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ABSTRACT

'}"he problem of soil compaction- has paralleled the growth in farm machinery- sizé and

weight. Compaction problems have been reported from virtually ‘every form of mechanised
agriculture in the world. ~ : | - -

.
.

" This study exammed the effect that the passage of a driven wheel had on soil

vcompacnon and.the subsequent ef fect on crop growth The' parameters studied were veh1c1e
mass, mﬂanon pressure the number of passes and wheelsllp Soil densxty readrngs were taken '
prior to compacnon 1mmed1ately after compacnon and prior to crop harvest. The’ mdlvrdual
’plots were harvested wrth a combine harvester ‘ - '

| Increasmg the load, the mﬂanon pressure of the tire, and the number of. passes
increased the soil density to a de‘pth of 200mm. After reachmg a threshold tire load, f ur‘ther
mcreases in soil densxty depended more on an increase in inflation pressure than an increase in
load. The greatesl amount of soil compacuon ‘occurred as a result of the first pass. Wheelshp'
appeared to be a surface phenomenon and any effect on - 3011 densrty was removed bym

‘ s

cultivation. . - ' . L

v

Crdp.yxeld was dependent on sebll densuy The relatronshrp was quadratic i 1t Te

'"wuh maxxmum‘ ?1elds attamed‘ when the sml densrty reached a ' level equivalcut 10
\, :

.{f 1eld capacxty The growth of the erop reduced soil -

approxrmately 10% air f 111ed poresuy ‘a

compacnon by approxrmately 50% of the mmal change

Y

"
o
b
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1. INTRODUCTION
Compaction is defined as the reduction 4n volume for a'given mass of soil’ without
- N B R : . )
“hange in moisture content. It is often expressed- as a change in bulk density, void ra'tio, o'r

porosrty Many of the soil's hydraudic properties such as hydraulic conductivity and hqurd and

_ vapour diffusion are affected by compaction so the net resu'ftﬁls generally a reduction .in crop

B

yield./Compaction also reduces the volume of water whiclr can be held in the soil p'rof ile.

<4 ' - . - T
- R o
£

, Problems such as excessive soil hardness, poor crop”“establishment_, irregular and .
reduced crop growth wet and puddled soils; and meffectrve tile drarnage are now recognlsed Y
as symptoms of soil compaction. However in some 1nstances 1t is desrrable to.increase the
densny of the sml In drter climates, sorls are often compacted after sowmg to slow

evaporation and aid both crop estabhshment and growth However, sorl condxtlons which are -
~

~ necessary for good crop growth are not generally ‘conducive to hrgh tracttve ef frcrencres and

[
flotation. Road constructors often t111 the  soil’ mtensely before cornpactron wnh pneurnatrc
A

tires. ' o T o ) Lo
 The problem of soil compactron has paralleled the growth m farm machmery srze and

mass. Compactron problems have been reported from vrrtually every form of mechamsed

agrtcultural and horttcultural undertakmg the grazrng of fodder craps, and forestry The \ :
~ damage, caused by compactton averages over a brllton dollars per year m the Unrted States of

Amenca alone (Gill 1971) and proportronate )osses could be assumed wherever rnechanrsed

N

' agnculture is practtsed

ln the context of rising costs and rural labour- shortages the mechanrcal and econorhic

..

.

-ef fici¢ncy of usmg larger, heavier, and more complex farm machmery can be Justlfred Whllst o

-

it has been argued by so*ne%uthors that tires and CI‘Op productron are.not compatrble (Tavlor‘ 5
1986) the fdct remams that the majonty of farrners will- conunue to ‘use farm machinery m a
manner similar to their current srtuatron Erbach (1986) calculat'?l that over 80% of a freld
will be’ traf ficked at least once per season for crops such as corn and” soyabeans in the USA

~ Swedish studies showed that for small grain crbps, the wheel track-surface is4t05 t1rnes as

great as the soil surface on an annual basis (Eriks:nn et ai. 1974). Corrésponding results for

—



northern-Augstralia suggest tlr/atrhe wheel tracked surface 4t least twice-the annual cropping
surface area.

YL Lo N
.- . . .

t :
In seme of the most vulnerable gnls and crops compacuon is orobabl\ not seriously -

-

reducrng yields as deep ullager has become an annual\mar}agemem pracuce Howevcr deep
ullage is“vexy costly and treats onl" the symptom.and not the cause. A\

oo

/

1 1 Sorl -Response ‘ \

R Conventronal soil mechamcs show Lhat Lhe degree ‘of soil compacuon ik highly
dependem upon soil. texture sorl mmsture content and energy input. When a load is applied .

o to the soil it causes the sorl pa‘rtrcles to\be rearranged increasing bulk density and reducing

pore: -volume. - - Coe ' ' : ‘

' ,\\ Resrstance to compactron is determmed by grain-size drstrrbuuon and composmon of :
N

the grams in a soil (Harrrs 1971) Compactron s achreved most easrly in sorls ‘eons_rsung of

different sizes of grains where smaller>grains- can move_mto voids between larger grains.
'Loarns‘; .because of the w.ide distribution of grain 'sizes, compact to greater densities than clays‘
or. sands for the same loads. Russell (1971) reported that in England, the soilé most severely
affected by vehicle Lratfrc are) those high in frnt/sand and silt ang low in clay. Hrgh bulk
densrues have been recorded Tn\sorls with modre than 40% srlt -size grains (Dicbold as cited by
Warkenun 1971). Clay soils are not easrly compacted\x\cause swelling on wetting decgeases—

»v»c-»-,‘

bulk densrty (Warkemrn 1971) The deleterious effects on clay soil ‘usuaily result Jrom the ,

reorientation of sorl fabric causmg émearmg and puddlmg . o
P Resrsrance 10 compacuon “also is dependent on the 1mual soil densxty Davres et al.

(1973) found; that the passage of~a wheel caused only slight changes in densny when the initial.

. densrty for a, srlty loam sorl was 1.48- Mg m-. However when the mlual densrty was. 0.94 Mg

, the same treatmem mcreased the densrty by 0. 34 Mg m.

Sorl compactabrlrty also is affected by the orgamc mauc\r comem 'l"hn grearer thc .

orgamc matter content, the lower the maxrmum bulk densrty atml the hrghe.r Lhe opumum

5.
- moisture content 'for compacuOn, Bruce '(1955) measured the maximum bulk density and

~ N



moisture contents after continuous corn, in a mixed rotation with manure, and after pasture.

The respective bulk densities were 1.75, 1.61 and 1.53 Mg m’. The maximum densities were

_attained at moisture contents of 15.5, 18.0 and 21.0% respectively. Swanson; as cited. by Soane
, i .

(1970), found the addition of farmyard manure over a number of years decreased the

destruction of macropores under light tractors but not heavy tractors.

1.1.1 Moisture and Load Relationships ’

For a given. e;nergy~ input, there is an optimum moistﬁ're content at which the
maximum density- will be atiaf}xed. These soil ‘moisture-density relationships are both well
known and widely used in civil engineering. The relationship, best described by a quadratic
function, is shown in. Figure 1. .

Hovanesian, as cited by Harri's\ (1971), showed tha} the relationship between bulk
density and applied load at a constant water content is best described by a logarithmic
function. The influence of type of loading on compressibility was established by Soehne
(1958). Measurements showéd that soil compaction, under a rolling Lire\[bllowed the same
basic relation to the pressure over the wheel contact area as that observed during static or
kneading compaction tests in the laboratory.. Relationships between apblied pressure and
porosity for a given soil moisture content and between porosity and soil moisture for a given
pressure have been establiéhed by a number of authors.

