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Effect of land use on the characteristics of organic carbon and labile organic

carbon in soil aggregates in Karst mountain areas
LI Juan'?,LIAO Hongkai*, LONG Jian® " ,CHEN Caiyun’

1 Department of Geography and Environmental Science, Guizhou Normal University , Guiyang 550001 , China

2 Guizhou Key Laboratory of Mountain Environment, Guizhou Normal University, Guiyang 550001 , China

Abstract: Soil organic carbon is a dynamic medium of carbon transfer and is a main pathway for the circulation of carbon
through soils in Karst systems. Karst systems are typically ecologically fragile areas with limited environmental capacity and
resistivity. In addition, the implementation of a state policy encouraging the return of farmland to woodland ( grass) and
labor output in recent years has led to considerable change in land use patterns over a short period in these areas, which is
bound to have far-reaching impacts on the spatial distribution pattern of soil organic carbon. Extensive previous research has
investigated the response characteristics of soil organic carbon under different land use patterns. However in general , most
of these studies have only investigated the total soil organic carbon in whole soils, and have rarely studied the organic carbon
and labile organic carbon in soil aggregates. Organic carbon and labile organic carbon in aggregates are largely isolated from
microbial activity because of the physical protection of the aggregates, and this may have a major impact on their function as
soil carbon sinks. Therefore, the purpose of this study was to explore the distribution and accumulation characteristics of

organic carbon and labile organic carbon in aggregates through survey, sampling, and analysis of soils in selected Karst
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mountain areas in China.

The experiment was conducted in a small watershed in Huajiang Karst areas in southwestern Guizhou (25° 38.988'—
25° 41.322'N latitude and 105° 38.031'—106° 40. 505'E longitude ). Samples of topsoils (0—15 c¢m) were collected
from five kinds of typical land use patterns ( Pitaya orchard, grassland, Chinese prickly ash orchard, forest and shrub-
grassland ). Soil aggregates were separated by dry sieving. Aggregate composition was dominated by particles > 0.5 mm
which accounted for 82. 57% to 94.79% of the whole soil under the different land use patterns. In all size classes of
aggregate particles, forest had the highest values of organic carbon and labile organic carbon, followed by Chinese prickly
ash orchard, while grassland and shrub-grassland were relatively lower. With decreasing aggregate particle size, the peak of
organic carbon and labile organic carbon basically appeared in particles <0.25 mm in size. However, these aggregate
particles contributed less than 6% and 4% , respectively, to the contents of soil organic carbon and soil labile organic
carbon. The accumulation of soil organic carbon and soil labile organic carbon were influenced by increasing aggregate size,
with 5—1 mm aggregates contributing 28. 70% —49.47% and 34.13% —47.47% of the organic carbon and labile organic
carbon contents, respectively. Therefore, it can be assumed that particles of aggregate size 5—1 mm hold the majority of
soil carbon fixed in Karst mountain areas. In addition, the labile organic carbon content and total organic carbon content in
soil aggregates were highly significantly positively correlated (r=0.8768) , which suggests that labile organic carbon may be
a sensitive index for measuring the dynamics of organic carbon in soil aggregates in Karst mountain areas. Our results will

help to reveal the regional soil organic carbon sequestration in Karst mountain areas in China.

Key Words; Karst mountain areas; land use; aggregates; organic carbon; labile organic carbon
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1 #R57EE
1.1 XL

BIFFE XS T 5 M A G XSG B AT A B 45 /AT P (B 25 25°38. 988'—25°41. 322", K48 105°
38.031'—106°40. 505" ) , 4K TE 500—800 m [H] , ZHb IX B IR 73 2h A1 T A8 G- U], T /K RHE, fhvas =il [k
Ir A AN, 5—10 A oK A AR K Y 83% R ELAE S AR 1K 850 m LA R MEAAVHT + #A0]
A5 900 m LA ESA TR A UM, A DI A B BEE DL R BORCE BRE T F, TR R Z L)
Mo A R RSO A K F L RET-RE-EZ2 R L TRARAR F A KA AR ( Toona sinensis) RIS
( Platycarya longipes) . ¥ 8k ( Juglans regia) F1 /N5 ( Ficus concina) 5 ¥ AR M H 322 L AE MU ( Zanthoxylum
bungeanum) K F ; LI TEEL ( Miscanthus sinensis ) B 1 5L ( Arundinella hirta ) %5 8 F AR EF ARG X
SlAE A S e st R O SRR, ASBIFTE R T At 2R Pl B D AEABURR TR AR BRI E B AL 5 b b 3t A1) T D7 5K
HBFFERT G S EAF R 1,

