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Litter decomposition rates and organic carbon dynamics in subalpine forest

during freeze-thaw cycles
GAO Jia, WEI Xinyu, CHEN Ya, DONG Yuliang, YANG Yulian, ZHANG Danju "

Provincial Key Laboratory of Ecological Forestry Engineering ,Institute of Ecology and Forestry ,Sichuan Agricultural University, Chengdu 611130, China

Abstract: In this study, we address the effects of freeze-thaw cycles on the process of litter decomposition in subalpine
forests. In a microcosm experiment, we measured the dynamics of litter moss loss rates and organic carbon by controlling the
freeze-thaw environment (—5—35 °C)) in three typical forests in the sub-alpine region in western Sichuan. The three forest
types including coniferous, coniferous-broadleaf, and broadleaf forest were selected for our experiment design based on the
criteria of their abundance in the study area. Our results showed that clear and significant differences (P<0.05) in all
measured litter types were all observed due to the freeze-thaw treatments. Specially, the mass loss rate of litter in both
coniferous-broadleaf and coniferous forests showed a slow-fast-slow trend. In contrast, in the broadleaf forests, the mass loss
rates exhibited a gradual decrease trend. This fluctuation phenomenon implies that there is a balance between microbial-
fixed exogenous carbon and substrate-released carbon. In conclusion, the increase of globally average temperature would
accelerate the freeze-thaw cycles and thus significantly change the process of mass loss and nutrient cycles in the subalpine

forests, but both the magnitude and direction of the freeze-thaw effects varied with initial litter quality.
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F1 Z#EBEEHNBRASSECPIE AR n=3)
Table 1 Initial concentrations of organic carbon (OC), total nitrogen (TN), total phosphorus ( TP), bulk density, C/N and C/P of three

litter types (Mean+SD, n=3)

e AL e i ‘ \

Litter type Organic carbon/ Total nitrogen/ Total phosphorus/ C/N C/P
(g/'kg) (&/kg) (g/'kg)

EF - FRYE 75 1 Needle litter 348.00£6.10a 2.23+0.03¢ 0.76+0.02¢ 155.79+5.03a 456.76+14.37a

TR 75 M Mixed leaf litter 342.86+14.35a 3.19+0.14b 1.1320.11b 107.83+7.49h 306.53+23.36b

& AR 7 - Broad-leaf litter 452.25+19.01a 4.37+0.04a 1.47+0.02a 103.49+5.12¢ 307.57+10.41b

[RIFIA ] /NG FRER 7R S MR 2 1] 22 57 .3 (P<0.05)

122 FEWHIF

M 250g #oF G # ff HAF B T 350mL BiFRRE . ST R A UL B R Sh SRR B E VRAIE R |
SERANRGE LS SSRGS 3 N URRIAL I, FRAEIAAL IR -5 °C 557 12h,5 CHE SR 12h; 8 AN URES FI5E 4
PRESAE PRI R 5 CCHI-5 CHEIREETR . O T AZIK I SRR, 3 5 K 42— 3615 609% Al F K
T WS JRE Y LA AR B T AR A B DL R R 0 R T RROR A, S O 9 i
RIS EFANSEPR I vE i , BT RETRASHAS N 1.24g, BHIHARESIN 1.63g, FE ARG N 0.86g, H5 U8 WA 3 L3R
AT HSR . B PECE 3 ANEAE 9B A SR A PR S F S A 1 IR E 1, O BT AR PR A L
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2 ERES

2.1 AREERAL ST 3 AT ZR AR I 4 00 o0 i sh 285

FH 2% 2 AT, V5 il Ak 35 AR 81 3R X U 7 0 1 25 B B 2K T TR AT I 5 ( P<0.05) , 2t 80d 1943 fi
IR TE Y A3 835 17.02%—19.44% , 51 HARIA 758035 9.63%—11.62% , HMVMEY%%L 22.32%—27.33%,
SRRERRELAROE T, SRR ARIR T R A 2 RS IRTE D R TR B AR IR T R A

