7
ﬁ& , ;%% H’ @I& J WiBiE IR R OAE

\GRO-ENVIRONMENT SCIENCE
fRtk: http://www.aes.org.cn

TE R PUX AR H A PR E 2 BT R
g, BTE, CH#E, ORELR, MEM

FIHASL:
TR, BTE, SCE SR, S IR TEBER T YA I HEA LR 8 E BT )]. AL IREERE AR, 2021, 40(5): 1133-1140.

TEZR R View online: https:/doi.org/10.11654/jaes.2020-1247

AT RGBS B

Articles you may be interested in

R YAt Ty N A R L K™ XA R

BT, HAR, R, AT W ERE, PUKE, skIGE, F05E

LNy FREERLF24]. 2021, 40(5): 969977  htps://doi.org/10.11654/jaes.2020-1151
ANTRI i DX A 438 22 P10 5 YRk 5 R 5 e A

KA, figN L, AL, B, TKEREE, TR, E A
LV FRBE R3] . 2020, 39(11): 2539-2547  hitps://doi.org/10.11654/jaes.2020-0448

] B XS A T SN Ot B T (2

FETTI, GRAEDS, DB AR, i, SUA R

LAV IRETRLA2A 4] 2020, 39(11): 26682674 hitps://doi.org/10.11654/jaes.2020-0533
=g AU KK BRSO T 121 SR S

i, 228 &, =2, Mk, KBS, tRH, S m

LV FREERLA2A4R. 2021, 40(5): 1051-1061  https:/doi.org/10.11654/jaes.2020-1231

B B FE AP AR TS Y BAR B KU B

A, BRIRHE, Rk, =2, I M, 2008, BN
My FREERLE 241 2020, 39(8): 1837-1842  https://doi.org/10.11654/jaes.2020-0142

RIEMGE AT, PAFE LN E


http://www.aes.org.cn/nyhjkxxb/ch/index.aspx
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-1247
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-1151
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0448
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0533
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0533
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-1231
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0142

2021,40(5): 1133-1140 R W ®E M FE F R 20214F5 H

® Journal of Agro-Environment Science @&

Jel, BT, SCH 8, & TR PR AR B LA HURR R M BIF SR ], A IR 2441, 2021, 40(5) : 1133-1140.
LONG Juan, LIAO Yu—qin, WEN Shou—xin, et al. Organic carbon fixation by iron and aluminum reactive minerals in farmland soil[J].

Journal of Agro—Environment Science, 2021, 40(5): 1133-1140.

iE SRR WX R H T EEVREENH R

AR, BF AN, RHE, RER T, R

(L VYR KA 24 B, TR 4007165 2. T R TTAO BE I S B i 98 T SE 00 %8, TR 4007165 3.4\ bRV r#f b O B B 5
SIS, K 400716)

W OE N TR R X A A P [ 09 BT, A T HE DTG S XA [R) - ST SRR 61 - IRk 1
e ER)2 (0~30 em) 12 (30~60 cm) JiEJZE (60~100 cm)3 )2 HIEG MR ER B I 181 58 9 HLER I (OCrea) o 25 R OCh 0 I
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(1.54 g-kg ™ ) #m ; OCren 5 L4 Fe (AL K TOC 75 5 52 12 3 IEAHDC (P<0.01) , 5 13 pH 2 25 HURIC (P<0.01) o BT, TG M8k
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Organic carbon fixation by iron and aluminum reactive minerals in farmland soil

LONG Juan'?, LIAO Yu—qin'?, WEN Shou—xin'"?, MU Zhi—jian"**", YANG Zhi-min'?

