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Abstract: Coarse woody debris (CWD) in forests is not only an important store of carbon and nutrients for
ecosystems but also plays an essential role in forest regeneration, nutrient cycling, and maintenance of
biodiversity. The structural properties of CWD change with the environment and time,and many factors in-
fluence its decomposition process. In this review, the concept of CWD was introduced. Factors that influ-
ence the decomposition of CWD were divided into three parts. The effects of environmental changes, de-
composers,and wood traits on CWD decomposition and the mechanisms of action were discussed. It was
thought that climatic factors mainly affected CWD decomposition on a large scale, while at the local scale,
CWD decomposition depended on the decomposer community and wood traits. Soil animals promoted de-
composition by breaking CWD in the early stages of decomposition,and microbial community positively (or

negatively) influenced throughout the CWD decomposition process. In addition, the higher the content of
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wood compounds such as lignin, terpenoid, and phenol, the slower the CWD decomposed. Finally, we pro-

vided an outlook for future research to improve the global carbon cycle model and provide a theoretical ba-

sis for ecological protection in global climate change.

Key words: coarse woody debris; decomposition; soil fauna; microorganism

KAk (O fiff £ 76 ARpRrr, Horp 8 Vo AA7E R
JREE B 4 rp ) RLK BR R 4K (coarse woody deb-
ris, CWD) X ZR AR BE A H 210 “ ke 17 52 i L 7 fili b
RBRGM C IR R & CEAE Y, Hi24
1k W58 N GO FR AR AR 2 3R G5 v 1 43 il W 5 R A
SR AE AR 4 5 ZR AR T CWD 43 i i 72
HIF AR+ A BRY . CWD i i 78 5 2 & &
FEAEYI P C RN F% 4 0058 2 K [R) i % =X 5 ik
NEBRGAGIR X FD C F1HE 5= 9 I TC I [ 2 i 2
FETCHER 4 % 3 C FE I W) B A7 7 AR R Y
WS, CWD ) iy iz K 5 i 75 bk C SF g, N
B T — 2 A B A A O A IO AR AR C A B
AL NS W CWD B 4318 O+ o e B

CWD (143 fif R KB 43 5 A= W 4 1L 1 DG it o
TR 70 254 0T A JE RN 0 R R RN L MR T A
PPk UL, CWD BA RBUK 450 5 44 . 4 i Fl
T OGS R T 3 G2 A8 0 E A, AR AR R AR R
WIAE . HATIRE R CWD 1 BF5E K384 4 h 48 4E
SUIRE BRSO L X I CWD 2 N R
[T i i 20 o AR5 3 T ] 9 AR S S Sk A 1]
50T, BEE T80 CWD 20l i R E R, LR
SRR R Bt C R0 SE 2 6 A 458 A 4R 4L B 38
WA .

1 CWD #4&

CWD W 4 it ik B s 35 CL & (N B8 5% 40 16
HH . Harmon A TG AR RLH CWD
FIRFFE % CWD & LR “EHE=2.5 cm BYFEAK T
W7, 20 fitad 90 A AR, 38 [ A A OCER T Rl bk
55 Sy AN AR S W I ot ) E T 48— bR e, CWD
FESCH AR (— B8 A — i) =10 em, K E=
1 m FEARFFRIR”. Br T X CWD (1 RFFEAE i
7305340 %8 CWD Hr e & 19 N A W AT 78043 .
AR SRR R ST AR R R VR R A R (AR
JERIAE) L MR M T K RIZEMR AL G T CWD
H E BRSOl CWD B SE SCRE S N 5B 2y
I EAZR=10 ems KT 1 m B4R A 57 AR OB AR 8%
K1 m BB, B4 =1 cm BYERR”,

2 Bl CWD 4t H &
CWD [ 40 A 3 5 15 98 94 1 9 4% fe L0, 2 3

AR R T R W R A A AR o g
WG AR TRE R 10 53 f8 43 Dl s Vs A LB (DOC) L #%
BE VBRI AR R oy e DL SR R4 R S Rk AR
KIFHER TR R LT ERMAFR L SRS
b B /N 4 BT I e A Ak LA TR ML Y T X ] 51 35
Berh™, BREEIR R GELEE MUK 43 L 4 ik i Ak )
Yy U8 T W v WK B ik F T B0 O 9K W0 8O o
Swift 25 T3 TR 0 o il 1 = AR B
RUE B IRBE A o A 35 R 98 0 1 RO 95 3 4 fi
R TR R LRGP A N AR R R
IRRE A TN R A, T WA WS AR,
PR PR AE T R A 2 1) RUBE b 2 32 A0 s o 1A
% . Bradford " Bk T 2 S = MR (& D,
TR AN IO 2 15 Ml 5 TR A A o A AR L (AL
AR R T A A A R e R — A Oy T A
BRI A i 0 R TR AT L R I A IR R )
RS, H 2 5 50 1 10 A 9 28 BF A 7 R I8 & 2k
WAE, AFETE RN R S T R, H AT
M) 4 ik PR 28 A AR 6 32 R A AEAE S e . AR TFI0RE A
BT ST R M AR B Rtk 3 A O E AT 278 X
B [ 2% CWD 43l (1 5% 0

