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Effects of carbon input changes on soil enzyme activities in a Pinus
tabulaeformis forest at the Taiyue Mountain®

LIU Xing, WANG Na, ZHAO Bo, ZHANG Qing” & ZHAO Xiuhai™

Key Laboratory for Forest Resources & Ecosystem Processes of Beijing Forestry University, Beijing 100083, China

ANisimat  Activities of soil enzymes are very sensitive to changes in the soil environment. Therefore, determination of soil
enzyme activity had great significance in understanding the relationships between soil microbial community function and
environmental factors. This paper aimed to study the effects of carbon input variation on the soil enzyme activities. Three
treatments involving a) both litter and root exclusion (LRNR), b) only litter exclusion (LR), and c) a control (CK) were installed
in the plantation and natural forest of Pinus tabulaeformis at the Taiyue Mountain of Shanxi Province China since July 2009.
Each treatment comprised three replicate plots of 2 m x 2 m. Soil samples were collected from 0-20 cm in July, September
2012 and May 2013. The activities of invertase, cellulase, peroxidase, polyphenol oxidase, urease and neutral phosphatase were
determined. Soil chemical properties were determined with the 0-20 c¢cm soil samples collected in October 2012. The results
showed that changes of carbon input significantly influenced soil enzyme activities, with both LRNR and LR significantly
reducing soil carbon and nitrogen content (P < 0.05) and significantly inhibiting the hydrolase activities such as invertase,
cellulase, urease and neutral phosphatase (P < 0.05). But these treatments did not affect oxidase such as polyphenol oxidase
and peroxidase (P > 0.05). LRNR slightly increased soil peroxidase activity, with greater inhibition on hydrolytic enzymes
than LR. The invertase activity was decreased more significantly in the natural forest than in the plantation. Yet the decrease in
cellulase activity was the contrary. The results suggested that the soil microbial community tend to secrete invertase in natural
forests but to secrete cellulose in plantations. Changes of soil enzyme activities showed that, in the Shanxi Pinus tabulaeformis
forest, decrease of carbon input slows the soil microbial degradation of organic matter, but has no effect on the soil microbial
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synthesis capacity of humus.

carbon input; soil enzyme activity; soil microbial community; natural forest of Pinus tabulaeformis; plantation of

Pinus tabulaeformis; Taiyue Mountain
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¥ (Ostryopsis davidiana) . ¥>§f ( Hippophae rhamnoides) . ¥t
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HEE (Carex) | &2 (Artemisia) | 353 (Cyperaceae) 5.
1.2 3T
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I8 HLEL AR A AR 43 3 3 57,9402 mox 2 mP) & 2 B
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B b R DR TE Y (R 38 2 LA L) 5 00 AR ke 5 3) X A
(CK) : RFFASRRE, AT X rE LRI E W
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ME A N TARBY AR (E W3R 1.
1.3 HIEHRIESNE

TF20124E7, OA Ha) FI20134F5H Hha) R4 L FE. TEEAS
FEJ5 TR BEAIL G B3N SR B, RBRFRMME Y, M HNRZ2.5
emf AN RAE0-20 ecmf 3R )ZE LAEIFIR A (8 F ORI AR 24 KAy
|52 E %, ERATILR &R, o 1 mmif, 4 CFRAEN, URN
e

2 RPN E 22  AE E Jy  (l3, 5l AR OK
o i LA 1 R &1 4 2Tl 5 E R Il 4P R = b kil e 2
Wy A AL 5 o SR A T 5 2R I — YR SRR B L 1 0 e JOR g
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Table 1 Stand and site characteristics of the plantation and natural forest of Pinus tabulaeformis

MR 4HAE Stand characteristics

+HEHFAE Soil characteristics

gt il B -4 4 R TR Foxia K A LB
Forest type Age Density Mean DHB Mean height Mean slope Bulk density Total N Organic C
(t/a) (n/tree hm™) (D/cm) (h/m) (a/l°) (p/g cm?) (wig kg™) w/ gkg")
AT #k Plantation 60 733 19.9 12.7 18 1.26 4.1 39.9
KRR Natural forest 75 1317 12.9 8.0 23 1.01 6.0 46.1
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Table 2 Substrates, incubation conditions and determination products of soil enzyme activity assays

