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Owen,G. T. 1988.Soildisturbance associated with deep subsoiling
in compactsoils. Can. Agric. Eng. 30: 33-37. Anexperiment was
performed to examine the soil disturbance and loosening associated
with deep subsoiling incompact soils. Thetreatments were subsoiling
withandwithout wings atdepths of 0.32,0.52 and0.72 m. Theexper
iment was performed in both a Fundy clay soil and a Fredericton
Research Station sandy loam. The results confirm the existence of a
critical depth, below which little soil loosening occurs, in both soil
types and adifference inthecritical depths inthetwo soils. The results
also show that the 26-cm-widewings had no advantageover the 7.5-
cm share in terms of area of soil disturbed when operating above the
critical depth. Thewings did, however, significantly increase thecrit
ical depth in both soils. The wings also significantly improved the
reductionin the dry bulk density of the clay soil.

INTRODUCTION

The pedogenetically compacted soils of eastern Canada have
subsoil bulk densities of 1.7-2.0 g/cm3 and present special
problems for agriculture (Saini 1980). These soils have poor
drainage and restricted root growth which often result in poor
yields, particularly for deep rooting forages such as alfalfa.
Deep subsoiling couldpotentially relieve theseproblems if the
soil is properly broken up.

A number of researchers have examined the efficiency of
subsoiling in the upper layerof soil by measuring the area dis
turbed. McKyes and Desir (1984) performed a large number of
field tests in different soils in order to evaluate models derived
by McKyes and Ali (1977). Thesetestswereperformed in two
soils, a clay and a loam, with densities of 1.2 and 1.5 g/cm3,
respectively, and at two different moisture levels. The experi
ment examined tillage tools of three widths, 6.3, 12.5 and 20
cm, operated atdepthsof 15and25cm. Thebladeswerecarried
by a special carriage system and the draft was measured
hydraulically and the area disturbed was measuredby digging
profiles. The results indicate a general trend of increased soil
loosening with larger depth to width ratios. Soil moisture con
tent had the effect of reducing the swell factor from 32 to 26%
in the loam soil.

Godwin et al. (1984) investigated soil disturbance and the
forces associated with different tine arrangements. The exper
iment was carried out in a sandy loam soil under three different
bulk density conditions. A forward speed of 0.4 m/s was used
and the maximum depth of operation was 16.5 cm. The tines
were 2.5 cm wide and had a 45° rake angle. The results dem
onstrate the advantage of implementing shallow leading tines
to improve the specific resistance of the operation.

Ahmed and Godwin (1983) examined the significance of
wingpositionon soil disturbance. This work was performedon
an unnamed alluvial gley soil with a forward speed of 1 m/s.
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The tine used had a share with a 20°rake angle and a right angle
leg. The wings were swept and sloped and the working depth
was 30 cm. Wing position was found to have no significant
effect on the area of soil disturbance. However, the no-wing
configuration produced a significantly smaller disturbed area.

Spoor and Godwin (1979) used soil bin and field studies to
examine the effect of wing sweep and relative tine positionon
the efficiency of subsoiling. At a depth of 15 cm, wings with
a 45° sweep disturbed significantly less soil and had a signifi
cantly higher specific resistance than did straight wings of the
same width. The authors also found that, at a depth of 40 cm,
the specific resistance is significantly reduced when shallow
leading tines are implemented at a depth of greater than half
that of the deep tine.

Spoor and Godwin (1978) measured draft forces and area
disturbed for a subsoiler with a conventional foot and different
wings operated at depths of 35 and 42 cm. These tests were
performed in a soil bin and field study with two clay soils of
the Hanslop and Wicken series which have bulk densities of
about 1.3 g/cm3. At a depth of 35 cm, they found areas of soil
disturbance of 0.098, 0.200, and 0.184 m2 for a conventional
subsoiler (no wing), a wing width of 42 cm and a 30 cm wing
width, respectively. At a depth of 42 cm, the areas disturbed
were 0.087 m2 for the conventional subsoiler, 0.263 m2 for a
wingwidthof 42 cm and 0.250 m2 for the 30-cm-wide wings.
Fromthis experiment, the authors stated that there is a critical
working depth below which compaction occurs and that the
attachment of wings increases this critical depth and the area
of soil disturbance.

