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Abstract:  Objective  Iron oxides are sensitive to the pedogenic environment and an important cement of soil aggregates. The
differentiation of iron oxide phases occurs at multiple scales in natural systems, which may affect the formation and stability of
soil aggregates. This study aimed to explore the differentiation of iron phases, including total iron (Fe,), free Fe-oxide (Fey),

amorphous Fe-oxide (Fe,), hematite (Hm), and goethite (Gt) at the hillslope, profile and aggregate scales and evaluate their
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effects on the stability of soil aggregates. Method A topo-sequence of Ferrisol, derived from granite in the hilly area of central
Fujian Province, was fractionated into aggregates using wet-sieving and pipette methods. Fey and Fe, in bulk soils and different
aggregates were extracted with the citrate-bicarbonate-dithionite (CBD) solution and the acid ammonium oxalate (AAO) solution,
respectively. Diffuse reflectance spectroscopy (DRS) was applied to determine Hm and Gt content. The percentage of water-stable
aggregate (WSA) and the mean weight diameter (MWD) were evaluated.  Result At the hillslope scale, the Feq and Fey/Fe, in
bulk soils decreased, while the Fe, and Fe,/Fe4 increased downslope. Meanwhile, the Hm and Hm/ (Hm+Gt) significantly
declined, while the Gt kept a little variation downslope. At the profile scale, the upper layers generally possessed higher contents
of Feyq and Gt, as well as lower levels of Fe, and Hm in contrast to the deeper layers. At the aggregate scale, Fey, Fe, and Gt were
enriched in micro-aggregates. The contents of Hm were comparable in the micro- and macro-aggregates, while Hm/ (Hm+Gt)
increased with the aggregate size. Micro-aggregates were the main components, but the >0.25 mm macro-aggregates dominated
the aggregate stability along the hillslope. The WSA of 0.5-0.25 mm and 1-0.5 mm aggregates were significantly positively
correlated with Fe, and Fe,/Fe, respectively, and the WSA of 2—1 mm macro-aggregate was significantly positively correlated
with the Hm and Hm/ (Hm+Gt).  Conclusion  The iron oxides demonstrated significant differentiation from hillslope scale to
aggregate scale. The soil aggregate stability in the top-slope and bottom-slope profiles were higher than those in the transitional
profiles due to the upslope enrichment of Hm and downslope enrichment of Fe, along the hillslope.

Key words: Hillslope; Ferrisol; Fe oxides; Soil aggregate; Granite

TR E A R R U Y) , FEEAAAR LAY
ARERHT( Hm, o-Fe,05 ), B A1 858 ( Gt, a-FeOOH )
VLR TCE 8L (Fe,) S50 W0AH. 8%, JRERHT
TR T AR 2= M FHE IR BL A 3R 5%, 4
B T8 BT AR TR A HECIR B 22 B BR824k
REE L, g8 &8 TG MR X, 5 s 5%
TRHFERHIX ; XEURE L, R &£ TR T
PUBIX , EFE 0 E T LA e X P, IR E
J7 WA L IX 1Lyt o 9T SR LT Ry AR C
078 YN Ly A QN & i RN R A
B EE, YR B R,

BRAE ALY H IR R IR S 45 . TR
MBS SRS, BT AN e,
BRAA A S5 TOHLI 25 37 = T 2 e SR AR B TR Wi
et MR R B, B RS K A R Ak
SR A P BRI 1) P 48 K AR kR
Al AN K BAA (> 025 mm) FEP, PG 5
. REEFRY (<2 pm) PR BEW IR M
BRIR AR 5~300 pum ki g™ 57 FE R R 2
UM LM LR A LT ORA L . ORI
YT A PR UKL 20 53 LA R BRI 4 e e A/
SWA AR 7. SRR, TeBeka
AR T T R Y L SR T BRI AR 2 s M, XA SR AR
T I B R 1 Bkt T s

A6 <3 e T R Bl 7 1) 2 2 A 2, B

fRig J15m . 3R E AR R b b i DOt A B AR b
TS IX o R IX I RORE B AR S R S AR
AR BRI A B B AR, R B T -
SV B 01 R P 5 B A S I e X
SR FE b o i b A TR B ) Bk R B, 3
Fre st b 2R A AH AN TR) RUBE A9 245 ] 23 T e e A5
BRI HI R, BRI B P T3y
Yt - S VAT SRR 23 (1) 23 A1 R s S AR 2 ML

