558 % 43 + o W) Vol. 58, No.3
2021 4£ 5 A ACTA PEDOLOGICA SINICA May, 2021

DOI: 10.11766/trxb201910150481
M, e, HRHEHE, SRPE, EAA, I, BNET, EIRSE, PO, LEEEUR ORI R AL T A R AR E Em R ], L
He2El, 2021, 58 (3): 649-656.
XIAO Hai, GAO Feng, SHAO Yanyan, GUO Ping, LI Mingyi, ZHANG Lun, YANG Yueshu, XIA Zhenyao, XU Wennian. Influence of

Native Soil Particles on Soil Aggregate Stability Relative to Breaking-down Mechanism[J]. Acta Pedologica Sinica, 2021, 58 ( 3): 649-656.
% IR IR L 5] filg R 2N =yled: A
T IR R IR B XS A B AR RN & T B BRI E TR

oL E WL WEEL W ORL BEL K R ARE TREST
g

(1. ZURFEX TR EHF TSI E (SR, Wb e 443002; 2. SRR A SIMEHE I TR .G, HHLEE 443002)

B E. HHRRAOR H SN A T, R e R IS IR E R B R AR . RTE I R A
BARD 2 R F A e S 4 R X HAS TR B AL R P A 52 o L R RAS [ i e A S AR A 25 5 P P 9 e b - R i 8
TSRS, X HERRE S TR (FW), BURIES % (WS) LU EIRIE (SW) —Rhibsf )y X b 58 LU 5 A
R BEEALE] , [R5 N A5 AR P SRR v (4 ~E 9 5 ORI 23 1R ke, T B - H i B U X 45 AR 2 I SR AR 5 ke 2 SR 13
M, ST 3 SR RIUREG N [ R AL PR AR e Ph s . 55 RRW]: WA HEARI B T, SRR HIR S e Af
TR KRS, WA 7 =M PR P R AR (MWD) BB KRB+, WA -5 MWD 2528
MWDy, <MWD,, <MWDy,, fR/IMIT, 95 - 458 1 SR At R 14 2 A SR R DRt i e B LR R B PR i s SO DR &, 3
UOEHUBARSIVERT, ZORLIZAKAE IS M dRe N .+ AR ORI 25 A2 0 A SR A s e e g 32 8 - SRR R ML o, -3
JERRSURLG D 52, XD AR + AR AR X AN AT TR IR (>0.05 mm) & S HIEAE S (AR) fH
SMELLIE A S bl - S A SRR, TR ISR AR ORI S , AR RESSHLF IR L -SRI R e P THBR 133 5L IR FURL S
B Y AR G (E 22 B 5 S5 A ORGSR - A S e K T b T 86 8 - (s

KB REURLGEORL; PR BEREHLEL THEUER MURSNIPET; WERkER

mESHES: S157.1 MHERFRERG: A

Influence of Native Soil Particles on Soil Aggregate Stability Relative to
Breaking-down Mechanism

XIAO Hai" %, GAO Feng', SHAO Yanyan', GUO Ping', LI Mingyi', ZHANG Lun', YANG Yueshu', XIA Zhenyao"*"
XU Wennian" 2

(1. Key Laboratory of Geological Hazards on Three Gorges Reservoir Area (China Three Gorges University), Ministry of Education, Yichang,
Hubei 443002, China; 2. Engineering Research Center of Eco-environment in Three Gorges Reservoir Region, Ministry of Education, China

* ERBARFRESTH (41807068 ); [EZH WA THIT HIRE (2017YFC0504902 ); =W i X il 57 9K 55 207 1 7, S 2 I cHE
4x (2018KDZ06 ) %% Bf Supported by the National Natural Science Foundation of China ( No. 41807068 ), the National Key R&D Program of
China ( No. 2017YFC0504902 ) and the Open Fund of Key Laboratory of Geological Hazards on Three Gorges Reservoir Area, Ministry of
Education ( China Three Gorges University ) ( No. 2018KDZ06 )

