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Effect of soil-litter layer enzyme activities on litter decomposition in Pinus

massoniana plantation in Three Gorges Reservoir Area

GE Xiaogai'?, XIAO Wenfa™ ", ZENG Lixiong”, HUANG Zhilin®, ZHOU Benzhi'

1 Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Fuyang, Zhejiang 311400, China

2 Key Laboratory of Forest Ecology and Environment, the State Forestry Administration; Research Institute of Forest Ecology, Environment and Protection

Chinese Academy of Forestry, Betjing 100091, China

Abstract; The complete degradation of litter results from the combined enzyme activities in litter layer and soil layer, and
their improvement is helpful to organic matter decomposition and nutrient release. Litter decomposition and the seasonal
dynamic of soil-litter layer enzyme activities were studied on 30-year-old P. massoniana forest in Three Gorges Reservoir
Area. The results showed that the remaining mass was 59.80% after 540 days decomposition. The decomposition rate was
relatively fast during the decomposition 0—180 d, and relatively slow during 180—270 d. The period of 50% mass loss and
95% mass loss was 2.11 a and 9.15 a, respectively. The litter layer enzyme activities exhibited a remarkable seasonal
dynamics, with the lowest enzyme activity occurring in November and the highest in March for oxidoreductase activity.

Polyphenoloxidase activity and peroxidase activity of litter layer in March were 4.60 times and 6.07 times as high as those in
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November, respectively, while the dynamic of hydrolase activity in litter layer was irregular variation. The seasonal
dynamics of soil layer peroxidase activity was remarkable with the lowest value occurring in November, and the highest in
June. Polyphenoloxidase activity was the highest in September. The seasonal dynamics of soil layer hydrolase activity was
irregular variation, the seasonal dynamical of soil urease activity was not significant ( P>0.05) , while the cellulose activity
and sucrase activity was significant ( P<0.05) with the sequence of September<]June<November for sucrase activity, and the
sequence of November<September<June for cellulose activity. Soil enzyme activity in the vertical direction was decreased
gradually with soil depth except peroxidase activity. There was a notable difference in enzyme activity between litter layer
and soil layer, and the difference in hydrolase activity was greater than in oxidoreductase activity. Litter layer urease
activity, cellulase activity and sucrase activity were 6.33 times, 3.24 times, 10.29 times as high as those in 0—5 cm soil
layer in November; 68.14 times, 16.16 times, 24.81 times in June, and 25.07 times, 31.88 times, 29.20 times in
September, respectively. Litter polyphenoloxidase activity in November, June and September were 1.76 times, 1.45 times
and 2.07 times as high as those in 0—5 cm soil layer, and the corresponding value were 0.40 times, 0.64 times and 0.56
times for peroxidase activity, respectively. There was a close relationship between litter-soil enzyme activities. Litter
decomposition rate was significantly correlated in S-shaped curve with oxidereductase activity both in litter and soil layer,
probably because oxidoreductase activity dynamic is complex and influenced by soil pH value, nutrient content, soil layer
distribution and so on. There were significant quadratic function ( P<0.01) between litter decomposition rate and hydrolase
activity in litter layer, while litter decomposition rate was significantly linearly related ( P<0.01) to the hydrolase in soil
layer. Litter quality could change the enzyme activity in litter and soil layer, in return, enzyme activity could affect litter
decomposition rate. Therefore, the difference of enzyme activity between litter and soil layer is related with litter
decomposition stage and the different sensitivity of the common impact factors including litter quality, soil temperature,
water content and soil nutrients. The interactions of litter-soil layer enzyme activity influence material circulation and

nutrient cycling process of forest ecosystem.

