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Abstract: An incubated study was conducted to explore the effect of different manure application dosages (0% , 1% , 2% , and 4% ,

referred to as TO, T1, T2, and T4, respectively) on dynamic changes in the organic carbon fraction and aggregate stability of soil
under different incubation times (120, 180, 240, 300, and 360 days). Soil organic carbon (SOC) and its fractions, such as light
fraction organic carbon (LFOC) , and polysaccharides, cellulose, water-soluble substance (WSS) , fulvic acid carbon (FAC) , humic
acid carbon (HAC) content, and aggregate stability were measured. The results showed that SOC and its fractions were increased with
increasing manure application rates. The SOC, LFOC, polysaccharides, cellulose, WSS, FAC, HAC contents and the HAC/FAC ratio
increased by 15.3%-83.2% , 6.8-15.9 times, 8.5%-46.4% , 39.3%- 122.6% , 35.7%- 112.9% , 3.3%-46.9% , 42.5% -
88.3% , and 28. 5% -38. 6% under T1-T4 treatments, respectively, compared to the TO treatment at the end of the incubation period.
With a longer period of incubation, the contents of SOC and HAC showed a decreasing trend, the LFOC increased first and decreased.
The FAC content and the HAC/FAC ratio showed a fluctuation trend, but the content of polysaccharides showed an increasing trend.
The application of manure decreased the content of >2 mm mechanically stable aggregates but increased the content of >0.25 mm
water stable aggregates in the soil. The mean weight diameter of water stable aggregate (WMWD) increased by 58. 6% , while by the
end of the incubation period, the percentage aggregate destruction rate (PAD) decreased by 22.2% under the T4 treatment compared
to the TO treatment. Correlation analysis showed that there was a significant correlation between SOC and its fractions, and between
organic carbon fractions (except polysaccharides) and aggregate stability. Path analysis showed that the content of HAC and >2 mm
mechanically stable aggregate had a significant direct impact on the mean weight diameter of mechanically stable aggregate (DMWD)
(P <0.05). Furthermore, the content of >2 mm and <0. 25 mm water stable aggregates had a significant direct impact on the WMWD
(P<0.01). The content of <0.25 mm water stable aggregates had a significant direct impact on the PAD (P <0.01), while the
content of SOC and WSS had a significant indirect impact on the PAD via a direct effect on the content of < 0.25 mm water stable
aggregate (P <0.05).

Key words : Loutu; manure; soil organic carbon fractions; aggregate; correlation analysis; path analysis
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Fig. 1

Effects of different manure application rates on the content of SOC, LFOC, polysaccharide, and cellulose
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Fig. 3 Effects of different manure application rates on the size distribution of mechanically stable aggregates
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Fig. 4 Effects of different manure application rates on the size distribution of water stable aggregates

e T 239.1% . 13.3% . 30. 6% £ 28. 6% , i
fifi <0.25 mm FRURM & 2= REAK 6. 7%
M2 AT LUA Y, e IRAG T 240 d, BEE A
AU ARG e JH e 93, £ 38 DR s BEAIR (5
XTHEAALL) , fHAE 240 d LUJ5 45 Ak 24 i 5 0 28 S An-
%E:ﬁ@ﬁﬁﬁﬂﬂﬁiﬁ%ﬁﬁ DMWD Tiﬁ% 240/ dl'uﬁ"
A/, Hide 360 it s ) SR
Fertpith DMWD W 12 4 2 Wﬁﬁéﬁi’é% g
i;% WR, 3 %ﬁn WMWD it A LA E’ﬁﬁ"‘ﬁn Wiﬂ"hn

WR,, s B2 15 77 0t i) %Lkﬁﬁizﬁﬁﬁﬁg., xf?
ﬁ@ﬁﬁfﬁ&iﬁmﬂem&}im FMT2), WMWD e
ok, mﬁﬁHELEE(TM ) WMWD ﬂmsﬂ)%'jz
4 % 360, d, 5 T0 ib 3 AR L, T4 ;Lﬂif%é
WMWD 407 58 6% ,| WR,, s Hi i T-42. 6% | (2
Sy 5 AP, Bl LI B 38 A 2.
REIIRTE K, - HEHAR K PAD SR a3, i
% 360 d i, ,Lﬁ TO b IHAH I, T4 M@téﬁl%ﬁi
PAD Jii/]\ 22. 2% r

