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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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Fig.1 The activities of extracellular enzymes in subtropical secondary forest after forest fire disturbance
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Fig.5 Redundancy analysis and the explained variations of soil extracellular enzyme activities at different restoration stages after

forest fire disturbance

http: // stbexb.alljournal.com.cn



100 KO FEE R

%39 &

AR L Ec PN 0.98~1.06, ik T4
BRFEIME 1,41, Ec.o M E. » FH{HE K4 0.61~0.68.
IR F A BRE¥I{E 0.62,0.445), Vector L>1 H
ARG S KA AL S RIS X LA W R
KAtz 2 C BR 1, B ] B B R e ) 52 0 R B
Ja ETrR AR S Ec. o H Ec.p BE IR A 722 16
# Y5 Vector L tH[A], 2 B 5% X 4/ & 4b T C FR | By
Bt BRI TR IR S BLOR RG] T R £ 5
52 22 18 95 43 FH 56 (0 il , DA A H B 3R 40 7 RV LR P
BRI £ e, A i T P AR SR AR C [H)
b, B Y AT C BRI,

4 %Kit

N A AR O I A1 il 3 P AR TR TR
TR I () S R A, P AR AR G B4 i A1 g TS
PR T HHE CON F AL AH C I 5 Al 0 o . Mok T4
J& AR - B CONLP 3L 15 0,94 ¢ 1,53~
1:0.99 ¢ 1.47, H K &t A B2 B A 0% of 72 2 BB
B, R IX S AR A L P ORR B B AR KT
R PRI GS . DA UL, TR AR D AR R X T
POl MR B RGR T H0 % T 4 45 0 4R R AR 1 e
LB RGEFENER S MR R RGN T R 8 K
EHAETEE L.

S E 3k

[1] XUY X, DUA P, WANG Z C, et al. Effects of different
rotation periods of eucalyptus plantations on soil physio-
chemical properties, enzyme activities, microbial biomass
and microbial community structure and diversity[ ] ]. Forest
Ecology and Management,2020,456:e117683.

[2] ZHOU L H, LIUS S, SHEN H H. et al. Soil extracel-
lular enzyme activity and stoichiometry in China’s for-
ests[ J].Functional Ecology,2020,34(7):1461-1471.

[3] SINSABAUGH R L, LAUBER C L, WEINTRAUB M
N, et al. Stoichiometry of soil enzyme activity at global
scale[ J].Ecology Letters,2008,11(11):1252-1264.

[4] CHENG Y, LUO P, YANG H, et al. Fire effects on
soil carbon cycling pools in forest ecosystems: A global
meta-analysis[ J]. The Science of the Total Environment,
2023,895:e165001.

[5] HOLDEN SR, ROGERS B M, TRESEDER K K, et al.
Fire severity influences the response of soil microbes to
a boreal forest fire[ ] |. Environmental Research Letters,
2016,11(3) :e035004.

[6] ELAKIYA N, KEERTHANA G, SAFIYA S. Effects
of forest fire on soil properties[ ]J].International Journal
of Plant and Soil Science,2023,35(20) :8-17.

(7] FLAd e, 55 5% 3 R % 220 IR T8 R 400 3 AR A L 3l

L8]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

1B A ALY ] A 22 A% R . 201736 (6) : 1515-1523,
KONG J J, ZHANG H Y, JING S. Dynamic character-
istics of forest soil phosphorus in the early succession
after fire in Great Xing'an Mountains[ ]].Chinese Journal of
Ecology»2017,36(6) : 1515-1523.

FH 5%, BRAT AT B A 5, 5 1 R B BR X 25 e 4 bk 4 1
A BT Ve R R e [T, A A PR B AE L 2020, 29 (4)
695-701.

TIAN R, CHEN Q B, L1]J Q, et al. Effects of prescribed
burning on soil microbes and enzyme activities in Pinus
yunnanensis forests [ J]. Ecology and Environmental
Sciences,2020,29(4) :695-701.

