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H BO ZbHR AR (>0.25 mm ) 9 A T ICAARER s 38 18 AT SR R JAL G R B, A8 I ML FAAR T K A 3 4k
(>0.25 mm) MYJEFEER, 85 T/NATRIK (<025 mm) WL, fE86 4 1, AINATRURM JE SR TR Rk, i
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ZHANG Jie', ZHOU Jia’, WANG Yongmin', SHI Xiaojun', WANG Shuai’, YU Haiyan', XU Qingwei',
CHANG Xia', WANG Zeyu', YE Sili', HUANG Haiyang', ZHANG Yuting'’

(1. College of Resources and Environmental Science, Research Center for Green Development of Agriculture in Yangtze River Economic Belt,
Southwest University, Chongqing 400700, China; 2. Chongqing General Agricultural Technology Extension Station, Chongqing 401122,
China)

Abstract: [ Objective ] Acidic soil is not conducive to the formation of water-stable macroaggregates, which in turn affects the
level of soil fertility and the normal growth of crops. Research suggests that the application of organic fertilizer is an important
way to improve acidic soils, however, the effect of organic fertilizers on the formation processes of acidic soil aggregates remains
not clear. Also, there is a lack of evaluation and comparison between different types of organic fertilizers. [ Method ] The rare
earth oxide tracer method was used to test different organic fertilizers with equal carbon content on purple and red soil for 56 days.
Four treatments were set up (no organic fertilizer control as CK; ordinary organic fertilizer as OF; biochar organic fertilizer as BC;
and bio-organic fertilize as BO) and used to determine the stability of soil aggregates, the content of organic carbon in each
fraction of aggregates, soil respiration, and the turnover path and rate of aggregates. [ Results ] The results showed that compared
with the CK, the addition of organic fertilizer effectively reduced the amount of aggregate fragmentation, promoted the turnover
and formation of large aggregates (>0.25 mm), and increased the mean weight diameter (MWD) of soil aggregates. The BO
treatment had the best effect on improving the stability of soil aggregates, which could be increased by 53.50%-103.35%. Adding
organic fertilizer promoted the formation of the 0.25 mm aggregates and by calculating the turnover rate of soil aggregates, it was
found that the addition of organic fertilizer reduced the turnover rate of large aggregates and increased the turnover rate of small
aggregates (<0.25 mm). It is worth noting that in purple soil, the turnover rate of small aggregates was higher than that of large
aggregates, while in red soil, the opposite trend was observed. Also, the addition of organic fertilizer promoted soil respiration
and significantly increased the content of organic carbon in individual fractions (P<0.05). The total organic carbon content of
different treatments was BC>BO>OF>CK, which increased by 14.50%-27.78% in purple soil and only increased by
6.40%-9.82% in red soil. [ Conclusion ] In general, the application of organic fertilizer can effectively reduce the fragmentation
process of aggregates, promote the turnover of small aggregates to large aggregates, and improve the stability of aggregates. The
application of bio-organic fertilizer was more conducive to improving the level of soil water-stable macroaggregate structure,
increasing soil stability, and improving soil structure.

Key words: Bio-organic fertilizer; Aggregate turnover; Rare earth oxide labeling method; Soil organic carbon
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4 by R R o R A 5% (5 - AT SR R FOAT BIL B F 50
e BNt AT LA Xof 15 m - A ML A e R4 v A
RARIE R 58 BUCR Bch o 22l B2 A g R B
ARG HEAR LE , WA HLAC $2 iR 1 5 M 2108 P SR A
AR E VA0 A RS AT SRR BLBR 5 4, B 17 AT R
PRARE P

UTAER, & EMBOREAHUILFIA: YA HLAL ok
Iz O TR IR R AR s T RA
pH. it . RICRMARFR AL, AR MR
PSR pH, HAS5AYUCECHE S EA TR ek
PRI (>0.25 mm) BIBRL, IS5 5 m MR AR AR
SEENE R AN W AR R B, S
AW BURARLE , AW R 5 A HILIE Bt . 2 T
BHOKTRERI R, KA RESEEFRR T
26.0%. Mk, it AP0 HLIE AT o 3901 A KA
PLBANRAEY), oo S5 A & A2 A R AR
A AT SR A, TR IR - A% G AT R AR oA, et R
PRI IIE AL, B2 L3R R AR e v AT
AR T e A A HLIE A ARG NE Rt R AT 5
TRESLEBIE N 66.4%, W 1 LIEHIRIKF1
Fite EAE (MWD ), {HJE, i TARZREAHLL A
AAFEIFR SR AP SR, XS

- 458 PR R R ORI RS 1) 5 i A B R AR TR, E Rl
153k = AR ZEH A HUIE A PR FLAS PR 9% o BBAh,
+ e A R ARG LA FEASKT R | A RS E B A
A, HT ST R 2 S AT LAE il AR R AT 2R A
TE R 25 FAPERE A b, X AS [ 2 R HLAE 32 i 141 23R
A T B 0 2o R e AN A

gi b, ARBFITIEER 3 M HLIE (A PR
R R A LB A YA HLIE ), 43 BITERRPE S
o+ FLTE FIF R A 56 d BB IRRE:, shAs
PR R AR P L BT R R A A A5 R AT AL
B 2 B, TR M - A AL bR R RDRLAR (9 R
BRI RAR I IE R e A%, B AR MR TR R R
PEHEHE R A S

