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Litter decomposition of Rhododendron lapponicum in alpine timberline ecotone
DENG Changchun', JIANG Xianmin®, LIU Yang', ZHANG Jian"*, CHEN Yamei', HE Runlian'

1 Key Laboratory of Ecological Forestry Engineering in Sichuan Province, Institute of Ecology & Forestry, Sichuan Agricultural University, Chengdu
611130, China
2 Forestry Bureau of Western Sichuan in Aba, Lixian 623102, China

Abstract; Litter decomposition is one of the key ecological processes in forest ecosystem, which plays an important role in
ecosystem productivity, nutrient cycling and the formation of soil organic matter. In alpine ecosystem, freeze-thaw cycle and
snow cover play an important role of litter decomposition processes. Climate change has changed the snow cover and
circulation pattern of soil freezing and thawing in the alpine area, however, it could cause timberline upward shift and a
trend for a shrub expansion, which will change community structure and species composition in the alpine region. Alpine
timberline ecotone indicates the limit distribution of the forest and is a sensitive area of global climate change. From alpine
coniferous forest to alpine shrub meadows, different vegetation types on snowfall distribution may cause dramatic variations
in snow depth and snowmelt timing, soil temperatures and freezing depth in ecosystem, which in turn control litter
decomposition process, and subsequently influence carbon and nitrogen cycle in alpine ecosystem. Rhododendron
lapponicum is one of constructive species or dominant species in alpine/subalpine of western China, which was common in

the fir forest and alpine scrub meadow. We present here one year study of R. lapponicum leaf litter decomposition in snowing
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season and growing seasonin alpine timberline ecotone located in the eastern Tibetan Plateau, China, where the ground is
completely covered with snow for 5—6 months each year. A field experiment using litterbag method was carried out in
different vegetations along an elevation gradient in an alpine timberline ecotone, mass loss, nutrient release and changes of
leaf litter were studied. The results showed that: 1) both seasonal variation and vegetation type had significantly effects on
leaf litter decomposition of R. lapponicum. Mass loss mainly occured in the growing season and showed the highest value in
timberline compared with other vegetations. This may be relatively higher average temperatures in the growing season than
snowing season, and there were the most dramatic temperature fluctuations and most frequent freeze-thaw cycles in the
timberline. However, slightly higher mass loss in coniferous forest was observed in snowing season compared with that in
growing season. 2) Litter mass loss (9.62% ) was relatively slow with a coefficient £ (0.145) in the first year decomposition
in alpine timberline ecotone. 3) Change in quality of leaf litter was mainly reflected in a significant cellulose degradation that
concentrated in snowing season, but not significantly degradation of lignin of R. Lapponicum. The C/N, C/P, lignin/N
ratios changed little and C, N, P release performed stable and sustainable as the first year decomposition process in the
timberline. The results suggested that seasonal snow cover do not only affect litter decomposition in the period of snowing
season, but may further accelerate leaf litter decomposition of R. lapponicum in the beginning of the growing season
according to frequent freeze-thaw cycles and snow melting in the alpine timberline ectone. In conclusion, with the reduction
of snow cover, extension of growing season and the expansion of shrub community as R. lapponicum, would accelerate the

litter decomposition of R. lapponicum in alpine timberline ecotone in the scenario of climate warming.

Key Words: litter decomposition; timberline ecotone; R. lapponicum; climate warming; snow cover
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x1 SHEHASEKRFAEYIBOTENEE SHPS5ERKSREFEREIRRE
Table 1 Mean temperature of litter decomposition in snow season and growing season, days of snow season and growing season and frequency

of freeze-thaw cycle in alpine timberline ecotone

Sy e eiR Sl R R ELCIPN AR FEREL NG SIEEIRY S
SR . . . . .
Feot Snowing season Growing season Days of snowing Days of snowing Frequency of freeze—
cotone

© mean temperature/°C mean temperature/°C season/d season/d thaw cycle/time
HEAij) Meadow -0.40 8.32 166 199 63
ML Timberline -1.93 7.04 170 195 98
FRMR Coniferous forest -3.13 6.14 177 188 48
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PRVE Y ik AR AW AT R ML 4R A RBHCR (M) Y
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o, RS A BEBCR (FEFRER) (%) 5 CoON A LA AE § B TR ARBTG5 ik (SR ) (o/kg) 5K (%) M,
AN TR I 5] R AE A B I B B 0 () 5 o A 23 WG & B (RO AR ) (g/kg) BU( %) s M, IR TEIRIRTE () .
ARGt 550 HrK ] SPSS 20.0 1 Excel2007 , K221 % F Excel2007 F1 Origin8.1, K JHEAK & 7 43
BT (one-way ANOVA ) FL/IN i 25 2585005 (LSD ), 43 HT R 3 U 76 400 4% 40 2 B0 Wl 2 B IR 1 25 Sk R T T 4
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Fig.2 Litter decomposition of R. lapponicum measured as mass loss over snow season and growing season in alpine timberline ecotone
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Table 2 Litter dry matter mass loss and ash-free mass loss regression decomposition model of R. lapponicum during a year in alpine

timberline ecotone

Fem T 53 A KRG 53 fpr s Al

Type Dry matter decomposition model Ash-free decomposition model
15752 Regression models y=1.044e7014 y=1.049¢~ 015
IMRFEE k. Decomposition constant k 0.145 0.156

MKEZEC R Correlation coefficient R 0.744 0.735
oM E] Ty s Time of half decomposition Ty 5/a 5.08 4.75
95% I3 IS ] Ty o5 Time of half decomposition Ty g5/a 20.96 19.51

