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Litter decomposition and lignocellulose enzyme activities of Actinothuidium hookeri and Cys-
topteris montana in alpine timberline ecotone of western Sichuan, China. CHEN Ya-mei, HE
Run-lian, DENG Chang-chun, YANG Wan-qin, ZHANG Jian, YANG Lin, LIU Yang (Long-term
Research Station of Alpine Forest Ecosystems, Institute of Ecology & Forestry, Sichuan Agricultural
University , Collaborative Innovation Center of Ecological Security in the Upper Reaches of Yangize
River, Chengdu 611130, China) . -Chin. J. Appl. Ecol., 2015, 26(11) . 3251-3258.

Abstract ; The mass loss and lignocellulose enzyme activities of Actinothuidium hookeri residues and
Cystopterts montana leaf litter in coniferous forest and timberline of western Sichuan, China were in-
vestigated. The results showed that both the mass loss rates of A. hookeri and C. Montana in timber-
line were higher than those in coniferous forest, while enzyme activities in timberline were lower
than those in coniferous forest which was contrast with the hypothesis. The mass loss of two ground
covers had significant differences in different seasons. The mass loss rate of A. hookeri in snow-
covered season accounted for 69.8% and 83.0% of the whole year’ s in timberline and coniferous
forest, while that of C. montana in the growing season accounted for 82.6% and 83.4% of the whole
year’ s in timberline and coniferous forest, respectively. C. montana leaf litter decayed faster in the
growing season, which was consistent with its higher cellulase activity in the growing season. The re-
sult illustrated that the enzymatic hydrolysis of cellulose and hemicellulose might be the main driving
force for the early stage of litter decomposition. Multiple linear regression analysis showed that envi-
ronmental factors and initial litter quality could explain 45.8%—85.1% variation of enzyme activity.
The enzyme activities of A. hookeri and C. montana in the process of decomposition were mainly af-
fected by the freeze-thaw cycle in snow-covered season.

Key words: lignocellulose enzyme; mass loss; alpine timberline ecotone ; Actinothuidium hookeri
Cystopteris montana.
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Table 1 Quality characteristics of Actinothuidium hookeri residues and Cystopteris moupinensis leaf litter
P ingi]| St B AR PAGER NI ES pevi
Species Period Ecotone Total C Cellulose Hemicellulose Lignin Total phenol
(g-ke™) (g-kg™) (g-kg™) (g-ke™) (g-kg™")
iEed WA B Tnitial quality 430.5+17.6 228.4+16.7 253.546.9 188.4+15.3 3.1+0.2
A. hookeri EPIIE End of snow-covered season ek 412.5+11.0 187.8+1.0 338.4£19.7 278.8+11.0 2.8+0.5
RS 431.6+17.3 187.6+22.4 290.5+16.3 219.2£19.8 2.7£0.3
H:KZ2K End of growing season ek 352.8+36.1 191.0£5.6 232.5£6.6 183.1+1.7 1.8+0.1
Btk 357.0¢4.2 210.31.7 230.111.9 171.3+1.4 1.8+0.0
[EliNEe 3 WA Tnitial quality 449.9+9.6 173.648.7 192.845.5 102.6+13.3 23.3+0.3
C.moupinensis  HHIAAK End of snow-covered season  H&k 494.5+39.2 173.6+10.2 649.3+34.8 116.7+15.3 18.7+1.1
Bk 434.1240.5 137.243.1 511.2+47.2 212.419.1 4.5¢1.1
A K 2K End of growing season ek 351.0£11.3 116.7+7.3 390.7£6.6 315.9+3.7 2.1£0.1
LIRS 386.6+17.9 116.3+5.9 360.8+4.8 300.1+3.6 1.720.1
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Fig.1 Daily average decomposition temperature of leaf litter in
timberline and coniferous forests.

1. Rk Timberline; II ;: &1 #K Coniferous forests. F[& The same be-

low.
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Table 2 Average snow depth, average decomposition tem-
perature of leaf litter and the frequency of freeze-thaw cy-
cles in timberline and coniferous forests

SR ] Bt FREW PR URELRER
Decomposition Ecotone B R BIK
time Average Average  Frequency
snow  decomposition of freeze-
depth temperature  thaw cycle
(em) (€)
B Mk 6.4 -0.5 270
Snow-covered Timberline
season AR 7.2 -2.8 135
Coniferous forest
—1F Mgk 6.4 4.0 343
A whole year Timberline
ErmAR 6.7 2.1 172

Coniferous forest
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Fig.2 Moisture contents of Actinothuidium hookeri residues and
Cystopteris moupinensis leaf litter.
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moupinensis. S EWI AR End of snow-covered season; G; K ZFR
End of growing season. AN [i]/NE 513 ] — ML S AUAS 7] 49 8]
FESr R AR KRG kR R — P A [ R 28 B ) 22 S . 2
Different small letters indicated significant difference between different
species in the same vegetation type, and different capital letters indicated
significant difference between different vegetation types for the same spe-
cies. T [A] The same below.
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Fig.4 Activities of laccase, manganese peroxidase, and lignin peroxidase in timberline and coniferous forests.
x3 BRERKESEHEENEXREY
Table 3 Correlation coefficients between mass loss rate and enzyme activities
Lac MnP LiP EG ChH BG EX
EHIR End of snow-covered season 0.040 0.197 0.049 0.394 0.098 0.070 0.207
HKZER End of growing season -0.451 -0.664 " 0.284 0.242 0.801 * * 0.833** 0.963 " *

* P<0.05; * * P<0.01. Lac: VATl Laccase; MnP . kh sk E AL Y T Manganese peroxidase; LiP; K& 5 B ALY i Lignin peroxidase; EG: nRelks
FWEH B Endo-1,4-B-glucanase; CbH . £F-4E —WE/Kf# A Cellobiohydrolase; BG: B-FiZ M 1,4-B-glucosidase; EX: HYI KR HERE Endo-1,4-
B-xylanase. T [F] The same below.
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Fig.5 Activities of endo-1,4-B-glucanase, cellobiohydrolase, 1,4-B-glucosidase and endo-1,4-B-xylanase in timberline and conife-

rous forests.
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Table 4 Regression equations of enzyme activities with ini-
tial litter quality variables and environmental factors

a1 94 53-#r R?

Regression analysis

Lac=1.482-0.610AT+0.035M 0.569 " *
MnP=-58.945+0.728M-0.120FFTC 0.602" "
LiP=-74.276+10.759SD+0.022FFTC 0.622" "
EG=-1152.246+8.301Li+0.908 FFTC+131.990SD 0.570" *
CbH=2.244-0.315FFTC+2.672TPh+1.007M 0.755"*
BG=-2870.130+512.867SD+58.924AT-1.325FFTC 0.851* "
EX=-757.596+1.913FFTC+5.923M 0.458" *

AT, EX5 iR Average decomposition temperature; FFTC . R Eh G
IR Frequency of freeze-thaw cycles; M. #8752 7K Moisture of
leaf litter; SD; Y45 JEEE Average snow depth; Li: A Lignin;
TPh: &8 Total phenol.
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