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HLARFRAA ( coarse woody debris ) | {ZAF7E T
AR, EEAFEEIAR | AR . RARSE,
MR RR LI RE E LA A, TERMREE
TEHET . AERFRRR R G SR M AR e T LA S RE BRI
S EA T EENEN (B, 2001; {7
A5, 2009; Harmon etal., 1986), ZAKiE . 4
BT U FE DL S s, R Il IR E
ZM, HELEEEMAEE (Yang et al., 2005 ),
A B AR ST AL T G HEA PLT, et 3k
B, MYERES RGE Y BEH AT BA 2R L
(Lal, 2005; Ponge, 2013 ), #RIMH T r HuIAEE
ORE AN A B BRI, AN [ BORAR BAR AR5
FEHALTE AN R 2 G 0T nl REAFFE IS R 2257 ([
45, 2001), CABIFERIL, XTI T AT
AT TP KA, BIAFIARAE AT LU 457
P EIAEYRBEAER, H AR mAAX R e iR
MR AT DA — e BB e AR AR AR AR, Al

PRI A FIAR ML J AR AL FE BE T /5y . Al e T e
( Yatskov et al., 2007 ), [FlR}, HFASRGHHIA
AR RIZAE, a2 ek, Hoh w2k
MRASEAIE B EA S, (HEZ B

S 75 e T AR G RN YT 3 % )1 e g L R
MR, RIS BRI AR AR A Y e
S5 R AERRRRLN ( Yang et al., 2005 ). BUAHF
% SN R R L AR S R G R R AR AR
Wi VA oy A R v A R 0 A AR E (P I
520145 WHEES, 2014 ), (HXFHE LIS R
D5 800 iz m g & de sk = . A
I, FATETAK AR T 25 AL ah b, DU
INIRYT2 42 ( Abies faxoniana ) UG MIFTEXT S,
E— 05T 3 A AR R ER . RAREL . ARAE
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B JETEALERAE , N — 5T E LR AE B R S+
Bk A DL BOK L ORISR ZORE, AR T f#)1]
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VG L AR AL 2S5 R GO RAC TR A T 3 A i e D B ot
FRMA S R G0 T RS PR — S A BRI AKYE
1 MRFFAE
1.1 HRXEMHER

A5 DX 8 07 T U 1 48 Bl 40096 7% 92 % 1 3 N 2
BOBE M v X5 X (31°14'~31°19'N,  102°53'~
102°57'E, M54k 2 458~4 619 m ), HbAb5 i =5 I 45 4%
5500 1] Z b Y 1 o L e 23 Y o 3 X AR R,
B 2~4 °C, 1 AR 7 AR 518-8.67
9.53 ‘C, 4EME/KE 850 mm Zify, A RERIMREKEE
HTE 5—8 H o BHE 11 H B 4 A& E RS
PegRRE, B4E 11 A NEIFRES, 12 A TEER
43 AVE TSR, HE 4 AR (Ek
&, 2011 ), X BRBLAL IR SABTe AR LLME ( Betula
albo-sinensis ). WR{TV2 42 ( Abies faxoniana ). JI|VY
=A% ( Picea balfouriana ) %5, WEARAG BEEM ( Salix
paraplesia ), =1FERY (Salix paraplesia ). *EVUE]
W1 (Fargesia nitida) % (#7785, 2007 ), 1
HHUZ A MUK 20 A & 250 700(150.3£15.9).
(1.2£0.2), (9.7+0.9) g'kg" ( HWi%%, 2014), JE5
JiR B 1S B Ak B 43 I b (97.25+0.88) gkg! Al
(61.10%+6.21%) (fAFEER S, 2014 ), %X 4%
W, KRB, WEE TR L REEE (Wuet
al., 2010),

1.2 MARAE

AT R PR HAA>10 cm PR AR
FRIR (CWD ), HRHEHIA BB AAIE 250 R R/ Nt
128, WHEBRMES RGP EARE, M
K BFR IR gt —25 43 A EIA (Fallen log). ##37
A (Snag ). #RAE ( Stump ) FIFAf AL ( Large branch ),
R T KA BEIARFMGSIA, Hise AR 2R (R
T ) AL 450, L EHAE>10 em LA
Y1, KE>1m i SHSLARHAMERAEAL, B
<1 m PIAFIRMAGE CHRRBE (EREEE, 2005;
Harmonet al., 1986 ),