F
(UL T )
b
Wi [CBEE >W*’
L LR A
Rl B

i & 4 o o3 A

B 1 1R#E Bradford ZUY MR EE Y S MF = R
EHEREANSTBR=AE
Fig.1 The decomposition triangle modified according to the
control factors regulating the decomposition rate of litter

by Bradford et al. [2

2.1 IREBET

IS5 AR A X 2 i 1 5 e 3 R T DA A Sl A Bk R
MR R . &5 b AR A A 2 4 Bk R
O R ) AR N R R R R AR KA
JE 2532 IR B RE RS L R R A K 4y A8 Ak ]
VL3E 3 5 W CWD R IR W K 52 M A b 4 g0
Gough %" 1 5% % BURL K Ji # H 07 i (RCWD) i



Bl

ZIUVE A BROMOHLA Jo 3 1 fit D 36 A B 5 195

FRE RS KA N4, Forrester 2% %
B CWD = A1) CO, 8 & 5 Al B2 IE A G,
Liu Z7 BE5E % 8L, B 2 R B A1 K 20 38 0 CWD ()
CO, M1 BT 8 SRR Wi #E #5. Pietsch &V i 58 &
B, ARE 53 fifp 52 Uk BE 0% 5 ) LU 32 A RN G i B 2 R
PER P s Z . A R SR A5 GE E Y I R
IS R 00 B A Bl T 43 i 5 1 =F B RE RS ML AT
fiet TEAT LAY 0 A3 e o 22T L A AR B AN S e
o, K BH 4R G 3 R & B 2 CWD 4 fif . Wu
AU R R B, R R TSR M OL FE MRAE R, R
fif SZAMERE 3 FAE Y CWD J3fifk B G Jon

Jry RS b 1) G il 3 A8 32 3 AR OPRZE A L AR I
A A5 K 25 Ty TR R L s ) S R M R AR AR
CWD ) FZR-E AL TREAALE ) CWD 23774
PSR 15115 o (TR 71 5 YA N/ N7 I N 97 N
Romero %5 F6 21 B MK iR AT 1 A b1 40k 149 B 5
FAAR B AL T CWD 28 A 7 7 B (G F 3 T L M
T 25 S0 ik IR L 2% PR AR - 9 2R T 0 i 1 1R
5 e Yl R T AR R A0 TR 45 (H P 3 0 3 R
b KPR B B . [A B, Erdencbileg %5
WFFE AL IR 7 25T 4 38 v 7 A J5i B K o o 4 2K L1
AbF b RN AS S R . AN R ) A B 1 R B AN
FRAPAR DA [, A 23 5w B K SR 5% 1A 14 4% it ik
. Jones 5 W 58 R W1, B PR AR R WP Y 4y
fiff 3 B LBt b B S AT R O PR A TR A e i b
S P Jo A R
2.2 Hf@E
2.2.1 X4 SRR, LY E EE
YEF . T 5E3h W al LK R B A HLH B0 1  0 Bl
BUNWRIG., AR, S o i 0 OK
TR G RRAE AR R RS 1 1090 ~ 20457, R4
VEZ W5 N A 1 3 B W 76 R B 14 4 i ok e v 9
T A (B E AT IX 5 T A BIF S AT AR R A7
FFHEM .

Ty A B A R AR DL G i
LT A A W A At A B 2 R) B 3 TR L AR R
MRS . RIS AR R X TSR 2
P, —Fp o AAM R 8, BB WS b KM 5 53 — Fh DL
WM 3=, Homk SRR M 09 B 2 3% 58 B 5 B850
HUY . Hyodo &MY 5T & B, (0 o 3L AR )
FLTH I AR BT R S 0 AT A0 3 A 1 TR 1 1 L A
Jo 38 A 0 o A R WA 1) B SR LA R ) i RE T
Jo XA R B R AR R TR RS S sh
X CWD 53 i STER A [ . 92 [ 2R R ¥ 1) — 00 40F
FERI AAE 2 a WTH AR AR M 2 oAb ir A7 B
BRI 6 A5 . AN, o AR B G S 43 - 4 B

