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Effect of Increased or Decreased Application of Organic Manure on Aggregates
Stability and Soil Cement in Red Paddy Soil
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(College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China)

Abstract: [ Objective ] This paper is oriented to explore effects of increased or decreased application of organic manure on
stability and cement (e.g. organic carbon and iron-aluminium oxides) of soil aggregates stability in red paddy soil of a long-term
field fertilization experiment. [ Method ] In the 35-year-old long term field experiment, on the premise of guaranteeing normal

development of the original stationary experiment, the treatments, which used to be applied with chemical fertilizer, changed to be
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applied with organic manure instead and the treatments, which used to be applied with original manure, changed to be applied
with chemical fertilizer or remained to be applied with organic manure, but at a higher rate. Soil samples were collected from the
tillage soil layers of the treatments and analyzed for changes in fractionation, stability, contents of total organic carbon (TOC) and
its fractions, and content of iron-aluminium oxides of soil aggregates. Based on the analysis of the relationship between
aggregates stability and cement, mechanism of their interactions was explored with correlation analysis and path analysis methods.
[ Result ] Results show that there was no obvious changes in average weight diameter (MWD) of the soil aggregates after
application of organic manure at a higher rate in Treatment CF (application of chemical fertilizer) and Treatment NOM
(application of organic manure at a normal rate), but there were in content of oxidizable organic carbon (EOC), which increased
by 87.44% and 20.53%, respectively, in the organic carbon fraction, and in content of fine particulate organic carbon (fPOC),
which increased by 26.94%, in Treatment N-H (treatments changed from normal to high in organic manure application rate);
MWD decreased significantly or by 8.39% and 6.80%, respectively, in Treatment H-C (treatment changed from application of
organic manure at a high rate to application of chemical fertilizer) and treatment N-C(treatments changed from application of
organic manure at a normal rate to application of chemical fertilizer); TOC, coarse particulate organic carbon (cPOC)and light
organic carbon(LFOC)decreased by 23.48%, 30.09% and 25.29%, respectively, in treatment H-C (treatment changed from
application of organic manure at a high rate to application of chemical fertilizer), but TOC and its fraction did not vary much in
Treatment N-C (treatment changed from application of organic manure application of chemical fertilizer treatment); and no matter
whether in treatments with application of organic manure increased or decreased in rate, the content of Fe-Al oxides varied
irregularly. Correlation analysis and analysis using the structural equation model (SEM) show that the content of >0.25 mm
aggregates increased along with growing organic carbon fraction and with rising free iron oxide (Feq) content, but decreased with
rising chelated oxide (Fe;) content, and >0.25 mm aggregates were the only factor directly affecting MWD; changes in organic
manure application rate induced the content of light organic carbon (LFOC) and EOC raised or declined in red paddy soils,
resulted in the synergistic variation of Fey and Feg, which eventually led to changes in content of >0.25 mm aggregates. In terms
of effect coefficients of the factors affecting MWD and >0.25 mm aggregates, an order of EOC > LFOC > Fe > Fe, was observed
and organic carbon and its fractions were the principal affecting factors in the red paddy soil. Conclusion ] The fraction of >0.25
mm aggregates in the red paddy soil plays a key role in aggregate stability, and the fraction of active organic carbon is the major
factor affecting formation and destruction of large-sized soil aggregates.

Key words: Organic manure; Paddy soil; Aggregate stability; Structural equation model
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Table 1 Particle size distribution and stability of soil aggregates in the red paddy soil relative to treatment

Wi A% oA
A3
particle size distribution/ g-kg—1 MWD/mm
Treatment
>2 mm 2~0.25 mm 0.25~0.053 mm <0.053 mm >0.25 mm
HOM 697.63+29.68a 201.50+11.48d 75.54+18.67¢ 27.58+5.71e 899.04+37.08a 1.67+0.04a
H-C 603.12+26.38ab 282.47+24.29b 75.83+2.91¢c 41.63+1.26de 858.76+41.39a 1.53+0.03b
NOM 576.13+£5.86bc 264.13+0.66¢ 67.68+7.86d 96.60+4.54b 842.10+5.76ab 1.47+0.01bc
N-C 465.04+65.38d 314.07+16.14a 98.43+9.28b 124.27+10.23a 750.47+79.26¢ 1.37+0.01d
N-H 589.16+11.07bc 270.23+3.47bc 71.09+4.43cd 71.61+9.28bc 840.41+£32.44ab 1.49+0.12bc
CF 477.81+£93.76d 245.524+30.54d 127.24+10.17a 151.334+29.26a 767.11+£53.01bc 1.27+0.08e¢
C-N 510.02+14.01¢ 316.3949.68a 108.47+3.51a 62.87+£3.91cd 834.35+14.32ab 1.30+0.02de

#: HOM: s A HLE; H-C: &dtfk; NOM: ®it AL, N-C: #ekfk; N-H: #k&; CF: fbil; C-N: fkit#; MWD:
FHEBEER, FIEEEARR/NG SRR R AR A B2 (8] 2% 5 1 25 ( P<0.05), T 3[F, Note: HOM: treatment high in organic manure
application rate; H-C: treatment changed from application of organic manure at a high rate to application of chemical fertilizer; NOM:
treatment normal in organic manure application rate; N-C: treatment changed from application of chemical fertilizer to application of organic
manure at a normal rate; N-H: treatment changed from normal to high in organic manure application rate; CF : treatment applied with chemical
fertilizer; C-N: treatment changed from application of chemical fertilizer to application of organic manure at a normal rate; and MWD:

mean weight diameter. Different letters in the same column mean significant difference at 0.05 level. The same below.