A o XA 5 X 3 PR RELAS S5 B A ) 0 o 2L 5
it LR M RAE, R YRR W DL
AR N R AT ST, 78 2013 48 8 H LR
LRI 3 600 m 2247 HAAREMEAGIRTTIS K25
MRS, R 3 4 100 mx100 m ML RE
M, HRIEEZEAE (2005 ) $2H AR BRIA 5 %%
JERE RGN bRE (19 VA BEA et ,
TEAE 1A W FRURIEAE, J0 7 nlflE L2 K
00 &% . JIR Al IEEZ) 2 cm; TV 9% JI A Al HilgE 2~5
cm; Vg TRl BEREI ZERSEAR AR ) | 7
T Hb P REAILE X 5 R S R IR VTR A2 R ST 7%
1, BRI 3 BR, 4 FRHLARBRERIR, it 60

PR, EBRHLKBGRIAR ML . B8 AP
VB c e R A TG 1 3 AR R AE, 7l
SIS AT IR AT
121 AR AE LR

WIS . W EIRAREUR B 2% (AR
TR E AR AT ARAE LY/T 1238—1999 ), FREUAT
FEAR 0.500 g F 150 mL #EFEHM, fin 100 mL 0.1
mol-L™ NaOH #1 0.1 mol-L™" NasP,0,-10 H,O 1R 545
B, NZEPRYS 10 min, #/KE 1 h, FHRE)ET
UE, BT UE A TR AL — 7T, 1 0.45 pm
UEHE, UEMCAIR IR . HURIRW 1 mL F PE 4, i
B 10 %, W2 @ FE ik (humus carbon, HC); 73
— 7T, BURHRM 20 mL T4, s, But,
i 0.5 mol-L”! HoSO4 & pH=2 ( ZoRITIE ), T
80 ‘C/KIA 30 min. F 0.05 mol-L™ H,SO, ¥ES,
UE, PURERN BRI 0.05 mol- L NaOH /b
HEZWREHRDIE, SIER 100 mL 8, E%,
B IR A 4 mL TR0 7B 10 1%,
52 BHEL IR K ( humic acid carbon, HAC )( Ni et al.,
2015;Wang et al., 2010 ). f#i H§ TOC( multi N/C 2100,
analytic jena, Germany ) Il B 76 B . HBR B ,
A A E B Rk ( fulvic acid carbon, FAC) LI &%
R AR A FE R LU (.

= HRR (fulvic acid carbon, FAC ) =7k
To-HH AR ok
122 AlogK #» E/E:

AR B AE 465 F11 665 nm WYGEE H{E A
JAE 400 F1 600 nm B BEXHEE R AFAA BT %
TR IEBFEALRE , Bl EJEs FlAlogK., EiEs Flalogk
S ) S S B R o0 T4 AN 25 A A8 Ak, RIHLAC BT
FRAKIEFAALE AR o Eo/Es R AlogK (A, HIEFE
R 5T T 5 AL EE RN TN, R EBURFE AL R I8 )N
(SEHRE, 2007 )o

FREUXTEESS 0.100 g T 150 mL #EIEHRH, fin
100 mL 0.1 mol-'L™ NaOH #1 0.1 mol-L" NasP,0--10
H,O IRE NG, INZEEY 10 min, 100 CTF Kk
30 min, FEAHE, FHRBURT 0.45 pm JEME, T
A5 DB B0 R R o A R A0 AT L Ay ol ol BE Y
( TU-1901, Puxi, Beijing, China U 5E . E4/E¢ #l AlogK
AT (Nietal., 2014 ):

AlogK=log(A400/As00)

EyEc=A465/ 4665

Aso0~ Aass~ Asoo~ Ases 73T A 400, 465,
600~ 665 nm I 5E WG
1.3 HURAEISGIT 9

JEFEALE (humlfication degree, HD ) F¥i144
253 ( Gigliotti et al., 1999 ):
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HD(%)=Cpc/Coc*100%

