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Characteristics of soil organic carbon components in a secondary Castanopsis
platyacantha-Schima sinensis evergreen broad-leaved forest, Wawushan

Mountain

CHEN Gang, TU Lihua®, PENG Yong, HU Hongling, HU Tingxing
Forestry College, Sichuan Agricultural University, Ya'an 625014, China

Abstract: Secondary forests are one of the most important fast-growth forest types, with a large distribution area and high
potential carbon sequestration capacity. In order to investigate the component characteristics of soil organic carbon in a
subtropical secondary evergreen broad-leaved forest, an experiment was conducted in a typical evergreen broad-leaved
secondary forest ( Castanopsis platyacantha-Schima sinensis) in the middle section of Wawushan Mountain, southwest
China. The physical soil properties and soil carbon fractions were studied, with the soil profile divided (0—10, 10—40,
40—70, and 70—100 cm) and sampled. Results showed that the soil at each level was acidic. Soil potential acidity was
between 3.2 and 4.0, field moisture capacity was 63%—190% , and total porosity and bulk density were 63.0%—83.3%
and 0.41-0.99 g/cm’ respectively. Soil pH value and bulk density increased with increased soil depth, while the field
moisture capacity and total porosity showed the opposite trend. The organic carbon content of litter was 443 g/kg, and the
litter stock and litter carbon stock were 10.4 t/hm’and 4.5 t/hm’, respectively. Litter organic C stock in the studied forest

was higher than in the majority of the plantations and natural forests in Sichuan Province. Soil organic carbon, microbial
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biomass carbon, extractable dissolved organic carbon, and readily oxidizable carbon decreased with an increase in soil
depth. The soil organic carbon content in the 0—10 cm layer was 121.9 g/kg, which was higher than reported in other
subtropical evergreen broad-leaved forests and in all types of forests in Sichuan (3.6, 8.6, and 14.6 times the soil organic
content of the soil layers at10—40 cm, 40—70 cm, and 70—100 cm respectively ). The content of microbial biomass
carbon in the 0—10 cm layer was 1931.82 mg/kg, which was 2.6, 5.7, and 7.8 times that in the following three layers. The
contents of extractable dissolved organic carbon and readily oxidizable carbon in the 0—10 c¢m layer were 697.42 mg/kg and
20.98 g/kg, respectively. The contents of labile organic carbon in the 0—10 ¢m layer were higher than in many other
reported similar natural forests and plantations. The density of soil organic carbon, microbial biomass carbon, extractable
dissolved organic carbon, and readily oxidizable carbon were 7.5—48, 0.20—0.81, 0.25—0.37, and 0.8—8.4 kg/m’,
respectively. The density of soil organic carbon, extractable dissolved carbon, and readily oxidizable carbon decreased with
an increase in soil depth, while the microbial biomass carbon first increased and then decreased and peaked at the horizon,
10—40 cm. Soil organic carbon stock was 154.9 t/hm’, which was at the mid-level in Sichuan Province. The stocks of
microbial biomass carbon, extractable dissolved organic carbon, and readily oxidizable carbon were 3.1, 3.0 and 21.0 t/
hm” | respectively. This study suggests that (1) the content of the soil labile organic carbon was relatively high, (2) the
activity of microorganisms and the flow of nutrients were relatively active, and (3) there is a huge amount of forest litter in
the C. platyacantha-S. sinensis evergreen broad-leaved secondary forest that can be transformed into soil carbon in the

future. These ecosystems will play a more important role in regional carbon cycles in the future.

Key Words: secondary forest; soil organic carbon; subtropics; Wawushan Mountain
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BLANF 1 FR, 4R 11 A 28 B, REMEYM e S e R INREHLIESE 3 MFF S, S 50 emx
50cm FYSRAE AL, 2Tt 36 ASSRAE AL, 3 ICHE R SS  IT A RVE Y . AEREASRE DT B ALAZ R 3 A 1w, 4t
1136 A~ IEHE , BT HIEER R E LA 10 em, 13% 0—10 cm, 10—40 ¢m,40—70 cm,70—100 cm P4/
JRUCRAES 2 IR RIBS FHER D43 2R A B A~ 23 AR TT 4
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Table 1 Basic situation of each quadrat