1 MRSk

1.1 AREXBRESHRBFE

5% XA B [ AR e s X ) o R 1
TN E S AR A e L AR K X R
W R XS, FEBRIR 17~21°C, FREKE
291 400~2 000 mm, v F 138 Fl & e 5% AL 1) (5 (B
AL XM R TR M KBS ) 2 n] D 41 M- 9 3
L3 8

SR BE B b A5 T ) K L A T 08 R g P B
(24°37'15"N, 117°05'53"E ), 23 3 K 18 % 5 i
TE R 2R B VI, K 30 m, B S m, 3
JEL 90, BEmWIR. MW FEENLEMR . EA. B
P4, TIEBE I TR 2.3YR~3.3YR B
PE B IREFIE A 6.8YR~T.5YR, KA T W LAY # 4k
AR AW NIE TR B, ARV B 0 10 m 1%

http://pedologica.issas.ac.cn



4 3] TSRS - A FE b 7 i Bk b R A A AR 7 BC XS P SR ARG A2 1 A 5 977

B EARAE BRI, At 4 AT (FI10,
FI11. FI12 5 FJ13), ¥ eiE S R, A6l
Jo ik P 2R (TR 1), I 8 €2 ) T 2 Ao
BRI K R b, Wi TR s, BRE LY
B35 E RS R E R KD 7ES . IAERE
a s R AT, 456 HIESAS 5, B4
FHiHE A (0~20cm), B (20~40cm), BC (60~
80 cm ) 1 C ( 120~140 cm ) 4 N [FIVR BE )2 AL 04T
FAESAT, IR )Z W 3 B A B T A N s kA

116°E 118°E 120°E
T T T

JZ o Wi SRR K A B2 EN AR+
B e bE R (£ 1, |/ 2) &5 A RIS E R,
Xt R G JE B k£
1.2 #HmaHh

FIERER TG 2 mm G, HIEEER W
FORBUO R GHE, pH lid /Kb 2.5 01 A
RO, R E PR (CEC) R
B sz 0 G B ( SOC ) il it Costech ECS 4024
CHNSO JTZE /AT S0 22 5 HLAKRAL AR ] Mastersizer

283N ) T b)
27.5°N L5
26.5°N
25.5°N

24.5°N

23.5°N

FJ10

BT AE R i R 5 B -

Fig. 1

Sampling sites and soil profiles along the slope derived from granite

F1 TREARBAMR

Table 1 The basic physical and chemical properties of bulk soils

ALK g L Wk

et /kES W g (1) CEC A= R
H SOC Clay Silt Sand
Position/sample ~ Depth/em  Color ( Dry) / (emolkg ") CIA
————— / (gkg!') ————

A 0~20 33YR6/7  4.08 4.48 1.2 114.6 4689 4165 98.50
Top-slope 20~40 33YR6/7  4.08 5.04 1.1 1412 569.5  289.3 97.57
(FJ10) 60~80 28YR6/7T  4.26 5.29 0.7 68.2 3433 5884 97.64
120~140 23YR6/7T 412 5.38 0.6 85.8 389.7 5245 97.36
Yerb 1 0~20 4.0YR6/8 427 4.79 22 124.6 456.7  418.7 97.99
Up-middle 20~40 37YR6/8  4.13 4.88 1.7 110.1 519.5 3704 97.42
(FJI1) 60~80 3.1YR6/7  4.17 4.49 1.6 120.2 490.0  389.8 97.41
120~140 3.5YR6/7T  4.14 4.79 0.9 131.5 5427 3258 97.12
PR 0~20 57YR6/7T 422 5.64 4.1 160.7 537.5  301.8 97.27
Down-middle 20~40 54YR6/8  4.19 5.64 2.5 149.5 567.0 2835 96.95
(FJ12) 60~80 5.0YR6/8  4.25 5.49 1.7 98.4 530.5  371.1 96.68
120~140 5.6YR6/8  4.26 5.18 1.1 99.2 4803 4205 95.66
e 0~20 73YR6/6  4.21 434 7.0 219.6 565.1 2153 96.47
Bottom-slope 20~40 73YR6/7  4.20 4.69 4.8 129.4 582.8 2878 95.37
(FI13) 60~80 75YR7/7 4.25 5.49 2.5 121.2 469.3  409.5 94.58
120~140 6.8YRG/7T  4.24 5.78 1.6 103.5 5122 3843 93.80
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Fig. 2 Distributions of Fe-oxide phases in bulk soils along the slope
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Fig. 4 Distributions of aggregate fractions along the slope
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Fig. 5 Features of soil aggregate stability along the slope
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x2 TETFFANAARKZESE2HE. ARGPIHREUDRENRMAMBEXE