MWD ok, 43RRGO R Mhfkam . I
HLIEE (1), N-H Hl C-N 1 MWD X} T Ji b 3

+ 3 MWD 2 BEH A 4 T Hb fsz e -+ 398 A 3R AR K
ING AR SR ORI 25 S R AR, — A,
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Table 2 The content of total organic carbon and its fractions in the red paddy soil relative to treatments/ (g-kg ')

GO
TOC LFOC EOC cPOC fPOC
Treatment

HOM 28.32+1.98a 3.89+0.33a 9.25+0.55a 4.35+0.64ab 2.06+0.33abc
H-C 21.67+2.02bc 2.71£0.33bc 9.98+0.43a 3.2540.40cd 2.06+0.09abc
NOM 25.03+0.23ab 3.87+1.13ab 5.94+0.34¢ 3.80+0.08abc 1.93+0.08bc
N-C 21.03+£2.18bc 2.70+0.25bc 5.61£0.33¢c 3.68+0.52bc 2.18+0.09ab
N-H 27.03+3.60a 3.69+1.60ab 8.12+0.87b 4.58+0.28a 2.45+0.53a
CF 18.27+1.17¢ 2.21+0.20c 2.1540.16¢ 2.5840.58d 1.6440.20c
C-N 20.01+0.91bc 2.57+0.35¢ 4.034+0.18d 2.74+0.43d 1.60+0.20c

H: TOC: EANLE; LFOC: RAAFHLE; EOC: SR MAIE; cPOC: MBI AAHLEE; fPOC: 41Fk A HLHK. Note:

TOC: total organic carbon; LFOC: light fraction of organic carbon; EOC: easy oxidizable organic carbon; cPOC: coarse particulate organic

carbon; fPOC: fine particulate organic carbon.

mk 3 pin, AFEESRAALE B 0.72~
31.76 gkg! ZMEl, DL Feq iy, k%] 27.92~
31.76 gkg ', Alg EitIIK, b 24.42~27.28 gkg !,
P s T AR AL B i, AL i (0.72~
0.82 gkg') fflk, Bk L2 FepAl>Al>
Fe,>Fe>Alg X T 85 A b8k & it 1, X C-N A
XFF CF BEREILT 5.57% ( P<0.05); X FHEHE
AALB S EORUL, H-C AHXT T HOM &4 m 1
11.80% ( P<0.05 ).
23 REMERARGERERBEMHMNHEXER

L A 5 A R AR S MWD (98 G 43 #r
(£ 4)FRM, $RUtE A HLUIE S 2086 KRS £ Bk fPOC
H5KF 0.25 mm FRIEE BHCCRAHBI, +
B TOC M HAH /& 15 KT 0.25 mm HRIK S &=
5B F A, [ 0.25~0.053 mm ¥ 5 13 TOC
L&A UK 53 5 & ARG R ; MWD U 5 &
A MLk . LFOC J& EOC it &2 B EIEA ¢ 2R
LI Y Feq Feg 53 1) 5 45 A9 AT R AR 5 15 Fl MWD
PEITE N

24 FMARFREENERZRIEA

kT B 2T PR AKORE P 3R A LR e AR A
(IR R 2, @A i SEM 23 B L3 B IR . AL
fiie S L2 53 BRAR S 72 AR 1 3 A SR AR
fehr MWD BZEGman. (B 1), SEM A 45E N
x2=7.035, df=7, P=0.648, RMSEA=0.016,
GFI=0.918, Ui PABIRIE AL R 47, gt A AR & Al
AR R BAERE T IR RIRR EE 81%I1)
ARSE L Ay HERE T KT 0.25 mm PR K K A MUK
e 67%M 32%M9 78 b, R BRIRL F R AR RO
T 8 S X 0 A% S5 M ARONE (8 RIS, L A LR X
B, BIKTF 0.25 mm A RAK S 2 X MWD 1§42
B0 0.75, JE R MWD RYME— 32200 [ 2 TOC
AT KT 0.25 mm PR & M [A]4252 0 MWD,
SN RECH 0.38, HXTKTF 0.25 mm HIRIKE LY
Wi B B A2 B2 8 0.505 EOC 43 )i i 52 mi K T
0.25 mm PR TOC &g m MWD, Hxt
MWD FIRKTF 0.25 mm PR RS 52 0 14 B30 R 4L
4351 0.44 F10.59; LFOC 1835200 TOC ( {12 28
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Table 3 Content of different forms of ferric and aluminum oxide s in the red paddy soil relative to form of the metal and treatment/ (g-kg ')

