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Abstract: [ Objective] Food waste composting is one of the potential directions of food waste resource utilization. Food waste
compost is rich in organic matter and salt, and its impact on soil aggregates is still unclear. Exploring the influence of food waste
compost application on the stability of paddy soil aggregates and its mechanism can provide references for agricultural utilization
of food waste compost. [ Method ] Six treatments were set up in this study: No fertilizer (CK), Chemical fertilizer (F), Food
waste fresh compost (FC), Food waste aged compost (AC), Chicken manure organic fertilizer (CM), Pig manure organic

fertilizer(PM), The effects of these treatments and the influence of food waste compost on the stability of soil aggregates and soil
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surface electrochemical parameters were investigated. Correlation analysis and redundancy analysis (RDA) were used to
investigate the main factors affecting the stability of aggregates. [ Result] The results showed that: (1) Food waste compost
enhanced the water stability of paddy soil aggregates, and reduced the slaking and differential swelling effects. Also, the
MWDyogers, MWD a5, and MWDy g o of AC were 21.4%, 107.8%, and 49.3% higher than CK, respectively. (2) The
electrochemical properties of the soil surface were the main factors affecting the stability of aggregates and the surface charge
density of the four organic fertilizers increased by 29.0%—-45.2%. (3) Organic matter has a significant correlation with surface
charge density, specific surface area, and surface charge number, and the correlation coefficients are 0.67, 0.53, and -0.63,
respectively. Furthermore, exchangeable calcium showed a significant positive correlation with organic matter and the correlation
coefficient was 0.90. [ Conclusion] Food waste compost can enhance the surface charge density of soil by increasing soil

organic matter, thus increasing the cementation between exchangeable calcium and soil particles and enhancing the stability of

soil aggregates.

Key words: Food waste compost; Aggregate stability; Electrochemical properties of soil surface; Paddy soil
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HECA= A HLAE R BR A B A ™ ). X2 58 A PLIE
YR i LR A AT ALAE, BEECE AY ST AR 8T
PR ST B A WAL Z 25 5 . 4540 FRAR B A
PE AR LR 1, AR 3 AESE, 184
NX, SRABEALIX 31, DX 10 mx 10 m.

Rk N AR ES I, 45/ IO SRR, i
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\E%ﬁﬁifﬁﬁﬁ Bij (ke K A . e FH A AE K
, PR SO, SR CRIRE 46 57,
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x1 FREESMERER

Table 1 Basic information about different fertilizers

it FH i

Qb AL ML 5% EC/ ) )

pH A N/% W P/% K%  #Na/% 45 Ca/% % Mg/% Application/
Treatments SOM/% (mS-em™)
(kghm™)

F — — — 16.00 12.00 17.00 — — — 1874
FC 65.22 6.82 5.23 4.02 0.37 0.40 0.21 1.02 0.02 7462
AC 66.10 8.11 4.60 2.96 1.57 0.68 0.19 1.51 0.02 10 135
CM 54.61 6.86 4.71 2.50 1.22 1.32 0.08 1.42 0.19 12 000
PM 49.96 7.47 3.58 291 1.17 2.14 0.07 0.46 0.19 10 309

W F: fbE; FC. EEHEEHEN; AC: BEHEAMEN; CM. WEFAHLIE; PM: EFAPUE. Note: F-Chemical fertilizer,

FC-Food waste fresh compost, AC-Food waste aged compost, CM-Chicken manure organic fertilizer, PM-Pig manure organic fertilizer.
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RS = MWPibsow “MWDis s, 1000, (2)
MWD 50w
Ao, % R R A, mms W R

http://pedologica.issas.ac.cn



34 L

465« 2 S 3 S A XS 7K A e AT SR ARG P ) 2 i B AL 719

A TR BT i 43 A, RN 0 2 0 S 1Y)
Y HAR S BIFRIE N MWDg,y, 1 MWDyoer, LB
PRGN | 1 T A LAR A Sl S ) 3
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(1) 4 HCU R L4 . FRER 100 g 3 A
B, FEA 0.1 mol-L™' A HC1 ¥ 600 mL,
B 2h ZEEoHE LiER, WEBRER 3K,
SER RIS, BN 600 mL 28 7ok, HE =
KR . BL, ZJETE 65CAMF UL 4, Hat
JEE 5 0.25 mm 4845 H

