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Application of Ultrasonic Energy for Assessing Aggregate Stability
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Abstract; Aggregate stability is an important index of soil quality, but hard to be quantified. Here an ultra-
sonic energy method was developed to quantify soil aggregate stability, and its practicability was tested by
comparing with Yoder method in terms of mean weight diameter (MWD) and aggregate size distribution
(ASD) of two groups of soils, 3 stable soils (Fluvo-aquic soil from Zhejiang Province, Yellow loam from
Chongging City, Red soil from Jiangxi) and 2 weak soils (Loam from Hebei Province, Dark brown soil from
Shangdong Province). The results show that the stability indicated by MWD decreases in the order: Fluvo-
aquic soil>>Red soil>>Yellow loam>>Dark Brown soil>>1Loam; the ultrasonic dispersion cam break soil aggre-
gate efficiently due to its strong dispersing power, and thus this method prefers to strong soil than Yoder
method, but this method seems not to be suitable to assess the aggregate stability of weak soil compared with
Yoder method. Therefore, a proper method assessing soil aggregate stability can be chosen through the rule:
ultrasonic energy method for stable soil, Yoder method for weak soil.

Keywords: soil aggregate; aggregate stability; ultrasonic energy; Yoder method

[9]
b
s [1]
. b )
North'  Raine &.So™"
[2]
’ o ’ b
[12]
. b
(MWD)H 4, S
. . . Le Bissonnais Vertisol Ferrasol
[5-8] [14-15]
o b N ’ o ’
:2016-01-25 :2016-03-02
. (41171226,41101201) ; (NCET-2-0479)
(1990—), s s . Email:jipaodexiaoyu@nwsuaf. edu. cn

a977—., s s . . E-mail:zhu zl@nwsuaf. edu. cn



20 23
[16] 2 b b b
; e ) MWD,
- EEIng .
, Yoder ol ﬁ%
, #8
&
o
1 : SN
) HAK "
1.1 : -
= || F 7. iR
2014 11 . o + BHERES
’ THHEHL
(0720 cm) s ) 1
, 5~3 mm , 1
[12]
FAS 119°29'E,29°12'N ’ Py
YLS 106°25'E,29°33'N
RS 115°34'E, 26°7'N Pa=P=Py D
o i o ' P ;PD
LS 114°24'E,38°41'N
DBS 127°31'E, 45°18'N | '
Py,
1.2 )
1.2.1 1 , w
: : ' W=J P,\dz=J (P — Pyyde 2)
A N Y o 0 0
UP100H( Hielscher , ,
90%) . w
MS10¢( 10 mm, 90 W/ MWD,
cm®) ( 60 mm, . MWD
30 mm, 80 mm, 75 ml, n
3 mm, 2 mm, MWD= ;1‘,’&1, (€))
65 mm, 160 ml) . T (mm) ; w;
s . w
(Pt1000A, , 0.002°C) , MWD , R
s 1 Hz, 1.2.3 2015 3 6
; , ) UuP100 H (Cycle=1),
’ Am O. 2,
, P, 20 W, 5~3 mm 3+
. 0.01 g, . 3040.01 g
1.2.2 , 5 min,



4 21
o , , 20 W) MWD
(40 s 20+0.1C s (FAS,YLS RS),
0. 2C) , , 0.23 mm( ), Yoder
10 s, 200 J. 0.10 mm; (DBS LS),Yoder
( 2,1,0.5 0. 25 mm) , , 0.19 mm( ),
s s DBS LS .
MWD, C 3,
Yoder ts (FAS,YS RS, s
, 50+0. 01 >2 mm <0.25 mm , >2 mm
g, 2,1,0.5,0. 25 mm . 36%~65%,<C0.25 mm  24%~43%(C 3A),
FT-3 ( ) Yoder >2mm ., 71% (
30 /min 30, s 3B); (DBS LS,
, R <0.25 mm 95%
. Yoder )
2
2 Yoder 10 s, 1 min
MWD, 2A Yoder . .
200 ] ,FAS,YS,RS MWD 0.9
mm , , FAS>RS>YLS; DBS, ,
LS MWD 0. 25 mm , R , , 2171 Yoder
o 2B, Yoder , >
FAS >RS >YLS>DBS>LS, FAS,YS,RS —
MWD 1.7 mm , DBS,LS MWD 0.8 , N ,
mm , DBS>LS, . , AR
L6 r ARBEREE 20 - B Yoderig 7
-
- T
12 b _|_ 1.6
g g
g E 1.2 F
o8| 3 1
S S 0.8 T
o7 e K] 0.4
L ] ]
FAS YLS RS DBS LS FAS YLS RS DBS LS
R A bR ot 2
2 Yoder MWD
100 - ABEREEE 160 B Yoderi® i
= X
< 80 < 80 77 =
# W B
@ 60 BB 4 60 Ho i i i
e, |k &, i
40 K 40 H - S i
N 20 i B 20 i
o LERIm: 26 e = M =" - o L i L EilZ=:
FAS YLS RS DBS LS FAS YLS RS DBS
WA LB R
B >2mm 0 1~2 mm 0.5~1 mm B 0.25~0.5 mm B <0.25mm
3 Yoder
R Yoder , ) .