=2 Tﬂﬁlgﬁmﬂﬂ;ﬁiiﬁﬂﬁﬁkﬁmﬁhhﬁ’] A0

i
| . I “":!j . Table 2 Effects of'different manure: ap‘f)fcatlon rates on soil aggregates stability indices
= 1] /d
WE 0 Qb3
120 180 240 300 360

TO 88.69 £0.01 ABa  89.76 £0.00 Aa 89.27 £0.01 Aa 85.16 +0.02 Ab 87.46 +0.02 ABa

DR, 15/ % T1 89.05 +0.01 Aa 87.99 +0.01 Bab  86.52 £0.01 Bab  85.56 +0.02 Ab 88.40 +0.03 Aab
T2 87.09 £0.01 ABa  87.65 +0.01 Ba 84.31 +0.01 Cb 86.82 +0.00 Aa 86.96 +0.01 ABa
T4 85.43 +0.03 Ba 85.48 +0.01 Ca 83.69 +0.02 Ca 85.33 £0.01 Aa 84.29 +0.01 Ba
TO 18.79 £0.01 Dd 25.51 £0.02 Bb 16.98 +0.00 Cd 29.84 £0.02 Ba 22.07 £0.02 Be

WR, ,s/% T1 24.99 +0.01 Ce 29.31 +0.01 Ab 20.74 +0.00 Bd 32.93 £0.01 Aa 20.29 +0.04 Bd
T2 36.43 £0.00 Ba 29.65 +£0.00 Ac 20.74 £0.00 Bd 30.89 £0.01 ABb  20.48 +£0.01 Bd
T4 34.79 £0.01 Aa 30.45 +0.02 Ab 25.97 £0.01 Ac 23.80 +£0.01 Cc 31.47 £0.02 Ab
TO 3.65+0.53 Aa 3.61 £0.22 Aa 3.30 £0.62 Ab 2.79 £0.30 ABb 2.39 +0.36 Cc

DMWD/mm Ti 3.61 £0.26 Aa 3.52+0.40 Aa 2.58 +0.57 Bb 3.10 +0.61 ABb 3.00 +0.62 ABb
T2 3.29+0.35 Bb 3.53+0.19 Aa 2.57 £0.20 Bd 3.03 +£0.10 Ac 2.95+0.63 Ab
T4 2.54 £0.46 Che 2.84 +0.18 Ba 2.54 £0.28 Bbe 2.09 £0.15 Be 2.65 +0.22 Bab
TO 0.24 £0.02 Ce 0.32+£0.04 Ba 0.23 +0.03 Be 0.31 +£0.05 Ca 0.29 +0.016 Bb

WMWD,/mm T1 0.32 £0.05 Bbe 0.34 £0.05 Bab 0.28 +0.05 Be 0.35+0.01 Ba 0.31 +£0.07 Be
T2 0.41 £0.01 Aa 0.39 £0.08 Aa 0.30 £0.03 Ab 0.37 £0.03 Aa 0.31 £0.04 Bb
T4 0.45 £0.09 Aa 0.42 £0.05 Aa 0.33 £0.04 Ab 0.32+0.02 Cb 0.46 £0.08 Aa
TO 78.72 £0.10 Aab 71.51 £2.38 Ac 81.03 £0.30 Aa 71.88 £2.16 Ac 78.50 +£1.70 Ab

PAD/% T1 70.31 £1.00 Bb 66.72 +1.06 Bbe  75.42 £1.23 Ba 64.45 £1.03 Be 76.06 £1.75 Aa
T2 58.24 +0.29 Ce 65.92 +0.82 Bb 75.33 £0.79 Ba 65.81 £1.08 Bb 76.18 £0.39 Aa
T4 59.53 +1.76 Ce 63.39 +2.82 Babe 68.67 £1.06 Ca 61.67 £0.82 ABab 61.04 £0.73 Bbe

D) 50 (A7) AR (/N G 7R R AR BE (5557 ) I ) 22 ] 22 5
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2.3 A HLBRGL S E] B A LA 20 o 55 P R AR RS
FESPER
2.3.1 XS

