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INTRODUCTION

Tillage is the mechanical manipulation of the soil carried

on in order to produce conditions favorable for crop growth.

It is one of the most ancient arts involved in farming and

is the most important, at least from a cost standpoint, of all

the various farming operations involved in crop production.

Tillage operations account for 30% of the total power consumed

on farms in the. United States and possibly an even greater

percentage could be attributed to tillage in Western Canada.

During the centuries in which arable agriculture has been

practised, the soil has been tilled with very limited knowledge

as to the effects of tillage on the soil and on plant growth,

and with no clear idea of the objectives of tillage. Practical

experience, the result of trial and error, was the guide to

the types of implements used and the time and frequency of

tillage operations. When new agricultural areas were opened

up, the new settlers used the same cultural methods which they

had been accustomed to in the areas from which they came.

Often, these methods were found to be disastrous or, at least,

unsatisfactory. This has been the experience in Western

Canada. As this vast area was opened up, settlers from East

ern Canada, from the eastern United States, and from European
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countries came in and applied the practices they had learned

in these other places where soil and climatic conditions were

altogether different. It was soon learned, however, that the

plow, which they were using, was not suited to the prairie

soils which, when left tffiprotected from the elements, were

subject to severe wind erosion. In addition, it was found

that working the land in such a manner was very costly and

certainly was uneconomical. This can be easily seen today by

those who have benefitted by the experiences of the first

settlers and who now practise shallow tillage.

It is only recently that the problem of tillage has been

attacked from the standpoint of soil physics or soil mechan

ics. One of the early theories about the purposes of tillage

was expressed by Jethro TUll, an English farmer, in the

eighteenth century. He believed that tillage broke up the

primary soil particles into smaller particles thus releasing

the plant nutients supposedly contained in them and making

the soil more productive. Today, it is realized that Tullis

theory was not correct and that a more complete knowledge of

the purposes of tillage is necessary in order to master the

problem.

The purposes of ttllage that are recognized in Saskatch

ewan, where moisture conservation is so necessary, may be

enumerated as follows:
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1. to control weeds,

2. to control evaporation,

3. to control wind and water erosion,

4. to control insect pests,

5. to provide a suitable seedbed,

6. to maintain the soil in a condition for .a high rate

of moisture infiltration.

With these functions in mind, a great deal of progress

has been made in the development of tillage methods. A large

amount of credi t is due to ''lorkers at the Dominion Experiment

al Station, Swift Current, Saskatchevran, ;;.;11.0 developed the

plovrless fallow and have done much to aid in establishing the

fundamentals of dry land agriculture.

Research work4 has shown the effect of particle size on

erosibility of soils but very little work has been done on

the effects of various types of tillage machinery, speeds of

operation, or soil moisture content at the time of working on

the resulting sizes of soil particles. If it were possible

to establish the best soil treatment to use and the optimum

moisture content for tilling various soil types based on the

resl1l ting effects on soil struct1.J.re, much sounder recommendations

in choosing and operating tillage machinery could be made.

4 Numerals refer to literature listed in bibliography.
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With this ultimate objective in view, it was thought

necessary, first, to establish a method of assessing soil

structure in order to determine the effects of tillage on it.

This was the prime purpose of the investigational work of

this thesis.
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~~IEW OF LITERATURE

Physical Properties of Soils

In order to study the effects of tillage machinery on

soil structure, it is necessary to have a reasonably complete

knowledge of the physical properties of soils involved. Such

knowledge 1s fundamental in studying the environmental cond

itions under which plant growth occurs and in approaching the

study of tillage operations and tillage machinery scientif

ically. A kn01rlledge of soil ~)hysics, therefore, is necessary

not only to the soil scientist but also to the agricultural

engineer il1terested in tillage machinery.

There are many properties of soil that could be mentioned

in this thesis, but only those beartng most directly on the

problem under coasidel'ation will be discussed.

Texture

The texture of a soil is determined from the proportions

of the various size separates of the individual soil particles.

The range of sizes in each separate of pri~I..ary particles is

given in table 1.
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The proportions of various soil separates making up the

different soil textures is given in table 2 which was

originally prepared by the Department of Soils, University

of Saskatchewan.

Table 1. Sizes of Soil Separates

Separates Diam. in mm.

Fine gravel 2.00 - 1.00

Coarse sand 1.00 - 0.50

Medium sand 0.50 - 0.25

Fine sand 0.25 0.10

Very fine sand 0.10 - 0.05

Silt 0.05 - 0.002

Clay less than 0.002

It is the clay particles which make up the active

fraction of the soil and impart to it many of its properties.

This is largely due to the extremely large amount of surface

area per unit volume of material compared to the larger

particles of silt and sand. The soil, then, might be

thought of as consisting of a framework of silt and sand

containing active clay material to which can be attributed

, many of the soils physical and chemical properties such as

rate of moisture movement and moisture-holding capacity.