‘ - I AR
ﬁl s ffﬁf s f‘: RIS L ;;; g PHNE SULRITIREC itmon
Number Aspect Density PRE CL “f)‘;aé‘lilan ss l\i‘;a;/[fn i Spicies Total

1 NE,9° 0.8 19 18.0 24 25.1 3 46

2 W, 14° 0.7 9 25.2 10 25.6 4 23

3 NE, 16° 0.7 9 26.3 8 29.7 9 26

4 NE,9° 0.8 6 18.2 21 22.4 19 46

5 WE,11° 0.7 5 25.3 14 28.1 5 24

6 WE, 12° 0.7 12 26.4 1 38.9 8 21

7 N,9° 0.8 18 23.0 0 - 10 28

8 NE,12° 0.7 12 27.0 1 33.7 17 30

9 N,5° 0.8 8 15.6 9 21.8 17 34

10 N,13° 0.6 2 27.4 1 29.3 9 12

CL: Castanopsisp latyacantha Jii §il#% ;SS : Schima sinense HF4EAT ;DBH: Diameter at breast height 4% ; —. g

WCAE VR I RE BT WA BR K R e 1, F 65 CHET B EIHFREIC R, KIS PHETRE M 10
SIS B 2 mm BSR4 S T . R ARIROINER A3 TN F AR E KR AR I g3
Beor th—2F Pk A WAR S ik, 3k 2 mm 0, T 4 C AT ORAERFIN, 55 —2F T 4E B AR XT, 5B AT AR F2 A0
A1 B 5 BT Ay , A3t 2 mm A1 0.25 mm i , AT

s HA 3% pH {E  HIEHBERK S | B BFLBE | B IEA & & YA PLK (litter organic carbon,
LOC) , +HEA LK (soil organic carbon,SOC) |+ 1A W) 4= W) &k ( microbial biomass carbon, MBC) , +1n]{2
PR A VEA HLEK ( extractable dissolved organic carbon, EDOC) il 433 5} & fk.##% ( readily oxidizable carbon, ROC) .
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VePH+TNM- 1, Shimazu Inc, Japan )l & S TCHLEK , M4 A5 O 3845113 MBC 557 AR
(1C, - IC,) - (TC, - IC,)

- K
2, MBC A W E Wikt , TC, oy FEZERE R BB, 1C, Ky FEZERE S TCHURK , TC, h A FEZERE i Sk 1C A TR
ZRREALTEHURR , K R B E i i R B0 (0.45 1)

EDOC K1 0.5 mol/L GilRH > 1242 , R4S 0.45 pm GALIEBLS HLEAT DUBR BT CINE . ROC SR H]
0.333 mol/L F iR A AL LI E "
1.2.2 Bt S5 am

X AT BB B AT o 2T Tk

MBC

I;=(1-a;) be;
S T LR LB (kg/m® ) s W8 j JRIRAT CRLRE>2 mm) BUET A4, ARG 46 TR A
H/NT 1%, UL 0% AT b, 058 j 2 VY T3S E (g/em®) s¢, W8 j 2 SA LT 135 5 (g/kg) .
XF 0—100 em + )2 4 EA PR A A A 77
L 1
5= ,21 10
A, S S HHEA LA (Vhm®) 5d 05 j )2 TSR (em) 10 BRI H0 R B b o HIRREL
NT HES LR HRRZ AR 225, I SPSS16. 0(SPSS Inc., USA ) Xf )24 48 b5 47 5 22 43 HT ( One-
way ANOVA) , Jf#47 LSD Z2H e (a=0.05) , 41T B F/KFE R «a=0.05, H Sigmaplot 10.0( Systat software
Inc.,USA) /A,

