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Effects of simulated temperature increase and vary little quality on litter

decomposition

LIU Ruipeng', MAO Zijun" ", LI Xinghuan', SUN Tao', LI Na', LU Hailiang', LIU Chuanzhao

1 Key Laboratory of Forest Plant Ecology, Ministry of Education, Northeast Forestry University, Harbin 150040, China
2 Liangshui National Nature Reserve, Northeast Forestry University, Yichun 153000, China

Abstract ; Litter decomposition is a fundamental process to ecosystem functioning being responsible of carbon and nutrient
cycling. The decomposition of dead leaves depends on both biotic and abiotic factors. The combination of climate (e.g. mean
annual temperature ( MAT), mean annual precipitation ( MAP ), actual evapotranspiration, etc) and litter quality (N
content, C/N ratio and lignin content) appeared to be the primary controllers of little decomposition. This is particularly
true for temperature, which is inextricably linked to other environment parameters as a mutually confounding factor in
terrestrial systems. Global average surface air temperature is predicted to increase 1.1—6.4 °C over this century. Climate
warming is expected to cause species movements and extinctions, change the composition of communities and alter
ecosystem functioning. As decomposition depends strongly on temperature, it is expected to be particularly sensitive to
climate warming. However, it is still unclear how climate changes influence little decomposition. As global climate changes,
it will become warmer and somewhat drier in forest ecosystems, in northeastern China. Changes in global warming and
drying could affect forest distribution. The areas of tropical forests and subfrigid forests might increase and that of temperate
forests and boreal coniferous forests might decrease, which might affect little quality by altering the structure and species of
the original forest communities. The primary temperate forest in northeastern China is dominated by Korean pine ( Pinus
koraiensis Sieb.et Zucc.) mixed with deciduous species. Many studies showed that Quercus mongolica will become a main

associated tree species in broadleaved Pinus koraiensis forest, because it is more conducive to survival under the
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environment change in future. Therefore, the process of litter decomposition will be affected by climate warming and
composition of little species change. Given that decomposition of dead plant tissues in forest ecosystems regulates the transfer
of carbon and nutrients to soil, and represents an important source of CO, to the atmosphere. It is necessary to carry out
research about litter decomposition of the two species under climate change in future. This study used litter bag methods, the
whole process use an alkali absorption in a closed chamber method to measured cumulative CO, production. We recognized
N concentration and C/N ratio as the litter quality parameters, and calculated decomposition rates as cumulative CO,
production and initial mass remaining. Microcosm experiments under controlled laboratory conditions have proven useful for
investigating the various factors that influence litter decomposition. Thus, this study was carried out through a microcosm
experiment , in order to: (i) determine the effect of imitate increase temperature on Pinus koraiensis , Quercus mongolica pure
and their mix litter decomposition rate and (ii) the effect of litter with different physicochemical properties on litter
decomposition rate at the same temperature level under constant moisture condition, during a time period of 151 days
incubation in laboratory. Our results suggest that increased temperature accelerated leaf little decomposition rates within both
mixed-species litterbags and single-species litterbags. However, its response may vary depending on the level of increased
temperature. When the temperature in closed chamber was at 25 C and 29 °C, decomposition rates within litterbags
decreased in the order of mixed-species > single-Quercus mongolica > single-Pinus koraiensis. When the temperature in
closed chamber increased to 31 °C, decomposition rates was faster within mixed-species litterbags and single-Quercus
mongolica litterbags than single-Pinus koraiensis, but the variation between mixed-species litterbags and single-Quercus
mongolica litterbags decomposition rates was not statistically significant. This study has great significance on understanding

of forest ecosystem carbon and nutrient cycle.

Key Words: Pinus koraiensis ; Quercus mongolica ; litter decomposition; temperature ; cumulative CO, production

PRTEIE R BRI R G A = A SR — 548, A3 it e 2 ) M BRI A0 34 P A B A 22— | VB 43 563 S PR
W2 A YRR S R B e N AR R B A B SRS A R s Y VR TR
TR SRS AN A U 7 ) T R R A e R 3R T e g R R R U 9 0 4 e T 4R
KIEMEE T, BURE SR E 11728 512 IPCC T, 3] 2050 4F 4 BRAS 8 2 B A AR L AR B (f0 45 IR 8L 3 K IR
A ARG ) TNE T R X AR AR RN 2 IR THR (4—8 °C) 1M IPCC 55 DUy PAk 5 10, 51 21 48K 4 3koF
YIRS TR 1.1—6.4 C17) . LURE TR AR 3 A0 AR AR % 6 I 9% 490 40 A 64 52 Wi J2 22 05 TG A, A6 Al 2R W0 R B R Oy 1, 4 R
AR A R R S R GE MK ISR T AR T T2 S B0 m 280 R R, 4 B oK Sk b | 5 EAE Y 2 BREUK 0 R
A, T AR T A2 RO A I 0 T A AR TS RO S5 R AR 2R Bk, R, 3t T R Y5 00 2 P IR AGET B il i) 98 7%
Y, (A A 0 R 5 0 I e A A R T A ) G it R SR A S MR AE AR