Soehne -(1958) determinéd that for cultivated soil, compaction could be described t;y, v
the following equation :

' N'= A logPM + C . 1.1
where N = porosity, |
A= constant for a given soi..

PM =maximum compressive pressure, and
. C= vélue dependet on soil moisture.
Amir et al. (1976) expressec porosbity as a function of applied pressure, residual pressure and -

volumetric soil moisture contents between 0.4-0.9 of saturation. This relationship is expressed
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FIGURE 1. The soil moisture-density relationship (modified from Lambe as cited by
Soane 1970). .
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by the following eq\iré'tion:

=Y

‘N = An - Bn log(Pr .+ P) - Cn logM . _ L
where N = pofosity, _ | | |
' P = appiied load, | . ;
Pr = residual pressure derived from virgin jgil conditions,
M = volumetric soil water content in percernt and ' -
An, Bn and Cn are constants. - : |
Raghavan et al. (1976) pres.eme;d‘ a similar equation to Amir et al.‘ (1976) but used
dry density (D) as the dependent variable in the relationship: ‘
D= a + b(P + Po) + c log Wy - Wy opt ” 1.3
where D=dry desity (g cm™),
-P= applied pressurel(kg!cm"),
Po = the préconsolidatea pressure (kg cm™),
Wv= volumetric moisture content (g cm™*),
Wvopt=the moisture content'/ for .the peak ~density obtained in the standard
Proctor density test and | : ~
a, b, and c are constants. - : “\
_ Tests also showed for a number of passes or loadings, P= np where n=number of passes and -
p=contact pressure at each pass. "
While tll1ese equatidns predict the changes in packing state qualities of a particufar
.soil. they gi:ve little information about the soil as an environment f or root development.
1.1.2 Air Filled Pgrosityi ‘ . 7
Irrespective of what soil parameters are measﬁred, the pet. effect of soil compaction is
usually a reduction in air filled porosigy. :
If air filled porosity decredses sﬁf f icienily, gaseous transfer may be severely restricted |
or curtailed. A review oy O'Connell (1975) conéluded tk}at a minimum air pdrdsity of 10% at

r

field capacity probably defines the minimum conditions. for British soils. Other authors

! . . . -



. including Vomocxl and Flocker (1961) and Grable (1971) presemed slm:la.r comlmons On -
'clay soils, Osborne (1984) concluded that the 10% air filled porosity f igure was probably high
: especxa.lly in a reduced tillage muauon. Grable and Seimer(1968) show_ed oxvgen levels at
shallow depthsﬂdropped ébruptly when air filled porosity was reduced to some critical level.
T;hi’_s" bfiti_cal level may be :,’a;s'h’igh' as 20% if temp_érzitures and ‘microbial activity are high. ‘Also' :
feduction iﬁ 'air Filled 'por;)si[iésvk‘la-vef Beén éhb‘\nn"'to ;educe nitrif ic’alli:c.)ﬁ‘. (Mivllcr,an‘d Johnson
os) . , o R

/

If the particle density and §oi1 moisture content are kn'o"Vn‘, .the'relati(:)'n‘sh'i»p between
air filled porosit‘y and bulk der_lsity can be expressed by the 'folléwing equétiori:
AFP= 100 (1-(DB/PD)-((GM/100)x(DB/DW)) o 1.4
where AFP=air filled porosity (%), .
-DB=bulk density (Mg m™?*),
,DW'=density of water(Mg m™*),
szparticle denéity (Mg m™*), and
GM =gravimetric soil rrioistu;e content (%).

" From this relationship, it becomes ﬁossible to link the changes m packing state
qualities to a parameter which has bxologxc}al meaning. O Connell (1975) suggested that the
bulk density equivalent to 10% air fllled pcgrosxty at field capacity, may be the upper dcnsuy‘
limit at which compaction may ‘become a problem. Rickman (1987) came to similar

conclusions through preliminary laboratory studies.

1.2 Compactive Forces

Forcés which cause compaction originate from either mechanical Sou_rccs such as
'vehicle tires or natu\ra'l: ph.eno.méma such as consolidation or slumping. A further as;ociated
effect is non-compactive deformation which may occur focally under a loaded surface, as
smearing, or over a larger volume as plastic flow. All of these effects contribute to changes in

soil physical properties and the passage of a wheel is accompanied by a complex association of

these processes.



)

>

There are three r)'rimary types of forces exerted on the v’soil during the nassage of a
dr"i'ven'\i'vhcel (%ane et al. 1980). These are the downward acting iorcés due to Lhe dynamic
‘ 'load on the wheel, the shear resulting” from the torque actmg around the axle and the
.vxbrauon effects: tr:nsmmed from the engine th: ough the carcass of the tire. Whilst all of
these forces are present for tractors and self prope led harvesters the wheels of towed '
equipm '+ will only exert a dynamic load. - »

During the passage of a driven wheel, changes occur to the physrcal state of the soxl
These changes are represented schematically in Figure 2. - 4

The soil immediately under the tire is subjected to very mtense sheanng forces
' _especially if wheelslip is high. These shearing forces cause soil particles to be re-aligned in an
orientation parallel to the direction of the shear force (Davres et al 1973): As a result there 15[“,
consxderable smearing, causing destruction of the natural surface structure (Soane 1970) Soil
density and cohesi_veness are increased, resulting in clods of higher strength and reduced water”
. infiltration. ) |

Davies et al. (1973) found that wheelslip caused a substantial increase in rut depth
~and shear strengthz in both silty loam and clay loam soils.' Increasing the tractor: weight
~ without slip had a small effect. By deliberately ‘i"ncreasing wheelslip there was a"iendency for
larger tractors to cause grea::r cornpaction This may be associagted wijth.the higher thrusts
produced by larger tractors Raghavan et al. (1978) showed max1mum compaction occurred
. when wheelslip was between 15-25% on a clay soil. In these studies, higher levels of wheelslip
also increased rut depth as more soil was displaced from the ruts. Byers (1958) found
wheelslip caused the most damage in the top 75 mm of soil. Wheelslip caused larger increases
in bulk density in sandy’ loam soils than' clay soil (Raghavan et al. 1978). Natural
amelioration of smeared layers has been teported in clay soils by Kuipers (1980) and
. McGowan et .al. (}983). After slight drying the smeared layer cracked, allowing plant roots to
penetrate and therefdré not affecting final vields (McGowan et al. 1983).

Not all soil displacement caused by a driven wheel is taken up in reduged volume.
* K'Y

Some soil may be displaced by plastic. flow aroundthe tire causing heave'(Davies et al. 1973).
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FIGURE 2. Soil reaction to the passage of a driven wheel (modified from Soane
1970). ' '
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Thc am0um of soil movement will depend on the shear strength, the soil texture, and soil
'm01sture content (Soane 1970). If the soil is very wet, its compactahuxty will be low as the
pore space is largely filled with water. In this situation, plastic def orrnatlon can be large. If no -
heave is detected, it can be assumed that all sinkage has been translated into compaction
(Davies et al. 1973).

thlst compaction in the surface layers causes managemem problems, it is the soil
below the culhvauon depth that has received the most attenuon from researchers. In this
zone, there 15 a concentration of downward forces and shearing stresses from the wheel
(Soane 1970). Compacuon occurs with an intensity and distribution which 1s dependenl on the
apblied pressure, the total load, the duration of doading, the dimensions of the contact area as
‘well as the soil strength below the soil surface.