A, Cuc HIEFETTR 5, Coc MAMUIRK T &

iz H Excel 2007 #EATER I 54505
SPSS 20.0 (IBM SPSS Statistics Inc., Chicago, IL,
USA) #4775 22530 . FHELRI R 5 225307 ( one-way
ANOVA ) Flfx /N 3% 22 79 ( Least significant
difference, LSD ) oA [R] k25N AOAS [A] 2
AR BRI G A R A B B . BRI . A
R/ BRI . EJEs M AlogK {H V) K JEFEALSE
2= 5 0 E . W R 7 2401 ((two-way
ANOVA ) il #2552 . MR TGRS B0 5l
Ftk . SIRERK . W R K . SRR Rk |
EyEs. AlogK VIS JEFEACE M, o KT R
P=0.05, FH DI F-IEPREDR 2 ( meanESE ) /R .
2 %R
2.1 EERR. HEBRRNEERKRIE

15 LU ARARAN [] JE 42 2 0 I 28552 i RHL AR o 7k A
e AT R P B B o . RSOk . E HE R
i (P<0.05), H 4 A TSR (A 2 8] JE 5 B 2 H
MR i 2R A 22 57 (P<0.01 ), SHBLEREK FIl'E HL IR Ik
FEEMEEE (P<0.05) ERIESR (1), A
[FI AR A S 3 AAR J B ik 2 rh B S o5 £ . i)
TR o B DL SR B R k1 R R A R AR A S
AR, BARFI N - IR | A ST AT S B 1 5
BRI HE R AR S AL T (RS T 4%
o120 ) BAIG, A 2 S0 B e S i T Rk 2 44
TS s ARUAE e i W R R B R
B A BRI OB B b i 7R 45 ) Ttk
o 5 B ISR IS T AR AL I A S S T A B 4
Ko JEEE T GET 4 PSRRI A 5 5% AR 8 i e 5 12
FRAES Al SEARS KA B, RV G A [ 57
T B A T 58 otk 25 S i ST AR R, KA AR 21
RRZ, BIRWNE RN, 5HAMIR A5
TRARLE, ST AT A Bk & A o B Bedh
B E KR (1),
2.2 HAFEHRNE EERWmILE

o LU ARARAN [7] J e 25 0 R 20 T S R AR o ke A
J&§ B Ak o R b ORR i/ BL IR Bk Gt 35 5 )

(P>0.05) (£ 1) o BRI AE LIS B
PR Tt/ FEL T e 9 B o 2 AR I R g AR AP 1
B MM A Ak A P A R i R S B ek
JEIRIAEAL, TERSRE IV W R AR
Pt/ L IR ik 2 IR SE RIS 3 ka3, IF HLAE S
ST B BT, (R BRI E 450 i
B Bt A Rk & R R R IR 1 PRI T
Gt , AR B A TG A Sl it/ = HE R sk (A
SEARSEIARS KAGRESARAE, 2 Vs, MR
PRt/ e HEL R ARG IR B A R 5 AR AR A 55k
TRAHEL , RAABTESAN o3tk B BE Y B HE A 5 1)
TR A FE R FU 1 (&1 2 ).
2.3 AlogKkK

15 LU AR AMRAN [] 28 RRE A Jo 5 A % Ji8 3 Ak it
H AlogK {HTC R E 520 ( P>0.05 ), TiAS[REE: 54
e S 3 5 W RELAS S 5 AR 7 i B L 3 B v alogK B
(P<0.01) (£ 1), ANFIZERUHA FFR A 1k 7
H AlogK {EREIE R IR, BIAFRMEART
Fash, 7R TR IV alogk (B AK; 1
Al ST FI RO A 2% B M A [ I TH IR i A5 AR 1E
AlogK {EEJE A IV T BRH 34 (& 3),
24 EIE