1 MRSk

1.1 i

B ORI S - i, Hid g 4ok
HERHITHX (29°28' N, 105°49'E), £I4ER%H
A REMEMN (24°30' N, 100°35'E ), +3ERES 25
Frfrde . MAFEZRMEENAKRNTE, o 5 mm
i FH o A A SEAR AL M T AN R 1 s

F1 I HREARBAMR

Table 1 The original properties of the studied soil

ok 41 A,
H Bk A
+ 4 Soil particle composition/%
pH soc/ TN/
Soil type BI$L Sand ki Silt ZhkL Clay
(gkg") (gkg")
(2~0.05 mm) (0.05~0.002 mm ) (<0.002 mm )
%o+
5.2+0.2a 6.63+0.14b 0.42+0.01b 25.8+1.8a 45.4+2.2a 28.8+0.4b
Purple soil
218
5.3+0.1a 17.32+0.27a 0.92+0.01a 20.6+0.8b 38.1+0.5b 41.3+0.3a
Red soil

W R EIE N EREZE, ARG ERAARAF LR M2 5 B3 . Note: Values are Mean + Standard deviation.

Different lowercase letters indicate significant differences between the two soil types ( P<0.05) .

1.2 HLIEMLWIRIE

WY, KA ALY (REO,) Fric/s i Al
R Az, AL RIS R 5 4 Fh REO,( 4R,
(&R Lay0s; Alke, Sm;03; AfEL, Gd,03;
SAALEL , Nd, O3 W 1 A B L8 4 R H B0 A BR 22 7]

i - AL PR iC A R AR AR A HIE S 45 4
B, H 1 AR RE R, S5 A0 4 4y LL 500 mgkg
A BE 43 AR AN La,05. SmyO5. Gd,O5 1 Nd,05,
s A AL 1 S n 42 RS YRS N 1) 1 38 S0 s &
dagerh (RIEEAR 1 4810 4 A0 7 AR R 1) 248 /K A g
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TP RHIRBE G M RA), B RmELER, 5
Z IS ). AR T 4 CCURAR PR 7 d,
ffiZ 4. 7 dJ5T 40 CHUH P HET 24 ho &
J&, R Elliot JyikPRG, I4E>2 mm, 2~
0.25 mm, 0.25~0.053 mm, <0.053 mm 4 ¢ Rk

. R, ZUWEZBE, WE + 5 RR 0 1
F LA AR B . i S AR S n Y L 8 A
— ARG LIS — P A AP bR 1 07 AR SR
FORLE L EIR A K 60 g pRiCHE & . Fi LAy
AIbRICEENER 2 B .

*2 HIFUYHERENRICE

Table 2 The background and added concentration of rare earth oxides

+ e La,0s/ Nd,0s/ Sm,04/ Gd,05/
Soil type (mgkg") (mgkg") (mgkg") (mgkg™)
Tt 2+ Purple soil 60.45+0.89 47.93+0.57 8.92+0.24 7.16+0.09
Background N
21 Red soil 40.54+1.38 32.97+0.95 6.06+0.18 5.63+0.15
concentration
bricdi (a1 Purple soil 631.5+11.2 607.1+11.5 464.4+5.8 423.8+12.8
Marked quantity £13E Red soil 550.5+19.1 522.7+13.9 482.8+22.4 558.1+14.0

. BRI AR MEZE . Note: Values are Mean + Standard deviation.

1.3 Xzt

2800 T ALY AR IC Y 28 (0 b 205 53 ) itk
4 P EE, EAEAT A HUEX I (CK). %A
HLAE ( Ordinary organic fertilizer, OF ), E¥ i /xA
HLAE ( Biochar organic fertilizer, BC ). =¥ HLAL
( Bio-organic fertilizer, BO ), M, il 4 HLAL A1
AW T M A R RS T RO R A BR A R,
AP 80%24 &/ 20% AR i 1 7y 3k TIX
R, AEVAHLUIEN 3 BT & K T R 8 56 1R
il A R ) o A B A AL S B 3%2E W) BT i
AT HUAE S5 AW A HILIE T A R R o 25 1)
TG B 25 AN DE A 2R FEATTE , ARG WA= 1.0
i¢-g'.

RAEB 3 ANEE, B EERE 5 T,
Ty EAEAR 8 I ) A T IR R . PR, 3t 2 Fib
L HER A <4 G HLAEALHE X3 AT x5 A FAT=120
ANREFRHTT, A UL R AL A A 2 gkg !
R 18

6o g (WTHE) FHHIESAIIEIRGHY
Ja, BAREF T, EHAER 1.2 gem™, K5
IR HRRK R 60%. ELE 4 CHFRAAT
TRAE 3 d, KP4, [RIEFENSCE AN, K5
R 252 CHEFRA . FHIR B B 97 56 d,
FEAOREERRE 5 20 DL, DM, TERE TR
g R, [ — KRR E A e 3Kk
F AN FEARHE 60% 1 FH i) 357K o

SRANFESS 1. 30 5. 7. 11, 14, 28, 42 fil 56
K 5E - HEREIG s 7255 0, 7. 14, 28 i 56 K47
Tl DR TR I 7 4 S PR R AR 1) Bh A8 k. REEM £
FEEHRXT)R, W RGBT E 5 mm 24, it
17 A R TG 4> P o 7B HLIEPE B S s i 2 an 3k
3N
1.4 3EtRNE