Reducing the inflation pressure reduces the actual pressure on the soil (Danfors
1974). Campbell et al. (1984) found that reducing tire pressures from 105 kPa to 42 ‘kPa
resulted in lower bulk densities and increased air filled porosities in a sandy clay loam soil.
Bulk densities were 1.16 Mg m- Jand 1.12 Mg m-* respectively. Koger et al. (1985) also found-.
that lower bulk densities occurred when pressures were reduced from 172 kPa to 103 kPa.
Soane et al. (1980) stated that tires act like rigid bodies when pressures are high and this
accounts for more compaction at higher pressures. Taylor et al. (1980) reported greater soil
pressure at depth for heavier loads at similar tire pressures. On clay soils, Eriksson et al.
(1974) found that loads of -6 tonne per axle increased densities at depth in wet conditions but
loads o Wpﬁr axle were required when the soil was dry. Loads of 2-4 tonnes had no
" measurable effect. On clay loam soils, Voorhees (1986) found that if the axle mass was less
than 5 tonnes, compacuon did not. exceed a depth of 300 mm. Loads in excess of 10 tonnes

caused compacuon to 600 mm depth and reduced ‘porosity from 51% to 41%. Results presented

: by Duval et al. (1987) showed no measurable drfferences in the number of pores, 3 ym in

* +’size, after the applymg loads from § to 18 tonnes on a clay soil.

Tucicasing tire W1dth to reduce compactlon will not necessarily have the same benefity

as increasing tire diameter. Fekete as cited by Soane et al. (1980) found that an effective
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reduction in comPaction can only be achieved if the inM in tire width is such that the
contact pressure can be reduced by at least 50%. Koger et al. (1985) showed that smaller tires,
18.4 x 34 inches, caused \a éiénificam increase, in bulk density when compared to larger
. diametér tires, 24.5 x 32 inches. Taylor et al. (19'75') found that a pneumatic track which had
a fo’otprint twice as long and half as wide as a pneumatic tire ihproved tractive efficiency and
decreased cofnpaction.
- Tires 2)? ragiiai ply construction are now widely used on tractor drive wheels. Over a
.1ange of inflation I;gessures and loads, the radial tire has an increased contact area compﬁrg:d
to the crossply. tire. However, this increase in comac‘t area has led to only small decreases in
- compaétion.(ﬁ(beél"m;d Deélércg 1977). |
Soil dénsit); a‘lso‘ will be ;iffecied by the number of passes of a wheel. The. effcct varies
largely with soil texture and the ipitigl soil strength. Koger et ;l. (1985) re;;orted significant
increases in compacl:tion ‘br}'.lgamyg'sand soil between the second andi third pas.s_‘v However no
differences were recorded 'o'pici:‘la-y‘_ or sér;dy lo‘amv between the second and fourth paés. Davies
et al. (1973) found that 84% of tf:é“ increase in density occurred with the [irst pass on clay
soils but the magnitude of thé changvev depeﬂded on the initial denéity. faYlor (1986) found
:75% of ‘the toial change in bulk density and 9b% of the rut depth occurred in the first pass.
Raghavan et al. (1976) suggested tha-tlfor prediégiﬁg;b,ulk density chan_ges in homogeneous
: éands and sandy loam soils, contact pressure éhould Bé;f multiplied by the number of ‘passes. In
éweden,'Efikssor} et al. (1974) found yields were not affected by coméaction ‘even after four
passes on soils t'hat contained less than 20%.clay,b
l The duration of lqéding also will influence the degree of compaction. Stafford et al. -
(1981) fOl;nd the level of tire sinkage decreased and water infiltra‘tion”in the ruts increased
with an ilncrease in operating speed. Increasing the- speed frpm Jto 16 lt:m_h‘l resulted in a
1'2%,de.crease ih bulk de_nsity: The change in speed had a largér effect on‘.’clay. soils than sandy
clay lloam."l-‘Iow‘ever, Danfors (1974) suggested that increasing the forward spe_e‘&‘ does not
result in lower I;ulk.densities. .Any benefit from increasing he speed was be négatcd'by the

effect that added bouncing and swaying may have, especially on uneven ’surf'aces.



11

g

Effects of vibrétion) forces transferred to the soil through the tire should be
superimposed on those arising from wheelslip and load (§oane et al. 1980). Vibration,. when
transmitted through a rigid track, adds f urrher to the loading effect. Cooper and Reaves, as
cited by'Searfe (1970), found vertical loads under a track reached peak values of .7 kg cm™?
although surface pressure was about 0. 35 kg cm. The hrgher peaks were(‘attrrbuted to
vnbri;tron and impact loads. Boels (1980) stated that 1t is unhkely that vibrations from
tracklayers will cause problems if the track is not rigid. Little work has been done on the
contribution that vibration may have to,{:lsoil compaction under a pneumatic tire, although
some studies suggest it may have an effec’/tl onﬂsandy soils (Soane et al. 1980).

-~

1.3 Crop Response

\

Crop responses to dif ferem degrees of soil compaction indicate that for each crop, soil

and growing seasén there is an optimum level of soil compaction where crop production will
be maximised. ’I‘}re posifion of - this optimu‘m“movyes towérd ‘higher ’lcvels of compaction for
monocotyledegous crops, coarser textured soil and drier seasons (Figure 3) (Eriksson et al.
1974). \

Chancellor (1976) has shown that heavy traffic prior to or during seedbed operations

for wheat, sorghum and maize did not reduc%yields. In some instances yield was increased

et

due to a better continuity of water filled pores which led to higher plant establishment. The -

i
problem of insufficient compaction is particulary. important orr coarser textured soils subject

to drought before or after sowing. ‘Soane (1985) suggested that this may be associated with
-‘ poor seed -soil contact insufficient upward capillary conducuvny of water.or a deficiency in
manganese, pamculary in young seedlings. Raghavan ei al. (1978) showed that in a dry year,
the hrghest corn yields were recorded with an apphed pressure of 500 kPa and densities of 1.05
Mg m>. In a wet year, the peak yields occurred at densities of 0. 8 Mg m~ ’/ Swedrsh studies
have shown a 40% increase in barley yields due to compaction in a’dry growing season .

(Eriksson et al. 1974). Voorhees (1986) reported that compaction increased barley yields on

coarse sandy soil irrespective of the seasen. On sandy loam soil, light compaction initially
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DICOTYLEDEN MONOCOTY_EDEN

FINER TEXTURE +—|— COARSER TEXT URE
I _-WET SEASON . DRY SEASON -

YIELD

SOIL DENSITY ——

FIGURE 3. Yield response to different soil densities for various crops, “soil textures,
) and seasonal conditions (modified from Eriksson et al. 1974).
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increased yields but eyécessive traffic reduced yields. On silty loam soil, increased yield duev to
compaction was noted during a dry season bu} compaction walsb dgyimemal during wet years.
McGowan et al. (1983) found that barley and bean yields were Mot aff ectgd by smeared layers
in clay soils. Natural amelioration of these layers occurred after slight drying.

The negative effect of compaction on crop yield has béen report)ed by many authors.
Gill (1971) estimated that compaction was costing the USA over'1.18' billion dollars per year.
Eriksson et a_l. ,(1974) estimated that cereal pﬁ\%éiuctic'm on clay soils.in Sweden would increase
by at least 6% in the absence of cdmpaction. Reports from the XJSSR have shown up toa 15%
decrease in oat yields when the bulk density inncfeased by as little as 0.1 Mg m~* above the
optimum (Dvortzov and Polyak as cited by Soane et al. 1980). McKyés et al. (1980) ?ecordeq
yield losses of 40% in hay and oats in areas compacted by construction traffic on clay soils;‘
Densities had, risen by 0.15 Mg m~* in the top 300 mm of soil. In this_ study'the relat_iénship
between dér;sify and yield appeafed to be negvat:i\-/'ely linear. Over a three year period, Campbell
et al. (1984) repor}ed a 2% increase in yield by reducing tire pressures from 100 kPa to 43

kPa. However reduced soil densities were recorded in only two out of the three yeas.
VA

1.4 Project Objectives |
Accepting the fact that heavy féirm machinery may be operated on soils vulr. able to .

compaction, it is:important to understand the rﬁechanics of soil com'péciion as it relates to the

passage of a wheel and the biological response of the crop.
The objectives Qf this study were: .