Yy B A L X S S T DL A Bl AR A )
22 [6] 19 355 Bl B B I R AR SR B W A i R, — 2t
e 2 W) 2538 1o 12 48 W 3 1 5 X2 IR Rz 25 AR O e
T EFRR R T 0T ) B A B O
TRAPA 4 S0 J2 T8 1L B, G Al 19 A L A4 T DA ok sk
S AL R E A T A A R — 0 TR R
I f AF 5 AR IR B, 0 RT3 ek v D DA o B
F14 TG HE 3 4 B0 R I 9 95 ok g Ay Y L BT
FH 2 RS Y AR R A A S R R
fif CWD = 238 o8 P9 5 i — J7 T LLARMAE N B
o 5 A 1 AR W 2 TR B AR R R R AT g
fiff o 3 — 7 TR0 D2 T HE R AR o X KB A A 8R4
Tl S T b 3L 58 AR 1 f e R D T 2 2 T 4 f
H AT 58 + 3 30 ) A (6] FhOBF 22 8] 09 4R B VE T x
CWD 43 18 52 Wi AT SR 488 /0, 48 4 Ja 19 Ik 5% v 1 %
JnsE G TE

2.2.2 mAEH  WMEYWE ST T AM
IR e R AR R h C IR, I H
b A P RE BRI L U W A — A B A
2 BB B R TR T Tl B 08 K A % 1 IS 0 0 ik A2 A /N
WAL A A BB A" B—
T » ol A 0 7 43 A 2k R b bl R S A S B B TR
45 K A8 At 4 23 B R A3 A R0 Hu 255V SR
B P ITE 58 T A2 R ARBER) C R B 54
FETE AL 3R S5 SRR AE AR M B K BRI
W, ECTR RN R SR L AR AE RN L A TR AR ) 0
2T, R TE A A AR S B0
b O N R S B 1 - =R Dl IO R (B
FHE AR C FHRLHRSY . Hiscox %55 % B, A B
Hh A K (1 T B 228D R B AR AR Bl T RS T R
B HABEE AR . BRILZ Ah . B AR B 0 P B
W B AR A T . EUBE 32 B A AL b
fiff 14 A J5T 25 R 4 B BE L FL T 43 kg N AR LR RN AR A IR
B AR B A TR R BT 1R A AR SE T
Je s AR BB R PR AN T B A B A B
O 20 7E ABE v B, 3 46 B TR AR R 4 S b
PLIF WIS R FET- B AR L, Cline 257 BIF 58 A M K
Aab 3 A Ak HRGE 3 i 1 5 ) L % R A 1Y oS A R R
% 52 W) 43 i R 1) AR 0 R T A A RS s R O
RSRAVE I TR G . S AE K A A L, A R
F14) BT o 5 2 BT E B G AR B, AT 5 3 S Y A il
B4 B[R] o PN A T I8 A7 AR AN AL AT BB 52 Wil AR b 3 fit
PR A 2 D A T T A B T LA ) B A 0 TS ok A AR
PR S B . B A A 5 A R A 34 3% 37 e
DI BUBR B A R A A T AN, iR A g &
B, PN A= B R ok 135 19 4 Fh 2 8] AT RE 23 7 AR HS B



196 PO LA B 2 4 39 &

B F 5 3050 fif R SR AR
2.3 AKRifHiE

ABEPE R AR R 26 HE ) D) 58 78 S 1) 5 T, K
MAAEAE He HA AT Py 20 L i A8 R A 21
EIRIRG . TESE AR KT KRB o i A
— BRIV RHEAR G AR A B 19 BRAE P 5T 52 0 53
g pA St AR R O 43 iR 1 2 S R B L LARTIA
NI KRG Z, I H KT A HE 5 M2,
Kahl %5 (0 55 % BU, B 7 4l 90 10 - 25 5 728 % i
FHEIRT Y X v e & MR FHEY AR B R |
P14 TR A AR 5 45 A R e A S R [ R BT 3R G
MELL AT it B0 1 R BT 2R o IR 0 il Y R
It Ho il TR R 1 R B RO BT A 2 2L b B
MR AR R G, ik 26 4 21 vp 3 240 % i 8 A 2R Ak
B YA X ) AR S SR R Y . Weedon
AN SR [ A 1 A AR S AT TR A AT
[ AR 2 B T 4 A 0 1) o e S B PR TR T A
AN AR 4] 18 PR AR X6 53 e 38 3 i 2 o A A
EAEM . 28R EW, AMBIMH NORBRERA L.
B A bE R AR A R R R 0 e R R L A
E- SN

