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Abstract; In order to understand the structural and function roles played by coarse woody debris ( CWD) in typically
subtropical secondary-growth forests, the biomass, carbon storage and nutrient content of CWD were investigated in
Jiulongjiang Forest Park , southern Hunan, China. The result showed the CWD biomass ranged from 2.8 t/hm’ to 30.4 t/
hm” and the carbon storage ranged from 6.095 t/hm” to 6.751 t/hm’ in the study sites. The contents of other nutrients (N,
P, K) were relatively stable, and the stoichiometric changes were not significant. The contents of Pb and Cd increased with
the increase of decay classes. The CWD storage of the typical subtropical secondary forest in Jiulongjiang Forest Park was at
a middle level when compared to the existing cases of the subtropical evergreen broad-leaved forests elsewhere. The CWD
was mainly composed by logs in the medium- and late-decay, which reflected this forest was in the stage of young growth
forest, with high carbon storage, relatively stable nutrient content. In the medium- and late-decay, the Pb content increased
by 62.65% and 69.88% respectively, the Cd content increased by 33.33% and 100% , respectively, the internal mechanism
of the significant accumulation of Pb and Cd in CWD needed to be further studied. The results could help us understand how
CWD participates in the ecological processes such as nutrient cycling and heavy metal accumulation in forest ecosystems,
help to compare the heterogeneity of CWD reserves, distribution and nutrient content under different forest disturbances
history , supplement the background data of CWD's participation in the carbon cycle and carbon balance process. The results

provide scientific basis for the protection and sustainable management of subtropical secondary forests.
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Fig.1 Location of the research region

RIS T DAy Y AR o S B bR, AR A= AR P i 22
PEEH Tl J&: B 77 #% ( Castanopsis fabri Hance ) , 2 3 #%
( Castanopsis fissa( Champ.ex Benth.) et Wils.) , I8R5 Xl ( Cyclobalanopsis championii ( Benth.) Oerst.) , g
( Cinnamomum camphora (L.) Presl.) , KUEE 8 ( Machilus phoenicis Dunn) | 7 K 22§ ( Neolitsea aurata ( Bl.)
Koidz.) , BHEARIE ( Magnolia kwangtungensis Merr.) , Bk4 U ( Rhodomyrtus tomentosa ( Aiton) Hassk.) .
1.2 #5057k
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Table 1 Characteristics of the experimental plots in the sturdy site

e MR Moy A P E A Yef YeE
No. Age/a Density/ ( ¥k/hm?) DBH/cm Height/m Location Slope
1 36 1175 12.7 10.8 YRR 30
2 25 1250 11.4 9.6 s 28
3 36 1100 13.6 11.9 YRR 30
4 28 1350 12.4 10.1 I IR 25
5 25 1675 11.2 9.7 e g 28
6 21 1825 10.2 9.1 i 25

DBH. 4% Diameter at breast height

ABEFES 25 [ PRl T TSR , AR AR A B (2 2 7 1)) 2 A /N T 45 KRR P (9 CWD 73 A
SEACRIVEIA 2 R A 200 ST A Skl 2 g 5 ABUACTN R NSk AR i e AR K JEE, JF 454 Sollins
3 SEGT ARG (3R 2) AL BRIG DA & 25 A S i 0 27

TEAEA AR THEAE L 20 53 SCHE AR 3 AU AR SE AR B AR A, JHG PP (B A F S () 0 A R B, R i [T 52
S n  JHHEAKEE AR Al 1 8 B HEA TR, 1 STAR AP AR Al IO B, RS (R 805 PR B — S R K R A A
IR N TR MR RR S ASRAS RS IR R . 205 B RE A S T 105°C LA vh Ak = 18 JE R AR o, fie i it
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Table 2 Descriptions of the CWD decay classes

IMEEY AR B2 RS Uy O
Classes Bark and branches Sapwood Heartwood
1R 5 ) Early decay FEA G2 /N B SERF i R IR A SEUf
TI( R EEST ) Medium decay NG PN P 3 Tl PN S
HI( EEZ i) Late decay Eouilyiinees A T RN