2 HEREHW

2.1 A[EFJEGE 3 pH (E A BRI 5

AW RFW | & 12 T3 SRR e IAERR B 3.2—4.0, ) 5K R 63%—190% , B fLER B FI 75
53514 63.0%—83.3%F1 0.41—0.99 ¢/cm’, F-48 pH {FFN 25 8 fifl - J73 TR B 9 385 0o 4 o=, 1 = 498 1 () 4K i
FUSFLBRE B 1 2 IR M AR (2 2) o 4102 pH (A B FLBUEE FA 5 AR 808 48/, B 70—100
em 12 MRl F K A28 S 2B K (CV =35%) , FE AT A V% P9 058 pH {8 A0 BEPE IR A6 /K S5 1) b4l
Bj— . WA 2 pH E B FL R EE 25 B 447 78 10 25 25 5%, 1N 58 [R] B /K 2 BR 40—70 em A 70—100
em WIS TR AITC B3 25 A0 Hop 45 R I 0 8 22 5, R IOt ) -3¢ pHL 6 Ry 3 1 o 7 2 17 1)

*2 BEEUEZAMXENRAELTERE T pH FIEHR

Table 2 Soil physical properties in deferent soil depth of evergreen broad-leaved secondary forest in Wawushan Mountain

) . KR (%) WAL (%) T (gem’)

TR p Field moisture capacity Total porosity Soil bulk density
Soil depth/cm
Mean+SD CV/ % Mean+SD CV/% Mean+SD CV/% Mean+SD CV/%

0—10 3.2+0.1d 4.5 190+46a 24 83.3+5.3a 6.4 0.41+0.10d 25.27

10—40 3.8+0.2¢ 4.0 108+26h 24 72.2+5.6b 7.7 0.66+0.14¢ 21.66

40—70 4.0+0.1b 2.2 73+16¢ 22 65.6+4.3¢ 6.5 0.89+0.13b 14.62

70—100 4.0£0.1a 1.8 63+23¢ 35 63.0+£5.7d 9.0 0.99+0.17a 17.28

Mean+SD ; FYJEH+brfEZE; CV. 282 R %L, SD: standard deviation; CV: coefficient of variation; [F]3AH[F] S FHF R AR 4 2 0] 22 508 i 3
(HHFEF 25041, 1SD ZEHEW, « = 0.05)
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Fig.1 Content of SOC ., MBC,EDOC and ROC in deferent soil depth of evergreen broad-leaved secondary forest in Wawushan Mountain
SOC:; soil organic carbon +3EF HLi% ; MBC: microbial biomass carbon f{4: ¥4 4 84l ; EDOC: extractable dissolved organic carbon T ¥ 4% fif
PEA BB ; ROC: readily oxidizable carbon 5481k ; Bl HPIRIE 18 7R 25%—75% 9B , AR TE G MRk AR AR LB B0 P i 8, - F AR
FAZHEAR T Y 10%—90% HYELHiE

AN[R) A J2 A i 20 e 5 B ABL PR 45 )2 45 B 2 433 st FIAH I A IS AR (3R 3) o A SRR WX AR bRHE
7% 13 SOC \MBC .EDOC il ROC % & 458 7.5—48.9.0.20-0.81,0.25-0.37 F1 0.8—8.4 kg/m’, SOC MBC
1 ROC %% i 4 i )2 W A3 I img B ARG, H. 0—10 em 2 A9 %85 B 34 2 8 T F il =2, 3 40—70 5 70—
100 em P2 HX = MR o0 & 22 R AR 3 . EDOC % 2 MU N5 AR 3 76 10—40 em )25
e (0.37 kg/m*) ,40—70 em )2 EDOC % & T 0—10 em +)2 {H 25 7 K1k B E/KF, SOC MBC
ROC % B Fifi + )2 TR BEE hini T Bt HoR an i & 58 B, H EDOC % B e 1 B3 i b i A8 b i 5 H & = A7
122 S 3R W45 2H 3o 2% W I 32 1 SR WD 3R ) 50

148 0—100 cm JZ SOC fifi >4 156 t/hm* ,ROC fifi it (21.00 t/hm’) &2 % T MBC(3.20 t/hm*) Fil EDOC
(3.03 t/hm?) , [AB} ROC fifi &t 5 SOC fifg &t 14 He 47l I 3 %5 F MBC Fll EDOC fiff & 5 SOC 7% &= (1) L 1], i
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Table 3 Density of soil carbon fractions in deferent soil depth in an evergreen broad—-leaved secondary forest, Wawushan Mountain

SOC % (kg/m?)

MBC % (kg/m?)