Table 2 Correlations between the aggregate content of various sizes and Fe-oxides and SOC in bulk soils and aggregates

AR AR WSA/%

A BB AR

Types Fe-C indices Pl P2 P3 P4 P3 P6
(<0.002mm) (0.02~0.002 mm) (0.25~0.02mm) (0.5~0.25mm) (1~05mm) (2~1mm)

K FHHLEk SOC 0.281 -0.085 -0.214 0.355 0.142 -0.125
Bulk ik Feq -0.192 0.082 0.358 -0.227 -0.406 0.000
soils li#B5J¥ Fey/Fe, -0.251 0.021 0.464 —0.343 —0.454 0.082
T Fe, 0.234 0.089 -0.398 0.574" 0.404 -0.500"
TEALEE Feo/Feq 0.278 0.040 —0.509" 0.423 0.501° —0.235
HEH Hm —0.483 —0.172 0.331 -0.236 -0.220 0.495
80 Gt 0.173 0.255 0.173 -0.087 -0.331 —0.430
Hm/ ( Hm+Gt) -0.502" -0.233 0.323 -0.214 -0.168 0.542"

AR AHHLEE SOC 0.095 -0.091 0.030 0.362 0.111 -0.027
Aggregates B4k Feq -0.136 0.084 0.459 —0.290 0.218 0.242

WEBIIE Fey/Fe, — _ _ _ _ _

TR Fe, -0.203 0.366 —0.044 ~0.006 0.204 0.096

WL Fe/Fes  —0.234 0.198 -0.534 0.196 -0.018 —0.034
AR Hm -0.331 —0.133 0.236 —0.382 -0.110 0.713"

R Gt 0.070 0.185 0.461 -0.221 0.288 -0.107
Hm/ (( Hm+Gt) —-0.288 —0.143 0.186 -0.307 —0.169 0.671"
VR E R EE MWD —0.506" -0.521" -0.266 0.090 0.680™ 0.891"

H (D)™ SRR 0.05 F1 0.01 K BFEMIE;(2)—" FRARUEFE M B AR E , Fe KM, Note:( 1) and ™" represent

significance at the 0.05 and 0.01 level, respectively; (2 ) “— means that the Fe, in aggregates didn’t be measured.

x3 TRREXESEUIEND FRY

Table 3 Multi-scale coefficient of variation of soil Fe-oxide phases (CV) /%

RE AL T e 4k R ke TR Hm/

Scales Feq Fe, Hm Gt Fe,/Feq (Hm+Gt )
Y RE Slope ' 153 19.4 51.6 14.8 34.0 46.7
#fi )LEE Profile 1.1 14.0 15.7 15.5 18.6 23.5
B IR R E Aggregate 342 47.3 39.9 33.8 25.1 36.3

(1) B RBEE CV st 16 2R AR A 8 5 R B (2) JIH R E CV 2 4 A-HTH 1Y 2R E LA CV - F- 391
(3) BIRERE CV R 16 4 AR B ALY 6 Rk CV IFHH. Note: (1) The CV at the slope scale is calculated from 16

bulk-soil Fe-oxide phases on the slope; ( 2 ) the CV at the profile scale is the mean CV of bulk-soil Fe-oxide phases of four profiles; ( 3 ) the
CV at the aggregate scale is the mean of 6 fractions CV of Fe-oxide phases among 16 groups of aggregates.