Table 2. Proportions of the Various Soil Separates in the Different Soil Classes

Soil
Classes Clay Silt

Very fine
sand

Fine
sand

Medium Coarse Fine
sand sand gravel

Coarse sand -------18S8 than 15%------- -----le88 than 50%------- ---35% or more---
Medium sand -------les8 than 15%------- -----le88 than 50%-------~-------35%or more--------
line sand -------le88 than 15%------- ------;0% or more--------
Very fine sand -------less than 15%------- 50% or more I
LG&m7 coarse sand ---------15 to 20~-------- -----18SS than 35%------- ---35% or more---
Loamy medium sand ---------15 to 20%--------- -----le88 than 35%------- -------35% or more--------
Loamy fiBe sand ---------15 to 20%--------- ------35% or more--------
Loamy very fine sand ---------15 to 20%--------- 35% or more

Coarse sandy loam ---------20 to 50%--------- ---45% or more--- ~
Medium sandy loam ---------20 to 50%--------- less than 35% -------------25% or more--------------
Fine san.dY 1.oam ---------20 to 50%--------- 50% or morel-------1ess than 25%------
Very fine sandy loam ---------20 to 50%--------- 35% or more I
Loam less than 20% 30 to 50% -----------------30 to 50%-----------------
Silt loam less than 20% 50% or more ----------------le88 than 50%--------------

30 to 50% less than 20% -----------------50 to 70%----------------
30% or more less than 50% ---------------le8. than 50%---------------
30 to 50% 50 to 70% ---------------le88 than 20%---------------

50% or more I I I

Sandy clay loam
Clay loam
Silty clay loam

Sandy clay
Clay
Silty clay
Heavy clay

20 to 30%
20 to 30%
20 to 30%

less than 30% -----------------50 to 80%-----------------
20 to 50% -----------------20 to 50%-----------------
50 to 80% ---------------less than 30%---------------
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Structure

The structure of a so11 Is defined as the arrangement of

its primary and secondary particles. The secondary particles

are .formed by the aggregati,]n of the primary mechanical

particles, sand, silt, and clay, into crumbs or granules.

The structure of soils has been classified according to the

size, shape, and surface coadition of the aggregates first by

Zakharov and later modified by the Committee on Soil Structure

of the American Soil Survey Association. Such a classifica

tion is valuable in describing the natural structure of the

various horizons in an undisturbed soil profile. However, in

studying the action of tillage machinery OD the SOil, the

size and the stability of the particles are of more import

ance than such properties as shape, for example.

There are many factors affecting the development and

deterioration of structure. The action of chemical salts on

structure formation is an immense and varied study in itself.

Some salts tend to flocculate the soil particles, others to

deflocculate them. Lim~ reduces the cementing action of soil

colloids and localizes their cohesive action so that the soil

particles become arranged into fairly stable granules. The

beneficial effect of lime on soil structure is, however, not

as great as it was once thought to be, especially on acid

soils. In addition, salts have an effect on plant growth
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and, since root development and organic matter content in

turn affect the soil structure, salts have an additional but

indirect effect on structure formation. The colloidal clay

particles of the soil, the inorganic colloids such as oxides

of alumina and iron, and the organic colloids all contribute

to a cementation effect tending to bind the primary particles

into stable aggregates.

Organic matter has an important effect on the formation

of aggregates. Disintegrating organic matter, because of

its poor binding ability, forms lines of weakness which aid

in the formation of granules. A high positive correlation

has been found to exist between the organic matter content

and the aggregation of soils, particularly in soil low in

clay content. In clay soils, the aggregating effect of the

clay particles mask to some extent the effect of the organic

matter.

In addition, climatic effects are of considerable

importance. These include such things as alternate wetting

and drying and alternate freezing and thawing. Wetting and

drying breaks the soil mass along lines of weakness due to

the stresses produced by different water film curvatures in

different parts of the soil. Freezing and thawing aids in

breaking up a structureless soil due to the formation of

planes of weakness by the growth of ice crystals which draw
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moisture from the surrounding soil. These natural forces

improve the structure considerably and can be either improv

ed or des~qyed by tillage.

In addition to classifying soil structure according to

its pattern in the different horizons, the degree to which

structure is manifested can be measured by the extent of

aggregation and by the amount of pore space. The extent of

aggregation of a soil is determined from the results of both

an aggregate analysis and a mechanical analysis of it. From

thes~ a~alyses, the state of aggregation, which is the

percentage of aggregates in a given weight of soil, can be

calculated. Another term has been suggested by Baver. This

is the degree of aggregation which is the value obtained by

dividing the percentage of aggregates larger than 0.05 mm.

by the percentage of primary particles smaller than 0.05 mm.

