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Influence of vegetation restoration on carbon in the lakeside zone of Karst

Wetland in Guizhou Plateau

WU Yunjie*, TIAN Xin, ZHANG Mingyi, WANG Shuo
College of Eco-Environmental Engineering /The Institute of Karst Wetland Ecology, Guizhou Minzu University, Guiyang 550025, China

Abstract: This paper takes Guizhou Caohai Reserve (2171.7 m above sea level approximately) as the research object, the
time-space substitution method was used to study the distribution and influencing factors of soil organic carbon (SOC),
easily oxidizable organic carbon (ROC) and soluble organic carbon (DOC) in different geomorphological environments
(non-karst landforms, karst landforms and vegetation restoration landforms). The purpose of this paper is to provide a
scientific basis for accurately estimating the reserves of carbon components and evaluating the benefits of carbon
sequestration in the reserve.The results showed that; (1) The contents of SOC, ROC and DOC,under different landforms
had very significantly negative correlation with soil depth, that was, they decreased with the increase of soil depth. (2) In
the 0—50 cm soil layer, both karst and non-karst landforms had relatively higher organic carbon content in soil aggregates
larger than 0.2 mm, and the lowest content of smaller than 0.125 mm. (3) During the process of vegetation restoration, the
content of soil carbon components increased significantly, and the enhancement of soil carbon sequestration capacity
increased soil organic carbon content, promoted the formation of soil aggregates, and also improved the stability of soil

aggregales.
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Fig.1 Location of the study area
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Table 1 Location and vegetation status of the transect

—_— LA . W5 15/ % . .
e i i R ey e
o Latitude . Vegetation . .
Transect . Altitude Soil type  Phytocoenosium
longitude coverage
104012/ 82— TRARRE LI (Sophora japonica L) FEABIH( Sabina chinensis (L.)
S s Ant.) A ( Cunninghamia lanceolata (Lamb.) Hook ) %4 3 ; HEA TS .
E[Fa s 104°13'1.82"E " X ) e ) '
Non-karst 26052'3.10"— 2174—2196 85 g VAR (Juniperus rigida S. et Z) Fl K ( Pyracantha fortuneana (Maxim. )
on-kars 26052?6 . L)k F; EAMY. L (Eleusine indica (L.) Gaertn) , /K f
' (Oenanthe javanica (BL.) DC.) FT L ( Juncus effusus)
104°14'0.33"—
W 104°14'2.81"E BEAKEY AR B ( Trifolium Linn) KT #5355 (Juncus effusus ) 7 &5
2179—2202 4 ) N ’
Karst 26°51'51.11"— " 0 0 Rt FE
26°52'0.38"N
104°13'53.40"— y \ . M, 3 v D] H
Hibie s 104°13'7.0'F TR BEVE: LIRS (Ulmus pumila 1) Ry 35 K BE V& DLBA UK
~ . s o 2179—2202 60 Vay & ( Zanthoxylum piperitum Benn) A 3 ; ¥ AR KL Y. UL 4 X9 % ( Coreopsis
Vegetation restoration ~ 26°51'56.86"— .. i .. o1 N A S
269520.81"N drummondii Torr. et Gray) FIE & (Artemisia carvifolia) 554 E

DA AR X 3 2 b ek & B R AT R 9T, B AR B i R B E L TR (MT) (I (HS) (1l
(BM) JEI(SS) KL KARHL (WL) 5 NS (CREBAIRE REAT 3 4>) 30 13 AR (181 1) o SRR IR AL IR
SEARNRE ARSI, B R B 3 AT RE IBURE B T TR B 50 em, TR EETAIRA N 10 em, KBTI
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AR B AL I 5 2 B R A2 AT i) T A LA (SOC) SR FH 7 4% I B 4 Ak A1 T A
2 5 FALA PR (ROC) SR H 333 nmol/L KMnO, A fb- Fb 3L STl %2 | ] ¥ 14 LK ( DOC) 2R A 0.2 mol/L
FeSO, T E M E FHARR A EAM 6 BE 1 B A8 E R A 2 mol/L G AL B -#E 1 35 Lb (.7 &0 (TP) 2R H]
NaOH #fil-SHBA T 0. (4 - 2N EE e U0 (AP) SR H 0.5 mol /L NaHCO, $&R-FHEAHT 2 (- 225160t
FEW: , BRESAE 105°C FHET I 2 3K 20 & i (SWC) M I (BD) ; L SR (EC) 2R H HL S R4
JE 5 45 pH SR HAR A % IR BB R AN (£ 2)
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Table 2 Physical and chemical properties of surface soil from the different transect