http://pedologica.issas.ac.cn



4 3] TSRS - A FE b 7 i Bk b R A A AR 7 BC XS P SR ARG A2 1 A 5 983

Wi )P |-, Feq. Feo/Fe, ZBAL IS CIA JEA
— 2, W TARFE R TR A B ALY B S
il o I8 R ER 3B TOUA 1) 0 JRC ol e Tk v i 5 e AR
PRI . Fe,. Feo/Feq Y4 [n] T 5 i nl 68 5
Fe, F i i RS 1 Ko i Jr AR o v ORI | AT HILI &5
K. BHFREM, BB/ RS ERE S, AL
Botkn] 588k &A% A, HI &/ i &k
AU BT AR Rt R B, AR R AR P AT B
Y Fe, S EA RAFAIZTE EA KR,
HivFEEr, +3 Hm. Hn/ (Hm+Gt ) MR BT
RS2 T Him 246 %65 35 B AR HE 1) ) Bk B A1, 3
55 R € 1 3 A AR T o 3B TOURE X 4 () HE K
ARBEAE B ARNT T 242, 5 T Hm BIE AL
SRR T 2658 22 A HE ZKCTR 0 A 1 B B AR X 1 ) L AR
L, ST Gt BB W N gL Rk
AN AL IR G 38 3k A7 A5 T HH 7 HHT B R A8 A
Bk A Il b [X 14T

Hw R b, E# )R Fey. Feo/Fe i 3 N &6
wr, [RRES S A 2 AR 5 i A KA VE T 56 .
[FIEF, T ER i L3 )2 Fe, BIKMILT
THE AR psh, 8N LR (AL BE)
Hm Al Hm/ (Hm+Gt) /NFTEE)Z, #Es thim
REE Hm., Gt -5, X5 L4200 %R
KA AL & =2 Hm 3%, IS4 6
ﬂ‘] Gt ﬁ‘a‘é[27-29]O

IR |-, Feq Al Fe, #4171 <0.02 mm {41
Rk EE, 5SENLFETIBYETNE gL+
Iy SRIEAR—HO WE MR, ARAE LT Hm
5 Gt 7ERIRR PR A E R 5 E R B )
MRELRERBENRE LU SO IELT
BT A I, e IR R i i R A 3 R T 1
fn. A5, Hm/ (Hm+Gt) [0k B A i K
A TRT S, S 30 s 2 308 K SRR R B R Y I S
(B 38, ki I SRR R Bk S Ab 3 1k SR A
M55, RO T A SRR RUBE 1 A 855 25 7 Rk 41
14 A B (3R HUBE . Fe, 225 LY TE 1 56 B
TR, BARE RGN, SR ek
A S B A TR R R A Y AR
BREERRER KRR WIE Y Fe, AR 2N TR S5
WZia], HAhd o il s s S ALk, wait
2% Fe, BIZE ), NI S5 8000 2 T2 41 5078 40 B0k 41 4
HRRE, FIRF, E—EKEHEMT, AR

LA T R A R K R oA Bl SR AR K T
KFRARM, &8 MARE T Gt e i
MR A BT T R AR, O R AR
Fe, S BAKIEI Hm | LS [ 58 R P30 K 3% B2
B REAG, 1 i A R AR H Hm 17 <0.002 mm $7 40 &
% (1 3d). BbAh, HHERARA LI RALE Y 3
KA BECRP ) FF Hm B, MR8 Hm/
(Hm+Gt) By (&l 3f),
32 WM THIEHGFEAYHEEEINRTAREKRE