+ INFEH Corresponding author: E-mail: xzy_yc@126.com
EZ RIS : W (1988—), H, i+, PJiil, FZHFRI7 5 MHLIE, E-mail: oceanshawctgu@163.com
Wk B 0T 2019-10-15;5 BB MR B 0. 2020-02-27; FI%E & H M (www.cnkinet): 2020-04-23

http://pedologica.issas.ac.cn



650 + e 2 il 58 &

Three Gorges University, Yichang, Hubei 443002, China)
Abstract:  Objective Soil aggregates are the basic units structing soils, and their stability is an important index for evaluating
soil breaking-down resistance under external forces. However, the current methodologies commonly used to analyze stability of
soil aggregates rarely take into account influences of native soil particles on stability of soil aggregates relative to breaking-down
mechanism. The purpose of this study was to fill up the gap by conducting an in-lab experiment. ~ Method  For the experiment,
five undisturbed soil samples, 0-20cm in depth, were collected randomly using the S-shaped sampling method from each of the
two tracts of land different in soil texture, one slope farmland of loamy sand soil in Shenmu County of Shaanxi Province, China
and one newly established citrus orchard of sandy clay loam in Zigui County of Hubei Province, China. Following the LB
(LeBissonnais) method listed in the international standard, the whole soil samples were pretreated separately with fast wetting
(FW), slow wetting (SW), and mechanical breakdown by shaking after pre-wetting (WS) for analysis of breaking-down
mechanisms of soil aggregates. At the same time, attempts were made to separate native soil particles from soil aggregates of
various particle size fractions, so as to eliminate the influence of the former on fractionation of soil aggregates. Then soil
aggregates in each fraction were treated with hydrogen peroxide to remove organic matter, and with sodium hexametaphosphate
to separate native soil particles from skeletal materials of each fraction. The net mass of soil aggregates was obtained by
substracting the mass of the soil aggregates of each particle size fraction in the soil samples treated with hydrogen peroxide and
sodium hexametaphosphate from the mass of the soil aggregates in the soil samples before dispersion.  Result ~ Results show
that two soils differ quite sharply in particle size distribution with the treatment. Mean weight diameter (MWD) was higher for the
sandy clay loam soil than for the loamy sand soil regardless of breaking-down mechanisms. The two soils both followed an order
of MWDfw<MWDws<MWDsw. Treatment FW is the most significant in affecting breakdown of soil aggregates, which is mainly
attributed to pressure of the air enclosed in soil pores, and Treatment WS and Treatment SW follows. Based on the findings in this
study, a new aggregates determination method is developed to verify the calculation results of the two selected regions. The
influence of native soil particles on soil aggregate stability depends on soil texture and aggregates breaking-down mechanism and
is much greater in the loamy sand soil than in the sandy clay loam, and exhibits an order of FW>WS>SW, in terms of
breaking-down mechanism. The proportion of aggregate (>0.05 mm) to the total soil mass content (AR) before dispersion of the
soil could hardly reflect stability of the soil aggregates. Variation of the AR before and after the influence of native soil particles is
removed indicate that the influence of native soil particles is far more greater in the loamy sand soil than in the sandy clay loam.
Conclusion  The influence of native soil particles on aggregates varies sharply with soils type and treatment method. After
climinating the influence of native soil particles, AR can better reflect stability of the soil aggregates.
Key words: Native soil particle; Soil aggregate; Breaking-down mechanisms; Slaking effect; Mechanical breakdown effect;
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K EAT AT A B A SR AL, 17 b 0 32 DA AN P
T AR RAE R, Bt g
o 7 [ 5 7K S TR I T [ B A ey 10.00 g ke
A 1.00~2.00 mm A ZREPRFE— 2 B[R] PN 1845 11 7K
i, Offig A R E N, XA AU IR T
TH BV P R AR R e e i YRR T i
I I 3 S T AT SR AR i R 5 %) T % S A
fasett, IR T BIRRPLRSN B e N,
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Table 1 Basic physical-chemical properties of the experimental soils