1o LU R RN [) J 40 25 AN S =5 52 e LA o
IRTEJE AL R Es/Es fH (P<0.01), H 4 FPRLA
FrgR AR Z R BL  2 ( P<0.01 ) A2 25 5 (3R
1), TEfEREAIS RS, EydEe (HIN T alogk
fHR—2 WAEAEURE T BT EydEs BEB R
FERE IR, TR RV EfEs Ef/N; A
SEARFNIKAGEL Eo/Eg KI5 98 A 2 5ERE
JE TR, TR IVt EyE MR ETE, %%
KE, WHAEBREIVHETE EJE Hi/, ik
() EyEs (HHHBIER SIS RERT . RSt AR Al 3
FRMHATERAK, TEAF BT EdEs (5T
A R RAE (B 4) .
25 BHEWLE

15 LU FRARAN [1) 4 25 AT S8 5 552 Wi LA Jo 7
RTEE s b A P FEALRE ( P<0.01) , T 4 At
ARFFRR Z [ LB 25 19( P<0.05 )EA 25 ( %

F1 FTEBEEZR (decayclass ), FREILEEARKREM ( coarse woody debris ) /@5 R ( HC ). #AHERL ( HAC ). EEB8 ( FAC ). #Af
BT/ B BB, AlogK. E/EFEHELE ( HD) FENBERHFES

Table 1 F values for Two-way ANOVA results for the effect of decay class, coarse woody debris and their interactions on humus carbon, humic acid carbon,

fulvic acid carbon, humic acid carbon/fulvic acid carbon, AlogK, E4/E¢ and humification degree

af Frc Frac Fracrac Falogk Frame Fup
Bl 3 3.866%** 3.731* 0.933* 2.252 1.966 7.038** 2.642%
IR 4 2.912* 5.213%* 7.085%** 2.519 9.218** 10.083** 4.712%%*
FRIJE R 12 2.186* 1.242%* 2.068* 2.208* 9.052%** 8.571** 2.091**

¥, P<0.05; **, P<0.01; n=60, HC: J&%iFilk Humus carbon; HAC: iRk Humic acid carbon; FAC: 7 HRHKk Fulvic acid carbon; HD:

JEFE AL EE Humification degree
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1 FEEEEREARTREEERR. HHRENEERE ( FOE £ ERE, n=3)

Fig. 1 Different decay class coarse woody debris humus carbon, humic acid carbon and fulvic acid carbon (mean+SE, n=3)

LR

wl SRR )/ w(

KA AL

B2 AEEEERERRKXEAGEHDEERE (F9E+ ERE, n=3)

Fig. 2 Different decay class coarse woody debris humic acid carbon/fulvic acid carbon (mean+SE, n=3)

1) o BIARHRG ST AT 58 A R v 8 5 b B S
fL R R IIGARAR KAh RS T AL AR 1k
FEIH SERE S TH AR, AR R TR 5 PH 5

TR 8 7 A T 2 S 0 2 R AR i A1k, IF
FEAE] (R T Behe FREREL, BREIA
A, A SRR A o 8% AR i 5 A B A T B Ak e
(JEREIVEEL V %) k3K, BEFE, 4 FA
JEFRARTE S A By BEX PR o B S B AR E Ay
SEARHY B A AL R e (52.93%~85.88% ) , HRME

(49.20%~73.68% ) IKZ, KAttt (54.94%~67.21% )
FMEIA (53.41%~68.68% ) IS FHALEE HAL (& 5) 6
3 itig

UG 7 Ll B 5 L BR AR AR 25 2R 40 i A1l 71K
TR DL RS I E S, B S S R
KELRZEE (%, 2007) . FHit, H EE
A3 R S5 5 A Ak X e D R b T 5 40k A
AR RS RGO EIAR G EE R
o L ARMOBE A BRI A RAT R
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Alogk

m v
VA S

\Y I Il

Vv

I I
O

3 AEBEERERRZME AlogK ( FI9E + trlEiRE, n=3)
Fig. 3 Different decay class coarse woody debris AlogK (mean+SE, n=3)

EJE,
o0

\Y I I m
[V

1 1l
A&

\Y

E 4 FEBEERERRKE £/E ( FHE « fRERE, n=3)
Fig. 4 Different decay class coarse woody debris E4/E¢ (mean+SE, n=3)

b L=
n ab [.1 =~

JEBHALE /Y

m
LA N

IS

B 5 AREREERERRAEEELE (FHE+RERE, n=3)