(1. College of Resource & Environment, Southwest University, Chongqing 400716, China; 2. Chongqing Key Laboratory of Agricultural
Resources and Environment, Chongqing 400716, China; 3. Key Laboratory of Arable Land Conservation for Southwest China , Ministry of
Agriculture, Chongging 400716, China)

Abstract: In order to understand the contribution of organic carbon retained by iron and aluminum reactive minerals in farmland soils, the
amount of organic carbon fixed by the iron and aluminum reactive minerals (OCr.-) on the surface layer (0~30 c¢m), middle layer (30~60
cm), and bottom layer (60~100 c¢m) of 61 typical farmland soils of different soil types and farming systems in western Chongqing was
quantified. The results showed that: OCy.-x was in the following order:surface layer(mean 2.02 g+ kg™ )>middle layer(mean 1.37 g-kg™")>
bottom layer(mean 1.19 g-kg™), accounting for 12.8%~83.6% of the total soil organic carbon. The average OCr.u in the three soil layers
was the highest in limestone soils (1.83 g+ kg™) and lowest in purplish soils (1.40 g+kg™) among different soil types. The paddy—upland
rotation crop displayed the highest OCr.-xi(1.65 g-kg™) in different tillage systems, whereas the uplands had the lowest (1.50 g-kg™). In
terms of terrain, gentle—sloped and flat land had the highest OCr._y and steep—sloped land the lowest (1.54, 1.53 g+ kg™, and 0.97 g- kg™,
respectively). The carbon sequestration of iron— and aluminum—bearing reactive minerals was significantly positively correlated with Fe, Al,
and soil total organic carbon contents (P<0.01) and negatively correlated with soil pH(P<0.01). In general, the carbon sequestration of iron
and aluminum reactive minerals is an important mechanism for soil carbon sequestration and contributes more to the bottom soil carbon pool.
Soil type and the farming system will affect the iron and aluminum reactive minerals " ability to fix soil organic carbon.

Keywords : farmland soil; iron and aluminum reactive minerals; carbon sequestration; soil type; tillage system
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T NS B AL A kL, KA COLMREE
Tk Ak BT Y 280 wmol - mol™ | F+ 5] 2018 4 ) 407
pwmol s mol ™, ZEIL FEHY 10 a v, AMTTWEL R AT COL ¥
B PAEEAE 2.3 wmol « mol ™ A FE 14 K, 29 F SR AR AL
Y 100 F51, (RIS Bl 28 B R PR & e | T =
SR HEBA B RS T 5 A HLRR A 4
BREG A= S R G0 b e KB I, a1 i (291 550
G 3G 15 F R A A 5 ol M e e ™, LA/ N g AR
& FEORA P COME R AR R s, B3R
ik Y BE I FE AR KRR B e /R Co ik
B TR 386 A S8 ] e e 2 AR S A HE
A B it

A WA AE 3 B [ R DA 37 =
— PRI VE R, B ML S - P SR AR S5 &R A
FE AR AVERT; 2 A O R, BRI A 558 43 2o 7
LRSS FEAEAE T3 i B PH B8 BT S5 A 1 1
AP ; — R s R A BV ALesE o B
B B3 21 B0 A PR AR N YRR
W9 (AR RSy KERE™ VR K & AR A 55 e
A3 W BB R Ay, R R R LRI A
W, R TG &, H DAL S e | PH 2 T4 5
KEEAI . BAT, B4H Keis K ERmy
XFUTENS PR 1 ZRAR 3RO, A+ 3 A HLAK
fib] 7 e A5 HE A U

Aran FFP0F KRS LA DE IR R I SRR A A
AU ELA S e R vk o TR R AR R ML AR
HH - S8 A SR A oA WL PR 285 5 RS HEA 7 43 B R B, 7
HH 38 v 1 LR B B2 LR AR 45 A A LR 7E 1 3%
H [ fF . Huang 55" B 055 BT, it A HLIE AT LAA 2L
PE R KRS MR . R I 15T R B
TR [ R AR R K AR B EE B
ML, AE H AT 2 e X AN [ B B 5 e A
PR A FH - 18 v 35 MR A 4 0 81 ke P9 2 43 A S e T
P Z e .