A Hb N AL Clay Hrki Silt fibki Sand A HLE Organic matter
3% Soil
Location 1% /% /% / (gkeg!)
I i o A Wb+ 5.80+0.14 a 7.56+0.20 a 86.64+0.34 b 4.23+0.65 a
WAL W+ 17.24+0.03 b 21.33+0.02 b 61.43+0.03 a 5.74+0.39 b

1« AR B R R AN R 4 82 1Y [R] — F8 b (8] 77 7F d 35 P 22 55 P<0.05 )Note:: Different letters indicate significant differences between
soil types in terms of the same index at the level of 0.05 (P<0.05) @ Shenmu, Shaanxi, @ Zigui, Hubei
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25.00 g 2 FF 1853 B AT O R | 18 IV AT
TV 9 35 b LA 3kt S LB ¥ 1 3.00~5.00 mm ki 4%+
8 I B AR B 75 A 20k S g A - 398 P SR AR 1 4 )
I [ S BT 11 5= 928 a3 LR TR R iUl ZIE
TRBSZIR, XF 25 R - HE AU 43 ) A FH XA K 2 B
A BT I8 A S i s R 6 08 A 743 5 A 3R B R A

TR ) IR LG R . BB EAS IR AT

(1) #HIAF SRR, BB RT +
BT 40CHIMEA LT 48 h, LIRS TR 13545
RS ET R AR 46 5 K — 3

(2) P47 RS R 0 AL i b2 o [t
T B A T AR O S RO B B4 A
SR BEHLI A 25.00 g SEAT DRI | 12 3 0 i
R RS = Fh 7 L BB R . B3
YRI5 E 450 B Bk AR ALK SN 1V F G A1 3R 4
FIREIR . POEAN AL TR A B 25 g HHESE IR W TE
BEA 250 mL 2585 F/K A9 1 000 mL BEFRH, 10 min
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Je RS WS s 22 A K A3 W 5 18 S VT 1 o AR
B 25.00 g HIEERERCE T 9K J18-0.30 kPa R84
I, ##E 40~60 min, fF IR BURIEG
MR R W25 g S ARE T A 250 mL
RS Y 1000 mL #EIEHEH, 10 min J5WBLERS, 0
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BWE W K ZRK50;
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BTy 95%iPk Y, R 20 I (IRIR
2 em), AR ERLE T 1 v ) - ORI RS B bR
TE 40°Cif BEHEAR N HET 48 h;

(4) VB0, A ARFERARR “HIRE”:
AR 3 v ARSI AN [ BE A AL ] Ak 3RS 10 A
BB LA, AR 5t FLAE R 5.00 mm., 3.00 mm,
2.00 mm, 1.00 mm, 0.50 mm, 0.25 mm, 0.10 mm
A10.05 mm i, #KH>5.00 mm, 3.00~5.00 mm,
2.00~3.00 mm. 1.00~2.00 mm. 0.50~1.00 mm.
0.25~0.50 mm, 0.10~0.25 mm F1 0.05~0.10 mm
hifs “HRER,
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15 OFW B SW NIV HEfFib 4 Loamy sand soil
@ 10
S
0 1 1 1 i) 1 l’l@m 1 I_l-‘ § 1

>5.00 3.00~5.00  2.00~3.00

I5r 0 Fw B8 sw B WS

Frim Contet/g

1.00~2.00  0.50~1.00 0.25~0.50  0.10~0.25  0.05~0.10 <0.05

b F A4 1 Sandy clay loam soil

>5.00 3.00~5.00 2.00~3.00 1.00~2.00

0.50~1.00  0.25~0.50  0.10~0.25  0.05~0.10 <0.05

+ AL Soil partical size/mm

W FW, PO ; WS, HiiRiE/E % ; SW, 18 s

pre-wetting; SW, slow wetting

Note: FW, fast wetting; WS, mechanical breakdown by shaking after

BT A M S s FOURE 52 W0 17 AN [RI BB RE BIL A b KA 3 A1 A

Fig. 1 Particle size distribution of the soil before removal of influence of native soil particles relative to breaking-down mechanism