Godwinand Spoor (1977)carried out experimentswith sim
ple toolsusing a soil bin and two differentsoil types as part of
a model of soil failure with simple tines. These tests used dif
ferent tool widths, rake angles and depths to a maximum of 23
cm. They also proposeda model for the critical depth, defined
as the depth at which the soil ceases to fail upwards (crescent
failure) and starts to fail around the tool (lateral failure).

None of the research examined the results of operating a sub
soiler to a depth of greater than 45 cm nor in naturallycompact
soil.

The objective of this experiment was to examine the effect
of subsoiling to 70 cm by measuring the width of disturbance,
area heaved, area disturbed, dry bulk density and saturated
hydraulic conductivity. The experiment used three different
wing widths in two pedogenetically compacted soils.

MATERIALS AND METHODS

Two sites were selected for the profile, density and saturated
conductivity measurements. Site 1 was in a Fundy clay and site
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Table I. Soil physical properties^

Bulk
Depth Sand Silt Clay density

Soil Horizon (cm) (%) (%) (%) (g/cm3)

Clay Ap 0-22 26.0 43.2 30.8
Aeg 22-30 34.3 46.4 19.3 1.67

Bg 30-40 23.3 45.5 31.2
Btgl 40-77 6.2 36.3 57.5 1.59
Btg2 77 + 3.1 34.0 62.9

Sandy Ap 0-21 40.5 48.3 11.2 1.28
Loam Bfjgj 21-36 53.3 40.8 5.9

2BCgj 36-51 56.3 37.0 6.7 1.87

2Cgj 51-80 58.7 34.8 6.4

2C 80 + 51.7 41.4 6.8

tFrom Rees and Fahmy (1984).

2 was in a Research Station sandy loam. These soils were
selected for theirwidevariation in mechanical properties; how
ever, both arecompact soils. Theiraverage physical properties
are shown in Table I. The Fundy clay soil is a clayloamin the
upper horizons with an underlying clay subsoil starting at 40
cm deep. The Research Station sandy loam maintains a rela
tivelyconstanttexture withdepth, althoughthe subsoilcontains
high levelsof coarse fragments, stones and boulders (Rees and
Fahmy 1984).

The field sites were prepared by discing the test areas to
reduce thepossibility of therootmass acting asa surcharge and
therby inducing lateral failure.

The soils were tested for their mechanical properties. For
simplicity, the mechanical tests were performed assuming that
each soil had two main layers, a topsoil and subsoil at 0-40 and
40 + cm deep. A Soiltest torsional sheargraphwas used to find
the peak friction angle (4>p), peak cohesion (Cp), ultimate fric
tion angle (<J>U) after considerable shear strain, ultimate cohe
sion (Cu), soil-tool friction angle (8) using smooth steel and the
adhesion (Ca). Thesheargraph testswerecarriedout in situprior
to the subsoilingtests. The Atterberg limits were performedon
grab samples obtained during excavation and followed Amer
ican Society for Testing Materials (1975) standards D423 and
D424.

The subsoiler used for this experiment is a trailed tool bar
system pulled by a 104 KW crawler tractor as shown in Fig. 1.
The system controls depth of operation by retracting or extend
ing hydraulic cylinders which control the ground wheels. A
single tine was mounted and operated with and without wings.

Figure 1. Trailed tool bar subsoiler.
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A toe piece share, with an effective width (WW) of 7.5 cm and
a rake angle of 20°C, was installed and served as the no-wing
condition. The winged configuration was achieved byattaching
wings with a sweep angleof 40°, slopeangleof 17°, measured
from the horizontal, and a rake angle of 16°, from the axis of
motion. These were mounted just behind the share and resulted
in a WW of 26 cm. Draft measurements were not taken in these
experiments.

Immediately following subsoiling, flagged plots were exca
vated with a backhoe forprofile anddensity readings. Pits were
dug perpendicular totheline ofpull to adepth ofapproximately
1.5 m. To prevent further disturbance of the soil face during
excavation, thebackhoe worked parallel to the lineof pull. The
soil face was then cut back a further 10 cm with a hand shovel.