YT VG Hb DX B Hb T R 24 1.19%10° hm?, (5 4 17 k1
SVETFR I 46.53% , J2 8 BT A 4Rl 32 77 X H: A
BERRUAIAE R R R IE AR 36 T B R X 2+
BERAFEY A, B — o R . B vy
AR H IR AT 4, A T P A ) DX 4k H
3 E PR AR [ B R (OCreen) , FEHRTT A R HF
YEI 5 - 2R A 138 TOC , OCren [ 22 5748
FRIE , X TR ZI AT L Bl () [ 4 RS S T R A8
MHEAEEZE Y,

1% WHART]

1 #R5FE

1.1 ARXHELR

5% X A PE L IX (105°17 725" ~107°27' 33" E,
28°27'28"~30°50" 03" N) , i HG At . A1 EE L
VT R SR B I TEHE BV R I 1A X
B H ST 298 19 580 km?, 4K 7E 168~900 m, J&
T LT ) Y FRGE 2 AU T S AR R AR 15~
18 °C, AE & FR A4 1 000~1 210 mm , 25 KT 4K
=X
1.2 TEHERRE

A -3 53 Ai A5 R A, e B X LD - 38 A Ay
FE SRR (1), PRI 5 Tl X R X (1 B 7
Vi JgREHb, , % 0~30.30~60 cm 1 60~100 em 43 2
Kbt o FESLCREEE TR FEVLANZ SR AR s ]
B AT A — 2 R AR B 5 IR 4 AFE S PE R
ZIZMRG TR AR I 61 HURAEHE, 183 4~
1A, FEHE R T  FE R 1 25 B KA
+ 208 AKE 4 e FHES Y 4 7 S HeBE
JEAy G R 41 e K H 8 B UK FARAE 12 8 4% 4E
P2 Gy KIAFIHE C3 TR A 26 B .CATEY 4 B |
C3 Fl CAYEM e AE 31 He (FfF % 1, 394 SC& 15 5L OSID
) o
1.3 T8N

PR LIRS AR KT S, BB i a
Wk Sl P SR AR A5 2% T, e DU 43 BORE RS I, 23 10
H #1200 H i
1.3.1 pH i

FREUEE 10 H 5 9 1 4¢ 2.000 g, A 10 mL4fiK ,
FH 1 PHS-3E B4 pH 31 5 + 3% pHA{H .

1.3.2 BA L (TOC) A &

PRI pH>6.5 B2 200 H Fiii 19 L #£ 0.500 g, A
15 2 mol L [ERFR , S 24 h DL 2B 38 1 i iR
e ARIE T )5 F oC % 5 #7Y (Elementar Vario Pyro
Cube) W 7€ T4 S A HLIK S 1 . pH<6.5 1) BFEA L
T AR R AL PR, B AR
1.3.3 OCrn UM E

TE PR Y E A HLEK S5 Kramer Z5M[1)
T AT R, HARAE AR AREGE 10 B 5 A9 L FE
1.000 g, il A ZE 53855 pH 2 7.3 9 0.1 mol - L7 % 3
Bt B2 B4 0.2 mol - L™ £ B W2 1R & ¥ Wi ({1 K DP %
)20 mLo 50 °C/K¥ 30 min, 5% 5 min ¥R — K o
FHRS A3 B A (Multi N/C 2100) 0 58 542 5 7 T rh A
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Figure 1 Distribution map of sampling points in western Chongqing

BLEK & 5 (OCL) , BEAFE SR 3 447 elatik, LA
R TRIRE A BRI 5 A TE AT LR & i (OC,) o TRl
W72 DP ¥ W A9 A ALK 7% 5 (0Cop) o W] OCra=0C -
0C,~OCpp-

FHAA S840 =R 5 6 6 BE T (AA-6880G ) I
A L IARPIFNZ R SE I ) Fe AL 5
14 SERMFESH

KA SR 2 B St B AR S GPS SR 4R
ISR o SR I R A5 B DL PR X 43 BE 48 10 mx
10 m B9 5% 5 = A2 A B (DEM) S J5 8088 L i1 AreGIS
10.2 /) 3D Analyst BEH 515 (DEM £5405 i B &S 7K
A5 APHCA PR dl $ 430 s AR 4 3 1] b i A1) FH
R 2 AR )Xo B b 3 85 R4 7 00 430, e B <6° 1Y
MR- M, 6°~25° M ZR3 HL, >25° h BEYE b
1.5 #IEDH

iz Fil Origin 8.0 X % 5 45 5 it 47 /E &, 1)
SPSS 22.0 % OCye 5 HHEH AL P T EFT Pearson A1 2%
PRI, SR LR R 2243 B (ANOVA) il 2 58 4%
(LSD) L4 AN a) 3280 Bkl B B R TOC
OCreni X OCren/TOC Y 5 o