B3k Significance P <0.0001 <0.0001
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*R3 ZERPTERSFNBRAZY C NP ARERFHEZZEM C/NAKRE/NK C/PE
Table 3 Litter decomposition measured as content of C, N, P, lignin, cellulose and value of C/N, lignin/N, C/P over snow season and

growing season during a year in alpine timberline ecotone

il ~ oo
cmjiﬁem / ;kg) A gljkg) /( gikg) Ligﬁjﬁf /% ceﬁzﬁi% ON - ABRR(ML/N - CP
HIHAE Initial value 546.1£12.7 2.56x 0.52 0.53£ 0.11 33.53+1.96 1533+ 1.86 220.1 13.53 1054
Er bk CF TR SS 520.2+13.4 aB  2.03+ 0.20 bA  0.42+0.07 bB  33.94+3.09 aA  11.41£1.08 aA  258.8 aA 16.91 aA 1287 aA
K S 4678+40.59bA  3.141:03843aA  0.6785:0.1263aA 33.69:2427aA  10.760.6012aA  150.6hB 10.87hC 717.6bB
PRk TL L SS 528.873£6.657aB  2.082+0.1524bA  0.5200+0.0821aBA 33.972+2.658aA  11.79+1.086aA  255.1aA 16.36aA 1040aA
HKZ GS 4852+2342bA  2.645:02927aB  0.5305:0.1147aA 34.35:2.091aA  1232¢1439%A  185.9bAB  13.16hB 942.4aB
K4 MD L SS 5486£6.751aA  2.16620.2312aA  0.6421£02517aA 344123240aA  1224x1228aA  256.0aA 16.16aA 974.1bA
K GS 475424035bA  2265:0.1120aB  0.2758+0.1398bB 36.29+3.043aA  11.73:1.556aA  210.9bA  16.03aA 2122 aA

T P IE AR ; OB . FIE R NG FRERR W — 8 T 22 R B35 (P<0.05,n=5) s RRKS TR A — e 2 5 3 (P<

0.05,n=5) ) ;SS; snow season;GS; growing season;CF; coniferous forest;TL; timberline;MD: meadow
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AR5 AR B bR 5 B fa) (] 140 100 35 2 5 AR K 2R C BRI R Z M) TE Wl 35 25 5+
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Fig.3 Litter decomposition measured as net release rate of C, N, P over snowing season and growing season during a year in alpine
timberline ecotone
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Fig.4 Leaf litter decomposition measured as net release rate of lignin and cellulose over snowing season and growing season during a year

in alpine timberline ecotone
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AL UL | A3t 2 08 00 it R A 1 L AL S R P G R R 2 — | 1 5 Wardle'™ 2578 i b 3B A AF 5T 45
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x4 SH(FEWAERS) MBEREBRESEEANTYRAER CBHE NBHE.PEME KREMEMBERE FHEEEMRE C/NK
RE/N 1 C/P MmN E & =0

Table 4 Two-way ANOVA of the main effects of season(snow season and growing season) , vegetation types and their interactions for dry mass

loss, C release rate, N rel rate, P rel rate, Lignin release rate, Cellulose release rate, C/N, Lignin/N and C/P
s ek e s &R R ER &S

7 B Variable Season Vegelalion Lype SeasonXVegelation type

df F P df F P df F P
T B E# Dry mass loss 1 88.12 <0.001 2 41.58 <0.001 2 53.92 <0.001
C B C release rate 1 57.14 <0.001 2 1.07 0.356 2 5.56 <0.01
N B N release rate 1 181.96 <0.001 2 16.71 <0.001 2 2523 <0.001
P BJHCE P release rate 1 9.43 <0.01 2 1.63 0.217 2 6.58 <0.01
K JF 2 B A Lignin release rate 1 1.15 0.295 2 0.65 0.529 2 0.78 0.472
214 Z REf % Cellulose release rate 1 97.52 <0.001 2 0.16 0.852 2 1.07 0.356
C/N 1 62.66 <0.001 2 3.15 0.061 2 3.86 <0.05
Lignin/N 1 16.49 <0.001 2 2.78 0.082 2 4.94 <0.05
C/p 1 0.85 0.366 2 4.45 <0.05 2 8.63 <0.01

e LR AL S W A0 B8 T S0 8 S ) A 49 26 28 %o iy 1L ek S 08 9% 0 3 40 2k B 52 o Al HG W 2 (P <
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FER AT B YR RAIE IR (3 1) PR T IR 7 i B Al A 252 LR T R R Ay 85 LU PR AL T 2Rk 5 85 L
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JELpR 22
3.2 A[FZE ARG R i AR A JC A RS A A 14 25 5 SO

ey LLL RS R P ik R iR 5 S A RRETOSCRAE P 2710 B 3 MR 8] 8 22 S Bk, v Wik 2
TR, B AR T EAR PP AR K EE BT bR b S WO A v B B A RO T AE R R R, X
Saccone' AR B, PP A S AR LI, ST AR K O SN AU R T L E R
BRI HOE D SR X I B R B, T R W A P B R 3k T R R T L
YRS EI RN Z — ZXISEY R &R S MEY RS TR — A

Mt bR 5 B G B R R, 2R KR TR AR R B 4 X T RER O RS B AR AR T 5 R
MRS (Y A S s W) 3R 06 T — AT AR RE B0 R85, 38 A W9 VA AR T R I W 3R 03 B R
B AR RIS IR T W AR R A PR T G A R R, B ke SRy B R
FAEIRTEDIN LD TR R L, SR e R A R AR R, A K A 1 TR 7T R
SR TR TR B i PR YA g L A K R R A K TR R TR Y X R A 9% 43 R S PR VR AR
I3 R 2 1) AT BEAFAE— B AR ELIE B AL . LAk b e A B RO RECAR SR BLAS SO R S M AR, 3 T fE
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R AT RE RSN T,
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