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Effects of Organic Amendments and Their Combination with Biochar on the Stability of
Aggregates in Red Soil
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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
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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.
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MbPE Treatment
E: —B: DRIMAEMFURAIE; +B: RIEMFRRAE; CK: XH; S: s M: EFE; Foa: AVWEIAFM F EH; Fe: 4
MIBURE T F H: Foaxe: AHIRHRIAMIBUR S EANM F . AFR/NGFRERRA RIS EEZR (P<0.05) , *
*R P <0.05, **Fp;x P <001, ***%x P <0.001, ns &R &EM, TF. Note: -B: without biochar addition; +B: with biochar
addition; CK: control; S: straw; M: manure; Foa: F value of organic matter factor; Fg: F value of biochar factor; Foaxs: F value of organic
matter and biochar interaction. Different letters indicate significant differences between different treatments (P < 0.05), * P < 0.05, ** P <

0.01, *** P < 0.001, ns means no significance. The same as below.
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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

(Ro2smm) (c)
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Table 1 Two-way ANOVA for the effects of the organic amendment (OA), biochar (B), and their interactions (OAxB) on the particle size

distribution of aggregates

#I1R Particle size/mm OA B OAxB
>2 40.25*** 1.39 0.49
2~1 29.46%** 2.28 0.19
1~0.25 4.63* 0.3 0.06
0.25~0.053 6.82* 0.02 0.71
<0.053 11.56** 3.54 1.25

2.2 TIEARGENHRNHBEMEYERSEWTL
TG B TR I A P SR AR AR R KT P, TR IRRUEM AR ER S RS 2R (B 2) .

EXTIRA L, AT RE (P <0.05) 80T KEZEMAE (50.25 mm) FFHFIZE A (0.25~0.053 mm)
THEAENRM SR, REE (P < 0.0 ¥ 7 MARAER A ERN S E. BiEEEREE (P <
0.01) H4An 1 K AR AN 3R Ak b A WU A A Y AR E R & . SRR AL, AR R
LR R C It A58 K T SR AR RNl 11 SR A 3 A LR 25 B 70 il B 3% (P < 0.01) 14 1 206.98% A1 69.72%
SR L, A R S 2 SR A K A R AR AN G SR A WL AR R (P < 0.01) #En
T 151.09%1 60.72%. 5 iEREFTAIEIAA LG, AEW TR O it 43 5l £ K [ R A A ) A ) R T A L
(P <0.01) #&m 1 78.21%H1 62.13%. MK ZT7 27 M, ALk XT #0142 ] SR ARG HLERFN T
AP A B A AR R R s AR i it P K T SR AR RN A SR A ML R AR R R, X
KRG A P A= P i i 5 B A AR 2 ), T A SR AR T B 2 i s AR e 5 AL e I ko
KERA . MR (<0.053 mm) (1A LA AP A P s ik B B A 638 58 AR
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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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4 H Treatment
E: EE-G:HIRIEEREE R, T-G: LEREE R, PS: Z£¥E, F[H. Note: EE-G: Easily extractable glomalin-related soil proteins; T-
G: Total glomalin-related soil proteins; PS: Polysaccharide. The same as below.
B 3 AN [ b 3 0 358 P SR AR AR ) JRC 45 0 5 114 52 7

Fig. 3 Effects of different treatments on biological binding agents in soil aggregates
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0.01) . T-GRSP. MBC #ll EE-GRSP & #F #x (P < 0.05 K 4c) ; HANAE KB Bk, £

(Polysaccharide) &1 MWD (P<0.01, &l 4a) .
a) >(.25 mm b) 0.25 ~0.053 mm c) <0.053 mm

EE-G | | | == EE-G || | += S0C |:| -
MBC |:|* MBC [ ]« LE-G I:lm
soc ([ ] R=0.633 soc ([ ] R=0.702 s ] R=0.723

0 4 8 12 16 0 4 8 12 16 0 4 8 12 16
Braps g By etz R Byt R
Increase in mean-square error/% Increase in mean-square error/% Increase in mean-square error/%

B4 JETRENUARMR I 3 FU R AT B R EAS (MWD) 28 53 i 3 50 [A] 5

Fig. 4 Correlation factors of MWD variation of soil aggregates based on random forest prediction
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RSO SR, AR BORBC R N 1 38 HURRES M 107 B4k, BRAR 1 AR o X ] B e, A 1
98 0 4/ 1 55 P RV A A B R 0 R R R T 2, S mT R T R B R 0 A AR BT K A R R R
kb, AR, EERERMAT, EVFUR S A PUEHIE X K B R AR A MU & A 22 15
HLNE, R UR ROt 3 SRR ARG AT 5 RE e AT HLBRAE R R A OER (B 2) o IXATRER N3
AR LA 2 ke PEBRAL RSS54RI KR A HL S 2P, 53— 51, X rdg 52
FAAERMEREIR AR, FIABGE S T HIREKCT, BT REEW R RBERR S, AT 7
LRI L3 WU o3 A OR3P

