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Characteristics of soil enzyme activities in tropical secondary forests in
different restoration years

TAO Xiaojun"?, ZHANG Jingchun"?, YE Jiaxin"?, CHEN Jialin"? & QIU Xincai"?""
' School of Tropical Agriculture and Forestry, Hainan University, Haikou 570228, China;
? Intelligent Forestry Key Laboratory of Haikou City, Hainan University, Haikou 570228, China

Abstract As tropical primary forests decrease, secondary forests are playing an increasingly important role in
protecting biodiversity, mitigating climate change, and providing ecosystem services. Here, the characteristics
and influencing factors of soil enzyme activities were examined in secondary forests during different restoration
years, providing a scientific basis for the management and evaluation of the effectiveness of tropical secondary
forest restoration. Secondary forests in the Bawangling Nature Reserve, Hainan Tropical Rainforest National
Park were selected during different restoration periods (20, 30, 60, and 70 years). In this study, five soil enzymes
related to the carbon, nitrogen, and phosphorus cycles were measured; the characteristics of understory
vegetation and litter were investigated; and physical, chemical, and microbial properties were determined. The
results showed that, with the increases of forest restoration years, the activities of soil invertase (INV, 66.64
mg g' h™), B-D-1,4-glucosidase (BG, 497.00 nmol g” h™), and acid phosphatase (ACP, 2099.16 nmol g” h™)
were highest in 70-years forest, showing an increasing trend; the activities of urease (NRE) and N-acetyl-8-
D-glucosidase (NAG) increased first and then decreased, and reached the highest in 60-years forest (0.18 mg
g’ h" and 99.06 nmol g" h™, respectively). The activities of the five soil enzymes showed a downward trend
with increasing soil depths. With the increase of restoration years, herb and shrub coverage at recovery stage
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20-years and 30-years was significantly higher than that at recovery stage 60-years and 70-years; aboveground
biomass was significantly lower than that at recovery stage 60-years and 70-years (P < 0.05); herb and shrub
diversity and litter biomass had no significant changes with the increase of restoration years (P > 0.05); soil
bulk density decreased; the water content and bacterial richness index decreased first and then increased;
pH, organic carbon, total nitrogen, and fungal richness index increased first and then decreased; and total
phosphorus and total porosity had no significant difference with the recovery years (P > 0.05). Correlation
analysis results showed that soil enzyme activities were significantly negatively correlated with herb and shrub
coverage (P < 0.05); positively correlated with aboveground biomass (P < 0.05); negatively correlated with
soil bulk density and pH (P < 0.05); and the five enzymes were significantly positively correlated with moisture
content, total porosity, SOC, TN, TP, bacterial richness index (Chao1), and fungal richness index (P < 0.01). In
conclusion, vegetation restoration effectively improved the soil enzyme activity in tropical secondary forests.
Soil enzyme activity is closely related to vegetation, soil physicochemical, and microbial properties. With an
increase in vegetation restoration years, aboveground biomass improved, resulting in an increase in root
exudates, thereby enriching soil nutrient content and bacterial and fungal richness indices, ultimately promoting

the improvement of enzyme activities.

Keywords tropical secondary forest; restoration year; soil enzyme; influencing factor
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T AT RE R B AHFE

FA. AR FTRA R EERR R AR B EEAR—F, E
HR R E AT (Engelhardia roxburghiana Wall.) .
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Table 1 Basic characteristics of the plots in tropical secondary forests

PR IR a7 Yl W RBCE Az SR
Restoration Elevation Aspect Slope Densi_tzy Average DHM  Average height
years (t/a) (h/m) (ar°) (n/hm™) (Dlcm) (H/m)
20 602 £ 2 padk, db NW, N 81 2108 £ 335 11.05 + 0.64 8.83+£0.45
30 362+6 Pidk Nw 131 3400 + 188 8.89+0.43 7.35+0.33
60 766 £5 -4k, PEdE NE, NW 71 1608 + 361 16.47 +1.22 10.91 £ 0.30
70 435+ 6 Pidk, &4k NW, NE 101 1558 + 188 17.37 £ 0.43 8.84 +0.33

B A LA AR 2 .
Data are presented as the mean + standard error.



