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Organic carbon mineralization characteristics of red soil aggregate fractions in sloping farmland with

different planting patterns

WU Damu, FAN Maopan, ZHAO Jixia, LI Xiaomei, LI Yongmei”

(College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China)

Abstract: To explore the mechanism of organic carbon transformation and stabilization with aggregate fractions under different planting
patterns, the red soil of sloping farmland was selected as the research object, combined with soil aggregate composition and organic carbon
distribution. Using the indoor organic carbon mineralization cultivation method, the first-order kinetic equation was used to fit the dynamic
changes in the CO; flux during the cultivation process, and the dynamic characteristics of aggregate organic carbon mineralization and its
contribution to the total soil mineralization under different planting patterns were analyzed. The results showed that the particle size of soil
aggregates were mainly >2 mm and 2~0.25 mm, the total amount of aggregates reached more than 78%. Corn (Zea mays) monoculture
significantly reduced the proportion of >2 mm aggregates but significantly increased the proportion of <0.25 mm aggregates. The organic

carbon content of <0.25 mm aggregates was significantly higher than that of bulk soils, >2 mm aggregates, and 2~0.25 mm aggregates under
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different planting patterns. The soil organic carbon (SOC) content of the corn—soybean ( Glycine max) intercropping treatment in the bulk

soils was significantly lower than that of the soybean single—cropping treatment. There was no significant difference between the organic
carbon content of the aggregate fractions between monoculture treatment and the corresponding intercropping treatment. The mineralization
of organic carbon in bulk soils and aggregates under different planting patterns revealed that it was stronger in monocultures than in
intercropping, while the cumulative mineralization of organic carbon was the highest in soybean monoculture. The organic carbon turnover
rate of 2~0.25 mm aggregates was the fastest and the organic carbon mineralization was the strongest, whereas the C,/SOC value (the
proportion of SOC consumption by SOC mineralization and decomposition) of <0.25 mm aggregates was significantly lower than that of the
bulk soils and the other two particle size aggregates, which was more conducive to SOC sequestration. The >2 mm and 2~0.25 mm
aggregates contributed the most to total SOC mineralization. These results indicated that macroaggregates (>0.25 mm) play an important

role in organic carbon mineralization in red soil of sloping farmland. Corn—soybean intercropping and corn-radish intercropping could

reduce SOC mineralization and enhance soil carbon sequestration capacity to certain extent.

Keywords : sloping farmland; red soil; planting patterns; soil aggregates; organic carbon mineralization; kinetic equation
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Table 1 The content distribution of soil aggregates under different

planting patterns

gzl -G I R AR T 4350 Mass percentage of aggregates/%

Treatments >2 mm 2~0.25 mm <0.25mm
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INGE

Note:Different uppercase letters indicate significant differences among
different planting patterns in bulk soils and the same particle size (P<0.05).
Different lowercase letters indicate significant differences among bulk soils
and aggregates under same planting pattern (P<0.05). MM indicates corn
monoculture, MS indicates soybean monoculture, MR indicates white radish
monoculture, IMS indicates corn—soybean intercropping, IMR indicates
corn—white radish intercropping. The same below.
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Table 2 The content of SOC in soil and soil aggregates with different diameters under different planting patterns (g-kg™)

LB Treatments 4=+ Bulk soils >2 mm 2~0.25 mm <0.25 mm
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IMR 21.47+1.25Bb 24.61+1.94ABa 24.90+1.00ABa 25.02+1.13Aa

1% WHART]



BSR4 R IR R AT S LT PR SR AT DLBR B (LA 1523

] ) 388 i S B S TR R B A R R A (1) . &
AW Al R AL B SR R 2 0 s 2 e
o U A Y E R TR ET 14 d CO, Y 72 Az 3 J3 FH X 458
R, 5SASAE BRIGAESE- 4418 57.49 mg kg -d's >2 mm [A]
RIRMA VLA bR AE 5 57 5 05 1 dHEY S MS>
IMS>MM>MR>IMR , 3 35 45 R ISG HLER B 1 207 1
g 55 FE BRI 4 30.28% ., 2~0.25 mm [ BEAK 1A Bk
WAk A B F7 25 B2 Sy 1 55 5 00 9 18.52%
<0.25 mm FRAR A YL T R 2L T U K5 5% 5 1
3 d R 41.39 mg-kg - d, 5 14 d R R [, R
¥4 16.91 mg-ke' - d', Fil J5 B W i TR H 215 5%
g5 TER SRR S %5 1 d,2~0.25 mm B RIAAHHL
fiie B Al R e s, L O 4 L RO >2 mm
B, el <0.25 mm AR IR . AR, 2+
T AN [RRL AR P B AAAT HILAR AT A 30 236 ot s 5 B[] 1) S
KA sh A Ak, PRI AS RE BH 55 X 20 R TR R AR =
Z[AI2E 5
24 TERARGENRERYT KLE
AR S, B 57 28 d i 4+ A R ARG HL

