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Abstract

Aims Increasing sequestration of soil organic carbon with forest succession plays a significant role in reducing
global warming. However, the relationship between structure of soil carbon pools and vegetation carbon inputs is
still uncertain. Our objective was to examine how structure of the soil carbon pool changes with vegetation carbon
return through litterfall, forest floor and fine roots during secondary succession in evergreen broad-leaved forests.
Methods The study site is located in Tiantong National Forest Park (29°52' N, 121°39’ E), Zhejiang Province, in
Eastern China. Three successional stages (i.e., early, middle and late stages) were selected to examine contents
and stocks for carbon pools for each of total soil organic carbon (TOC), mineralization carbon (MC), dissolved
organic carbon (DOC) and microbial biomass carbon (MBC). The amounts of vegetation carbon return through
each of the litterfall, forest floor and fine roots were determined. Then relationships between carbon pool stocks
and amount of vegetation carbon return were determined by using both Pearson correlation and stepwise
regression approaches.

Important findings Along the forest successional series, contents of TOC, MC, DOC and MBC increased sig-
nificantly (p < 0.05). Stocks of TOC also increased through forest succession (p < 0.05), but the other three active
organic carbon stocks were highest in middle-, intermediate in late- and lowest in early-successional stages. The
amounts of annual biomass and carbon stocks increased for litterfall, but decreased for forest floor, and fine roots
annual returned mass and carbon stocks were highest in middle-, intermediate in late- and lowest in
early-successional stages (p < 0.05). Among three active organic carbon pools, MC explained 34.01% variation in
TOC (R?= 0.388, p < 0.05). With respect to vegetation carbon return, returned biomass of fine roots explained
28.2%, 50.0%, 73.4% and 68.8% of total variation for TOC, MC, DOC and MBC, respectively. In conclusion,
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stocks of TOC and three active organic carbon pools elevate gradually with secondary forest succession in the
study area. During this process, the accumulation of fine roots and the enhancement of mineralization carbon pool

are mainly responsible for soil carbon sequestration.

Key words active organic carbon, fine root, forest floor, litterfall, secondary succession, total organic carbon

T3 BB R 2 A R A 2 2R 4 B K ik
J, ICHhfis 5 Ay It AR A0k B 2 (1) 2-34¢%(Dixon et al.,
1994). THEAPUBR AT v L, Al A BORs
A IICOL I, % 2 LI i A7, sz
R

ARG I R T, BEVA R Rh 2R A R s R A
ALk, MR E YA RO, IS =T
o TIETRIEROE S AN — 5y, BAR N BA
BUBR ZET EEAR A, AR AR A A o i i 2
ORI, HES S LB AR, 6 g
PETEAS AL . et UL S ik [ R A T4y B 22
HI1E H (Uselman, 2007; Kalbitz & Kaiser, 2008).

AR, R LR AR T
AR A U 3 A 3 A ML 4 g 9 A 3o B (Davidson
& Janssens, 2006; Busse et al., 2009). {7 ¥yF1 115
AR AR ) B 1 V3 2 5 | RS R A T R AR A 1)
J5 IR (Guo et al., 2005), i &AL TE DAL B %
W6 3R A 8 T 00 1A 1) 9 R 0 fife 1 1) 1) 800 28 - 4 ()
RZESE, 2000; M RS, 2004). FSTEEEA, AL
M EE (b R TR B ) B OK, 0 AR AR R s T
IR B, SRR NSNS A
BB 253 (1) A2 A A AH 7] (Sauer et al., 2007; Busse
et al., 2009). HHWAMIRIE YRGS V) H B4
N BT R ME—3de A%, EEEIE 7 W AT I i A Ry
AL T L3 4R BARTERMAE S R G
MR BB A E30%, HILIF A= )5 BRAR R
4277 1711130%-80% (McClaugherty et al., 1982),
P e A0 R R 3k N S T A B SO e #
HErh R EL A el M TR (Vogt et al., 1986;
Raich & Nadelhoffer, 1989).

AHIFFEIEFE T WL R B R ] PR 3ASAN [l ik
AR Y BV, Tl g R LR . VPR
J&E (B 45 v ™ 4k % (mineralizable carbon, MC). 1] %
P HL% (dissolved organic carbon, DOC) Al A=47)
% (microbial biomass carbon, MBC))FIAS [m] 4 #%
W IHIE T7 A RS, B AE5E LU PSR
Yt (L)REAEECEREAT, A LR RS PR i

www.plant-ecology.com

RIS (2) 1 IEAT AR A B2 B g
AR VAL 5 o

1 fARAZE

11 REEERFFMIEE

A 50 M A T WL A T T R B K AR 4 [
(29°52' N,121°39' E), J& Tt WU (1) M Hhy 22 X
Sk, AETCHWI237.8K, FFHIREL6.2 C,
KIE K B 374.7 mm, T3 E, L2
JEEEAR—, —BAEL mLL R (RAK B R,
1995) . FH T3 DX SlAd AR AN [ g 5L B B2 2 1 4R
5 PSR ORAPAE BRAN ], AR /N B A3 b T AN T
TR B PR 1A 5 o ] i PRSI 2R () L2 4%, 2010)