(1) EHEURUI A o K 55 77 0 48 T O fef i 3
K30 min, fRJEHECA W% SE%E .
WSS, FEREAE T SE A 40 mL i fif
R, UBRFRRAJE P R . REMPL, RS
PSR, SRR ST B T T A8 A BN
40 mL A&, AT, HTWE Ak
FE o % E 6 h JEUEATH R AR - O 10 7 B R
e 55, ARG A T —HRHURE . M {25 0 ( Agilent Gas
Chromatograph 7890, USA) SAH@IEL ., — A fk
e 3 et 1) TR SRV BEAE 6 h It ] 2
LA

(2) HZREREENE . BREREHRH%
MR o W AR s LR 2,00, 0.25,
0.053 mm £ i o 4 H1 FE T >2 mm, 2~0.25 mm,
0.25~0.053 mm. <0.053 mm P EAK & TR 5 5
O 53R o T 0 D 1) 45 9% - 33 P R AR T o B
Sy, el 25 g AR, FE ORI I K AR A 2R
WA . A +£>2 mm, 2~0.25 mm,
0.25~0.053 mm F1<0.053 mm 7K Fa 1t A SR 4 o &
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*3 AHEMEREAFNE
Table 3 Properties and the additional amount of organic fertilizer
. A HLIE S .
L3 TR R ABAR
EERINIGY A Organic fertilizer
Carbon content/  Nitrogen content/ Carbon input/  Nitrogen input/
Organic fertilizers C/N added/
% % (gkg') (gkg!)
(gkg!)
Em AP
32.26+0.63a 1.47+0.02b 22.32+1.87a 6.20 2.0 0.09
Ordinary organic fertilizer
A=W A HILAL
32.07+0.48a 3.40+0.05a 21.774+0.96b 6.24 2.0 0.09
Biochar organic fertilizer
YA UL
31.79+0.88b 1.454+0.07b 9.35+2.53¢ 6.29 2.0 0.21

Bio-organic fertilizer

e RREER N EFREE, RRVNG PR R FA PR B (7] 22 53 2 % . Note: Values are Mean + Standard deviation.

Different lowercase letters indicate significant differences between the three types of organic fertilizers ( P<0.05) .

IERICH 0.61% . 14.26% . 44.46% . 40.41%; i
2T A RiAR K Rk A SR AR I S A R A 1.76%
30.18%. 32.00%. 36.06%.

M A SRR e b P i EAR (MWD ),
RN

ntl1 1y +}’; %

=l 9 i (1)

MWD ="

K, RS PN FILE (mm), re=ri, r=ru,
m; R i AN I A A SR AR it 4y L

(3) EHEEYUR (SOC) M. KT ARG
SRR, WS RIAR IR 0.25 mm §f, SRAIGEER
TR TR N7 R I 5 45 A WL 75 1o

(4) Fi 5 PIE o &R A R AR G 14
)& e S H AR (DZ/T 0452.3—2023 )
B 64T . FREL 0.100 0 g H4EE TR IVUE 2 Mt
W, A 3mL L. 2 mL figfe . 3 mL SR .
1 mL &%, 1 mLBiRR, KR E 2L RS
P b, PRI g 130°COM R 2 ho VeI IR
TIFBUT , o AR R B 150°C 4k 2k o fiftFE i 2 h,
SR 5B AL T2 180°C 75 2 S MR ik I B L .
BUF e M 2200, RIS v DR HE IR BE 7
i@ o T e 59 A R RS RN AR TR
BUF WA 10 mL ERFRVAE , 1 HH 30 5 7 FiL B4
W EEFERZE 15 min J5 . WM HEZEE)E,
B E SomL AR, FHAKMRER, A&,

JrHX 2.50 mL ISR, FRFER 10.00 mL, $22],
I+ ICP-MS NexION1000 | % .
(5) i L EALYIR I PSR

z:llei xC;-BC
LC-BC

WR (%) = %100 (2)

K, WR IR S HHEh REOs ML (% ),
W, R0 )5 45 A R AR B Ee ] (%), C iR
Ji REOs 7EMIRIRPHIME (mgkg '), n HAIE
EAHE (n=4),
1.5 HARGERAEREMEAEHER

% I8 Peng 2522V Wang 25 231 0y 8 R e 1%
R AR, Wi iR, HRET LI 4 9,
35 A >2 mm LK A A 5 2~0.25 mm 21 KA R A
0.25~0.053 mm G AT RIK; <0.053 mm &bk IA R
o TR 12 2545 A BRAK SR G 6 45, A 300 R e e
I (Y B A a~ £ R 7 1 A A% g ~1e ¢ 3 ++1 B
2145 A R AR B AR AL T LR B S K (1) FoR.

l—a-d-f g Jj /
K(t): a l-g—b—e h k
d b 1-j—h—c i

f e c 1-1-k—i

(3)

K, a~1 B HHRIFTRI T,
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A(?) K(£)=TA(++1)TA(¢)" (10)
B(t)
SO=| e (4) SR Bt (10), SKRK (1),
D(t) BR] Ry 7E A AR 12 05 PR S0 R R SR 40 ) A

A, ACe), B(t), C(t). D (¢) 55k ¢ B Z
>2 mm. 2~0.25 mm. 0.25~0.053 mm F1<0.053 mm
ZiP 2 XN

A(r+1
S(t+1)= BE’* (5)

