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Effects of land use on distribution and protection of organic carbon in soil

aggregates in karst rocky desertification area
LUO Youjin' , WEI Chaofu" ", LI Yu’, REN Zhenjiang', LIAO Heping'
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Abstract: Under the global climate change, land use patterns, as one of the most important indicators that influencing the
mineralization of soil organic carbon and the distribution of soil organic carbon in soil aggregates, have been increasingly
focused on. However, accumulated publications presently showed that very few studies have paid a lot of attention to
mineralization carbon, aggregate protected carbon, distribution of soil organic carbon in aggregates and soil aggregate
stability effecting on them in karst rocky desertification area. In this paper, stability of soil aggregates, distribution of soil
organic carbon and mineralization of organic carbon in macroaggregates under different land use patterns were studied. At
the same time, the protection function of macroaggregates to organic carbon was discussed. The objective was to have
scientific means for choosing appropriate measures to rehabilitate rocky desertification land. A research trial with four main
land use patterns [ paddy, dryland, Chinese prickly ash orchard and Pitaya orchard ] was sampled in karst rocky

desertification area, Guanling County, Guizhou province. Soil aggregates were separated by wet sieving. Mineralization of
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organic carbon in intact and crush macroaggregates was tested by incubation in laboratory. Aggregates protected carbon was
measured using methods of wet sieving after 42-day incubations of intact and crush macroaggregates of size <0.25 mm. The
results showed ; stability of soil aggregates and distribution of organic carbon in each size aggregate was obviously influenced
by land use patterns. The mean weighted diameter of aggregates ( MWD) was the rank with paddy soil > cropland > Chinese
prickly ash orchard > Pitaya orchard. Stability of soil aggregates in paddy was greater than that in dryland, Chinese prickly
ash orchard and Pitaya orchard. The content of organic carbon in paddy and dryland was higher than that in Chinese prickly
ash orchard and Pitaya orchard. The distribution of organic carbon in each size aggregate was pronounced difference between
land use patterns. Organic carbon content of 2 —5 mm, 0.25 —2 mm and <0.25 mm aggregate was decreased associated
with the rank of paddy, Pitaya orchard, dryland, and Chinese prickly ash orchard. But, organic carbon content of 5 — 8
mm aggregate was highest in Chinese prickly ash orchard and lowest in dryland. The content of macroaggregates protected
carbon under Chinese prickly ash orchard, dryland, Pitaya orchard and paddy was 83.37 mg/kg, 78. 86 mg/kg, 73. 81
mg/kgand 61. 04 mg/kg, respectively. The difference above-mentioned of macroaggregate protected carbon content
suggested that the protection of macroaggregate to organic carbon was strongest in Chinese prickly ash orchard, followed by
dryland and Pitaya orchard and weakest in paddy. That is, Chinese prickly ash orchard can improve the content of soil
macroaggregate. Certainly, macroaggregate protected carbon concentration also was increased in Chinese prickly ash orchard
than that in other land use patterns. Therefore, planting Chinese prickly ash and Pitaya can improve soil quality, due to
increasing macroaggregate concentration and enhancing protection of macroaggregate to organic carbon. The policy
implications of this study was that soil in karst rocky desertification area can been managed through changing land use

patterns to accumulate more soil organic carbon, in order to reduce the emission of carbon from soil to atmosphere.

Key Words: macroaggregates protected carbon; land use patterns; stability of aggregates; soil organic carbon
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mm, RS FEON IS KO A=, DA A A K+
1.2 HIERE S CRAE S A
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2009 410 H ML FERRASRFEIX iR E 3 D EE L, B SR HBENL 2 SRR SE 0—30 em HFE R
ORI W EE RS . A MR N K I 374 KR B0y A AR S5 A AR R M O B bR A 3k B AR
10—12 mm Z247 /N8 FFBR ISR A/ AT B, SR IF0d 8 mm i FH - 38 A R R 9 70 90 K 30 T A9
FEHSRAAIE 2 mm F10. 25 mm G T - BEREAR 00 o R0 J0RE 4 A 400 52, 00052 )y A R 3 Ak 43 H7
JrY U PR T AR 1 2,
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Table 1 Soil basic properties under different land use patterns

s A LA 2R HHA e AR X A
N
URER O ke ke ke ke Sk (ke /(merke)
5¢ patiems Organic C Total N Available N Total K Available K Total P Available P
i3 hinese
FERRURE Chinese 10.62 1.12 98.27 1171 82.80 0.54 .57
prickly ash orchard
M Dry land 6.8 11.61 1.19 102.31 11.83 84.98 0.68 15.34
J(jE/EE)H‘ 7.1 10.77 1.26 112.18 12.98 92.73 0.62 14.30
Pitaya orchard
7K H Paddy 7.0 13.33 1.22 109. 47 12.63 98.28 0.72 18.44
®2 AE:HFAFXTETRAR
Table 2  Soil particle composition under different land use patterns
R 2R fhi Sand/ % Hrhr Silt/ % AL Clay/ %
Land use patterns (0.02—2 mm) (0.002—0.0 2mm) ( <0.002 mm)
FEMUFK Chinese prickly ash orchard 46.95 26.68 26.37
4 Dry land 46.10 30.15 23.74
P& AN Pitaya orchard 54.74 25.24 20.02
7Kl Paddy 50. 49 26.32 23.19

