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Abstract: Karst vegetation plays an important role in the karst ecosystem carbon cycle and the global carbon balance.
However, most of the estimations on biomass and carbon sequestration patterns for many karst forest vegetation ecosystems

were questionable. The lack of accurate characterization of carbon storage in tree, understory, forest floor and organic soil
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layers in karst forest vegetation ecosystems has hindered the effort to estimate their contribution to the global carbon stocks.
In this study, we investigated changes in biomass and carbon storage of karst vegetation along successional stages of a
chronosequence following human disturbance in Mashan county, southwest China. We sampled nine plots, each of 20 mx50
m, three of which represented successional stages of young, mid-mature and old forest, respectively. We found that
community biomass increased significantly along the successional stages, from 48.17 t/hm’ in young forest to 113.47 t/hm’
in mid-mature forest to 242.59 t/hm’® in old forest (P <0.05). The biomass of the understory vegetation in different
successional stages is very low, accounting for 4.32% , 1.47% and 0.47% of the total biomass in communities of young,
mid-mature, and old forsts, respectively. The mean biomass carbon storage in old forests (123.26 t/hm’) was significantly
higher than that in young forest (26.32 t/hm’) and than that in mid-mature forest (57.78 t/hm*) (P <0.05), and it was
significantly higher in mid-mature forests than that in young forests ( P <0.05). Carbon storages in tree and herb layers were
significantly different among the three forest types (P <0.05). The differences in carbon storage in shrub layer, however,
was not significantly different among the three forest types (P > 0.05). Carbon storage in forest floor litter in mid-mature
forest (0.20 t/hm®) was significantly lower than that in young forest (1.19 t/hm’) and in old forest (1.40 t/hm*). Soil
carbon storage was significantly different between old forest (113.43 t/hm’) and young forest (198.44 t/hm’) , but the
difference in soil carbon was not significant between old forests and mid-mature forests (167.39 t/hm”). In all three forest
types, carbon storage in soil decreased as depth increased. Overall, carbon storage in old forest ecosystems (236.69 t/hm”)
was only slightly higher than that in young forest (224.76 t/hm’) and mid-mature forest (225.17 t/hm®), but these
differences were not statistically significant (P >0.05). In contrast, soil carbon storage was highest in the young forest
(198.44 t/hm*) , followed by mid-mature forest (167.39 t/hm”) and old forest (113.43 t/hm”). The ratios of plant vs.
soil carbon storage in various secondary forest ecosystems increased significantly along the successional stages. The
percentages of plant and soil carbon storage were 11.71% and 88.29% , respectively, in young forest ecosystems, 25.66%
and 74.34% in mid-mature forest, and 47.92% and 52.08% in old forest. It appeared that soil carbon was converted to
plant carbon as forest moving forward along the successional chronosequence in the karst region. Our results suggested that
the carbon storage capacity of the karst forest ecosystems decreased due to the high bare rock cover, limited soil cover,
shallow soil layer, and low biomass. Our results also indicated that the carbon sequestration and carbon allocation in the
karst ecosystems were influenced strongly by karst forest vegetation succession. More long-term monitoring and research are

needed to further evaluate biomass and carbon accumulation of the karst forest vegetation succession.

Key Words: Karst region; secondary forest; community; biomass; carbon storage; Guangxi
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WAFFIESE 2 AW LA, I B A AR AR IR T 51 1 3 AN URA AR (G | i bk IR g 5, 05T
UL B SRRAZ 1 A PR 1 2L o AR i e S AP R, T D IO X A AR A DR AR B2 i A
S RGUMRTF TIRE VL SRR A i U AR B i A7 RE 1 1R L2 4K