C(t+1
D(1+1)

A, A1), B (1), C(#+1). D (#+1) 4351
N t+1 BFZ]>2 mm. 2~0.25 mm. 0.25~0.053 mm
F1<0.053 mm A BT

—_
— — —

S(t+1)=K()S(9) (6)

PR A s 22 TSR (A i i <y 4E, RIS 0 KRR A2
F(6), HIHAT RASREARR G 220 AT SR 4 o e S B K

P 1 A A W 7R B2 7 1 1 Ak A R AR 1 G 7%
HAE . TR (1) ¢ 202 A RAR G AL
HDR7 8

(GdA] [Lad] [Sm4] [Ndd]

(GdB] [LaB] [smB] [NdB]
TR~ (6ac] [1ac] [smc] [vac]| '

(GdD] [LaD] [SmD] [NdD]

Hrh, [GAA] N A %P ERIET Gd WKk )E
(pggt), LAk

TA(1) =

A(1)[Gdd]  A(1)[Lad] A(1)[SmA] A(r)[NdA]

B(t)[GdB] B(t)[LaB] B(t)[SmB] B(t)[NdB]

C(1)[Gdc] c(r)[LaC] C(r)[SmC] C(¢)[NdC]

D(t)[GdD] D(t)[LaD] D(t)[SmD] D(t)[NdD]
(8)

TA (1) ¢ I 2028 5 A R A ) 7 - SR AR 0 )
o FIREAFAE K (1) Wi R T2

i

TA(++1)=K (1) TA(¢) (9)

T AR AR A, Ea e (9), AR
1) X6F 7 114 JE B

h T E A A R R A R AR, BIA
WeE S50 Bd (%) R RIEE Bu (%), FRiiE
R IR 2 55 e RN S 5 1A 3R 11 J o 04

A(N)(a+d+ f)+B(11)(b+e)+C(11)

A(1)+ B()=C(1)+ D) - (1)

Bd =

D(t1)(i+k+1)+C()(h+j)+B(1l)g

A+ B+ c(men(m 2

Bu=

L IR SUSE LISt E S N I

Trate(A)=(a+d+f)/t (13)
Trate(B)=(g+b+e)/t (14)
Trate(C)=(j+h+c)/t (15)
Trate(D)=(1-+k+i)/t (16)

A, A >2 mm FARE,B N 2~0.25 mm Rk,
C 4 0.25~0.053 mm FIE{K, D H}<0.053 mm H1H
A i 2 k) 2 S A R 15 8
1.6 #EIFEHW

X FH Microsoft Excel 2019 #47RiALFH A SPSS
20.0 ity A BRI B R 5 22 43 B ( One
way-ANOVA ) Fll Duncan JE#A7AN A AL BT A (Rl
bR 2 (8] () 25 57 i 3 ARG 5K ( P<0.05 ). R GraphPad
Prism 8.0.2 Al Origin 2024 YEAF1ER, EIFEPEHE N
I AR

2 4 R

2.1 BHBERINZS 35 F R X K FR e MY 220

AR HLAE b P 7 5 €0+ FI2T 38 1 % P S R
T AE X R B AR (MWD) Wi 1, & 2 fis .
SEIR R, AT HLAEAE T 7d s Ao TR A R ik
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# CK -» OF -#-BC ‘a BO i EARE
Purple soil Red soil

el S| g y TSR d
Eﬂ - mﬁ 0.6} ..;;;g'-"-‘f“"" R B
a2 £ | F
£ 2 !
22 L A —
e gg 04+

0'20 2‘O 4IO 60 0'20 2IO 4IO 60

R[]

Incubation time/d

R[]

Incubation time/d

TE: CK RRM iR, OF #RxEMANIL, BC RREYWHRANIL, BO R EWANIL; AE/NEFRACIA R b BFEH; 5
56 d If Ry 257 B3 . T IRl Note: CK represents control, OF represents ordinary organic fertilizer, BC represents biochar organic fertilizer,

and BO represents bioorganic fertilizer. Different lowercase letters indicate significant differences among organic fertilizer treatments within
a soil type and 56-day cultivation ( P<0.05) . The same below.
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Fig. 1
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Soil aggregate stability of four treatments at different incubation time
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Fig. 2 The distribution of water-stable aggregate of four treatments at different incubation time
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(>0.25 mm)IE A, 4 T 586+ LI R MWD,
SR BO ARG MWD 7545 (0 + FI2T i F3 3
T HABPIA 0B (P<0.05 ),

WMAENEE, L6 +£5>2 mm HRBEMN
0.61%H5 % 3.23%, ZIIEM 1.76%IE N ZE 3.54%:;
gt rp 2~0.25 mm BRI 14.26%58 I &=
30.01%, ZI3EM 30.18%MNNZE 46.43%; “Efn+h
0.25~0.053 mm KR 44.46%FF (K% 34.06%,
LTHEM 32.00%5 MK % 28.48%; 4840+ 11<0.053 mm
I RIRIN 40.41%FFMKZE 30.69%; ZLHEI 36.06%[%
K= 21.56%.

