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Abstract:  Objective Mineral-associated organic carbon (MAOC) is the most important of soil organic carbon(SOC), and its

mineralization characteristics have an important impact on soil carbon sequestration and global climate change. As an important
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topographic factor, slope position significantly affects the interaction and stability of organic carbon and soil minerals. However,
the influence of slope positions on mineralization characteristics of MAOC in soils is not fully understood. =~ Method In this
study, typical citrus orchard soils at different slope positions were sampled, and the aggregates with sizes of >2, 2~0.25, 0.25~
0.053, and <0.053 mm were obtained by physical fractionation. Moreover, the MAOC in aggregates were separated to investigate
the mineralization characteristics of MAOC at varying slope positions (upper slope, middle slope, and lower slope) through
indoor cultivation. The influence of soil physicochemical factors and hydrophobicity on MAOC mineralization was analyzed by
Infrared spectroscopy (FTIR), Redundancy analysis (RDA), and Hierarchical partitioning analysis. ~ Result The results showed
that the cumulative mineralization (C;), mineralization rate and potential mineralization (C,) of MAOC in citrus orchard soil at
lower slopes were significantly higher than those at upper and middle slopes, but the ratio of C,/MAOC at lower slope was
significantly lower compared with upper and middle slopes. With the decrease in aggregate size, the C,, mineralization rate, and
C, of MAOC in citrus orchard soil at each slope position showed an upward trend, while the mineralization intensity of MAOC
gradually weakened. RDA results showed that the C, was significantly positively correlated with pH, SOC, MAOC, TN, and C/N
(P<0.05), and significantly negatively correlated with iron and aluminum oxides (Fed/Ald, Feo/Alo, and Fep/Alp) and
hydrophobicity (P<0.05). C,/MAOC was significantly positively correlated with iron and aluminum oxides and hydrophobicity,
but significantly negatively correlated with C,, C,, pH, SOC, MAOC, TN, and C/N. Hierarchical partitioning analysis revealed
that Alo, Alp, and Fep emerged as significant factors influencing the mineralization of MAOC. Variation decomposition analysis
showed that the combined effects of Alo, Alp, Fep, C/N, MAOC, and Feo significantly affected MAOC mineralization in
aggregates with different particle sizes at different slope positions.  Conclusion The slope positions have obvious effects on the
mineralization characteristics of MAOC in aggregates in citrus orchard soils. The findings of this study are of great significance
for understanding the formation mechanisms and stability of mineral-bound organic carbon in soil aggregates and in enhancing

soil organic carbon sequestration in citrus orchards at different slope positions in hilly regions of southern China.