1 #EFFEE

1.1 W8 X R ML

WS X AL T P AR S 1L (107°41'—108°29'E ,23°24'—24°2'N) | BE N AT A, H B Hb 2 TR R £
A A B S TR 60% . J& R AT R RS , AR R 21.3 °C, Wi d e TR 38.9 °C FRAIR IR
fE -0.7 C,FHFERM I 1667.1 mm, T3 FZLIRIRER A LB A K18 3, L EERE, — 1A 20—40
em, F R SR B HTE 30° Lk b K R IRV A B R AR — BB IR R AR AR R XL

PAH Kk ( Cyclobalanopsis glauca) FaFRAL ( Choerospondias axillaris) 1§41 5. ( Adenanthera pavonina) Y- #i
( Pittosporum glabratum ) A ( Sinosideroxylom pedunculatum) /WEEFWS ( Platycarya glandulos) 5 #% ( Diospyros
eriantha) | J& B 1 ( Daphniphyllum oldhamii) JARFEIRETEZERY , Mot T [ — 4R P51 3 AN [ 82 B B A
& , B 10—15a( 4 bk) 20—30a( k) Fil 50—70a (EHHR) TFRRITY . X SLREVE S H LRI B AH 22 A 5
10 km , 37 [A] 28 5 /0, BATARURY U I3 BRA AT | P21 4R 237—263 m 3 24—42°, 12 ALY
40 em, AFEHIAEDLILR 1 .56 2,

F1 FRRERAEFMHFERTF

Table 1 The environmental factors of sample plots in different secondary forests

Bl R /m YR/ (°) AOEE/%  REE/cm THAE/ (g/em®)  BHUF/ (g/kg)
Types Elevation Slope aspect  Bare rock cover rate Horizon thickness Soil bulk density Organic matter
LA Young forest (YF) 237 42 45.4 0—40 0.712 155.9
FpiE K Mid-mature forest (MF) 263 39 28.1 0—40 0.870 96.9
AR 01d forest (OF) 261 24 41.0 0—40 0.935 82.8

®2 TARREWRAEFMEIHRSEF

Table 2 The stand factors of sample plots in different secondary forests

o AR TR SR SN SN N WRG3HE Mo a5 B
? Age/ Average DBH/  Average height/ Maximum Maximum Density/ Canopy cover/
pes a cm m DBH/cm height/m (¥k/hm?) %
HHEMR YF 10—15 5.3 4.9 20.7 9.5 3397 64
rhg AR MF 20—30 7.4 8.9 23.5 20.5 2640 83
R OF 50—70 11.3 12.5 45.7 26.0 1540 79

1.2 s LR s

TERRP AR 3 T 20 mx50 m BAE Ty, 38 9 D7, BB MRE T 453 B 10 4> 10 mx 10 m Y
ANEIRETDS AR B N =2 em BYAMA SRR R A FR MOAR B w REAE  AER/ NRE A B E 1 A
2 mx2 m PYRORARE DY TR R AP B R R, ZJE I 1.5 T SO T N R
TP FIARA ( DBH<2 em) FEPSCER , 48 4th b b T 3843 B fif J, JBORE 2 1 530 2 DA 85 CHt T2 fH i 1A
K S TRl WA SR O N MR A T 0, BBORE T 5 KR AT,

T AE R AT A JZ A Py i I R Y R, Y AN SR AR, DRI, A B 5 R A ST e R 10 A ST ) A AR
At AR AR ST R R R M L A | B AR ST 9 3R A I s TR R K TR AR ARV K P AR
ZEHE R 0.4066—0.6889 =[] > AR SR TR 7 V- B ZE Ok BELRRE BORR R AR R

W, = 0.0755 (D’H) *¥*' (n=30, r=0.9872, 3 cm= DBH <28.6 cm)
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R, W, NTEARZEH E3 Y (kg) , D AMRARIFE (em) ,H AR (m)
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AP, S0C 25 k )2 HHEA ML I (vhm?) b ARREIZR, C 25 b B EIEAPUR S & (g/ke) ,D, 25 k
JEHEERE (g/em’) B 2W kR HRRE (em) G ML A ARER(%) .