The size and arrangement of the soil particles determines

the amount and nature of the pore space. The pore space of

the soil is that part of the soil body occupied by air and

water. The pore space of a soil is divided into capillary

pores, which are responsible for the water-holding capacity

of the soil, and the non-capillary pores, ",rhich are respon~

sible for the air capacity of the soil and for the rate of

flow of gravitational water.
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Consistency

Soil consistency is a term expressing the manifestation

of certain physical forces of cohesion and adhesion acting

within the soil at different moisture contents. These

forces include resistance to compression, shear, friability,

plasticity, and stickiness. The consistency of soils varies

mostly with moisture content but also with texture, the

organic matter content, the amount and types of colloids,

and to some extent with structure. All these factors affect

the consistency of the soil insofar as they affect the thick

ness of the water films on the surface of the individual

soil particles.

At high moisture contents, the water films are so thick

and the surface tension of the ftlms is so small that the

soil mass flows. This is called the viscous consistency.

At moderately high moisture contents, the water films are

not complete over the entire surface of the soil particles

and the high surface tension of the water films makes the

soil tough, exhibiting considerable cohesion. This is the

plastic consistency in which the 80il exhibits the capacity

to be molded and is in danger of being easily puddled. As

the moisture content decreases, the optimum moisture content

is reached. In this condition, the water molecules are

adsorbed by the molecular forces in the surface of the soil
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particles. The water thus adsorbed on the surface is

sufficient to prevent strong cohesion between the particles,

but the films are not thick enough to exhibit strong surface

tension forces. The soil is crumbly or friable and is soft

to the touch. Tbis is the soft consistency, the moisture

range in which conditions for tillage are at an optimum. At

low moisture content, the soil particles are held togeth~r

by cohesive forces between the particles themselves. In

this hard consistency, the soil is very hard and coherent,

harsh to the touch, and will break tnto larce clods if

tilled in this condition. Thus, as a soil dries out from a

high moisture content, it passes through the viscous, plastic,

soft or friable, and harsh or hard conslstenc1es.

Relation of Physical Pro)erties of Soil to Tillage

Theory of plow action

After the modern plow moldboard had been desicned, an

attempt was ma.de to explain the granulating action of the

plow on the furrow slice. The first generally accepted

theory of plow action stated th2t granulation was brought

about by the fact that the lower soil travelled further than

the surface soil as the furrow slice passed over the face of

the moldboard? It was thought that the soil segregated into
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layers parallel to the soil surface which then slid over

one another as in bending the pages of a book. Pulverization

was explained as being due to the bending of these layers

to fit the shape of the moldboard and the rubbing of these

layers over one another. Carefully conducted tests have

shown that this action actually occurs only where there is

a heavy sod or very hard crust 1 to 3 inches thick.

M. L. Nichols,9 however, has discovered that the phys

ical action of the plow on the soil was exactly opposite to

this theory. He found that the granulati.on occurred at

right-angles to the tangents of the curve of the moldboard

and not parallel to them. He showed that the granulating

action of the plow was primarily due to the shear planes

which run through the furrow slice from the shin of the

plol'! at an angle of 45 degrees forvlard to the soil surface

and to the open furrow. The blocks of soil were then

arranged to conform to the shape of the moldboard, causing

the blocks of soil to slide over one another. It was also

observed that secondary sh!9ar ple,nes, produced by the

pressure of the advancing surface, were set up at an angle

of 90 degrees to the primary planes. These did not open up,

however, 'Until the furrovr slice fell to the ground after

being inverted.

On the basis of these stUdies, Nichols classified the
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following dynamic variables involved in tillage:

1. Shear value: The force required to roll or slide

soil over soil or the internal frictional resistance of a

soil.

2. Friction: Sliding friction between soil and metal

which is a combination of friction, adhesion, and lubrica

tion, all of which are affected by moisture content.

3. Resistance to compression: The reaction of soil

to pressure.

4. Cohesion: rne sticking together of particles of

soil due to the film tension of the water films between the

fine clay particles.

5. Adhesion: ~~e sticking of soil to metal due to

the film tension of the water films between the soil

particles and the metal.

Nichols assumed that these dynamic properties were

affected by the size of particles, amount and chemical

composition of colloidal material, moisture content, .organic

matter content, and apparent specific gravity of the soil.
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Soil consistency and tillage

Since soil dynamics is a study of the forces of adhesion

and cohesion acting in the soil and soil consistency is a

term applied to the manifestation of these same forces,

there should be a direct correlation between the two. Such
1

a correlation has been found to exist by Nichols and Baver.

A summary of their results shows that consistency is a soil

property of considerable importance in studying tillage

operations. Cohesion and shear are at a maximum at the

lower plastic limit, the lower limit of the plastic

consistency. At this point, film tension is at a maximum.