PEI ] M, WAN J R, WANG H, et al. Changes in the
activity of soil enzymes after fire[J]. Geoderma, 2023,
437:e116599.

FENTLL 2 5 BT AR S K W K ba 3 i Al B K 2
R e W B SRS LT K AR R AR R L 2015, 29
(3):184-189.

WANG L H, XINY, ZHAO Y S, et al. Soil microbial
biomass and enzyme activity in the process of vegetation
restoration in burned area of great Xing’ an Mountains
[J].Journal of Soil and Water Conservation, 2015, 29
(3):184-189.

FANG K Y, YAO QC, GUO Z T, et al. ENSO modu-
lates wildfire activity in China[]]. Nature Communica-
tions,2021,12:e1764.

SAIYA-CORK K R, SINSABAUGH R L., ZAK D R. The
effects of long term nitrogen deposition on extracellular
enzyme activity in an Acer saccharum forest soil[]]. Soil
Biology and Biochemistry,2002,34(9) :1309-1315.
MOORHEAD D L, SINSABAUGH R L, HILL B H,
et al. Vector analysis of ecoenzyme activities reveal con-
straints on coupled C, N and P dynamics[]].Soil Biolo-
gy and Biochemistry.2016,93:1-7.

DONG H Y., GE ] F, SUN K, et al. Change in root-as-
sociated fungal communities affects soil enzymatic activ-
ities during Pinus massoniana forest development in
subtropical Chinal J ]. Forest Ecology and Management,
2021,482:¢118817.

FENG C, MA Y H. JIN X. et al. Soil enzyme activities
increase following restoration of degraded subtropical
forests[ ] ].Geoderma,2019,351.:180-187.

WA = W SE R, 55 AL PG W R XA [6] AR % A2 R
N TR A S il 3 4 4 3 A A2 AR LT TR JE Aol R 2 5 4l
2021,49(7) :91-95.

TUCW, PENGCY, LIUPY, et al. Seasonal dynam-
ics of soil enzyme activities in Cunninghamia lanceolata
forest of different ages in rainy area of western China
[J].Journal of Northeast Forestry University, 2021, 49
(7):91-95.

http: // stbexb.alljournal.com.cn



%13

SREFFE AF AR WA BR AR - S B A AL o R AT

101

[17]

(18]

[19]

[20]

[21]

A L B AR A AR AE K S B A X Pl KR
U8 7 Mo RIS PR SE M L) A 4524 24K, 2022, 41(5)
948-954.

ZHAO J, DUAN L L, WANG M, et al. Effects of
hydrological managements on soil enzyme activities
during peatland restoration in the Changbai Mountains
[J].Chinese Journal of Ecology,2022,41(5):948-954.
GUO DL, OU Y S, ZHOU X H. et al. Response of
soil enzyme activities to natural vegetation restorations
and plantation schemes in a landslide-prone region[]].
Forests,2022,13(6) :e880.

KUZYAKOV Y, XU X L. Competition between roots
and microorganisms for nitrogen: Mechanisms and eco-
logical relevance [ J]. The New Phytologist, 2013, 198
(3):656-669.

b3 N e N N NI 7N ¢ 2 NU NS/ N SR X 7
A A Y S TR R AL A e LR [ ] A R e AR
2025,44(1):11-20.

LUA Q, CHEN Z J., LI X, et al. Characteristics and
influencing mechanisms of soil microbial biomass car-
bon, nitrogen and enzyme activities in Cunninghamia
lanceolata plantations with different stand ages[J]. Chi-
nese Journal of Ecology,2025,44(1):11-20.

XMRES MBS T A ke X B AN bR 1 Sl 1 A
HLBR A3 B2 [T ], A 2527041 . 2018,.38(15) : 5374-5382.