(2) BT AR FRELS ¢ HCLE A+
FECA 100 mL B0, A 0.016 mol- L™ /)
NaOH #1 0.01 mol-L™" # Ca( OH ), IR & VA W 30 mL,

PR A

Mean weight diameter/mm

i il

Dry Sieving Wet Sieving

PR
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T R TR B AR T A MR R DG R ]
Canoco 5 F{4X] - 845 K 1 5 1 58 A1 R AR A v
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2 4 R
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WIRIAFRE MM E T 1%

Method of soil aggregate stability measurement

I ARNG FRFR AR AL PRI AR AR E 2 R B3 (P<0.05), CK: AIEHE, F: LB, FC: EEHEHEN, AC:
R HRALHERE , CM: XBIEAHLAL, PM: 354G PLAL .. Note: Different lowercase letters indicate significant difference in aggregate stability
of different fertilization treatments ( P<0.05 ), CK-No fertilization, F-Chemical fertilizer, FC-Food waste fresh compost, AC-Food waste

aged compost, CM-Chicken manure organic fertilizer, PM-Pig manure organic fertilizer.

PR AT it A P T - 9 T R AR A B4 52 i

Fig. 1 Effects of different fertilization treatments on the stability of soil aggregates
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between different fertilization treatments ( P<0.05) .
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Fig. 2 Effects of different fertilization treatments on the percentage of aggregate destruction ( PAD ) and relative slaking index ( RSI)

2.2 A[EHERE A TR X 4 54 S0 R B 22 CM. PM MACH PR () & 520 4 CK A3 & i
AL M T AL  pH FIH S 48.0%. 52.0%, HAvAb T AZ Burk A0 2 5 0 B 51k 2%
(F2).CKAHAYIRE SRS FAMBEAREELST, 5o SOAMZECHREATEITREEER . &4
MAPAEALEE (FC, AC. CM, PM) # CK AbHF  HLZ (R3S bEes & m ¥ i AC > CM > PM > FC >
HUR BB T 10.8%~22.5%, Hf AC.CM.PM  CK>F, H AC, CM Ab B 4 58 rh A2 3 R4S & F 4
A NLE SR BES T FC A, ARIMEEL  CK AMHE 48.0%, 52.0%, i CK 5 F4bBEZ A58
P+ pH A F 5.05~5.89 Z A, 5 CK ML, FAb MR . CM. PM AbBEAS# R Bk 7
P ERRAR T 14 pH, T AC. CM Ml PM & BEST CK, 1fi FC. AC AbMIACHbEEE S & W3
BT A pH, I SRR CK AR, M 156.13 KT CK it AL AE Al HLAE Ak B354R8 T 58 etk iR
uS-em™'; FAMHIR &, 4 27143 pS-em™'s HAVHHL &, (HRAMEACAL 2] 0 5 12 5+ .
JIE b 3 2 ] P S R T W M 2R e A A PE TR T R LA . R
A AR AL FERL AR T B P ac i SAcHh TR ORI AURI R T L i S AR bR (R4,
MR FA R (£ 3), 5 CK ML, FAMEEN e PSS RRR T LR E AL, K AC
FAALIE AL BB ES g e i 42 5 1 18.2%~34.1%. AhERFR LA e, HAS CK FRIRT 11.6%. Haft
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*2 TEERELEXTERBHR. pH. BRXMEIM

Table 2  Effects of different fertilization treatments on SOM, pH, and EC

AP i TIEAPL CIRS
Ab Sb B
Soil organic matter/ pH Electrical conductivity/ Soil organic matter/ pH Electrical conductivity/
Treatments Treatments
(gkg') (pS-em™) (gkg!) (pS-cm™)
CK 35.2+0.6¢c 5.50 +0.09b 156.1 £ 12.7b AC 44.5+0.7a 5.79 £ 0.09a 227.9 + 44 .2ab
F 37.4+0.7bc 5.05+0.10c 271.4+91.5a CM 45.4+0.7a 5.88+0.16a 233.7 £ 60.3ab
FC 39.0+1.0b 5.36 + 0.06b 216.1 = 18.9ab PM 43.1+2.8a 5.89 +0.04a 192.8 +£9.3ab

e AREVNE FREFR R FAL AL B 2 (8] 25 5 1 % ( P<0.05). Note: Different lowercase letters indicate significant differences

between different fertilization treatments ( P<0.05) .