*1 BERHESREARELHF AARNERSFE
Table 1 Basic characteristics of different land use patterns in Karst ecosystems
LRI s ww W SRy Mk PORE% e
Land use . . . Canopy . L.
GPS position Altitude Aspect Slope Location Community characteristics
Patterns closure
N TR, SiM FAAEBR7E 5 o 2247, B E
KR 25°40'28.07" \ A AR R TE 1. 5m 2247, MERBHEAG fe
Pitaya orchard 105°39'47. 46" 626 i 1520 T 4 TS R i T8 5, b 3R A s i T
#—E ATk
N 25°41'19.91" P ‘ FIRWRAE ; LA 0 vty B0 8 S DA 4k
Grassland 105°39'52. 58" O R 15 T 80 N THRAFBAR D
AR, 400K [ 1992 454 BRI, 1995
ACBUMK Chinese 25°39'40. 74" \ AEFF IR B, 2000 AEHENFE B AGE 2.5 m
prickly ash orchard 105°38'59. 18" 674 i 202 i 65 LA W EARTE 4.5 m Zidy R K ARG
TR AN KT
020 p KR HMETES m LA E, 4% 10—60 em, 3
JACH UM W 2025 mEE 85 BREIE . AR S AN T ot
orest 105°39'2.44 g
R
e TR HEET 1.2 m Ay, E BRI Rk
Py }J\ o 1 3 " X ’ . " N
RER B a7 om0 R 70 el BUB 5 DL O 460 RS
¢ ‘ AR TR

1.2 FRECRES AR

2010 4 12 H N A AR MR 7 i 3 N E G R, SRR < ST IR I 5—T7 AN RE R, R AR
B, S A A A A D B BRORE TR B AE 0—20 em (8], TS A — 4~ HHERES . HREF S22 5 K+
HEFI R EAR A 1 em 2245 A9/ B BRI AT 0L B /N A1 B K s P 5, s KT TR AT, — 380 (PR BRRR)
BT B 2% | 53— o s i 100 HJE e i, £ .
1.3 Wik

A RS GRS B R AEFLAR A 521, 0.5 mm AT0.25 mm (45 4R+
it L2 T EA, A — LR & L R — & T = T w06, n 25 5 T 06 05 4 X
T35 0 6 R4, Bl>5 mm 5—2 mm 2—1 mm . 1—0.5 mm 0. 5—0.25 mm F1<0.25 mm, ZFH5042%
KRR HIFRE T, A 100 B R, T 588 MU AT A HLIR I E

AT DRI 5 SR FH 5K R B — A M AR A T IS P A AT P00 s SR P e A R B A A T
AL BRAT RIS 15 mg B T3R5 T 100 mL B4, A 333 mmol/L 254 FREF VAW 25mL.,
PR 1 h,BRJ5 L) 4000 v/min #5005 min, BT 258 F /K% 1:250 38, K0 B AE 565 nm P Kb 1T
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1.4 R 550100
P A TR S A B i = A R R T/ HERE BT X 100%
PR R+ HEFR 00 B TTRR = (R R P 320 S xZ A BRIRI & 5 (% ) ) /2 R4 X 100%

Ao, AR AR th 35455 1 B R AR A AR s A LB 1%

IR EE N Excel 2003 1 DPS 6. 55 B4 AR, i 2 MR 50 LSD L1740 #7 .
2 BER55H
2.1 AN R TR B R AR AR

H e 2 AT LU AN TR) = R 7 20T R R A 25 57 I 8 (R 45 1R 7 U R #1<0. 25 mm AR
i AR, A IRTE 1. 77% —5. 58% [A] ,0. 5—0. 25 mm K2, A5 MRTE 2. 72% —11. 85% [d) . HEEL AFI K Jp
RELA> 5 mm BRI DA A R R & e i, il 3k 54. 43% , F 35 0 T H AR A2 B R 14 (P<
0.05) ; F- ARMLL 5—2 mm Fl1> 5 mm FIRARS EH 32 AL 1—0.5 mm BIRIEN T2, 25.77% A5 5—2
mm Fl 2—1 mm BIREARIL B #2257 KF-(P>0.05) . TE[E—kAAE T, BEF IS5 mm ARG H 2T 4 F)
= 62% —285% , 22 5 .35 (P<0.05) ; Fo ARM KOl SR e FIAEHUR 5—2 mm BRI S B3, 2 F e
29.20% —30.77% [i], AR NEAR ;2—1 mm RS i DL SR, AE UMK 22 HE B AR A 5 1—0. 5 mm LA
NI AEMIUBR I 22 | HE A B AE A5 0. 5—0. 25 mm P B AR & & DL FE NI, TR AR AR 2, T # ABRe A1
<0. 25 mm PIERARLIE N &, #E R AR Z, KO B B fik