EDOC % (kg/m®) ROC % (kg/m®)

LR SOC density MBC density EDOC density ROC density
Soil depth/cm
Mean+SD CV/% Mean+SD CV/% Mean+SD CV/% Mean+SD CV/%
0—10 48.9x18.5a 37.9 0.8+0.3a 40.4 0.27+0.08bc 29.4 8.4+4.0a 48.2
10—40 17.3+5.9b 34 0.4+0.2b 55.4 0.37+0.09a 23.6 2.3x1.1b 48.3
40—70 11.0+3.0c 26.9 0.3+0.1bc 50.7 0.29+0.09b 29 1.1£0.5¢ 41.5
70—100 7.5£2.3¢ 31 0.2+0.1¢ 60.7 0.25+0.08¢ 33.2 0.8+0.4¢ 52

SOC: soil organic carbon +HEAHLEK ; MBC: microbial biomass carbon #4914 ¥ &6 ; EDOC ; extractable dissolved organic carbon AR
A HLEK ; ROC: readily oxidizable carbon % S AL ; Mean+SD. I EH + bR 2, CV.: ZEF R4 SD: standard deviation; CV: coefficient of

variation; [FFARES FRER R AN R 22 W 28 5 8 B3 (BRI R O 2004

3 g
3.1 i ARG AR R A R R I A bR - S PR o

ABIESE KB, U 1L L DX 30045 - v A AR i i
e Pt A bR O R | LG R TR B9 I pH {ELTH
#5,0—10 cm 2 TR BE (GALHR RSN E ) o 3.
2, AR HEA HUT I 2E W AEOR AN R LR SR MR R
JEEFELI AL I, DAY abe e S AT LS A g o 8 1R R
T P AR K AR M rp T BE AR 4R A B A B K B B
FoAE, BN A ST AR TR 1 Ry 5 K P
ASHITFE e B M T 1) 35 7 o J2= A% 2 ) 4 i 2
A%, 355 2% SR A 0 T v ST A 3 i 2 XA Y
FRI0—60 em LJRHIWFFEARATMRL, L5 S LB RE N
AEAH IR AR e e R Gl R RTR R AR K
BELTPARWLAF " ABIFF v b 2 o B 2 TR A 14
T, B LBt B2 I 4 2= TR 58 A 8 i i ok, 52 R
B2 R SRS 2 X Y AAH A ] A ) BT 5
AL
3.2
FFAIE

TIHEA LRI R 5 E AR S R G — N
AbTFEPIR S, 32 B HOGR T AR AR 95 ) AR AR ZOIR

Jis S - v A AR iy e ) P QAR bR b SRR 403

LSD ZH K, a = 0.05)
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Fig.2 Stock of each carbon fraction (0—100 cm) in an evergreen
broad-leaved secondary forest, Wawushan Mountain

SOC: soil organic carbon 1 345 HLfK; MBC: microbial biomass
carbon {H4: W) LE Y1 HEE# ; EDOC ; extractable dissolved organic carbon
ATRHE AR E A HLER ; ROC: readily oxidizable carbon % & L% ;
AT BRI R T ) 22 5 W 2 (A R 7 22 0, LSD 2 LA
P, = 0.05)

BTN, KA E YR A VUG R R (4.5 vhm® ), RE S TR R, R, AR E
JZ AT BB 5 s 18— S PR T REAE TR R A PR A AR A R AR BRI SE T AR I 3R

YA . D) — R ] R SO O A
AR IR AR 1400 22K ARSP R BEAR T A i
HARJR AL, P75 Y= A DL RE R itk i 21 £ 4
RE LA DRI RSB R . BOAEESED )14
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Ve \BAZRIZ LA LR & R A AR iR Y

R4 THRFEFZEMMURE (0—10 om) HIEHVBRFFE

Table 4 Soil organic carbon characteristics of surface layer (0—10 cm) in subtropical evergreen broadleaf forests

