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(1. ZEMTFEFR AWAFFER.FMN M 550018; 2. TN ESEFIRAKAEIES R T &
F¥%E, %M T 550018)

FEE Rl AR VG I 0T R b DX PR BT RRAE , BE T ) A 30 N MR A B it £ R 0T R A S N 55 X
SRR R AR B N 4 0 SO RU K B B B R M N bR S R BIE S X L A3 PR b L ORI 3 B A
3 Pl 4 K A 2 AR AR T 1 S I 1 L BR 2 A AR OC 1 B (GRSP) & s (32 0, IR 40 B — 5 - ey B
AR BREBY], (DR AR XT 1 WS P A B FE W, 0~20 cm + 2 4 Fh 4 HEEGIE M BE
MR 19 8 o T 1R 9% 2 T R A N TP B R T TR v i AR LT ORI B bR R 4y SR 8. 85, 10. 42
111,98 mge(ged) ' BEER TS M4 34 0. 54,0.57 F1 0. 69 mge (geh) ', i S AL S W& 43 %1 R 2. 58,3. 15
F 4,40 mLe-(gemin) ", JiGad BUBK - S8 FEME G 5 1 0 258 T rP R AR, i BObK - S IR I R 4 U Y
B T R MR Bk . (2) 2 AR AT A S R A R ok A S S M A R W, A DS AT R A
HIE MR L BRI M R BN 20~40 em LB BEMT 0~20 cm )2 .5 51 T B 29. 63 % 1 50. 88%0 5 AL
I bR - HE S AL AR E M RN 20~40 em £ R B FEMLTF 0~20 em +JZ 25.00% . (3)0~20 cm +JE M
20~40 cm 1 JZEE-GRSPHI T-GRSP & 7E 3 Fhifib 41 7] /N & 28 47 38 30 2y vy bk = i sk 20bk = 3 280k, L o
0~20 cm +J2F IR T-GRSPE 4 3.56 mgeg ' W3 & TR 52, 145, (ORI LR, 2
M R M E AR A AR LB AN 2R 2R MM A S 2,1 GRSP F = EEZ Y
PRV BRI 0 25 b R 2 R AR X B R AN N bR & S S P AR T R E R, B A SRR O AR
ity 15 M A GRSP % & 5 3837 43 MMM A7 70 0 38 M DG 56 R L U W 7 W 07 4 A 2 G 9 IXOR L S B A
bR AR RT LA S R A R % 2 R R RE IO 9 A A A kR IR 0 T R AR Ak b X A A A
JIE 3 A 0 S R

SRR R TR s R AN N bR s M T 5 BR A A G 1 B (GRSP)

3 [ V4 b DXL A B Y (0 R A,
WSRO T m AN, A AR T, B
A A ME S5 M L o 0 % X T AR 2L SR
A N MR MR =X, DA e 8 307 5 R Ak i X
T g AR J3 K. B RS (Pinus massoni-
ana ) it 5 (TR 5 HE L 5O L SR A B K A2 1 O AR AR
Z— ENTHMP EHEAY R LE, JHHEA
1.9X10° hm® Y95 FEFa BE I, o AT H R A Ak
07 69. 63 %0, 32 B4 A AL S AR B BH A S R
LAY,

G R R R R AN OC LI
(Glomalin Related Soil Protein, GRSP) & & &

Y B H#:2024-04-15

J W+ HET RE R T A AR AR RS
5 B R A ) Ak 2 0 B DL R W) SSAE BRC g
PERE AT DL e - 8 P b M L AR AR e A
Yy 22 FEME Y AR Ak BT D R | R L A 3R
PRI AR KT . GRSP & f By 4t 2k K
R (Arbuscular Mycorrhizal, AM) B & Bt 43 i #)
—RKOAEBEFWMEED, 505 kR
ZAHME T E A (EE-GRSP) A e #2 Bk % 5 £
M EHEEH (D-GRSP), & &8 AN &
BREHERZMLEH (T-GRSP)™ | [A i GRSP i
fIE 0% el 35 1 T8 A% 4 B 5, F T 1 0 - IO W
BT T L 4R T - R T A L A AR 8 O I ) A5 R R

