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Leaf-litter decomposition of Robinia pseudoacacia and Pinus tabulaeformis planted

forests at different rainy periods in the loess hilly region

WANG Yunxia', LIU Guiyao®, DENG Qiang™*, SHI Xinrong'*, YUAN Zhiyou"* "

1 Northwest A&F University, State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateaw, Yangling 712100, China
2 Institute of Soil and Water Conservation, Chinese Academy of Science and Ministry of Water Resources, Yangling 712100, China

3 Jiujiang University, Poyang Lake Eco-ecology Research Center, Jiujiang 332005, China

4 Unaversity of Chinese Academy of Sciences, Betjing 100049, China

Abstract; Litter decomposition is a key process to maintain nutrient circulation and energy flow in the ecosystem. However,
in the loess hilly region where rain and heat happen in the same period, it remains unclear how the litter quality during
different rainfall periods affects litter decomposition rate. In order to better understand the leaf-litter decomposition

characteristics during different rainfall periods and the relationships between the dynamic in substrate mass and
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decomposition rate during decomposition, a field litter bag experiment was conducted in two types of planted forest of
Robinia pseudoacacia and Pinus tabulaeformis in the loess hilly region. The results revealed that: (1) after 391 days of
decomposition, the average leaf-litter mass loss rate of R. pseudoacacia was (51.0+8.44) mg/d, significantly higher than
that of P. tabulaeformis (36.7 £4.83) mg/d. The leaf-litter mass loss rate of both species during rainy season was
significantly higher than those during dry season. (2) During decomposition, C and N content in the leaf-litter of two
studied species showed a net release, mainly occurring in the summer rainy season. The dynamic of P content showed a
release and enrichment alternately. The leaf-litter C/N, C/P and N/P ratios of R. pseudoacacia showed a fluctuant trend,
while the C/N ratio of P. tabulaeformis increased significantly over time and peaked in summer rainy season, the C/P ratio
had a trend of fluctuation but the N/P ratio did not significantly change. (3) The leaf-litter mass loss rate of
R. pseudoacacia was significantly and positively correlated with leaf-litter P content dynamic, negatively correlated with C
content, C/P ratio and N/P ratio. However, the leaf-litter mass loss rate of P. tabulaeformis was positively correlated with
C/N ratio and negatively with C and N content and N/P ratio, and showed negative quadratic function with N/P ratio.
These results indicated that the leaf-litter decomposition of R. pseudoacacia and P. tabulaeformis in loess hilly region tended
to significantly differ in different rainfall periods and mainly occur in rainy season. And the leaf-litter decomposition was
mainly restricted by leaf-litter N content and N/P ratio, the leaf-litter decomposition of P. tabulaeformi was more restricted

by N content and N/P ratio than that of R. pseudoacacia.
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Fig.1 A conceptual diagram of the effects of seasonal precipitation on litter decomposition in forest ecosystem
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PR P AR Y T AR R/ INFERL A SRR AT AA I R BRSO AF A PR Pl I S 00 = 2 AR T Z )5, AR
T A (42K K 200 mmx200 mm, IEFFFLAE K 0.50 mm, ALK 1.50 mm, MASE 4 1.56 ¢) , B4
WA AT 7% 0 50.0 ¢, [RIE 20 BIFREL 50.0 g PHAR TR 7% 045 4 03, Be A LR B2 40489 & T 1E I T A
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Table 1 Soil physical and chemical properties of the studied plots

My R RlIEAYN
Forest type R. pseudoacacia forest P. tauliformis forest
H MRk Soil organic carbon/ ( g/kg) 19.000+1.20b 39.000+2.86a
4% Total nitrogen/ ( g/kg) 1.210+0.027b 1.860+0.110a
fi§AS 4 Nitrate nitrogen/ ( mg/kg) 12.500+0.645a 9.960+3.04a
B 25, Ammonium nitrogen/ ( mg/kg) 46.600+5.61a 47.500+7.21a
4T Total phosphorus/ (g/kg) 0.667+0.018a 0.477+0.027b
LW Available phosphorus/ ( mg/kg) 16.100+0.733a 6.120+0.617b
441 Total potassium/ ( g/kg) 24.300+1.30a 22.800+0.170b
LA Available potassium/ ( mg/kg) 139.000+8.40a 108.000+12.8b
pH {8 Potential of hydrogen 8.080+0.027a 7.450+0.155h
£ 7K Soil water content/ % 0.122+0.010a 0.109+0.010a