2 #R5W®R

2.1 HIEEFNBRIIE ST
22 1 R Vg b X+ 358 B HLAR (TOC) 1 P4k 4R

W4 [ 5 5 (OCre-n) AR IEMEA ALK (OC,) B 51 T
SHATRMIE . K2 R KR 3 TOC & = [ 437
492.23~18.20.1.42~10.60.0.89~7.77 g-kg', YI(E 43 ]
$8.05.4.64.3.03 ¢g-kg''e KZE HEKE T E
OCren YL 43514 0.60~3.94 ,0.51~2.88 ,0.47~2.28 g~
ke BME B 2.02.1.37 114 g- kg FRJZ P2 JE
J2 -8 rh OCyw % 53 [l 4371 4 0.06~0.38 ,0.02~0.27 .
0~0.23 g+ kg™, H{EH 43 514 0.19.0.10.0.07 g- kg s
TOC . OCren A OCy 2RI AR ES>HFESIKE
XFHERT LA e, 34~ )20 OCren BRI 5 F KA
AL, OCren 7 58 S ATHLIR Y 12.8%~83.6%, 3
JZ 350 35.4% , T K EE AT LR o 498 5T HLAR
1 0.1%~11.6%,3 |2 350 2.6%. 45R KW ,40% /2
A1 ) A HURG A PR R R A 1y [ 1 S A AE
3 SR TR - R A A .
6 MR R T P R B i AR S A MLRR PO E
(OCren/TOC) RN EJZ (BIEH 46.4% ) >H )2 (FI{E
H33.5%) >3 2 (BMH N 26.5%) , Bifi 5 1 32 5 38 in
B BT  JRE gk P 1 i A LR o5
o TR 2 P2 HHE(P<0.01) , UL B £ 7 3
I A PR ff i A A AT Z A YE A . Rachel
FEEM R RS BT Y S AR E GRS STE
2 e LA e HooT LAAE - B i i 8%, X n]
AEJZIT 4 OCren/TOC 3 & B B A o [RIET, Bai 421
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Table 1 Distribution characteristics of TOC and OCy.-s and OC, profile in western Chongqing(g-kg™)
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TOC OCke-ni 0C,

1)z T i B

Layerfon Sample mamber 6 TR ERAM G VMR ERAM GH  PHMREE R RN
Range Mean+SD CV/% Range Mean+SD CV/% Range Mean+SD CV/%
0~30 61 2.23~18.20 8.05+2.80 34.7 0.60~3.94 2.02+0.70 34.6 0.06~0.38 0.19+0.06 31.5
30~60 61 1.42~10.60 4.64+2.14 46.1 0.51~2.88 1.37+0.47 343 0.02~0.27 0.10+0.04 40.0
60~100 61 0.89~7.77 3.03+1.72 56.7 0.47~2.28 1.14+0.35 30.7 0~0.23 0.07+0.03 42.8

R 2B, AEvEFUZ L b R ™ Py i) - A MLk
] 2 1) D R A A, T b 2 e v [ ik 2 B AR R
Y, LA 9 OCro i/ TOC K . XA REFE /R T
FiE 2L TR AR AR T IR ) AR AR 0 B30 DRk - S e 4
T PURAE R EHA — e
2.2 HIEBUHERIT OC,.a KN

Xf 13 OCyen 5 1 B HALE B UE 4740 D&M 0 B
(F2), 45 W], 132 OCrn Fll Fe Al S HEY 5L R 2%
IEAHZE (P<0.01) . Chasse 22 AF5E 201, BR800~ )
T o el 5 48 e i 2 DDA G, R A0 Uk
i, B R . RIETPERRETR
R, XA BILAR P [ 0 e

133 OCy.0 F1 pH Z 8] 52 I 35 51 AH ¢ (P<0.01) .
BBt 5 1 398 pH B9 A, OCren 52 LIS B A H X
5 Saidy ™' Mayes ZF i B 57 285 S A0 ], D R 2
48 pH A AR S (A5 1 S TE PRk AR B e, )
Ff I 23 5 M40 ) 2R 1T AR R AT, RS AT AR A R M i
T, AT 4 545 AR P AR ELVE RS