CWD: HIAEFEA Coarse woody debris

KPS HARMBEAAR A XTTE CWD 93 B ;>R CWD A RURTRH B 1) %5 B R 1% CWD iAot it
ABIAT Y RS G KR S,
1.3 EFICE S ERAIE

I3 MO R 53 SF 900 CWD RFE i, 2 BET-FOR i, e OB SR n R & i, AL C R A E A% R B
FAbEIE, N FPLERE N ¥, P AW ook, K, Ca Al Mg FABR IR 66 REEE M JC % (Cu, Mn, Zn,
Pb,Cd, Fe, Co) %t >R FH IR F- MR 43 Y B 1 2
1.4 HdEab

iz 1] Excel 2016 Zb3S2550305 , F)H] Minitab 19 one-way ANOVA #4780 %5 22347 , % /1 Tukey 2 [t
BAE R EMAT N a=0.05 T LIS TR IR AR 53 S 90 1 22 51

2 HR55%H

2.1 CWD MR A R AiE

JUIETTARAR N P B 7R VR A i iE AR CWD I M FLFE 5.9 —54.6m’/hm® Z [0], CWD A Y & 7E 2.8—
30.4v/hm* Z ], Ho BRI & HeBA R R AEHE 5 & 1L 21.67% LAAN , HoAth e i 5 AR 57.57%—97.37% 22 1]
(%3)ﬁﬂﬁwmbiwﬁﬁ%%%mmwwymvmzﬁ%%?ﬁ¢%@8—mwﬁ>Nﬁﬁﬁﬁ
CWD A7 35 T AT « AR, 22 57 18 35 (P<0.05) , X T BE55 3 SBAE HUM A AR IR A, 3 /0B 2% A3 s R
BT A G,

x3 BEMAEAES CWD 8
Table 3 Storage for the two types of CWD at six plots

fEIA Logs RhSr AR Snags 41 Sum
" . - o o CWD 78 55 1R
T Y i Ayt R it B e .
No. Location Volume/ Biomass/ Volume/ Biomass/ Volume/ Biomass/ a/g
arec
(m?®/hm?) (t/hm?) (m*/hm?) (t/hm?) (m*/hm?) (t/hm?) N N
(m*/hm*)
1 YT 36.1 20.1 13 6.6 49.1 26.7 117.23
2 e 15.8 7.3 0.9 0.5 16.7 7.8 85.78
3 YT 53 29.6 1.6 0.8 54.6 30.4 325.86
4 e 11.3 6.3 9.2 4.7 20.5 11.0 75.83
5 I i 2.4 1.3 9.1 4.7 11.5 6.0 28.09
6 e g 5 2.3 0.9 0.5 5.9 2.8 36.30

22 REGHEEG CWD fifi i

JUIR VT AR Pl LA YR A 55 S R E AR CWD A B B A b F 43 5 B, 33 0 i BRI B /Y
79.19% , 5% B 43 fif A B 43 At B A0 A 43 1) o5 40K B i 9 5.04% T 15.77 % , A ST AR B 43 R AE B AR 434k, Ak T
B2 FE it RV R E it A ST AR 23 91 o5 A ST R B Y 52.65% 1 41.03% , Ab T HRRE 23 i B R 7 R B A
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6.32% (K 4) . XPIRAL T ANE SR AF A CWD fiff & BEAT o K38, (AL T 5 B2 70 i ) A it Bt e AN [R5 Ao
P2EFEF (p<0.05) , X A HEJE 3 T AR BRI B, 0 A A T 2240 T2 Im A LA

®4 FRAHSFEIEESR CWD g8/ (1/hm*)
Table 4 Storage for the two types of CWD in different decay classes

