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Abstract: [ Objective ] This study aimed to elucidate the effects of different organic amendments (including corn straw, sheep
manure, and biochar) application on the stability of soil aggregates and biological binding agents and to provide a scientific basis
for carbon sequestration and fertilization improvement of red soil. [ Method ] The distribution of soil aggregates in different size
and the contents of biological binding agents in aggregates were analyzed following six-year successive application of corn straw
and sheep manure alone and in combination with biochar. [ Result ] Compared with the non-amended control, the contents of soil
aggregates with particle size > 2 mm and 2-1 mm and the mean weight diameter(MWD)of soil aggregates were significantly
increased by application of straw and sheep manure alone. In particular, the MWD and the aggregates of > 0.25 mm were
significantly increased by 50% and 27.66% under straw amendment, while increased by 103.13% and 36.17% under sheep
manure application alone, respectively. However, biochar alone or in combination with organic amendment did not affect the
particle size distribution of soil aggregates. There were no significant interactions between biochar and the organic amendment on
the particle size distribution. The organic amendment had a significant effect on the soil organic carbon (SOC) and microbial
biomass carbon (MBC)content of aggregates of each particle size. Also, the contents of SOC, MBC, total glomalin-related soil
proteins (T-GRSP), and polysaccharides in macroaggregates (> 0.25 mm) were significantly increased by straw, sheep manure,
and biochar application alone. Compared with the sole application of straw and sheep manure, biochar co-application
significantly increased the SOC content in macroaggregates by 207% and 151%, the MBC by 78% and 62%, the T-GRSP by 15%
and 20%, and the polysaccharide content by 24% and 22%, respectively. Biochar and organic amendment had a significant
interactive effect on the SOC and MBC content in macroaggregates, silt, and clay particles. In addition, the combined application
of biochar and organic amendment had a significant interactive effect on the content of polysaccharides. Random forest regression
model analysis showed that the contents of easily extractable glomalin-related soil proteins (EE-GRSP), T-GRSP, and
polysaccharides in aggregates were the key factors affecting the MWD. [ Conclusion ] These findings suggest that long-term
successive application of straw and manure could significantly increase the stability of soil aggregates by increasing the MBC,
T-GRSP, and polysaccharide in the macroaggregates. The combined application of biochar can promote the accumulation of
biological binding agents in macroaggregates, which is more conducive to improving the structural stability and the potential of
carbon sequestration and fertilization of red soil.

Key words: Biochar; Soil aggregation; Organic carbon; Glomalin-related soil protein; Polysaccharide
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Fig. 1 Effects of different treatments on aggregate size distribution ( a ), mean weight diameter (b ), and the proportion of aggregates >0.25 mm
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Fig. 2 Effects of the treatments on soil organic carbon ( SOC ) and microbial biomass carbon ( MBC ) in soil aggregates
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Fig. 3 Effects of different treatments on biological binding agents in soil aggregates
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Fig. 4 Correlation factors of MWD variation of soil aggregates based on random forest prediction
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BHRHEE, Az 5 B vt i 2 35 4 o 1 R SR AR R ik
SRR p A AL 5 i, (EG R 2o A LA G
FRm (1 2), FRWIAW) 5 o it T 235 fie i + 3
AU R ARG RIA PR REEE
A SRR T P A I BT 45 R — B Situ S
TERS N A W e e R B, AR e v 48 i % A
B (>2 mm) FRHEZRIE (2~0.25 mm) PEA
BB S 0, A HLBR &5 A 42 55 PR R AR p L 2
AP R SRR R REREEYRRATSY
TRUIRIREIE A, Il fefie st 1T AMEA B RHE
RUTRAE PR FBCAR R, B ZE R AP B A
BEA AN —EREE Ed e T RIRIE A
BB S MeAh, ATIORTE A B, AW I P it
T LA PUBRES R B, BER T AMNREE Y
AR, R T e S A T A A GRAE R
JEC AR s %7 200 ST e T AR SR AR A3 i O
BT RIRAE B RAE D . AW A I, e
SERRERAT , AW 5055 A HUPPRHEC it X K 2R
AT PR & B A 25 ISR, AR s Ot -3
BPCHRATE REREEA A U E R HER AP RIRR (1 2).
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XA B SR R 2 A AT B 22 (RS R e 4 o R 45
Ji, T R R P R A L S 5y — i,
XATRE S FFHAA TS ARTR A, FIHfE
T AT, BRI T RUE R A BERR S,
T A 0t AT ML A3t (4 38 R R )