Key words: Mineral-associated organic carbon (MAOC); Soil aggregates; Mineralization; Hydrophobicity; Citrus orchard soil
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Table 1 Basic physical and chemical properties of soils at different slope positions
#ifii Slope AR A" soC/ TN/ TP/ Feo/
position (mm) i (gkg') (gkg!) (gkg!) (gkg!)
e b >2 5.511£0.21 16.17+0.04 1.44+0.03 0.63+0.03 2.16%0.05
Upper slope 2~0.25 5.53%0.08 17.97+0.20 1.54+0.02 0.66+0.03 1.74£0.03
0.25~0.053 5.67+0.07 19.54+0.25 1.52£0.01 0.7140.02 1.44%0.09
<0.053 6.51£0.05 21.83+0.48 1.70£0.02 0.67+0.00 0.91£0.09
Jii - Soil 5.30£0.06 21.17£0.16 1.57£0.04 0.67%£0.01 1.15+0.07
Berh >2 4.79+0.05 9.27£0.10 1.23£0.01 0.8210.09 1.76 £0.05
Middle slope 2~0.25 4.87+0.03 11.2410.23 1.26+0.01 0.78+£0.10 1.610.023
0.25~0.053 4.77£0.06 10.57+0.24 1.21+0.04 0.72£0.01 1.52£0.05
<0.053 4.88+0.02 12.28+0.20 1.25+0.02 0.63%0.01 1.17£0.01
Jii 1+ Soil 4.6710.01 15.1940.32 1.39£0.03 0.8040.01 1.02£0.02
W >2 6.02+0.17 22.01£0.02 1.8610.04 0.92+0.02 2.16%£0.06
Lower slope 2~0.25 5.96+0.02 22.3%0.18 1.89+0.02 0.95+0.01 1.91£0.06
0.25~0.053 6.2210.06 17.64+0.51 1.64+0.05 0.91%0.01 1.70£0.07
<0.053 6.6110.10 18.31£0.07 1.79+0.02 1.00+0.02 1.611£0.04
Jii £ Soil 5.6910.01 23.29+0.17 2.24£0.00 1.04+0.03 1.30£0.06
efis Slope ZiEgy Rz Fep/ Fed/ Alo/ Alp/ Ald/
position (mm) (gkg!) (gkg!) (gkg™) (gkgt) (gkg!)
Bl >2 1.07£0.02 89.85+0.98 2.78£0.08 2.25%0.06 13.38£0.65
Upper slope 2~0.25 0.91£0.00 88.76£0.02 2.5210.04 1.98+0.05 13.08£0.54
0.25~0.053 0.62+0.03 89.10%+0.15 2.214+0.07 1.50£0.00 12.8840.44
<0.053 0.64+0.10 87.35+0.86 1.48£0.06 1.07£0.04 12.1440.51
Jii - Soil 3.56+0.93 85.06+0.98 1.64£0.05 1.55+0.26 11.93+0.27
Berh >2 0.73£0.03 92.86+0.01 2.8110.04 2.08+0.05 15.18+£0.20
Middle slope 2~0.25 0.68+0.08 90.42+1.63 2.66+0.05 1.97+0.13 14.93+0.02
0.25~0.053 0.54£0.02 91.92+2.51 2.39+0.05 1.73£0.10 14.88+0.17
<0.053 0.27£0.01 92.54+0.37 1.61+0.04 0.87%0.01 13.39£0.16
Jii 1t Soil 1.50+0.65 88.89+1.71 1.55+£0.04 1.07£0.12 13.134+0.29
W >2 0.92+0.02 91.72+0.08 2.61%0.10 1.8310.04 13.95+0.49
Lower slope 2~0.25 0.81£0.08 90.76 £1.81 2.48+0.08 1.69+0.09 13.50+0.41
0.25~0.053 0.71£0.02 90.94+0.8 2.10%£0.08 1.59+0.06 13.11+0.26
<0.053 0.4810.04 91.51£0.62 1.79+0.08 0.73£0.02 12.63%0.12
Jii 1 Soil 2.72+1.19 86.58+1.58 1.70£0.06 1.35+0.23 12.14£0.37

Note: (DSoil aggregate diameter
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F1<0.053 mm AR A& H MAOC B 55508 9.30.
10.13., 12.58 F120.59 g'kg ', B4 kitsd Bk
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0.25 i1 0.25~0.053 mm kif&H MAOC & &R
RS E>yrh . 53 EALG, BETR>20 2~0.25
1 0.25~0.053 mm KIRAEH MAOC & &35l T
W b 20.75%. 19.44% . 5.85% ( P<0.05); Syt
Fo, B E>2. 2~0.25 F1 0.25~0.053 mm H Rk
MAOC & &7 5= T3 78.16% . 38.57% . 36.59%
(P<0.05), HIEF 7l Tt 151.1%. 65.52%.
44.52 ( P<0.05), f£<0.053 mm kiftH, MAOC &
RIS ESHR S, ¥ B m T 60.70%,
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0.25 mm ISR AA ] 22 5 N L35 AL, HAR A A & kL
e AT SR A ) 22 S 3R B 25K (P<0.05 ),

Fz2 AREFEAMAREK MAOC B

Table 2 MAOC contents in aggregates at different slope positions

AR 1K E 4% Soil aggregate diameter

{7 Slope position >2 mm 2~0.25 mm 0.25~0.053 mm <0.053 mm
3 | Upper slope 9.30%0.69Bc 10.13£0.48Bc 12.58£0.18Ab 20.59+0.42Aa
Wi rfr Middle slope 5.2240.37Cd 7.3140.19Cc 9.2140.15Bb 12.8240.13Ca
Y Lower slope 11.23£0.59Ad 12.10£0.44Ac 13.31£0.5Ab 19.2740.09Ba

T ANJA)/ING B3 7 ) — 35 (6 A [ b 42 A1 SR A ) 22 e 02, A ) DR 5 B s ) — A28 ] SR A A [ 39 B[] 2 57 2. 3% ( P<0.05 ),

TR, Note: Different lowercase letters indicate that there are significant differences between different particle size aggregates at the same

slope position, and different uppercase letters indicate that there are significant differences between different slopes of the same particle size

aggregates ( P<0.05) . The same as below.