®3 TEEREAENTIRASFRBRESTBEBREZT FHFM

Table 3 Effects of different fertilization treatments on soil cation exchange capacity and exchangeable base ions

FHES 7204 N 284t Na* 38tk Ca®* 3eHutk Mg™ N
s K SHAERR
biBL Cation exchange Exchangeable Exchangeable Exchangeable
Exchangeable Exchangeable acids/
Treatments capacity / Na'/ Ca*"/ Mg*"/

K'/ (cmolkg ") (cmolkg ")

(cmol-kg™) (cmol-kg™) (cmol-kg™) (cmol-kg™)
CK 11.83 £1.65b 0.25 +0.02b 0.82+0.19a 4.74 +£0.2d 1.72 £ 0.05b 432+ 1.56b
F 14.46 = 0.56a 0.27 £ 0.02b 0.89+0.21a 4.39+0.26d 1.60 + 0.04bc 7.31+0.26a
FC 14.54 +0.38a 0.22 +0.00b 0.94+0.17a 5.29+£0.15¢ 1.56 = 0.05¢ 6.53 £0.29a
AC 15.79 £ 0.38a 0.26 = 0.00b 1.11£0.16a 6.32+0.07a 1.65 +0.12bc 6.46 = 0.42a
CM 15.86 = 0.53a 0.37 +£0.02a 0.94 = 0.06a 6.21 £0.08a 1.91 £ 0.04a 6.42 £0.54a
PM 15.58 £ 0.26a 0.38 +0.06a 0.83 +£0.08a 5.8+0.21b 1.92 £ 0.08a 6.65+0.38a

e AEVNGFRERR AR AL P 2 7] 2% 5 8 3% (P<0.05), Note: Different lowercase letters indicate significant differences

between different fertilization treatments ( P<<0.05) .

R4 AREIMEAEL IR LIEREE LA RN
Table 4 Effects of different fertilization treatments on electrochemical properties of soil surface
Ak 3y KM ¢ AR TATVL fof 2 B2 HLR TR SSA/ R AR O/
Treatments / (mV) /(Cm?) (m>gh) (cmol-kg™)
CK —112.33 £ 5.45a 0.31£0.05b 53.28 £4.30a 16.72 £ 1.41¢c
F —121.96 + 2.88b 0.41 +£0.03a 4537+ 1.27b 19.34 £ 1.01ab
FC —118.81 +2.98ab 0.42+0.07a 41.02 +£5.88b 17.51 £ 0.26bc
AC —124.23 + 2.60b 0.45+0.02a 42.24 £ 0.94b 19.83 £ 1.16a
CM -122.13 £ 1.86b 0.44 +0.03a 41.13 +£3.19b 18.81 £0.71ab
PM -119.79 + 3.42b 0.40 + 0.04a 44.32 +£2.93b 18.36 + 0.98abc

. RFE/PNEFRRRARMEEAEZ 2% B2 (P<0.05). Note: Different lowercase letters indicate significant differences

between different fertilization treatments ( P<0.05) .
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PEXHL 55 . MWDy, 5 3 1 FL Ak 22 S EOHOC PR 3R
Horp kw5 . KRB A EGES MWDy, 2I1E
MK FR, B, LEREHS MWDy, 27
KKFR o MWDy, 37 + HEFL Al fh 24P 5 P 5 i)

PHESFAc et . AALBT . Se40 k5 5 25 IR AR OCOC SR PR SRR UHOC O R
pH | pH 0.74 0.64 0.84 0.72 1o
EC EC 045 0.8
CEC CEC 0.75 0.68 0.80 ~0.65 0.67 0.67 —0.64 0.55 06
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*: EC: ®L%; CEC:

IS 7 2cifedd s SOM: HIEANLET; o REHNL; o RAALME
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Fig. 3 Correlation between soil surface electrochemical properties and soil basic chemical properties
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tE b A B T R RO R ) REMEREERER (FSME6), XHRERE S
FRER R RIS 93.4% (& 4b), Hi S —dyEhh  BARFERmE (P<0.05), RKEAAL, FR 1 AT
Xf 3 I RIAOK B E TR BERBE N 74.0%, + BEL R HL far gl X A SRR LIRS R 1 A A R 43
B pH . AL . SR | ACHetEah . S IR | MR 30.1% . 28.9%F1 24.7%, X I BAK K Fa s 1 A
FHE A 5 PR AOKAREMESEUN MWDy g gast « FRBERE SN N 23.9% ., 22.3%F1 24.2%., It4h, 75+
MWD 5giows MWDyoqer = IEAHX:, 5 RSI Al PAD  SEIEARALAPERT K b, W 8RS R A5 %) 141 5
BN, RS AN . BTy HREMEAREEN (P < 0.05), HSRIM
MWD, g giow FIE MK F MWD g s, Fo 28 HepEsE  RIROUMAR EVERY R IR, T 45.9%, itk
5t MWDy paiow ST K, HIEPERME, AHURM  FXTBIRAOK T E MR Ry 24.1%.