I (EIEN UAVAZN At

Classes Logs Snags Storage volume
L(§2 %457 fi#) Early decay 0.56(5.04%) 1.55(52.65%) 2.11(15.01%)
II( S #) Medium decay 1.76(15.77%) 0.19(6.32%) 1.94(13.79%)
II( T3 ) Late decay 8.83(79.19%) 1.21(41.03%) 10.04(71.20%)

2.3 RIFESMESFHE CWD Bht =2k

HEA R I S B SRS ST AR )i 5 R R & AR, 15 R W] 20 S5 20 CWD ik fi i . JLe L
FRAR el S AU YR AR S Ra bR CWD (R B AR ke it B B e S5 R 0 S 388 5 AV, 7 v B2 431 B B ik 31 e
KAE(5.515¢/hm?) B4R SR Be i 3.15 4%, S5 B A M B i) 1.85 A, (81 e it i 7 X9{E  3.415¢/hm;
Hili ST BB At S5 B o 0 i S5 G 0 56 S R BRI 385, 75 52 B2 53 B B s 31 5 K {H (4.766v/hm? ) | J& H1 BE 53+
WY Bef 8.21 £, S T BE AR B B Y 1.26 A5 Al S ARBRA# 1 P-4 3.0391 hm? s AN [) 43+ 5544 1) CWD Blkefist
BRI AT 7 6.10—6.751/hm* Z A (£ 5) .

x5 ARAEFPTEHEESR CWD BiEE/ (/hm?)
Table 5 Carbon density for the two types of CWD in different decay classes

IHRAER TR A Bl Al FiliSEA it i Ait
Classes Carbon storage of logs Carbon storage of snags Sum
[( 243 i) Early decay 1.75 4.77 6.52
(43 ) Medium decay 5.52 0.58 6.10
LI F 43 ) Late decay 2.98 3.77 6.75
SEHME Average 3.42 3.04 6.46

2.4 KNESIHRED) CWD FEHRAE
241 ANFEHREHRE CWD 200 E &R

JUIETTFRARSS Bel ALY AR B R AR CWD 194 AL 5 FE 7E 301.05—331.40g/ kg Z 0], Hirr 5 B2 4 (1)
CWD A HLER & s, R /M) CWD 8%, 22069 30.35g/kg, T JE4ME CWD A AL & & 5% 5 Ml
M CWD A ML & 22 0 3% (P<0.01) . CWD A9 N &8 7E 0.13—0.19g/ kg, Fifi 5 3 it 2545 o 184 i
Se /b JE I ke RS fR Y CWD B N S it e, P S iAE 0.0330—0.0338g/ kg Z[H], Fifi 4 43 iff 45 91 1 3
R mES, K SE1E 0.15—0.39g/kg Z 8], BiE 73 S5 g I 20 # . Ca HETE 6.84—9.86g/kg
Z ], Mg &5 7F 0.39—0.63g/kg Z[H], Ca FI Mg 7%t TPl 4 43 S G0 A 3 I S 3 ke 35 - R HLA & 1 LA
Hb HAFR TR & AL R R E R 22 R AR E (K 6),

®6 AREDMHEERCWDH C.NP.K.Ca Mg BT
Table 6 Change of C, N, P, K, Ca, Mg content with CWD in different decay classes

R ﬁ IR éﬁ e %’ﬂf 5 BE
Classes Organic carbon/ Total nitrogen/  Total phosphorus/  Total kalium/ Ca/ Mg/
(g/'kg) (g/'kg) (g/'kg) (g/'kg) (g/'kg) (g/'kg)
L($2BE 5 f%) Early decay 301.05+10.78a 0.19+0.06a 0.0330£0.0060a 0.39+0.37a 6.84+5.15a 0.39+0.20a
I( HPBESMi ) Medium decay — 302.85+9.58a 0.13+0.02a 0.0344£0.0062a 0.37£0.28a 9.86+5.53a 0.48+0.30a
1I( T3 ) Late decay 331.40+29.40b 0.17+0.05a 0.0338+0.0055a 0.15£0.06a 9.02+5.33a 0.63+0.32a