TERRMAE S R G s b, B BR B3 0.45 5 0,50 1 kg R4 R 8 96 40 SF- 25 55 B SR (R s e 2R
B, ST AR R SR AT R A R 0.5 IFRARTTEL
1.4 BdsrGamr

KRS BT LE SPSS16.0 #4452 /8, H-4d1 FH one-way ANOVA HEAT AN )7 25041 5 28 L #KL
0T G ke ¢

20 F my R AR
200 F o&H

2 #R

2.1 BEEAYE - b
211 FRAJRE bt e, @ ;

IR TR AR 25 b B o | el 1] ‘ ‘
SIS A o TR RS T A 55 T s e
SHMRRIRRR, T b L 7 T4IAR (P <0.05) (181 1)

212 K FRLBORTRS % 2 Al RRRERTAREDRILR
. Fig. 1  Comparison of biomass of tree layer in different

KA MM T AR YR 2 RN R WA
AR ZEREE (P <0.05), REEEARZEREA
2 MR A P N T LA SRR MO T 0 i 2 SR 3, 5 P AR A B
(P <0.05)(#%3),

A4y Biomass/(t/hm?)

secondary forests

R3 BREMKTEHEEVEHLILER

Table 3 Comparison of biomass in understory and forest floor litter in different secondary forests

N = =N 2 o = =N 2
oy HEARZ AW Shrub layer/ (t/hm?) : HWARJZ Y Herb layer/ (t/hm?) g
Types o T B AN o 0 A e/ (/)
AGB BGB Total AGB BGB Total
LR YF 0.58+0.64A 0.15+0.13A 0.73+0.76A 0.89+0.51A 0.46+0.39A 1.35+0.13A 2.38+1.03A
bk MF 1.09+0.92A 0.58+0.54A 1.66+1.46A 0.01+0.00B 0.01+0.00A 0.01+0.01B 0.40+0.02B
ZHk OF 0.96+0.32A 0.16+0.10A 1.13+0.41A 0.00+0.00C 0.00+0.00B 0.00+0.00C 2.80+0.62A

# [a] — 3 FREARF TR 22 57 B & (P <0.05) ;AGB: Aboveground biomass; BGB: Belowground biomass

2.2 MRV AR

X By I B U AE AR AE W A R AT AT, S5 B SRR 11 A W e i B R TR TR AR (P <
0.05) , MR AE Pt ik i 25 2 T4IIAR (P <0.05) 5 AN RIR A AR Z ] T A J2 R R AR J2 1 26 W) s B A7 A 385 2 %
(P <0.05) ,ERJZM 2R AR ZE (P >0.05) , FobfAl 7 ¥ )2 09 A4 W) i ik 2 I8 T4 AR Ak (P <0.05)
(%&4),
2.3 PV - i

B UEAR IR A i, LIEMREAR (P28 113.43 vhm?) |, PARIRZ (167.39 v/hm®) , 4l bR e mi (198.44 +/
hm?) , BRGNP <0.05) , STHMEFABE(P >0.05) , AIHK5 Pk 22 2o 2%
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R4 BREMEMEBRLE

Table 4 Comparison of biomass carbon in different secondary forests

s AR HASR AR Hitk 2 ait
Type Tree layer Shrub layer Herb layer Forest floor litter Total
LMk YF 24.09+8.24A 0.37+0.38A 0.68+0.06A 1.19+0.51A 26.32+9.20A
AR MF 56.74+4.87B 0.83+0.73A 0.01+0.00B 0.20+0.01B 57.78+5.62B
EHk OF 121.29+14.81C 0.56+0.20A 0.00+0.00C 1.40+0.31A 123.26+15.33C