R BT B N B E AR ME DR 2E (mean+SE , n=4) , [A FIAN5)/ING 5B F R AN RN bR 1 SJER A v 5 22 18] B9 22 57 (2.3 (P<0.05)
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x2 HEHPUBEHRBREZTEERANBAEHRERKERZMNESNENRRFESTER
Table 2  The results of repeated ANOVA for the effects of time, litter type and their interactions on mass loss rates during leaf-

litter decomposition

i3k SET R A ¥y P p
Factor Sum of squares df Mean square

43 HF [E] Decomposition time 32915 1.00 32915 505 <0.001
PATEITISHY Litter type 2040 1.00 2040 207 <0.001
A s ] x 5 9 -2 Y

SR R 2501 1.00 2501 39.8 <0.01

DecompositionXLitter type

222 JAVEM C N P B B R RSIE

FH AT 4 0 SRR AT AA 7% AR A b C RIS RUNIRAS , 480 391 KA C R RE 431
H 45.6%+4.87%F 29.8%+7.44% , Forh 7E TR ZE 117 AN 52 2= 22 Wi A PO AR b 8 95 i C ioRiOR Y 0 25 s T 5
= EEEFEZWARIURZ . WM B E | 20 2 2 f AR C i B OR o 2 H = Tl
M2 6] C R ORAE PR R 7% i 2 [0 A 2 1 25 5% (P>0.05)
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Fig.4 Release/enrichment rate of carbon, nitrogen and phosphorus of leaf-litter of R. pseudoacacia and P. tauliformis at different

decomposition stages
AN K S R AR [R) 53 il A S0 AN )RS o 0 9 ks 2R BRI 8 AR R 2 I 1) 26 5 1 3 5 AN [/ S5 B 3ROSR [) Y o 3] 9 - A AN 8] 4 fie g
Wiak A BRI SRR ] 1Y 25 5 B 2 (P<0.05)

PRV N B o 0 R 5 A Sh A AE R ) A AT N [R], RO 7 i N AR A R B R B
VBRI, RABETURN 44.5%+7.67% , e TR Z= 0] N A5 Re i 3 1 38 Hb =y 52 22 (P<0.05) 5 T T AR 08 7 - BR T
Z e W PSR N BN, AR RN N YR BON S B, RN 37.4%+6.13% , Horh 7 1 2 i 1Y)
N (B (24.8% £2.04% ) 25 1725 TR (16.9% +1.03% ) , 10 25 Ji 1) 41 5 25 22 W 300 1) 34 | 25 b AIG T
SRR YA P 7 52 (R PR T R 7 i N ORBEIOR 22 [ 22 5 A8 1 3

FEREA Syt B b ORI AR PR P it P RIS & AR AT . A T 2 I R R 2 D R 40 ] oA
PEEAE P, B EERN 43.6%+6.35% , LI IARE L P, K 2 40 i S0 25 AT X P i B T 12.4% +
10.1% , HASFA3 i P A 35/ BCR Z A 22 57 8. 3% (P<0.05) T ik U8 9% 76 i 25 W AR 22 /0
Wi P AT E A, RE RN 7.02%=1.82% , AT P, BB HCRIA S 41.8%+14.2% , A 43 1oL
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Table 3 Dynamic of carbon, nitrogen, phosphorus content and C/N, C/P, N/P ratio during leaf-litter decomposition
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Fig.6 Relationships between leaf-litter mass loss rate and carbon, nitrogen, phosphorus, C/N, C/P and N/P ratios of R. pseudoacacia