A IR)/ING FRERIR ) — 3R 23 8 AN R 0S5 9 CWD [ 22 5 1 354, 387K 0.05
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242 RNEHLERI CWD b s L

NS fRESEN C N HUTE 1748—2310 Z [8],CWD (1) C:N HuBEE 7 4 a3 i Je s i fs s>, Hop 4z
BEAMRIA) CoN Hel /N, PR R R, AR RS C P HLAE 9044—10042 Z 0], CWD [ C. P LBl % 7
il S R 38 TN S e N, e R BE AR C P oS B RO . R IRIME SR NP HTE 3.97—
5.81 Z[A],CWD [ NP FLBfE 70 S G ) B Je i /D Ja 38 in , b B 4 1 N P Bt/ 88 o0l e K
T Z TR, CWD A b 2E i L AEAR R R SR Z BRI B E (R T) .

x7 AEAHBELR CWD £BUEHETL
Table 7 Change of stoichiometry with CWD in different decay classes

IMRAEGE Classes C:N C:P N:P

T( 2P A3 ) Early decay 1748+502a 9371+1596a 5.8122.27a
(B ) Medium decay 2310+345a 9044+1585a 3.97+0.81a
TIT( E £ 53 ) Late decay 2092+682a 10042+2011a 5.171.63a

ARG TR IR A — S s R AR R R AF G CWD [ 225 B 5 1k, B8P0 0.05

2.4.3 AR E) CWD RE e E SRRk

RNE RS CWD ) P 5 HETE 8.3—14.1mg/kg Z 0], 253 B 3% (P<0.05) , AR FZF ) CWD Y Cd
FrETE 0.3—0.6mg/ kg Z ], 22 54 3 (P<0.01) , Ph & 5 7 H BE 40 fff A1 ER 43 S5 90 ) CWD 43331 HL %
FE RN T 62.65% F169.88% , Cd 5 1 W 40538 /il T 33.33% 11 100% ,, HA T E & F7EA [R50 SE Y
CWD HhERYIREE(F£S) .,

®8 AEDMBERCWD HHMETLREETL

Table 8 Change of microelement content with CWD in different decay classes

I3 RREER Cw/ Mn/ Zn/ Pb/ Cd/ Fe/ Co/

Classes (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
IR E /7 f#) Early decay 3.9+1.4a 46.8+018.6a 13.4+9.9a 8.3+3.8a 0.3+0.1a 59.4+2.22a 2.4+15.a
(A ) Medium decay  4.2+1.2a 58.5+42.7a 18.0£17.2a  13.5%4.0ab 0.4+0.2ab 49.7+18.9a 3.020.6a
I T EE 43 ) Late decay 5.1%1.6a 49.0+16.8a 21.8+17.3a  14.1£5.2b 0.60.2b 54.5+14.2a 3.420.5a

AENG TR [ — RO TR A R MRS CWD i) 28 5 B35, 3K 0.05

3 e

3.1 CWD fi it FN A BUARFAE

U TT AR AR B0 $AHT ORI R AR AR CWD g HETE 2.8— 30.4t/hm> 2 6], & FEHLEY CWD fif 3 2% 3K,
CWD AYEER S AR AR | SR TR RE B 5 S A 2 g 56, CWD it il 5 K AR 2 A 51
ABCRA K, Hs iR AN FE ARAEYN RS AR BRI FEE A ZE R I CWD 7EZRM Y
I3 AT Shigi B SEROrE . FREAK CWD A% 1—80t/hm? , 15 25 B L X, B bk CWD fif i — % 25 T4 iR IR
SR AR b X — 2 TR Ay B P A > 1 VR S AR S & AR 55 0 B i XA AR AR EE , U VT 2R AR
e R YR AR 2 R ARG CWD Al 3R 14.120/hm? S T 5 P B b IX. 42.09—98. 461/ hm® FlJE IV 4
HHBIX 33.14—38.420/hm? , {H 7 T3040 0 7 G5 b [X. 7.35—8.251/hm? , 5 YT 75 A 1 3AGHE L 78 5 2 j ik b £
11.293t/ hm® AT , B ALE I 30T 5 2 ] I Ao A T o AR S o1 2334