Bk 8 mm A4 H3ERE N 500 g LU FIZERGLH THUZ (5.2.0. 25 mm) 47107, 2085 X B R K (5—S8
2—5.0.25—2, <0.25 mm) ,FRE, RAFEH o BT 0045 21 A0 45 9 A SRR HL B i A 40 U A BT &0 50 g 1Y
FTREATIRI . B0, B 50 g ZEAKHIRIE 5 min, ARG EARKYGE T 5.2 .0. 25 mm [T F, N AIREG 2
min Ji5 , 5% B 76 AN [R) 0 1 1 A0 38 B R O [R)RE 9% 0 8 A SR A A SC R I OE 2 T B B 42 (mean weight
diameter, MWD ) F/R EIRAK RS 434 . MWD = ZXiW" S X, FRORE RN EAR, W, KR BAET -
TR AR TR ], R DL EEAEE S > 0. 25 mm BIERK TR 65 T T 50E HLR AL 8 5
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SR TR RE 7% BRI Sk T A2 - A HLAR (BT f i, BG40 43 B I A5 (9 XL K T B 44 ( > 0. 25
mm) HEATAFEE L 0. 25 mm, DAREIR FLADRE S5 44 4 XU 118 JRUHR 1T 2R A st e I 508 A o A3 o 2K IR /K IR TR T
FE(28 + 1) C YRR FRAA N TG 35 2 R AR R itk . SR, 20 R Y T £ 25 ¢ HHE%
3 4y, 8T 1000 mL KA, 15K 5335 5 H I RK = 60% . 55864 25 mL 0. 01 mol/L 1 NaOH ¥ i 1)
50 mL WEIO/INC B TR R RN 35 2% B, 76 25 C RS SR G 3R . THIFREMISE 1.3.5.8.
11,15 .21 30 42 RECH RSO, B b 9 i 58 eV A = flH, INAC 1 mol/L BaCL A 2 mL A2 2 ik M3 Bk
FERA , IR MERR (HCL) 452 00T, AR9% CO, MR T3 55 3R W 1 36 DUk i fh i, o
R P R A A7 P il 5 A i e A R A 5 TR T SR AR ) 5 B P i 2

R4k SOC ™ fb R — 20 S I 5 R4

C,=Cy(1-e™)+¢C,

K, €, (mg C/kg) AFTE] ¢ (d) H BEW 1L, C, (mg C/kg) MIEAER TLARIZE  k(mg CO,-C-kg™'+d™") %
TRXT N A A R EL, €, (mg C/kg) SRR fhfi B IR Stk 1l 05 ) 7 e (b A T 1005, €
kR Marquardt J7 A7 AL, 458000 1,, () IOFHSE I8 21,0 = In2/ ks BIRRTEAET LR (Cok)
b, AR Cy FRA AT LT 7
1.3 Bdlagit o

FHOCHE PRI 22 7 i & VARG 90 A1 7 R 4005 R HT SPSS16. 0 B, il KR H Excel 2003
2 ZER5HW
2.1 A MR SRR

FE 3 T LI R [E] Ry 30 4R 4 - 398 AT R AR A A T 22 5%, AE RO K Ol SR pkh < 0. 25
mm BTSRRI & LUK, i 2 v T B RAR AR A, 23 503k 5] 39. 59% Fl1 59. 48% ; FHLLL 0. 25—2 mm Fl
<0.25 mm BIRARN 32 ;7K H b 5—8 mm AR FT 7 Ll fH 3K 29, 58% , 5 2—5 mm il <0.25 mm
RIEANFAE R E 2R, Wk RAIARLES MR 7 A 22 57, b 5—8 mm FIRK S # LK H
e, AEHUMRIRAR ;2—5 mm PR B 2 DIAE UM 8, KO SRAMRIRAIG ;0. 25—2 mm P 2R PR35 i D) 2 b e g
KR 5 <0.25 mm RS 5 LU R M =, K AR, A 25580 >0.25 mm FIRRFR N 145 A
FEESFAR AN 2 - S v B i I 25 R IR, 2 A e - B 5 R R 0 J A, S o R A R Y B 1
KU ONFE L ATLIA Y, >0.25 mm IR AT A A H B LK s, RV R R AR RRORR , ke SR AR AR A
Van F 1949 44 100 F- Y i AR (MWD) VE Ry -3 A SRR SR e P i F8 b , F A e A R A7 34
HHAEK, HIER R AR E . N3 T SF Y E R A BN KH (3.01) > FHL(1.89) > LA
(1.65) > kIpFM(1.30) , B, LA BALIABL)S , AERUMRAN OB SR AR+ 3 25 40 B e M Ot T2 b S b
HA KK H