B SR B S §
EnE%me SU%SE'\Z t Incubatino?iﬁn%erature InCITb?afiojr‘ll t—ilme De terr;{?}“ ﬁif: n%pro duct
@1C) (t/h)
HEME A Invertase HEME Sucrose 37 24 i %8 Glucose
24 Zifd Cellulase CM-£F 4t % CM-cellulose 50 48 i %98 Glucose
%y % 4L Polyphenol oxidase 4% = Pyrogallol 30 3 2T K5 K5 Purpurogallin
T E ALY Peroxidase B8R =Wy 4 i3 AL & Pyrogallol + H,0, 30 1 MR & TR Pyrogallic Acid
Jk i Urease JRZ Urea 38 3 NH,"
o @ 2 il Neutral phosphatase iR %< 4} Di-sodium phenyl phosphate 36 12 iy Phenol

R3 HBRAMSHEA TH2012F 1B R

Table 3 Chemical properties of soil in the plantation and natural forest of Pinus tabulaeformis in 2012

A b P pH TR AK 8 i L ) A BT
Forest type Treatment (2.5:1) Available P (w/mg kg")  Alkalytic N (w/mg kg") Total N (w/g kg") Organic C (w/g kg'l)

P Xt B8 CK 5.56 +0.30a 5.53+0.44a 31.81 £2.54a 7.4 +0.5a 60.7 £5.0a

Z# LR 591 +0.26a 6.10 £ 0.47a 25.07 £2.81a 6.3 +0.4ab 46.9 +£4.5b
Natural forest .

YIHE 2§ LRNR 6.20+0.19a 5.52+0.33a 28.87 £2.65a 5.1+0.7b 45.0+3.3b

AT H Xt HE CK 6.47 £0.28a 5.55+0.36a 31.50 +2.63a 7.2+0.5a 63.6£5.5a

Planiation forest Z LR 6.17 +0.18a 597+ 0.44a 26.83 + 1.61a 6.2 +0.5ab 48.5+5.8b

YJHR 2<% LRNR 6.08 £ 0.34a 6.06 = 0.46a 27.33 +2.96a 5.5+0.5b 49.4 +3.2b

) G AN R] 51 32 R Ak B[R] 2 5 2% (P < 0.05, LSD¥:) . N=3.

Different letters in the same column indicate significant differences according to LSD’s multiple range test (P < 0.05). N=3.

mg g' h'spg ¢ b ELAAI A Hh T A 5L 855 35 Ak A R
SEFEYI L 2. BT A S A S U6 A S A 0 4 R A A S
FBF20124E 1079 4], LIS ESCREER) 7R 5 4, 4iF
[l 5286 % T, 130.02 mmfii, FHF I 3Efb sk .+
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3 — B T ) — A T T Ak L B R T s o R SR e A
B0 I S SR FHAR 86 T e (0 ik s I pH{EL I S >R FH E
ik Ok £H2.5:1) .
1.4 ¥iRGT
FIFHSPSS 18.0 (SPSS Inc. USA ) B BHE AT S 43T,
ARl Ab PRI 22 S o A IR FHLSDZ U (P <0.05).

2.1 TN TIEF M RN

ANRALHETR0-20 om- 3 (4 BEAL P B i R 3 . 5 %)
WEAH L, RAR MR b 22 U4 Ak B A0 AR 25 8 A 380 G ML 40 1)
TR T22.9%125.9%, ZREE (P <0.05), &850 F kK
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T13.6%H122.7%, HH IR L M4 S RERBE (P <
0.05), ZAM SR UIREREMBH TR EXER (P>
0.05). B4h, BIRE R AREBE (P>0.05), WPk i 7
RIREA TR, SR/ R IR > =PI L4, pH
5 w1k
2.2 BRI HIRERE M AR

A B s AR SR AL B IS P O S i An U s, R <y
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FRSH) AT 0 2 e A0 PR 0 39 E, DATR R FR B E. AN A4
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Fig. 1 Oxidase activities under different treatments. “Mean” represents the average of enzyme activities determined in July, September 2012 and May 2013.
Bars indicate standard deviation (N = 3). The different capital and lowercase letters indicate significant differences at P < 0.01 and 0.05, respectively, based on

LSD’s multiple range test.
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Fig. 2 Hydrolase activities involving C cycling under different treatments. “Mean” represents the average of enzyme activities determined in July,
September 2012 and May 2013. Bars indicate standard deviation (N = 3). The different capital and lowercase letters indicate significant differences at P < 0.01

and 0.05, respectively, based on LSD’s multiple range test.
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Fig. 3 Hydrolase activities involving N and P cycling under different treatments. “Mean” represents the average of enzyme activities determined in July,
September 2012 and May 2013. Bars indicate standard deviation (N = 3). The different capital and lowercase letters indicate significant differences at P < 0.01

and 0.05, respectively, based on LSD’s multiple range test.
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19.9%, Hr DR 25 i b 215 %06 B 2 ) 22 5 . 3% (P < 0.05) ,
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