TR Y YR (MBC ) J2 AP R
Bl BRI ER Y, PR e ik - A AR A, X+
IR RS F HEERP, ARG, R
Yy A e 1) % B AL SR AR A R 38 R R AI . AN
AL B R Y LI/NF 0.053 mm AR R ik A
YRS E AR () 2), X 55 EPIS i oT 25
R—5, (H5 H At 4 R A O S RaE R —
o X AT RS A b 4 R SR 55 R Y
LT 5, HUARERCN E0Y B A ¢, RUTERE N
FERiIR RN pNTIE 22N S S R SRR s m = T
AR ZE A ME L) R B I E A K . KEDE
FERM, MEFHZEAE . AR R RS AT AR A HL R AT
v 2 A R AR A A W A ik A B AR
Mot —22 Won, SHtA I RAE L, YRk
B it X B v K AR AR (>0.25 mm ) H iR AR YR
B B4 R SR A T 05 Bk (<0.053 mm ) 3 A BB AA
(0.25~0.053 mm ) (& 2), —J7 12 F ALYk
VA W) 5 it A0 8 ey 8 O AT SR A rh A BILA A
B FHAFFRAR (L 2), XA A A K R
THEZWMANUEY, BAY kBT REE s 1T H
A PAE Y AR AR, DT S 2 B I T K AT R
TR B A W A W Rk A Y MR, BT R AR
MER T A S SARZMEER, AIUEY S5
AV Y R A5G TR %, MELIBUEY)
FIRE, DAL RT G H 559 1 A 9 5T 6 A 0 2B K Y
i 1k 1 U,
33 BUYHBEERS Y KB HEXT RS R

IR ERAREREENX R

BREFF R IE Y (GRSP) I HE A
SR R AT BRI 2 B BB A el s 21 AR
WFoE b, EHER A R R A R AR 1) GRSP & &
Y, KPR 20 S IR T A Rk, H
TR ERL (B 3), @S A LR S A )
HE WL Y 3 AT REAEAR AL (T 2)o AR RUPERRAE Al
EIE 1 - 358 DA SR A vp A W RS 45 ) o 1) 5 e 252 1
Ay HEE MRS . DR R, AR
FORL, PSRRI G 1 SRR DR EL AT A v 1 A L

F i, R A FLBR A ) ARG S A, R e AN
FUR A EE S 25 a), b2 GRSP FIZHERY &
FLo AT RARTS 22 kT, RIEI A Rk GRSP Al
25 Er A ML R A R R AR R R 22 5 . AR
FgErh, PR AT AR B LU T T-GRSP,
EE-GRSP FIZ M 1E Ir A kA2 b 9 20 e (0 HO= KA
R, ALY R s I B E R (3 ).
XRAFE AR LR & T E A S0
GRSP FIZHEI/3Mh, T A9 0T e TN 18 B 242 it
GRSP MIZHEMBLR, A, FEHMESEE
LEHE YRS & RS IR . B AU SR S ] Vs
FHLR, HA S v AN B . R A RS
HEMIfEE T GRSP MIZEHEAEI S LS 33234
SRS it A= ) Bk ok B E AR iE GRSP R 2 0 Y R
R, BAEY TR SAPYRHECEXT T-GRSP FlZ 4k
B B W VR TR B AR RN , RS 1 K A
Bikd (E 3). X5 A9 5 B it 5 fE 2 2F K
A RBTE S AA WL SR ZE 5 (| 1, | 2) A
K, RAFR DRI A N & A AL R A
A K ARG T 5 4 A A B 25 (]

BEALARAR NSRS B it — 25 R B, TR R ER
FEPE (MWD ) 5 3K AT 54 Il P 2 A o iy ek
T EMAEN (EE-GRSP Fl T-GRSP ). ZHis &
HEWEFEEMIC, W5 HgERE YA Yo A
FHCHERAR (B 4), 3XFW] GRSP FIZWEEFEAY
I 45 40 o e Bl A 4 1 e R - MR BB T R A
W 4 9 PH R AR E . GRSP FIZ BEREAS IS 3 rh
(B RIS 25 I A SR A, I itk — 20 38 3 FL A T 2
B2 &N E R IR (SN S WNEIE
PRS- 1834 e gk — 2 UERH, GRSP M 2B + 4
R A e PR R B A G, R i T I AT SR 1 R L
Ko ABEFE R, YRR 5 A LY RHBC i X
T-GRSP FlZ 4 () F SR A I 35 04 R A B AR S50
(E 3), AUl A Ea ML R it A= 5k
e it BT e 12 2 A 0 B 235 ) T3 T o B A K AT SR 1
FRRLR ) X R 1 R 2 AF A W ok e i A P
AH G SRt A AL R LA A A I R e IR T

4 & ik

HESE 6 A AT RS AT RIS 2 AT B v 41 4 A
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RATENE, B0 1 A SR A v i &%

JR B

P A ) TR AR 7 3 21 AT R AR S W R 4 ) o
RIS/, (B AR R S A DR (B35 4% =
TRPIRE AR . BUE YRR . BRREER
FIZBER & 5. R R P Bk &R

2 Hi

JE ) DA SR AT 24 AR DG BE 1-, X

PRI ARE PR B G BRI/ . I, i 2:
ZAF it FIAT HL R 3 i i v PSR A o 4 A ) e 4

J e P e 2R R ARG e, AW B BCE A R
Wil A BILRE A 25 RAKONE , L AT i e 45 i 7 A 2R
PR RO BUER X i o £1 38 25 4 5 2 A AN [Tl 15 A 2L
A BB .
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