R2 RARMER ME SBREEMEEYHEMNRBZNRERAE ENRAEYRERERER (UL HEENEHEHF
Table 2  Effects of different types, environment condition, decomposition period on litter mass loss rates and litter mass loss rates during

different sampling period

HO B E R 25 W Bl ) R R (LK)
RS df Mass loss/ % Mass loss rates/ (g/d)
Factor
F P F P
MEY Forest type 2 57.327 0.000 ** 15.525 0.000 **
URRMALEE Environment conditions 2 0.686 0.516 12.019 0.000 **
I Period 4 33.093 0.000 ** 25.249 0.000 **
AR AL EE Forest typexenvironment conditions 4 1.336 0.295 2.431 0.085 "
MREIXIHE Forest typexperiod 8 9.525 0.000 ** 8.754 0.000 **
RRlA B xBF 3 Environment conditionsx 8 6.855 0.000 "~ 2.627 0.014*
PRI x5 il A < I 38
1 . .81 .82 .
Forest typeXenvironment conditionsXperiod 6 0665 0-818 0-820 0.659
#* P<0.05, == P<0.01
e a
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Fig.1 Litter mass remaining of three litter types under different environment conditions
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Fig.2 Leaf litter mass loss rates of three litter types during different sampling period

ARG FREFR A I Z [0 22 57 .3 (P<0.05) 5 P Bl V- (H AR f 22 (n =3)

SAPIRALAAE T AT G kB DL RE AR R W e K IR SRR 22 B AR IR B/ . TRZEAREY K (E
TEARRIR B A T RN RBIE PR (0.0026) >5E4AERSE (0.0025) >58 2445 (0.0023) , FEMFARA & (EEA
[R5 2P0 . REE 3R (0.0038) > 58 245 (0.0032) >58 A ZELE (0.0029) o #HEARAY & (EAEA A
AT R BN R EE IR S EANREE TR 0.0012, P BE/INTF 58 2745 0.0013,

#3 3HMERERWEREFRAIE TR SR RE AT LR K 95%4 R 1E]

Table 3  Leaf litter decomposition constant, correlation coefficient, and time of 50% and 95% decomposition of three litter types under

different conditions

b HE i il
Freeze-thaw Forest Regression model k R P tos/a Loos/a Decomposition
type days/d
IRRAE R TRACHR y=0.9845¢ 00020 % 0.0026 0.9106 <0.01 0.73 3.16 80
Freeze-thaw cycle BRmAk y=0.9877e700012 0.0012  0.7441 <0.01 1.58 6.84 80
FAEAR y=0.9820e 0008 0.0038 0.9605 <0.01 0.50 2.16 80
FERANTRE RISH y=0.9694¢ 0002 0.0025 0.8336 <0.01 0.76 3.28 80
No frozen bk y=0.9793¢700012+ 0.0012  0.6920 <0.01 1.58 6.84 80
[ Ak y=0.9756¢ 0002 » 0.0029 0.9387 <0.01 0.65 2.83 80
SERURE RIEMK y=0.9688e 0005 0.0023 0.7120 <0.01 0.83 3.57 80
Completely frozen bk y=0.9775¢70008+ 0.0013 0.6652 <0.01 1.46 6.31 80
FAMAR y=0.9553¢ 00032 0.0032 0.8094 <0.01 0.59 2.56 80
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Table 4 Correlation coefficients between the parameters of initial litter quality and decomposition rate constants

" 173 ot KR
Sy e (e A "
. . Organic carbon/ Total nitrogen/ Total phosphorus/ C/N Cc/p
Initial litter quality
(g/'kg) (g/'kg) (g/'kg)
AHIE A% 2L Correlation coefficient 0.753* 0.951 ** 0.962 " _0.911** _0.882""

#* P<0.05; #* P<0.01
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Fig.3 Litter organic carbon of three litter types under different environment conditions
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Fig.4 Content of organic Carbon of three litter types under different environment conditions
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