Adhesion rises to a maximum in the plastic range at the

point where the number of water films between the soil

particles and the metal becomes a maximum. Cohesion,

adhesion, and shear values all decrease as the thickness of

the water films increases due to the fact that the film

tension decreases as the thickness increases.

Compression of the soil reaches a maximum at a point

within the plastic consistency range because of the

orientation of particles when pressure is applied. The

dynamometer pull, which measures the total of all other

forces, also increases with moisture content to a maximum

in the range of plastic consistency. These findings
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indicate that the most efficient tillage is accomplished

when the soil is in a soft, friable consistency. Studies

of a large number of soils have sho~m that the forces of

adhesion, cohesion, shear, and dynamometer pull increase

proportionally with the plasticity of the soil, which is,

in turn, dependent on the clay content.

Nichols has shown that the forces of adhesion,

cohesion, shear, and compression in non-plastic soils are

directly dependent on the percentage of colloidal material

present. The forces of adhesion, cohesion, and shear

increase directly at very close to the same rate with one

another with increasing clay and colloidal content.

Compression, however, increases at a higher rate than these

other forces.

Mo1.sture content of soils and tillage

From the previous discussion, it is obvious that the

moisture content of the soil at the time of tillage will

determine to a large extent the effectiveness of manipulat

ing the soil in order to provide the most suitable condi

tions for plant growth. It has been pointed out that the

most efficient tillage is accomplished when the soil is in

the friable consistency re.nge. If the soil is tilled at

moisture contents above the friable ral~e, it will be
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puddled due to its plasticity, and if tilled at moisture

contents below the friable range, it will break into large,

hard clods due to the cementing action of the force of

cohesion between the solid particles. It has been shown by

research workers at the Soil Research Laboratory, Swift

12Current, that larger, more stable clods are formed by

working the soil in the plastic state. This increases the

resistance to wind erosion but it increases the dynamometer

pull and, therefore, the cost of tillage as well. Also,

it is difficult to find an implement that will operate

effectively in moist soils.

It is easy to determine the 10'\'ler plastic limi t of a

soil. This is the moisture content at which the soil can

be rolled out into a fine wire. At lower moisture contents,

the soil is soft and crumbly and will fall apart before it

can be rolled out. The lower plastic limit varies consider-

ably with the percentage of clay in the soil, the chemical

nature of the clay, and with the percentage of organic

matter. Baverl has pointed out the significance of organic

matter content on the lower l)lastic limi t, above which the

soil is too wet to be tilled effectively. He shows that

the lower p1a,stic limit of one soil '\'\fhen it contains organic

organic matter is 37% moisture but with the organic matter

removed, the lO"lrler plastic lImitis 20% mo isture • Ana ther
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soil is shown to haye a lower plastic limit of 52% moisture

with organic matter present but only 28% moisture with

organic matter absent. These variations are due, primarily,

to the large absorptive capacity of organic matter for

water. These data show the extreme importance of organic

matter in tillage operations.

The lower limit of friability of a soil can be approx

imately determined by squeezing the loose soil together in

the palm of the hand. If the soil sticks together, the

moisture content is sufficiently high so that the soil is

in the friable consistency.

Changing structure by tillage

When our soils were covered by natural vegetation,

whether it was forest or grassland, there was no problem of

soil conservation. It seems that a re-established forest

cover or erass sad is neceseary to preserve the soil on our

more rolling and erosive areas. It is not necessary for us

to maintain a system of arable agriculture on such marginal

and submarginal land. The soils which present the biggest

problem are those cultivated soils on which are grown our

annual crops, mostly grain in Western Canada. On those

soils of forest climate, for example, the dense leaf'

canopies and their protection have almost completely disappeared.
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The leaf litter, after the annual supply was cut off, was

mixed 'ii th the soil., the decomposi tion rate speeded up, and

it soon disappeared except for a small humus residue. The

roots, being fairly resistant to decay, kept the solI loose

for a few years but eventually disintegrated and decomposed

under the combined attack of microorganisms and of the

physical and chemical agents of weathering aided and

accelerated by tillage operations. The larger roots of

trees lasted longer but eventually decayed leaving for a

time drainage channels which later became filled in by soil

and roots. On some rolling land, where sheet erosion has

resulted in the loss of the fertile top soil, organic

residues have been lost and mlcroorganic activity has been

reduced, the natural aggregate stru.cture has been destroyed,

and a closer packing of the soil brought about. In the

fertile grassland region, the prairie sad with its tough

mass of fibrous roots has largely disappeared, the granular

structure essential for maximum crop production has been

de strayed, and 8,11 in a very short number of years.