FHES T A2 i 2 . MWDyoqer 52 pH MK, 32

WSS Z . MWD g . MWD g0y SRR 3 3 i

R RME A R IEAR G, SRIEEA . R

A ARG, Hod MWDy g g 5 2 10 L 707 25 5 FH T B — [ SR AN 5 Ty 1 AN BB 4 1T 48 7 AT 2R A

2 1T R r 25 A O ME ZE 5 T MWD giowo 22 T AL FRS R HILI 24, A5 it 22 A1 SR AR st

SO RSISE MR K, MGG, XF PAD (9 28 J7 ik DUFRAE A [A] it JIE Ak 38 52 o 1 14T 3R A £ AL

M /N, RSTFI PAD SR, Fe R LR IE il o T RN 1T 4 S FRAE - 18 1A R AKAE K 4

XX R, SREBMTEE  REEAECGE 20 & AR XS HUMBIA R PTRE s s M LB

PSS 1572 Le Bissonnais F& T A SRR A = ZREAEHLE], A
BRI, BHEREEAESEUR A RA PG R . BUERE S, SRR

Z[ MwD,,.,
. 2
X o
& Q4
MWD, >°
(o] dry o
é 5
o
(‘a MWDI,B—SI\)\\
= = MWDy,
-1.0 RDA1 88.34% 10 -Lo RDAI 73.98% 10
e BATLEAREREEESE, MR RE, A6 5805 AR, Hda @y e iba i m N, ek

TR RAMFESE . MWDyy: TR MWDyoger: 1B ; MWDipus: PGETHIE; MWDipow: MR ; MWDigir: PLAEAE
3l; PAD: MIRIABIAF; RSI: BIREHXNEHAEE; SOM: LHEEHLET; EC: BSE,; ¢: RIMHN; o REMAMEE,; SSA:
WRMmMA; Q: R 4h; CEC: BT HE; K. ZHMH; Na: 2P ; Ca: LIRSS Mg: sCHbhEde; ExH: 8k
fid. Note: The black arrows are the aggregate stability parameters and are response variables, and the red and green arrows are explanatory
variables, where the red is the soil's basic chemical property factors and the green is the soil surface electrochemical parameters. MWDg,,-Dry
sieving, MWDy,ge-Wet sieving, MWDy p_pi-Fast wetting, MWDy p_gow-Slow wetting, MWD, p_gi,-Mechanical Stirring; PAD-Percentage of
aggregate destruction; RSI-Relative slaking index of soil aggregate; SOM-Soil organic matter; EC- Electrical conductivity; ¢- Surface
potential;; o-Surface charge density; SSA-Specific surface area; Q-Surface charge number; CEC-Cation exchange capacity; K-Exchangeable

potassium; Na-Exchangeable sodium; Ca-Exchangeable calcium; Mg-Exchangeable magnesium; ExH-Exchangeable acid.
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Fig. 4 Redundancy analysis of soil chemical properties and aggregate stability
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Fz5 TEUFERMIEABRKNHBEEENERE. FE. PE
Table 5 Explanatory degree, F-value, and P-value of soil chemistry properties on the mechanical stability of soil aggregate
¥ i e E A7 it REBE
F P F P
Factor Explains/% Factor Explains/%
H 5% EC 45.9 13.5 0.004 FH B ¥ 38 it CEC 6.5 1.1 0.294
RETHAL ¢ 30.1 6.9 0.018 2P ExK 42 0.7 0.418
R % E o 28.9 6.5 0.022 HHLE SOM 3.6 0.6 0.41
TR Q 24.7 52 0.04 3C 45 V4N ExNa 2.8 0.5 0.548
LR M SSA 20.8 42 0.056 etk 8 ExMg 1.7 0.3 0.628
ViR ExH 11.4 2.1 0.128 LA ES ExCa 0.1 <0.1 0.956
pH 8.5 1.5 0.244
Fo LTEMFHRMLIEARKKEZEEMNERZREE. FE. PE
Table 6 Explanatory degree, F-value, and P-value of soil chemistry properties on the water stability of soil aggregates
7 it e ¥ fif e
F P F P
Factor Explains/% Factor Explains/%
AT A Q 24.2 5.1 0.026 AP 4H ExNa 14.4 2.7 0.088
2Z 45 ExCa 24.1 5.1 0.02 R A SSA 13.8 2.6 0.12
FMHEANL ¢ 23.9 5 0.032 pH 10.4 1.9 0.162
KM Eo 22.3 4.6 0.028 SRR ExH 6.6 1.1 0.31
H3:% EC 18 35 0.048 A ExK 5.9 1 0.374
FHE 72 #e i CEC 18 3.5 0.058 L EEE ExMg 3.1 0.5 0.564
F ML SOM 15.4 2.9 0.078