FAb P MWD 7R+ R Bh BO>BC>0F>
CK, BC., BO fil OF 4# ) MWD 25145 T
92.86% . 103.35%Fll 77.23%; WMirELL3E FRI N
BO 4bBifzlf, BC Ml OF AbBEZ (6] JCHH g 25 57,
HAHE) MWD Sr5l4 T 43.34%. 53.50%F1
43.26%,

22 BHEFRMX T IERARKEREEENZIN

A TR A R A AR 5 5 LT |- 5
T E YRR (R 4), ZBURHX Ay
1Y 5% i w DL 2 AN o H LR A Gk 92.6% ~
103.9%, AR (10) MITFRZER,

* 4 TRTEXBARAVELEFZ L EUIMEKE

Table 4 The recovery rate of rare earth oxides in different soil types and different organic fertilizers

[F iR Recovery/%

T+ HEFEH Soil type Qb FE Treatment
La,0; Nd,03 Sm,04 Gd,05
S61 CK 99.39+1.04 99.61+0.99 99.56+0.42 102.61+1.62
Purple soil OF 99.55+1.44 94.71+0.75 100.29+0.52 96.02:+2.94
BC 99.29+0.64 92.63+1.72 100.62+0.96 99.24+0.67
BO 100.14+0.83 103.88+3.71 99.92+0.55 101.56+3.92
214 CK 99.82+0.26 98.67+1.22 96.45+2.06 99.85+0.97
Red soil OF 100.38:0.12 97.38+2.81 100.07+0.08 97.48+2.66
BC 99.57+0.61 100.19+0.17 100.60+0.07 97.65+1.26
BO 100.30+0.15 103.70+1.07 99.59+1.02 101.72+2.11

e TP EE NI ELFREZE . Note: Values are Mean + Standard deviation.

AGRI W TR FRAT LA LS 56 KA Rig
Wi+ E AR R, g (9) TS B[R b 2
VSRR B 5000, 1 3 AR Ab AR 48 60+ 4T
LR IRB TR A

SR T 25 A 388 1A SR AR BB R ROE ) 1) 1, DA
AR AR 2Z 18] (0 e A TR SRy 20, 1 s A AL AR
# 7<0.053 mm [ 2~0.25 mm F1 B 1Bk 54k
VAR BO b PRAE 55 (0 1 N2 38 I K PBRIR T AR
it T A AR R

I W5 17 L, BC 4bFH 0.25~0.053 mm—2~
0.25 mm #1<0.053 mm—2~0.25 mm 7 &6+ FiY
T 9K 38.2%H1 42.2%, FELL3E F4y51HK
56.1%F1 67.4%; BO AbBEAE (5 1 L4350 49.1%
M 57.1%, fELLHE E2r %14 61.7%F1 63.1%; OF kb
PRAE 0+ 439k 38.8%F1 36.5%, TELTE [/
A 54.5% Fl 28.6% . FE <0.053 mm—0.25 ~

0.053 mm & J5 16 | OF Ab BB i B &5 & T
HoAl A AL B, 7 580+ A0 HE 14390 h 51.2%
M 42.5%.

HR A AR P A R AR AT A% A2 BT 12t 4 B A8 RE 2
IR B E 2%, AR (11) fist (12), 5205k
Fe % Bd M RIEH Bu, FoRiin AR IES S5k
M5B RO Fa 8, B g0 o i
PSRRI BRI R BE 1 . W3k 5 i, #54b3i7E
S0+ ML F YRR 9 R K CK>0F>BC>
BO, HIERI55FE M I BO>BC>0F>CK, H&4h#i7E
St ol 0L N e ST EAR: SiONCiEEig
P B e
2.3 BRI T EAREEEERERN R

WK 4 i, 45 56 d 183, WG HLIEY
WBERRMT 2~0.25 mm BB K 0 %8R
(P<0.05), 42 T 0.25~0.053 mm [ 514 i) & i ik
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of soil aggregate breakage, and the solid line indicates the direction of soil aggregate formation. Values are Mean + Standard deviation.

K3 A HUIC AL TR 5 0 T L0 b AR A SRR Y IE 7S AR

Fig. 3 The transformation routine of aggregate on purple soil and red soil with different organic fertilizer treatment

x5 FEAVBELETNLIIE A RIREEIEE
(Bd) FIAZEIEH (Bw

Table 5 Aggregate breakdown index ( Bd ) and build-up index
( Bu ) of different organic fertilizers on purple soil and red soil

e £ ZIE-E g

e A3 Breakdown index  Build-up index

Soil type  Treatment Bd/ Bu/
% %
S CK 70.07+1.27a 7.62+0.34¢
Purple soil OF 56.00+0.85b 15.46+0.52b
BC 52.91£1.27¢ 16.50+0.75b
BO 50.66+1.24d 18.09+0.50a
218 CK 57.97+1.21a 13.64+0.53¢
Red soil OF 40.05=1.08b 23.67+0.34b
BC 40.52+1.47b 24.66=0.40b
BO 35.19£0.67¢ 27.13+0.45a

W R EIE N ESREZE, RN FRAEA R L
Hia] 22 7 W3 . Note: Values are Mean + Standard deviation.

Different lowercase letters indicate significant differences among
organic fertilizer treatments within a soil type and sampling time
(P<0.05) .