BRI 7 m] — M AR b Wy B AR A A B 2 A A
] A7 AE 25 500 . — Bk oE B B AT L4y R0 A
A BB =R ARy M R RE 8 PR 37 8 % £ W R 4
LU 2 S W) 4= T R AR A3 R R A R
JI5t v IF o BE A8 1 Ry B 5 5k 10 4% 52 ) AR OC 1 S5 A 0T
AREHEAT o AT KR A B R R % (A5 0 B HE
) By B R B i R AT, T BE Jones
SRR Al R B B FE A DGR TR B 43
TE 57k J 30 o AR PR B4 e 1 72 A A G D
PRI ER 73 W) e 28 I 7 B30 A e e 1B Ak . Zuo
SECY T LT R A B Rl R B R A B X G
HEZ W = 5 BERURE V& 2H 00 1) 52 ), 25 25 3% W ARY Ao 1]
R B PR Y 22 S M T MESh W Y R
X 3 WIAE R 20 A o R rhoRy e R Y 22 e LUK b 2
FEVEVE 5200 o3 i 48 br B 47 . BR T B B2 19 52 il A
O TN AF 1) B AL M 5T 22 St 2% 5 3000 il TR AN
IR BTi Kl AR -3 U NI e o =/ o)
(R TN 5 B el L1 W = W IS DA E R O & %
1 pH #R 0T fE A7 76 B 25 19 25 5+ . Moll 27 B 95 %
TR A [ 485 T 32008 RO B 018 B8 A 0 T 9 205 0 R R
Y HEV% B 2 (operational taxonomic units, OTU) F
HEFERENES . AN OTU WEEES T O
Mo 38 RZEORAFE Y OB 53 it 318 52 3] 2% i
5 U TR RIS B A0 9238 MR S K CRAR . OB R
4 B R S 4 I Y R R s T M O B

A B By rb S A R A B R L R S B
O B 43 A 38 B LSO IR L KRR B
FEPEAR O BE 52 08 B 23 il S AR . A [ B9 AR B AR AL
3 fifp ) 3 BE AN R ] 3 3 R A [ A AR
PR (B2 I S WS i R
(A I3 fiff B 2 1

3 EZ

AR CWDRRE TR ESREMEE C
it 77 2 — o 6 A BRI Bl P R 4 45 R I 2B AR L 1
FE A G il o F R A A Bk C 0I5 26 R0 4 R5 AR ) 2
PEZEXEE, OH LT CWD 4 HF 58 i K 1A 4
T X CWD 43 fife o 72 A9 B A L O b A% 580 £ b 42
T REEE, B CWD A MAEEZHNE, nX
i 2B A W 2R R MR B R 5L DA R L R A
FMAM AR . 7E @Bk RUOEE I, A R 7 2 5 i 4y
fift %) 2 B SRR T T S SR I ) R il R
TR M A B Rtk . 18 3h 3l o 7 4y ik 4 1093 5
Wi CWD ke {2 43 o 1 i AE 90 BV A8 fb 78 CWD
O30 A B e AR B (ST O B . B Ah R
A B 1 e AR I B 5 ) 3 fit 1 5l R L A I R L
Je AR A W R R R B R

H T CWD HA 25895 24 o) i 22 18 55 4 1 5%
i) o3 fif B9 PR 38 2 ) B A &2 2% i A B VR L R 9 O 1k
AR Z BN B 15 CWD 20 Gk 58475 9% T Ifs F
ZIWNME, AT CWD 5B RS RI1E
FH & K B BF 5% 31 0 B 56 7 CWD 43 fiff 3 A2 o 45 [
ZZ M EAEH; CWD 4 & — A E8 1 C
B TR bR T B LR TR 0 s ST, X Gy
BL T [ 1 43 A [y B i CWD 18 5 Al i 2 LA B 33 4%
RN A2 25 2R GG B 10 52 W A1, 38 K 1 o R Y
A S TR R GRR  ER ST C B AR C iy 22 18] B9 SF
i 5 Bt 5 %2 JE PLALRN 1 2R W) 24 1 TR R R, 3K S
M H AR TFBATHE T R AR kR BRI
T HE R A 2 18 0 3 O 1 5 0 A ad R BB AH DG i) E R
14 65 A 2 0 ST DA B 2K T 22 ) % AR B T 1 R
A J B FE A T A

SE Wk

[1] PAN Y,.BIRDSEY R A,FANG J.et al. A large and persistent
carbon sink in the world’s forests [ J]. Science, 2011, 333
(6045) :988-993.

[2] CORNWELL W K,CORNELISSEN ] H C,ALLISON S D,et
al. Plant traits and wood fates across the globe:rotted,burned,
or consumed? [ J]. Global Change Biology, 2009, 15 (10):
2431-2449.

[3] MORI A S,CORNELISSEN J H C,FUJII S,et al. A meta-a-



# ZILVE AF RO R

BRAR 2> fifk PR 2R A 0F 50 30k

197

[4]

[5]

