC
RZ,PE & fik, =M 22 % 2% (P<0.05), +
BEN:PE=MHKSTHMEAIFARE (P>
0.05) , 1Mifif N : P 75 = Morii) 22 5 o 2 AR R
REEW A + 2 MEC 4 5 % % T PCH,PCH &
% T PE(P<0.05), 7E 0~ 10 F1 10~20 em +
2 ,MEC ) 5 EFEALTHE C : N(P<0.05), #tf
C:PiFH,0~10 ecm +)Z, PCH & 3& & T H AL
AHAF;10~20 em +)2,PCH 5 MEC B G 0% 2%
5 BB E ST PE(P<0.05)
24 TEBAMRES T EKBEEERELFIT
=L HEX S

M 5 T LIE ), £33 pH 43915 BG ACP
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Table 3  Effects of stand types on soil physicochemical properties in different soil layers
AT i% MRAFZEA Stand type
Fact Soil layer
(em) PE MEC PCH

pH 0~10 4.37+0.07a 4.94+0.13¢ 4.55+0.12b
10~20 4.45+0.09a 5.05+0.12b 4.54+0.09a

SMC (%) 0~10 35.27+1.69a *x* 36.67+2.85a ** 38.34+6.23a
10~20 28.70+1.44a 30.32+2.68a 36.61+3.14b
SBD (g - cm™) 0~10 1.21+0.03a =k 1.22+0.05a 1.19+0.09a
10~20 1.46+0.12b 1.34+0.06a 1.24+0.09a

SOC (g - kg') 0~10 24.28+1.4]1a sk 29.88+2.36D sk 37.26+3.06¢ s
10~20 17.74+1.38a 23.59+2.76b 31.72+1.62¢

TN (g - kg") 0~10 2.33£0.09a =3k 2.44+0.36a ##k 2.60£0.18a =3k
10~20 1.70+0.10a 1.76+0.34a 2.02+0.17a
TP (g - kg™) 0~10 0.32+0.04a 0.30+0.07a 0.29+0.05a
10~20 0.29+0.06a 0.27+0.04a 0.26+0.03a

AN (mg - kg) 0~10 20.48+0.68a sk 24.03+£1.87h s 19.19+1.12a *
10~20 15.09+1.60a 19.09+1.93b 16.77+1.55a

AP (mg - kg") 0~10 5.52£0.23a #s#* 9.82£0.55¢ ##:* 6.37+0.70b s
10~20 3.45+0.28a 6.18+0.33¢ 4.22+0.63b

T ARNG SRR ) — L BRI (] 22 53 i35 (P<0.05) 5 % | s Fll s SRR BROPAN ] L J2 0] 22 53 .35+ RORTE P<
0.05 7K LI B E 2R ¢ RORAE P<0.01 7KF LI EMEZE R v TORTE P<0.001 KV LB ML, T,

Note; Different lowercase letters indicate significant differences among different stand types in the same soil layer at 0.05 level; * | *# and

##:# indicate significant differences among different soil layers in the same stand type; * indicates significant differences at 0.05 level;

indicates significant differences at 0.01 level; #:*+* indicates significant differences at 0.001 level. The same below.

fitf C: N HARFEREMNEEAHELER, 5
N : P S 3% IE A 2¢; SMC 4 %] 5 BG NAG Al
ACP W EIEAHI, 5 C - P HA BFIEAMHRX
K Z; SBD 4355 BG . LAP NAG Flfii C : P 4%
WEEMA, 5 ACP HA B 1 AHE KR ;;S0C
TN ¥ 50 C © N Joi F M Ah, 5 5
by 7K Sk B 1 B Ak 2 T b LA AN R R B Y
FIEAHEOC R TP 55 T /K A it 1 M B LAk 240
I g it 2 LA A G AN R AP 4300 5
LAP NAG I N : P HA A [6]F2 1 3 (A ¢
KR, H5HC: N EREEAME C: N L5
C:PREBFIEMA;C: PAN: P35 BG,
NAG Fifif C : P 2B EEAMHC, JINN: P iR
LAP 2 IFEAHC,

- K A B G S IR T RDA 255
R, & 0~10 em & 10~20 em £ 2, PE,
MEC 1 PCH ) - /K i G PR B B 22 7
fE0~10 em + 2 55—l (RDAL) H1E5E 4
(RDA2) 43 51| fiff T 7K figk Tl 7% 1k A2 5 19 92.55% Fil

1.56% , Hrfr SOC AN il AP & =Mk 43 1 HE /K i
it 16 1 A 22 R IR B KT, #E 10~20 em + 2
H,RDAT H1 RDA2 J3 i) fifk B oK fifk Tt 17 14 7% 5% 1Y
97.76% 1 0.80% , H:H pH SMC ,SBD ,SOC Fil AN
B OB A3 A SR i Bl M A 22 S i K Bl R
T, #t MEC i 5 ,SMC ,SOC #l TN 7£ 0~ 10 cm +
2B E R H BG 1 NAG (196 1% P, i 78 10 ~ 20
em 12 B E 0 BG I ACP ARG (K 3) .