S s El L o N
i o i PPPRERERC e dmman i
Climate zone Location Elevation/m . Stand age/a SOC/ (g/kg) Reference
tree species
b Northern subtropical zone WL B - Fo 3B+ R 40 38.0+11.8 [31]
HlE#4HF Mid-subtropical zone WL T i 130 oM+ A S - 36.19 [27]
HilE Bl Mid-subtropical zone WL T I 180 PR - 57.25 [27]
T . i RS .
FRlE #4HF Mid-subtropical zone PUI )= L 1600 P 56 121.90+40.4 PN
LRV N )
e
B Southern subtropical zone JUAR I 50—200 %E;: f';ff : 400 372+ 7.3 [32]
= OUTE

523 Bl (Fagaceae) ff} (Lauraceae) Aff (Schima superba) HETE ( Castanopis chinensis) JE5CEE ( Cryptocarya chinesis) ; SOC: soil organic
carbon; —: JCEUHE

x5 MIEEZAIRFRAKTEEVESFE

Table 5 Characteristics of SOC of major plantation and natural forest in Sichuan Province

PEYZANRSERE 0—10 em LEHHLRE H 0—100 om LJZA HLRRAE

Moyl Carbon stock Concentration of SOC Carbon stock Bk
Type of stand in litter layer in 0—10 em soil/ in 0—100 em soil/ Reference
(v/hm?) (g/'kg) (t/hm?)
¥ A Abies fabri and Picea asperata 6.70+2.80 72.4%25.5 264.4+49.2 [30,33]
¥ K Cunninghamia lanceolata 0.71+0.22 24.0+6.3 126.8+18.5 [30,33]
TLREHY Pinus massoniana 2.00+0.61 18.7+4.4 102.7£21.1 [30,33]
HIA Cupressus funebris 0.87+0.31 19.2+7.0 107.6+22.8 [30,33]
WiAZ Cryptomeria fortunei 0.56+0.03 55.6+7.4 220.5+34.5 [30,33]
1 B Phoebe and Cinnamomum 1.79£0.54 51.5+18.0 186.8+60.2 [30,33]
KRS B Quercus and Hardwood 1.26+0.38 28.6+1.0 156.4+28.5 [30,33]
i Softwood 2.20+0.17 62.3+25.1 240.0+46.2 [30,33]
¥ RS Quercus and Hardwood 10.03£3.1 121.9+40.4 156.1+32.8 BN

- SR A W R RS AE - HERR A TP BT 7 AR N, — R B A LR A 1%—4% Y BB 5 e R
—RE ARG, LA b R AR AR A, I, Bl R AR R B R bR — Y AR ST
450 0—10 em )2 MBC 284 1931.82 mg/kg, i T XU FEA5E 7 H2 38 A ity i B 1Ak (1302 me/kg) , B HEAK
(1074 mg/kg) FISEHERAR (721 mg/keg) 5t 2% 52 4 30 A9 48 8 = IS [CHS A T AR (1035+£103) mg/
kg ] AR N TR (820+76) mg/kg] . ASAIFTEEHE & Ty A Ral MORIAR AR 9 — A 25 22 i R W] B2 AT 58
JIEAL FR AT KSR ARS8 e SRR VTR L L 5 1 8 T [l — S5ty HLAR M AE IS 25 R 22 (4 50 4F) 1R ik
AN TARBY L PR AT GE 2 N T rhoR e T8 — (AR U RS N AR R L E 5 20, AR
3 MBC 5 iR 2 BRI FRAR () 1) X 5 R ZR 46 S i N TR 9T, 28 R AR % oA
AR N TARBGBFZE R B& 257 X i FRAR O Ie 45 SR — 80, HIEUEM 2 fife #2007 RN A
R, T MR AR T R T4 08 SRR 3 SRR R BB AT, R T A W i K R B o —
i, )2 IR AR A A A VLU E | R AR (B R IR, AR AR
AT R M0 S A= 0 8 A AT

