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Effects of converting natural forests to Moso bamboo and tea plantations on soil extracellular enzyme activity
in subtropical China
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Abstract: Converting natural forests into Moso bamboo and tea plantations may significantly alter the soil extracellular enzyme activities

(EEAs) in subtropical regions. This study assessed soil EEAs and environmental factors in natural forests, as well as the areas that were
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converted into extensively managed Moso bamboo and tea plantations in Anji County, Zhejiang Province, China. To elucidate changes in

the characteristics and mechanisms of EEAs after changes in land—use, and key factors that control the behavior of soil EEAs, redundancy
analysis (RDA) and Spearman rank correlation analysis were performed. The results showed that the activity of soil acid phosphatase
(ACP) decreased significantly, and soil phenol oxidase (POX) activity increased significantly in Moso bamboo and tea plantations, when
compared to their activity in natural forests. Additionally, converting natural forests into Moso bamboo plantations significantly increased
the activity of soil leucine aminopeptidase (LAP), while their conversion into tea plantations significantly decreased the activity of soil B-1,
4,—glucosidase (BG), cellobiohydrolase (CBH), and B—1,4—N-acetyl—glucosaminidase (NAG ). The available nitrogen and phosphorus in
the soil were more abundant in tea plantations, while soil phosphorus limitation was alleviated in Moso bamboo plantations; the primary
energy source for soil microorganisms in both tea and Moso bamboo plantations was recalcitrant carbon. In addition, RDA showed that the
soil pH was the main governing factor for variations in the soil’s total EEAs. Therefore, converting natural forests into plantations of Moso
bamboo and tea significantly changes the total soil EEAs, and soil pH is the main factor governing the variation in total EEAs of the soil.

Keywords : soil extracellular enzyme activity; key driving factor; natural forest; Moso bamboo plantation; tea plantation; land—use change
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Table 1 Names, abbreviations, functions and substrates of the soil extracellular enzymes

fity EiC] e %7}

Enzyme Abbreviation Function Substrate
B-TH A M i B—1, 4—glucosidase BG M de R 4-MUB-B-D- &
B-AHEFHF B—1,4—xylosidase BX i et e £ 4-MUB-B-D- A
22 — WHIK i B Cellobiohydrolase CBH Ffer i % 4-MUB-B-D-£1- 4k 41
SR ME I Leucine aminopeptidase LAP WA 25 11 5 LR -T- AR P L T
N- 2t -B-D 24 JEA A M 171 B-1, 4-N-acetyl-glucosaminnidase NAG Wi LT I 4-MUB-Z. I % KL T
AR VEE BRI Acid phosphatase ACP o ire e I B I 4-MUB- R G
T 4 AL i Phenol oxidase POX WA AR T 38 M 1y 215 L-— RN AR
1 E ALY Peroxidase PER Wi firp AR B8 M i 26 L-— RN R

1% WHART]
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B REAE 3 B O A E B 95 5, R ARG 7 :
A AR B R B ATARIG L L HE C/N A FF T W (Lo S B s 5 |
Hh % 5% 3 B AR 5 /P R HBL 2 e 26 = f 1
19 C/P B AL T 41.2%(P<0.05) ; B A% M AN 45 el g“ S0r -
L HE NP AT TS BRI B B KT KR E1L T .
Wl kA 2 S B AT MRS L 4 MBC AT MBN 5 4 43 ) E +
BRI T 118.2% F190.6% (P<0.05) , 775 Hy 4% [l oy

EBFs MBPs TPs

J& , MBC #l MBN % & 41 73 5] it 35 FE A T 54.9% H
51.2%([& 1,P<0.05) , ifif MBC/MBN 7E 3 il + i F1] FH 2
R G B 25 5% .
2.2 MR X 1% EEAs BI4F1E
FARMATBE RPN TR 3 EEAs 25 R an sk 3 i
TN RIRMEL AR I BAT M, 133 LAP . POX & P43
WIEE N T 385% H184.4% (P<0.05) , 14 ACP I
PE L 2 A% T 58.9% (P<0.05) , Hi4y EEAs ¥k & 4=
A TE B R SRR AR 1 25 B L B - 8 BX
LAP J¢ PER 3% PEA H 30 2 2 224k 4h , BG .CBH \NAG
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Table 2 Soil physicochemical properties in study area