ELWA . R%ACH AL I Z 3T R155 H (202314223025) 5 BN BHE PR35 H GBS B4 L RE-ZK 020230 — i 282) 5 5 I ¥ 2 e 4% 2 1l
340 H (2020BS026) ; 3t M A B H JTF &5 H (020221051 5,
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S PEHERfE R R A,

F 5% 2 B, - 98 TS M 2 MBI R AR BR L £ 2
TREE e 455 oy S R P g oY A e ) AT
TF 5 3 WY - 438 Il 355 P o o A 4 B %9 185 hm 7 - v
T 7™ 284 2 A0F 5 2 B I 25 0 A 4 RIS A 36 o, = 45
it % P e BRI 5 e S ok AT A 5 AR UK IR L R AR
it | 2 1 T 2 Ak ol R R il S e L i 0 |
JZ 05 TR 2R LA A A Ak S I P D R 1 )
TR T 10T K05 A S T R AR R e
DT RIS R L HER IR M S SR A 2 ]
FETE S F A DGR . JE ARk, X + 5 GRSP M #F 5
AL A R B R B B L R A |
PR 4 2 VR EE X GRSP B R m I8 i ol
WFIE R, 0~30 em )2 9, A [6] 3 B By Be i)
1 EE-GRSP & & KM N HEIR G K> Te K>
VR = M > B b 5 A DGR 98 R B 1 48 GRSP
it R A A AR B R DGR
WA B E W T-GRSP.EE-GRSP % & 5 + i
TWPEAETE B A G e B R ki
T-GRSP& b % T 2B A 38 2 T Feka .

H A 7E WS 07 R b X OC T 1 3% GRSP &t 5
- R AR T G R AR i DL ARG, Ryt AR AT LA
Bt M A8 18 SO R BN [ 1 52 A BR 5 RS N AR
g BT G A S AT O R 2 S A N TR

R G PR GRSP 5 #1225 5 9 BE Al -, 38 A
KA TR 5% + HE Wl 15 4 1 GRSP & 11 X R K
TH S A TR OC R DL R R i 0T AR
L X 55 R A N AR A+ il 3% 4 fl GRSP &% it 48
FFRAE S TSR B AL, B A B R A AT
P - 8 5 A LA R A A B AN TR R i 4 I
PRI ECHE L LU 4 5 8 307 e A A5 e 59 X e )
WA,
1 MRS 05
1.1 MREBR

W5 XA T 5 N 48 38 ST KUK B (27°32" N~
28°21' N,107°31'E~107°56'E) ,4E < 15. 2 °C,
AERYREK R 1 257, 1 mm, Jy SR A4 7 PG I i 2
WS % X AR YT A R, K2 I RE &, X
FRAR A o M A 17 773, 33 hm?, AR 5 KA
62 %6, WA B R A RN ARG,
1.2 Hik
1.2.1 HAREAMHLRE FEHEE. EIM
A SCTH UK B 3 R A N TR i 12 A4
(3 AR, 6 AN BB, 3 AN Lt OO L B
Hi i FH 666, 7 m® (25,82 mX25.82 m), Hp 11~
20 AR S AN N TAR Ny hi Ak, 21 ~30 4R 4 1Y
SR KL 51 AF DL AR A e Bk

X1 TEAREDEMAIRFEHBAER
s by A/ ok E/ Ly / H LR/ 2R/ AT/ ol it 2R/ AL/
- ’ (geem ?) % % (gekg D) (gekg D) (gekg b (gekg b (gekg b
RN 0N 1 0.87 62 67 8. 86 0. 66 0.34 69. 33 4.95
2 1.10 34 59 15.78 0.91 0.46 88.03 5.03
3 1.28 19 52 11. 36 0.29 0.18 100. 91 3. 60
T AR 4 1.28 17 52 10. 99 0.68 0.46 55.15 1.52
5 1.29 24 51 24.51 1.59 0.28 189. 98 2.91
6 0.94 19 64 17.58 1.11 0.45 92.29 2.63
7 1.20 31 55 11.43 0.52 0.20 81.51 2.34
8 1.36 13 49 18.19 1. 00 0.22 110. 41 5.35
9 1.24 28 53 12. 45 0.86 0.41 94. 56 3.54
AL BB 10 1.33 25 50 9.47 0.68 0.31 64.70 2.53
11 0.93 55 65 14,47 0.57 0.58 83. 20 4.18
12 0. 90 30 66 26. 09 1. 41 0.28 180. 27 6.29