TR AL BEYE>S .00 mm K42k 0 4b, Hifth 45 Ab B
B RAR A AR, b s 1 i AR S
HUBEZ 7% M AP AL BE R 1.00~2.00 mm Rifs & i 2,
T 7 PR P T Ak AR X R 32224 <0.05 mm Hifs £
BEASURE, 33X 3¢ BH PR T b B B 5 K - 98 P 2R (A
WEEE TR 43, TERUE 2/ Ride Rk, R, /05
B AR 2 ORI AN BE N FE> 2.00 mm kAR Fr B
KT G MU % AL P, 3% 048 o 30 i Ak P X
- P SR AR IR /N T 0 S5 A LA R 5 A B

A A A R A AL MWD WA E R K
25t (£ 2). BRI = A EA T MWD

YIS R TR+, X 5 AT AL L FRL S A
AL & AR THERD A 5¢, R AR
A LAAE R S 45 9 SR T ) e ) PR SR AR 180
MaE, MWD 23 MWD, <MWD,,<MWDy, i K/
TP, 3 3 I 3K 79 el - 8 T SR e R 357 2 ekt 14 Vi
AofFL R PN A B 2 SR IR R 32, R GER ML
SNIIMERT, BRI AKVE - /)N, X 5 Al A
K LB ik T g 5 — 3 20 HE s ab + ot e v
A ERFNRIE S HUME A MWD TGl & 1 2%
S, Y58 IEE AL B R MWD & B E AR,
XSGR L 45K 2%, SIRIEEVWEG LT

x2 HRTEFEETREEEAREKENG TARGTHERER

Table 2 MWD before eliminating the influence of original soil particles relative to treatment

e V21 Fast wetting FW

12 3 {211 Slow wetting SW

PR 5 =%

Mechanical breakdown by shaking after
pre-wetting WS

B>+ Loamy sand soil 0.16£0.01 aA
b %k 1 Sandy clay loam soil 0.27+0.01 bA

0.27+0.02 aB 0.18+0.01 aA

2.05+0.05 bC 0.96+0.01 bB

TE: AFR/NG PR R AR ] L2 B [ Fh Ak BE 7 sAAAE B E 2557 (P<0.05); AN [AIKS bk 3R [l F L e 2 00N R[] b B 5

KA EPE2 R (P<0.05), Note: Different lowercase letters indicate significant differences between the soils the same in treatments at

the level of 0.05 ( P<0.05 ); different capital letters indicate significant differences between the treatments the same in soil type at the level of

0.05 ( P<0.05) .
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BB /NT 2.00 mm A X, MIERD LT, L
B JE LR BURI R X SWALFE 1.00~2.00 mm #522% 152
WAL 4.00%5k, X oAt A5 Ab B 25 A0 A2 5 e e i
YIRT 50.00%, sZmif K FW AR 0.50~
1.00 mm Rits, EF] 92.75%, WEPEENE S,
A 8 5 R X 25 BB R BIL I T A R G S e 34 /)
T 50.00%, S K FW AL R 0.05~0.01 mm
AT, h 45.98%. X W] 458 4 kL 6] 13 B b+
BARR SR IL K TP PR 1

fE/NT 2.00 mm BARJEE N, FW bR 1- 458
Jir s R X 38 SR - D 5T 6k 48 4 A5 AR R AT SR AR
M5 h 60.00%~92.75%F1 13.83%~45.98%,
SESME 53 5910 80.95%F1 22.97%; SW AR F +
S92 [ s SR o M R - RN R R B 4 1 A AR g A TR A