®2 FRLMABAXT LERAREABSHE

Table 2 Distribution of soil aggregates under different land use patterns/ %

BRI pinse KL TE ] The range of particle sizes of aggregates

Land use patterns >5 mm 5—2 mm 2—1 mm 1—0.5 mm  0.5—0.25 mm <0.25 mm
Kk Fp el Pitaya orchard 33.60+2.84bA 30.7423.40aA 16.63+1.82bB 13.80+2.56bcB 3.44+0.95hC 1.77+0. 68bC
B\ Grassland 14.13£2.05dBC 20.22:+1. 80bAB22.45+2.09aA 25.77+3.14aA 11.85+1.70aCD  5.58+1.60aD
AEHUBR Chinese prickly ash orchard 20.82+1.75¢dB 29.20+1.56aA 22.15+0.98aB 20.67+1.16abB 4.75+0.61hC 2.42+0.31bC
TR AMK Forest 27.4124.29 beA 30.77+3.39aA  17.29+1.24bB 15.86+4.00bB  5.99+1.93bC 2.68+0. 46abC
JEF M Shrub-grassland 54.43+5.70aA 24.58+0.92abB 8.87+1.17¢C  6.68+2.18¢cC  2.72+1.57hC 2.72+1.00abC

RRIKE FRER IR P R 2 ()35 (235 22 57K F (P<0. 05 ) AR [R/ING TR Lt R 7 302 1) 22 57k B35 K P (P<0. 05)

2.2 R[EIEHRH T R ARG HLER RS A HLR A et

M1 AT LUE 45 R R O 3R 4 A MRS T A AL O B 22 S B, b R AL B BT
AR AERUBR | K i SRl e AR AP I PP AR O A, 380 AT LRI 5 B4 TR AR KO SR el B |
A VB NI PP AR R R IG5 EL TR AR = 5 BLAS 3G PR AL & =3 3% 3 TS 4 R £ A 7 =8 (P<
0.05) , M) 4 Ff L 1A I 7 AR B3 22 550K (P>0.05) o 54 A HLBRARRL, 2540 2 A1 SR AR A Bl
RS A LR S AR TR AR B, I SR BEl RN AEARUMR v | 5 AR 55 DA AR R AR 3 2 B
G+ HURE VA DL S AR AR KRR BE L5 M 45 b 2 AT SR A MILA B 16 MR A DR 0 5 o0 A, B AT SR A4
AR FRAK | K 5 Bl R B NG HILBRTE< 0.25 mm 1B ARIA B ; 2 AFN KO B 7E 1—0.5 mm
PSR AR IR B K 5 I AT SR AR A2 A RAAR, T SR AR A LA S22 I S 1 W U434, LA 2—1 mm 1 0. 5—0. 25
mm RS BRI, IR <0. 25 mm PSS A B f g ([ B ARIAERRUAR A1 ) |
2.3 HHESA MRS E R IR SRR HLER A B C R

2 BT AT AU 5 A RAR A R AARAE SR - S oA LR S S B AR OGO R B - A HLBR
TR, AR A SRR - HLA i BV SRk A, B3RO LIRS A SRR ML I IE AR OGS
%, H 5—2 mm KR F REA YRS BA DA 53 IEA S (P<0.01) ,R* {A 135 0. 9484 ;2—1 mm Ki
2 A B LR 5 A B 53540 56 (P<0.05) ,R* {7 0. 8193; 1> 5 mm,1—0.5 mm.0.5—0.25 mm,
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Fig.1 Content of organic carbon and labile organic carbon in each sizes aggregates under different land use patterns
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Fig.2 Relationship between organic carbon and total soil organic carbon in soil aggregates
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SVTEPEAT DR & RN, AR AR A SR A IR A LA % i SR R 3k B 3 SO R LR 5 AR K
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Labile organic carbon in 0.5—0.25 mm aggregates Labile organic carbon in <0.25 mm aggregates