(Ed=0p-A|

T BE AR A R AL BT 1 B A SR A F T
BURIA LI ZS Y, XA R AROE & B R e B 2
PERRPS, B 53 3k i rp -+ ek S e o 5 1 R R Fe e
PEAAAE ARG, (RORTR R A AL AR 5 AN TRl 2
P RRIE] Y R 22 50, AT BB IS 7R i A ()R 4%
A RARTE B = LR 22 5 0 BT SR AR 1 A
P55 Hm &4, LUK Hm/ ( Hm+Gt ) [7] P6 ki g% KA
RGN T3 P6 R A TR A 56 i ABESY
WESE, K9k Hm F0R 0 2 5 b 5B 12 55>0.25
mm KRR XL RS & H R E R AL
O TS KB R oT, & PLREE 30k
B K, SRR XRD 5T I Wi g, B8 Tk
Boki Hm (& £, 0 H M Tt & B Hm
Fl GUIR G WIREI R ZEFR L (<2 pm) POk 45
A 5~300 um Fige Foki . AHELE B, Hm (1998
A A B 2 1T 9K TG 2 T K Bk O K #2 , 1T Gt
W B BT A v A4S fhad AU, RIUE Hm AHIXS
F Gt B 5 FAE U B RIR IS, . SRRy, &
SRYEIE Hm 5 Hm/ (Hm+Gt) AXTEAK, 1B Fe, Fil
Fe,/Feq LA A WM (&l 2b), R T P4, PS5 Rigk
KA RIREITE AL, o 530 A s i P SRR R e 1
Feo FLA 0 A% B8 R 1) BL 2 T BRI A2 36, XoF A
BRI W e Fa @t B A = ZAE A", Brever Al
Schwertmann**A S JC 52 7K 8k 5 W] LLE i 5 ik AH
HAERIE ML M8t (Si-O-Fe ) Ki%5<0.063 mm 7K 43
BUBURLIE B 0.063~2 mm FHERIA, F/hargEt
KH Fe, 5 >0.25 mm /KESE A IR S A%t 3 1E AR
%, B Feqg WAHAIT KA RMEIEAL . H#f A IEC %
PSR L2 )+ 5 rh Fey % 143 B /K MWD
TUERFL R T Feoo AR T, XML PS. P6 Kigk
KA B P-4 i B AR MWD B35 IEA (£ 3),
UL P5 5 P6 R G R A AR SR AR B 1A R AR AR PR Y
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=

59 &

HELM . YT Hm FIEIK Fe, BIARXT & 45 B2
ET P6 . PS5 KK A RAKAIE B, (1453 TR IS
MWD fE = T JE X,

SR, BAR S SOC £ 2 52 B 1) B e A
FKrEEENBS, BEE<70gkg’ (% 1), H SOC
SRR A B A B R MWD B TE A e K 3),
FUZS O IEF S R, SOC X 32 P B ARTE i Fn
FasE MR R Bk A A . 2 R iR S UV gy
B 73R b AL AE B R n RN 2 Bl %, &
MLt SOC & 7.73 gkg ', 5>0.25 mm /K Fa A
ARG =R AR AOK R S Y R BUH G A 3, (H
B AR S ZE YR B E M, Peng MBS
B, R AN Lk (Fey) bR H
B4k MWD {EAE T “ 25 SOCCEH &t 7.31 gkg ')
AhFRFTAE MWD {H, REL T 2R AL xt AR ke
PN g A STk, SR, BRILCSBRSR SR 44T -
KR A B, KM SOC (FH& i 15.54
g'kg'~34.16 gkg') 5>5 mm F1>0.25 mm Kt
RAREE R REEMEE, 5T, B MWD ti2
WEIEAE; [, AS[FDR 9 A 3R 4 v g o 4 4
T MR MWD [RIFEAETE AR OCHE , &R g
AR AR ALY 5T IR0 MWD A A 82
Xue P LI SOC (SFH &R 17.5 gkg '~27.5
gkg ") Xt AR AR A BUR STk, BB LT
TNgE o BeAh, = PR g Uk A St AR 2 B
IO PRI O 1 B, AN A ) e R S 4 1 i A5 3] Ay A 3R
&k MWD B & = F 0 Sk ki MwDR, T
U, AP R AIE AR e P e R 5 LR
TREEIA G AP AR RT, XK R
T BURIAR e A B Tk s AT AL AR
BREALYAETR IR S 4 R .

33 WiHEAYHEIESARGELNSRE

BX

T P HRGHT 110 Hh e B b DX 30 & A 1R 7K 3R
BCEL G, RBORAEGEMD WL, 2B
Ie) ] A 3 B AR B2 ) AR SR /s B 3k /N R
MFALBS 510 —F R KR E Y L 4 5
TR G ZR W AH S o I 00 1) T 2 AR TR T4 IX 38
Jo 0 A T R R X R AR R R A e A
HE AT 13 FE B i X, AT R AN [ R ) 4 43
VA SR AT SRR A, 28 1T 5 i) L) M e g [X M S0 3 A

SR, ASBIESE 8 T3ty AR ML IX, B = 4 |
AHLBTH A B P, TR LU e B b DX Bk AR A )
wARTRERSE . AR A R, SR S AL
JBE 53 TC X 34 1 AT 508 A 9 A0S 52 00 3 75 8 o — A0 4R
vhe BRI, XIS B RO R B AA ALY
r e - HESE T I P RARTRE PRI, X T b
B oy AR S B8 (SOTER ) i koK
TR EESHZ G SFER, B5EET
gy 7 2 04 A5 T A R AR L 3 IR U AR BT A
A BT A M T 73T 2ok 5 Xk 2 SO0 b 550 3 1) 52 )