B2 3590 4.00%~87.43%F1 3.00%~32.00%,
SESAE A 9N 55.32%F1 12.19%; WS Ab B R +
e SR OB X 1 TR A AR B AR A R A
A2 53511 R 16.67%~90.36%F1 0.46%~38.42%,
SERMESY N 68.41%H1 13.63%. HEFAY -4, +
338 JERA WORE X 1.00~2.00 mm ., 0.50~1.00 mm LA}
0.25~0.50 mm 22 T SR EE IR A FW>WS>SW,
Mi7E 0.10~0.25 mm 1 0.05~0.10 mm £ 4% F =Fp i
WML T R AR B 22 S ARk, R T R AR e
PERS 2200 LI 5, AN R B AL i) T A SR 4% 1 Tl
R R B R BT T A A SR AR 52 AN [ R AR ML 1 5 i K
R o, R AGORIXT 1.00~2.00 mm F
0.50~1.00 mm Kif2 F MK N FW>SW>WS, [fij
1£ 0.25~0.50 mm.0.10~0.25 mm #1 0.05~0.10 mm
BAE T R MR RKIHRKIR  FW>WS>SW, #KT 7,
TR ORI X FW LB i R, WS AbHiR
1M SW AFHEZMA /)N, 3X 5 FW A 356 3 #01E FH 0T
SER R R, TR 138 v T8 22 A SR AR 58 4 il
fg, T SW ALY - e FRL ) K A R IR A T AR
AR R3S /INAT G o X R WX T P R AR AR e Py
B HETT T, AR TURE X AN R B RE L R 45405
BRI

L 100 ECy N ;

+~E 2. aFw asw SWS HemRb 1 Loa%y sand s01lT

225 wp N

2532 %

2% oot \

1y =S N

E 535 40+ §

B . N

= 2 §

LS5 20 S \

Hﬁ = 0 1 1 1 m 1 \ 1 1 . 1
>5.00 3.00~5.00 2.00~3.00 1.00~2.00  0.50~1.00 0.25~0.50 0.10~0.25

., 100 b JFi &6 +-Sandy clay loam soil

== BFW BSW WS

g2 gl

2o E

EEE wf

=23

225 o

TEz :

28 20r ¥ :

== B ] B 5

0 ! 1 1 |_IWN‘ P R 1 I—l-m 1 E@ e N

>5.00 3.00~5.00 2.00~3.00 1.00~2.00 0.50~1.00 0.25~0.50 0.10~0.25 0.05~0.10

+ 34247 Soil partical size/mm

e FW, PR ; WS, BURINSE R ; SW, B#iEid, Note: FW, fast wetting; WS, mechanical breakdown by shaking after

pre-wetting; SW, slow wetting.

P2 SR REAIL R T S8 i A AORE A ] 2% A28 20 1 SR AR 55 ) 5 ) ¢

Fig. 2 Influence of native soil particles on soil aggregates particle size distribution relative to treatment
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HETRD 143 HLET AR 7E FW 4B (R ) I
WS b3 (42 ) K TP BT FEHE - AH N 43 SORT Y AR
B, TWirE SW AR R I 53 /N T 1b o 2 HE 4 43 AT
AR A, X5 1R RD T R HE 4 7045 A B 5544 A R A
MR PR a2 RA 3, RHZ3 1
AR R RE MR, Ar BRI AR (ELME LA IE A iz i 4 43¢
R R E . B RANE U5 10 AR {H7E 3 Fh
Ah PR R E R TS £, X5 RReD A 4 A
AL A R R e R TR 45—
e, FANER LG WO R S, AR BESH b
A B A 1 4 A SR AR R e 1k