and P.tauliformis at different decomposition stages

RS JRRL RS R P81 8 vt ) B R R S e R e B R L B L R B L B S 2 TR A DL R, e

P<0.01 1 P<0.05

http ; //www.ecologica.cn

* o+ fl # 433138 P<0.001,



19 FnfE A b DON TR IIARL U8 7 A ]2 T RS0 ) 2 i R 6881

3 itit54&1R

3.1 A[E] 6 ST B AR AT A R P O 4 2 A A 2 S ) SR TR

FEFEAS St R TR 2R (DRI AR R AA U8 2 i T A R SR I B R T R o h E R 2 WA
e DL, 7R A T i TR 0 it e 18 X 5 E A IS 4 SR — 80 2 e HR R AT A . (1) AR RS
AR 4 A4y, P8 350 D A SR U TE 26 LTI SR 2 0, 4007 T 4 2R T2 (H F¥iRE <0C  f1Aa 0
RN A ) AR H T R B (PR R <10.0 mm, HEYEE R 3—10°C) (K 2) , FE PB4 i 2] T
FoK ARG R 58 TR A B IR FR M IR | 1 H AR R SRR 5 1 (025 AR 8 T R A R
J S 0 R B AR (4 A AR 11 AR D) | B2 SRR 3 i RV AR SR K G e i — 4
IR ATV MO A I R R IR T Lo (181 4) o (2) BRIEEZK AN T A 2 52 i A 9% it 43
fip AT BN F 22— 2 5 1 R T AR T X LA RN A TR YT A4 A R T I e /I B %) 884 v e, R
W) 1 8 75 ) T AESIOAR B K BOIR L, 8 1T - SRR 7% it o 4 T R0 B A Y AR SR R G Ak I i T 7%
PR oA 00 s 55—y T T RIE M 0 AR o AR T R E A S S R I — RN B A R
T ot 2 T P AR T A AR ) WS 4% 25 ol ik oA T 300 10 A0 7 P IR 00 2 o 23Rk B eI, 3 S5 R VT 25 %t
F v bR - A BB BT AR R Y s R — B

X R P& I S HUR U, SRIASLYR 7 P 110 S 8 2 3 2 b R Sl R o 32 S D PR — T A TR A )
T DX R, 5 R S 94 R 7 0 I o 4 R O A A A RS A R — Bk U ST 1 U
RPN e B R R WA C/N H, i R b TR i vs o % ARFge
AHECIAA PR 5 RIRR A 7 it N &g & (C/N AR (3R 3)  FE— @ R AR gk 1 40w b AR JE i T 1 AR R ple 1
o SRR R R 5 A A AN C N IR S — O T SRR B R TR O B IR AR A A A
R MR R BT SEE R A P TR 2 AN R K 1 b A SR A 2 ) TR R AT T R
PRI IR I A ARG B R TR URT N &8, n] DA AR (L9 SR80 ) F 692 R e f e )
3.2 [E] 6% N ESF A A R e A R 7 R sl A AR A A A 22 S ) SR TR

FERA St AR b BRI A PR 5 0T C BT R R R B R R, SR TS T IR g A S —
B, TERNZEMIN C BCR W M S T2 2, 2R P AT AR B K S VR AR 25 bl s A ALY AEAR
JR R KA A PR B AT

RO AR R R AT B/ D (R0 B it i RS 5 M S A W A R A A A 1, A B B
A W R 2H BRIV T 1 78 Al th 25 PR PR VR I (R A3 00 RIS IHE S R R N BRI B AR R EGR T
IYFRRII N S AR AR R E Y TR Sh RO TR SR IR AT A T VR AR LA N A AR N 2.46% +0.013% Al
0.909%+0.018% , A FF1h /it EH LW, N R BONE RO, 1X 5 Berg Fl Staaf ' (UFFFEEEH (24 0.6% <N
<2.8%M}, KA N IR MIAF A . RIBRATHAA A & e Z2 0] N B BCR Y B E s T 52, SRR
H Y 7 AN [ e T P 400 P 3 450 2 B TR — B0 (18] 3)  (H R AR S0t v A R i 7 i N A RS =X
ANTA] R — BT N AR, TS R BN N RS & s B T (M B E I E A & %) , X
PR IMAA P8 T 0 6 N S i A T HL 2800 5 2% 22 R 31 38 T 1) b s RN i A 40 1) K o 0 o it I, E R 22 )5 0
TARITE T N AL DU 40 BT oR R 0 o N 3 b g 4 NP g 9t C/N Het &5 i i
EYIN EESBIL Y C/N HET 5—15 B—H &4 N B4 KT 5—15 Bhxt N B | miAHF o8 ol #g
AN AA TR 7% i AESC B AR C/N L T 15, B T IAA 8 3 A2 T 22 5 3 5 4 N Ak, LA s A AR A g
VRIS &R N B E A BLRH VS ) il B b N RS RV P B B o IR O