Profiles of the heave and of the disturbance were measured
using a profile meter which took measurements every 10 cm
horizontally over a2-mwidth, similar tothatdescribed bySpoor
and Godwin (1978). The areas heaved and disturbed were deter
minedby summationof thereadingsacrossthe width. The width
disturbed was taken as the width of the area disturbed at the
soil surface. The total area is the sum of the disturbed and
heaved areas. The swell factor was determined from the ratio
of the total area disturbed and heaved to the area disturbed minus
one, all times 100 (McKyes 1985).

Cores, measuring 7.6 cm diameter by 7.6 cm height, were
taken of both disturbed and undisturbed soil in both soils. To
maintain consistent soil conditions the cores were taken in the
soilhorizons Ap, Aegand Btgl in the FundyClayand Ap, Bfgj
and 2BCgi in the Research Station Sandy Loam. Disturbed
samples were taken at approximately 20 cm to the side of the
tinepathandundisturbed samplesweretakenoutsidethe sphere
of influenceof the subsoiler. This gave three pairs of disturbed
and undisturbed density cores from each sample site.

Similar paired disturbed and undisturbed cores were taken in
both soils for hydraulicconductivity determination but only for
the case of subsoilingwith wings. The falling head method was
used to determine the conductivity (Klute 1965).

The experimentwas of a completely randomizeddesign with
three replicates of treatments. The treatments consisted of two
soil types, Fundy Clay and Research Station Sandy Loam, two
wing types (WW), no wings and with wings, and three depths
of operation (Z), 32, 52 and 72 cm. A 2 x 2 x 3 factorial
arrangement of treatments was used.

RESULTS AND DISCUSSION

Table II shows the mechanical soil properties of the Fundy clay
and the Research Station sandy loam. The difference in prop
erties between the two soils is best illustrated by the results for
the peak strength values. The clay, both topsoil and subsoil,
showshigh friction angles and cohesion values while the sandy
loamis incapableof developinga peakstrength, typicalof sandy
soils. The lack of cohesion in the sandy loam is also demon
strated by the results of the plastic limit which indicate that it
is non-plastic. The soil-tool friction was noticeably larger in the
sandy loam as well. A moisture regime similar to that shown
in Table II was present during the subsoiling.

A total of 12 treatments was performed. An analysis of var
iance was preformed on the width, area heaved, area disturbed,
total area and the swell factor. The F-values and means are

shown in Tables III and IV, respectively. Soil type had a sig
nificant effect on the width of disturbance with no interaction

indicating a similar trend in both soils but with different mag
nitudes. The average widths were 1.09 and 0.73 m in the clay
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Table II. Soil mechanical

replicates.

1propertiest

M.C.

(%)Soil <t>p°
cP

(kPa) <t>u°
Cu

(kPa) 8°

ca
(kPa)

L.L.

(%)

P.L.

Clay
Topsoil
Subsoil

Sandy Loam
Topsoil
Subsoil

29

24

31

25

41.8

45.4

30.4

50.4

43.8

42.9

42.3

39.7

5.1

5.8

5.9

5.4

18.8

12.3

20.1

21.1

3.7

8.9

4.1

3.4

33.31

34.49

32.37

16.46

21.14

24.04

NPt
NP

tMeans of six
tNon-plastic.

and sandy loam, respectively. WW had a significant effect on
the width of disturbance both as a main effect and in interaction
with the operating depth, Z. Z alone showed no significant
effect. The average widths for the two wings are shown graph
ically in Fig. 2 pooled across soil types.

The area heaved was not significantly affected by soil as a
main effect but the difference in soil types was apparent in the
soil x WW and soil x WW x Z interactions indicating the com
plex nature of the response as shown in Table III. WW had a
significant main effectonthearea heaved and produced anaver
age of 0.07 and 0.04 m2 for the 26 and 7.5 cm widths, respec
tively. The area heaved increased significantly with depth of
operation as would logically be expected. The means, pooled
acrossWW and soil, were 0.034, 0.050 and 0.082 m2 for the
0.32, 0.52 and0.72 m depths, respectively. The means for all
treatments are shown in Table IV.