£3 TFRLMABAXT LIEARES R

Table 3 Distribution of soil aggregates under different land use patterns

+ i A [ JE AR A5 RE 0 4 B 75 it Distribution of soil aggregates/ % SEH TR AR
Land use patterns 5—8 mm 2—5 mm 0.25—2 mm <0.25 mm MWD/ mm
kjﬂﬂ( . 4.47 £0.51dD 30.40 £0.43bA 25.54 +0.40cB 39.59 £0.54aB 1.65 £0.028C
Chinese prickly ash orchard

24 Dry land 12.08 £0.37dB 20.16 £0.90cC 35.73 £0.35aA 32.03 £1.07bC 1.89 £0.047B
K Ip MK Pitaya orchard 10.89 £0.71¢C 8.83 £0.49dD 20.80 £0.75bC 59.48 +1.27aA 1.30 £0.057D
JK H Paddy 29.58 £0.93aA 26.19 £0.88abhB 17.98 +£0.57bD 26.25 £0.62abD 3.01 £0.039A

ARG TR IR P SRR R 2 (0] 22 58 B FE K (P <0.05, 1SD) , ARG F KRR A 5 Rz W1 28 535 B K (P <0.05,
LSD)
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ML WTLUE 4 A DU e A - R Oy SRR 2 22 5 K SR b Bl 3 T AR BUMR R 2k
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0.25—2 mm FH AP PUR S i s e 1T 3 A U8 <0.25 mm F SRR A PLIK & &
o AR A SRR A WLk & e BRI AR e 22 5. P ,2—5 mm F10.25—2 mm BIRE
HA LR i LA K B ORI 35 AEARURAR R R B, HL K 2 B J 1 1 52 b R AR ARURR ; 5—8 mm [T ZR {A
HRA LR i DA AEARUMR B e, LR K R KO SRR b e I, B 45 R 5 SR AR W 25 R
<0.25 mm AR PR S 5 DK LU Pt OB SR D | b A8 UK 5 52 1l () A FE A 2
25 [FEF EEXT >0.25 mm G RAA PR 5 2 A INAUE B >0.25 mm BIREA PR & 1 DK
M (12,17 g/kg) , HRGE KR RAR(11. 89 o/kg) FIFHL(10. 63 g/kg) , MUK (8. 83 g/kg) . &5H
1 AIER 3 THE A [R] - MR R 25 00 9 AT SRR HLIK R 1, 2—5 mm F1 5—8 mm HTSRAAAG BILAR 2 i LUK H e
K,0.25—2 mm I BIRE HLRRIFE R AR 1K, <0.25 mm B RRE HLRR 0 DL KO SRR R . (EARTEHE
Fh MR T, <0.25 mm R A R AARHS R 330 HLAR 1) T B4,

B0 migms o S
16.00 |- kS B AKH
% 14.00 - _‘ aB aA aB :
s 1200} N 7 bC 7NN -
=5 \ RS FEN “le
| § § :155 £
g | N N 7 N 5:
3 600 § :‘: § ‘:‘ 3
gj 4.00 - § ::: \ ::: -
° 20| N\ BN TN :
-0 § %A% ,:Z L

Ji A0 F B 441 A%, Bluk soil and aggregate distribution

E1 FAELHFABAXTENEARGENRSE
Fig. 1 Organic carbon content in each sizes aggregates under different land use patterns
T AR ING RIS 2 AR A SR A8 AR 2 ) 22 5 K B R 2K (P <0.05, LSD) , ARRE T REFRIR R — £ F) 107 30T 4 2 AT 2R
Mg br 2 2 7k 2 B &K (P <0.05, LSD)

2.3 A[FE AT KRR A
L2 FTLUE Y 7K S AR SR R 1 SR A4 A L
fik BA A ZE W] 0 K T KO RO S 4, 7 3 5
[B) Ay 42 d B, FEASUMR 52 KO SRR 1 358 MLk 2
WAL e K 1K) 93.85% 67.58% F1179.17% . A
(7] b R 77 2 TR K AT SR AR A L R AR Ak AR
35—, FE5 IR H WA ALB T fbosk B2 B i, Bl s
BE SR ] ) SR A AR B R B FESE 11 KA /IR N,
B J5 OB TR 5% AN SR H ek R — 2% B A Rt