A R AR L TR R bR T A HBURE 1 32 B

5 KRR T BR R ARE L6 A AR A

Ze L HE 0~20 cm £ E N 20~40 em £ 24

100 em® BR JIHURE B 5 DAE T TRl — L E 00 18R
52

A) PRt R4S AR ML AR T 2
E R DU 532 A R A B 5 43931 422 0. 250 mm
A1 0. 149 mm By, P47 L e M T L 4 I B
PEFT GRSP & g 22 .



114 RELE. B HENFNR L EMA L LI E M Ff GRSP 4 & 45 42 5 47

HZ - Bk - ARk

1.2.2 MEAB ARG & HIHERHELILEE R
FHER I35 4 8 Kk 8 X £ 2R 47315
A LA P iR P RS R A I AR T E s 2 A
R P Gl LR E 5 A8 R HCLO, -
H, SO, 3000 5 R0 B 6 MR A 3-5 fg 3k
R ek (LL 24 h)F 1 g 39 v 4 45 B 0 22
BN R B IS R 5 DK IR P SR R -k R
b E (Ll 24 hJ5 1 g B 8Ed NH,-N Y
2 0 B N IR 0 P ) B T A O 2 R FH 1R R —
Py yk (UL 1 h 54 100 g H5Ed P, O, Y 2 58
BN W R WS VD 5 o Ak S PR R
A EE (L1 min J5 1 g 2319 0. 02 mol« L7
5 il TR B ) 22 T R o R A AU VR O T EE-
GRSP Fl T-GRSP % & 5% H1 % B i 52 i L (2950
W s LRI AR RIS 3 N ERE .
1.2.3 ##EH 4 A R Excel 2019 #
Froe B s ffi F SPSS 22. 0 47 8K 5 2240 #7 . B
B[] i 20 5 B8 F N bR 1 38 18 35 4 1 GRSP
F28 PR R U VA= < NI A L T N o
I A N TAR - e 15 4 Al GRSP & &# 22 5738
F Pearson's #H 3¢ 40 #7 ik 8 98 + WG G M 5
GRSP & &t 3G P F1 GRSP & &2 5 + g
Al 0 ) AH

2 R 590

2.1 AEAREASEMAIWRTEREFTEMNSME

ST

2.1.1 EHEdsE & 1A T, DA A Tk %
FEMH BTG 28 AL JE R 4. 95~11. 98 mge(ged) ',
A TR) = J2 AN [R) #2122 ) - 298 R A i 7% 14 22 b R
FTMA—F, £ 0~20 cm T2, AN[F WS4 1 1
I 05 1 8 SR /NS Sy + sk AR S BbR > il
AR it bR+ RERE ARG 4 11, 98 mge (gedD) ',
TR AKLS. 85 mge (ged) ] M H N 35.37%,
X — = 2 - B AR 2 2 o R o L
TS, b TF Y 0 AR 14, 97% ~ 35. 37% Z [H];
20~40 cm T2 H, AR T BARFN B B 1 1
OB M40 R 7. 55,11, 65 Al 4. 95 mge (ged) ™',
S T SOPK S R I O e A it b 2
135.35% . AN HHFERE T .3 Rk 4l S s A
AR A S BERE G I PEAE 0~20 cm A 20~40 cm