3
(=}
1

4>+ Bulk soils

60

50

40

30

20

10

of organic carbon/(mg-kg™'+d™")

A WL 4L 34 2 Mineralization rate

1 3 5 7 10 14 21 28

100 1 2~0.25 mm
9
80
701
60
50
40 1
301
20 [
101

of organic carbon/(mg-kg™'-d™)

AL L33 K Mineralization rate

1 3 5 7 10 14 21 28
15305 [0] Incubation time/d

fe ER L RS LU E 2, ER R AR T, 4
A KA APk AR A R AR A HLAs AR b i B AR SR
4, ko 2~0.25 mm A R AK, KR <0.25
mm AR, >2 mm BRI EAR . ASFFAEATE X
T4 4, MS Ab A A7 HLbk 2 A0 5 5 MM AT IMS
Ab B3 53] 5 25 B4 T 14.09% F1 6.97% , IMS Ab B 45
MM 4b B & 258111 6.66% (P<0.05) o Xf F>2 mm [4]
AR, MS LB ARG SRFR fb A TMS Ab 341 i 534
fNY 25.21% , MM Ab 3845 IMR 403 & £ 590 T 6.00%
(P<0.05) . X}F 2~0.25 mm [ R4, MS &b 2 i 45 LK
SR A B IMS Ab 3 i 3G 1 9.84% , MM AR PR 1)
A MU BAE AL R TMS FITMR Ab B43 1) St 25388 in 1
6.34% M121.36%(P<0.05) . X} F<0.25 mm AR, 2%
A PRI HLR B 22 IR B2 .
25 AEMEEX T HERARGENBRT LS
ABFSE 435 S VR Bl R {58 5R
KB W S A2 AR F— R 30 I 05 ## € =Co(1-
e ) FEATHIA (P<0.01) , HAZ A [ 5L & BOR 54T,
e BB R>0.99(F£3) o 45 07, 76 AH [F] Ao A =X

801
701
60 [
50
40 1
30r
20
10 -
0

>2 mm

of organic carbon/(mg-kg™-d™")

AU L33 2K Mineralization rate

1 3 5 7 10 14 21 28
60 <0.25 mm
501
40
301

20

10

of organic carbon/(mg-kg™'+d™")

A WL AL 4 2% Mineralization rate

1 3 5 7 10 14 21 28
5305} 6] Incubation time/d

-O- MM - MS -A- MR -0~ IMS -@- IMR
MM 75 K A MS FR K HE MR FIR 8 b AR IMS R £ R R EZMME, IMR 7R £k % MR, TIH
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IMR indicates corn—white radish intercropping. The same below
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Figure 1 Changes of mineralization rate of organic carbon in bulk soils and aggregate fractions under different planting patterns
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; 12007 O 4+ Bulk soils O >2 mm 2~0.25 mm <0.25 mm
= Aa
o0 L i Ba
S A > e Bb ™ Bb
2 . |2 3 %
w1 | [, || &
T 7 ’ c C
S W 7 = 7
IR NNZN ;{5 D7 ZN
Bk £ || 7 Cd L
K E 3 Z =
= E -g 400
X Z
= 200 f Z
£ Z
3 0
MM MS MR IMS
Ab P Treatments

AFRE TR FIR A A R R — AR A IR R R 2T 28 53 B35 (P<0.05) s ARl/NG T REF R AR AL T 42 4 %
AN [RDREAR P 2R AR ) 2 S 42 35 (P<0.05)

Different uppercase letters indicate significant differences among different planting patterns in bulk soils and the same particle size (P<0.05).

Different lowercase letters indicate significant differences among bulk soils and aggregates under same planting pattern (P<0.05)

B2 #FHR2BINAEHEEXN T2 RARGENHRRRTLE

Figure 2 Cumulative amounts of organic carbon mineralization in bulk soils and aggregate fractions under

different planting patterns in 28 days
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Table 3 The parameters of kinetic equations of bulk soils and aggregate fractions after 28 days of incubation

