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Susceptibility of Agricultural Soils to Structural Degradation by Compressive Forces.
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Table 1. Relative effects of tractor weight and wheelslip on the water-entry rates®

(after
Davies et al. *).

Rear axle load = 16.8kN

Rear axle load = 30.8kN

Untreated
land Nil slip 31.4% slip Nil slip 30.3% slip
Water- entry rate
(cm h™Y) 71 7.6 0.01 2.7 0. 06

* Boxworth clay loam soil, tyre pressure = 110kPa.

void ratio

log{mean normal stress)
Fig.l. Volume change of soil by compression
with and without shear, represented by the
critical state line and the normal consolidation
line, respectively (schematic).
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Table 2. Penetration resistance of two Brazilian soils as affected by soil water potential
and different management practices (H. Katou, K. Yoshida and S.Hakoyama, unpublished
results, 1988).

Clay Bulk Penetration resistance (MPa)®at
Soil Depth matric potentials of
content density
(em) (%) (Mgm®) -9.8kPa -31kPa  -98kPa -390kPa
Lageado ( Oxic Rhodustalf)
arable (C.T.)? topsoil 0-5 64.4 1.15 0. 26 0.37 0.53 1.1
plowsole 16-21 67.3 1.31 0. 82 1.1 1.8 3.1
arable (N.T.) ‘topsoil 0-5 62.9 1. 27 0. 59 0.68 1.3 2.9
Sao Gotardo (Acrustox)
arable (C.T.) topsoil 1-6 911 0.94 0. 22 0. 30 0.36 0. 67
plowsole 25-30 92.3 1. 06 0.95 1.2 1.6 2.4
subsoil 45-50 92.4 0. 96 0. 35 0. 48 0. 54 1.3
forest subsoil 45-50 90.8 0.91 0. 25 0.37 0.39 0. 66

a Average of duplicate measurements with a Yamanaka-type penetrometer.”’

b C.T.: conventionally tilled; N.T.: no-tilled.
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Fig. 2. Restriction of available water range of
Lageado ( Oxic Rhodustalf ) and S%o Gotardo
soils (Acrustox) by mechanical resistance and
poor gas diffusion. C.T.:
N.T.:

S. Hakoyama, unpublished results, 1988).
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Fig.4. Void ratio and water volume ratio versus applied stress curves for Ibaraki paddy soils

(humic Andosols) with different initial matric suctions (¢¢)'?’ .

plowsole.

Ibaraki-1: topsoil; Ibaraki-2:
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Fig. 5. Effects of compression on the soil water characteristic curves for Ibaraki-1(topsoil, humic

Andosol) and Saijo-1 (topsoil, fine-textured Yellow soils)'!’. o,

matric suction.
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Fig.6. Effects of compression on the soil water characteristic curves for Hongo(B)-1(topsoil,
coarse-textured Gray Lowland scil) and Hongo(A)-3 soils (subsoil, coarse-textured Gray Lowland
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Table 3. Effects of compression on volume and hydraulic conductivity of undisturbed paddy
soils (from Katou et al.™ ).

Saturated
Clay Initial Apparent Compression hydraulic
Soil content voig  (preconsolidation) conductivity
pressure after )
compression
(%) ratio (X100kPa) index (em 1)
Ibaraki—1(topsoil) Andosol 31.8 3.04 <0.1 0.74 6.5x107
Saga-1(topsoil) Gray Lowland soil 37.7 1. 32 1.5 0.33 4.4%1078
Saijo-1(topsoil) Yellow soil 36.7 1. 40 0.35 0. 42 1.9x108
Hongo(A)-3(subsoil) Gray Lowland soil 2.0 0. 90 2.1 0. 22 4.4x107
Hongo(B) -1(topsoil) Gray Lowland soil 9.3 1. 10 0. 77 0.32 1.4x10%

Initial suction == 3.1kPa(= pFl.5), applied stress = 1.51MPa(= 15.4kgf cm *).
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(=us,) BEHICE - CTRSEHIE AT T 2R TRIOKTEMLUCERED ST 28 (x=1) @
BIEO FRIE LY, 20T, ARESHOEILoZT Moz LseFEIAS,

PETEOFP L, LEORBEESY x 2R TEHT S X O, 1 EHERE & RERS oKk Ethg e

TEMTESR'Y HEL, BENGHTIBEIE ¢ b x=¢su/ 01

A=uss o (5) LT, il iDEEKTHOSHOSKH & REH

Table 4. Susceptibility of undisturbed paddy soils to compression as evaluated from the
changes of the soil water characteristic curves and from the final soil water suction

in the compression process''’.

Changes of soil water Final soil water suction
characteristic curve in the compression process
& sw pF value x® we Iint z®
corresponding
(MPa) to Dsw %) (MPa)
Tbarki-1 0.16 pf3.2 0.11 54. 2 0.14 0. 092
Saga-—1 0. 62 pF3.8 0. 41 35.9 0. 39 0. 26
Sai jo-1 0.62 pF'3. 8 0.41 26.5 0.55 0.37
Hongo(A)-3 0. 031 pF2.5 0. 021 22.7 0.025 0. 016
Hongo(B)-1 0. 098 pF3.0 0. 064 22. 8 0. 087 0. 058

Initial suction ¢. = 3.1kPa(=pFL5), applied stress o: = 1.51MPa(=15, 4kgf cm™2).

¢ sw; soil water suction above which soil water characteristic curves for compressed and uncom-
pressed samples join each other; w;: : final water content of the soils in the compression
process; ¢+:: final soil water suction corresponding to wr .

* Calculated as x = ¢.v 0. . "Calculated as x = ¢ni/ 0. .
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Fig.7. Schematic illustration of the alteration
of the soil water characteristic curves by
compression''’ . A : soil water characteristic
curve for uncompressed soil; B: water
content versus applied stress curve in the
compression process;C: soil water characteristic
curve for compressed soil.
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Fig. 8 Relationship between compression
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Summary

Increasing use of heavy machinery in intensive arable production has increased the probability
of compaction and structural degradation of agricultural soils. Examples are given in this paper
to show that relatively small increase in soil bulk density and small loss of air - filled porosity
upon compaction cculd result in appreciable increase in mechanical resistance and serious deteri-
oration of gas diffusion in the soils,

Volume change characterictics of soils under compressive stress are affected by soil water con-
tent as well as structural stability of the soils. It is stressed that the magnitude of the change
in total porosity (or bulk density) of soils depends upon the previous history of compression and
is not always a useful index of the soil physical state after the compression. Determination ofs
oil water characteristic curves for compressed and uncompressed soils has revealed that even
when soils with the same initial suction are compressed with the same magnitude of compressive
stress, the size of the pores lost or collapsed differs significantly among the soils. Compression
susceptibility x of soil is introduced to explain the different response of the soils in the alteration
of pore size characteristics and defined as

X=us/ 0,
where u»¢ and ¢. are the overburden water pressure at the end of compression, and the applieds
tress, respectively. Soils which exhibit normal shrinkage over a wide range of water content havei
n general greater valuesof x,and are expected to be liable to structural damage by compression.
The need for research on the destruction of soil structure by shear forces as well as on the envi-

ronmental consequense of soil compaction is briefly discussed.

(Soil Phys. Cond. Plant Growth, Jpn., 59, 7 —16, 1989)