T 2R TR EER.
2.1.2 Wede B 1B Al DR A A TR 4
IRt 5 PE AR ALSE R 7. 15~12. 89 pge (ged) ',
Bl & N TR A BR A3 I, 0~20 em 4 )2 IR A
TGPk S bRk, bR iEEEAE 31, 29% ~
76. 64 % Z [0 ;4E 0~20 cm Fl 20~40 cm + )2,
I R AN N TR A S IR 05 1 A 3 i 2 1) T Wb 3
Z5 . MERAT , SRS A Tbk £ 58 0k il 75 M
TE 0~20 cm Ml 20 ~40 em + 2 6] JC B & 1E
E5,
2.1.3 #mes & 1C Al A, DEM A TR+
SRS VAR LY A 0. 28~0. 69 mge (geh) ',
0~20 cm Fl 20~40 cm A4 + 2 PR [A] #3240 22
(] B2 b A bR A 9 8 2 g 0 2 7 A M A R AN
—H, £ 0~20 cm + )24, - HERE R BTG M
FEAS N TR 20 18 i 52 % 3 ek g 1 T iE
JEHR 5.56% ~27.78% .3 Rk 41 op . it PR £
B R BT ME B . 0. 69 mge (geh) ! B
MR I AR 43 ) 3R 27, 78 Y0 R 21, 05005
20~40 cm )2, 4 498 8 R Wi 05 PR /NI 3R
PR A AT SR <A SRR < rp S A RS £
2 T 1% 1 5 O SAORK W 35 R 35, 7100, AH W] I 40
T A ORI T K B R T T 3R B
20~40 emtEBEMKT 0~20 ecm + 2.0
k% 29. 63 % .50. 88 %,
2.1.4 EHEAEEE WK 1D ATHL, DRI TR
I EE SRS AR R 2. 58~4. 40 mLe(gemin) ',
P 1 2 AN R i 20 22 [8) B B b N T bt S Ak & i
WA AR, 0~20 em £ 2.3 Fhild
2 5 R A N AR - 9 ok S b Sl 3 PR AR SR Iy
Hh i AR < PR <L at AR 4 O 2. 58,
3.15 1 4. 40 mLe(gemin) ', H o il bk 4 5
o S S I T R R I ARORIT I BORR 4y S B
70.54%6 1 39. 6876 , T BBEL i b I 2 22. 0926
A G A Ak S TS R B S 23 b T e A
22.09%~70.54 % Z 0] s 7E 20~40 cm 1 )2, 3 Fi
#4520 5 R A N T AR A 8 5 A Ab S O A AR D i
R BORRORT B A BORR R 43 R 3. 76, 3. 50 Al
3.30 mLe(gemin) ', HE W F X5, MFEKH
T G B S AL SRS PER LA 20~40 em
+ZBEMEXT 0~20 cm + )2 25.00%,
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O bk @ 2B W bk

HEREE [mg - (g - d)]

BERRAS/[mg - (g * h))
< o S
~
T T T T T T T 1

16
14
12
10

8

. d)—l]

(g

IREE/ g

6
4
2
0

SEAEE/ [mL -+ (g + min)™]

Bl FAREKADSEMATHRTEEFENTUSE
T ARS8 78 A R £ )2 A8 [ % 21 2 ) 22 57 2 35 1k (P<<0. 05) s AR/NE -8
TR M) 4R [F] 4 )2 2 ) 22 57 g 25 (P<<0. 05) . T 1A,

2.2 AEHRADEMANTIH GRSP & EH4FE
ki
2.2.1 EE-GRSP WK 2A oA, 5 B A T AR
+ 4 EE-GRSP & & H K 0. 79~1.09 mgeg ',
A AR I R R B3 AR AE 0~ 20 em 12
EE-GRSP #4514 1. 03,0. 79 1 1. 00 mgeg ' . 7F
20~40 cm 12491k 1.09,0. 84 F1 0. 99 mgeg ',
FHIF )2 3 Fpik 4 2 0] & B Ak A T4k EE-GRSP
SRR EEZES . HREBAWNASLEZME
AN T A EE-GRSP & 70 B % 22 5 . EE-
GRSP & £ £ i ORI 20bk b Bl 2 £ )23 09 i iR
1 8 AE A Bk #0bk b Bl 1 2 iR EE-GRSP