The most obvious factor responsible for this change

was the removal of forest or grass cover which protected

the soil from the weather. The removal of this cover did,

at the same time, interfere with the natural development of

soil structure. The processes

effective in undisturbed soils where the
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materials can accumulate between granules. In the modern

systems of arable agriculture, annual crops have generally

been substituted for perennials. Annuals, with their short

growing season, do not produce as extensive root systems as

perennials and their roots decompose more readily so that

they are not in contact with undisturbed soil long enough

to stabilize its structure.

In order to produce those annual crops which are found

necessary for modern life, it is necessary to subject the

soil to various tillage operations. Soil physicists agree

that these tillage operations can loosen the soil and

produce what is known as good tilth. However, available

evidence shows that ultimately tillage accelerates the

destruction of the granular structure developed in the

undlsturbed soil. Whenever a tillage implement is moved

through the soil, many granules are crushed and the primary

particles which comprise them take up new positions in the

soil. Often, they clog the pores in the remaining granules

and form an impervious layer which helps to increase runoff

and erosion. In this regard, Mr. I. F. Reed, Senior

Agrj.cultural Engineer of the Tillage Machinery Laboratory,

Auburn, Alabama saya:

We know that we can build up hard pans or plow
soles by use of disks and moldboard plows but
this is simply a compacting process which tends
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to set up a tight layer at the under side of the
cutting edge of the tool. This hard layer may be
intensified by the fact that it tends to stop the
movement of soil particles that may be carried
dovrnward when the soil is being saturated with
water. We can, of course, break these up with
the same tools by working at depths below the
hard layer ••••

Fortunately, the frost action in our northern climate

prevents the formation of such a hard pan in Saskatchewan

soils.

The dust rising behind tillage implements when the

solI is too dry to be worked, the crust, clods, and cracks

which develop after such soils have been drenched with

water and allowed to dry are further evidences of the

deterioration of structure.

Thus, it is seen that tillage operations tend to

promote a decrease in soil gra~ulation. ~nere land is

under cultivation, it is exposed to the action of raindrops,

to rapid oxidation of organic matter, and to loss of

indirect structure-forming materials. Cultivated soils,

therefore, are less granular than the corresponding

unbroken areas. In addition, soil tillage, especially at

the wrong moisture content, crushes a great number of soil

aggregates. The detrimental effects of tillage may not be

too extensive if the or~anic matter content of the soil is

maintained at a relatively high level. Baver has sho\vu
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that the state and degree of aggregation of cultivated forest

and prairie soils are much lower than those of soils from

adjacent unbroken areas. Not only are fewer total aggregates

present in the cultivated soil, but there is also a lower

percentage of the fine particles in the aggregated state.

This degradation of aggregates shows high correlation with

the decrease in organic matter content. Another investigator

has reported that the porosity of ~ clay soil in northwest

ern Ohio had decreased 16 to 18% from the time it was first

broken forty years before.

Such technical data confirm the observation that

tillage deteriorates structure as well as fertility. This

deterioration is hastened by the fact that the structure

improving qualities of natural vegetation are completely

removed by tillage operations. The result of the decreased

organic matter production, increased organic matter

decomposition" increased leaching, impact of raindrops on

exposed SOil, and physical action of tillage machinery is

a deteriorated structure. From an agricultural potnt of

view, it would be well to evaluate the various ways in

which soil structure is broken down and the methods that

could be used to im~rove the structure.

The effect of crops may be very briefly stated as the

protection afforded by the leaves and top growth which
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retards the deterioration of structure, and the root

activity which aids in the regeneration of the soil structure.

The structural condition of the surface layer of soil

can be changed to a considerable extent by tillage. Such

changes mayor may not be beneficial depending on the

moisture content at which the soil is tilled and on the

number and types of tillage operations. It is generally

agreed by most writers on the subject that the object of

tillage is to promote granulation, that is, to break down

the large clods into smaller granules composed of individual

particles held together by the forces of adhesion and film

tension, or to break up a crumbless soil mass into a well

granulated structure. However, the granules produced by

tillage are generally unstable and are qUickly slaked dO'in

by raindrop action. This raindrop action seals and compacts

the surface so that the rate of infiltration of water is

seriously reduced. On a bare soil, the granUlar structure

can only be restored by another tillage operation at the

correct moisture content. The presence of a good cover of

trash and stubble does, however, aid materially in main

taining the soil in a condition 'Ylhich will readily absorb

rain water both by prOViding channels through which the

water can infiltrate and by protecting the soil surface

from detrimental rain::lrop action. Further, organic matter

helps to form granules more resistant to the disintegrating
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action of raindrops. It is possible, however, to till the

soil too often or at the wrong moisture content and destroy

its structure. Too frequent tillage may also hasten the

destruction of structure-building organic matter.