3 it E4®

3.0 MO EBWAELE L EESEFENEME
FEATRI AR 43 2 R v | 4= 38 5 1 3% 43 19 0] R
FHME ERLUA V2 0 i A 10 22 S5 10 B S AN ) (o R R A
2018;Guo et al., 2019) , M ifif 5 Wi + 5 7K f B 15
P, AW LI, 5 PE ML, #e b 5 20 TR 22 18
FRW T+ HEK B BG  LAP NAG il ACP 75
PE, SEATRAERE (1) H—B )& MEC &3
FEAI T 13 BG A1 ACP BRI, Wi 5B (1) R
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Significant differences are shown in the table 3.
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Fig. 2 Effects of different stand types on soil hydrolytic enzymes activities in different soil layers

[F A JE MEC 4255 T LAP BTG, NAG BETE 1
B BRKRESE (2021) KL AUE Bk 5F%
Fr PEARTR 38 MRORN — AR B e 4l bON AF 98 X 42, 25
RERYE ZMRE B AARM, —RE RS R
FEIR A S & T BG Al NAG 11 il 16 1,
X ACP i 1% P 900 B 5%, TR 645 (2019)
DL Ih R i 5 21 S 0 YR S8 MRORIT 5 R AU 4l B 1F 5
X R LIS T AR e, T RS S AT A
SRR AR BG IS T B, ACP il 5 1 3%
THEMNAS AL RN B i NAG B T R AR,
KRBT EE RS H A B 45 R B A —8, —Jr
AT FT RE A2 PR SR AR A3 108 2 B (R 0l 2 AN [) YR A8 A A
20 ) FNZE A 110 A5 T 25 5 R 5 0 1 2R 5 S
Bt PR YA Dy - A HIL ) B Bk VR N 4
THAE W) RN ), 8 08 5% Wil A3 AL 5 19 T ok DL B
MCAS + HE SR 4 B 2H B ( Crow et al., 2009 ; {5 50 25 |
2015) , AT - S A W 0 45+ R ) g ke A AR
b, B WU S 1 5 55— 7 T AT BE S AN (W) A

YIAR 22 0 W60 B9 1 3 RN 43 16 T RN [R] ( Yin et all.
2014 ) , B AL R A 0 B v AR 7 A
22 5, DTS2 0] - S Tl 7%

FHHN  AIFGE R - S I St it T A 4 S IR )2
TR R 3G N iy 4835 By A8 Al ke 34, 3 5 sl T 4R 4
(2020) FIE 1845 (2020 ) BFFE 25 2R — 20, X 1 Ag 2 A
J IR IR 0 A AR B R IE Y
B YA IE S Y IR AK B AGTE 0~ 10 em 1
2, v oI5 R oy T R AE T IER R AR (8
5555,20006) , 5 LR BERT 5| A WK AR T 18] T 3
BERZE L, SRS b BT 2 >

T INAESE, 2017 ) , % 20 b0 4 sl fiff -+ S8 A

A AZ B BRI, T A - S M2 R AIR
32 TEMAFETERTS T EEAERAXE

AR AW PR 2R AT LA GE i i A e ) A A B
S5, R A W AR P () 4 5 e 9 O
(Kivlin & Treseder, 2014) . AW FEW, +5E C,
N PS5 ] ) RS Ak B 5 A S8 il 0% 1 f 3 A OC
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Table 4 Effects of stand types on the stoichiometric ratios of soil nutrients and enzymes in different soil layers