Key Words: Three Gorges Reservoir Area; Pinus massoniana; Litter decomposition ; litter layer enzyme activity ; soil layer

enzyme activity
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Table 1 General situation of sample sites
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Table 2 Litter leaf decomposition dynamic on P. massoniana forest

RS HURER ] Sampling time

Decomposition dynamic 90 d 180 d 270 d 360 d 450 d 540 d
T HERIAF Dry mass remaining/ % 91.68 82.00 83.66 73.89 63.32 59.80
¥R Standard deviation/% 2.60 3.35 5.01 4.43 5.44 1.60
A5 5t 2K Coefficient of variation/% 2.84 4.08 6.00 6.00 8.58 2.84
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Fig.1 Seasonal dynamics of litter layer enzymes activities on P. massoniana forest
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Fig.2 Enzyme activities characteristic of soil layer (0—20 cm) on P. massoniana forest

ARG TR AR H Gy R RS PR 2257 23, /NG PR SR R LR B 225 8.3 (P<0.05)

http ; //www.ecologica.cn



9

FWERL A R X RRA AR - SR A O SR I A O v g e i 4 5

2233

24

U85 0 J22 it R - 48 22 T 5 A ) 3 i 1) 5 ) B
IR Z RGPS )2 B A R
BK(E3) ., WEDZEZmAmEE 11 H .6 H .
9 H4riliE 0—5 em HHE)JZ R 1.76 1% . 1.46 1% .2.07

TR AP BRTG T: 22 S A R Ab I I i O M 25 R K, U
T 2 TR it 05 P | 2T 2 2% T O P R R Tl TS PR 11
H .6 7.9 452 0—5 em T30 6.33 4% .3.24
% .10.29 1% ;68.14 1% . 16.16 15 .24.81 £i5;25.07 1%

5, 1 A A M 43 3 0.40 £i5.0.64 £%,0.56  31.88 £i%,29.20 £,
iR JuE=Ridy] i3
35
[oNe)) [ ] (] (o] e} o]
2 30 [e)e} o] ) [ee) ]
o &
= a 25 °°5% o ° ¢ e ° o6
W2 BPP®  ® o s > & OBOP o
= .g 20 o ° o 0000 o
% g 15 ao o3 ° B e
£3 0 | Tk e % o™ o
23 o | o8, o WEMEMIEE | 8e, 888
3 °  hEEEEE
0 5 10 15 20 25 30 35 40 0 10 20 30 40 50
LR AL R
Polyphenoloxidase activity/(mg/g) Peroxidase activity/(I, mL/g)
35
8 ¥ % 8 2 VS ° 3 L4 ,
a 30 ORIV 1t FYEREGIEE © HERETGIT
s (o} L] o o o o
X225 o . o ° o .
% 2 ® e LR 8 o0 8 3 e o° .
iﬂfl g 20 oce ] o e 9 o
E% g 15 o « ° s o) « o 8 o .
838 10 R e °e 3 % o« - ‘e
TR .3 8 N s
=
0 1 2 3 4 0 10 20 30 40 50 60 0 200 400 600 8001000 120014001600
JUR T 355 1tk SR HE FEREBEIE It
Urease activity/(NHs™-N mg/g) Cellulase activity/(CsH1206 mg/g) Sucrase activity/(CsH1206 mg/g)
E3 DEANEEDMHSBRERSEEYEREE . TERBEEXR
Fig.3 The relationships between litter leaf decomposition rate and litter layer enzyme activities, soil layer enzyme activities on P.

massoniana forest
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Table 3 Regression fit between litter leaf decomposition rate and litter enzyme activities, soil layer enzyme activities
W F 0 7 - .
Enzyme activities Source Regression equation
S A D B 1R Z Wy S A B 1R J7Y)IZ Litter layer y=e( 332713 sy 0.68 0.000
Oxidoreductase activity Polyphenoloxidase activity ~— +3J2 Soil layer y=e317572358) sy 0.25 0.000
it AL G VA7) Litter layer y=e3102388T) / 0.46 0.000
Peroxidase activity F 32 Soil layer y=e(3516-17:32) 0.37 0.000
7K St B RAFE T Urease activity — JAVEHI)Z Litter layer y=30.517-21.337x+5.682x> 0.70 0.000
Hydrolase activity + 32 Soil layer y=3.742+44.823x 0.19 0.001
2 2 Z JRYEYZ Litter layer y==79.52+5.667x—0.08x> 0.43 0.003
Cellulase activity F3E)Z Soil layer y=8.752+7.642x 0.22 0.000
JREWH B T J7E Y Litter layer y=76.18-0.125x+5.975x 102> 0.36 0.010
Sucrase activity +38)Z Soil layer y=25.924-0.396x 0.28 0.000
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