1. To examibri_’e the effect that wh’eel load, tiré pyessure, the numbér of passes and wheelslip

have on éoil bulk density. .

2. ’lo'examine the effect that émy resultant changes in soil él‘ensity may have on crop yields.

3. To examinc the effect that crop growth has on reducing soil compaction through the

growing season.
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2. MATERIALS AND METHOD

2.1 Experimental Locaticn and Duration

The study was cohducted at the Ellerslie ‘Research Station necar Edmonton, Alberta.
Soils ‘at the res'e_érch station have been described as Eluviated Black Chernozems (Sanborn -
1981).The study commenced in May 1987 and was completed in September 1987. -

/

2.2 Machinery ' /

Lo
v

A two wheel drive Massey Ferguson tractor, Model 2805.\ and a White .ombine
harvester, Model 5542, were used to 'compact the different treatments.

To vary the load on each Prc. the tractor was operated in both a dual and single tire

" configuration. The total mass an(distributiqn between the steer and drive tires for the tractor

and combine harvester are given

Table 1. 'fhe tr;ictor was operated on 20.8 x 38 inch tires
whilst the combine harvester was operatedon 28L x 26 inch tires. Equal tire pressures were
used in',.bothl the drive and steering tires of both veﬁiclcs when compacting the plots. Completc
coverage of each plot was achieved by driving back and forth at a constant speed of 7.2 km
h.

The mass per tire was measuféd by weighin‘gb_each axle on a weighbridge and then
dividing by the number of tires (Table 1). Tire pressures were measured witﬁ a tire pressure
gauge whén the valvé was as close to the ground as ‘possible. Gfound speed was measured by
t;ming the tréc_tor over a known distance at the desired throttie setting and gear. |

The different levels of wheelsli.p were attained by varying the drawbar load én the .

-

Massey Ferguson 2805. This was achieved by varying the depth of cultivation for an 8 m wide

-

cultivator. For this experimefit the tractor was operated on dual tires inflated to 100 kPa.

To measureafl yields, the crop was swathed with a 4.5 m swather and then picked

up and threshed by the White combine harvester.
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TABLE 1. Thé total mass ahd distribution per axle for the tractor and’the combine
harvester. . ¢ :

4 /
VEHICLE - STEER AXLE DRIVE AXLE TOTAL MASS
: (kg) - (kg) .- (ke)
- R A -
TRACTOR (DUALS) ~ 2297 6776 9073
(SINGLES) 2310 5890 8200
HARVESTER | 670 420 5090

2.3‘Treatrv_nent and Design

The study- was undertaken in three parts. ,

To examinethe effect that variation in tire mass and pressure had on bulk densiti}”and )
crop yield, a 3x3 randomised”factorial design was ‘used and replicated three times. Each plot
‘was S0 m long by 10 m wide. The three mass treatments were 1694 kg/tire 2211 kg/tire, and
2945 kg/txre whilst the three tire pressures were 50 kPa 100 ¥Pa, and 200 kPa. |

To examine the effect- that the number .of pases had on sorl densrty four different
. treatments were used in a randomiised design and,replicated three times. The treatments were
0,1, 2, and 3 passes‘ Each pass was applied by 'th'e Massey Ferguson 2805. tractor travelling at
7.2kmh ‘\{)n smgle tires 1nf1ated to 100 kPa. Each plot was 50 m long by 10 m wide.

" A diagram of the plot 1avout for the load pressure and numger of pass treatments is
shown in Figure 4. Due to restrretlons in area, some treatments from Replicate 1 were placed
beside the block eentainrng treatments from Replicate 2. |

A p;?ue.d plot design was uséd for the study of wheelsllip.‘ Comparisons were made -
,betwcen the wheel ruts and the untrafficked areas immediately adjacent to the wheel ruts.
Also, comparisons were made between the wheeétracks in the uncultwated soil 1mmedtately
behind the tractor tire and ‘those’ drsturbed by the cultwator The six levels of wheelslip

vexammed were 0% 4% 8%, 12%, 13.2%, and 16%. Each treatment was replrcated twice.+ The

tractor was operated on dual tires inflated to lOQ kPa. Speed of operation was 7.2 krn ht.

-

w7y
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To study the effect that the growth of a crop had on decompacting the soil, density
-' recordings were taken immediately after compaction and prior ta the crop harvest. Recordings

" were taken as close to the original sampling sites as possible.

2.4 Soil and Crop Marlxagement

| Barley had been grown in‘ the trial sife in 1986. After the crop harvest in the autumn
of 1986, the site had been cultivated, to a depth of 100 mm, and then left through the winter.
Two cultivations, one an anhydrous ammonia application, were complete'd fm'or to applying
the comp.ction treatments in May 1987. After applying the treatments the site was then sown
to barley. One in-crop herbicide application was applied approximately 30 days after blanting. |
All Cultivationé. sowing and spray applications were dong perpendicular to the long fdirection
of the treatments. | | |

The wheelsli trial was -conducted on a site 'apprboximately“l km from the other two

trials on soil that had been bare-fallowed through the summer.
2.5 Soil and Crop Measurements

2.5.1 Soil

' Bulk_ density and soil moisture corntént were measured fhree, times during the st.udy
pcriod.ﬂ Measurements were taken prior to compaction on May 25, after sowing on June 11._
and prior to harvesf on September 1. ’

Bulk density and moisture contents were mea.sured with a twin probé gamrha ray

_‘_d_ensity meter (Carthpbell Pacific Nuclear Model MC-24S Stratigauge). The density meter had
been calibrated in the laboratory using soil from the trial site. Recordings were taken.~ over a
"range of soil moistures from wiAlting. point to field capacity.

Five sites were sampled per treatment. Sampling sites were 10 m. apart, along the

_centreline of each plot, with readings taken at 50'mm increments to a depih of 450 mm.



A .18

2.5.2 Crop

-

Visual observations of crop development and root growth were taken throughout the
g;owing season. Plant populations, dry matter vields, and grain yields were measured for the
load, pressure, and number-of -passes trials.

Grain yields were measured by both quadrat sampling and combine harvester. One
metre square qﬁadrats were hand-harvested from the same location that the bulk density and
moisture readings were taken. These samples were then oven dried prior to hand threshing and
cleanmg The combine harvester was used to thresh a 50 m by 4. 5 m swath Laken from the
centre of each treatment. The grain was weighed af ter discharge f rom the main auger of the

combine. The crop had been swathed at 35% moisture and threshed at 14% on dry basis.

2.6 Statistica] Analysis

The analysis f variance test was used to determine the level of significant difference’
among treatments. If a significant F value was obtained in the analysis of variance test, the

Least Significance Difference (LSD) range test was then used to compare the treatment

means.



3. RESULTS 2

» . .

~"3.1 Visual Observations L .

3.1.1‘Soil Heave - ‘ ‘ &
A leferences mdthe amount of soil disturbance and heave were quite noticeable both‘
between treatmen.: within the replicates and also between the replicates. All of the treatments
apﬁeared _to cause more soil disturbance in Replicate 3 than in Replicates 1 or 2. This may
have'been\due to the higher soil moisture content of Replicate 3 'at the time of compaction.
Eleven millimeters of* rai'n fell between the compaction of Replicates 1 and 2 and Replicate 3.
The single tire treatments at 200 kPa left the deepest ruts and caused the 'mo_st heave around
. the tire well. The higher tire pressure treatinents épplied with the combine appeared to cau.:

I3

more soil disturbance and deeper ruts than treatments applied with the tractor on single tires.