Ay EET S AR (>0.05 mm) IR E
e AR WIS TR A5 AL BRA ST 2 7 B
225 (£ 3), XFU] 435G Uk 1 58 1A 3R K
R E R, R 4 HEET AR 7E FW. SW Al
WS b B35 85 AR [ 5.65 £i% . 3.43 4%
A1 4.50 £, RS BRGNS 4  BOAT AR 7E FW., SW
WS AR 430k A HUS AR B 1.36 £5 . 1.05
fE5 AT 1.08 A%, 3% 3 WY 4 198 5t 4 0k 0 138 B 0 + 1
SR G828 R D T R o PIRD 3 EET S AR
LEH RN FW>WS>SW,, 3 & B + 338 J5 4 J9UR7 Xof
FW ZhFESZmfe K, WS AAHEZ Mk Z, SW Ab#

W /D

x3 FREHENH THHERARK (>0.05mm) HE5TRMF DL

Table 3 Proportions of soil aggregates (>0.05 mm) to the total soil before and after eliminating the influence of native soil particles relative to
treatment

HEJF ) 1 Loamy sand soil

P F %+ Sandy clay loam soil

Kb 3 Treatment
FW SW WS Fw SW WS
AR petore 75.59 £ 0.05 bA 90.59+0.01 bA  84.88+0.01 bB  71.97+0.01 bA  96.55+0.02 bB  75.17+0.01 bA
AR e 13.39+0.01 aA 26.3840.02 aA  18.85£0.00 aA  52.87+0.01 aB  91.53+£0.02 aB  69.53+0.01 aB

I AFRE FBER R AR LA R A ab 27 XA AE B 25 5 (P<0.05 )5 ANRI/NG B3R 7 [F) A - 458 W) b b 2R W B 1
)R IR R S A 7E I B 22 5 (P<0.05) Note: Different capital letters indicate significant differences between the soils the same in

treatment types at the level of 0.05( P<0.05 ); different lowercase letters indicate significant differences between the soils the same in soil type

and treatment before and after removal of native soil particles at the level of 0.05 ( P<0.05) .

3 45 &

ARTIFFE LA ol A [ o o [ 508 A R 22 3 B g 1)
S - A R AR MBI X 4 i il A 4 R
PEATER T HE i | o T 30 R PG 1R v A B XS - 3 A
RRIEA T o (8 ISR B A LT A 7S D
FRENIEA T B A IR B AR G A7 7 1) 1R SR ke
Dt 5% 19I5 0y A X AN [ e AR ATL ) P SR AR e 1
(EER A5 BT 4538 B Ah B3EfE AR EE T,
KRB G RATERKER ., EHD LT 0.05~
0.50 mm IR & ik 80% 4, WhihEL SW
WS FRP AL B R AE 1.00~2.00 mm #4% &
%, 1M FW Zb30 3247 7E T7<0.05 mm 2, 0
R A = AP AL MWD 58 25 K T
W, HMA I MWD, <MWD,<MWDy,, X#*
HH 33 R A - 28 AT R A R 350 J2 AL B P 3 3 A 1) 25 R
FEIMERR 3, FLORMIMAL S Ve, R ik £

SR/ o AN TR I RUR R #E7 20 38 0 ok
X AR G A TRAR RS W R 25 SRR . WP HERD 4 T
5, BT SW AL T 1.00~2.00 mm £ 2 A2
IUH 4%, HAbAS A BRI KT 50%, TMixHab ol
45 AL BR )RR FE I /N T 50% o - S I U A X 45
TR 200 VA SRR 1 5 i 2 B 527 1) 4 S8 21 R R ML 5%
Wi, ARFEURTAY AR X L IE A S e 4 352 A SR AR
P, THBR R R BRI S, AR BEREELUT AR BR
3 A R R AR T o M TR X S ST - 1 5
TEIE R T XD R 4 g, SR 40 BRT AR
£ FW. SW Fl WS Zb3 T 23050 4305 AR 19 5.65
5. 3.43 {5 H1 4.50 £, MRP TR+ 0002 1.36 15 .
1.05 5 A1 1.08 5, ZHEE.
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