8 U AE S N T EE

2.2.2 T-GRSP m K 2B ml 1., B B N T hk
13 T-GRSP & & F 2l 2. 38~3.56 mgeg ',
RS AR T AR AT BRAE 0~20 em R
T-GRSP & #0514 3.56,2. 38 1 3. 40 mgeg ' 1F
20~40 cm + 249N 3.50,2. 66 Fl 2. 96 mgeg ',
[ — 4 2R A % 4 =2 0] 5 & #a A T Ak T-GRSP
R MEAR —.0~20 cm )2 H, P
T-GRSP & 1t 2% 1 T 2UbK 49. 58%6;20~40 cm
+Ed .3 Mt T-GRSP & LR & £ %,
AH RS 20 P A £ )2 2 1) B B A A Tobk T-GRSP
TRERENESR.

O ik @IE Rk Wt Bk
A 14 B 55—
o 120 Aa Aa or
* 45 ABa A

w 1.0 o 40F Aa a Aa
S Foast
(c;.; 0.8 - Eo 3.0 -
5 o6 = 22r
[ n 2.0 -
8 o04f ?_I’; 15
L = 1.0
0.2 os |-

0 0
0~20 em 20~40 cm
T2 T2

2 AEMEASERAINKEEEZMEXTERTEL(GRSP)EEWTHIFE
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REULE . HHEAB R DL EMA L LI ERFf GRSP 4 5 4 42 5 47

HZ - Bk - ARk

2.3 LTEEEMS GRSP SEHXMELSH
e 2 o, ok A AL S R R AT R

B E M5, EE-GRSP & 5 T-GRSP & # 77
TEMR 35 TEAR G

®2 TEMmEMS GRSPEEMRXESN

D HEWE oK il A iR il i A Ak U EE-GRSP T-GRSP
TR Tt 1. 000
O ik —0.067 1. 000
W R 1l 0. 100 —0.158 1. 000
it AL i 0.036 0.283" —0.152 1. 000
EE-GRSP 0.035 0. 004 0. 049 0. 092 1.000
T-GRSP —0.088 0. 056 —0.117 0.028 0.728" 1.000

T TR P<L0. 05 KB EA G, T 7 RARAE P<<0. 01 KPR BEAHK, TR,

2.4 TEMEERGRSP EE5TEENER
PSS

W L Sl 5 PR A GRSP & 5 5 17 BF 5T 1Y

b PR R BT HEAT A OG4BT L S5 R NS 3 T

71N W TR T 5 A ML | BRI S e S M 3R OE

K 5 A R o W IR M OG s o STk AU T
Hema 20 E E EME, 5FE FLRE.
LRS- § -l SR P
T-GRSP & 5 5 /K i 22 A b 3 1F A G

F3 TEMEMMGRSPEES T EBEAMREXESH

eI KiE oK i FLB R EERiIRT 3 ¥ 7 A% 4L K
T T 0.127 0.172 0. 130 0.170 0.117 0.076 —0.057 0. 047
TOK it —0.221 —0.018 —0.220 —0.037 —0.229 —0.105 —0.088 —0.101
4 R Tl 0. 060 0.031 0.057 0.441*%* 0.301" —0.025 0.388** —0.061
i AL B 0.283" 0. 206 0.282" 0.255" 0.282" 0.323"* 0.243" 0.182
EE-GRSP 0.042 0.157 0.044 0.231 —0.022 —0.171 0.181 —0. 144
T-GRSP —0. 144 0.313**  —0.142 —0.004 —0.197 —0.182 0.029 —0.202