AN [ PR A4 B A 0 A PR 8 Bl R R AIE

Vol. 31 No.3 Mar 2025 455/

[e] 52 56 =5 T E IR BE SR AR
1.4 MEFE

AR KR RS FLRE B SR PR 1 5 5
pHE FHHALVE F pHUFIE s LA PR (SOC) M
TN FHBAINRRE, FIFGE ST (ThermoFisher
FLASH 2000, USA) i ; TIETP & &4 WR IR
HERTE &G, RSP EEN e, LA
BH P S A L DR AR ) 8 m) AT el s, R 3R A
F U6 7 51 34T A0 AL, 7297 % 5 51) AR AL FE it 10K
AT H3E4T OTUR L, fFEOTUNK Bt 5 1384
ANEEEfRE (Chaol) . RH3,5- R /KEIREL
320 7 INVE 1, K FH 2R — IR 4 B ikl e
NREJE L. +38-D-1,4-% £ fi 7 EE (BG) . N-7,
Ik -B-D-i & i B (NAG) FIFRVERE IR EE (ACP) X
FHSolarbioi M A 71 & AT I A, FH 2 DR Eg Ax
A 5 Bl i 1
1.5 HBHH

i FHExcel 2019X} #5347 il sk 5P AR BE. AfE
IR 4.3 AT K 25 % 43 Hr (one-way ANOVA)
MTukey'sZ H LA, fEP = 0.05/KF N or#r T 3L/ S
PE S FRAME BRI AE M M AEAS [R] W AR B 2 (1]
B 22 5. K H R /RiEbAH I 734t (Pearson correlation
analysis) Hiff 7 bR B AN V& VD Rr Ak S 35 s
19 UL S T B B ANl AR W M Joii 5 - R lg v 2 [A]
B9 R SR HOrigin 20243k 441347 #8 5¢E F iAE.

2 ER55H

2.1 TEWREFRTIRBU SHEMHHE
R3NHIEHA S FCEVRFAEAE 3 R 1T

*3 NEREFRATRERDIRIBUE RS MEYME R

B 398 7% A At P A PR ) 98 K T 2 0 T PR 1
sk, EAMAEPKEFER T, KE HH205E/1304 5
W E HAG0EMT04FE 2 F 3% (P <0.05) , 204F K E4E
PR E RO, N1.51 glem?®, TOFEMR EAER ~1
B E RN, N1.27 g/m’®; BER EAERRIE K, B S K
AP/ NEE N, s RO TOLE  604E . 204,
304F, M HEFRI0E 604FFN 7042 [H] ()i 2 75 /KR
ZRE (P < 0.05) ; FKE SR 0, afLEE 2
BN B Ja R s ka2, BB FLBREERE TR B
SERR AR A TA B B Z/KCF (P> 0.05) .

B K B AER IR, EiEpHA LRI N
S KGN, 781K E BI604EIA B i 5 (4.97) , pH
EWE #6042 % & T B 1204 (P < 0.05) ; +
SOC. TN S B &4 IR IS IR B H S TH 5 B )
s, BRI 604 7045, 304, 204F, kK
FEBRBOLE & B (15.87 g/kg. 1.46 g/kg) & (P <
0.05) & T R EAEFR 204E M304F; HIETP S EREIRE
CERRMIIE N2 BT, AN REEIRTP A #750.21-
0.27 g/kgz [a], FIETPE &K E4E R AL R IA
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WNRIFTR, AFKEER + 341 1% Chaolf5 3
U R 5 T e ss, s R ICNT04E . 604
204F. 304F, 4l Chaolfs i/ 11 860.51-2 452.43
Z 6], R AEPRTOLE Lk HAE PR 204 MIB04E R 2% (P
< 0.05) 1525.09%131.82%; AS[F 1K AR 3% 2
Chaol#8HU B b IS T i J5 PR AR i 34, 604E IR A4
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Table 3 Soil physicochemical properties and microbial properties of the tropical secondary forests in different

restoration years

fabr W E4E R Restoration years (t/a)