4 %5

T AT B B I R R RS, R
A YA Y BARF R ENZE R RS, JIF
XoF 35 b ] SRR 53 A S g M 7 A EE S 3 R
FE b, IHETRRR, 4 384k~ XAk i B2 20 M ek 55
4FE Fey 5 Fey/Fe 08/, Fe, 5 Fe,/Fey3hn, Hm 5
Hm/ (Hm+Gt) BB REAL, Gt AL WA XFRE ;&1
R, F#H+)ZE Feq. Gt 2R/ T FHLIZE, Fe,
A Hm W 28T N2 HIRIERE L, Feq. Fe,
I Gt 1] F°<0.02 mm AR AR P& 4 Hm 76 ]
RIEMKARAE D ER®AAEY, Hn/ (Hm+Gt) Wi
T 2~1 mm KRR 3 b 1 58 P SR AR LU
AR AR Ry 3 B R AR AR 2 M i > 0.25 mm KR A
+5. Fe,. Fe,/Feqy 1 Hm ( Hm/ ( Hm+Gt)) 4351
50.5~025mm, 1~0.5 mm 2l K& 2~1 mm KHE
A5 S EAROG o I TOURIHE G A SR AR A M v T3
A X, 53T Hm A Fe, & &2 AR
WIE A O, IR A B T 3 A B SRS
BRI AR 53 St A R AR ZS (8] 23 A L T2 LA )
FeEHLHI A2, TR R I b Yo Al AT FE A

S %3k ( References )

[ 1] Cornell R M, Schwertmann U. The iron oxides :
Structure, properties, reactions, occurences and uses[M].
2nd ed. Weiheim: WILEY-VCH Verlag, 2003 : 433—468.

[ 2] Schwertmann U. The effect of pedogenic environments
on iron oxide minerals[C]// Stewart B A. Advances in soil
science. New York: Springer Verlag, 1985: 171—200.

[ 3 ] Fujian Provincial Soil Survey Office. Fujian Soil[M].
Fuzhou: Fujian Science & Technology Publishing House,
1991: 60—63. [ LI AN, R IEM].

http://pedologica.issas.ac.cn



4 34

TRAES . AL

A XA

D R R R A AR J B AT SR AR

LeR:p=Al 985

[ 10 ]

[ 11 ]

[ 12 ]

[ 13 ]

[ 14 ]

M R ERE AR AR, 1991: 60—63.]

Ferreira C A, Silva A C, Torrado PV, et al. Genesis and
classification of Oxisols in a highland toposequence of
the upper Jequitinhonha Valley ( MG ) [J].
Brasileira De Ciéncia Do Solo, 2010, 34( 1): 195—209.

Curi N, Franzmeier D P. Toposequence of oxisols from

Revista

the central plateau of Brazil[J]. Soil Science Society of
1984, 48 (2): 341—346.

Torrent J, Schwertmann U, Schulze D G. Iron oxide

America Journal,

mineralogy of some soils of two river terrace sequences
in Spain[J]. Geoderma, 1980, 23 (3): 191—208.
Zhang M K, He Z L. Effect of parent materials on
formation of soil aggregates[J]. Tropical and Subtropical
Soil Science, 1997, 6 (3): 198—202.[&WiZE, fiik
SEL R B TR S AT IR AROE B R (1], B T R
W EER2E, 1997, 6 (3): 198—202.]

Peng X, Yan X, Zhou H, et al. Assessing the contributions
of sesquioxides and soil organic matter to aggregation in
an Ultisol under long-term fertilization[J]. Soil and
Tillage Research, 2015, 146: 89—98.

Zhang H Z, Zhang Y R. Effects of iron oxide
nanoparticles on Fe and heavy metal accumulation in
castor ( Ricinus communis L. ) plants and the soil
aggregate[J]. Ecotoxicology and Environmental Safety,
2020, 200: 110728.

Hu G C, Zhang M K. Mineralogical evidence for strong
cementation of soil particles by iron oxides[J]. Chinese
Journal of Soil Science, 2002, 33 (1): 25—27. [#[H
B, FEWZE . RN RS A5 VR BT ) S D]
@R, 2002, 33 (1): 25—27.]