-*

3.1.2 Crop Maturity )

No visual differences were noted in time to anthesis and crop maturity for the
different treatments. However, differences in crop density and maturity were obvious
wherever the wheels of the anhydrous ammonia applicator trailer had passed. The crop in

these wheel marks was slower maturing and lodged badly in high winds during ‘the

gra,in'-f illing stage. Less-plant tillering was also observed in these areas.

3.1.3 Lodging

‘ Lodging occurred in rhost treatments followiﬁg high winds genera‘ted by a tornado on
July 31. The areas of higher soil density appeared to h}éve a grea‘;ef percentage ef crop lodged.
This was especially obvious on the headlands at the end of the treatments and the a;reas which
received the most traffic.

However crop ylelds did not appear to suffer from the lodging. There were very few

tarley -seeds left on the ground after harvest Differences between where the crop was badly

19
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lodged and the standing crop could not be detected by lodged or unharvested planls\ after

swathing.

3.1.4 Root Growth |

Visual observations suggest that the number of roots in the 300 to 400 mm zone: were
less in the more compacted treatments. However, thi$ also was affected by the depth of the
A-B horizon interface. Irrespective of treatment, few roots were visible in the B horizon. The

restriction in root numbers could be associated with the higher density of the B horizon.

3.2 Physical Param,;ters ‘

Using the Canadj‘aﬁ' System of Soil Classification, the soil in the A horizon at both
locations was classified as a loam. The A horizon, which was approximately 450 mm dcep,
overlay a denser clay loam B horizon. The mean density for the A horizonvwas 1.1wol4 »Mg
m-} and the B horizoﬁ 1.4 to 1.6 Mg m™’. The A horizon contained 35% sand, 41% silt and 24
% clay. The particle density was 2.56 Mg m-*and the soil contained approximately 8% organic
matter (Chanasyk 1988). Moiéture content at -33 kPa and -1500 kPa pressure were 29 % and
19 % {(gravimetric) respectively. ‘

The mean gravimetric soil moisture cc;mem. al the time of compaction, vziriLd-
| between the replicates. Moisture contents in the top 100 mm for Replicates 1, 2, and 3 were
24%, 25 %, and 32% respectively. At depths between 100 mm and 450 mm, the average
moisture levels were 32%, 33% and 37% respectively. , ,

The monthly precipitation at Ellerslie in 1987 was 56.3, 45.2, 118.8, and §4.0 mm for
the May, June, July, and August respectively compared to 1951-80 avcragcssqf 448, 77.7,

84.5, and 66.7 mm respectively.



/ -
3.2.1 Bulk Density

3.2.1.1 Pre-Treatment

An analysis ‘of variance was comfﬂeted on'the soil density readings taken prior to
compaction for the mass and pressure treatments (Table 2). The rneun density for the
main treatments are shown in Table 3 and the mean density of the soil profile is shown in
Frgure 5. |

The natural variability ‘within the trial site was such that.the difference in bulk
f}psity between pre-treatment and post compaction was a more meaningful parameter 10

. y .
use for analytical purposes than absolute bulk density. The initial mean densities for each

mass and pressure treatment by depth are presented in Appendix 1. e

3.2.1.2 Density Changes
Moisture »

The mean gravimetric moisture contem‘anfd the change in-soil density for the soil
profile in each Replicate are presented in Teble 4. ‘

Whilst a valid statistical anzrlysis is not possible on the replicate means, the
moisture conteuts of Replicates 1 and 2 are lovuer than that of Replicate 3 arrd the
changes in densiry greater.

Mass and Pressure

The field results show that changmg both mass and inflation pressure had a
significant effect on sorl density (Table 5) Significant differences were established at the
0.99 level for both the mass and the pressure treatments. No srgmf icant differences were
established f or the interaction between mass and pressure. mass and depth, pressure and
depth or the interaction between mass, pressure and depth. The combined means ‘.fo"r the
density change due to mass and pressure (Table 6) were established by subtracting the
mean pre-compacted density for each plot f rom the post-comﬁéct’ed density, for the full

soil profile. ' i



TABLE 2. Analysis of variance for the pre-treatment density for
pressure treatments. '

to
[

the mass and

SOURCE of

DEGREES of  MEAN F VALUE PROBABILITY
VARIATION FREEDOM SQUARE ;

REPLICATE 2 0.1226

MASS 2 0.0133 8.31 10.99
PRESSURE 2 0.0063 3.95 0.99

DEPTH 8 0.1115

ERROR 28 0.0016

TOTAL 242

4
/

TABLE 3. Mean density (Mg m™) for the mass %nd inflation pressure treatments
for all depths prior to compaction. ‘

MASS PRESSURE

(kg) s - 100 200  MEAN

1694 128 1.27 1.8 1.28

2211 1.26 1.24 1.27 1.25

2945 1.29 1.26 127 1.27
1.28 1.26 127 127

MEAN -

: TABLE 4. Mean moisture content and density change for each

replicate. _
REPLICATE GRAVIMETRIC SOIL © SOIL DENSITY
. MOISTURE " CHANGE
(%) (Mg m™)
1 32 0.04
) 33 0.05
3 37 0.02
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FIGURE S. The soil density profile prior to compaction.



TABLE 5. Analysis of variance for mass and pressure treatments. -

SOURCE of

DEGREES

of MEAN F VALUE = PROBABILITY
VARIATION  FREEDOM SQUARE -
REPLICATE 2 " 0.0163 | S
MASS 2 0.0118 6.3913 0.99
PRESSURE 2 0.0218 '11.8586 0.99
DEPTH 8 0.0490 26.6304 0.99
MxP 4 0.0009
MxD 16 4 0.0006
PXD . 6 o004
MxPxD 32 0.0013
ERROR 160 0.0018
TOTAL 242 | /

M=Mass, P=Pressure, D= Depth

TABLE 6. Mean density change (Mg m™) for mass and pressure.

MASS per PRESSURE  (kPa) MEANS

TIRE

(kg) 0 100 200

1694 0.0 . 0.02 . 0.04 0.02 a

2211 0.02 005 . 0.05 0.04 b

2945 0.03 £ 0.05 0.06 0.04 b
0.03

MEANS 0.02 0.04 ' 0.05

a b C

Significant differences shown by different letters.
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The mean change in density, for all treatments, with‘depth is shown in Figure 6.
The individual changes for load and pressure treatments are shown in Figure 7 and Figure
8 respectively.

The relationship between mass per tire, tire pressure, and change in soil density
was established using multiple regression tecﬁniqucs. As mass per tire and tire pressure
are mutually inclusive, the sum of both functions was necessary to establish an equation
which would. express the resultant change in density. h

The algorithm which describes the change in bulk density for a change in either
mass ér pressure or both is expressed by:

" D=a+bM + cP 3.1
where D=bulk dénsity change (Mg m-*),
o M=mass per tire (kg), and
_ P= pressure (kPa)."
The regression coefficients were a= -0.06401, b=0.00005, and ¢=0.00067. The R? for this
relationship was 0.92. These results have also been expressed as a surface response curve in
Figure 9. The change in density with depth for the top 200 mfn of soil for the mass, pressure,v
and number-of -pass treatments are presented in Table 7. |
'Number of passes

Increasing th¢ number of passes had a significant effect on increasing soil density. The
analysis of variance results for the number of passes are given in Table 8. -

The effeét of increasing the number of passes was significant at the 0.99 level.
However the interaction between the number of passes and the depth of soil was not
significant. The mean density change for the different numbers of passes, for the full 5011.
profile, are presented in Table 9 and the soil densities both prior to and after traffic are’
shown in Figure 10. .