- ‘ kR, b SR A o A
Eit FER . KHE Electrical Nitric Ammonium .
: pH Moisture T . . . Total P/ Available P/
Transect Point ent Unit weight conductivity/ nitrogen/ nitrogen/ (e/ke) (me/ke)
contenl m;
(s/em)  (mgky)  (mg/kg) ¢ ¢
JEng Bt MT  4.19:0.11b  25.15£6.57b  1.4120.11a  42.77£12.23¢ ~ 3.04+2.17a  14.81x2.23a  2.81x0.65h 4.14x1.26ab
Non-karst HS 4.41£0.29bh 27.56+3.65b 1.39+0.02a  38.87+15.42¢  3.20 £3.35a  11.61 £1.05¢  3.11+2.26a 5.60£0.65h

BM 4.44+0.23b 30.8+4.27ab 1.36£0.14a  36.03+11.44c  4.51 +4.32a 1097 £1.08bc  2.61+1.05a 6.13£1.24a
SS 7.40+0.30a 26.62+1.57b 1.51£0.02a  75.90£15.40b  3.76 +1.49a  11.21 £1.0lb  5.94x1.24a 4.12+1.90ab
WL 7.16+0.43a 36.95+0.93a 1.32+0.02a  125.63+17.25a  2.67 +1.26a  10.62 +1.25b  5.85+1.51b 1.77£0.07b
AT MT 8.26+0.10a 31.66+0.06a 1.37£0.06a  137.37£13.69a  1.08 +1.43¢ 2.81+2.05b 5.98+0.73¢ 1.93+1.51a
Karst HS 8.22+0.09a 37.61+0.09a 1.30£0.09a  81.10£24.47b  1.34 +1.05¢ 3.19 £2.25b  5.56+1.90a 1.40+1.05a
BM 7.77+0.08a 38.67+0.09a 1.26£0.09a  59.70+18.93b  1.44 +1.05¢ 4.73 +0.05ab  4.22+1.24bc 2.58+2.26a
SS 7.81+0.13ab  30.67+0.18a 1.49+0.18a  116.67+8.61b 7.09 +2.26a 8.44 £0.09a  8.13+0.88b 5.62+0.80b

WL 7.82#0.13ab  29.28+0.17a  1.48%0.17a 214.03£34.70a  4.5420.88b  8.58+0.10a  3.61x1.24a 5.62+0.88h
il 7 MT 7.99+0.10a  22.02+¢0.19a  1.59+0.19a  99.20+32.72bc  2.61£0.67a 6.77+0.33a  1.91x1.45a 2.38+0.73a
Vegetation HS  647:0.33b  29.06:0.06a  1.22#0.06a  36.63x11.87c  3.17x1.45a  521:0.6la  6.51+0.45a 6.65+1.45a
restoration BM  7.38:0.6lab  25.42+0.16a  1.41:0.16a  89.83+47.55bc 2.70:0.45a  6.43:0.06a  6.12£0.07a 6.1120.45ab

MT (1T Mountaintop; HS ; (L Hillside; BM ; LI Bukit mertajam;SS: f#i/1 Shoreside ; WL {23 Wetland ; /NG F-REA 2 [ —Ris /8 [7] X S8 22 8] . 21k 25 57 (P<
0.05)

1.2.3 HdEantr 55t
FIH Excel 2007 FA& AT 8RS, B 43 Ar{di ] SPSS 26.0 #AF k4743, FH Canoco Software 5.0 k{4
X A SR £ Tl LB A 722 HE il 32 AR AR 53 BT (PCoA ) , VEEIFE Origin 9.1 3R A 58 1

2 ERES

2.1 R[] Hb S B 0 43 AR AR
2,11 AS[A] g A PR 2 A RRAE

AR HISAN [FIGRBE T 3 5k 18 SOC & o G L an &l 2 FoR - AR T Re el 5w B ity 1 3R L
R D B AR AT R 2 SOC Fr i B B 25 5% (P<0.05) , FLYE SS Al WL X454k, SOC %
T S T HARE A B TR R T MT (HS T BM 3 f57E 0—20 em +JE 0 SOC & Wi, XX 5T
HABPIZAE 5, HAE BM AL & R AR, SF 2 6.606 o/ kg s TEAE#AE AR, 45 i S 45 TR EE SOC -3 1% 1 AH
ZEARNHLE  PE R 6.299 o/ ke, A B 32)2 5 T HoAth 4 )2 19 B B R iE sl A o AR AR
2.1.2  AN[EHAR -+ HES) S A WU 53 AR AR