- +J2 R43FAL Stand type
ks Soil layer
(em) PE MEC PCH
C:N 0~10 10.45+0.60a 12.38+1.23b 14.36+0.97¢
10~20 10.49+1.29a 13.65+1.74b 15.76+1.40¢
C:P 0~10 76.14+5.99a 101.80+£19.77b 132.09+£19.78¢
10~20 63.05+12.46a 90.40+21.88b 125.36+17.84c¢
N:P 0~10 7.33+0.98a 8.20+1.18a 9.24+1.61a
10~20 6.14+1.78a 6.66+1.48a 8.03+1.57a
fiff C : N Enzyme C : N 0~10 0.89+0.02b 0.80+0.03a 0.90+0.01b
10~20 0.87+0.02b 0.78+0.03a 0.91+£0.01¢
fii C : P Enzyme C : P 0~10 0.65+0.02a =3 0.65+0.02a * 0.69+0.01b s
10~20 0.59+0.02a 0.62+0.02b 0.65+0.01b
i N : P Enzyme N : P 0~10 0.73+£0.01a = 0.82+0.01c¢ *:x* 0.77+0.01b s
10~20 0.68+0.01a 0.80+0.01¢ 0.71+0.02b
%5 HEEAMRS T RKAREE I RAL SR AR
Table 5 Correlation between soil physicochemical properties and soil enzyme activity and stoichiometric ratios
F[flcir BG LAP NAG AcP Enffmce CN N Enffmce CP P Enfml\i NP P
pH -0.419 =* 0.359 -0.104 —0.683 =0.761 = -0.041 0.724 #x
SMC 0.492 =% 0.324 0.479 = 0.502 =% 0.311 0.388 = 0.009
SBD —0.587 = —-0.566 ** =0.619 = -0.460 * -0.209 =0.652 -0.328
SOC 0.692 0.526 = 0.746 #x 0.462 = 0.247 0.761 #x* 0.376 =
TN 0.655 0.691 = 0.795 #x 0.550 0.095 0.600 s 0.393 =
TP 0.003 0.215 0.189 0.209 -0.220 -0.212 0.046
AN 0.127 0.848 0.446 * -0.068 —0.479 s 0.361 0.770 #x*
AP 0.105 0.870 =3 0.476 -0.136 —0.532 #x 0.387 = 0.841 =
C:N 0.220 0.033 0.155 0.003 0.193 0.418 = 0.155
C:P 0.550 = 0.296 0.478 = 0.252 0.329 0.725 = 0.265
N:P 0.555 #x 0.387 = 0.513 #x 0.304 0.276 0.668 0.269

T = FRBEAMRE(P<0.05) ; == KR BFEMRE(P<0.01)

Note: * indicates significant correlations (P<0.05) ; #** indicates extremely significant correlations (P<0.01).

(Kivlin & Treseder, 2014) ., AW 75 & B, SOC Fl
AN JE52 0 IS MY KGN, 5 PE A
o, MEC #2551 SOC & &  (HHA B F (KT BG i
TG PE 10 Pearson AHOCHESM TR W], SOC 5 BG 2%
B FIEMSE X 15 SOC & & THiE, I AR
E5 5 IR ALY BG BETE eS8 N, AT OF
FEFE, BT AP HLAR 2 B2 i+ 1 BG IS 1
(0 5 7 (RIELELEE | 2020) , A I I T A9 4%
5 2T 4 R 28 X 4 T i M HLRR B R e,
bh ARBFFE T MEC 19 AN SR B2 ® T PE,Jf H

SOC Hl AN 43 %15 LAP F1 NAG A [A) #4 BF 1Y
FIEASE, Ui MEC fB4%38 i 2 &5 £ 58 b soC #n
AN &, MM 5 LAP F1 NAG /K BT vk | x5
Zhou %5 (2013) WMF 5T 45 - — 3, H 4, Allison &
Vitousek (2005) iff 5% % W, 1+ 3% ACP B I 1 5 ¥
B P U EMABERA MAH R HAB R
HOACP TGS AP &I E A e, S
SMC ,SOC F1 TN & # 2 .25 1EAH ¢, 5 pH 1 SBD
EREAMKE, 25 LR, RS R O T REA
JELIFE R - S R P 3 AT B R - R W o W
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PE. Pure Eucalyptus plantation; MEC. Mixed Eucalyptus and Castanopsis hystrix plantation; PCH. Pure C. hystrix plantation; pH. Soil pH;
SMC. Soil moisture content; SBD. Soil bulk density; SOC. Soil organic carbon; TN. Total nitrogen; TP. Total phosphorus; AN. Available
nitrogen; BG. B-1,4-glucosidase; LAP. Leucine aminopeptidase; NAG. B-1,4-N-acetylglucosaminidase; ACP. Acid phosphatase.
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Fig. 3 Redundancy analysis of soil enzyme activities and physicochemical parameters in different stand types
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3.3 LEFSREIEF
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