13 OCr o FI TOC Z 1] 5 5 35 1EAH G (P<0.01) ,
Bl 5 13 TOC B4 AN, OCrn S BRIG A3, X 5
Moore & BIF 58 25 AR [A] . X R B, 76 R RS FFi8
HH 2 R4 PRl A B Tt I, REE— e FE R 3+
HEOCrn" 2 5 E A ML AR e M
2.3 AR EEHEBIRF OCr -« HIF T

AW LRSS 1 A I 1
WA ROKRE L 45 )2 LA OCk-u O K/INE —5E

R2 TEBUMRS OC.  HIBEXES
Table 2 Correlation analysis between soil physical and chemical

properties and OCr.-a

Z5 (K 2a), BIKTE 32N OCrn KHNA
WA Tt Y 1.83 g-kg ! 00 AR, PN
1.39 g-keg™'o WFFE XA H3ERALE OCrn7E 31+
gRmh A EER RZL D AKEL R ESTE
o+ FEERNE 1 (P<0.05) , AR K 41 0K 4 > 7K
FE>wgSE L >%a ., h)2h, R A KA
> S KRG >4 >+ HS R 28 A 25
Rk B EKF- . & LIERBE)ZE L OC v 2R
P vt T G O P N i T oo A )/ < o
FKAE £ 19 OCren 32 Z A1 4775 B 35 1 22 57 (P<
0.05), M+ A KA+ W+ KoKRG L RZ
OCren 52 R EHH B3 255 (P<0.05) A 2
JEZE] OCren ZF A B

ASTa] - HEAT (K TOC . OCre-ni 2 OCrn/ TOC FEH
AR (] 2) 0 & - e AL ] OCr. w1 22
S FEANEHTOC FRIEMN . BRIRJE LA, A K
HE P OCk o &S T AL R H
OCrn/TOCHE3JZH B N . AKAE P EHE
Z 11 Ca™ , E5REHS L) = J02% A W I8 A2 Rk P o)
ALK B E, Sowers S5V AT 1 AE TCAS FIAT 5 1)
TEOLT B0 W B (%A LA it S s W A MLk
5 Ca™ B A O (R*=0.91) HLAE AT 155 7 it F1 i 25
T4 W R 5 FOBFSE B Ca> S5 AT MR B AT AR i iy AL
G VER  REREY N2 Sh M 22 00 D KA TR 1 Wi
B o Setia S5 B 5 45 St 2 B Ca™ BB A 5 Z A2 F
A LB S50 )2 PR E A ML R 3 e
S5 T = 1 W 07 O S0 = Ell A= =
KA E ARG REE R, RS R EER (R
2, A SCE E I OSID M e ) o Bt H OG- 9 5
e T At - R R S R P RE R 2R S

solpopenis e PP ATBUBI 7 . JR AR 0 TOC R
Fe 0.193 <0.01 i LA A 3R (€ 2b) , HF OCr-n 5 TOC 2 i
Al 0.325 <0.01 FAEAOC(R D), Bl s 09 OCren & 50 5 o
pH -0.440 <0.01 2.4 REFES BT OCr.- v BIF T
TOC 0.716 <0.01

1% WHART]

WF5E XA BE AT 3 R K T2 DL Rk 5
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+ 52 Soil types
15r b
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121 B
~ Ba a
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A;:D or Ba Ba b
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3 7
Z Z Z Z 2
0 1Ly
AKE L

90r ¢
Aa
751 T Aa
§ Aa Aa Aa
@) 60 Aapr7 Aa
=
S a5t AL Aa \ a0
i a
S [Ab %
S 30r
27
151
0 y T 2 =
get AakAt pie KFE L