Possibly the most important parameter, in terms of the effi
ciency of subsoiling, is the area disturbed. All factors produced
significant main effects(Table HI). The average areas disturbed
for thetwo soiltypes were0.344 and0.214 m2 for the clayand
sandy loam, respectively. The mean areas disturbed withWW
were 0.335 and 0.222 m2 for the 26 and 7.5 cm widths, respec
tively. However, no differences in area disturbed appeared at
the0.32 m depthin both soilsandthe 0.52 m depthin the clay
dueto the significant soilx WW andWW x Z interactions. Part
of the effect of the interactions can be explained by the critical
depth concept expounded by GodwinandSpoor (1977). Figure
3 shows the area disturbed with depth for die four treatments;
withwings in the clayor sandy loam andno wings in the clay
or sandy loam. In the clay soil, the area disturbed was similar
for both wing types at depths of 0.32 and 0.52 m. Only at a
depth of 0.72 m dothe areas disturbed for thewingand nowing
conditions diverge. In the sandy loam soil, this divergence is
apparent at the 0.52 m depth. However, the diverging trend

Table m. ANOVA of profiles

between wing types is similar in both soils and is represented
by the WW x Z interaction.

The soil x WW interaction has the effect of moving the point
of divergence in thetwo soils. Thiswould seem to indicate that
thecritical depth of thenowingconfiguration isbelowthe0.52-
m depth intheclay while above 0.52m in the sandy loam. The
presence of the critical depth is represented by the WW x Z
interaction while the different criticaldepth in each soil is shown
by the soilx WW interaction.

All factors and all interactions, save the soil x Z interaction,
had significant effects on the total area. This is to be expected
because the total area is the sum of the areas heaved and dis
turbed. The mean total area increased with depth of operation
and the averages were 0.210, 0.310 and 0.482 m2 for the
0.32-, 0.52- and 0.72-m depths, respectively. The mean total
areas for all treatments are shown in Table IV.

The swell factor was significantly affected only by soil type.
The mean swell factors were 15.81 and 28.45% for the clay
and sandy loam, respectively. This can be explained by the
significantly lower area disturbed in the sandy loam withonly
a marginal reduction, and in onecase anactual increase, in the
corresponding areaheaved.

Across all measured parameters, excluding the swell factor,
WW and the WW x Z interaction were significant indicating
the important role andbenefit of the wings as well as the pres
ence of a relationship between the wings and operating depth.

The paired bulk density cores were analyzed for the percent
reduction in dry bulk density. The results of the analysis of
variance are presented in TableV. Cores from the lowest hori
zons of both soils were excluded from analysis when the depth
of operation was 0.32 m. The results indicate that the factors
soil, WW and Z had significant main effects.

Acrosssoiltypes, the average reductions in densitywere8.54
and4.07% in the clay and sandy loam, respectively. The WW
of 7.5 cm produced anaverage reductionof 3.97% ascompared

F value

Area Area Total Swell

Source DF

1

Width heaved disturbed area factor

Soil 51.52** 0.87 41.90** 38.41** 12.62**

WW 1 24.70** 18.14** 32.01** 51.76** 1.52

Z 2 1.57 13.77** 42.19** 60.80** 0.25

Soil x WW 1 2.06 6.82* 5.62* 9.15** 0.50

SoilxZ 2 0.38 3.05 0.24 0.00 0.62

WWxZ 2 11.45** 4.48* 24.07** 31.35** 3.16

SoilxWWxZ 2 0.16 5.89** 1.46 4.90* 1.40

EMS 24 0.0228 0.0005 0.0036 0.0037 110.7588

*,**Indicates significance at the 0.05 and 0.01 levels, respectively.
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Table IV. Profile meansf

Soil

Clay

Sandy
Loam

LSD (0.05)

tMean of three replicates.
tMean of two replicates.

1.6

WW

(cm)

7.5

26.0

7.5

26.0

x WW= 7.5 cm

o WW=26.0 cm

w 1.2
(U
L

QJ

E 0.8 +

0.4 -

0.0
0.2 0.4

Z

(m)
Width

(m)

Area

heaved

(m2)

Area

disturbed

(m2)

Total

area

(m2)

Swell

factor

(%)
0.32 1.1 0.028 0.243 0.271 12.73
0.52 1.0 0.044$ 0.326 0.406* 12.23*
0.72 0.9 0.061 0.364 0.425 17.02
0.32 1.0 0.046 0.232 0.277 20.54
0.52 1.1 0.058 0.313 0.371 18.77
0.72 1.4 0.069 0.585 0.654 12.37

0.32 0.63 0.018 0.118 0.136 17.09
0.52 0.60 0.041 0.155 0.196 27.25
0.72 0.47 0.038 0.128 0.166 31.38
0.32 0.70 0.043 0.114 0.157 42.89
0.52 0.90 0.052 0.246 0.299 20.81
0.72 1.07 0.159 0.523 0.681 31.28

0.31 0.046 0.122 0.123 21.35

Table V. ANOVA of percent change in density

^--°

0.6 0.8

DEPTH/ metres

Figure 2. Width of disturbance with two wing types pooled over two
soils.