[6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

nalysis on decomposition quantifies afterlife effects of plant di-
versity as a global change driver[]J]. Nat Commun, 2020, 11
(1):4547.
GUO L,DENG M, YANG S, et al. The coordination between
leal and fine root litter decomposition and the difference in
their controlling factors[ J]. Global Ecology and Biogeography.
2021,30(11):2286-2296.
BAUHUS J, PUETTMANN K, MESSIER C. Silviculture for
old-growth attributes[ J]. Forest Ecology and Management,
2009,258(4) :525-537.
(T AT DM AR S R 8 P i RSB R BT AR R R T Re L) .
N AE A5 23], 2001, 12(2) :309-314.
HOU P,PAN C D. Coarse woody debris and its function in for-
est ecosystem[ ] ]. Chinese Journal of Applied Ecology,2001,12
(2):309-314. (in Chinese)
RICE A H.PYLE E H,SALESKA S R,et al. Carbon balance
and vegetation dynamics in an old-growth amazonian forest
[J]. Ecological Applications,2004,14(Supp. 4) :55-71.
MAGNaSSON R I, TIETEMA A,CORNELISSEN | H C. et
al. Tamm review: sequestration of carbon from coarse woody
debris in forest soils[ J]. Forest Ecology and Management,
2016,377:1-15.
MOBLEY M L,RICHTER D D, HEINE P R. Accumulation
and decay of woody detritus in a humid subtropical secondary
pine forest[ J]. Canadian Journal of Forest Research,2013,43
(2):109-118.
T BEFR PR AR bR AR A 3R G0 KL J 5% 1 2 25 T RE T 9% 8
(1], LTJFﬁzth g FARBRA R, 2018,41(1) £ 84-92.
FIE A2 5 TR ORIAR BTR (4 0 & F043 fig e [ . 4=
A28 ,2014,33(8) :2266-2273.
AR AT /INE L LA L A8 R 35 R GOMLPE A 5B 1 1 BF 5T
HERRLTT. MRk BH2£ AT 5T . 2009, 22(5) : 715-721.
ARG PN A B A5 BRRAE S R GBI BUBR (R B Y 0 T
1] BTAAROR 2427 412, 2013, 30(4) : 585-598.
L AT RS SF I E AL 2R KA A MO A
Jo Bk A it 425 18 R 43 A BF 5 [0 0. W b bk 27 B 2% 4, 2016, 31
(5):68-73.
MA H X,REN Y H,HOU L,ez al. Studies on the reserves of
coarse woody debris and decomposition of fallen trees in Abies
georgei var, smithii forest of sygera mountatins in Tibet[]J].
Journal of Northwest Forestry University, 2016, 31(5):68-
73. (in Chinese)
7% AR BRBTURT . AR AOHL AR BT 5% 1A BF 5
&Lﬁ #4,2011,26(4) :90-98.
YUAN J,HOU L,ZHANG S X. Research progress in coarse

L], U e bk

woody debris[ J]. Journal of Northwest ForestryUniversity,
2011,26(4):90-98. (in Chinese)

HARMON M E, FRANKLIN J F,SWANSON F J,ez al. E-
cology of coarse woody debris in Temperate Ecosystems[ M.
Orlando, FL:
search,1986:133-302.

FIROR, E AR A T AROMORL BE R AR 1A I M S By 2
(7. A% 4]7 ,2005,25(1) : 158-67.

YAN E R,WANG X H,HUANG ] J. Concept and classifica-

Academic Press; Advances in ecological re-

tion of coarse woody debris in forest ecosystems[]]. Acta

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Ecologica Sinica,2005,25(1):158-167. (in Chinese)

ZHOU L,DAI L M,GU H Y,et al. Review on the decompo-
sition and influence factors of coarse woody debris in forest e-
cosystem[ J ]. Journal of Forestry Research, 2007, 18 (1)
48-54.

VIITANEN H, TORATTI T, MAKKONEN L, et al. To-
wards modelling of decay risk of wooden materials[J]. Euro-
pean Journal of Wood and Wood Products, 2010, 68 (3):
303-313.

SWIFT M J,HEAL O W, ANDERSON ] M. Decomposition
in Terrestrial Ecosystems[ M. Oxford, UK ; Blackwell Scien-
tific,1979.

BRADFORD M A,BERG B,MAYNARD D S,et al. Under-
standing the dominant controls on litter decomposition[ J].
Journal of Ecology,2016,104(1):229-238.

MERGANIOV K, MERGANTI J,SVOBODA M,et al. Dead-
wood in Forest Ecosystems[ M. Croatia; InTech,2012.

LIU W H,BRYANT D M,HUTYRA L R,et al. Woody deb-
ris contribution to the carbon budget of selectively logged and
maturing mid-latitude forests[ J]. Oecologia, 2006, 148 (1)
108-117.

JOMURA M,KOMINAMI Y,DANNOURA M,er al. Spatial
variation in respiration from coarse woody debris in a temper-
ate secondary broad-leaved forest in Japan[J]. Forest Ecology
and Management,2008,255(1) :149-155.
GOUGH C M, VOGEL C S, KAZANSKI C, er al. Coarse
woody debris and the carbon balance of a north temperate for-
est[ J]. Forest Ecology and Management, 2007, 244 (1/3);
60-67.

FORRESTER J A, MLADENOFF D J,DDAMATO A W,et
al. Temporal trends and sources of variation in carbon flux
from coarse woody debris in experimental forest canopy open-
ings[ J]. Oecologia,2015,179(3) :889-900.

LIU W, SCHAEFER D, QIAO L,er al. What controls the
variability of wood-decay rates[J]. Forest Ecology and Man-
agement,2013,310:623-631.