LT ( Pinus koraiensis ) J2=Tk [ T 1 X T RETR S ARG = SO0 SR R BE R ® | 10 1 R T el VR S PR A) B B A W o 22 — 0 52
R (Quercus mongolica) o -3 Wi i 5525 A7 55T 4 5 HC MR 22 BB MRR ol B K ) 2 285 T 1k R B 190 A S 32 9t L RE A
U AR I A AR 0 R e S AR U AR S AR AR T ST MBS IT R BV v R R RO RN %
LR K P LU LT R TN K 40 Y 2422 1 A BIOR ZR G ZRPR S AR ol 46T I AR 7 b ek A o R /N B T o A e 5
AR ] BE A e BB, SRTAT, RSP FR AR A R WL v X A b DX R AR A S R G TR B, ARRAE P 1) 5 M) 1
B, i a6 %) L A T v T R T 4 A 1 5 T I 5 T R DL ARGE 45 A (RS AR BIML ( The Copenhagen Accord) )
FEHR Y 2 C BE, ZEH Y IVE KT L SR AR AR R, TR R IR B I A MAS 25 R G0 1) T2 2 A RO 3 Ph 20 I
SRR AR (+4.0 °C +6.0 °C) FRAEYI A A KA BIRISHT , B M . (1) £ R —IREACE T, RRE Y 5
it (PRI — PR T YRR A TR T 00 ) XTJR T W) A RS2, (2) TR BRARAE 25 R G RSB R ST RA RISk BR U T ) e 8 %o
TRLETH R AT L, F S8 25 SR R T AR A SR AR R AR, WA U 74 40 mT RE 1) A A8 A Xt TR S MR A 28 R L 97 A 1R B4 X
TAE I A 52 e B S2 50 = LR B AIe 5%

1 #REAEZE
1.1 VRPN - SEEORE B Ak B

HF = WG R LA TR YIRS T K B AR P4 DX 1L A ART ) I £ AP, 32 DX 3o - B AR G A0 T 2 58 R R 75 i
TP X S AR 12 X S A SR S8 Ty AR R A PRS- AR ZORS DA o . I K A SR R X 4R B
Sy BTN RS B VT RUK E R G B AR IX (47°10750” N, 128°53'20" E) 3 T/ 22200 g 33 3 BRLAF A 32 Bk AR 1%, S8 T A

http : //www.ecologica.cn



18 1 XUBmG S ASUIIE T RIAS (7] 8 v 4 i T o da X v 10 20 i e R 1) S 5663

BT X R R AR 280—707 m, 2 HH X E AT KRG A, B A K, PRI -0.3 C, B R&ES R
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) 24 47T RV B ZT A AN S o AR Y -, i XA B, 0N BY A 2 em K — B, ST ARBY AL 2 emx2 em HIE 45 HIRAS, 40 P
3,565 1O TR 56 2 0 I s o i 2 /K SR A2 A, L BRI 2 R R 10 ¢ — 1, 3 3 i T 65 C UL,
48 h LT BE T FRRRER , TG i & KR By, 1t 100 HARER , T C N MR EF , 2l E 5 m P - Ak
W5E , 4R L AR E
1.2 syl it

P IRER AL 3 A (1) FASRZIAA P P s (2) Bl S BRUS IS I (3) TR P 7 I -Z0 A RN 52 Wl R4 IR 321 LUl 3 AP
ITE 3 MREEAET (B/K . (25/15,29/19,31/21) 0.1 C) 43, Forbr, Lh/NDSLe W 3t X H -3 SR 5 i R BE 25 °C 4T R
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IR A AR BRI CO, BT B BUR TP e FATE Y A3, A 10 emx12 em 60 HJ@ Je s fifds , RS A RIS WL 6 o, %€
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PRI 5 W00 s EEAL 2 RS C N YREERT C/N b 22 R B3 . S BRIRVE Wik FE LU LT ARk FEAIR 12.6% , Tii 80k B
LELT AN R I 01 35.4% , 5 BRI IR R 9 01 C/N EEZ3 51 68.2 T 120.7, TN ATE M S A 38R C/N EE (R 1)
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Table 1 Initial C, N and C/N ratio of litter samples

TP IR KX Kl C/N K
Litter type Total organic C/(mg/g) Total N/ (mg/g) C/N ratio
S Hk Q. mongolica 443+8a 6.5+0.11a 68.2+0.2a
L8 P. koraiensis 507+12b 4.2+0.16b 120.7+0.6b

TR F R 22 5 13 (P<0.05,a=0.05)