# [f] =3 FHRER R R R 22 57 835 (P <0.05)

(P >0.05) (K2), Ligerrfitit b L2 e m s 300 ¢

> ,0—20 em Hl 20—40 em +JEFH FHEBRME RO K T 250 30 doom

AN 53 30 TR (114,33 Uk ) > 406K (105.45 v 5 %) e

hm®) >ZEHK (74.981/hm*) LA (92.99 v/hm*) > HAK %; Sz 7 ¢

(53.06 t/hm”) >#Z K (38.45 /hm*) (K 2), £ Ak % sol ﬁ&%ﬂ

PO S £ 20—40 om LRIGBEE AR E o T E——

2R HAMAS R LENZR YRR E (P >0.05) AHRIT Types

(F2). B2 SRAEHEERERGOLE

2.4 EB RS E LHAT Fig. 2  Comparison of soil carbon storage in different
WFGEARMT, T 11187 1K M S R SR B B secondary forests

0, F¥ R 236.69 t/hm?, M SIAR ) A% LA & AH

L4800k 225.17 vhm® T 224.76 vhm? £ R A MA S R G BRAE 22 R A B3 (P >0.05) , (A2, £ IR AR
A=A R G PR B A B 0 TSR e 1) LU 25 SR B (P <0.05) o Abkeh, A R S AR S R G IRAE Y
88.29% ,Fim it K 11.71% 3 AKKIN Ry 74.34% Fl 25.66% ; EM A 47.92% 1 52.08% .,

3 it
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v/hm® " RSO AR SRR S A 2 i R R AR 4 A R AR 25 EE O B A BT P T
P FAAHT A IR A MRV B AR it 25 R R SRR 09 2R W i (242.59 vhm? ) A1 T 25 18 TR A % 14 A= )
TR P T MR ZARAE VA 11 24 4y e 140 B S K 2V AR A8 0 A i 1 SR RSPl T 1 A )
RS AR AR 2K G R i B A DX A VA R AR TR A R R AR AT
A ARIAEIE PP A1 v B VR B AR T O BEVE A [ 2R AR ) s R LR A TR A2 AL . RARE AR
B A 108 O S I 3 i, FE A2 R S S O A s K AR R AR YR B N R AN S B R R BF
FAER—H" .

ETEE TS R G MR A o B R ) IE T RO TR N L AR AR A SRR PR RIS R G
B At ik 33 A 224.76,225.17 v/hm* Fil 236.69 tv/hm? A% T HE AR S R G R Bt it 258. 82 /hm? 777,
JRR AT RE R, A L B R | R a0 LR R TR Y R ARAR R TR T AR S R G R
fi# A7 e

] A AMIFF 9T 22 B, STV 3R 0 7 15 AR AR 25 3R G B AT 0 AN 28 2 BRAS AR fl P R AR
FEFR [, AR R) AR ) 1 SR A it A AR AL T R A 44—264 t/hm® 2Z [0] S 107.8 v/hm?, i KIRME
WA R 109.1 vhm® , N TARAA R 107.1 vhm? "™ ARBFZE o, 5800 it i 1) /MUY S 9 bk (198.44
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v/hm®) >HAK(167.39 v/hm® ) > (113.43 v/hm*) |, F W FHE RIS 0 10 [ 0RE | - Emmbk i R 1%, MR Bffi
TR, FER R LB I R, 2 B SR R A ST R B, B R B A I 1 R AR R
AR 75 25 G0 Fp Rl i i 0 b SR G 1) BT R A A 8 A AR Ak, DRI - SRR A e LU AR o, RS R
Gt fit a1 88.29% , H W fitk ARG, b 11.71% 5 ZARNIAS 5], HE 90 0k At 22 (52.08% ) 1o T+ Sk it 12
(47.92%) ; "PARJE W 38 22 18], (05 G ARAR AL, L 3= 38Rk A £k 3 (74.34% ) , AR 1 oM 5 (25.66%) , 1]
W, B AR A T 10 3R, LSRR A A R A IR G 2 W ., B AR L 2 A i K T 0
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