AT I B 4o ] AT R T ok AR
I A (Pinus massoniana)fEvk, TR A= 4%
fiE 2l AE AR AR AT (Schima superba) &, DL A f5
HH PR 20 2 ] IHE MK B (Castanopsis fargesii) B 7% 4
X% REANBEI B S R W E 4820 m x 20 mif)
B, REMbIAIEE25 mUL Fo Ak g Hh p A Al PR 2%
R m, FEL U E N, RS . Wik, -
e REJFURN T 38 R S AR — 30 AR A S 3
ARSI
1.2 #Hm%E

FERRANE R L A 245 B B SN IR 0.5 m?
(198 T DA B (RN BEVR R L IL 20 MIBUAR B), S
BRI 14, T4 R — &, HL12ik.
Hh A P A3 i AR AT b N BE AL 1 1 201~20 cm x 20
CMIPRAFHEWUER (BN VR DS Y ILBO AN R AFAE), 4%
I AR Fiah, B R AL A P,
FEREANFEHL N I AR 7.6 emit L4k, 2 b .
TIMNAL, & HIEFESAN U AR HE0-20 om
FEan, ArRsese =G, A ERKEML. phykdfad i
PRI (<2 mm), IRIERRWINE . B FdE
[X 433 ZEA (McClaugherty et al., 1982). 4 /ictE
(URTEY) . MR AR A D RO AN ARE R B BT 5
R, & T ARAT, LI E A ALK
o ARAEYEES DL AR AR E



PINEARAE: WL OR B 2 ) AR R R b S R S AR B R R 805

L WL IREE K SR MR A SO AN R B A R AL

Table 1 Characteristics of selected plots in a secondary successional series of evergreen broad-leaved forests in Tiantong, Zhejiang

Province
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ional type @ m © Number height Soil bulk  Soil Soil Soil
stage of vertical (M)  density PH  total N total P

layer (g-cm™) (kg-hm™®)  (kg-hm)
I WA AR RS 30 115 15 D 2 12 134 418 5.98 0.39
Secondary Pinus Pinus massoniana
coniferous forest massoniana A
community Liquidambar
formosana
I HRRE SR ARATEER 60 163 20 KRf 3 20 130 418  25.07 1.04
Young evergreen Schima Schima superba
broad-leaved superba il
forest community Lithocarpus glaber
1" Jora N g 1 o N > 8 120 196 26 % 3 25 1.07 381 40.62 212
Mature evergreen Castanopsis Castanopsis fargesii
broad-leaved fargesii A Arr
forest community Schima superba
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Table 2 Contents and stocks of different soil carbon pools among secondary successional stages in evergreen broad-leaved forests

in Tiantong, Zhejiang (mean * SE)

U B & Content fi#i#= Stock

Successional TOC MC DOC MBC TOC MC DOC MBC
stage (gkg™) (gkg™) (mg-kg™) (mg-kg™) (thm™) (thm™) (thm) (thm™)

I 3420+ 1.63% 1.21+0.04° 27.24+0.14° 220.47+528 9153+349" 324+0.13" 0.073+8.55x10** 0.59 +0.019%
Il 4460+2.74° 1.87+0.06° 34.03+053" 271.93+6.87° 116.25+7.53° 4.87+0.16° 0.089 +9.10x10™ 0.71 + 0.020°
i 5558 +3.54° 2.15+0.19"° 38.15+0.64° 295.71+8.36° 118.90+6.73° 4.59+0.36° 0.082+2.04x10™** 0.63 + 0.026°

DOC, w¥EMEATHLEK; MBC, MU/EW &K, MC, Wl Lhk; TOC, L3ELATHLGR. 1. 1L INFZRL, F—FIARNG R RZ R W% (p < 0.05).
DOC, dissolved organic carbon; MBC, microbial biomass carbon; MC, mineralization carbon; TOC, total soil organic carbon. I, I1, I, see Table 1.
Different letters on the same column indicate significant differences (p < 0.05).
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Fig. 1 Annual amounts of litterfall, forest floor biomass and annual return mass of fine roots (A), as well as carbon stocks among
litterfall, forest floor and fine roots (B) along a successional series in evergreen broad-leaved forest in Tiantong, Zhengjiang (mean +
SE). I, 11, 111, see Table 1. Different letters on the same column group indicate significant difference (p < 0.05).