Yoder



22

23

(1]

2]

(3]

(4]

(5]

(6]

7]

Yoder

s : (1) Yoder

5(2)

5(3)

Yoder .

Tisdall ] M, Oades ] M. Organic matter and water-sta-
ble aggregates [J]. Journal of Soil Science, 1982, 33
141-163.
Rawlins, B G, Wragg J. Lark R M. Application of a
novel method for soil aggregate stability measurement
by laser granulometry with sonication [ J]. European
Journal of Soil Science,2013,64:92-103.
[Jl.
,2011,27(1) :340-347.
0yl ,2015,52(3) :489-498

Yoder R E. A direct method of aggregate analysis of
soil and a study of the physical nature of erosion losses
[J]. Journal of American Society of Agronomy,1936,28
(5):165-169.

[Jl. ,
2015,29(1) :169-174.

’ ’ ’

[J:I- : ’

(8]

(9]

(10]

(11]

(12]

[13]

[14]

[15]

(16]

[17]

[18]

[19]

2013(04):96-99.
, . Le Bissonnais
[Jl.
,2013,33(20) :6670-6680.
Amézketa E. Soil Aggregate Stability: A Review[]].
Journal of Sustainable Agriculture. 1999, 14, 83-151.
North P F. Towards an absolute measurement of soil
structural stability using ultrasound [J]. Journal of
Soil Science,1976,27(4) :451-459.
Raine SR, So H B. An energy based parameter for the
assessment of aggregate bond energy [J]. Journal of
Soil Science,1993,44(2):249-259.
Zhu Z, Minasny B, Field D J. Adapting technology for
measuring soil aggregate dispersive energy using ultra-
sonic dispersion [ J]. Biosystems Engineering, 2009,
104(2) :258-264.
0l : ,2010,40C  ):152-159.
Zhu Z L., Minasny B. Field D J. Measurement of aggre-
gate bond energy using ultrasonic dispersion[ J|. Eur. J.
Soil Sci. ,2009,60:695-705.
Zhu Z L, Field D J, Minasny B. Measuring and model-
ling the actual energy invovled in aggregate breakdown
[J]. Catena,2010,82(1):53-60.
Schomakers J, Mentler A, Steurer T, et al. Charac-
terization of soil aggregate stability using low intensity
ultrasonic vibrations [ J ]. International Agrophysics,
2011,25.:165-172.
Schomakers J, Zehetner F, Mentler A, et al. Study of
soil aggregate breakdown dynamics under low disper-
sive ultrasonic energies with sedimentation and X-ray
attenuation [ ] ]. International Agrophysics, 2015, 29
(4):501-508.
1l ,2011,9(3) :106-113

[Jl. ,2010(3) :542-546.

IQVOVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY

(
[7]

(8]

(9]

[10]

18 )
[Jl. , 2015, 29
(4) :53-56.
[I]. ,2015,29
(4).49-52.
[Jl. ,2014,

12(1):19-23.

[J7. ,2010,12(6) :48-53.

[11]

[12]

[13]

[14]

[15]

[rl. ,2015,29(2) : 7-10.

(. ,2009,16(3) :38-42.

.
22010,47(6) :1060-1066.

[Jl. ,2015,22(3) :16-27.

[Jl. ,2001,19(2):109-114.