R PRAK T 203E>2 mm HHRIRAY R EEHR, Bom T
<0.053 mm KRR M R 3R, MifELE 1 LR
FARE ., BRSO R T A
HE A RARIK (>0.25 mm) 4858 %58 T/
AR (<0.25 mm) BYJRIGEHEAE, MI7ELLE LA
FIK (<025 mm) BRI Z ST 2~0.25 mm K]
R, BAETF>2 mm B R JE 5 R
2.4  AHBER NS 1 158 R IR 5 50

0 L A A RA P N HHEH
W 152 32 23 0 3R BN I i () B A AR AL A 5 TR .
WA P Y B4 m 7560 L LR COo, B
WOk R, HARALEE CO, MR 3 S A A,
Yo7 3 B0 by 40 A S i R AR, AR T = KAk F]
F RARL, 5 3 A S i R [ O e TP RRIR S
Hrp, BOALBRTESS — Kk 2, HWEmT
HoAth b 34

Zoid 56 d WIEE IR, 2540 BER R FRE IR &
(CO,-C) 7E%E {0+ RI A : BO (9853 mgkg ')
>OF (858.6 mg'kg') >BC (823.3 mgkg') >CK
(613.5 mgkg ' ); FELIHE FFI N BO (1184 mgkg ')
>OF (1 157 mgkg') >BC (1 007 mgkg') >CK
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0.025 oy ICK 0.025 . =ICK
=BT OF L% V77 OF
Purple soil NN BC Red soil BC
0020F____A BIBO| 0.020 &I BO
¥ a aaa B
3 N B a
®E N L a b b ke
g § 0.015 D . 0.015 c § .; §§
= 2 a @ d 7— X oo
% : b RS s N NS
=2 oon0} 55| oonof 4 5
= 5
0% o 3 %
2020 o2 A K3
0.005 - X | 0.005 K 3 X%
K %958 X RS
&S Do X KR
>2 mm 2~025mm 0.25~0.053 mm < 0.053 mm >2 mm 2~0.25mm 0.25~0.053 mm < 0.053 mm
Rk ZIE N
Aggregate particle size Aggregate particle size

. ARG FHERAMEAEZ M ER BE, AF/NG FHRFRRRFE L > [ 2 5% B % . Note: Different capital letters represent
the difference between different particle sizes, and different lowercase letters indicate significant differences among organic fertilizer

treatments within a soil type ( P<0.05) .

B4 4 R

Fig.4 Turnover rate of the four aggregate fractions

80 . -= CK 100 - -= CK
- e -%-- OF AL -%- OF
w é ” Purple soil .- gg go 1 Redsoil -e-- BC
W E A A ;
v ol ) s
Tz 60
w2
el 40
o=
H&
8 20
1 0 1 1 1
60 0 20 40 60
E 2000 - 2000
= E SR Z1 0%
g Purple soil Red soil
o 8 1500 - 1500 -
So-
Bk O ep
X0 fﬁ 1000 1000
RZE
HE 500 500
= 0 0 :
= 0 20 40 60
B IRt ] HiFRIRHE]
Incubation time/d Incubation time/d

H: AREAVNEFRERFAFR S BAERE SR 56 d 1 2 5 1.2 . Note: Different lowercase letters indicate significant differences among

organic fertilizer treatments within a soil type and 56-day cultivation ( P<0.05) .

P s N[RIARFET 3 H P 3 R AR

Fig. 5 The daily CO,-C respiration under different treatments and accumulated CO,-C respiration

(881 mgkg' ). 5 CK ML, MAMALEEHR e -
T R S (P<0.05). BVE AL 2.5 BYUEE M L IEEYERSE I
o R 5, (HEPIFREAOEST RigREn, LELaImAKTEN 6.63 gkg!, 4
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AP R 1732 gkg' (£ 1), Zit 56 dbs HRWEAAHRSEAELO MO Y ER A
FAG, 5 CK MHEAAHYEERS T80+ (>2mm) > (2~0.25mm) > (<0.053 mm ) > (0.25~
LT S A DL & & (P<0.05), BANIKRAZAZIE  0.053 mm), FHAESE 7 KkBRAME, K R
AR BN BC>BO>OF>CK (& 6 ), @fis/g BTk,

~ Lt T
vy 25 Purple soil 30 Red soil
of
w3 2 CICK Z0F NIBC BRIBO | capap g mab biaw paaa
=t Lcbab a aa a aa ab N 7§
E o 10 b b d C 10
S5 ITNE TN TN (A
:[Jf 0 0
£ 20 40
2 >2 mm >2 mm
15+ a 30
b b ab 4 ab a 4 ala b aad c 2 a b c &b b b 2 aa
L C ¢ c ~;, b L =7 =] =17 Ve
~ 10 7§ N N 20 - 2
2 st % 10 -
B K
3 0 = 0
B 20 40 -
° s 2~0.25 mm 30 2~0.25 mm
E-ﬂg IO—Cb 20_bb bec @b aaaga bap
=% E2§§E§§ E? SE;; E;E§E§§
TE o0 0
=2 15 301
iy © 0.25~0.053 mm 0.25~0.053 mm
= 3 L L a a ab
b 07 ¢ aabb adaaa agagad pablab 20 a;_ 7bb b Era _i_;aa
Q
e 0
o) <0. 053 mm <0.053 mm
w
»  10F . a @ a a g 20 bab a p aaaa aa aa b b _aab
ﬁ | ’—\% bab ’—} \g F7§§
0 0

56 7 14 28 56
iu?ilh‘lﬂ FiFRI ]

Incubation time/d Incubation time/d

K6 AN[) BRI 1] A ] ik A PR IR AR B AT B 5

Fig. 6 The soil organic carbon content of aggregates during incubation time under four treatments