SRR 7 i AEAS R R RR A ) P 7 i 3R N B SR — RS — s 4R n R AR R P P i 3l A AR
AR B PR T3 5, ORISR Rt g P shB I E BN R i f b P g R 5 08 7%
YIRIhh P e R 2 A AEAR SR (AR G E G PR = B R T DR P 0046 P vk R A PR T 0 | 4 P AR

http ; //www.ecologica.cn



6882 JAE = 40 %

BT RIBERI AR PRI (2.27£0.050) g/ke, i35 AR TINFA ( (2.88+0.353) g/ke) , MOTE St IR VAT
XS P AT R AR RIS R P AT RS R P RS Y& Y C/P L AT O, A Cromack 45 il
Lousier 457 BUBIFFE 43 I 240 H1 230 VE il FHEL, ASBFE b g A AA 8 75 (e B8 43 h C/P BRI T
AR, (R PR b v i Ak P oGt PR R SR SRS AT R B — ELE AR PR P S SIS S YY)
SRR I SRR G
3.3 N[5 A SUTSRBA AT 8 v R 1 2 S R 5 3R 20 Bl A R I AR 56 R AT A 22 S i A

JHVEY) C N P S S R A LT 3 4 (4 3 e a8 e MR AR 200 RO g o, ST i s
P 8 A A3 e B (Y TR R R 5 45 A Y C S S AS UR L, 35 A A R 20 R
VEI PRI AR N i IR S T AR, 1 B R R AR RS A PR Lk B bR 6 A DL AR Rl R 9 e 2
(] 8] 5 IR B R S 0 A NS R S IEAR S DR TS 4 R — B, AR i A v RIBR R P N
G R R Z B W IR OGO AR TR IR 4 I A 0 iR 5 55 G N5 s 2 3 L DA G, I S R A
A O T REAR Y A 0 OB TS SRAR L, ST R R A S A AR N s R A3 A0 05 W U T 0 3 e s
HH LN AE R R N/P LR B3 N AR 2o e Ho AR 5 20 90 e Ab Smith 55
LEAITEER R T M ER S P YR Z A SC R W2 B N/P HUAER/NRSE IR« 2 AV ) N/P<9 I, U
WIR) o i id AR PSR IO AR SE AP AL P 9 AR B A SR ] N/P <9 (3R 3) , BOR 3 P& BERYSENA , T
ZE) N SR, E R RS NI E 5 PON/P>O RIS ] N/P <9, R TTAS RIS il L A 7 v 43
fif b P S S HAM AR 2 AL 56 2 1 24 B IR CAE 1 X = 3 AR AL 40 o e 1 BF S 2 RS —
B, KL EIE T AR B AN o 2L S e 5 e i ) A SR S S P BRI [ 2568 Y1 0 1 ik ke 3 7= A
w2

R V& 73 i i B b 0 iR S /N HE A RO R COC &, THMAR JA 7 i i R 5 C/N L
AR FE M IEARSC SO T RIBLIA v M C/N HEBh ARG 70 BoA A28 35 (A8 Ak, TR 08 v i o ik aod A
T C/N B 5 B i R R ALK 3) W R T2 (8 2) o RIBE 1o fifad 72 P i
SR C/P LBl WA IEAR DG, 52 T A5 XK o 1L v A= S R TR S AR & it e A B 43 i 5
FMBERE S R DT TSR —E, AR i SRR 08 v i 23 ik R 55 N/ P FE R Bh A A8 SRAR 5C , A A )
BRUE I S P YRR TR 3 S R S WY I T A R B IR UR I i R S N/P
PR Zh A5 5 TR R AR R BEWIBR 132 5] N B 2950, N/P - HG -t 2 52 i S0l 40 M1 A 08 7 o0 it f) o 2L
R