2.2 AEEAGIFEZEE MAOC MIB K

T A HUAR () Ak 24 21 5 R B 5 ) = 3 L
R ALAVER, —MnldEad FTIR 4387 f7 PG,
FRIL 7 LA F 3 p s i C-H oo n] DL
ok AT A HEAT HLRR A B K P 3L A1 7 B E C-H 3

UM A IR R I3 B, RIS, MAOC Bk P 2
A B T REAR SO R IR A, e +
e PH B i i B3 U0 05 A R R T ME S AR AT ML 2L 5
e it s T 55 o> i AR E A HLBR AL 7, IR 7
ik 5 i e ) R R R PR AR E N . AN RIS A%

JURCE A A K BT, AT 2 ) - S A LA G

%R 3 AEFEAMHARIK MAOC BRI K4F 14

Table 3 Hydrophobic characteristics of MAOC in aggregates at different slope positions

KA A SRR BRI 3 Fr7n . & 3A>2 mm

SRR A
i SRR M A i K M3 A Hydrophobic Bk P
Soil aggregate diameter/
Slope position Hydrophilic groups/% groups/% Hydrophobicity
(mm)
e b >2 30.92+0.19Ab 1.67£0.20Aa 5.41£0.69Ba
Upper slope 2~0.25 29.35+0.50Ac 1.29+0.39Ab 4.40+0.40Bb
0.25~0.053 31.96+0.58Aab 1.23+0.09Ab 3.861+0.23Bc
<0.053 32.5+0.05Aa 1.19+0.00Ab 3.6710.01Bc
Jii 4 Soil 28.621t1.27A 0.53+0.09A 1.66+0.35C
e >2 17.95+0.48Cb 1.49+0.13Aa 8.2840.07Aa
Middle slope 2~0.25 24.57+1.23Ba 1.45+0.05Aab 5.90+0.10Ab
0.25~0.053 24.17+2.08Ba 1.24+0.08Abc 5.13%0.13Ac
<0.053 24.79+0.01Ba 1.19£0.02Ac 4.78 £0.09Ad
Jii £ Soil 22.61+0.31C 0.68£0.08A 2.01%+0.15B
¥ >2 24.33+0.54Bb 1.27£0.12Aa 5.23£0.60Ca
Lower slope 2~0.25 23.60+0.18Bb 1.05+0.06Aab 4.4440.28Bb
0.25~0.053 26.5410.44Ba 1.00+0.13Ab 3.85+1.06Bc
<0.053 27.19+1.31Ba 0.9940.04Bb 3.65+0.03Bc
it Soil 27.1410.58B 0.58+0.21A 2.10+0.75A
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AR, <0.053, 0.25~0.053 il 2~0.25 mm
AR R MAOC W e K™ fb sl 3 4 il 4 = T
77.39%.29.56% F1 4.1%. fE3h L3, 5>2 mm
A REA L, <0.053, 0.25~0.053 1 2~0.25 mm
AR AR MAOC M K {2 0 0l4 m T
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ISR, <0.053, 0.25~0.053 Fl 2~0.25 mm
AR & MAOC 1 d Ko™ b 35 il 4 o T
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0.25 mm), 66.32%. 41.05% (0.25~0.053 mm ) }
79.39%. 80.15% (<0.053 mm); S¥& A, R
>2.2~0.25 f1 0.25~0.053mm F1<0.053 mm 1 & {k
H1 MAOC ZRW &5l i 16.99%. 7.97%7H
17.91%, 1Mi<0.053mm R &K+ MAOC SR k&
TEET 0.42% MIRl—3E 7 AR AR A R AR E
B % A R AARAR B I8/0N , 4537 MAOC ) 2801k
i LA AR, Hr<0.053 mm AR AR
MAOC K Z2FW L A>2 mm KA RAKE 1.10
f5~1.29 1.