PIETSCH K A, EICHENBERG D, NADROWSKI K, et al.
Wood decomposition is more strongly controlled by tempera-
ture than by tree species and decomposer diversity in highly
species rich subtropical forests[J]. Oikos, 2018, 128 (5):
701-715.

BRADFORD M A, WARREN R J,BALDRIAN P,et al. Cli-
mate fails to predict wood decomposition at regional scales
[J]. Nature Climate Change,2014,4(7) :625-630.

WU C,ZHANG Z,WANG H,et al. Photodegradation accel-
erates coarse woody debris decomposition in subtropical Chi-
nese forests[ ] ]. Forest Ecology and Management,2018,409;
225-232.

CHRISTIAN W G G,MARTIN H. Old-growth forests: func-
tion, fate and value-an overview [ M ]. Berlin: Springer: Old-
Growth Forests,2009.

SHOROHOVA E, KAPITSA E. Influence of the substrate
and ecosystem attributes on the decomposition rates of coarse
woody debris in European boreal forests[ J]. Forest Ecology

and Management,2014,315:173-184.



198

T b bk B 27 4l

39 &

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[46]

[47]

ROMERO L M,SMITH T J,FOURQUREAN J W. Changes
in mass and nutrient content of wood during decomposition in
a south Florida mangrove forest[J]. Journal of Ecology,2005,
93(3):618-631.

ERDENEBILEG E.WANG C, YE X, et al. Multiple abiotic
and biotic drivers of long-term wood decomposition within
and among species in the semi-arid inland dunes:a dual role
for stem diameter [ ] ]. Functional Ecology, 2020, 34 (7):
1472-1484.

L EHC, IR R L G5 ZE 08 5 M B R B R A R M
BURR > A FRAELT . 09 db bk 2 B 22 41, 2018, 33(2) : 35-42,
WANG Q,HAN H,GENG Z C,et al. Distribution character-
istics of active soil organic carbon under typical vegetation
type in xinjiashan forest in gingling moutains[J]. Journal of
Northwest Forestry University,2018,33(2):35-42. (in Chi-
nese)

JONES ] M,HEATH K D,FERRER A,ez al. Wood decom-
position in aquatic and terrestrial ecosystems in the tropics:
contrasting biotic and abiotic processes[ ] ]. FEMS Microbiol.
Ecol. ,2019,95(1) : 1-13.

ULYSHEN M D. Wood decomposition as influenced by inver-
tebrates[ ] ]. Biological Reviews.2016,91(1);70-85.
CHEESMAN A W,CERNUSAK L. A,ZANNE A E. Relative
roles of termites and saprotrophic microbes as drivers of wood
decay: A wood block test[ ]J]. Austral Ecology,2018,43(3):
257-267.

ULYSHEN M D, WAGNER T L, MULLER-LANDAU H.
Quantifying arthropod contributions to wood decay[ ] ]. Meth-
ods in Ecology and Evolution,2013,4(4) :345-352.

SEIBOLD S,RAMMER W,HOTHORN T,et al. The contri-
bution of insects to global forest deadwood decomposition[ ] ].
Nature,2021,597(7874) .77-81.

HYODO F,TAYASU I,INOUE T,et al. Differential role of
symbiotic fungi in lignin degradation and food provision for
fungus-growing termites ( Macrotermitinae; Isoptera) [ ] J.
Functional Ecology,2003,17(2):186-193.

SCHUURMAN G ] E. Decomposition rates and termite as-
semblage composition in semiarid Africal ] ]. Ecology, 2005,
86(5):1236-1249.

ULYSHEN M D,WAGNER T L,MULROONEY ] E. Con-
trasting effects of insect exclusion on wood loss in a temperate
forest[ J]. Ecosphere,2014,5(4) :47

MCGLYNN T P,POIRSON E K. Ants accelerate litter de-
composition in a Costa Rican lowland tropical rain forest[]].
Journal of Tropical Ecology,2012,28(5) :437-443.

DOSSA G G O,YANG Y Q.HU W,ez al. Fungal succession
in decomposing woody debris across a tropical forest disturb-
ance gradient[ ] ]. Soil Biology and Biochemistry, 2021, 155:
108-142.

BANI A,PIOLI S, VENTURA M,et al. The role of microbi-
al community in the decomposition of leaf litter and deadwood
[J7. Applied Soil Ecology,2018,126:75-84.

HOPPE B,PURAHONG W, WUBET T,et al. Linking mo-
lecular deadwood-inhabiting fungal diversity and community

dynamics to ecosystem functions and processes in Central Eu-

[48]

[49]

[51]

[54]

[60]

[61]

[62]

[63]

[64]

ropean forests[ ] ]. Fungal Diversity,2015,77(1):367-379.
RAJALA T,PELTONIEMI M,PENNANEN T,et al. Fungal
community dynamics in relation to substrate quality of deca-
ying Norway spruce (Picea abies[ 1.. ] Karst.) logs in boreal
forests[J]. FEMS Microbiol. Ecol. ,2012,81(2) :494-505.
VANDERWAL A.OTTOSSON E.BOER W. Neglected role
of fungal community composition in explaining variation in
wood decay rates[ ] ]. Ecology,2015,96(1):124-133.
VALENTIN L,RAJALA T,PELTONIEMI M, et al. Loss of
diversity in wood-inhabiting fungal communities affects de-
composition activity in Norway spruce wood[ J]. Front Micro-
biol,2014,5:230.