www.plant-ecology.com



PINEARAE: WL OR B St i MR R R b S R AR IR R AR 807

FR3 WITLIREE T 2% I I PRAN [V B B 3 AN ) 2R PR e i
15 ({1 Pearson ] 5% F %k

Table 3 Pearson correlation coefficients of carbon stocks
among different soil carbon pools across successional stages in
evergreen broad-leaved forests in Tiantong, Zhejiang

FTa WL S i RS [R5 o B 34 [R) 2 R i e
SRR MRS IAT I S AR A A I8 =
PearsonfH % &%

Table 4 Pearson correlation coefficients between different
types of soil carbon and annual amounts of litterfall, forest

TOoC MC DOC MBC floor biomass and annual fine roots mass across successional
(thm™) (t-hm™) (thm™) (thm™) stages in evergreen broad-leaved forests in Tiantong, Zhejiang
TOC (thm™) 1.000 TOC MC DOC MBC
> . (thm?  (thm?)  @hm?)  (thm?)
MC (thm™) 0.632 1.000 — — - -
i N AT T 0.632 0.609 0.445 0.213
DOC (thm™) 0.528 0.701 1.000 Annual amounts of
MBC (thm™) 0.439 0.442 0.865™ 1.000 litterfall (thm™)
S — = = AL TE A= -0.411 -0.483 —-0.209 0.134
DOC, WV TEA L MBC, BRI MC, T L, T0C, T Liiliadiiri
. . - Forest floor biomass
HRAENBE. T, p<0.05 ", p<0.0L, (thm™)
DOC, dissolved organic carbon; MBC, microbial biomass carbon; MC, AR A 0.714" 0.853" 0.901" 0.700"

mineralization carbon; TOC, total soil organic carbon. *, p < 0.05; ™, p
<0.01.

p =0.031), [FIJHJ7FE N TOCHE F= 56.6 + 12.347 X
MCfi i, w UL, SRR, MCAEEE 5]k
3 R MU A R 0 S R A
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FIEAX(p < 0.05). JHEWET %R 5TOC. MC
fitr i W% IEM 96, 5 DOC. MBCHE & A i 25 MK,
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A W FE A (KA).
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FIMBCTitt & 11 B ok dpe K (73 714 28.2% . 50.0%
73.4%%1168.8%), &5l [ i 4 B vt ARk 1 &
LR FE(KB). HLAh, MBCHif ik 52 2 H R kL 5 M0
FE R 5EI .

3 itig

31 HIERESWREREENE

Bl G R B S i AR O AR O kAT, T
TOCAHI3F M HLEK(MC. DOCHIMBC) & &1 i
FHMN(p <0.05). LA NN E SR KA
W 5 0 AR P I 45 IR, I B KT 20 it i
SR I A WL AR 2 (Sauer et al., 2007). Bl &
£ i) IR TECRE (R EA T, AR U8 Y 4 (R S R kb
AT AR SR E B S N (K PR 9 A, 1999), 1k
TR R T S R R A AR A (TS 2, 2011), 1R

Annual fine roots
mass (t-hm™)

DOC, nIVEMEAHLEK; MBC, WUEW &K, MC, WH fLik; TOC, +
EE FSESTIRT R

DOC, dissolved organic carbon; MBC, microbial biomass carbon; MC,
mineralization carbon; TOC, total soil organic carbon. *, p < 0.05; ™, p
<0.01.
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Table 5 Results of stepwise regression between carbon stocks
in each of four soil pools and annual amounts of litterfall, forest
floor biomass and annual fine roots mass across successional
stages in evergreen broad-leaved forests in Tiantong, Zhejiang

Y J7FE Equation R? p value
TOC Y =65.844 + 39.009 X; 0.510 0.009
MC Y =1.640 + 2.351 X, 0.728 <0.001
DOC Y =0.058 + 0.021 X; 0.812 <0.001
MBC Y =0.485 + 0.145 X; 0.490 0.011

DOC, W#EA NI, MBC, Sk, MC, F§ {Lik; ToC, +
WA Xi, HIREE R,

DOC, dissolved organic carbon; MBC, microbial biomass carbon; MC,
mineralization carbon; TOC, total soil organic carbon. X;, annual fine
roots mass.

PR 0 oy R e ) M, W T - EnT R
(s, T RT3 LA AR 2R (B0 5 4%, 2008).

B R AT, g AN BR AR K e ) 1Y
(Li & Shao, 2006), 3L R, TR ELE
BEMR(KL, p < 0.05). i H 387 LA it B 2 HL 75 5 A
BEMLEE, BT AR LB A0 AT
i, TOC# & FaE F AT & W n(p < 0.05);
MC. DOCHIMBCfi# it A7 14 ik %, (HAE ik
Bl i (p < 0.05) 0 A V5 Hh I 3 J5 0 I AR o
(1) BRI FE F36 K1 AN T B 28] v 0 ) B A B (R 1),
HAR T ECT MU R A, (RS A
it EAE R P A A K. XL G i B LI 4
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