PSR PG T B T (ORI )L ARSI SR Ik
A HUAREEh 1 T CHEBR BRI RIE (9 ) B2 R Y
MR AR R,

T 5 UL 805 A TG 59 PR AR LR 2 1
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TEVE PRI ESAE AN, JOHLIR S (&) Ak,
BORLAE ) X PR ARAUBAR SE TR R AR AT H 220
AT UE 8 2 T ML 235 70 RT3 o 7 AT SR A L Bt P 2R
HUURE, IR ARARARE T, R AR K S
AR, PR IRTCHLIER 45 79 ) e 45 e K45 20 st
Hyc, DL T LU i BELAT SR fL ik A 1 AR R Y,
Wep AT A e v 463 J SR A 08 - 33 AT SR A FR ML AS SE
TEH, X RERAHEALALFE (CK) 5 PUfPg HLAC b
DA SR A ARG 1 A (] L 22 & W s 7 2 B i
PR AT HLAC Ak B 0 AT SR A DR 3 I 25 IR T AN T HE Ak
(A 2), BEMINUMAS E AL AR AR, HAR

R ISR ARTRL . T AR ARHLR e M 5 kRt
MteE ML, R P LS 8 1 3R AF - 545 4
ISR BT R B (AU R 1 I e v A AT )
P 3R A 7K B AR AS TR 7 ik T R B AR B
Rykas, AET AR (CK) FEiLhE (F) 4bB,
A ALAE b H Y FE R R R BE 134 T A R AROK R e
P, X5 AT FE 4 285 SRR R P28 R i vk 25
A TARBER . B RKE R 5P sh VB
o, et R A B IAROK R E M. & BRI HE A
(AC) TEMRIR . Py . 12 vk T L1
RARFSE PR R — B, AT A3 v + B A R
R E MY R, RN AC AbFEAT B R R
A R R A KR T, 055 SR AR 5 1
WA . 2285, AC Ab3ES E A SRR BE S il T
B EEHEAL (FC). M43 (CM) 53 HLE
(PM ), #H#T FC &3, AC &t Kismi H ik
TE R T 5 ke A HLB Y, A B2 HE it
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465« 2 S 3 S A XS 7K A e AT SR ARG P ) 2 i B AL 725

JEA LR E, A PR &, AC AhFEA
P A i T FC BENIE TaX— i (£ 2).
TR WA 543 LR & B IR A G, AC Ab B b
SR B E S T FC 4B, CM 5 PM A BRTE T A
e kP A R R R E I AR 2257 (1),
{5 PM &b HAF XS R 0 (RST) &3 i T HoAth g ML
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W] RST 5 28 e P 45 52 A OC .
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e flo BOMFEPGHEEE IR T, TR R KRR
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AL PR 3 4 A A R T A FH 2 e ) T P DR R
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o R ST R DR AR, LR P R, &
S AR K A i it o FEARTIF 9% PR BT AR AR HE R ( AC)
BEERE T HRP AR S R, A PR O AE
AR A 1 P P SR A R 4 50 Y AT LA 5 A1 3R
TR RFREPEDPY | BRARZR DY 48 FLBR 2 8 1k A
A vk DT R s T R AR 2 A B4 T 1 5 SRR
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- SR A 5 | 7B, MR [ B SR R T R AE
F1o RBLA LTS 52 e bE 45 & T BEJE AC kb
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SEC AC b B R Bt A G BE 77 T At Ak
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ik VE B XF A 3R R B B 3R BT Rk AC Ak B
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PRI ST g R F ) BH S TR 2 e A AR5, SR B EHEE | FEA G IEA L

T FR T IR AT A 5 AR AR 5 ik - 4k
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