ANFIHESANRIREE T 3 450647 11 ROC & i /0 A R IUA & o A L an 181 3 J 7 AEAE MR Jn ket v, AL
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[T il Ty e T o =2 L = o W R D R A L
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Fig.3 Content distribution characteristics of ROC in different bands
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AR HISA RIREE T 3 460647 138 DOC ¥ & o A g L Wl 4 R - AEmE T REREA b, U MT 3] WL
X35k, DOC P34 & T AEAKCY-J5 o] g in , & i e KA MT X3 0<h <10 em )22, fe/MEH SS XY
40<h <50 em J2; B HRFET o DOC P34 e KV J7 1) AR AL R IR Se sl b e 3 i« v B AR e | o7
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3 SRR T A HAL M T PCoA T AN 5 s, o EMERASREA A EHTAEREN ¢ RIS
SEFLHA AR AR X Sk R A BRI M R 2 5 2 A ARk 028
PRI R, BT RS T 220 75.59% . Hrh PCl 015
TR, B 60.81% FUBEAE S, PC2 T filife ¢

14.78% AR 52, DU = SR 2 B L e e
B, b TSR S e AR T o 008
KRR, 2 SLERALE AR . S .
2.2.2 BT §

-0.05

T S 2 A TG, O FLA% 18
T 0 S B A R ) DR S PRS0 oo
MBI BB T A BURRALS & R BTN,

S 09 2R B o R B A R T T T T e o
S fh PLHE 72 5B B R, T A A eI (6081%)
e SRS F HEAT LA LA BB AR il F Bs LB R b

;H\:qjj Eﬂg/ﬁ;ﬁ‘ Cl%ﬁé% ':P E"J iﬁzé SOC \ﬂgﬂﬁ fﬁ?ﬁ%% *E%ﬁ{% Fig.5 Principal coordinate analysis of soil physical and chemical

/E#% ‘:Pj:i% DOC E@g%@{%i@m?@%mﬁﬁ;ﬁ , N properties chemical properties
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the largest possible explain data changes; PC2: A4 F (IAEfLJE i 5 kb

N yi 2E A= RN N k1 42
BEJG SHrAR Bl AT LR AL o 5 H e LN i St Bt K ) 3 AL A5 i 43 The rest of the degree of change in the
i‘[‘lﬁl Uﬂ *ﬁﬂé}ﬁﬁn? : proportion of the largest main coordinate components
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W TR
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T2 DTRR A IRy A 5 L g PR I A A TR FHASONE , L TP T EC X 38 ROC 5 1 1) 42 VE FH A X 45
K,IFHRIONGAE, TP EC Fl AP Xt -4 DOC /% B 238 12 R AR T H ] 230 72 R 4, Ui TP X + 4%
DOC &5 A =8 oimk B2 1ER0W , +3E pH SWC  BD \NO;-N 1 NH}-N XJ + 3¢ DOC ) B 418 12 R 50/
TR AMEE AR R AL, UL T 12338 DOC 5 i ) 32 5 5wk 349 8 0 Ay 38 o 5% i JE i PRI = 77 2 1) TR 424 R 2800
T RRAE R - 22 ) A AE AR AT, SRRl 1 48 ROC Al +4 DOC &4,

FERE RS pH X 48 SOC B i 1) B 30 428 R BOR T L B 230 42 R 8k, 2 WL - e Ak PR 7 X £
58 SOC 7 i) FZE oMk R I R ELEEAE RN, H R B F R AEALN 5 17 NOS-N & #4148 SOC & iy £ 2
DU 2 BNy 3 2 5 ) LB DR T 7 A R TR A 0, e BN e R B, #E R -4 ROC & &1 (B 35
+HEH T, pH AP NH;-N Fl SWC Xt 148 ROC Y B 330 48 R AU K T H ) #5848 2480, B3R AL
N, #2BH pH AP \NH;-N FI SWC X} ROC & & 1 =22 5Tk 3 30y BLH/E FIAN , EC \NOS-N Fl TP %} ROC %
A AR RBOR T H BSR40, BT SOC 5 12 1Y 32 22 53 ik 28 B0 R 3 3 5 w1 BRI 1 7= A A )
FEAE AN Hodr  EC AN TP 63 H Fe KRR , - SR AR R AIE PR 22 8] A AH B A T, R [R) 52 38 Soc A+
HEROC i,

FEREBEAE SRR, NH,-N XF 18 SOC & & 19 B0 4230 48 R 80K T HB) 42238 12 R 4% R iE, BD EC,
NO;-N NH;-N 1 TP X} -4 ROC f) 0 12 KRB K T H2E 42 R4, R LA - 588 L] 7% ROC
i ) BB TR RN B E O, HA RN IE RN, 117 pH SWC A1 AP WIZRIN s, + e b e
TF PR =2 [8] A AR P, S [R50 1488 SOC F1 -3 ROC & i, T BRAR R AIF IR 22 6] 4 AH B4R D, S 1 5%
+3 soC A+ ROC & &,