3 W, SOC 5 LR | LFOC, WSS,
HAC Fl FAC & M HAC/FAC Al 20 W2 F A
KRR (P<0.01); THEEFHE (HAC FFAC) 5%
HEA PR (LFOC Fl WSS) 2 [H] S M I 3 1EAH E O &R
(P<0.01); Lueefa 2 & 50 A YLk
(LFOC 1 WSS) IFHI KR (P <0.01), X5JE
BR8] S IEAH X ZR (P <0.01). HAC/FAC H.{H
A4 ZE | LFOC Z M 2 B FIEFMH XX R (P <
0.01). -3 DR, ,, 55 SOC, £F4E% | LFOC, WSS,
HAC 1 FAC &8 K HAC/FAC H{H 5 0% 55 3% 171 A
KHFR(P<0.01); 3 WR, .5 SOC, 4%,
WSS, HAC Fll FAC & i B0 3 IEAH G R R (P <
0.01), 5 LFOC 2 ERBEFEIEMLRLR (P <
0.05); 13 DMWD 5 43 LFOC F1 HAC 75 & K&
HAC/FAC HU 52 0% 53 35 M1 96 6 R (P < 0701)

WMWD 5 SOC ., £F4E% | LFOC, WSS, HAC il FAC
Frin B E IEA R (P <0.01) 5 HHEMRK
PAD 5 SOC . £F4E% | LFOC, WSS, HAC HI FAC &
AR AR R (P <0.01).
2.3.2 HBRSHT

Wt A FIE & B, DR, ,, EEEPET HAC
<0.25 mm FBRIKE R, DMWD iR/ EE T
FAC, HAC FIERIR I RIR G i, WR, s FEHGRT
WSS Fil <0.25 mm BYHARAE S &, WMWD K/hFE
BT SOC, <0.25 mm Fl >2 mm I RAK S &
PAD K /) F 2 OHU I T OWSS, soc\ LFOC I

<0.25 mmM >2 mm 7J($ i.%&ﬁg . R S
Br, ¥ AR5 KA KR A AR
%Xﬁlﬁmﬂﬁﬁi‘i%ﬂﬂﬂlﬁﬁ LE A A X AR fY

I f 4 T, LA Y R

T, > 2 )R PSR A il HA

HH DMWD fa Eifizstoninis 18 7k F-(P 20.05).
M 5 B, 16 Begs ik sat ﬁﬁﬁ £

5 s0cC ﬁ%%ﬁ%ﬁi*ﬁa@é? (P'<0.05)% ii% >2 mm Fl £0. 3 i KA riﬁl»%‘é&lm‘if% etk

= #3 iﬁ%ﬁ*ﬂiﬁ;ﬂﬁ 'ﬂzl%msﬁ'rmmm;@e?” B g

i 1 Table 3 Cou-elatmni,)fetwﬁél soil carbon fractions and”. ag reﬂate stability 4 ) -
soe” [ g dax Arod | WSV EAC HAC HAG/FAC | DRoosy  WRon  DMWD " WMWD PAD
soc 1 L Wr/i f ’ a ~
Zm- 4 -0l223 1 UK | v § x r
dug | [ ojs7o% 0.230 , 1 w 4 £ )
trOC) © Jolgg@~ £0.203 o825 1 g M =T
wss! # [T0.67940.084 0.626™ 0.723% 1 T
FAC 4 0.8007 -0.142 0.647™ 0.714™ 0.783" 1
HAC 0.905* —0.105 0.797* 0.916™ 0.727* 0.836* 1
HAC/FAC ~ 0.447* 0.082 0.511* 0.597* 0.159  0.035  0.569* 1
DRy 55 -0.538"  0.025 -0.403™ -0.568" -0.402*" -0.383" -0.59%" -0.460" 1
WRy, 25 0.498* -0.124 0.500* 0.315% 0.566* 0.504* 0.420* -0.113 -0.38* 1
DMWD ~0.318* 0.105 -0.177 -0.331* -0.065 -0.160 —-0.340* -0.346™ 0.597* 0.015 1
WMWD 0.596™ -0.049 0.667™ 0.52* 0.65* 0.615% 0.531*  0.073 -0.362" 0.87* 0029 1
PAD —0.664%  0.163 -0.673" -0.534* -0.716™ -0.742"* -0.601** -0.008 0.299* —0.878™ 0.036 —-0.840" 1
1) * FR P<0.05, * = FR P<0.01, F[H
F4 LTEDMWD SRETEEMNERRHY
Table 4 Path coefficient between soil DMWD and decision variables
R REE

