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Table 1 Treatments and chemical fertilizer application rates in the field experiment/(kg-hm™)

/INAZ 7% Wheat season

FKZ* Maize season

AL B
Treatment N P,O0, K,O N P,O0, K,0
WMS+F 240 90 90 300 67.5 67.5
WSHF 240 90 90 300 67.5 67.5
MS+F 240 90 90 300 67.5 67.5

F 240 90 90 300 67.5 67.5
CK 0 0 0 0 0 0

I WMSHF: /NEFIEORFE AL H 8 AT ; WSHF: /NERFILH 5 AR, MS+F: FORFEFFIE B+ A BB
F: WA ; CK: %M. T Note: WMS+F: returning of wheat straw and maize stalk plus application of NPK at a conventional

rate, WS+F: returning of wheat straw plus application of NPK at a conventional rate, MS+F: returning of maize stalk plus application

of NPK at a conventional rate, F: application of NPK at a conventional rate, CK: no fertilization. The same as below
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JEit2 mmif, FHF AR (£2) o

bR AL BRI E . pHSR AL
HWE, KR 2.5, FHEFR#HE (CEC)
KB (1 mol-L™") A8#uyksE; A HLE R
FH EEARRI 5 5 2 RUCR RO LR e 5 2
KR —H BT kI s 28 R FINaOHE
fill— MG BE N A 5 A KRR B A B i
T AR H O R R R — KB R R s A
KA SR IR TR A 0 o 3 M 05 6 1 ) 5 >R
Imol-L™'Z R4 (pH=7) =4, BHEMASE T
RHOEHE (iICAP 6300 Series, 5 EZEER K IR )
B E .

AW RS ScEk [ 14 ] o Bl
KNS g-em ML ERAF /32, IR
Gy B WG B TR A AL A B
HEARAHLE: FKH0.5 mol- L™ R 48 IA = 12
(FAKEMT1:10) , HERBRR L ERETHSE T
B, SERERERAGIE, @A, EEeS
AHLT: LR B A A S A R
BB AW (NaOH, 0.1 mol-L™'; Na,P,0,, 0.1
mol-L™") M&MIRP12 h ( Lk K1 10) , 4
BB, RERRE LR 6. RE T
B A HL RO B S A AA U, SRR T A
BUAR (00 7 R BUSAT LA (TOC ) 4 (Nulti
C/N 3000, fEEHE) ., BELSSEAIRNE
R Ak

MRERA T LAIEEES SR ALY E S
Gl SCHk [ 14-15] o WA RFEEELY . XA
0.1mol- L' MU MR B2 48 (LKL M1 - 50)
FrgefRi%4 h, 510 r-min ' B.00 10 min, 705 I
W, WA, fR. AL &SR AL
Y. RJH0.3 mol L™ AR BE MR BNIA R (1K
bRl :100) , FF2ERE3%16 h, 510 r-min &0
10 min, 438 LiEW, FRl. Bk B R
B A D X SR P F SR B 45 B R R R O
(iCAP 6300 Series, F5FEFEBR CHE/R) ik,
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Ak b BV AR A A FOK R A ST RS %

Scik

C I 56 4
YR B A AL HI=Fe,~Fe, (1)
P R AL =4l - Al (2)
100 x Si
e el
Al,~Al, (3)
23.4-5.1x

1

o

K, Fe,. Al,. Si, FRBERA TSR EEILY
ik, gkg's Fe,. ALFRANGE WM EAL
YEE, gkeg's

B K R Ab PR FHMicrosoft Excel 2007,
Bl S IKIESPSS17.0, RHAM/INBEER
(LSD) #E#fT Z H I, £ % 4b B8] 1) 22 5
(P<0.05) .
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KAy HUONRREGSA IR (24.19% ) FiizRd
55 (9.00% ) o PHEEHGSAP SRR, HHEH
0.05 g-kg ™', Al A HUT A = 170.50%