20 5] Groups QL Treatments C/(g-kg™") Col(g-kg™) E(d™) Tin/d (Co1SOC) /(%) R
4+ MM 0.87Ca 1.69Aa 0.026Cc 4.34Ab 7.42Aa 0.995%*
Bulk soils MS 0.99Aa 1.59Ba 0.035B¢ 4.05Bb 6.56BCa 0.998
MR 0.90BCa 1.25Ea 0.045A¢ 3.79Ch 5.52Da 0.998%*
MS 0.93Ba 1.48Ca 0.035Bc 4.05Ba 6.98ABa 0.996%*
IMR 0.89BCa 131Da 0.042Ab 3.87Ch 6.26Ca 0.997
>2 mm MM 0.52Bc 1.12Ab 0.022Dd 4.50Aa 4.86Bb 0.994%%
MS 0.65A¢ 1.14Ab 0.031Cd 4.18Ba 5.23Ab 0.997%
MR 0.48Cd 0.78Be 0.033Bd 4.10Ca 3.02Dc 0.9947
MS 0.52Bd 0.73Cd 0.045Ab 3.80Db 3.22Dc 0.996%*
IMR 0.49Cd 1.09Ab 0.022Dc 4.53Aa 430Ch 0.998*
2-0.25 mm MM 0.87Aa 0.99Bc 0.077Aa 3.26Dd 425A¢ 0.997%
MS 0.90Ab 1.06Ac 0.070Ba 3.36Cd 450A¢ 0.998#*
MR 0.83Bb 0.98Bb 0.064BCa 3.44BCd 3.77Bb 0.999%
MS 0.82Bb 1.00Bb 0.062Ca 3.48Bc 4.26Ab 0.999%
IMR 0.72Ch 0.92Ce 0.054Da 3.61Ac 3.72Bc 0.999%
<0.25 mm MM 0.65Ab 0.89Ad 0.047Ch 3.74Ac 3.58Ad 0.998*
MS 0.66Ac 0.88Ad 0.050Ch 3.70Ac 3.44ABd 0.998*
MR 0.64Ac 0.80BCe 0.055Bb 3.59B¢ 3.05Cc 0.997#*
MS 0.65A¢ 0.77Ce 0.063Aa 3.46Ce 3.16BCe 0.997%*
IMR 0.66Ac 0.84ABd 0.054Ba 3.61Bc 335ABCd  0.997%

T, Gl Co/SOCAEAE 4> - i &y, H 48 35 T HiAth 3
AR TR (P<0.05) . <0.25 mm IR Co il Cof
SOC{H A% , 2~0.25 mm A BRI k{E 5, >2 mm
RAKE Tinfie im0 FEARIFIMEALT , MS AL HE Y Co7E
4 RN 3 A R0 AR L SRR AR R 2 R T IMS AR HE (P<
0.05). 7E4+ >2 mm AR {KA<0.25 mm B R 1L,

1% WHART]

IMS A HR 1 & E A 2 5 T MM AR P (P<0.05) o XfF
>2 mm F1<0.25 mm A &, MM F1 MS 4B T 25
T IMS ZbF 7 2~0.25 mm A & 44 IMS F1 IMR 40
PR Ton 5050558 MM AL BRI 253 5 T 6.75% A110.74%
(P<0.05) . HA4N, FE4 L9, MM 4L BRF) Co/SOC {H 55
IMR Kb B & 2348 55 T 18.53% , IMR AbFi 4G MR &b 2 i
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FHRE T 13.41%(P<0.05) . X T>2mm F &, MM
REFRAY Co/SOCAE % IMS FI IMR A3 5 B Z 38w T
50.93% F113.02%(P<0.05) . 7F 2~0.25mm A R {4,
MM A Co/SOC {4 IMR Ab P 8 245 55 1 14.25%
(P<0.05)
2.6 ABRGENHRY 32 BRI TTE
WFFTEE R R (R 4) , 45kt H R U IR kX
4 A WUk TR A S RIE A5 AL B AR U MM
(82.77%)>MS(78.09%)>MR(74.05%)>IMS(73.62% ) >
IMR(70.26%) . 2~0.25 mm A1 EAKXT 4 + A HLEH 1k
1 BT Bk % A e, 0 Bl LE 38.80%0~48.67% , FL Ik S >2
mm B, 5 FIT7E 17.93%~23.01% , TRk R AR ) 2
<0.25 mm AR, I FITE 10.17%~16.18%

x4 AEAMERX TRHEARG £ HHHK
LRI DT R (%)
Table 4 Contributions of aggregate fractions to soil organic carbon

mineralization under different planting patterns (% )

QLB Treatments  >2 mm 2~025mm  <0.25mm G A Sum
MM 17.93Bb 48.67Aa 16.18Ab 82.77A
MS 23.01Ab 43.81Ba 11.27Bc 78.09B
MR 20.55ABb  43.33Ba 10.17Bc 74.05C
IMS 20.46ABb  41.02BCa  12.14Bc 73.62CD
IMR 19.82Bb 38.80Ca 11.64Bc 70.26D
3 it