AR L it (mg Clkg)

Cumulative mineralization of organic carbon

| 1 | |

0 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45

AR S AT BB LR BLIE T T 0045 LA RO HORRIR Tnion med

S (FHRAR LRy 0.98—0.99) MR E LRI @y Km s st FRHRA BB >0.25 mm) HHHE
Fa, WIZRATE M X 4 FhEHoR 70 I s wmmse

B ALRRE(C D) ANEEE D F LS ACHAIE S T H & 3 Fig. 2 Mineralization of organic carbon in intact macroaggregate
Fh 4 e F) F = ; {%Eﬁfﬂ:ﬁ};ﬁﬁﬁ( Cy) HFlhELEES , ( >0.25 mm) under different land use patterns
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AERBUAR | I T SRR 23 1) S A0 1,59 (1.36 1. 71 1%, WIURIBAER LR ( Co k) 7EAS TR + 3 A1) i 7 =X ) B
A5 KHZERE S THE 3 MR AT, PR (,) E3X 4 BRI =0 DUR R/, AR
R, MUK K I SRR HH (R ASFEAE B P 25 5

x4 APAIHAMAFXTERABE( >0.25 mm) TUBAEE(C, =Cy(1 —e ™) +C,) ISB BERE(R?) .Cok B¥XFH(1,,)
Table 4 Parameter, R?, C,k and t,,,in model of organic carbon mineralization for intact macroaggregate ( >0.25 mm) under different land

use patterns

BB T [ K A K
Model parameters Chinese prickly ash orchard Dry land Pitaya orchard Paddy

Cy/(mg C/kg) 604.85b 379.09d 515.82¢ 648.55a
k/(mg CO,-C-kg~'-d~") 0.04b 0.06a 0.05b 0.05b
C,/(mg C/kg) 66.28a 58.32a 43.06a 40.25a
Cy +C,/(mg C/kg) 671.13a 437.41c 558.88b 688. 80a
R’ 0.99 0.98 0.99 0.99

Cok/ (mg CO,-C-kg™'-d™1) 25.34b 23.65h 23.30b 31.72a
t1,/d 16.57a 11.19b 15.53a 14.21a

AR PR LR T S R bR 22 57 I8 B 2.3 (P <0.05, 1SD)

3 FIEE 5 73 Bl e AT SR A HLak RARDT AL

R AR, 2 a2 5

BB b T SRR T BRI AT DL B S 5 g0

LIS 649. 92 486. 87 55176 ,664. 74 mg C/kg, # £ 5 s00

BEUPORIK S P R (A WL R (LR BRI R Tk £ 5 400

TSR, AR A S PRk R & 5

BLE BB B 53— B e L £ 5 [

e Bt W O W E SR A R 58 2
5 ] 5 10 15 20 25 30 35 40 45

15 FA/NESEIN, Bl S e 22 . 7EiX 4 Ff
AT 208 PO ™ (BRI (C, ) AR 35 22 5%, K
Fwg e T8 3 b s M) O 50 R AE - fR B 2 (C))
FAAER WF 225 AERUAR e REARAIK T3 ) 2 52 i
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Fig. 3 Mineralization of organic carbon in crush macroaggregate

( >0.25 mm) under different land use patterns

®5 ARETHFAAAXTHBELARE( >0.25 mm) FUBEEER(C, =C (1 -¢™") +C)) BB HERB(R?) (Cok RETH(1),,)
Table 5 Parameter, R?, C,k and t,,,in model of organic carbon mineralization for crush macroaggregate( >0.25 mm) under different land

use patterns

G SItE S TERUAR Fih KIp R 7K H
Model parameters Chinese prickly ash orchard Dry land Pitaya orchard Paddy
Cy/(mg C/kg) 645.99b 434.68d 548. 11c 705.93a
k/(mg CO,-C-kg~'ed™") 0.05b 0.06a 0.05b 0.05b
C,/(mg C/kg) 21.34a 13.87a 19.51a 21.69a
C, +C,/(mg C/kg) 737.88a 434.68b 548.11b 705.93a
R? 0.98 0.98 0.99 0.99
Cok/ (g CO,-C-kg™" C-d™1) 30.32a 27.82a 27.70a 33.11a
t,,,/d 14.76b 10.93a 13.73b 14.80a

AR FAEFR LR T S R bR 22 57 I8 B 2.3 (P <0.05, 1SD)
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