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Abstract; [ Objective ] Forest fire, as the primary natural and human-induced disturbance in subtropical
forests, seriously affects the soil biochemical cycle. We aimed to clarify the response of soil extracellular
enzyme activities to the restoration process following forest fire disturbance. [ Methods] We investigated the
soils of subtropical secondary forests at different stages of recovery following forest fire disturbances.
Subtropical forest soils at seven stages of restoration were analyzed using a spatial substitution time series
approach. The forests were categorized into three age groups. including old forests (60~70 years), middle-
aged forests (30~40 years), and young forests (<20 years). We aimed to reveal the succession patterns of
extracellular enzyme activities and their stoichiometric characteristics following forest fire disturbances by
measuring invertase activities related to soil carbon (C), nitrogen (N), and phosphorus (P) in subtropical
forest soils. [Results ] The activities of soil cellulose hydrolase (CBH) and B-N-acetylglucosaminidase (NAG)

increased significantly with forest stand age, but the activities of other extracellular enzymes did not increase
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significantly with stand age. Correlation analysis and redundancy analysis showed that soil C and N contents
were the key factors affecting the change of soil extracellular enzyme activities. In addition, the ratios of soil
extracellular enzyme C, N and P were 1 ¢ 0.94 ¢ 1.53, 1: 1.02 : 1.63 and 1 : 0.99 ¢ 1.47 in young, middle
and old forests, respectively, indicating that soil microorganisms in subtropical forest was limited by P, but
such P-limitation was improved gradually with forest stand age following forest fire disturbance. [ Conclusion ] The
extracellular enzyme activities related to soil N transformation increased with forest stand age following
forest fire disturbances in subtropical forest soils. The stoichiometric characteristics of soil extracellular

enzyme gradually tended to be stable, indicating that soil health was progressively improved during the

restoration process following forest fire disturbance in subtropical forests.
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Table 1 Soil extracellular enzyme species, abbreviations, types and substrates
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Table 2 Soil physicochemical properties of forests at different restoration stages
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The activities of extracellular enzymes in subtropical secondary forest after forest fire disturbance
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subtropical secondary forest after forest fire disturbance

RDA 43Hr#H], 13 TC F1 DOC 1E R 9k 5 - e g s

BRI A S ) SRR D 1 TSR B A SR 0 o S
B[R] ¢ SR S AR A2 S R BE Y 91,900 (7 5.

3 it g
3.1 WRACTFH S T #2015 B S0 B 4 45 4E
TR I TANE g MR 25 RGBT 4 2,

F 52 ) A HECAE W e R A A SR L AR T AR
AR Yy Ak 22 06 A L B L T B0 A 8 A A T 0 AR
. ATEI K B B b K T4 R I ] 38
T4 BG. CBH. NAG i ¥ 2 4% i # #+. 5 DONG
SED AR W AAGHT T R AN RO [R) MR (] 1 398 i 95 1k AR 1k

MIWETE — B, B AR K G, 1 SR 2 IR T
A BI04 B2 AN R V5 ) 2 R 52 e IR R
AT BLER R B it AR 2R RE g i ok T e 4
DIRTIDTE € b | RN ) SR O N/ ok /&= B L6
FRR 4= HE P 1L 70 12 VR, A1 0 A VK A2 R - B BT
RS il 0 4 e e A= o ) A K B RS L A R T
8 R A0 Bl S M PR R TR R R KO L R R AR D S
R AR N AR IEE AL (PEO F1 PHO) T PE7E
25 a RIS AR 2038 B e, B T 10,17 a AR AR
gy . MAEFE . 398 EUI0 G TE 1 I R Bl i 5 B[] &
A 5B AR AL T BB BT Sl R ) R A S A BL A 1 A
FRRE, W ERKEETTE 20 a &£ 4B A TS
SE I PR R T 4R T T % B0 AR R I 0 A O L O
AR 2 J5 O A e Fr e R e K-

T MM S S LA E Y A E RN R O
WG PESZ B3 pH W BE L F% 43 I i o B SRR W
FEVE N R W m ' AR WF5E & 3, DOC 1 DON
A BRI IR AN R EENE R,
GUO %" ik e 25 R AL . B & R AR 5, 1l - 08
TE )R T 20 AR AR B T, A A A 9 mT VR ) S
RO AS W 4 L M A A il TR B RS
R L A 5 it — 2 A 58 & B DOC, TC #1 NH, *-N
5 C R AL M SE il 52 W 3 A OE (B 4) . LR Y%
5 Bz 5w M AP B R M, HIERUE Y b R & C
N Fa5E . 2 7F +3E DON /43 i 31 [A) 4k W i o 2 S )
BEUR, C B Ak AH OC 1Y L A Tl TE PR AR N B R . SWC
5 PHO #&# 2 B ¢, 5RIE S s 45 3
— 30, B AR K A R RS B S, R B
Gy Bb T3 SRR S DT 00 ) - 1 Ak g . Rt
AR S A AR - M A 76 AR Ak S EEER
T F R A 1 W R RN A B 1 AR AL

+ 4 CBH Ml NAG i ¥ Bl 8 % s (8] 38 Jin ifif 1
J. SR S BRGHE AZ AR OMRAE I8 51 A HE i A1 il 1 F
K], CBH, BG.NAG F1 AP 11 P 5 B i Ay
b, HAEMEY N 8 a LB e . ARBFZE . 5
AN G 1 0 78 A R AE 5 R [ R AR VR A bR R o
HRORE B2 K A A L B — PR N MR ) 2 A
WL Y 2R AN GG R R &),
Bl Y 2 REVE R L IR R AL R o, £
50y kAR AL A HE - ST W R VR T A M A i S
P, KRB ESIH T LR AR EA 1 aJm,
BRSO B E AR T T HET . B T AR TR
S 6 s () P A A A il 0 AR S T AR AR AR KR SR
W BN KW R SWKE A ek 1 S
T 1 DT 4 T AR AR 1 S i i

http: // stbexb.alljournal.com.cn



6 K AR %39 %
1.4 r 60
(2) (b)
pm0927 | T e— P<0.001
12 b o 0 TSl
_1 & er TS
5 1.4 ab < ~60fF 2 4
§ 1.3 2 b § 54 | < 53 é b
N Pt EaLS
L0 F12 2 556 —
3 3 54
211 =3 .
52
1.0 51 - . !
L L L gtk K Bk
0.8 _I 1 %rﬁ;ﬁ I:Pl‘ﬁw %ﬁ% 1 ] 1 1 11 1 1 ]
18 303435 42 64 71 18 303435 42 64 71
WEM B/ a WEH B/ a

3 MAFHETRGERERTERIBIEKENIERE
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