- S P SR (AR - SRS R A SR BT, FLBSE N
U A MR B L RER B AR B SR A
BRI R 0, B ik R i vk AL T
IR G35k 7 4 D2 A I T4, b T
6 5 A VA DL A5 9 I3 AR IR, A2 T % A SR A
H A YRR B B R X T SR 2T 4 T
35 H R T R (AR B 230 R S BRle . ASBIEGE v, 45
AT >2 mm F12~0.25 mm F BIK S HE ., X5
5K IS SE T RIS 25 S AR DL . 3R TR R R R AR A
T 7 T4 DX G A R AR ) B 25, 70% LA Y
T A HUBRAEAE TRy —Fh B R A, TR A SR A 32
B ZEW BRAT LT, A HLEURE A SR A4 fise 45 Bl K [
AR I H b T A LA EIR R
TS A AT AR 3 & | A
HRAT LIS 45 1 o RN 28R A J 1 i G 21, M AR HF
T>0.25 mm B RAKTE B, AR E— &I, MM
AL PRS2 mm B RARS B AR, 111<0.25 mm FRARS

e (P<0.05) , 3 i fE 2 R Bk & AR A& 0 +
SR Bl R, AU SR A v () JORAT AL AT B
T BRI TE A, B F K AR R (4 sh Aok AL
(1) 3 fife , R R P SR8 A o e ki 45 ke AT 3R Al 8 i o
S0 DR LA AT SR A L A8k 2 , Bl A SR AR A 3 o

A ML I B 2 L o A R e o) sh 45
S A T, A AT R B, FEAR R A R <0.25
mm P SRR A B & i B = (P<0.05) o 3% S K il
PSR4 P9 B FLBR IR /0N , 1o A= 0 o it A WLRR FEREAR 22
AT A7 LB 1) e ALK A AT SR v Fy A L 327 )
BT D, B DA A A s (] A Ji N AAUE9E &
B, EOKR DA SER A S B K NEE
KN PR R A R P Re A A LR
o AR RARBFR A R AT A R
B, TMS fiff 4> 4 B9 A MLBSR % = 52 B 3 AR 3 (P<
0.05) , FHAth £ b A% AT SR AAA BILAR 1 i A AR 5 ) 4
ZRIFERAT B 25 5 AR T B8 = A AILJSR A A X i
R AHAT WL PR A3 A I ARl 3 AR 7% 145 2]
PP, BERGRR R LI, WTE Y E B 2Rk,
I E Y G £ AR o A R T R AP
TiAN ARG GE RS R A R A G, Bk gE 45 R
ST I A 10 () (a6, T AS IS i 8 1) FH i) /)
X LG 1R T 2018 4F , IR A B4y (1 2% i
1, X AEAHAE BRI R R AR X e R AR A T —
JE T S T AAS IR 9% rh A 5 T VR A 1A SR A
MU S A B 255, XA T5 B p i — 2 A )
SENLIR IR IR E

3 B b2 SR A F S R
R IR/ NRIN A UGS R A D R XL T F
A B T n TR R 1 sh ML, A5, AR
A PR b5 4 AP L A LR — 3, &
A I, 4 RORTRDRE A P SR AR TE B 37 i 3 1 A AL
FER A, I H R IPR T B, 5 1A PR fh ik
R R 5 (B A 2 e A - R R, X 5 1
S WS R U T 2 R . A HLAR
H1 25 2 0 AL RN 55 0 AL PR A 2 1), 25 N 8557 28 d
PR oA WL Z o Gy 0 e BB . B5 3R, 135
T2 AR ARFE S NK 2 R K 1Y) 60% 3k T Y
BTG PE , L3R R S AL BTG A HILRS (CABE AR
55 ) B 22 AR DR G 3 A R S B R R Y
COo, R HLBIA fb R 255 i s S IR ), 4
R A ATURR DY T FEAS 8 2, B0 0 mT R P R A 5l
TRk /b | I LAAE BILBSR 1 7 36 320 S R AT e B 1
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A LR b 5 R AR A G R AR
FI R /NGBS 52 M = AT AILAR 1 B AL s 232, T s ) £
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o, X B T R AR 1 e 8 A PR AN 8 58 4 P o 75 3] 34 5
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T AL A FH B 5

ARIFFRFNH— R s 15 D UG T R A R
AT LR LBl AL R, Fo, CoFoRfE ARG B0 T
AL AR 1Y CO iYL, Co/SOCAE I KR 34
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- [ B RE T 5 55 , 12 e A9 R AT, 2 I 1 498 %) [ Bk
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] R AR R, <0.25 mm AT RAKE CoFl Co/SOC {E fi
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BRI 22 e 3 A PE R 45 7002 RIA R IA b &
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