2 TR e DRI AN I 7 i 64 70 149 T A v R 2, A ] [ 2K S0 TR] B K e 1R B2 A 728 1k
XAV I B AT W R RONE AR R R T, C N P ORI DR YA v - DI TR R YA ] T A
TR E W22 5, R RERORIBLIR i 2 0h N BB (C/N FUBR IR & AT AR Rl it A 08 v i o0 A b ey
JEPR 22— R P RS R B R 0 0] % A NORE R M B Bk P 4, S B P i R B N ORI NP sl
ARARE 2, SR 7 AR L, AR U Y 2 B A BRI VE IS 5, N OB ST — 2 4B T Rk AL
5L B AR Jo) A ( BBk TR B K 4 22 R B K B0 9 S K ) 97 5 11T B e DN bR R il A 07
HAEA R FERT Y] C N P &gl HAHE HEh B 5 0 iR Z I C R, 8 TIE X IR LS A5,
B o B XA A0 A AR A — T A B AR B

£ 3L HR ( References)

[ 1] FEEME, 2k, 20, 58, 2588, MO, PNl A0 AR LK TR SR MRS B A B IR Y54 C N P A I RRAE R HL R i (R 28 AR i
&, 2019, 38(4) ; 1031-1040.

[ 2] van der Putten W H, Bardgett R D, Bever J D, Bezemer T M, Casper B B, Fukami T, Kardol P, Klironomos J N, Kulmatiski A, Schweitzer J A,
Suding K N, Van de Voorde T F J, Wardle D A. Plant-soil feedbacks: the past, the present and future challenges. Journal of Ecology, 2013, 101
(2) : 265-276.

http ; //www.ecologica.cn



19 FnfE A b DON TR IIARL U8 7 A ]2 T RS0 ) 2 i R 6883

[3]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]
[21]

[22]

[23]
[24]

[25]

[26]

[27]

[28]

[29]
[30]

[31]

Aerts R. Climate, leaf litter chemistry and leaf litter decomposition in terrestrial ecosystems: a triangular relationship. Oikos, 1997, 79(3) .
439-449.

Yuan Z Y, Chen H' Y H. Negative effects of fertilization on plant nutrient resorption. Ecology, 2015, 96(2) . 373-380.

Berg B, McClaugherty C. Nitrogen and phosphorus release from decomposing litter in relation to the disappearance of lignin. Canadian Journal of
Botany, 1989, 67(4); 1148-1156.

Currie W S, Harmon M E, Burke I C, Hart S C, Parton W J, Silver W. Cross - biome transplants of plant litter show decomposition models
extend to a broader climatic range but lose predictability at the decadal time scale. Global Change Biology, 2010, 16(6) : 1744-1761.

Cofiteaux M M, Botiner P, Berg B. Litter decomposition, climate and liter quality. Trends in Ecology and Evolution, 1995, 10(2) : 63-66.
Zhang D Q, Hui D F, Luo Y Q, Zhou G Y. Rates of litter decomposition in terrestrial ecosystems: global patterns and controlling factors. Journal of
Plant Ecology, 2008, 1(2) : 85-93.

FEELAY, B0, B, RERT, EIENS, TUE, WA, HOE, BRI, IRIREE. PR S R GU IR VR O Ak R 00 40 A IR B AR
K. AR, 2014, 38(6) : 529-539.

Berg B, Johansson M B, Meentemeyer V. Litter decomposition in a transect of Norway spruce forests: substrate quality and climate control.
Canadian Journal of Forest Research, 2000, 30(7) : 1136-1147.

Dai A G, Meehl G A, Washington W M, Wigley T M L, Arblaster ] M. Ensemble simulation of twenty-first century climate changes : Business-as-
usual versus CO, stabilization. Bulletin of the American Meteorological Society, 2001, 82(11) ;. 2377-2388.

Yuan Z Y, Chen H Y H. Global-scale patterns of nutrient resorption associated with latitude, temperature and precipitation. Global Ecology and
Biogeography, 2009, 18(1): 11-18.