25 KRR RS FEIR L, ST 4L 504 ML
SN RS FFA AL FE ( WMS+F\WS+F\MS+F ) +
gep s Aael, &P eiELr (F) , BEFRT
X (CK) o X5 5 LTS Y AR fL AR —
B, AT H A BB ES A RIEY
H72.09 g-kg', BB THREEASAEIE R E
(1.17 gkg™) o WEEASHILE T ERAM, Xt
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#2 HE (0~20 cm) TIEEARBUMR
Table 2 Basic physical and chemical properties of the surface layer (0 ~20 cm) soil
TR Ak P CEC SOM TN TP TK AN AP AK
Treatment pH /(cmol-kg™) /(g-kg™) /(mg-kg™)
WMS+F 5.21c 22.30a 20.32a 0.83a 0.51a 1.44b 107.4a 26.34b 155.3a
WS+F 5.13¢ 22.37a 21.02a 0.85a 0.57a 1.48a 111.2a 32.83a 150.7a
MS+F 5.34bc 20.69a 18.56b 0.73b 0.46b 1.41b 95.85b 20.38¢ 138.3b
F 5.43b 21.60a 19.15ab 0.72b 0.47b 1.42b 91.00b 21.46¢ 122.7¢
CK 6.87a 22.02a 16.76¢ 0.69c¢ 0.41b 1.44b 78.87¢ 5.78d 97.00d
YI{E Average 5.60 21.80 19.16 0.76 0.48 1.49 96.86 21.39 132.8
TE: CEC: PHESFacHiht, SOM: HIEAHLR, TN: 2%, TP: &%, TK: &8, AN: A%, AP: 43, AK: #%k

B R FE BN NG TR IR AN R b PR 22 5 i3 (P<0.05

), TIA Note: CEC: Cation exchange capacity, SOM: Soil organic

matter, TN: Total nitrogen, TP: Total phosphorus, TK: Total potassium, AN: Available nitrogen, AP: Available phosphorus, and AK:

Available potassium. The different lowercase letters in the same column represent significant difference (P<0.05) between treatments.

The same below

®3 KHARBTLEAEXTLRANT RESHFHIRSE

Table 3 Content of OM in mineral-bound organic matter complexes relative to treatment

i Rl 5y 55 BREES A B e BEAAE
g A . . . .
Light fraction Ca/Mg-bound Fe/Al-bound Tightly combined
Treatment
Ngkeg™) 1% Ngkg™) 1% Ngkg™) 1% Ngkg™) 1%
WMS+F 291a 14.34a 0.06a 0.28a 491a 24.16a 12.97ab 63.84a
WS+F 1.38ab 6.57ab 0.06a 0.30a 5.25a 24.96a 14.32a 68.10a
MS+F 1.99ab 10.72ab 0.05a 0.26a 4.83ab 26.00a 12.21ab 65.80a
F 1.11b 5.77b 0.04a 0.22a 4.54ab 23.71a 11.60b 60.56a
CK 1.27b 7.60ab 0.05a 0.29a 3.71b 22.12a 10.69b 63.75a
YI{E Average 1.73 9.00 0.05 0.27 4.65 24.19 12.36 64.41
2.2 TEFFICHNTIERZEME, $2ENEN (AI’") | 5.09~7.63 cmol-kg“ (Fe’ ~Fe’) ,
RIS AR Ca™ . Mg S IR T S R B R A A (1) (13.07
9.25 cmol-kg'#13.82 cmol kg ( |7’§|1 ), Kb cmol-kg™')

KA 2 KR [ AT O T A B i%$x
HbECa® . Mg” & A ARRIRE W TR, JUH
B B 5 AR TR MS+FL£¥iﬁ%E@Ca/Mg
FLfE 5 WMS+HF . WS+F R Fralifb b3 (F) + 3
AL, AT AR, 2 KIBEIE (i —
S5 ) Ab3E, PSS IR IR B R
Ca/MgU A AR E
2.3 BEHEHMTIEREEFRESE NN
THERA RS AR EE A A S
FHE MR Bk AR E AR A L R A
BRARA L E i (R4) BESHIN1.75 gkg
M1.42 g-kg™', ML =4E#A19.49 cmol kg™

http:
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HART, BEE TR (R4) . BIEES
BRAED ) 5 BLAE WM S+F FIW S+FAb P + 38 v i) 5 1
AEARL, B T A ﬁﬁ%ﬁ%otﬁxﬁ
T AT iR H AL IS HBEA P BARAE (£3) BN
mu,@%ﬁﬁﬂ?i%#m%%%ﬁ%%ﬁ%%
AEARERAE . 285 KIS AL 1, fi%ﬁmﬁ%&
FIRIE, JEARA A ML A S SR e &
YA Pt , HUT R R T R A ﬂ%%ﬁ%%
M i