1—0.5 mm B RAIEHEAHLHR/(2/ke)
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3 TERNEAREEEENRS SEEEIRNEEXR

Fig.3 Relationship between labile organic carbon and total soil labile organic carbon in soil aggregates

2.5 PISRMO LA HUBR AN MEA HLAR B9 TR

H1% 3 M1 4 AT LIRS [) bt ) FH D5 20T 25 W28 P SR ARORS - S3EAT LA RN 1A AT HILIK 19 DTk 3  BE o
—sEZE S, o KO R FIRE RN S5 mm A1 SRS - SEAT BB I PEAT AL 2 B e, AE UMK T ACbR LA
5—2 mm KENERK, FALL 1—0.5 mm BF| AR, AR LA TR, 2805 A1 R R LA HLax A v
A LB B TR A B IR AE A H AR <0. 25 mm HIZRAAR,0.5—0. 25 mm K2, I ELIX PR 2R 1 SR 0] 1 3
AR FNIEPEA HLBR Y STHIR A SRR R 10% (B PLBRERSL) X R WI> 0.5 mm BRI R AR 1347 Lok
I AT AL 322 DTk

®3 TEREHNARGH LEAVRSENTEE

Table 3 Contribution rates of different aggregate fractions to soil organic carbon content/ %

FIFH L S 4R A% T [B] The range of particle size of aggregates
Land use patterns > 5 mm 5—2 mm 2—1 mm 1—0.5 mm  0.5—0.25 mm <0.25 mm
K Je i Pitaya orchard 32.64+3.34ab  31.51+3.56a 17.20+2.23a 15.71+2.83b  3.79+0.95b 2.22+0.80b
FM\ Grassland 10.68+2. 08¢ 17.21£2.62 ¢ 20.56+1.82a 28.31+3.63a 11.56x1.67a 5.73x1.72a
AEHUBR Chinese prickly ash orchard 19.79£1.05bc  29.37+1.05ab 20.10+1.72a  21.16+1.31ab 4.3420.72b 2.33+0.48b
TR AR Forest 25.17+4.86bc  27.88+3.08ab 16.53x1.24a 16.37+£3.69b  5.66+1.77b 3.19+0. 66ab
H#ERA Shrub-grassland 45.96£11.19a 20.97x+4.40bc  7.7320.59b  5.91£0.93¢  2.30x0.73b 3.06+0.79ab

AN T)/INE FREFR IR LR O 202 8] 22 533k B3 7K F (P<0. 05)
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x4 TEXFHARG LEFEENRSENTHE

Table 4 Contribution rates of different aggregate fractions to soil labile organic carbon content/ %

FIFH 73 H R UKIAETEL ] The range of particle size of aggregates

Land use patterns > 5 mm 5—2 mm 2—1 mm 1—0.5 mm  0.5—0.25 mm <0.25 mm
K e Pitaya orchard 36.98+4.17ab  34.89+4.99a  13.06+3.02a 17.10+4.13bc  3.13+0.80a 2.00+0.60a
B\ Grassland 19.18+0. 82¢ 27.01+3.38a  13.66+2.98a 35.74+3.8la 6.81+2.19a 2.68+0.96a
AEHUBR Chinese prickly ash orchard 30.77+3.82bc  32.81£2.04a 15.05£0.29a 22.42+2.23b  3.71x0.47a 2.78+0.66a
TR AR Forest 24.96+3.46bc  33.46+1.79a  13.52x1.19a 18.64+4.72b 3.37+1.07a 3.79+0.65a
R\ Shrub-grassland 49.46+7.87a  24.41+£3.68a  9.72x2.46a  6.98x1.75¢ 3.35£1.69a 3.90+0.48a

ARING R IR R R 7 S 28 5k 3 KF (P<0. 05)

2.6 HRMEA YIRS B RAARTEEA LR P A B CR
A& 4 af DUE Y, I R RS A WL 7 15 A SR A WL 75 B W B B A5G (P<0. 01) , FH I R4
5 0. 8768 , X 3% HH A SRR TH 1A AL 75 12 A3 A 481 A SR AR MILAR 5 B A 38 i
3 #RE5ITR
3.1 R[] A 5 O A SR AR 43 A 1 52
e ZIE U Ui B LY/ B I A N e
ERCE WA e o AR TR AR A9 PLBE B AT is A 58
20 (O BLE WA R O R - P R Rk 4 L

o)
(=]

y=4.50121x + 5.20606
R*=10.7688** .