FHUR, B, R, EA, MW, B PR T R T R XU TE Y A B R ST AR R A AR A, 2013, 24(11)
3300-3310.

LR, W, T, AR, W, IR, WG R GRAR 6 AN UL R IR VA N R R R 9 S SR ARRAE. AR SR, 2015, 35
(22) . 7553-7561.

A, XS, ZRARYE B A MO AR AR R B . LR AR, 2002, 22(9) ¢ 1534- 1544,

Austin A T, Vivanco L. Plant litter decomposition in a semi-arid ecosystem controlled by photodegradation. Nature, 2006, 442(7102) : 555-558.
Saura-Mas S, Estiarte M, Pefiuelas J, Lloret F. Effects of climate change on leaf litter decomposition across post-fire plant regenerative groups.
Environmental and Experimental Botany, 2012, 77, 274-282.

BALTHG, BRI, Dol A5iE | . FEBEIK MRS 4 T P K M. HLE AR, 2012, 36(6) ; 471-482.
Garcia-Pausas J, Casals P, Romanya J. Litter decomposition and faunal activity in Mediterranean forest soils; effects of N content and the moss
layer. Soil Biology and Biochemistry, 2004, 36(6) : 989-997.

. B R X AR S R G MR WA VR W A R IE R T [ D). % . WAL R, 2015,

LiLJ), ZengD H, YuZ Y, Fan Z P, Yang D, Liu Y X. Impact of litter quality and soil nutrient availability on leaf decomposition rate in a semi-
arid grassland of Northeast China. Journal of Arid Environments, 2011, 75(9) . 787-792.

BbEs, Bk, MOk, BERTR, AR SRR BRI A AT 2 R B S i R C R, AR, 2015, 35(3)
779-787.

1 B R HERASHT C5R =M0) . dbat: A EL R, 2000.

Anaya C A, Jaramillo V J, Martinez-Yrizar A, Garcia-Oliva F. Large rainfall pulses control litter decomposition in a tropical dry forest: evidence
from an 8-year study. Ecosystems, 2012, 15(4) : 652-663.

Withington C L, Sanford Jr R L. Decomposition rates of buried substrates increase with altitude in the forest-alpine tundra ecotone. Soil Biology and
Biochemistry, 2007, 39(1): 68-75.

AZZG, HITE), R, HIER, R, BT R R IR L AR AR P i B R M OT R R AR SR, 2009, 29
(10) : 5730-5735.

Chapin III F S, Shaver G R. Physiological and growth responses of arctic plants to a field experiment simulating climatic change. Ecology, 1996, 77
(3): 822-840.

Osanai Y, Janes ] K, Newton P C D, Hovenden M J. Warming and elevated CO, combine to increase microbial mineralisation of soil organic matter.
Soil Biology and Biochemistry, 2015, 85 110-118.

TG, E, B, FBELIL. ST AR T R W REA SR I ARk, AR SR SRR, 2019, 38(11) : 3306-3312.

Klimek B, Chodak M, Jazwa M, Nikliniska M. Functional diversity of soil microbial communities in boreal and temperate Scots pine forests.
European Journal of Forest Research, 2016, 135(4) : 731-742.

JHEETG, B, B, FRAIEE Y REEY . SRR, 2010, 29(9) : 1827-1835.

http ; //www.ecologica.cn



6884 JAE = 40 %

[32]
[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]
[41]

[42]

[43]

[44]

[45]

[46]

[47]
[48]

[49]
[50]

[51]

[52]

[53]

[54]

VL, FeMR, B57 K. MR B S PR S VA L2 23 22 19 Sl AR AR, AR ASTRIE I, 2019, 28(2) : 245-251.

Hobbie S E, Reich P B, Oleksyn J, Ogdahl M, Zytkowiak R, Hale C, Karolewski P. Tree species effects on decomposition and forest floor
dynamics in a common garden. Ecology, 2006, 87(9) . 2288-2297.

Pérez-Harguindeguy N, Diaz S, Cornelissen J H C, Vendramini F, Cabido M, Castellanos A. Chemistry and toughness predict leaf litter
decomposition rates over a wide spectrum of functional types and taxa in central Argentina. Plant and Soil, 2000, 218(1/2) . 21-30.