HU Z.XU C, MCDOWELL N G, et al. Linking microbial
community composition to C loss rates during wood decompo-
sition[ J]. Soil Biology and Biochemistry,2017,104:108-116.
EDMAN M, HAGOS S,CARLSSON F. Warming effects on
wood decomposition depend on fungal assembly history[]].
Journal of Ecology,2021,109:1919-1930.

MAYNARD D S, CROWTHER T W, BRADFORD M A.
Fungal interactions reduce carbon use efficiency [ ] ]. Ecol.
Lett. ,2017,20(8) :1034-1042.

HISCOX J,OLEARY J,BODDY L. Fungus wars: basidiomy-
cete battles in wood decay [[J]. Stud. Mycol. ., 2018, 89:
117-124.

LUSTENHOUWER N, MAYNARD D S, BRADFORD M
Aset al. A trait-based understanding of wood decomposition
by fungi[ J]. Proceedings of the National Academy of Sci-
ences,2020,117:11551-11558.

A H,E H K. Fungal biodegradation of lignocelluloses[ M].
Berlin, Heidelberg: Springer,2010.

CLINE L C, SCHILLING J S, MENKE J, et al. Ecological
and functional effects of fungal endophytes on wood decompo-
sition[ J]. Functional Ecology.2018,32(1):181-191.
RAJALA T,TUOMIVIRTA T,PENNANEN T,et al. Habi-
tat models of wood-inhabiting fungi along a decay gradient of
Norway spruce logs[J]. Fungal Ecology,2015,18:48-55.
FUKASAWA Y,OSONO T, TAKEDA H. Effects of attack
of saprobic fungi on twig litter decomposition by endophytic
fungi[ J]. Ecological Research,2009,24(5):1067-1073.
PURAHONG W.,HYDE K D. Effects of fungal endophytes
on grass and non-grass litter decomposition rates[ ]J]. Fungal
Diversity,2010,47(1) : 1-7.

LEE M,POWELL ] R, OBERLE B, ez al. Initial wood trait
variation overwhelms endophyte community effects for ex-
plaining decay trajectories[ ] ]. Functional Ecology. 2022, 36
(5):1243-1257.
BONANOMI G,ZOTTI M,CESARANO G.et al. Decompo-
sition of woody debris in Mediterranean ecosystems: the role
of wood chemical and anatomical traits[ J]. Plant and Soil,
2021,460:263-280.

CORNWELL W K,CORNELISSEN ] H, AMATANGELO
K,et al. Plant species traits are the predominant control on
litter decomposition rates within biomes worldwide[ ]]. Ecol.
Lett. ,2008,11(10):1065-1071.

KAHL T, ARNSTADT T, BABER K, et al. Wood decay



ZIUVE A BROMOHLA Jo 3 1 fit D 36 A B 5

199

[65]

[66]

[67]

[68]

[69]

[70]

[71]

rates of 13 temperate tree species in relation to wood proper-
ties, enzyme activities and organismic diversities[ ] ]. Forest E-
cology and Management,2017,391:86-95.

PEARCE R B. Antimicrobial defences in the wood of living
trees[ J]. New Phytologist,1996,132(2) :203-233.

WEEDON ] T,CORNWELL W K, CORNELISSEN ] H,et
al. Global meta-analysis of wood decomposition rates: a role
for trait variation among tree species| ] ]. Ecol. Lett. ,2009,12
(1) :45-56.

HU Z,MICHALETZ S T,JOHNSON D J,et al. Traits drive
global wood decomposition rates more than climate[ ] ]. Glob.
Chang. Biol. ,2018,24(11) :5259-5269.

LIN L,SONG Y B, LI Y,et al. Considering inner and outer
bark as distinctive tissues helps to disentangle the effects of
bark traits on decomposition[ ] ]. Journal of Ecology, 2022,
110(10) :2359-2373.

DOSSA G G O,SCHAEFER D,ZHANG ] L,et al. The cover
uncovered; bark control over wood decomposition[]J]. Journal
of Ecology,2018,106(6):2147-2160.

PAINE C E T,STAHL C,COURTOIS E A, et al. Functional
explanations for variation in bark thickness in tropical rain
forest trees[ J]. Functional Ecology,2010,24(6):1202-1210.
ZUO J,FONCK M, VANHAL J,et al. Diversity of macro-de-
tritivores in dead wood is influenced by tree species, decay

stage and environment [ J ]. Soil Biology and Biochemistry,

[72]

[73]

[74]

[75]

[76]

[77]

2014,78:288-297.