24
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[ 0.25~0.053 mm [ < 0.053 mm
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Upper slope  Middle slope Lower slope
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B2 AR AR AR LR R MAOC AU flie:
Fig. 2 The cumulative mineralization of MAOC in aggregates of
different particle sizes at different slope positions
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ERAHRE . E 3 Fon, b, Berh Ak
T &R AR RED MAOC RYW 138 B 4 51 K
22.92%~44.69% . 20.12%~41.33%F 24.40%~
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MAOC F8™fk a8 B A A R 430 & ik 8.13%
20.72%H1 5.88%. 19.77%, Wik @& m T T,
A3 ER H 11.64%F1 13.11%, 7E 0.25~0.053 mm i
BB, B30 MAOC B 1k 38 i 25 F 24 R
2 ME<0.053 mm RiAR A B, I b A
53T MAOC i fham i 22 5 2%, (HI% Ak
TP REZE AR E ., Wb, NFEREHA

Rikrh MAOC Y& ko B B A b Fifi 45 R A2 (14 Bk /)
TR LGS, SYAi>2, 2~0.25 F1 0.25~
0.053 mm Kif& R IR T MAOC fH Lo i i 3 =
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-
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1 1 1
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Fig. 3 MAOC mineralization intensity in aggregates of different
particle sizes at different slope positions
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AR, SRR REP T sh J12: S5
CBE T W& &8 A kE (CG,)) M MAOC
JRRE R ER (k) G —Hsh %8 (R>
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F1<0.053 mm F A MAOC HLE 5L A HLAK
T (Co ) BT, S 0ldem T 54.31%. 36.45%.
47.42%F1 85.83%; i F>2. 2~0.25. 0.25~0.053
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58.43%. 40.32%. 63.23%F1 81.10% (£ 4). S -
AL, BEF>2. 2~0.25 F1 0.25~0.053 mm & A& rh
MAOC K C, 5348 T 2.67%. 2.84%F1 0.72%,
<0.053mm HIRIAETFET 2.61%, B3 E 59N
0.25~0.053 mm 2% 53 .3 A1, AR RAR HT R AR >2
2~0.25 f1<0.053 mm ) H' MAOC i C, 227 A3 .
[F] 3 o7, AN [EPRLAR A R AR MAOC 1Y Co BR¥E F>2
2~0.25 F10.25~0.053 mm Fifs A R[] 22 55 R B 3
Gb, Heghim Rk C, 25 0% . RN %
R R R MAOC 1) )8 R 5 4 (k) ARk el
9 0.028~0.053, [R]—kifEH B MAOC 5
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RiAE A R MAOC By JR] i i B R R R
Bl A RN ET AR BT R, +
BORTE 0k M B S HE R ST W4 A S AL
A LLAE ( C/MAOC ) 75— FE B L AT LU FRAE
IR EIRREE ST, X LA BRI, 2RBH Y [ Ak g

Hsik, 22z, W RRBE 14550 #6>2 Al 2~0.25 mm

RiAR A B C/MAOC B M3k h>Yg >3,
£ 0.25~0.053 mm 042 F R A&+ C/MAOC LB B
YR SPE R A AE AL, I 7E<0.053 mm i £ A1
& C/MAOC ZJU I3 T > >3 Az fhta 3.
[l =3 I, C/MAOC HIRfiFs A RARRLAR 18/ N 2
BT BRI AE AR

R4 BFOdRIRTHESENRERTUERKEINERTESH

Table 4 Accumulated mineralization of soil mineral-associated organic carbon and its kinetic equation parameters after incubation for 69 d

B Z A AR 1A K42 Soil aggregate
C/ (gkg") Co/ (gkg') Kk (d") CJ/MAOC/% R?
Slope position diameter/ ( mm )