3 it F T MR I 9B 25 Oy 40K R L B DK B 5 4 3

3.1 HRZAXT T IERE M GRSP S EM Y
R LI AE 0~20 cm 1+ )2 4 Fp + HEEG IS
X5 I RS P 38 T T R 3 R L g SO R
WG == A5 BIF 5 45 AR AL . X AT RE SR i TR A
HLEMANTHRBAR, ERREYLEZ AR TR
AT YRR KB FE SR 0 R SR D
A= W v B W B R L A R R L B n R
BT DA G PE TR 7E 0~20 em 2 T B
MR TR T L R RN A AL SRS  E S T
PP BRI I M L X R] B S DR D A v i AR B ) 5
B N TAROMRT A A 0, DT 08 7 4 e >, 4 v
) G0 P b SIS A i 3 /b, R 3 B IS R AR
AT AR 1) st AP A AR A K s, PR U
KW Z AT IE T S AR R L AR R AR
A ) T 2 ) RN i A b A S M T
R K, 0~20 cm + 2 HY H I3 AR
T-GRSPH 1 i # m T Ak, TIREZM N SR

B RE AR bR N IR B TR B AR AR AL T — A 8K
T (RS S U D i BREI T K, 2 R A AR K
& L T SOPK RIS P E 3 R, Ol BB ] AR A, AR b 4%
PEAE X F s AR T4 25 L AML BL TR TR ME R AIG L 7
4 GRSP & & 20,
3.2 TEREXNLTEBEETM GRS 22N
=AU

AT B o v PR A TR T 3 P R B A RORR
i AL ARG P R BN 0~20 em B E R T 20~
40 cm, 3% 5 008 7 S0 I I g 45 S A RL. TT B
S FR TR )2 R BE IR R VR ) RN B T iR
W, F2 4y fr it R RE . 20~40 em AHXFF 0~20 cm
4 )20 B B T O M B TR R R
M 0~20 cm + )24 B M KIS, kW iE
SR T 95 P e , DA S B0 2 R 1% 3 o i
TP S PR AR A B4R

ARSI KB, GRSP &8 7E 0~20 cm )2
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1 20~40 em + 2 Z [0 ¢ B & AR 1L, (0 5 2
HHW A RZE £ GRSP S BB FHE TR
JZ gt on] g R B O O 0 AR R AR TR
JEJ& 0~40 cm, M A A TARE DR R & K 7Y
A, AT e FEAR 2R R K 43 3R 3 R T 2R 1 fig
JAE 0~40 cm ZBIFF AR AW B 2% 5, H GRSP &
AR R RE XA W R R EWN, 2
P RIS | Y Rl P2 A | b R O 0L R A
Nh T4 2 8 KR VR 36 [F o /Y, Bt
A GRSP & #7E 0~20 em + )2 Ml 20~
40 em )2 Z A1 B AR 25 A B AN TR
3.3 tEYEMRMTERS ML IEEEYE
1 GRSP £ BT

AHIE SR A I o - S5 I A AR Ak A7 L BB RN
bR A S R RS . LB B S A
FAAEIE A JCOE R P (9 R /N T DA e + 4
(R 88 A R L0 R A, A B A 3 3 P
5, K RE ) BSR , A- 93 rh GAE  AE AE  SR T
U 5 g b i SR 43 2 A T2 W A B A ) AR
1100 WS A AR R 1y, AR GE A A T )
(R Bl TR B A 9 A T B 43 6 Tl ok A X
U F5 A 4 R OE R 2 a6 s B A RS
T o AR B 2 AR AR Ak TR T A A
2R PR AR R A R A 5 e 1 AR W VR Y
AN BE NIRRT AS [ R it Ay s o017

ARWFFE LA Y ERME TR 22 GRSP % &2
M, X5 0 R G5 R — 8,
GRSP 2t MBI AR B T 22 B i 3 - S b i —
Pt K Pk A A 0, B Y AR KT S AR
P 1 HES K B 25 ERN AL R AT AR A 3 R AR
TR KA F R AM OB B T R A K 43 A
AARLTE—ERE L AM B M AE .,
AT B A8 L6 1 L 5 7 A GRSP & 4,
4 &R