N
(=}
T

HISAEA LIRS 7/ (2/ke)

Content of organic carbon in soil aggregates
B
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T

AEEW, AR, A LA 7 30T AR A ol s e TR
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N NOTNEENN 4 12 1

R (>0.5 mm) B KA REAFIER EEHLA XS " m%@ﬁ‘ﬁﬁ%%@;%/(g(kg) 6

%ﬂ{%%“ﬂ Xﬂi@jlﬁﬂ%,ﬁﬁ%m X E]/‘J m%g#ﬂ:%%z&# Content of labile organic carbon in soil aggregates

B, BRSO A SR B I v B, AR AR B4 DEARGENSS AREEIEANBNELLR

I M4 bR T R S Aol FH S L >2 mm e AT B2 A8k Fig.4 Relationship between organic carbon and labile organic
IR TR, <0.25 mm BFIREGEEE LA, % carbon in soil aggregates

AU 3 [ b % HLIA M St lucie HLIX AOTFSE-L B, bk

HFF B A IS | TR A SRR 1) /R A R AR AL, AR SE45 R, 5 TR AMRAAR L, FiAE SO SRR
TEABF A R R AR B A0k MR, KR SR T 3 TR AR MR > 2 mm B RAR B 350 T 10.59% , 7 UL, A [R] Hhy
DX T A HRN XA BT A R R 0 22 57, T B0AT BARDUAR ALK | P35 BIL R B 22 e 45 R R TR) o) T
B2 BRI B AR L KA SRR A b 22 SR SR N BeAh  HERASS mm BIRIE S B
ETH e A IR ROA 3 5L X AT AR S A 10 AR IS s S5 AT 3¢, Tisdall "' Al Oades 25
AR R AT R A2 p AT SRARTE 10 AE AR 3 VR 22 0 9 B4 TR T 10, T - A5 T A9 R 4 )23 K PT e T R > 5
mm P RIR Y A

3.2 R[E] A HR 5 2Ot AT SR A MBS I A LA 5311 5 i)

AR HA 251 X6 3 - 7o I 9 P R A HIUBR A I 9 S, - 398 A SR ARAT LRI 5 ek Bt 5 P 5 A A 1 348 o
RGN, ZE7NI AR 0 B 9 K B, AR A 2T 8 DX HLRRAE T R R BV JE 434, <0. 002 mm Al> 2 mm FR
PR LR & B E . AN TR ORI 5 =X i A DR AR 11 25 5 S 0T L e s R R AR
g AR, WX -+ A DL AE 25 RAR A AR S A P AR 5 2 ZEASHIR ST v B s ARIAEBRUMR AT, T A
oK e R el A N <0. 25 mm F BRI HUBR A H B R A2 20 BN T 14.27% —32. 64% 14. 41% —35. 25% Fl
20.66% —63.74% ., XAFE A HUBR S AL SE 1] /NG A B8 R R B AG 2 iR BRI I 5 i 76 W 307 L X )
R AR —32 . B, X TR LL X 3 AT AL I ST K 22 0 4, Xt TSR AAR TR P B 1) A 5 348
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FXTEE =, T PSR4 P 3 1 305 P A WL 2 A 3R A i 3 1) O 9 T B 8 1 ke 2 006 oy, LR Pk mT BB Pr 4
1 N AR B AT LRk 2 AR B R S 22 Y T Rt LRI TR AR R, ARBFT A R
HH , Bl AT SR AR A2 R BRI, 45 = MR O 5 T SR AR T 8 A WL 2 B W T 430, LA 2—1 mm 11 0. 5—0. 25
mm SRR AR, 22 B PR AT SR A 3 M A BB 1) [ 22 8 T AR RT3 55, I M AL &) 0 Ak o i sl e 78 &2
TR, 5 A HURAE L, G YEA LR B 2L <0. 25 mm R4 B 5 i (B ARIAERBURBR D) |
UL AT L AR L X < 0. 25 mm 1R IR AT — 2 BUBRIC AN , Oades 45" TA S <0. 25 mm A RIR A% 0 A
YIRS , A B2 0 EIEA PR, Six 22 tuiA g MUK e 1 11 SR 1A b R A% e A st ) I 3107 R A, 4R
1M, HF< 0.25 mm FIRE S EF R L F KT, 5 B0 385 HLRR A A ALK (1) 5TERR AT B
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3.3 OR[APRL AT SRR XS A BILAR AT PR A LA SR AR 52 e
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