Fig. 5 Different decay class coarse woody debris humification degree (mean+SE, n=3)

FEREROIE AL, (EJEREFLRE 2 ML AR A AR S
(£ 1), XA]ERAFEERUHIA AR AR SZ 5L T
FIST IR AR EAE T S BOUS AR E AR, 4ot
FEAE (2009 ) WARFHERIMEEE ., AL, HA
O B AR T B A 451 3 e B B 1 8 B A A A —
FEFESE, FLREIE RGN Ko AhSTA . MR
TR FVEIA S FE AL BE 535008 52.93%~85.88% .
49.2%~73.68%. 54.94%~67.21%F1 53.41%~68.68%
(& 5) , a0 /v L AR 95 i e A
B (RAEEREE, 2014 ) , UEHAE ILARM 2 e Y
A R FRARAE — EFEEE E Al LSE RMAE S R S
i b -H R AR PR RIS A 2, O AR
Pk e il 38 & F b £ 3 % Ak 5 R 2
HorEENE L,

R BFRARAE A i LU AR AR S R G BB,
T (S AN () A BESE 200, (]I SZ A0 A b 5T 3
IR S KA, 3 IR B AL B AR AR S T 3
&, Hhse R m S i o A e AL T R A
IR RN AWETErh, RURBORAR B A Bk . #
TR s R, —FH 2 (# 1) o Bk
A, 4 PR BUR IR E R A R, T umR |
AR . B LRI S ARSI B N AR 22
5, HEETEE RS2 g , TRels R 2
FEA B B 5 5 B 40 3, R Bk o R 24K
Dy o3 A e JE B AL S5 A8 oy fk S8 0T R E £
XMERR S (Kreyling, 2013) , HJa4a mUE s
B Y (Ponge, 2013) , XXFlEYn o A
FE IRAREERT LA R i shA W) A ey 241 B
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®2 ATREFMEBREARRZKEMEFEL

Table 2 Storage of coarse woody debris in different types of forest ecological system

WHgc I Foy e CWDFE B
PLIEMHN ( Larix gmelinii (Rupr.) Rupr ) SR JERE T
KL FE P AMIM G ((E %S, 2013) PLETEITRA IR AR JERE T2
MR AN BPR JE A2 T — 1115
U E R EPAMER N, (VAR 2008 ) JRARREEH Y2 AZ (Abies georgei ) Bk JERE T
IRV UK ER PR X (XIGHIFAE, 2010) FEMLIAAK ( Pinus koraiensis ) y=RI1E
PRI ARG IX (RTFE ) (M5, 2014)  IRVLIEGREAS JEREIVEL
Australian lowland ( Grove, 2001 ) tropical rainforest &R 1%
North-east Germany ( Goddert et al., 2007 ) near-nature beech forest JE RIS

FHRAER (FEIBAIZE, 2005) o B4, 1EARBISE
H i BRI A 28 LA Jo 5% A7 454 0 it B BE A L
PRI/ & BRI KT 1 (K 2) , P RERYSS
— 7 TR R TSR AR Ji A B, IR SR 2 1)
FRREA MRS 5 E BRI REERE,
AR I R R T8 R, X 5 HRE
(2007 ) KIARHERLSZI AN —E; S Ah— A
Jo R AR TE S A A 3 R v R TR B4 43 e i B A R mT
REFERHA B8R 4™ A 2 T 2 2 il o