FERRENBERG S, MITTON ] B, JONES H. Smooth bark
surfaces can defend trees against insect attack:resurrecting a
‘slippery’ hypothesis[ ] ]. Functional Ecology,2014,28(4):
837-845.

JONES ] M,HEATH K D,FERRER A,et al. Habitat-specif-
ic effects of bark on wood decomposition: Influences of frag-
mentation, nitrogen concentration and microbial community
composition[ J]. Functional Ecology,2020,34(5):1123-1133.

ZUO J,BERG M P,KLEIN R,et al. Faunal community con-
sequence of interspecific bark trait dissimilarity in early-stage
decomposing logs [ ] ]. Functional Ecology. 2016, 30 (12):
1957-1966.

SUGANO J, MAINA N, WALLENIUS ], et al/. Enhanced
lignocellulolytic enzyme activities on hardwood and softwood
during interspecific interactions of white-and Brown-Rot Fun-
gi[J]. Journal of Fungi,2021,7(4) :265.

MOLL J,KELLNER H,LEONHARDT S,et al. Bacteria in-
habiting deadwood of 13 tree species are heterogeneously dis-
tributed between sapwood and heartwood[ ]J]. Environ Micro-
biol,2018,20(10) :3744-3756.

GIERLINGER N,JACQUES D, WIMMER R, et al. Heart-
wood extractives and lignin content of different larch species
(Larix sp.) and relationships to brown-rot decay-resistance

[J]. Trees-Structure and Function,2004,18(2) :230-236.

(EB% 192 70D

[20]

[21]

[22]

[23]

[24]

[25]

T e, S, . BT FLUS-In VEST A 75 4t 3 X
A i ) A8 A T JH X £t ik 9 5 e ——— LA Ol S ARG 3 7T A
BILT]. AR BE 2, 2022, 31(8) - 1667-1679.

WANG C Y.GUO X H.GUO L.et al. Land use change and
its impact on carbon storage in northwest China based on
FLUS-Invest:a case study of Hu-Bao-Er-Yu urban agglomer-
ation[ ] ]. Ecology and Environmental Sciences,2022,31(8):
1667-1679. (in Chinese)

ZHU W B,ZHANG ] J,CUI Y P.et al. Ecosystem carbon
storage under different scenarios of land use change in Qihe
catchment, Chinal J]. Journal of Geographical Sciences,2020,
30(9):1507-1522.

AR SCE AT B, B A BT InVEST &R ARV IR B R 2
Bl AE 35 R Ge i ft it 5 L) ], g MOl B R R 2 25 4, 2021, 41
(3):120-128.

ZOU W T,HE Y J,YE B.et al. Study on carbon storage of e-
cosystem in Qianjiangyuan national park based on InVEST
model[J]. Journal of Central South University of Forestry &-
Technology,2021,41(3) :120-128. (in Chinese)

BRI TSN, SN BS AR P R AR Rk i 1 LT .
R MRl BB 242 4. 2013, 33(7) 1 119-124.
TR R R I S R AR X REAESREAR
HUBR S B[], A4 A R85, 2008,17(5):2014-2018.
WL HE T InVEST BRI A9 A 25 R 58 i 55 D) RE A 5

LA

[26]

[27]

[28]

[29]

[30]

[31]

i s 2% BRI 50T Sk v S 1 LD b Bt db s Aol KA
2014:28-29.

2% SOF-. BT 3t 2 B W A 10 B9 AR B B R I S gl A AR AL F
FE[D. Bt : BEIH K 2%, 2020 40-42.

ffr eI L PN SR RS L A8 o ] A HILAR 2 R R Y A
525 (8 5 AR AT ()], 1244 . 2004, 41(1) :35-43,
Ayiil, 4R U2 E AR B R L] P E R
2 D MR P22, 2003(1) - 72-80.

FAER . K&, 3T Markov-PLUS £ 5 {4y 8% b 2 + Hb F1) ] 28
BB LT ] VY AL bR 2 BE 2241 . 2022.,37(3) : 139-148.
WANG ] N,ZHANG Z. Land use change and simulation a-
nalysis in the northern margin of the qaidam basin based on
Markov-PLUS model[J]. Journal of Northwest Forestry Uni-
versity,2022,37(3):139-148. (in Chinese)

e, /N A ORI L A6 Vg W 0T T B b = b R T 7 5K
Xt A LR K HE R Ay B9 )] RS R, 2022, 42
(17) :7105-7117.

YANG H,PENG X Y,YANG S Q. et al. Effects of land use
types on soil organic carbon and soil labile organic carbon in
karst faulted basin of southern Yunnan[]]. Acta Ecologica
Sinica,2022,42(17):7105-7117. (in Chinese)

FW WL AR, THEAS, % 3T 40 4F 5 5t N 5 B R X+ 3
FIH AR A6 B ARSI L], (2 42, 2015, 33(5) :619-628.