Sauvadet M, Chauvat M, Cluzeau D, Maron P A, Villenave C, Bertrand I. The dynamics of soil micro-food web structure and functions vary
according to litter quality. Soil Biology and Biochemistry, 2016, 95: 262-274.

Kersters K, De Vos P, Gillis M, Swings J, Vandamme P, Stackebrandt E. Introduction to the Proteobacteria//Dworkin M, Falkow S, Rosenberg
E, Schleifer K H, Stackebrandt E, eds. The Prokaryotes. New York: Springer, 2006: 3-37.

MDY, 2, WEE, BEA, BER A BRI R AR E YR SR SR AR, 2017, 37(1) : 54-62.
BBtz BOKE, Eox, IR, S EARK RGP o RO B EUCR RN, A2, 2017, 37(1) : 184-191.

Polyakova O, Billor N. Impact of deciduous tree species on litterfall quality, decomposition rates and nutrient circulation in pine stands. Forest
Ecology and Management, 2007, 253(1/3): 11-18.

XVEERE, BRATFT, RS FASINEE £ e DA N TCARAR R 13 SR MR v 5 A 2. O A= 252741k, 2019, 30( 1) & 117-126.
Parton W, Silver W L, Burke I C, Grassens L., Harmon M E, Currie W S, King J Y, Adair E C, Brandt L A, Hart S C, Fasth B. Global-scale
similarities in nitrogen release patterns during long-term decomposition. Science, 2007, 315(5810) : 361-364.

Berg B, Staaf H. Leaching, accumulation and release of nitrogen in decomposing forest litter//Clark F E, Rosswall T, eds. Terrestrial Nitrogen
Cycles. Stockholm: Swedish Natural Science Research Council, 1981 163-178.

TR, B, JUEE, WK, BORAR, 2R AR GGE A A N CAR IR R 5 5 5 s AR . MRS, 2011, 35(4)
389-401.

Manzoni S, Jackson R B, Trofymow J A, Porporato A. The global stoichiometry of litter nitrogen mineralization. Science, 2008, 321 (5889) :
684-686.

Moore T R, Trofymow J A, Prescott C E, Fyles J, Titus B D, CIDET Working Group. Patterns of carbon, nitrogen and phosphorus dynamics in
decomposing foliar litter in Canadian forests. Ecosystems, 2006, 9:46-62.

Cromack Jr K, Monk C D. Litter production, decomposition, and nutrient cycling in a mixed hardwood watershed and a white pine watershed//
Gentry J B, Smith H M, eds. Mineral Cycling in Southeastern Ecosystems. Washington DC: US Energy Research Development Admin, 1975.
Lousier J D, Parkinson D. Chemical element dynamics in decomposing leaf litter. Canadian Journal of Botany, 1978, 56(21) : 2795-2812.
SR, w0, BT, SRR MR R MR A Y8 i 3t R rh ORI A AN [ R AR T AR EN S N SRR AR M2, 2015,
21(02) : 308-315.

Hobbie S E, Chapin III F S. Winter regulation of tundra litter carbon and nitrogen dynamics. Biogeochemistry, 1996, 35(2) . 327-338.
Giisewell S, Verhoeven J T A. Litter N: P ratios indicate whether N or P limits the decomposability of graminoid leaf litter. Plant and Soil, 2006,
287(1/2): 131-143.

Smith V H. Effects of resource supplies on the structure and function of microbial communities. Antonie van Leeuwenhoek, 2002, 81 (1/4) .
99-106.

Remy E, Wuyts K, Van Nevel L, De Smedt P, Boeckx P, Verheyen K. Driving factors behind litter decomposition and nutrient release at
temperate forest edges. Ecosystems, 2018, 21(4) . 755-771.

AW, SELAR, WIHES R KA R I ) A LY S R S R RIBE R G R AR AR, 2008, 19
(2) . 245-251.

WA, Skl Evask, TS, R0, FEGE. MBI A A B Y Co NP AR TR, A543k, 2011, 31
(2): 335-343.

http ; //www.ecologica.cn