el AR xp Yy Xy ¥ X3 Y H%;@il)’ﬁé%[ X5 Y Xg Y X7 Y

x) 0.425* 0.264 0. 137 0.016 0.245 0. 0562 -0.266

X, -0.323 -0.369 -0.095 -0.012 -0.218 -0.005 0. 154

X -0.168 -0.369 -0.183 -0.019 -0.224 -0.058 0.218

X -0.022 -0.331 -0.172 -0.144 -0.196 -0.039 0. 143

x5 -0.384 -0.289 -0.183 -0.098 -0.011 -0.085 0. 340

g -0.185 -0.137 -0.009 -0.053 -0.005 -0.175 0. 408

% 0.481* -0.250 -0.103 -0.076 -0.007 -0.271 -0.157

Dy ~xg 7000 >2,
DMWD, R? =0.960, F =55.338, P =0.000 <0. 01

>2~1,1~0.5,0.5~0.25 fll <0.25 mm FRVEHRKK SR, v ~x;

3R FE FAC F HAC & i, y 32+
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®5 1iEWMWD 5RELTEEAMEZRY
Table 5 Path coefficient between soil WMWD and decision variables

- - I R
Ak HIEERE
X Y Xy Y X3 Y
Xy 0.520 ** 0.414* -0.033
Xy -0.585 " -0.368 0. 028
X3 -0.045 0.377 0.363

1), ~x, 20HCEE >2 1 <0.25 mm KFaPER RIKS B, 0, 10F
SOC, y f8# WMWD, R? =0.979, F =306.070, P =0.000 <0. 01

RoEMEA N S E W EEEMN(P<0.01), H>2
mm AT SR AR & f ol L 5 < 0. 25 mm BT SRIK
M 3] 13 WMWD(P <0.05).

26 Al %, 34 <0.25 mm KFaVEH RIAS
TN IR AR PAD AN B BHEAEH (P <

0.01), 1M >2 mm F/KEM:HRK S &=, SOC M

WSS BT HE M < 0. 25 mm 7K a1 A B4R & & 1
[R5 PAD(P <0.05).

®6 TEHAREPAD 5RELTEEMNERREY

Table 6  Path coefficient between the PAD of soil aggregates and decision variables

- NS [HEZSTEEES

i IR X Y Xy Y X3 %y Y x5 Y
x -0. 066 -0.501 " -0.107 -0.114 0.016
X 0.709 ™ 0. 047 0. 092 0.118 -0.009
X -0.148 -0.048 -0.440* -0.136 0.020
X -0.188 -0. 040 -0.446" -0.107 0.017 _
xs 0.023 -0.045 -0.270 -0.129 -0.143 "

1)x, ~x, SF50E >2 Fl <0.25 mm KEPER ARG 2,y ~xg 23 BIALFE SOC, WSS #1 LFQC i, y 183 PAD, R? =0.971, E,—.‘{z'?.713, P

=0.000 <0.01

i i

4

3 g

ET CE VTV IR S Y S

(MWW%%ii%»Q%mmﬁ%@%éé@&
MWD {36 70T Bt SRR f e - S5
MRS R B 0 1 7 AR YR | Mot A

BUIERT BL1 2+ 5 DRty FHE, PIBGRDMWD s
55 W (240 4 L) b TR X 1 R e

LIS | BH b - 398 k7 2 [a] 38 1k 266 b fise 45 18
IR S, TR > 2 mm 77 P 2 Aok
D, PR R A R R 38 R AR
N, 4P S22 mm WM RES RS
DMWD B2 12 2 50k 1) 8 35 /K -t ik — 2 5 B
T X — . it P A MUAE 2 i - v g A I )
B BE T T O O A SRS R AR T
hEAEEREERD, Wik, iHA PR S 7E
SHERR SR T 45809 <0. 25 mm 9 7 Fa Mk P 3 4
Erm PG, E— 20 M 4 AR A KA A SR AR (L
3), Mg HE 358 DMWD 7ER5 5% 360 d Bl A frhg
W2, BIEIR S DMWD 2 6] i 1T #5812 &
Bk 3 BE AR T — 5 (LR 4) . it AL
JELfeft - 9K AR 25 g A ) T 34 T o B AR (WMWD)
WA, BT AR S, X5 Zou YY)
WFFE s Fe—B X 22 i T e A PR e 25 1
T, BT <0.25 mm KFEER R ECR, 12
HT >0.25 mm BIRIEKFIENR(>2,.2~1,1~0.5
F10.5 ~0.25 mm ZKEME AT R ARG & & S A - 23
Iy aE) , Horb > 2 mm K Fa M B AR T iR