Kb PH Treatment Feq Fe, Aly Al, Al

HOM 28.27+1.03¢ 4.47+0.12a 1.61+0.13bc 24.68+0.18a 4.92+0.21a 0.82+0.06a
H-C 28.17+0.64c¢ 4.76+0.23a 1.80+0.09a 26.00+0.43a 5.05+£0.27a 0.82+0.02a
NOM 27.92+0.25¢ 4.60+0.10a 1.86+0.04a 24.78+1.42a 5.18+0.39a 0.72+0.04a
N-C 29.20+1.08bc 4.56+0.23a 1.92+0.10a 24.58+0.96a 5.00+0.20a 0.72+0.04a
N-H 28.79+1.1bc 4.76+0.36a 1.76+0.06ab 25.04+1.74a 4.71+£0.37a 0.75+0.10a

CF 31.76+1.35a 4.80+0.04a 1.62+0.02bc 24.42+3.63a 5.26+0.48a 0.73+0.11a
C-N 29.99+0.55b 4.46+0.15a 1.54+0.06¢ 27.28+1.07a 5.1240.23a 0.78+0.04a

L Feq: WFESRALE; Ala: IR AL Feor TTRIBEREMI; Ale: TLEILMEMI; Feo: HEEH; Al HEEHM. Note:

Feq. free iron oxide; Aly: free alumina oxide; Fe,: uncrystalline iron oxide; Al,: uncrystalline alumina oxide; Fe,: chelated iron; Al:

chelated aluminum.

x4 REVEARGREREMEIBERRE

Table 4 Correlation coefficient of cement with fractionation and stability of soil aggregates

i H Item >(0.25 mm 0.25~0.053 mm <0.053 mm MWD

A HLEK Total organic carbon 0.679%* —0.811%** —0.483* 0.616*

LR A HLBR Light fraction of organic carbon 0.483* —0.623%* -0.324 0.400*

Organic binding 2 AALA WL Easy oxidizable organic carbon 0.576%* —0.569%* ~0.460* 0.463*
material AR A PLA% Coarse particulate organic carbon 0.406* —0.601** -0.239 0.339

Yl Hik: 25 MLER Fine particulate organic carbon 0.162 ~0.565* 0.044 0.054

T BS L4k Free iron oxide ~0.512%* 0.653** 0.347 —0.444%
9 i i 4818k Uncrystalline iron oxide 0.175 -0.103 -0.170 0.107

T L) 443 754k Chelated iron 0.467* ~0.440* ~0.383* 0.354*
Inmgﬂ;iﬁgdmg W2 L4 Free alumina oxide L0242 0.089 0.258 0.184
9 i B 4816 ER Uncrystalline alumina oxide —-0.007 0.134 —-0.050 0.037
245 A48 Chelated aluminum 0.695%* —0.444* —0.661%* 0.669%*

e *FEIRAE 0.05 K LEBEAIE; FIRE 0.01 KFLEBEMIE, Note: * Indicated

** Indicated extremely significant correlation ( P<0.01) .

MWD, HX MWD FIAT 0.25 mm H IR0V F
B34 0.26 F10.35; 1fij Fey (0.25) M Fey (-0.35)
SyAiE R TOC i, [ KT 0.25 mm H15
PRTIA MWD 540, Horfr Feg % MWD IR T 0.25 mm
TSR AR 422800 2R B304 0.09 F1 0.13, 17 Feq 43
Bk 0.13 F10.18, HMEHE LR BE (-0.63),

3.0 EEFEAVIEN TEEREK S RIRE R
A1)

T R A7 SRS AR AR - e LR AR

significant correlation ( P<0.05) .

PN BB SR B AE JC H AT HILAE AT e 77K
(ERSPNEIE JENINPIA S T s I S - brek S

AWFFERM, CFIgMEAPLALIS, C-NART 2 mm
RLRPIRIRF 2~0.25 mm 24K AR AR E 5530 i
M, AERRTRREMET & T NOM Tt AT HLAE
J&, N-H BRI R IR & i & MWD 2210 A B
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MWD
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TE: SA: LIEMIRM; A%k ARAN AT Sk b A B RS RBOUCH IO, SERAURIEMSG, ARG,
FR P<0.001, **32/R P<0.01, *3/8 P<0.05. Note: SA: soil aggregates; thickness of an arrow and the number on the arrow represent path

coefficient, high or low; solid or dashed line represents positive or negative correlational relationship, respectively; *, ** and *** represents

P<0.05, 0.01 and 0.001, respectively.
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Fig. 1 Analysis of factors affecting aggregates stability with the structural equation model
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Fig. 2 Correlation of Feqand Fe, with labile organic carbon fractions
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