Lifting versus comnressive action

The manner of applying energy to the soil is of vast

importance to the results obtained. The crude plow used

5000 years ago by the Egyptians merely pushed its way

through the soil compacting all the soil with which it came

in contact. With the development of such implements as the

drag harrow, the spring-tooth harrow, and the disc harrow,

there has been a sWing away from the compressive action

toward a lifting action which is more conducive to good

soil structure. The action of the blade weeder, a recent

development in the tillage machinery of Western Canada, is

probably as extreme a lifting action as it is possible to

obtain.

It should be pointed out that the type of action to be

used should be related to the soil type. Sandy, structure

less soils require a compressive action to enable the

particles to hang together in aggregates.
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Frequency of tillage

JO}l~ A. SliPher,lO in Ohio, believes that the frequency

with which a soil should be tilled should be determined by

the deterioration of structure alone. He says, "No greater

fallacy has crept into farm practice and agricultural

teaching than the no-weed-no-cultivation delusion." He

believes that tillage is necessary to reduce evaporation

regardless of the presence or absence of weeds, and that a

granular surface structure minimizes evaporation. Therefore,

the soil should be tilled as often as is necessary to

maintain this granular structure.

Slipher's arguments are open to criticism on several

scores particularly if an attempt is made to apply his

methods and ideas to Saskatchewan conditions. There has

been a great deal of controversy over the effects of tillage

on soil moisture conservation. Investigators in Kansas,

California, and Russia found very little moisture saved by

maintaining a dust mulch on the surface. Slipher and

others, on the other hand, state that there is a considerable

loss of moisture from the soil by capillary movement upward

and evaporation at the surface unless a surface mulch is

maintained. However, Baverl points out that capillary

movement takes place over comparatively short distances
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only and that unless the ground water table is within 5 or

6 feet of the surface, the loss by capillary action will be

insignificant. Over most of Saskatchewan, the ground water

table 1s much lower than this and, therefore, loss of water

by capillary action does not present a problem. In addition,

evaporation within the soil followed by loss in the vapor

phase through the soil pores is of importance only when the

soil is warm and extremely porous. This accounts for the

almost complete loss of moisture from the soil to the depth

of working soon after the tillage operations are completed.

These conditions rarely, if ever, occur below the depth of

tillage in Saskatchewan soils.

Another criticism arises from the fact that too frequent

tillage leads to the destruction of the granules in the soil

as has already been pointed out.

Further, in Saskatchewan, where moisture supply is the

limiting factor in crop production, the conservation of

moisture is of utmost importance and is the guide to the

cultural practices used. It has been shown by the Soll

12Research Laboratory at Swift Current that weed growth and

the resulting trans;Jiration of moisture by these weeds is

one of the most importa~t ways in which soil moisture is

lost. This requires tillage early enough and often enough

to kill all the weeds before they become large enough to
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transpire large quantities of moisture,but in order to

maintain a trash cover so necessary for: wind erosion
!

control and to prevent excessive pUlverization, it is

necessary to till the soil as infrequently as possible. It

has, therefore, become the recommended practice in Sask-

atchewan to leave the soil alone unless there are weeds

drat-ling the moisture from it and the It no- 1-Jeed-no-cultivation

delusion tl has become a necessary part of the farming

practice of this province.

Attributes of Good Soil St~ucture

Slipher10 lists the attributes of ~ood soil structure

as less resistance to root penetration, free intake and

retention of rainfall, resistance to erosion, optimum air

sU~)Ply, facil i tate trash placement, and stable traction.

Each of these will be discussed in turn!.

Resistance to root penetration

Slipher states that a soil with g~anular structure

contains more pore space and therefore !affords less resist-

ance to root development. It may be that the frost action

which occurs in Saskatchewan loosens t4e soil sufficiently

so that root development is unil~~ibited and that further
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loosening by tillage is unnecessary. Studies conducted by

Dr. T. Pavlychenko at the University' of Saskatchewan have

shown extensive root development of grains and grasses in

the top 4 feet of soil except for the top 4 inches, which

were tilled and in which there was practically no root gro1tTth

whatever. This, however, may be due more to lack of

moisture in the worked soil than to direct soil structure

conditions.

Intake and retention of rainfall

Slipher suggests that the large pores in evidence in

granular structured soils permit a rapid intake of surface

water and that there is a larger water capacity in the soil

made possible by the increased space between granules. It

has been sho'vn that the rate of intake of water in the

soils of Saskatchewan is determined by their surface condi

tion. It is generally true that the structure of the soil

is such that any moisture which enters it is readily

absorbed. The danger in this regard is from a puddling of

the surface due to raindrop action on unstable aggregates

which slake down and form a more or less impervious layer

on the surface. This danger is best eliminated by a trash

cover 1\Thieh not only ,,'ill protect the soil from raindrops

but also will provide channels whereby the water can enter
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the soil. It is well known, however, that large, non

capillary pores will not hold water against the force of

gravity and that the water-holding capacity of the soil

would be increased very slightly by opening it up. Thus,

if enough water were available to wet the soil dovrn to a

depth below 5 or 6 feet from the surface, any water

percolating down below that depth would become unavailable

for crop growth.