© Wheelslip

The analysis of the wheelslip‘results wés urfertaken in two parts. The first part

compared the passage of the tractor without slip to a non-traffic control. Results are given in

%
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TABLE 7. The density change (Mg m™) with depth due to changes in mass and -

pressute. .

SOIL WPTH (mm)
0-50  50-100 100-150  150-200

TREATMENT |
MASS / TIRE (kg) bl )
1694 0.04,  0.08 0.9 02
211 | 005 011 0l 0.04 .
2045, T006 0.3 010 0.04
— PRESSURE  (kPa) "
s 003 008 007 0.01 - -
100 | 006 0.1 o0 oo
200 - 007 0.0 0.12 g 0.04 ‘

4?) . " ' -



*

TABLE 8. Analysis of variance for number of passes.

3

' SOURCE of

DEGREE

i

MEAN ~ F VALUE PROBABILITY
VARIATION . FREEDOM - . SQUARE . |
REPLICATE 2 0.0079 |
PASSES 3 0.0167 5357 0.99
- DEPTH - 8 < 00m0 9.265 0.99

_PxD 24 0.0027 |
ERROR 70 0.0030

' TOiI;ALI 107

PxD=PASSES x DEPTH

TABLE 9. Density changes for each pass (Mg m;’).

NUMBER

' DENSITY CHANGE

- 1LSD
OF PASSES (Mg m"?) T
o G5%) (10 %)
0 0.00 ‘a | a .
1 0.04 b b
© 2 0.04 b b
3 0.06 b c

S R
Significant differences are shown: By different letters. -
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“\TablelO PR

The second part compared the passage of a tire with- slip to the control the effect
cult  tuon had on decompacting the soil. and the effect that varrous levels of wheelslip”have
on soil densrty (Table Tl; Whilst these results suggc\ that there are differences. between the
~ various levels of wheelslip, the ‘result was oyershadowed by the fact that compaction, with
wheelslip_. was- notlsignif.icantly different from the control treatment ivithout wheelslip. The
effect of cultivation was signif icant in reducing compaction (Table 12). ‘
-Decompactron . v |

Crop growth had a srgmf icant effect on decompactmg the soil (Table 13). The results

for decompaction both as a treatment and with sorl depth were highly significant. The mean

reduction in soil corrrpaction for the soil profile is 'presented in Figure 11.

3.2.2 CROP YIELD
< .

3.2.2.1 Plot Yields
) An analysis of the grain yields for the full plot are-presented in fable 14.
Srgmf icant dif ferences were establrshed between different tire pressure and yield, at the
O 95 leyel Whilst - no srgmfrcant dif’ ferences were establrshed between the different
_'mass/trre treatments (Table 14), the effect of mcreasmg the tire pressure was greater at
the higher levels of mass/tire. At the lowest mass /tire (1694 kg/trre) rncreasmg the trrle'
pressure from 50 to 200 kPa reduced yxelds by 1. 2% When the mass/trre was 1ncreased 10
- 7945 kg/trre the same mcrease in tire pressure reduced yrelds by 7.2% The rnean vield
_‘reductron f or .mcreasmg the tire. pressure f rom 50 to 200 kPa was 4,5% (Table 15)

A relatronshrp was established between grain | yreld and bulk density using :
regressron analysrs The relatlonshxp is best descrrbed by a quadra ic functron m the 4
algorithm? v , N ,‘ U

| o Y=a % bX +eXP C v/. - 32
where Y= vreld (kg ha‘l) ' . | -

X bulk densm (Mg m- J)



TABLE 10. Analysis of variance results for the passage of a wheel without slip.

N

MEAN

SOURCE of  DEGREES ‘ F 'ALUE PROBABILITY
VARIATION FREEDOM SQUARE

REPLICATE 2 0.0068

mAde 1 00241 19.1 0.99

' DEPTH g 0.0281 - - 22.3 Y S
‘ER-RORl ) 0.0013 ”

TOTAL 53 o

TABLE 11. Analysis of variance results for{wheelshp and,.cul‘tivation.'

' SOURCE of

DEGREES MEAN F VALUE PROBABILITY
VARIATION ~ FREEDOM ~ SQUARE |
REPLICATE 1 0.0151
TRAFFIC 1 0.0027 1.22
WHEELSLIP 4 0.0365 16.18 0.99
CULTIVATION 1 0.0737 . 34.11 0.9
DEPTH 8 0.2546 117.59 099 -
'ERROR 344 0.0022
TOTAL 359 «

slip.

'TRAFFIC compares the passage of a . tire with

o S .
slip to the passage of a tire without
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TABLE 12. Mecans for the effect of wheelslip and cultivation on soil density
(Mg m™).

TREATMENT " BULK DENSITY .
_ (Mg m™)

CONTROL ‘ / 1.44

4.0% ‘ | )

8.0% ¢ 1.43

12.0% _ 1.42

13.2% - - .14

16.0% . . | ~ 146 -

NON-CULTIVATED . 145

CULTIVATED ’ ‘ 1.42
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TAB'LE 13. Analysis of variance for decompaction by plant growth.

- SOURCE DEGREES MEAN F VALUE PROBABILITY

VARIATION  FREEDOM SQUARE

BLOCKS % 0.0240 |

TREATS 1 0.0266 s . 0.9
DEPTH 8 0.0881 70,440 0.99
ERROR 450 0.0013

TOTAL - 485




23

0
1007
— 2001.
E
E
£
a ' 3001
Q
‘ =0~ Compacted
400 -# Pre-Harvest
Ty
500 - , —— . .
1.1 ) 1.2 ‘ 1.3

Bulk Density (Mg/m**3)

<

FIGURE 11. Changgs in' soil density during the growing' Season.

3

1.4



38

TABLE 14. Analysis of variance of the grain yie)lds harvested by the combine for
the mass and pressure treatments.

SOURCE DEGREES MEAN F VALUE PROBABILITY
VARIATION  FREEDOM SQUARE - ‘ . »
REPLICATE 2 90.28

MASS 2 | 22.87 | 2.32

PRESSURE 2 34.64 3.51 0.95

ERROR 20 9.86

TOTAL 26

TABLE 15. Mean crop yield (kg ha'') for the tire pressure and mass per tire
treatments.

MASS TIRE PRESSURE

' ' : (kPa) ,
(kg) 50 100 200 MEAN
1694 3535 3658 3486 3559
2211 3535 3545 3363 ' 3481
2945 3648 3648 " 3385 C 3560
MEAN 352 617 3411 3533
LSD (5%) a : a b

Significant differences are shown by different letters.

~
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r

a, b and c the regression coefficients.
The regression coefficients were a=-451379, b=701626 and c=-270479. The R? :vas 0.73. The
relationship between the measured and estimated density (using Equation 3.2) and grain yield
are aléo expressed in Figure 12. Equation 3.2 predicts a"r‘naximum yield of 3625 kg at a

density of 1.3 Mg m™’.

3.2.2.2 Quadrat Yields

Significant differences between treatments could not be established using quadrat
yields.  Regression analy§es were used to éompare yield and den‘sity,
material-other-than-grain and density, and tq’tz{l yield and density. Although analyses of
the data were undertaken for the total trial area, the individual replicates, and treatménts

no significant difference was found between treatments.
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4. DISCUSSION

4.1 Changes in soil demsity

-~

‘, 4.1.1 Magnltude of Change /

Increasing the load on the soil surface calised an increase in sorl density. The change
in soil density was dependent on the mass per tj e,/the tire pressure, th~ number of passes f or
each vehicle tire, and the soil Vmoistur%eomerr at the time of compaction.