Index 20 30 60 70
345 & Bulk density (o/g cm™) 1.53 £0.02a 1.50 £ 0.01a 1.45+0.02b 142 +0.01b
JiE ¥ /K& Moisture content (w/%) 21.01 £ 1.51bc 20.54 £ 0.55¢ 23.79 £0.62b 2712+ 1.4a
JSFLERE Total porosity (/%) 46.87 + 2.36a 46.51 £ 1.8a 47.57 £ 0.49a 50.14 + 1.57a
pH 4.83+0.02b 4.87 +0.04ab 497 +0.06a 4.87 +0.04ab
ﬁﬂlﬁ% SO.C 4 12.11 £ 0.88c 12.87 £ 0.93bc 15.87 £ 1a 14.74 + 0.81ab
Soil organic carbon (w/g kg™)
4% Total nitrogen (w/g kg™) 1.06 + 0.08c 117 £ 0.1bc 146 +0.07a 1.29 +0.08ab
4= Total phosphorus (w/g kg™) 0.21 £0.02a 0.21+0.04a 0.26 +0.01a 0.27 £0.01a
4l E Chao1 Bacteria Chao1 1960.59 + 136.87bc ~ 1860.51 £+ 120.68c  2358.49+171.6ab  2452.43 + 191.86a
F #Chao1 Fungal Chao1 453.3 + 24.87b 569.71 + 59.49ab 683.26 + 14.95a 592.01 +63.75a

s LT A ARG 22 SR, AR T RS FRIK L E IR R 2 7 52 (P < 0.05).
Data are presented as the mean * standard error. Different letters indicate significant differences between different

restoration years (P < 0.05).
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Bl REWREERMTERERTIBEGEME. INV: JEHEE: NRE: JREF: BG: B-D-1,4-H & M 7§ : NAG: N-Z1k-B-D-Hi % fi 17
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Fig. 1 Soil enzyme activities in the tropical secondary forests in different restoration years. INV: Invertase; NRE:
Urease; BG: §-D-1,4-Glucosidase; NAG: N-Acetyl-B-D-glucosidase; ACP: Acid phosphatase. Different uppercase letters
denote statistically significant differences among different restoration years for the same layers of soil (P < 0.05) and
different lowercase letters denote statistically significant differences among different soil depths within the same restoration
years (P < 0.05). The error bar represents the standard error.
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Table 4 Relationships between enzyme activities and vegetation as well as litter characteristics

EizE TWE R Fij#EShannon-Wienerg§ 4L EEYE A&
Index Coverage Shannon-Wiener Index Aboveground biomass Litter biomass
INV -0.693* -0.190 0.857* -0.099
NRE -0.729** -0.143 0.945* -0.304
BG -0.765** -0.221 0.833** 0.125
NAG -0.568 -0.036 0.864* -0.429
ACP -0.370 -0.028 0.613* -0.028

INV: JEEFERY; NRE: BRAEY; BG: B-D-1,4-% 4 b HF; NAG: N-LBE-B-D-#i 4 PH Y ; ACP: B2 PEBEERREE. * P < 0.05; ** P <0.01.
INV: Invertase; NRE: Urease; BG: §-D-1,4-Glucosidase; NAG: N-Acetyl-B-D-glucosidase; ACP: Acid phosphatase. * P <
0.05; ** P<0.01.
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Fig. 2 Relationships between enzyme activities and soil physicochemical as well as microbial properties. INV:
Invertase; NRE: Urease; BG: 8-D-1,4-Glucosidase; NAG: N-Acetyl-B-D-glucosidase; ACP: Acid phosphatase; SWC: Soil
water content; BD: Bulk density; CP: Total porosity; SOC: Soil organic carbon; TN: Total nitrogen; TP: Total phosphorus;
Bact_Chao1: Bacterial abundance index; Fun_Chao1: Fungal abundance index. A red hue signifies a direct relationship
among variables, whereas a blue hue denotes an inverse relationship. Intensity of shading corresponds to the magnitude
of the correlation coefficient, with darker shades reflecting stronger correlations and lighter shades indicating weaker ones.

*P<0.05;** P<0.01.
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