Resistance to erosion

Slipher states that granules are more resistant to

water erosion than are individual particles both because of

the inherent stability of the granules and because the amount

of runoff is reduced by the more rapid infiltration in a

granular soil. As long as the surface remeins in a good

cloddy or granular condition under the action of raindrops,

this will be true. It should be added, however, that

granules are also more resistant to wind erosion than are

individual particles because of their larger size. A

considerable amount of work has baen done by sotl scientists

at the Soil Research Laboartory at Swift Current on this

problem. 6 ,12 It should be pointed out that a trash cover

again proves of benefit as it is one of the most effective

ways of controlling both wind and water 9rosion.
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Air supPly

Slipher maintains that heavy soils exhibit slow air

movement unless opened up by deep tillage. It is true that

in areas where heavy rainfall and warm temperatures are

prevalent the heavier soils may become so compacted that

the non-capillary pore space is reduced to the point where

the movement of air in the soil is inhibited. This is

unlikely to be evident in Saska.tchewan soils, however,

since the climatic factors of low annual raiJfall and

freezing of the soil to a depth of several feet cause the

soil to be kept fairly open even in the heavy clay areas,

and it is generally true that our soils are sufficiently

well aerated so as not to limit crop production. Deep

tillage only causes the soil to dry out to a greater depth

and has not b~en proven beneficial in Saskatchewan.

Air supply may be limited also by saturation of the

soil by water in poorly dra.ined areas. This, ho'\vever, is

a problem that can only be permanently solved by improved

drainage although deep tillage might be of temporary

benefit. Such conditions have been found to exist in some

of the irrigated areas in the southwestern part of Sask

atche'\v-an 'and in 80me of the :Joorly drained areas of the

northeastern part.
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Trash placement

Slipher suggests that o.rganic matter functions best if

divided and distributed within the worked layer of soil and

that a gra,nular structure a.ids in such a placement.

However, in the agriculture of Saskatchewan, as previously

pointed out, the greatest benefit from stubble and trash

seems to be derived whe~ it is left standing upright in

the 8011 the way it grew. In thjs position, the stubble

helps to catch snow and. thus aids in moisture conservation,

reduces wind velocity over the surface of the soil and thus

reduces or prevents wind erosion, provides channels for the

ready infiltration of rain water, and slows down runoff

over the soil surface. In this way, the stubble is used to

aid in solving two of the grea.test problems involved in

crop production in Saskatchewan, the retention of precip

itation and the prevention of erosion.

Traction

Slipher believes that a granular structure will

provide a more stable bearil~ and greater traction for farm

tractors and implements for more days of the working season

than a structureless soil. It seems that tillage to

improve traction is a very unimportant consideration since
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traction can be increased much more effectively by such

mechanical means as increasing the weight on the rear

wheels of a tractor, for example.

Disc Versus Blade Machinery in Saskatchewan

Climatic factors in one area may affect the physical

properties of the soil a great deal differently than in

other areas where altogether different climatic factors

prevail. Thus the requirements of tillage operations in

those areas may also be widely different. From the exper

ience and research in Western Canada, the most important

attributes of good structure which need to be maintained in

Saskatchewan soils have been found to be:

1. Free intake and retention of rainfall,

2. Resistance to erosion.

Figures 1 and 2 illustrate the difference at the end

of the summerfallow season bet'\\Teen cl, field tilled by a one

way disc and a field tilled by a blade weeder. The one

wayed field is practically void of stubble after three oper

a tions and the surface clods have been broken dO"f:rn by a heavy

rain causing the primary particles to form a fairly imperme

able crust on the surface. The bladed field, however, still

has a fairly good trash cover which has protected the soil

from the wind and from the rain. This type of tillage is
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much more desirable for soil and mo sture conservat on.

The limitation of blade machinery, particularly the

blade weeder, 1 es n the fact that it may not d sturb the

soil enough to effect a good weed kill where the so I is

n a fai ly moist condition. he blade ma.y pass under the

weeds, shear the roots off at the depth of tillage, and

leave part of the roots hoI ing to laree clods of moist

so 1 so that the weeds cont ue to ro. Under such

conditions, all that the blade does is to transplant the

eeds and the more severe action given by a one-way disc or

a one-way disc harrow is requ red to bring about a complete

weed kill.

Fig. 1. A one-wa disced f sId after
three summerfallo operat ons.
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F . 2. A blade weeded field after
three summerfallow operat ons.
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IWfESTIGATION

The investigational work for this thesis was conducted

at the Dominion Experimental Station, Swift Current,

Saskatchewan, during the summer of 1949.