A B KRR e A AR SRR A A B R AR
e h—E, YWEREWMS+FAIWS+FAL P + 3
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Fig. 1 Content of soil exchange Ca’” and Mg"" in the soil relative to treatment in the long-term field experiment
R4 KPFREEMFTCHEXTLIRGKBEUYIEE
Table 4 Content of soil Fe/Al oxides relative to treatment /(g-kg™")
b KR Y FHlE & 1 o
tH Short-range ordered Organo-bound Amorphous kEERA
Treatment Allophane
Al, Fe, Al, Fe, Al—Al, Fe,—Fe,

WMS+F 1.77a 1.42a 0.76ab 0.78a 1.02b 0.63b 4.06b
WS+F 1.85a 1.48a 0.84a 0.80a 1.01b 0.67b 3.87b
MS+F 1.79a 1.42a 0.57bc 0.55b 1.22a 0.87a 5.12a

F 1.75ab 1.39a 0.70abc 0.67ab 1.05ab 0.72ab 4.14ab
CK 1.60b 1.43a 0.50c 0.57b 1.11ab 0.86a 4.27ab
AL, T HARLE (R3) o HXEER 050 r JUE—
. o = E
(E2) ®w, HEhrKREEn SERAF. A :
P . BT 0.40 y=0.036x +0.2272
PLAS A ARER) & B IEADG, HEARMEREEHR ~ i Re=0.41*

e N N AP — = =N o0
BEMMK., X5 IIEARESHREAAYEEE 2 030 L OB HLLAE”
FEFFAEARTA] . E y=0.162 Tx -0.484 2

= 020 [ R=0.69 **
& 0.
N ) fee al R AL
3 0 i
0.10 y=-0.126 7x + 0.711 4
C ) R2=0.44 **
3.0 KERFEEN HRANERROBM I S S
ERRRSFF A ML, %2Rk I+ e 250 350 450 550 650
DLV IR B AR AR R 2 REH IKERIER Allophane /(2'ke™)
LB IR S RS AR MA R R 2R, B e * =2 0RES%. 1% BEKT (n=15) . FH

XA B E R R LR R e, N
FEFF Y AE R R 2915.0 thm™, 1 B KRS FFHE B
FH D 53K 22.5 t-hm ™, 2 KIS [R) 5 A1 44 H Ak
L, HHAEVLRREMEARNL4.0 g kg, HAH
E2ERARE (£3) . M FERFEFUELR

Note: *, **represents a significance at 5% and 1%, respectively
(n=15) (DShort-range ordered, @Organo-bound, )Amorphous.
The same below
K2 RHERFDE SR 5K R A C R (n=15)
Fig. 2 Synergistic relationship between different forms of

silicon and allophane in soil (n=15)
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Table 5 Correlation analysis of metal oxides with soil organo-mineral composite colloids

BREVIEE LAY

Exchangeable Fe/Al morphology
Z;J\‘ i=N
ZERSIND| EERINDiE s Ca”, Mg” and oxide
Organic matter Total organic —
hol N A HHLEE A EI R -
morphology matter 7}
Ca Mg Short-range ordered Organo-bound Amorphous *
Allophane
Fe, Al, Fe, Al, Al,-Al, Fe,-Fe,

12 43 0.49 -0.25 -0.05 0.02 0.24 0.36 0.29 -0.18 -0.36 -0.04
R R AP 0.47 -0.19 -0.32 0.38 0.34 0.50 0.27 -0.08 -0.28 -0.10
LRiELiaeroa 0.79%% -0.70%*  —0.64* 0.40 0.72%%* 0.58*%  0.60* -0.21 -0.34 -0.11
sk AR 0.61% -0.45 -0.57* 0.17 0.49 0.47 0.39 -0.13 -0.36 -0.14