5 CK Mitt, &4b¥ (OF, BC. BO) AL XPAN ] S B AT A G b (3R 7), KB
S EAEEAL EaRE T 14.50%. 27.78%. + HEPE U 5 4 HEA HLER AT MWD 5 I 3 IEAH G O6
20.70%, TEZLIE L 2pilld8 i T 6.40% . 9.82%. %, HHEANLKYE MWD, >2 mm B RIEM 2~
6.48% ., U HA HLIL &t 2 45 1 1 >2 mm P SRRD 2~ 0.25 mm MR R B 2Z EAHCHE, 115 0.25~0.053 mm
0.25 mm H KM SOC Fit (P<0.05), 7EEE+ AR F1<0.053 mm F SRR R B ERA LK R,

-, OF AbHEA4Em T 19.04%F1 24.04%, BC 4k

BLAY R T 27.71%F1 47.22%, BO AbFEAM IR 3 3 B

T 19.27% F1 32.86%; {ELIHE | BC kbHR/3 4R =

T 13.25% Al 12.17%, BO ARHM RIS T 10.55% 3.1 RERZEHIERT HEEHBREARER

1 6.42%, OF LbBRIF5I4RE T 13.25%F1 5.97%. B B
2.6 HMAREREENSHHXEZWET AWK, SRR RN HUIL AT LB

g 6 N, HIESSR A LB A FIRE FE A I RIS R AR SR (F6), SABEE
o} A SR A R o R 48 5 P SR A3 A 4 A 25 R ) {6+ Fgrige 3R KRIAERIK (>0.25 mm) A
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*o6 EEMNEAELMIIRLR. BUMAEIIZFREE X EHAREREENS H R0

Table 6 Repeated ANOVA testing for the main and interaction effects of two soil types, organic amendment(OF, BC and BO) and experimental
duration (0-56 days) on soil aggregate stability (mean weight diameter, MWD) and aggregate proportions

PR EAA AR ARITE Aggregate particle size/mm
MWD >2 2~0.25 0.25~0.053 <0.053
+ 43 Soil type (S) <0.001 <0.001 <0.001 <0.001 <0.001
AHLY Organic matter (OM ) <0.001 <0.001 <0.001 <0.001 <0.001
REFRIHE] Incubation time ( T) <0.001 <0.001 <0.001 <0.001 <0.001
SxOM <0.001 <0.001 0.584 0.075 0.074
SxT 0.039 0.005 0.555 0.757 0.181
OMXT <0.001 <0.001 <0.001 <0.001 <0.001
SxOMxT 0.642 <0.001 0.191 0.196 0.002
Fz7 BHUBERMT AR LR YR B RHE XM
Table 7 Correlation analysis of soil properties under organic fertilizer addition proportions
T HENF il FREEE
>2 mm 2~0.25 mm 0.25~0.053 mm <0.053 mm
CO,-C socC & MWD
T3 CO,-C 1
HHLK SOC 0.231 1
FH B EHAE MWD 0.315™ 0.935" 1
>2 mm 0.207 0.413" 0.472" 1
2~0.25 mm 0.306" 0.936" 0.996" 0.3917 1
0.25~0.053 mm -0.220 -0.856" -0.857"  -0.123 ~0.889" 1
<0.053 mm -0.327" -0.891" -0.978"  —0.549" -0.961" 0.732" 1

e R T BIFRTE 0.05 A1 0.01 K | B F R, Note:

MUBR & T/ AR (<0.25 mm), X EH TABL
NEAE T R RARIE AL (B 2), e+
WYRE K (C) PrEBEERARENEL, Hitt,
AHUAE ) C RAETE R R T BB, HRBIRMAE
h SOC 4L T BL AR I 24 Ak, 45 Ab BB A HLER
SRYFEMN A BC>OF>BO>CK, X FHE &M THEA
HURE FR s A= 9 S5 o, P DAL 4 o ) 42 1 - S
A SN I IE S MU TE >, A ok i T A B
Tt e, FLMESME O, DRIt A ] ) A TR
Wb, LHERPIGREEAR OF K1 BO b3S (14 5),

WEERE T A PR SR (P<0.05), {H)E, 7EH]
RIRE e g i fh, 408 MWD 75558 - 2
5 - #13R3 2 BO>BC>0OF>CK, W AEYHHLILK
AW R A LR B A R F A RAK TS L. BARAY
JB IR A T AR SRy S 235 ) T K /) P SR e 4 R 1A 2R
i, (AR FHE SRR R, BA & ERRE L

" and " represent significance at the 0.05 and 0.01 level, respectively.

ARG 177 ALY, 4 BO AbBEME AR Gl 9
SRR o AR YA MU AS B BT 5 3 R i A ) K
R O A (A BT R B PR T T 4 b Y [ R e 4
ARWAEA, DL AEYA UL AT DL AL+ e i A
Pl S, Heom IR MG . TR e
VIRV 4ty , AR - 0 BT ORI S, 1T 5 e
T A R PO AR B R AR R . e S AR
PRS2 HOR ) A AL AE 398 v A% 5 i S B T
AHUIEA B (B A L (C/N) PO BC ARBEAY C/N 4
(R 3), Ao R, X R R AR
F# BO b/, B T A LIRS, V2500 R
- A A R A SRR T R e i R T A AR
Yy og gl -, 3 W i B A W B an B AN 3R S
( Extracellular Polymeric Substances, EPS ) 55 J& [ 5
WE G R B LY . EPS MK
R B = T REY, PIAED Py 3% h i 5
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A AR A R ARIE S B g, YA AL
A R 1Y) G A B T AR T R 2E AT I A e A
KA EPSPO | AR T 4 498 A SR AR (T 1 A
FasE o BHIL, it A7 HLIETE K A SR AT i 4
e P B AR R My T LA R A