T H Ttem EBFs MBPs TPs
BD/(g-em™) 1.52+0.06a 1.2320.11a 1.1740.12a
pH(H:0) 4.3320.03b 4.64%0.07a  4.25+0.05b
SOC/(g-kg™) 21.5623.21a 23.61+2.0la  14.74+2.37b
TN/(g-kg™) 1.0420.04a 1.6720.26a 1.44+0.18a
TP/(g-kg™") 0.1520.01a 0.19+0.03a  0.20+0.03a
AP/(mg-kg™) 1.30+0.32b 1.50£0.25b  2.33+0.43a
CIN 19.10+3.96a 14.74+2.13a  10.29+1.52a
C/P 129.13+19.52a  129.84+12.09a 75.99+16.73b
N/P 6.94+0.71a 8.97+0.76a  7.24+0.50a
MBC/MBN 6.03+1.25a 6.64+0.59a  5.11x0.24a

A [ NG TR (W] L 3 A1) T2 AL 0] 22 e (3% (P<0.05) o
NG

Note: Different letters indicate difference between land—use type at
the P<0.05 level. The same below.

+ R 2T Land—use type
AR/ NG FRE R R AL B R) 25 5 1 2 (P<0.05)

Different lowercase letters indicate significant differences among
treatments (P<0.05)

| ARRTBEMENENER ASE
Figure 1 Soil microbial biomass carbon and nitrogen

concentrations in study area

HIACP A5 PEH B BEAR (P<0.05) , A1 b KR K43 5]
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Spearman A JCPE A3 AT 45 S R W (K 4) , 13 pH
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5 BG.CBH NAG H1 LAP {5 P 24 52 4 {25 1EAH OC (P<
0.01); 13 AP & 5 LAP G M . C/N 5 POX 1§ PE 1
1 R 56 (P<0.05) ; 4% C/P 5 CBH M NAG 1%
PR B IE A9 (P<0.05) , 5 LAP Jif M S 4 25 10 A
X (P<0.01) ; T3 N/P 5 LAP 1% PE 5 i 2 1E A ¢ (P<
0.05) , {25 PER & % &t 1B 2 £ A1 56 (P<0.05) 5 1 1
MBC 1 MBN ] 5 BG .CBH .NAG #l LAP i 1 52 4% &
FIEM S (P<0.01)
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Table 3 Soil extracellular enzymes activity in three land—use types(Mean+SE )

fiff Enzyme EBFs MBPs TPs

BG/(nmol-g"'+h™") 63.88+5.05a 60.20+10.10a 44.81+3.50b

BX/(nmol-g"'+h™") 45.97+6.28a 32.80+8.92a 39.09+0.31a
CBH/(nmol-g"'-h™) 19.73+3.07a 32.16+9.24a 9.51£1.57b
LAP/(nmol-g™"-h™) 2.97+0.36b 14.41+3.41a 1.64+0.18b
NAG/(nmol-g"'+h™") 34.82+6.27a 43.65+8.32a 12.57+2.94b
ACP/(nmol-g™'+h™) 645.89+40.60a 265.51+45.20b 409.71£50.90b
POX/(pmol-g™'+h™") 2.70+0.30b 4.98+0.88a 4.94+0.53a
PER/(pmol-g"'+h™) 4.40+0.52a 4.65+0.70a 4.87+0.36a

F4 TEMINEEFE MM LEAERFHXR

Table 4 Correlations between soil extracellular enzyme activities and the environment factors

BG BX CBH NAG LAP ACP POX PER
BD
pH 0.746%+
S0C 0.600%* 0.739%x 0793+ 0.689%*
TN
TP
AP ~0.604*
CIN -0.543*
c/p 0.604% 0.596% 0.650%+
N/P 0.631% -0.544%
MBC 0.642% 0.814%x 0.753%x 0,828+
MBN 0.754%% 0.864% 0.846%+ 0.861%*
MBC/MBN

RN Spearman HI5E R EL; #42R P<0.05; %+ 7R P<0.01,

Note : The number in table means the Spearman correlation coefficient ; * means P<0.05; ** means P<0.01.
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W RO T A 9T B oML 228 BT 3 EEAs 3 soil extracellular enzyme activities with soil environment factors
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