FRMHA BRI AL 3 | fh2 A
THEAE M ILFLER, Ao, MY GE YR
HERAFAESE . alogK Fl EJEs XA HERTE— 2
JE I R B TR A B A A A5 40 i B B 1 TS B Ak
FBREFEE (SR L4, 2004 ) . BFoTRM, HIbE
MBI LIS EJEs Ml AlogK {HBEE KRR AR
FRIs/N, FEI R IV LS AR Bk, ARAERN
BIATE S A 5 W B R = ( Mummey et al.,
2002) , ZSSMFEMEMNGE, KRR A TR
EYI AR, SRS BRIV ) B
RSB A AL AT, SHEIESE (2014 ) RS
GEIREAL s RANAFAG ST AR JE AL Eo/Es Fl AlogK
HA 52 MK, X5 Yatskov et al. (2007 ) iff5%
SEISHIRT o R FIAR SEAAEAE B 5 =X S5 AR AR A5
KA, LT, RARA ARG ST AKX HR A |
BIAAFREE KL, ARER S T3, X7E
—EFERE [ BT T A e A W 6 A AR RIAR A )
&R, WRZE T KA S AR s LR, I
S ECRGASFIAR S7 A B T8 5 AL A B S 55 T AR AT
FUEIAY

ZE L RTIR, E AR Bk A B e i S
SEALEE , [RJEFEACRE Z AR AL (£ 2) ,
MSEAR I FE A Sy, IR IR A S A A
A%, HORFRE ARG N R Bk (AR s A A A7
FEZESE, (EIEFEALE I CBERE IV 2 v 9% ) HE
SEALE fe i o [RIAS, REAC BB AR g 3 A b ok A S
Joeh | AR AR A B R e R B B R AR
TG KR, FH-52 e SF AR a1

W, B2, HEEEZMEERT, PAHENEER
22K H T 1 1350 0 RS 8% AR 3 5 A T2 1l 1) i .
Vi, DR ORI B 3 AR JE B A 3l R X R AN Bk 8y
FaY)- e B AR A R A2 R A B2 AN
TR 45 XTI R L ZRAMRAE S R Go st 3504 R
53 22 ) 1 B A A A DA R i Ll R AR AT 245 B AL
—E BRI FEAL
4 g

D= AIIRES A EY S IO B S BN e N
B RV AR A S T A R B A e . A A
b . & FHLRREK WA IR/ & FLFREK | E4/Es . Alogk |
JES B A B LA J A 25 4 55 A ] 22 1) A O R A T 1F
7%, LI EELR.

(1) BRI SEA . KA RME A B 5 5T
W . BHRRIRAR A EE R e B A S o i 44
K, MR IE AR TR | SRR & HL RN & R S
JECERIEINTR/N , I A ST ATESA B B e
JoTR . AR A R A e I R K

(2) AHSEA . KA FIEIA B 65 5 Tk it g e
SR IS AR B A R AR S e A
I , S FEALEE 53 38 52.93%~85.88% .
49.2%~73.68% . 54.94%~67.21%F1 53.41%~68.68%

(3) FHXTHA 3 PSSO TRERIA, A7 AJE
SEACEE fc, PRI R A BRIV E V 4 )
JEFEALE K

B3k
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Characters of Different Type of Coarse Woody Debris Humification
in An Alpine Forest
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Abstract: Humification of coarse woody debris was one of the main pathways of soil formation and carbon sequestration in alpine
forest ecosystems, where type of coarse woody debris and decay class could play an important role in coarse woody debris
humification thanks to its insulation effect. However, the results were still not clear which limit the understanding and response of
coarse woody debris humification. Therefore, three 100 mx100 m plots were sampled in a Minjiang fir (4bies faxoniana) primary
forest ecosystem around 3 600 m altitude in western Sichuan in August, 2013. In order to explore effects of type of coarse woody
debris and different decay class, we investigated different decay class fallen logs, snags, stumps and large branches, each decay class
of coarse woody debris and collected altogether 60 trees. Results clearly showed that: snag, fallen log and large branch of humus
carbon, humic acid and fulvic acid carbon content increased with the change of decay levels, whereas snag humus carbon, humic acid
and fulvic acid carbon content was maintaining decline. At the same time, snag, stump, large branch, fallen log, which humification degree
respectively 52.93%~85.88%, 49.2%~73.68%, 54.94%~67.21% and 53.41%~68.68%. Snag, its humification degree was significantly
higher than the other three types of coarse woody debris, and humification degree was the highest in the late humification (IV decay
class or V decay class). For further understanding about the alpine forest ecosystem of plant and soil interaction process which is of
great significance.
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