2.2 TR RR VA A R T X R I 0 A 1 S

2ot 151d BRI 58 15 3R 48 T2 W YRR ARV 96 5 o A R 3 04 58 A O T U Y 0 23 e DR 7 A 1) €O, R B4 A
KA REFEEW(E?2),

TRLEE X PR V& W) o3 s e FE A B R B b B — S RIS I TE AT 40 d (5 TR h A 08 | 45 TR 8 KT 43 ifk o 3 A 2
K, NEE 40 KIFHA,31 CAM# BRI B 5T 29 CHI 25 °C, 76 40—80 d W1H],29 °C 1 25 CHMEBEAHE AR, M 80 K
TFER29°C 3 i B R W] 5 T25°C (B 1) AERI RIS (151d) , BEE IR 1Y TH i, 50— 32 1 4 07 95 9 23 i V7 0 77 4 O, R
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Table 2 Results ( P-values) of two-way ANOVAs on the effects of litter type ( P), different temperature level ( 7) and their interactions on

cumulative CO, production and mass loss during fresh litter decomposition

75 5 R 35 FEWF ] Incubation period/d B
Sources of variation 3 8 13 33 38 58 81 111 151 Mass loss
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
T <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
PxT <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.008

R MBEHA R 31529525 °C,31 CH&M T L5 BRAE PP ™= A4 CO, LB & (310 mg CO,-C/g WY ) F BT 45t 2
(52.1%) tt 29 C B —ZEdARIATE YT F= A CO, B B AT m AR = 18.3% 1 6%, th 25 °C i —ZE BRJR T M 7= 25 CO,
TR 38.4% M1 15% (£ 3) ; FEREAEE IR R P oA — 20N VR 90 40 A% D0 -5 B0 — SRR R T8 ) A3 i S AAR B, (H A i
AN AT 20 d 2R T S AR R E 0—40 d ] ,25 CR1 31 C AR R A RAHZEAN K LK T 29 °C, MR 40
KIFUR,31 CH129 CHAF T 43 SR B MR, 25 CAMF F AT R TR (B 1) . AR A AT (151 d) ,31 CHAF T
— LA ATE I = A CO, R 2 (283 mg CO,-C/g JATEY)) B HIRK (47%) , H 29 C BR— LT RAJRVE IR = A CO, TR B i
TR R 17.9% 1 2.4% , 11 25 °C B—LTRN RIS Y= 42 CO, B BB MR & 47.4% 1 27.4% (3 3) , B —L0H
TE) 53t BORAR T — S BRUR Y& ) 0 e 6 5 SR T, VB TR 00 4 ik R B — S o 1 % 0 - i 225 SR SRR ], A B 3 T
W IRE S YITERT 40 d,3 NRBEK MRS . A 40d TFAA ,29 °CHI 31 °C/Mfss 2 o, H 29 Cmg e T 31 C,
RIS — R BUREE 31°C 56 Far i e Bl B N, 3 = T 25 CA&M TR, H 25 C 44 NS 60 KIFIR 5
fr R N (1), RIS (151 d) R G TRED AR 7 A= CO, B R A BT R KR R 29531525 €, 29 C
IRATRIENEIR £ CO, B (343 mg CO,-C/g J¥EH) MBTEHIK (49.1%) , I 31 CHATIRAMEWITR ™4 CO, R R &
TR & 14.3% 1 4.2% , 11 25 CIRG RIS YR £ CO, TR B MK & 36.1% M1 7.2% (3% 3) .
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S E
(.)’\: 0 1 1 1 1 1 1 1 1 0 L L L L L L L L
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B1 B—hfk AdRBEEYRE_ENERAEMERRREKTET (25,29 and 31 C) RN CO,NRRIE
Fig.1 Cumulative CO, production during the decomposition of litter with three litter species Quercus mongolica, Pinus koraiensis and mix

litter under different temperature levels(25, 29 and 31 °C) in a microcosm study. Error bars represent +SE (n=3)
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£3 TRABEZFEHETEEYE 151 d HHEFRER CO, RMEMRERK

Table 3  Effects of different temperature on cumulative CO, production (C,5, ) and mass loss at the end of litter decomposition

TPyl K Cisi [T b 2
Litter type Temperature level/°C (mg CO,-C/g A& Mass loss/ %
S 1 Quercus mongolica 25 224(6)c 45.3(0.9)b
29 262(2)b 49.1(1.1)ab
31 310(7)a 52.1(0.8)a
ZIH) Pinus koraiensis 25 192(6)c 36.9(0.9) be
29 240(5)b 45.9(0.5)a
31 283(16)a 47.0(0.4)a
SEmTER+LI R 25 252(9)¢ 45.8(1.6)a
29 343(5)a 49.1(2.9)a
31 300(3)b 47.1(1.5)a

SR NPREZ (n=3) , FRMRIFER 222 A B (P>0.05,0=0.05) , FREANFF R 25 8 2 (P<0.05,6=0.05)

AN TR) 35 I S o RV 0 o e (A S ) - AR RIS 1 B (151 ) FEIR—IREZKOE T, 25 COf1 29 CIRA PHVE Y140 i R i T
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