Source DF ANOVA SS F value

Soil 1 463.92 7.81**
WW 1 502.78 8.47**
Soil x WW 1 34.15 0.57
Z 2 1056.48 8.89**
SoilxZ 2 135.50 1.14
WWXZ 2 188.22 1.58
SoilxWWxZ 2 18.64 0.16
Horizon 2 94.20 0.79
Soil x Horizon 2 191.85 1.62
WW x Horizon 2 91.58 0.77

Soil x WW x Horizon 2 179.12 1.51

Z x Horizon 3 216.17 1.21

Soil xZx Horizon 3 1097.75 6.16**
WWxZx Horizon 3 63.16 0.35
Soil x WW x Z x Horizon 3 47.23 0.85

EMS 61 59.39

♦♦Indicates significance at the 0.01 level.

to 8.63% for the 26 cm wings. Depth of operation affected the
density by 11.74, 5.84 and 3.14% for the depths 0.32, 0.52
and 0.72 m, respectively. Only one interactionwas significant,
that of soil xZx Horizon. The average soil densities and the
percent density reduction of actual paired samples are shown
in Table VI pooled over depth of operation. The results show
the benefit of implementing the increased wing width in the
clay soil. There is a large difference between the reductions in
density and the swell factors. This is attributable to the fact that
the swell factors include the large void left by the tine.

Table VII shows the disturbed and undisturbed saturated
hydraulic conductivity values and the percent increase over
paired samples. An analysis of variance was performed on the
data but the results were inconclusive due to the low number
of samples taken and the high variability of conductivity. The
data is presented for information only.

CONCLUSIONS

(1) There is a critical depth of operation for subsoiling in com
pact soils and this critical depth is greater in the clay soil tested
than in the sandy loam.
(2) In terms of the area disturbed, the major benefit achieved
by using an increased wing width is through an increase in the

0.8

DEPTH/ meters

Figure 3. Area disturbed with two wing types and two soils. NWC =
no wings in clay, NWSL= no wings in sandy loam, WWC= wings
in clay, WWSL= wings in sandy loam.
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Table VI. Dry bulk density meanst

Soil

WW

(cm) Horizon

Undisturbed

density
(g/cm3)

Disturbed

density
(g/cm3)

Percent

reduction

Clay 7.5 Ap 1.40 1.31 6.05

Aeg 1.53 1.44 5.42

Btglt 1.61 1.48 7.69

26 Ap 1.49 1.34 10.01

Aeg 1.66 1.48 10.72

Btgl* 1.63 1.42 12.30

Sandy 7.5 Ap 1.29 1.26 1.82

Loam Bfjgj 1.41 1.37 2.20

2BCgjt 1.63 1.71 -2.28

26 Ap 1.27 1.12 12.09

Bfjgj 1.32 1.28 2.49

2BCgjt 1.62 1.54 3.75

LSD (0.05) 0.133 0.133 10.35

LSD (0.05)$ 0.155 0.155 12.01

tMean of nine replicates.
$Mean of six replicates.

Table VII. Saturated conductivity results

Soil Layer

Undisturbedt

Ksat
(m/day)

Disturbedt

Ksat
(m/day)

Percent

increase

(%)

Clay

Sandy
Loam

Ap
Aeg
Btgl

Ap
Bfjgj
2BCgj

0.153

0.141

0.014

1.452

0.209

0.052

0.561

0.492

0.038

2.004

0.511

0.189

266

247

169

38

144

262

tMean of three replicates.

critical depth, and hence in disturbed area and soil density
reduction. Whenoperating above the criticaldepth, the wings
provided no benefit.
(3)A greater volume of soil is disturbed when operating in the
clay soil tested than in the sandy loam.
(4) The wide wings improve the subsoiler's ability to reduce
the dry bulk density in the clay soil.
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