Wang X H, Yang ZJ, Liu X F, et al. Effects of different
forms of Fe and Al oxides on soil aggregate stability in
midsubtropical mountainous area of southern China[J].
Acta Ecologica Sinica, 2016, 36 (9): 2588—2596. [L
INEL, R, RNK, S R L X A RE
S A X A R ATE )], AR,
2016, 36 (9): 2588—2596.]

Zhang D, Jiang B W, Liang S P, et al. Responsive of
aggregate stability of meadow black soil to different
tillage practices and carbon-based fertilizers[J].
Transactions of the Chinese Society of Agricultural
Engineering, 2019, 35 (14): 125—132. [3Kill, F4H
3, BRI, 4 ﬁ’@ﬂéirﬂ%ﬁi/ﬁ%%@% HHE S R4
Rt Y B9 0 B2 (0], ol TR 224, 2019, 35 (14):
125—132.]

Zhang WM, Chen W Q, Weng R D, et al. County-level
soil atlas of Fujian Province[M]. Fuzhou: Fujian Province
Cartographic Publishing House, 2008: 8—I11. [ T,
MROCHR, S0, 55t o B LIEEAE M. AR
TR L H AL, 2008: 8—11.]

Long XY, JiJF, Barron V, et al. Climatic thresholds for
pedogenic aerobic conditions :

iron oxides under

[15]

[ 16 ]

[17 ]

[ 18]

[ 19 ]

[ 20 ]

[ 21 ]

[ 22 ]

[ 23]

[ 24 ]

[ 25 ]

[ 26 ]

Processes and their significance in paleoclimate
reconstruction[J]. Quaternary Science Reviews, 2016,
150: 264—277.
Chen J F, Zhu H J. Studies on mountainous soils in Fujian
Province[M[]. Beijing: China Environment Science Press,
2001 41—54. [BRfET&, Aoy, filib e m].
: P EAREERE AR, 2001: 41—54.]
Lu R K. Analytical methods for soil
chemistry[M]. Beijing: China Agricultural Science and
Technology Press, 2000. [ . L3l {25347 7
HEM] bt R ERL BT R, 2000.]

Nesbitt HW, Young G M. Early proterozoic climates and

and agro-

plate motions inferred from major element chemistry of
lutites[J]. Nature, 1982, 299 (5885): 715—717.
Torrent J, Schwertmann U, Fechter H, et al. Quantitative
relationships between soil color and hematite content[J].
Soil Science, 1983, 136 (6): 354—358.

Long X Y, Ji J F, Balsam W. Rainfall-dependent
transformations of iron oxides in a tropical saprolite
transect of Hainan Island, South China: Spectral and
magnetic measurements[J]. Journal of Geophysical
Research: Earth Surface, 2011, 116 ( F3): F03015.
Bigham J M, Golden D C, Buol S W, et al. Iron-oxide
mineralogy of well-drained Ultisols and Oxisols: II.
Influence on color , surface-area , and phosphate
retention[J]. Soil Science Society of America Journal,
1978, 42 (5): 825—830.

Torrent J, Liu Q S, Bloemendal J, et al. Magnetic
enhancement and iron oxides in the upper Luochuan
loess-paleosol sequence, Chinese Loess Plateau[J]. Soil
Science Society of America Journal, 2007, 71 (5):
1570—1578.

YiYL, Liu XY, Zhang D G, et al. Research methods of
soil physics[M]. Beijing: Peking University Press, 2009:
59—62. [McHim, X%, AP, . LY OIS
BM]. dEa: bR AR, 2009: 59—62.]

Perri F. Chemical weathering of crystalline rocks in
contrasting climatic conditions using geochemical proxies:
An overview[J]. Palaeogeography, Palacoclimatology,
Palacoecology, 2020, 556: 109873.

Huang X L, Jiang H, Li Y, et al. The role of poorly
crystalline iron oxides in the stability of soil
aggregate-associated organic carbon in a rice-wheat
cropping system[J]. Geoderma, 2016, 279: 1—10.
LiuZY, GaoZ, Wang Y L, et al. Effect of conversion of
upland into paddy field on content of carbon in soil
aggregates along soil profile of red soil in critical red soil
zone[J]. Acta Pedologica Sinica, 2019, 56 ( 6 ):
1526—1535. [XIEL55, &k, L%, 5. RN
TR P % O Bl Ay 0 9 ) T 1 A8 A 58 A ik % ek 9 5 i (1]
T+, 2019, 56 (6): 1526—1535.]