- R R AR T RN ER e 32 RV RTA HLAE
HFEFEm (£ 6), 4 FANEGEAELA TR
<0.053 mm F1 0.25~0.053 mm B4 LA m T4r
e, ML) 2~0.25 mm F1>2 mm B R 5
BT8R0+, HAEL28EN MWD B TR0+, —
FRBE R NLIEA S S AT RN AIR & & (R 1),
HE— 25 U8B T A HLRRAE Dy - 98 P 30 T 2 1) e &4
B, fRdE T HARIENIE R SR, B—JrEnags
AP EHEZMERA L (£ 1), HTRREA
ORI LRI, X SOC AHGRAEIHE B2, fE
56558 A5 R A L SR ke B i A LS HLE
B, IR Y R D HXE soC B4t A
FAEHIERB, MWD S5A MUK & & 2 IEHEER
(£7), FEILEREKYEARHLE#15 SOC BE ]
DIEAE T A R AR RO, A m] DA AR B 78 Y i
G590 AR 2 A SR AR 1
32 AREFEBEHEX T EFARERENZ N

A HAE 5 LT 1 AR KR e i i R
W, AIAEPUERESET 0.25~0.053 mm F1<0.053 mm
AT 2~0.25 mm FI>2 mm FAREHHAE, H
P 5 (AR S 2 A0 ) ) AH 205 — 25 1) [T SR A g e A A 2R
(F 3), EHAETEEME, BmaIeRfEs T
<0.053 mm PIEAK[E] 2~0.25 mm FRAERY 4
fb, RGBS IA PR T A RIKN RS . %
b PRAE 280 FLTAE b AR 5k (Bd) AR 18
% (Bu) (f 5), WutBIAINA ML REA 20 4]
ROk mERE, e RENHARE S, Hd BO &b
HEG A R AR B A1 R 58 ) 5558 , {H BC Al OF AbHAE4L
HE 1 R BOR A R EGE B B 25 5, X 5 MWD
iR — (1), #5459 A R A Y A ) e
HOREI, ARG, FEALT KA RN R
MR, HEE T /NAIRIR I R R, SR R I AL
FUIE AT T A A R ARZEFCY S 35 Liu P9
W25 FARRL, o] RS T 3R i 76 b T B 07
4y H<S mm, MIMER T ARE N KHARIE, 165
1 5 Wk 1R <0.053 mm F BB A HLIEAE
TRAREAIZIL, 2/ T MWD, R R

JEV R AR . BO Ab B ) A J e ik R vy T oAt Ak
B, —Jrime t TAEY A HUIE & A F & A AL R
Y, e T KREAREKMIER, 75— rmnaes
AHLIEHY C/N A%, Rahman ZPHBFSER, 75
BAEE RN, 55 O/N YR EE, % C/N
AR e A 0y AR SE H BO AR FEY C/N(9.35)
B BC (21.77) 1 OF (22.32) Ab3IE, T2 5 Wi
AW, R R TR R A

AN, fES b, R M Y Jo] i o 3 bl 2
o TN R AR B R e 332 (P<0.05), EEEHR T4
A DR AE K SR AR i 43 5 20T /NN R AR P
AL, T 4 /N R AR R AR R T et
SRIMT, TELTHE 1 ARy /N T A iy J) e ok e i
2~0.25 mm P SRR 8 5% 3%, (A8 T>2 mm H R
& (& 4), Liu 2040 %8, 7255 20 2055 - Fiar
W02 B I 33 rp oy I o [R) o RS AT A, SR Y
22T 7 R A R S i i R T/ N R AR, TAELL
1025 e A R I /N SR A ] Bt 3 3R e T R 1A 2R
i, XS P ZE R EW, AR LRI 4G SOC Al
JoT Hby T BB SR 5 M P SRR TE BRI AR Y DG 2R . A
ARG, LR T A S Y SOC &
(R 1), HAE - 8 A AT 1l i) B 45 ) o
AR /N RGBT 20 2~0.25 mm R 16
Gh, P EbR S R TEA T (R 1), HAF
FA U FN Py ORE 25 T8 UK BT R AR, 3 in A1 R
s H g FaE D, Plante ZEPSRYRFSRHE L, b
A REL R > 308 A % AT SR A ] B s R e 3 =
oAb, S hrgabhi S (25.8%) mT
213 (20.6% ) (£ 1), WFHET LA HREN G
JE R T, UL AL . BRI RL & i
ER N R A S 80T 20N AR SR i o R A,
S+ K R AR SR i R 5

4 4 ik

AT KB, PRI iR 52 + e A
AAPEILF Zm . 3Sna PR L #E T <0.053 mm
1 0.25~0.053 mm KE A R AR M 2~0.25 mm Fl
>2 mm KFPE T R B AR, 38K e R AR A
¥ EAas, KA e SR it . WA
PUIEEE = 7 - pp sk %, 2860 1 FIZL I 1A AL
T s 3 n, H v 2 0 5 A AL 18 4 T 35S A
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