3T Soil types
[ #JZ Surface layer [ )2 Middle layer JIKJZ Under layer
AN FBARFARNR] L JZ AR LR ) 22 52 12 2 (P<0.05) 5
AN /ING SRR AR ] -3 RUANR] )2 1) 2 5 1. 3% (P<0.05)
Different uppercase letters indicate significant differences among soil
types in the same layer(P<0.05); different lowercase letters indicate

significant differences among layers in the same soil type (P<0.05)
2 RE LR T 0Crn. TOC K OCrn/TOC HY
B TE 5> T
Figure 2 Profile distribution characteristics of OCy.-x, TOC and
OCr.-a/TOC in different soil types

SRR ARSI X 435 OC . S [ 352
REEANFENA T 25, £)2 1 0Cr o R AK 248
YE>7K B> 51t 5 v 2 Rk R AR>S B> /K 5 IS)2 7K
H >R > K R RAE(E 3a) o 32 1M OCr-n R B
K REEAE IR & L -1 1.65 g - kg, FEHBIR A,
PR 1.50 g-kg o K FARAEFIHL OCr W TERE (Hh

EEdhEToKES R, 2 JRZE 1 OCren
TEAFEBERE ¥R E2ZES . ARG L, £)2
5rh 2 R )2 Z 18] OCekn 7775 8.5 11 22 55 (P<0.01) ,
1M 2 5 JZ L3 OCr-u 2257 R B K

Kl 3¢ H1, OCkn/TOCTE 34> T35 TH B3R A
KR EAES T > K B 3B T i A R 9 A5 Bl
B L, 7K FH ) OCreni B fIK , 7K 52501 FH b d5e 157, B
TE3X 3 FHEAE G o, OCr o X 7K R A A 4 3965 22 Y
TR K o KA F ML OCren 5250 O JRLIRL, 155
Al AESE /K AR Y pH AL T S M A K (B 3, 434
SCEE UL OSID A YT ), AERR PR T b A pH 5%
PR T AN P 52 G AR BT " Hk oK H Y 58
S RAEAAE 2 FHEOL RN, 5 T A WU ES A —
BBk Wik 5, B3R Fe-OC B & 1R R 451 , BT LIRS
K HH B TOC & fe i (8 3b) B H OCre o [T K 58
PERT81, IR A F AR 0 T 00 28 B 2o B A 2 3 BURFIR 1Y
SRR T LA 35 BT, 39855 - A ) 14 1 B XL AT
TR R RS TR BT IR IR, (i B LR
R TEXAS B T AP S 09 0 RE B A S
TR, s, BT IE PR AR X 3 A AN ) 1 R 1A
PRI LA 1D 181 5 Fi8 0 AN ], S 5 R o e 7 2 5 )
TR 4L A R T B B 4L 4010, X b g A 1358
A MUK B R A1 Bl 28 R 7K P 510 25 5 i kAR
Wyl .
2.5 REHFEXT OCr.-n BIFZME

SE-Hb OCron 78 Bl 4 1.19~2.06 g- kg™, -3 1.53 g-
kg™'s B ML OCr-nYE N 1.14~2.06 g- kg, V-7 1.54
g ke BEYE ML OCron Y0 Bl 1 0.88~1.14 g - kg', T34
0.97 g-kg ' (A 4) ; BEYHL OCr o TEFR)Z P2 JRJZHR
B EH KT 5 23 (P<0.05) | 1 22 3 -5 57 3 7]
T E 25 ARG 3R E N RIES
H2 K2+ 0Cken 394 3 22 57 (P<0.05) , B %2
HAh, PR K2 OC BB EESR

ME 47T AFE H, 13 0Croni  TOC & OCro-n/TOC
(4735 A5 A b S AR — B0, I R T b > B2 33 i > BE
Yokt o AT R, 3FHIE T, L3 pH  Fe (AL 1R
BIJo W e 22 5 (B R 4, 3 SCE B 5T OSID A 3 BE )
1M 22 3 #L 1Y) TOC f 251 T 1 b 55 22 by, A i 92 3k
HIAE /K LR B A O T, - 58 ML B0 Fi 2
Gy S REIE 22 52 B AS R 2 A 5 ) T 5 R AR5 0
X 5 AN ) R FRAT LK 1) 11 52 B8 0 25 5, it b A
PO Y K R A, PR TOC
A 5 B A7 A 22 5, X n] RE SR Bk
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Different uppercase letters indicate significant differences among tillage
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