LIU J D, LIN W, WANG Y Z, et al. Effects of fire on

(E#% 93 7

[24]

[25]

[26]

[27]

EAE M RN, FONERR S LKA
S A W F T Bk R[] VG LA 24 4 . 2001, 21(1) < 1-7.
LIL H, L1SQ, ZHAI ] H, et al. Review of the rela-
tionship between wheat roots and water stress[ J]. Acta
Botanica Boreali-Occidentalia Sinica,2001,21(1):1-7.
ERA S F W, b, 45 8 1 XN DAY SR K
T EHBACRBLT ML B2, 1999,35(2) : 7-14.
WANG M B, CHAIBF, LI H]J, et al. Soil water holding
capacity and soil available water in plantations in the loess
region[ J |.Scientia Silvae Sinicae,1999,35(2):7-14.

SUN F H, XIAO B, LIS L, et al. Towards moss bio-
crust effects on surface soil water holding capacity: Soil
water retention curve analysis and modeling[ ] ]. Geoderma,
2021,399:e115120.

TSR G ARV B B AL B 4 DX I 1 PR o
IR MR ] HEREAUAR TR 2741 . 2017, 35(9) : 798-805.
LI1ZY, ZHAO X K, ZHU Q K. Effects of farmland
slope on soil moisture in semi-arid Loess Plateau of
Northern Shaanxi[ J].Journal of Drainage and Irrigation

Machinery Engineering,2017,35(9) :798-805.

[22]

[23]

[24]

[25]

[28]

[29]

[30]

soil enzyme activities and organic carbon fractions in Pi-
nus massoniana forest[ J]. Acta Ecologica Sinica, 2018,
38(15):5374-5382.

WRAE b Bt vk 55 BT, <5 5K LR il 0 il 0 4 25 e %
SENE Iy R P[] 1 2 4, 2021,39(2) £ 194-206.

CHEN J, YAOC S, LIN Y M, et al. Soil enzyme ac-
tivity difference in woodlands, and soil fertility quality
evaluation in Mount Wuyi, China [ ]J]. Mountain Re-
search,2021,39(2) :194-206.

b SN R BN NN ISR e DN
AR A S P A 2 i LU R AR LT DN S BB A
2FH%,2023,29(1) :178-185.

SONG SY, CHEN Y M, WANG T, et al. Characteris-
tics of soil enzyme activity and stoichiometry in a Picea
likiangensis var. linzhiensis plantation with different
ages ] |. Chinese Journal of Applied and Environmental
Biology,2023,29(1) :178-185.

ALLISON SD, WEINTRAUB M N, GARTNER T B,
et al. Evolutionary-economic principles as regulators of
soil enzyme production and ecosystem function[ M]//
Soil Enzymology. Berlin, Heidelberg: Springer, 2010:
229-243.

WARING B G, WEINTRAUB S R, SINSABAUGH R
L.. Ecoenzymatic stoichiometry of microbial nutrient ac-
quisition in tropical soils[ J].Biogeochemistry,2014,117
(1):101-113.

ST IR AR IBE X 5, AF AN W) B TSR R bt X
ST - MK 53 2 78 A L) K AR A 2 3
2017,31(3):209-215.

HOU G R, YU X X, LIU Z Q, et al. Spatial and tem-
poral variation characteristics of soil moisture in typical
forest land in Beijing Mountain region under different
rainfall intensity[ ] ].Journal of Soil and Water Conserva-
tion,2017,31(3) :209-215.

fap A A AL HERE . T 52 T 5 XL H ek A 3)
BAEARL ]l 24 4% 2003, 21(2) : 149-156.

HE Q H, HE Y H, BAO W K. Research on dynamics
of soil moisture in arid and semiarid mountainous areas
[J].Mountain Research,2003,21(2):149-156.

B4 A A, 4, 550 b e B/ 4 K 4 iy s
i) S5 B R HG s i PR - (T ] 0 2R 38 2 4, 2001, 12.(5)
715-720.

QIU Y, FU BJ, WANG ], et al. Spatial heterogeneity
of soil moisture content on the Loess Plateau, China and
its relation to influencing factors[ J].Chinese Journal of

Applied Ecology,2001,12(5):715-720.

http: // stbexb.alljournal.com.cn