[l s, JT 5 - S DR 1 X Ml B 1 B RS TP ) 3 ROC & A D3R R B0 R = 0.999 , ) 4% IR 1 1038 48 22 5K
H e=0.0316, % (EEN, BB I Z X ROC & S 52 W E /N, A A A2, X HABAE A o %) 11 SOC . ROC
1 DOC R R B e MEABH XS K (e pmroc = 0-8117 e pnoe = 0.6403 | epoe = 0.8117  eppoe = 0.8117
episoc = 0.453) , RIHA AL i A7 % + 3 SOC , ROC Al DOC & S M4 Ky —Be Hop [ & A FRIEA
e,

3 iTtig

3.1 WEITRR A - SRR A S B Y R
FETHE XK, 0T 5 B SS A5 WL 8 R HLAR & 2 H 4 T IR X, 7 (8.046+0.001) ¢/kg, X 51F
)V S R 4 AR — L AR BT SS AL WL 5 E 4 ROC & i, T 13 DOC Fr M, ¥ TREAl
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AR X I, JE R ] 52 BT SS 5 WL 05 U8 7 0 A AN AR Bk A iss , AR TR A= R - e 0RI 1 1T 52 g
+HE ROC i BuAh WK Xt 4% ROC & A GuEfE A IR I SS A5 -3¢ DOC % B 7E 20—40
em T JEBGE, M WL GUUFE 0—20 em L2805, — 7 HJE H TR AR, L DOC & i Z YR R 5%
MO0, 55— 5 T R SS AN B R AR BB R I DOC ik, B WL Xk 3 AT sk, [ ik WL [X ek 4 138
7K A HLBR A 75 H R T SR A T i 22 2 -1 DoC &t |

I SOC F i K BRI R A MR RS R o R L R N R A TR LR X,
(MT HS 5 BM) | AEWE SRR R e Rl £ 4 SOC &8 i i 43 BI7E 0—10 em F1 10—20 em 2, LW 4HE
1 SOC & i 3 1o A S S BB e T A . — Az b T A T W RAR R A3 s
M), AR TR R Ak T e SRR o B, AR A 25 AT KBV O 3 B R M RN R RS Ao R T
VR, Horfr 0—10 em JZORVEZ b EIETEY, R 3% SOC & T HoAh + )2 S8 P 42, [ i AR Rt 42 R i
38 SOC MY A3AT 5 W W RF R AR S, (R IR A R 2 5 /0 1 7 26 FE AR XA, R SZ AR WIAR R B H5 0 3%
J2 RN K o RIVE T, 452 2 - HERR S sl ) N2 HRS , e & B £ 10—20 em J2 A 18 SOC & i
R EIG , B— 1, 2 TR EIN B T AR A 2 AR 2R 2 B A, Bk T e ok iR
P, 45 AR PR i W3 v, D R S LR A

+1E ROC . DOC %12 5 32 B & YA 11 pH Sk A A W4l sl &5 m , Wi a1 1565
SEACA HUBRAS R TR BE S fb 22 ] (4 22 Sk 0T Wi gE R W, W T4 BT 38 ROC . DOC 7R 45 IX 38k T 7 A 22 4%
AN BT AR TRRRES 3K T Bt T AR TR AR A N T B R TR W o R RR FR 4 M A MLIRR , fil
pH {E R, R0 Sl A Pt - 396m% 4 2 A 2B, AN 1 46k ROC . DOC (A s> | (R4 ik,
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AR FEmg TR RE s TR Bl 7 55 A4 3 R B0 B 26 R IR R R i LI R )2 R B
WY C B A INAG AR & i (0 a2 VR BE BT , P75 W%t - AR 5 B A 5 R % U 5 5 1
FET G AR 2R AR R BT 0 LA BT A 90 18 A AR 32 MK R i [ VR 2 B ) sl T - 396 HLAR B
- HER PR T AR AV P T L 40 AT 5 T [ I IR s 32 e Bl 7 5 SR 0 S i, B AR Dl PR (45 ML 7%
T WAL IR R, Xt — 2 UL T W TR RR A BM BE A HIURR B I AR T AR A

Zod AW T AL T 56 R At 98 B R K 43 A B 1 i, 45 R T 06 R 1% AR S BhAS Al
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B JCHLR B IR R DT A — 0, U1 F S B B B 1 SRR O . B e o e E WAL 2R AR FR Y
FES 5 8 IR0 R E 16 3 B R IR R IR FE B SR AE R - e 4R e R
BURRFNFR A 0 S HLAS B w55 114 [ i, A 0 FE v A1 20 - S 0P W A ) A 3% - R 2 O B 9 20 1T
G, T PR B HLBR R ) LR AR 1l X O TR R AR E AR R R S
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M), 3 AT RE Sl R BRI AN T Y, T AR - 580 SO,
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FRIRZ D , ST BB B AT S i R A B Bl R, B A R I AR WA S R - A MBI 15 I T S ke
R
4 i
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