Wk >2 3.65Bd 4.12Ab 0.029Bc 42.50Ba 0.987%*
Upper slope 2~0.25 4.39Ab 4.23Aab 0.033Bb 41.55Ab 0.997#*
0.25~0.053 4.02Bc 4.29Bb 0.035Cb 36.45Ac 0.992%*
<0.053 4.72Aa 4.83Aa 0.041Ba 23.47Ad 0.985%*
Perp >2 2.62Ca 2.67Bbc 0.044Ab 49.23Aa 0.994%*
Middle slope 2~0.25 2.94Ba 3.10Ba 0.037Bc 42.38Ab 0.988%*
0.25~0.053 2.85Ca 2.91Cab 0.042Ab 31.55Bc¢ 0.978%*
<0.053 2.62Ba 2.54Bc 0.053Aa 19.49Bd 0.983%*
WF >2 4.27Ab 4.23Ac 0.045Abc 36.62Ca 0.975%*
Lower slope 2~0.25 4.47Ab 4.35Abc 0.049Aab 35.22Ba 0.977%*
0.25~0.053 4.74Aa 4.75Aa 0.044Ac 35.10Aa 0.979%*
<0.053 4.70Aa 4.60Aab 0.052Aa 23.84Ab 0.980%*

TE: Coo Co 7M1 W45 & A HLAR 2R (L A e il 57 (L8 W45 & S A LRI, k 38 MAOC B JR L AR F 4L,

Co/MAOC MIFR/RIBTE R 6L W45 & SA NS LI W45 &

DAV Z L, Note: C,and C, represent the cumulative mineralization

of soil mineral-bound organic carbon and the amount of potentially mineral-bound organic carbon, respectively, k represents the turnover rate

constant of MAOC, and C,/MAOC represents the ratio of potentially mineral-bound organic carbon to soil mineral-bound organic carbon.

2.7 TIEEAMER.EKES MAOC LS

X

TR PER . MAOC Hi/KPES MAOC #1k
SHZEMERMNE 4 Pin. AR F Mg K
PERIRRERERN 94.81%. TUAR4SHT (RDA) £KH, ¥
ER[H 4L MAOC # (C,) 5 pH. SOC. MAOC,
TN Al CO/N 2B EFIEM G (P<0.05), H5EA LY
( Fed/Ald. Feo/Alo F1 Fep/Alp ) Fli/K VS @& H
X (P<0.05). HiZkKPES pH, SOC, MAOC, TN,
C/N. C il C, 2R F AN, SEMAIY 2R
IEAHX . Co/MAOC HERE YA MAOC iK1
ERFEMK, M5 C,. C. pH. SOC. MAOC,
TN Fl C/N 2 53 A G .

2.8 TIEEERFARIKERT MAOC 7 LHIEE

SRR A B AR P R AR K PR X 3 MAOC
W ikRY s, FJH RStudio 4.3.1 H “rdacca.hp” £
FE AL 3 AL T ( SOC, MAOC., TN, C/N,
pH. Feo. Fep. Fed. Alo. Ald. Alp) #1 MAOC
B K MHEXT MAOC 81 B8 g A [RIR%00 & J2 IR 4
FHT (PN ) KA, Alo. Alp il Fep f& 5 MH
MAOC bRy &2 K+, AR EZEE 5 5N
15.53%., 13.72%#1 12.80%, H:¥K&E MAOC. C/N,
Feo. pH. MAOC #i7kPE. TN, Ald, SOC Al Fed,
EATHAHX EEAE/ N 11.06% . 9.86%. 9.40% .
5.64%. 4.80%. 4.22% . 2.45% . 1.43%F1 0.95% (& 5 ).,
Ao T (FLRIRIZLN ) B Alo. Alp. Fep.

http://pedologica.issas.ac.cn



1648 + HE

T 61%

MAOC FI C/N X} MAOC #™ fb A7 5 = Lo 451 i S ]
B (18.45% ) ; Alo. Alp. Fep. MAOC. C/N,
Feo Fil TN X MAOC #™ ki F ) 500 24 15.48% 5 Alo
Alp. Fep. MAOC. C/N. Feo Fl MAOC &i7K %t
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8.43%,

1.5
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~
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-1.5

RDAI (87.98%) 20

&l 4 MAOC U bAHIE 5 T UL PEBURIB KM EZ M A R
Fig. 4 The relationships between MAOC mineralization
characteristics and soil physicochemical properties and
hydrophobicity

18.45
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S R
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=)

S
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JiW
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3 1 ®