T NIRRT AL TP LA — B R i R Sl T LA - S A ) R A L
PRIOR X ZR AR A S RGO R W Y ERIL A PG IR R AR K IR E R A R S R i A
KB ZEROT Y PSR A SRR BT BR T AR AR L IR e LR S — e A RO R A A LSS
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DAL GBI 25 5 0 28 A IE AR OGO R | IR TT DAAE A - 458 A I PR S e e = S v AR R4k 1)
BT R AR Y aE e bR, APFSEH 0—10 em )2 EDOC & 2 697.42 mg/kg,0—100 em + 26 302.59
g/cm’  YEAE KT A A T AR G F SR OR3P X B 17 4% AR L R BT i MR DL & i (74.84 mg/kg) 5
0—100 cm + 2 (28.40 g/em?) ! | X FBIAHEST 1y 8 A WLER EE AL 1Y nl I P A DU B N 5, A
FEA™ s G - AR AR R A RTR 23 TC R AR PR G W 23 A RE SR AL PR UE IR A PR AN 540 T B BTG R

1T A A 5 i SO A B A RS e T 3k AR M, R3S ALk ROC B EL il
R, Vd ] - SRR A0 AR AR A 22 Y | RIS A AR P S PELL 4, ROC %S 5 A g
Tead B, A Wi sh R AL RE PR F UK 3h - SR R BR | X ek K HL R i AR b H A o 0 R AR M,
ROC X 4= 58t FE-P A A R b2 B e fee YR Rr A 20 3 X, 148 ROC Z/D 1R RIS T HERR R
TR S i 2097 ARBFFE T 0—10 em )2 ROC &1k 20.98 o/ke, i SOC &1 17.21% ,0—100
em JZ ROC fifi i (5 SOC i it i L gl ik 3] 13.50% , & FILHE BLRE ILMRIGAZ AR | BAT FRAR AT HoAA A PR
0—10 cm JZ ROC & i TWivC I3 5e | 5okl by 32 40 # S R AR KA AR (15.58+3.15) g/kg) FiI
FEARNTAHM] (13.30£1.20) g/kg] ™, BE2 RS A8 50 % 22 FE AR OC T W5 307 R 2R MR e 1 AR &R it R v
AT LR AR AR T A 45 SR W ROC & A LI B B (AR R E B B ) eI, Hh D i B (R AT R IR 7
APERY B IR, JE B B (TR AR TN TR B B ) ferms o ASHF T b A T2 X A B VK 52 1% )5 1 9 B, ROC 5 2t
TR N TMRFIR SRR A Mk, 2 BHAHIF 5 1 1= 338 B8 R il A 0 A A7 B A1k 5 2 BR UL, RV 0 2 H P oA 2
HE B v Ak

I HL 0—100 cm 13 SOC ,MBC ,EDOC 1 ROC fig 543 14 154.9 3.1 3.0 F121.0 t/hm?, H:rp HHEHHL
Tt teE PO )1 48 45 R R Ak T rh 880K OF, & T U 42 K ( Cunninghamia lanceolata) | 2 T8 ¥ ( Pinus
yunnanensis) | B & #1% ( Pinus massoniana ) 5 ¥ 53 K SR PR F % ( Eucalyptus ) . #1 K ( Cupressus funebris ) | ¥
( Populus ) SRR N TAK20) | H 5 T3 S b X K48 A TR (71.5—147.0 v/hm?) %2 5 pg 1] i
TR R 1L 2 B2 R AR+ A MURR it (156.1 v/hm®) VAR BRI (2 5, R 6) . FUJZ L SRR U AR MO L
i 285 B AR A v Y — 1 T IR T B R 3R 2 A LR A AR, o AR B A A U )1 2 4% 2R AR AR
H1,0—10 cm JZ SOC F AT 19.2—72.4 g/kg, MW BN FARK % + 2 SOC &7 (121.9 g/kg) |, MiAHF
52 10—100 em %%+ )2 SOC &5 U )11 48 Hifh A4 2K R E R A K,

25 LR A ARV R B DX s 1) BL R L SIS - rh SRR ey B R AR AR, A LR 5 T ()
— BT N TR SRR, 72 U148 45 AR A T 850K 1T 8 7% 90 )22 A AL A £ F0 - B3R 2 A AL %
A T DU A A N TR R SRR, S 2 W i i | TR B f M AL A 5 ST ik v T 2 E 4
T )RR AT TR, BI04 28 R G M & 3K, A 036 Sl NS5 43 T sh BRI K, R 75 W e Ak R
T IR S K, WA S AT AL E ST AR R A R L DR AT DD 2 A A R G A DX S A PR A R 4y i
O,
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