TIEFAEY DR (MBC) R RHA VT H IS ERITE 7y, ATEUR G Sk IR AR Ak, X g
FROMEAAT HE EEAEFPY . AT, R AR B BRI S R B R AR R AR (K 1 KT AR, A4
FF BN T 0.053 mm 0k Bk P AE M AE R S R (B 2) o XS RETECIE s R
155 A - 4928 R AR F O ARAOE DI — B X T R SASAB AR L R AU BO R I Rt 2, H
PARPRN E Mt AT 5%, RMFERISINAT HURL I K B R o, B B BB 2 5 A 22 1) [ WL &5 4 X
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PASCHBFE MDA REVHRN, HAHIEE. BV FURAFF G PR 5 a2k LA %R
PR A A B S BB AR AU B R, SR LR B, A R R T X e K R
& (>0.25 mm) HAEY A E IR K BORAE T &KL (<0.053 mm) AIf A 24k (0.25~0.053 mm)
(B 2) o —J5TH 2 BN A LR RN AR 4 5 0 it N X6 i v~ 38 K SR A o (0 WA 5 SR A T At 9 oo
7 (&2, AR KRS TEZRENRY, HAYIFURBCH T REE IS 7SS E AT
PRBE, MR 2 10 7 KRR A i e e e A R R, R R AR B R o A B A A
ZHINE DR, AYURY SREDARE YA S & IR, MR A, BRI REEISS T A
5 B AR AR K AR A T

3.3 AR B Kk SE M IRE XN REM RN R SEREREMR X AR

BRIEE R MK IR (GRSP) 38 42 il 2 {1 34k - 198 1 S Mk T2 B R R s ) B 8 2 W s 48 Jg %
A, KB, IR RARR A R AR R 1 GRSP & &AM Y, KH BRI 2 0 S B AR T Rk,
BE¥mTmER (B 3, ZaRE TG MU &R R 5 AR AL (B 2) o iZARBIE
FRAER EDE T L3 SR A b AR IR 45 0 i i R B2 R AR R e MU . TR R, M
Fok Bk, K SRR SR AR R B B m i LI MUR & i RIFMIFLBR A M ARG F, R4
ANECH 10 E B SRS A], [H 2 GRSP M B 1 B0 Ai ki fele 24, SR1, ARFEHIE A+ GRSP f%
WS XA MR N IR NAF R R ZE o AP, SRR FTRIE SR R E LT T-GRSP. EE-
GRSP FIZWEERTA KA 0B IR KT |, Wi B R KR Ewm (B 3) . X
KU REAT AN E 285G LR & 7 E A S 10 GRSP A 08 (140 Wb, 0 2E W0 I % I AN BE BL 3R AR 3k
GRSP MZHERIF R WA, FEAFMEEIMEEAIRE & RERIER. & A E e a
BURK, Wi\ JE AT H2 s . B AEE, SEMEEE T GRSP A1 M 44 i AR |18 3334,
FRUE R TR A 3 (R GRSP IR R, (HAEY T R 56 MR EXT T-GRSP Al Z i 4
B REREERMEAERRL, FeRRIERARES (B 3 o X5 LR R FiE 5 G820 K F1 %
L RRAE N R R (B 1, B 2) A%, RIFMBREE AT E WAV IR A A K
ARGHHRAL T 5 4 AT S 25 )

BEALAR PR [ VARE A S A0t — 20 R B, R AR (MWD) 5 38 K 1 58 AR il b SR A o 1 R
FHHRMIKEN (EE-GRSP Al T-GRSP) . Z Wi s R W EFE B, M5 TR MA YY) & A HLERAH
FMERAR (B 4) o XKW GRSP Al 2 0 55 A e 2549 o e ok A6 4 A6 4t R 398 LK B R R U e 1=
AR EE . GRSP FIZ M REGEKs 1498 (¥R B WL 45 B R, JRE— D I8 B T 2 1 2 0
R BRSNS S O AR AR 1834, Sx gt —E ], GRSP M B 5 3 Rk fa e
PEREAOG, Rt LA R AR AT, VR S5EPEHCEXT T-GRSP #1241
S R E R AR RN, (B 3) , A7 b Ui WA AR L ML i, A 400 0 ik T it 5 e 2 kA2 )
JB& 455005 P P2 B S HAE K R SR A v R R B, T Wik 3 T2 4802 22 4 A ) R i Bt A 524 L 34t 5 ML) L
A TR ) g [ e B A 7

4 45

S 6 SR AL AT AN S SRR AR AR B R AR E N, I S R IR AR R A Y R S . A
it 0 5 ot b 18 1 SR AR E IR A IR Z5 W SR B i s, (HZE WS UR S LY RHEC I 2 25 32 1 1K
R AR BB R FREFERM RS E. KE RG] R P Rk 1A 2
FEFUI A R AT 2 B HARK SRR T, W RI R AR e R R B A . R, SR N
AR I 52 v IR AR R ) A IR 5 0 o 0 25 B e 2SR SR AR Ik, AR o i S Tt AN S A LA e
ISR RIONE, A AT HE S S5 0 o A A SR AR PP AR B, X 8 vt 0 3R S5 A R P R [ e 3 N B A AR
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