AHFFERM B SRR A N TARK E 4 IR 1Y
N ,0~20 cm 1 )2 FHEWE A UK G 0 IR g S it 4R
b U I M 2 BT TR, R
Bh 14, 97% ~35. 37% .31, 29% ~ 76. 64% .
5.56%~27. 78% Al 22. 09% ~70. 54% . 1fii EE-
GRSP 1 T-GRSP & & ¥ fifi £ B AN A T AR 2H 1Y
PAR S N S oA O L R NN T N e
Tt TR il 0% P ik SObR 0 ok A S i T M S

56

SR TRBEH I 3 A 2050 T [ 29. 630450, 884

1 25. 00 %0 T o J2 T B2 oF - S R 0 g IO g 5 &

Je GRSP 5 45t 24 J6 5 35 52 W) 5 -1 S 0 1R I 4% 1

i AL S I P M GRSP f i 5+ SR M+

AL E AR AE W AR

S E 3k
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Characteristics of Soil Enzyme Activity and GRSP Content in
Pinus massoniana Plantation in Karst Area of Southwest China

SONG Xuehong' , ZHENG Rui' , WU Yan'**
(1. School of Biological Science, Guizhou Normal University. Guiyang 550018, China; 2. Guizhou Provincial
Key Laboratory of Forest Fire Ecology and Management, Guiyang 550018, China)

Abstract: In order to scientifically grasp and explore the characteristics of soil environment in Karst Areas of
Southwest China, formulate reasonable management measures for plantation forests, and promote the restoration of
soil fertility in karst ecologically fragile areas. In this study the soil of Pinus massoniana plantation in Fenggang
County, Zunyi City, Guizhou Province was selected as the research object. The effects of three age groups and
soil layer changes on soil enzyme activity and GRSP content were analyzed, and the relationship between the
two and soil physical properties and soil nutrients was also analyzed. The results showed that, (1) the changes
of age groups had significant effects on soil enzyme activities. The activities of four soil enzymes in the 0—20 cm soil
layer increased with the increase of forest age. The sucrase activities of the soil of the Pinus massoniana
plantation in the 0—20 cm soil layer were 8. 85, 10.42 and 11. 98 mg+(g*d) ' in the middle-aged forest, the
near-mature forest and the over-mature forest, respectively. The phosphatase activities were 0. 54, 0. 57 and
0.69 mge(g+h) ', and the catalase activities were 2. 58, 3. 15 and 4. 40 mL+(g*min) ', respectively. The sucrase
activity of soil in over-mature forest was significantly higher than that in middle-aged forest, and the activities
of phosphatase and catalase in siol of over-mature forest were significantly higher than those in middle-aged
forest and near mature forest. (2) Soil layer changes had significant effects on soil phosphatase and catalase
activities. Under the same age group, soil phosphatase activities of middle-aged forest and near-mature forest
in the 20 —40 cm soil layer were significantly lower than those in the 0 —20 cm soil layer, decreasing by
29.63% and 50. 88% , respectively. The catalase activity of over-mature forest in the 20— 40 cm soil layer was
significantly lower than that in the 0 — 20 cm soil layer by 25. 00%. (3) The contents of EE-GRSP and
T-GRSP in 0— 20 cm soil layer and 20—40 cm soil layer were in the order of middle-aged forest = over-mature
forest > near-mature forest, and the T-GRSP content in 0— 20 cm soil layer was 3. 56 mgeg ', which was
significantly higher than that in near-mature forest by 52. 14%. (4) The correlation analysis results showed
that the main factors affecting soil enzyme activity were volume weight, porosity, soil organic carbon, total
nitrogen, total phosphorus and alkali-hydrolyzed nitrogen content, while GRSP content was mainly affected by
soil physical properties. In conclusion. the change of age group had a significant effect on soil enzyme activity
of Pinus massoniana plantation, and soil phosphatase activity, catalase activity and GRSP content were
significantly correlated with soil nutrients and physical and chemical properties. The results indicate that the
soil quality and fertility can be restored and improved by adjusting the age group composition of Pinus
massoniana plantation and the corresponding changes in soil nutrient content in Karst Degraded Areas.

Keywords: Karst; Pinus massoniana plantation; soil enzyme activity; Glomalin-Related Soil Protein(GRSP)
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