Significant changes in density were recorded—when the rnass per tire was increased
'f;ym 1694 kg to 2211 kg However no srgmfrcant drfferences were recorded when the mass
was increased from 2211 kg to 2945 kg per tire (Figure 7). This result is best con51dered in
two Telated parts. Firstly, until a certain load is applied to the tire, little deformation V;lll
. occur in the tire wall. The tire will act more z;s a rigid body and any increase in load will be
transferred directly to the soil. This‘ma'y account for the difference in effect of the 1694 kg
‘mass and the 2211 kg mass. Secondly, after reaching a threshold load, increasing the load per
tire without increasing the tire pressure will cause more tire deformation and should create o
‘larger ootprmt area. If this increase in footprmt area is proportional to the change in load
then little change wotild be expected in soil densities. This could then yield a result similar to
" the effects of the 2211 kg and 2945 kg treatments.

Increasing the tire pressure effeetively reduces the-footprint area and increases the
normal stress on the soil. Changes in inflatron preseure caused significant changes in soil
density. Inflation pressures of 50 kPa taused significantly less‘ compaction tha_l:n infl.arion“
pressures of 100 or 200 kPa. Likewise 100 kPa caused Isignificantly less compaetipn‘tharif'ZOO
kPa. The changes in density were 0.02, 0.04 and 0.05 Mg m™’ respectively. |

As mass and preeeure are always present, their effects must be combined to give the '
total change to soil density. The combmed effects (Figure 9) suggest that after reachmg a

certain mass, the srgmfn{ﬁmce of increasing that load further is reduted unless tire pressure is

also increased. In practise this is what tends to octur. If a heavier load is to be carried on the

.

41
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same Lire.‘ tire pressures are‘.n'ormally increased. However the literature is replete with studies
(Eriksson et al. 1974; Tavlor et alv. 1975; Voorhees 1986) that suggest that mass is the most
important factor causing compaction below the plough layer. In these studies either little
memiya/ls made of tirt; pressure or it is not considered to cause incréa;cs in density below the
vop 300 mm of soil. Howeve‘r,qesults frogl this study suggest'greater emphasis’ needs 10 be

ot
X

placed on tire pressure.

Increasing the number of passesAsignificantly increased soil dchéily.-Meap_ __dcl'nsily
.changes for 0,-1, 2, and 3 passes was 0.0, 0.04, Ofﬁ and 0.06 Mg m™* re.spectively. These
results support the findings of Taylor (1986) and Davies et al.-(1973) that the majority of
change‘to soil dénsi,ty occurs in the first pass. In this study' 67% of the total change in soil -

. N\
density occurred as a result of the first pass. .

‘Whilst differences in soil densities were observed betwegn different levels of w}eclslip,
the net result of wheelslip on soil density was not significant. The analysis of results"!;c;uggeslc'd
that 8% and 16% wheelslip had significantly different effects on soil density Lhén the other
levels of slip. Hov?evef, these results are overshadowed by a non-significant differcnce

' 'Befween v;/l{eelslip and the“control treatments. This second fesult probably can be accounted
for in two ways. Firstly, the natural -variability within the trial site was too large for the
number of samples taken to‘ establish significan; differences, if they did exist. Secondly, as
wheelslip is a surface phe%xomgnon (\Byers 1958) its effect was remm‘/ed by cultiVélion.

The second assumplién is supbortéd by a significani diffefence between cultivation
and non-cultivation effects foilowing the passage of a tire with slip. In all Qf the reports cited
where wheelslip increased density, studies occurred prior to cultivation. In F 'd situations,

.

“wheelslip is generally associated with tillage and thus any negative effect on soil gtructure may
not necessarily be reflected in changes to soil density. Other parameters such as clod siZe, clod

strength or implement draft measurements may be more meaningful parametérs (6 guage the

affect that wheelslip has on soil structure.
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4.1.2 Depth
Whllst the magnitude of Lhe change varied between different treaments the increase
in densxty was restricted to the top 200 mm of soil for all treatments.
Increasing the mass per tire did not increase the depth of effect as suggested by
Eriksson &t al. (1974), Taylor et al. (1975), and Voorhees (1986). Change in den ‘or the
three mass treatments was evident 1o 200 mm. The magmtude of the change was signif 1cantly

less or the lower mass and pressure treatriients. !

l Increasing the inflation pressure increased both rhe magnitude and the depth to which
densrry changes occurred. Inflation pressures of 50 kPa caused density changes ;c; 150 mm
idepth. ‘Inflation pressures of 100 kPa and 200 kPa mcreased the depth of effect to 200 mm
and the magnitude of change at each recording depth. . 1 .

The depth to which density changes occurred was not affected b§ the nurnber of
passes of the tractor tire. The magnitude of the change was greater for 3 ‘passes than for

either 1 or 2 passes but the depth of change was similar for all passes (200 mm).

<

~

4.1.3 Soil moisture
‘ Whilst there is no valid statistical test f or the replicate effects, it is interesting to note
that the magnitude of the densrty change was lower for Replicate 3. The moisture content of
Replicéte 3 was higher than the other two Replicates at the time of compaction. Visual
observation showed more heave and soil disturbance on the surfece. These two factors suggest
that the soil may ha\re been close to its plastic limit at time of cdrnpaction; hence, the smaller

at

change in density.

& N e

4.1.4 Decompaction | PN

~ 3
The growth of the crop reduced the soﬂ densrty The mean density increase for the
whole area, as a result of compaction, was 0.034 Mg m" et . The crop reduced this by 0.017 Mg
1

m -}, Sixty percent of this reduction occurred in the 50 to 200 mm zone. Natural consolidation

increased soil densities in the top 50 mm of soil during the growing period by 0.04 Mg m’.



[
The amount that soil density was 5educed depended on the initial level of compaction.

In the least compacted treatments, where soil” densities were increased by 0.02 Mg m-', the .

\

‘Vgr.owth of the crop redu_ceﬂ this. by 0.01 Mg m-*. However in the more compacted treatments *

; where densities were increased by 0.04 Mg m’ and 0.05 Mg m:’, crop growth reduced these
4 v : . :
densities by 0.02 Mg m™. .
R Xy
4.2 Grain Yield
.. 4.2.1 Plot yield_s
,,/ o “The average grain yield for this trial (3533 kg ha') was below the long term district .

average of approximately 4000 kg ha™' Increasingvthe soil density initially increased and then .
significantly reduced grain yield. Slmllar findings have been‘reported by Eriksson et al. (1974)
and Voorhees (1986). While the effect of mcreasmg the mass/urc on crop )’ICld was not /

sxgmflcant the combination of high tire pressure- (200 kPa) and the heav1er ‘mass (296{{

v

;',kg/tr}r&-)( did cause the greatest reduction in yields (Figure 15). The same combination also

>
pho

the greatest increase in soil density. i

‘It he regression analysis (Figure 12) shows that maxirﬁum yield“.-'ffﬁas étlaiﬁcd with soil

- densni'eg" at approximately,l.3 Mg m™*. A soil density of 1.3 Mg m™’ is equivalent to an air
filled porosity of approximately 10% at 30% moisture (Equation-1.4). A number of authors
(Vomocil and Flocker 1961; Grable and Seimer 1968;'O'C6nnell 19754) fcportcd that if air
filled porositi'es fall much ' ~low this value, at moisture levels near field capacity; plant grdwth

will be affected. These qilts tend to support that assertion. ¢

4.2.2 Quadrat yields

v

A relationst}ip betwgen yield and soil density could not be established by quadrat