St 1 -0.63%  —0.59% 0.18 0.67%* 0.78%*%  (.78%* -0.51  —0.69%* -0.41

(DLight fraction, @Ca/Mg-bound, @Fe/Al-bound, @Tightly combined, & Total content

3.2 KRB EHEMEEEASHEIRNEN
Ca’ fiMg* &+ P R BRI+ 7Edh
F AR R R S P Ca®t . Mg i — T
T AT PR T R 90% ~95%, HUSE TR
Fo WP A XS AR R R ER 1) X, 7
M S MK o 2 PR TR A B R B UK b
Eoh (RS VL EamETE g RIEEm
T BEE MR Y RRAE , (HAEAS IS b & B A A 4
PEESEE & OO AR, XS 1A BHE Bk
BB FRMEAMRARER " ca” Mg I E
BT, BS/EE LU AN [ A — AR B L R T e
B SR P R A B e A B L
B TR R, XFERERASMNEES S &L TH
BRI AT R L AR S S e A
PERE A BN T A T ke i, R A

BHEASAIR S R EEENZ —.

MR LU T ac i Bl o) &, R AR 2 /0
AL e, B RE IR A PL-TCHLE B A AR E
PERR A 2R E 2 BB AT A PR AL A R ) A
E WA T GRS, LA LA
Al DR 188 - 1 284 0 1 3 8 S i Al R
SRA TN 85 86 B 1 LA HLsT R A i B E
FAEH, HHIF RGN E P
3.3 KHIRBTEEXMNKERASHIRNE N

BRERJE IR B R BT R, E O PR 5
BT R R AR A
Z it KRR RS A0 FARBE, 754 LT SR o 72
TIEpH T REWIR , S A il 5 (7 o 22 e A AN ) R JEE
MAEAL, X e HERRAE B B TR IR IS R AT, X
+ 48 4 A AL P IR A AR R Y T AR T g
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ALY S RIA T BRI, XS5BT
H—F: 2V R AP AR Yk
ALY SR B FIEMHE (P<0.05) 27

AR AR Y B A BRI LR AR, Wl
AL HEE WA HL- AL B S 1A, e RIEA L
B U0 MAHLER . SRS A SRR E S A AL
P S TERA . AILGS SRS REE
BEFIEA, H54EMAMEE A Y &2V RN
T AT . B TR P &8 A e £ A L
S AAMAE G R EAW AL, MRERA PR A
¥ 5 A BLUBTIR] 52 G REAR T Al B k40 S e W 7
TR a0 X R AR R AR A
A T e ], A AT RE A R S A LB —
A ZRNEEFRNZ —,

K B8 A S b v R R S A AR i AR
REE G ) KERTE A B IS R T R
S5 023 Xiao% 1 mXied NG
PBLICHLACIEAL B, 7E A S5 AE W) S AR DG T ) S [ 4F
FHTF I UK 2 ik S80S A 0 AR A B 3G L (0K
Bych . PRGA . KBTS ) AR AT
SRR, HHOUKEY A SREBEARFMAIE S
RESE R E IEAHDG, (HY5 L5k G AL W35 070 ¢
(P<0.05) (K2) . KEHEA SR SRR K
FHIR I T 45 R 2B, R I TR AR A 0 it 4
o VA g rh RIS M, R VKBRS R
B, IS5 TAENWY RESEER. BT IR
REM S EA R, RS, TE—ERAE EHl2
TR ERIEA WAL 0 L XA R BB s
S B, MR TSR
LB, EAE f I KBRS A 9 il b A5 3] 1 AR
U B BT
3.4 KHRBTTHNZEEZEEESHINRNZIT

ANDHTON K B A G S A L AR N
T, SFELVYEESESE R, EREE, B
TR P RS R RN, TR E
TAEHIE R T BE T B A SRR (2.09
g'kg') , X HEEAVUT BB STk L 65%,
B TR A PR (1.17g-kg™) Je il
Horo

Zig LR SR Rl R B, TR R Rk
AP R Z BN Z A s, (HEZ DIRm S

MEFL GBI AR E TR, BELS AR
R AERL I %2R T A LR A R B PR
Al BE RN EZA AR LA — . RS SA L
B E R e TR A A, (KRR EA —
ARG, AN BE ) SRS E A A HILBUE 255 fL A1 1l
FHRER BRI AT R 2 = Rk
RS A YL SRR A P AR BB A
A5, HAMREMMY LIPS RAR, HAM
b et BRI T A LR R BB
= BRWAGEA RS L0 YR RS A
o PR EE ) 0 T A o LR AR R A WA 3
PERAAR, St MRS BB SCRE B 2