3.1 ARIEAHEELE MAOC & {L4F1E
AWFIE R, MAOC 7ERI 4R B BE ™1k, 5
Wz 2l TR ES . X EERFE N
BEFEai, T AR, AL i
S, RIS A AL RN, BRI, R EETE
140 JEC P A3 R0 T 3 R AT AT LA 75 s RS i CO, HE ik
TR AR ARG, XEFYAm S, Y
e bR b B S o eR (B 1), R
i (E2) ANBET e (£ 4), XATREREEN
ANFEHEAL Z ] MAOC & HIEFifb T . V&Y
LA I 2R R SRR, HET S EOR
[F) 3 037 (5] MAOC (8™ (s RAFAEZE S o — D7, X
ARE S AN A Y S EERA %, BIASEDIE
AN ()3 A7 b B3 X B0 A 40 AT 1 52 ) B33 T
SRMAEYN S RS, S8 R A
YR £ HE MAOC & itH N, UEDIE MRS R, I
T3 MAOC J3fift A5, HWS e 0 b M4 &
SAEVBR S RS 75—, RS SE
RS VR R B e vl =R, AT S 3k
™ MAOC &M, MR MAOC EZ it
Yok g OC 15, (HAYRIEN) OC(YEMER A Y )

KE R Adjusted R=91.9% F%2% Residual=8.10%

8.43 799 786

Alo
Alp
Fep
MAOC
CN
Feo (]
[ ]

6.93 .
B & 6.39 638 626 6,13 6.08 599 598 59 584 577 55 55 517504
B w52 307514497 494

SEENEENE

TE: ZEMIRTE B 2R 13 B B 7 i B ;. RN EIIT Do L I7 FE PR 2R e BAL R T i LR 0000 ( A8 22 23 3T )

Note: The left histogram represents the individual effects of soil physical and chemical factors ( hierarchical segmentation analysis ) . The

above histogram represents the common effect of soil physical and chemical factors ( variation decomposition analysis ) .

K5 +HHF 5 MAOC § fbRetk Z 8114 43 2 53

Fig. 5 Stratified analysis between soil physical and chemical factors and MAOC mineralization characteristics
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w, HHS b SR SR R R, AT
T MAOC (37 . BFE 3R WA ML ) B /K 1
(A Wit/ 5 B i LU B ) © 9 FEAE R AE A HLRR I 58 b
BT R AR B e bR, LUIERRAR, A LR o AR
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AT MU R e M T 45 - HE 18] 2 R 25 AT FLA 1)
A8 7, FOAERR AR 1 P e T - 49 AR R M 1 = K
AR A, SHe LAY A, BN R 4
MAOC " HABALM KM (£ 3), XHET
MAOC M e M m, REakie I HE iR, b, —%
B AL A R, S LA AR, B
T C/MAOC EFAR, XATREEMH T C, 3G IE
/N MAOC RYEG IR T30, ik — ks T 53 B3
A, BT [k AE ) R
32 ARENZEEZREE MAOC 7 {L4FE

A LB T AR A Sy 5 3 P SR AR RN AN
VA SR AAAH DG e 7 1 B WA OC M, #F9E R BH, MAOC
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R E R AW g S R — 82 ] g5 AR AR A% A
Rk MAOC 431 1Y S BT PE A G . ABFT R B &
BRI/, MAOC & T8t s, H.
B ZER B E (£ 2), THEWIFE R 115
A B 53 A 1 5 oM 2 S SO [ 9 AT SR AR A Bk
WAL BRI A 22 R LR Ah, K
P ZR R 3 K 1 MAOC B 7K P B AR T 4 98 11 Y

W oA sk R R, DT R T A LA X A A P e
fif B HEPT S X HARGE R, B A
Bl 38 it MAOC 11 81 7K P i 55 T 58 A2 1 i/ )~ 1 0
/N (3% 3). BRSO S/ B 25 AT SR AR A4S 1 08/ N 45 B o7
) C/MAOC B 2 T B AR fkka#, £11<0.053 mm
A2 R AR T MAOC [ H7AE /1 Ak e PR . X &
PR A P SR T B E LS 259 5 SOC . B34
LM BB T A YT REAS 3850 oy A 7E 1 5 A
RAKPIARRI RN DL 53, T30 MAOC 52 2111
VIR R A e 22 R Y —oni R RHR T
Sy YRy A | 2 sk e EER,
TE T PR 43 1 2 B2 fl A BRS04 B o),
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