=

<0.25 2Kt L3 S 0 St AR P 2
PP i RN BRI R, S R
ﬁﬁ%ﬁ%%ﬁﬁﬂfiﬁﬁ%&ﬁ—ﬁﬁ%?gf
_)‘J_:—‘: ) “ “ ‘ [ — A P 4
A LR TS9P T AT 1 ) TR A
2 A AU 5N T - S B B

=

PEZ 43 WSS, LFOC I M, X 587 AB 5

GEIR—T O N L, it A LA A R
TR Y R A0 FAC FI HAC & &, 5T
HAC/FAC FbAH, Sarma %" (055 th & B T 251
NG, FHOCor Mk — 25K B] SOC 5 LFOC, WSS,
L4 Z | FAC F HAC & 2 B E M IEMHCK R
(P<0.01), H SOC 5£F4E% | LFOC Il HAC f{5¢
RUHEY), MKRET RIS 0.879™ L 0.873™
F10.905™ (£3), XULIHL 4 & | LFOC 1 HAC
T e S e - AT MLA 1Y A2 Ak, it B A ALIE JS - 3
PH 3 4 /N R e M 1) 228 4 5 4 MLk B FL2H 43 1)
AL AT G AWFSE KL, £ DR, s 5 SOC,
-4k & . LFOC, WSS, HAC F1 FAC & & I &
HAC/FAC LB S 2 & A E R (P <0.01),
DMWD 5 SOC, LFOC ., HAC &5 i 35 il b
PR SC O R, B it B A HLAE A A2 2 ) Ak
KEAREATE L, B/ T 3 A R AR ) F- 2 i
7, X EERMEHAYILG S >2 mm S FarE A
RARBCE D BT e, WA — A X — A
TEAON A 72 e, i A PMUIL IS RISt i e,
KA Heobk 45 4 98 2>, 3B T ik — AL+ 1
WR,,s . WMWD 5 SOC | £F4E% . WSS, HAC #l
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FACHREM B EMEMIELR(P<0.01),  SEXH:
WMWD if 5 LFOC & & 2k B F EMLE LR P 1 E]éfﬁ.]ﬁf@;fIﬁJﬁﬁjﬂ&tﬁl}riiifjﬁffﬁiﬁm%&ﬁéﬂ%E’J
' \ (D], B, W RRHE K2, 2011, 1-51.
™. b ».
<0.01 ) ’ Lﬁ%ﬁﬁ:ﬁ*ﬂzﬂﬁ/ﬂ%ﬁ? >0.25 mm 7J( Ren W D. Effect of long-term fertilization and soil management
%‘@ g% 'MS E(J ﬂ:ﬁ ﬁi ’ M I—m 'fﬁ WMWD i j( SOC., regimes on soil organic carbon and its fraction on Loess soil[ D].
g%gﬁ% . WSS A:[] FAC L:J‘ WRO s *ﬂ WMWD E/‘J *Ha‘é Yangling: Northwest Agriculture and Forestry University, 2011.
1-51.
Fr = Jl2o%4s AN AN
ABETHAMAIY (R3), BLRSEMIPIID T (o) gy o, At 5. RSO I G T 401
FHSRAE 7 - e i 1 A2 k. PR RN A BOVRASEREL 1), R TR SR, 2014,
T AR PSR AR A v AT SR A 1 B a1k ZL‘.’(JZ)% 346)‘(35;" B ) B o
Vs % v iJ, Yang , Sun , et al. ects of soil management
mb{rf%i:t%mgéﬁié@lﬁ%z( PAD) ’ IZ*E] 1:/11—‘“/)\ practices on stability and distribution of aggregates in Lou soil
@fﬁ?ﬂﬁ)ﬁﬁﬂ%il§%%Mﬁmfﬁ‘@j(d\m] y PAD ﬁd\ R [J]. Journal of Plant Nutrition and Fertilizer, 2014, 20 (2) :
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