LYk, 0 BOCRHE T L E R A
Yy B RN LA R WA B 22 57 . RS
B AT RHLH], SRR+ 3A P 3R
B TTIRK IR A o T itk — PR R

4 45 B

2o 3 K AR AT 0 H e AL R B B B
M SRF, B TR AR AL B, X
B /NZEREFT 5 FORAEFFAA FAH LB RE 2 i 4
BUBT I B AL 55 G A b i A BT 2 DAk
RS EMEEEASAIRNERAE, Ribh
HEHEM88.70%, It 5 LA PR 45 23—
M AR FL B . 4586 BRI 2 2 0 22 TR 4 i A
fE, BRIMET® N T, AN FRE S A
AR E /N (P>0.05) o 888, BR4S
BAEVBES HHERAT . AIEESEE ALY
R FEIEMSC, (H5HERBERER A 2 3 fH C
Mo AR RVERER A A BGE ERE . B RN E R
PR E A VLR R AR, HTEFELEAD
AL 5 AR A A P AR S A 1A ML 3R
B, A B AL RE A 3 — 2 5T

R
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Dou S. Soil organic matter ( In Chinese ) . Beijing: Science
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Effects of Long-term Straw Returning on Stability of Mineral-complexed
Organic Matter in Shajiang Black Soil

WANG Qingyun"** YANG Yuanzhao' XU Minggang"? CHEN Jing' GAO Hongjian'" CHEN Lin’
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( 1 Anhui Province Key Laboratory of Farmland Ecological Conservation and Pollution Prevention, School of Resources and
Environment, Anhui Agricultural University, Hefei 230036, China)
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Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China )
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210008, China)

Abstract [ Objective ] Organo-mineral complex is a kind of substance with soil organic colloids
complexed with mineral colloids through surface molecular condensation, cation bridging and hydrogen
bonding, which plays crucial role in stabilization and accumulation of soil organic matter (SOM). Organo-
mineral complexes are formed through interactions between organic matter (OM), mineral cations, metal
oxides and soil clay minerals. Based on a long-term (10 a) stationary experiment of straw returning to
the field, this paper explores mechanism of straw returning affecting stability and accumulation of OM
within organo-mineral complexes in typical Shajiang black soil, and systematically analyze distribution
characteristics of OM content and mechanisms of OM complexing with metal cations and oxides typical in
the soil, in an attempt to find out the key mechanism that constrains OM accumulation in Shajiang black
soil. [ Method ] The long-term field experiment, which has been carried on since 2007, is designed to have
five treatments, i.e. WMS+F (application of mineral NPK plus returning of both wheat and maize straws),
WS+F (application of mineral NPK plus returning of wheat straw only), MS+F (application of mineral
NPK plus returning of maize stalks only), F (application of mineral NPK only) and CK (no-fertilization).

[ Result ] Results show that OM within the organo-mineral complexes existed mainly in the form of Fe/Al-
bound organic matter (Fe/Al-OM) and tightly combined organic matter (TCOM), and both of them added up
to 88.70% of the total organic matter (TOM). In terms of contents of the three forms of organic matters (Fe/
Al-OM, TCOM and TOM), the five treatments followed an order of WS+F~ WMS+F~ MS+F>F>CK. Fe/
Al-OM, TCOM and TOM was significantly and positively related to soil short-range ordered and organo-
bound Fe/Al oxides, and negatively to amorphous Fe/Al oxides in content. [ Conclusion ] Straw returning
remarkably promotes the accumulation of SOM, which is affected by Fe/Al-OM. The slow formation of
amorphous Fe/Al oxides brings about deficiency in content, thus restricting further accumulation of SOM.
Although accumulation of Ca and Mg is one of the typical properties in Shajiang black soil, it has little
impact on formation of OM in soil organo-mineral complexes because they are easily leached out. What’s
more, the contribution of TCOM to TOM is significantly higher than that of Fe/Al-OM, of which relevant
mechanism deserves further study.

Key words Straw returning; Accumulation of organic matter; Organo-mineral complex; Amorphous
Fe/Al oxides
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