-

':ampling. This' reflects the amount -of in-crop variability within the treatments, as a

correlation was established between the total plot yields and soil density for each treatment. ’
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- compacuon had on crop :

inmass. oL ‘

10 the load B e

e - : S -

B 5 CONCLUSIONS -~

"Increasmg the load on the soil surf ace mcreased the sorl denSrty

The. magmtude of the densrty change depended on- the mass per tire, the tire pressure and x

. the number of passes

Changes m tire’ pressure appeared to have a greater ef fect on, sorl densrty than did changes

\

"Af ter a tire loadrng of. approxrmately 2200 kg, an mcrease in sorl densrty depended ‘more _

"on an mcrease in tire pressure than an rncrease in mass

The greatest amount of sorl compactron occurred as a result of the f irst pass

-

: "‘lrrespectrve of the treatment the depth 1o whrch densrty changes - occurred remarned

- jconstant at 200 mm The magmtude of change at each recordmg depth varred accordrng -

\

s - ' \

' Wheelslrp appeared to. be a surface phenornenon and any effect on sorl densrty was
‘ removed by cultrvatron ’

. Crop yreId was quadratrcally related to sorl densrtv wrth yrelds maximised -at a densrty
v‘ correspondrdg to 10% air 1lled porosrty at a morsture level near field capacrty (30%).

. The growth of the cr0p reduced sorl compactron The magnrtude of the change depended‘

: on the amount of compacuon The mean reductron in densrty was approxrmately 50% of :

the drff erence between the pre compactec ensrty and the post compacted densrty

Quadrat samphng proved ' be an mapproprrate method for evaluaung the effect that'.v-.‘
2

x

)
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1. Mean density for mass and pressure treatments (Mg m*).

M1S1
M1S2
M1S3
M2S1
M2S2
M2S3
M3S1
M3S2

M3S3

M1S1
M1S2
M1S3
M2S1
M2S2
M2S3
M3S1
M3S2

M3S3

e

(RECORDEDL MAY 25, 1987)
DEPTH (mm)

50 100 150 200 250 300 350 400 450

120 1.29 1.38 1.40 1.36 1.36 1.35 1.41 1.41
1.131.18 1.26 1.29 1.34 1.34 1.36 1.38 1.47
1.15 1.27 1.36 1.35 1.33 1.34 1.36 1.44 1.48
1.141.2 1.291.331.26 1.24 1.25 1.27 1.34

1.131.2°1.291.311.301.26 1.25 1.26 1.25

1.08 1i9 1.291.321.351.39 1.42'1.47 1.46
01.151.221.30 1.28 1.35 1.38 1.42 1.43 1.45

Sy e
2 235¥.27 1.28 1.33 1.32 1.31 1.32 1.35 1.38

23 i e

1,16 1.21 1.31 135 1.34 1.35 1.37 1.43 1.47
RECORDED (JUNE 11,1987)

1.16 1.21 1.22 1.29 1.28 1.24 1.24 1.28 1.30

1,13 1.22 1.31 1.31 1.26 1.25 1.26 1.30 1.36

. 1.141.211.211.241.271.251.251.24 1.25

1.08 1.18 1.25'1.27'1.28_1.26‘ 1.251.25 1~.2§
1.061.16 1.171.231.291.251.23 1.23 12!6
1.151.161.241.30 1.26 1.22 1.21 1.22;1.22
1.161.25 1.321.31 1.26 1.221.211.241.26
1.101.191.301.291.24 1.21 1.24 1.26 1.32

1111.141.211.271.241.231.24 1.24 1.26

50
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MIS1
M1S2
M1S3
M2S1

M2S1,
M2S1 .

M3S1

M3S2
M3S3

* RECORDED (SEPTEMBER 1,1987) -
DEPTH (mim)
50 100 150 200 250 300 350 400 450

1.171.19 1.19 1.31 1.31 1.271.271.271.32
1.131.16 1.20 1.31 1.32 1.29_1.26‘}_529 1.31
121 1.16 1,30 129 1.32 133 1,30 1.50 1.34
118117 123132132129 129132 138
1.171.16 1.21 1.28 1.34 1.32 130 1.3 1.33
1.161.151.20,1.28 1.31 1.25 1.28 1.29 1.33
1.191.18 1.26 1.32 1.331.30 1.30_‘1.31V1.37 3
1.08 111 1.23 127127126 127131139

1.13 1,17 1.20 1.31 1.33 1.31 1.30 129130
'. J R - . .

M1=MASS 1694 kg~ Sl= 50 ki
M2=MASS 2211 kg S2=100 kPa
M3=MASS 2945 kg S3=200 kPA
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2. Average s0il density for the number of passes (Mg m™*).

PO

Pl

P2

P3

PO

P1 -

P2

P3

PO -
Pl

P2

PO
Pl
P2

P3

“ RECORDED (MAY 25,1987)

PVo

DEPTH (mm)

50 100 150 200 250 300 350 400 450

_1:15 1.271.371.36 1.36 1.34 1.33 1.34 1.36

1.151,271.281.33 1.32 1.31 1‘%@@135 1.38
1.151.271.36 1.351.33 1.34 1.36 1.44 1.48
1.08 1.19 1.29 1.32 1.35 1.39 1.42 1.47 1.46

©1.10 1.19 1.30 1;29 1.241.211.241.26 1.32
1.101.19.1.30 1.29 1.241.21 1.241.26 1.32

1.131.201.291.31 1.30 1.26 1.25 1.26 1.25

1.10 1.08 1.05 1.171.251.28 1.28 1.31 1.35

. 1.081.111.231.271.271.26 1.271.31 1.39

1.16 1.151.20 1.28 1.31 1.25 1.28 1.29 1.33
1.081.11 1.23 1.271.27 1.26 1.27 1.31 1.39

RECORDED (JUNE 11:1987)  + .

1.161.23 1.33 1.351.291.28 1.27 1.25 1.29
1.21 1.371.38 1.36 1.30 1:31 1.32 1.33 1.38

- 1.251.41 1.42 1.36 1.34 1.37.1.39 1.38 1.46

1.27 1.431.46 1.40 1.38 1.39 1.40 1.43 1.46

4

<

$

- 1.101.201.28 1.28 1.27 1.25 1.26 1.27 1.31

/

]

=
28



PO

Pl

P2

P3

PO

Pl

P2

P

o ;é ? &

3 e
v&" . ' ' A‘.;“ ~
1.251.30 1.34 1&3% 1.26 1.20 1.23 I*%29,

1.241.28 1.30 1.29 1.26 1.26 1.23 1.28 1.27

116 1.31 1.37 1.31 1.26 1.26 1.26 1.26 1.32

1.251.37 1.38 1.34 1.27 1.2.55;3.24 1.26 1.29

1.121.191.22 1.29 1.28 1.26 1.29 1.32 1.3§
1.141.291.38 1.32 1.28 1.27 1.32 1.36 1.46

1.151.31 1.36 1.32 1.30 1.28+1.28 1.31 1.34

1.181.321.39 1.32 1.28 1.251.30 1.36 1.43

PO= NO PASSES
Pl= 1 PASS
P2= 2 PASSES
P3= 3 PASSES

&
v
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[

" 3. Grain yields for the mass and pressure treatments (kg / plot)k. '

L]

& . Ty
PRESSURE (kPa) !
50 100 200
RIM1 85.6 87.4 8LS
RIM?2 797 783 772
RIM3 87.4 874 81.0
%

774 199 826
792 80.1  76.3
8§20 756 760

R3M1 6.7 745 T2.4
R3M2 776 758 74.7
R3M3 80.5 84.5 72.6

Rl1= REPLICATE1 M1=1694 kg
R2= REPLICATE 2 M2=2211 kg
R3= REPLICATE 3 M3=2945 kg
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