Ma L, Xu R K. Physico-chemical characteristics of paddy

http://pedologica.issas.ac.cn



986

+ i

e 59 &

[ 29 ]

[ 30 ]

[ 32]

[ 33 ]

soils derived from quaternary red clay under different
cultivated years[J]. Soils, 2010, 42 (4): 560—563. [5
B, A, ORI B AT R 139 1 /K R - 2 A P o A A
FEERAED]. L€, 2010, 42 (4): 560—563.]
Schwertmann U. Transformation of hematite to goethite
in soils[J]. Nature, 1971, 232 (5313): 624—625.

Van Ranst E , Padmanabhan E, Vandenberghe R E, et al.
Yellowing of a red south African kandiudult, studied by
means of mossbauer spectroscopy[J]. Soil Science, 2016,
181 (2): 75—381.

Melo V F, de Oliveira Jr J C, Batista A H, et al. Goethite
and hematite in bichromic soil profiles of southern
Brazil: Xanthization or yellowing process[J]. Catena,
2020, 188: 104445.

Xue B, Huang L, Huang Y N, et al. Effects of organic

carbon and iron oxides on soil aggregate stability under

different tillage systems in a rice-rape cropping system[J].

Catena, 2019, 177: 1—I12.

Zhang T, Sun Y Y, Zhang S H, et al. The changed
mechanism of stability of ferrihydrite and the effect of
environment factors[J]. Journal of Guizhou Normal
University ( Natural Sciences ), 2019, 37(6): 107—113.
UK, PMELE, SKEE, & K RUE LB
T RS S BSE A ], SEMIIRE RS 4 B R R
Wi ), 2019, 37 (6): 107—113.]

Wang X B, Cai D X, Zhang Z T, et al. Fertilizer, retention
and their movement[J]. Agricultural Research in the Arid
Areas, 1997, 15 (1): 67—71. [L/ME, ZEdLifE, &
AH, S RN K IR RERTE RS 1 52 ],
TR KA BFSE, 1997, 15 (1): 67—71.]
Michalet R , Guillet B , B. Hematite

identification in pseudo-particles of Moroccan rubified

Souchier

[ 34 ]

[ 36 ]

[ 37 ]

[ 38 ]

[ 39 ]

soils[J]. Clay Minerals, 1993, 28 (2): 233—242.
ZhaoJ S, Chen S, HuR G, et al. Aggregate stability and
size distribution of red soils under different land uses
integrally regulated by soil organic matter, and iron and
aluminum oxides[J]. Soil and Tillage Research, 2017,
167: 73—79.

Zheng X P. Soil aggregate stability of ferrisol and its
physical mechanism[D]. Hangzhou: Zhejiang University,
2002. [MEIETE. FRAFE 4k 4 320 A R AR E
LR BRI OESE[D]. AT . BITRS:, 2002.]
Breuer J, Schwertmann U. Changes to hardsetting
properties of soil by addition of metal hydroxides[J].
European Journal of Soil Science, 1999, 50 (4 ).
657—664.

Zhao Y P, Meng M J, Zhang J C, et al. Relationship
between soil aggregate stability and different forms of Fe
and Al oxides in different forest types[J]. Bulletin of Soil
and Water Conservation, 2018, 38( 4 ). 75—81, 86. [
KM, wmhs, e, 45 AR S A 4 e b 3R A
TS BRI AR R R[], K R RFRER, 2018,
38 (4): 75—81, 86.]

Chen S. Stability of soil aggregates under different land
use patterns and its relationships with organic matter and
oxides[D]. = Wuhan
Agricultural University, 2012. [B&1l. AFEFH T L
e PR 3 A e M I H 5 A LR AR S AR 0 1 6 &R
[D]. R : Al R, 2012.]

Jozefaciuk G, Czachor H. Impact of organic matter, iron

iron-aluminum Huazhong

oxides, alumina, silica and drying on mechanical and
water stability of artificial soil aggregates. Assessment of
new method to study water stability[J]. Geoderma, 2014,
221/222: 1—10.

(RERE: AAH)

http://pedologica.issas.ac.cn