CWD AL RUFAEAE — 2 R T I W FRAR A TR B BRI S5 MRS AR . CWD B it o238 5 il 2 Ak 43
AERE IR S U BRI KRB TP QIS AR I M T A R A AEAE T LR YT AR A T WD R R
PSR BRREHE 5 5 FUAE 21.67% 41, A AE M 5 HUTE 57.57%—97.37% 22 7], 3% ] B2 PR Ry JU e VT AR AR 23 el 1)
{5 A 22 SR A A R A %) T R | 0 AFLG G20, — 5 R s S W 1 LI VTR el ) ST 44T B 1 VR A Ak
Frh AR B B

http ; //www.ecologica.cn



8 EWL A R R A RORLAR AR AA A i it e R R 2R AIE 3447

3.2 CWD (R & AR R-E

ANF) S B SEN) CWD B 7E 6.10—6.75t/hm” 2 [B] , W 5 V1 PG Hp 7 SRy S0 5 2 ] ik AR IR 4.7811/
hm?' | H AP AR 32 B A R R B M BE (5.5151/hm? ) | A ST AR DU 48 FR 7 2 BE 43 [ BE (4.7661/hm? ) 1 TR JiF
SHRBTBE(3.771/hm? ) ,CWD [ 53ffA% Jr 32 183 G RE R K 5 55 3858 32 m , 5 CWD H B iy B ik bk
[l ARG EERAEAT O W ST s SR VTG Y AR LR R g e AR A 32 A A v R R R A
2875 1L SR R AR FE A AR A i R S 0T AT (B K S5 R ST R 3R A v A o0 it o B 22 7 0T RS L v
2 fk 0 TR AR A B RMRAR T Jg 4 22 R S IR G,

MR CWD A HLIK & e (331.40g/ke) |, 558 88 I Hp 3 23 iff 110 2 S0 38, B LA 5 & LASb,
HAWFE P U R S EAEANF RSN LRI ARE . CWD SHRMEB RS hib LA WUTE R A 1%9—45% , &
PMABRGEEAEFRERBRIET CWD 5 & WA L A Xt 28198, B 5 R Bk v 1, il B
T2 it 2 BRASAR AR AL R AIG PR S B FE B E T, AR I AR AR 8 A L rp 75 B AL CWD XERMAE S R Ge T
FREE & L

ST AT RIS PR R R S50 CWD A b2i it i 22 S 0f A 38, BB U VT ARAR 2 [l S 44
MR A ARIR € NP SRR . MR TR S EARL /R CWD 1 Pb 55 Cd % & i 5 7 i S 2 34 m
TSN, 43 )35 30 2 S5 Wb 3 A I8 3 /K7 W08 o L ZR AR A IR 2 Pt R BT CWD Bt AE & é b Ph Fi Cd £7
1 FLRBEC AR ARG PR R B Ph RN Cd 78 55 BE T A S i B A8 Ak, mT RE S0 9 % FH G 431
ERFRUEARTRIA &, HAH L HALTE 48 03, P Al Cd ZE AR oT iy 80 i A R4 X T RE S A
B AL 2E A CWD _E B A S # RAF A G, CWD W B4R U REHRMAES ZRE T IETR ST A
25 m M ANTE 2 A R — 2T

4 Zig

WFFE 45 R0, JUIR VT 2R T I 30 B YR AR ARG CWD i 7E 2.8— 30.4t/hm® 22 [1] | 76 IV 3R St I
I rf b —F rp AR 7KF-, CWD AL LAIAR T3 e BB h 32 (W5 EE 79.19% ) , — @ FR I I S e iz vk A Mk
T g ARB B, BT R I CWD ELAT B8 (M Bt 2 (6.10—6.75t/hm* ), 25 T [ 5 3 b [X. LR Y S o 4t
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