Objectives

Since there has been very little work done on the

effect of different types of tillage machinery on soil

structure at various speeds and at various soil moisture

contents, there has been no standardized method developed

for measuring soil structure. The investigational work

undertaken was, therefore, of a preliminary nature with the

following objectives in view:

1. To determine the effectiveness of a method of

sampling and analyzing soil structure with regard to the

number of samples necessary and the size of samples

required.

2. Incidentally, to determine the effect on soil

structure of the tillage machinery used under the particular

conditions of soil type, soil moisture content, and speed
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of operation involved in the work undertaken to achieve the

first objective.

Hypotheses and Assumptions

Several hypotheses and assumptions were set forth as a

basis for setting up the experimental work. These were:

1. There is no difference between treatments. The

treatments which were compared in this experiment were

strips of one-wayed and bladed soil and a check strip of

soil left untilled at the time of these operations. The

hypothesis to be tested stated that there was no difference

in structure between the two tY0es of til1aee and the untilled

soil. This hypothesis could be expected to be false since,

as was pointed out in the review of literature, tillage

generally promotes the destruction of the granular structure

of the soil. As it so happened, at the time the tillage

for this experiment was conducted, the soil was very dry.

The field work was done early in June after several weeks

of hot, dry weather. Under such conditions, it could be

reasonably expected that the destruction of granules would

be particularly sisnificant. Furthermore, it would appear

to the casual observer that the action of the one-way disc

on the soil is more severe than that of the blade weeder
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-and, therefore, ,the one-wayed 80il could be expected to be

pulverized more than the bladed soil.

2. There is no difference between sizes of samples.

It was assumed that if the soil were homogeneous with

regard to structure, the size of the samples taken would

not affect the accuracy of the results obtained. This

would'be true only if the smaller samples were large enough

to contain representative samples. Otherwise, the larger

samples would give more accurate results.

3. A lar~e number of samples of each treatment are

necessary. It was assumed that since there 1s always a

certain 8~ount of variability due to soil heterogeneity, a

large number of samJ~)les 'Arould be requ.ired to show signif

cant differences between treatments, especially where the

differences were small.

:Materials

Tillage machinery

The tillage machines used in the field work for this

investigation were a one-way disc and a blade weeder. The

one-w8,Y disc used vIas a John Deere Series No. 80aC Heavy

duty Disc Tiller haVing sixteen 24-inch discs of 3-inch
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concavity at 8-inch spacing ma~ing a total cuttin3 1i th of

9 f~et. This machine is illustrated in figures 3, 4, and 5·

The blade veeder used 1, as a i~odel l~oble Cultivator

eQui})ped \tlitn two cul tivator svveeps having an overc,ll

cutting w dth of 12 feet, 2 inches. This 0achine is

illustrated in figures 6 and 7. Figur'e 8 is a i~oble

Cultivator of tne same ~odel on steel wheels which better

ill strates the cult~vator S1eeps.

Fig. 3. One-way disc
i0 operatinG position.
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Figs. 4 and 5. O~e-way disc
tilling the test strip.



- 40 -

FiGs. 6 and 7- :Slade ueeder in
lor~~in3 and tra_ls:J0rt .?o S'o tio f},S.
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~1 ig. 8. Blade "\tleeder shovling cuItivator s\veeps •.

Sampling devices

It is necessary in eXlJeriments of this kind to have

some kind of equipment for obtai ir~ uniform sized samples

bOt:l for soil moisture rieterminat on al.1.d more especi8~11y

for aggregate analysis. Suc __ e uipme:-''lt shou d be as sim~Jle

as poss ble.

For 3atherinc samples for moisture content determinations,

a short pipe 3.00 inches long and 2.05 inches in diameter

~as used. Tne bottom ed~e of the p. pe was bevelled on the

outside so that it could be easily pushed i~to the soil.

length of 3 inches was chosen for the sam~ling cylinder

because this w ,s the depth of tillage used in the experiment.

The sampling cylinder is .llustrated in figure 9.
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For gathering sam:)le s for agsrs""ate analysi s, t,-ro

different sizes of metal sleeves were used. The sleeves

1-vere open both top and bottom, both l"rere 4.± inc~les deep,

the smaller one '!c:.s 5 inches square, a~d the larser one

was 74 inches square. Since the depths of the two sleeves

were equal and the areas ap)roximately 25 square i:1ches and

50 square inches respectively, the volume of the smaller

sleeve was half the volume of the larger. The samplins

sleeves are also llustrated i figure 9.

Fig. 9. Sampl~ng devices.
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Samole containers

Since a large number of s~nple8 were being gathered in

a short space of time, all to be analyzed later, it was

necessary to have containers of some kind in which to

retain the samples until analyses could be made. The

molsture sample conta:lners were cylindrical tin boxes about

4 inches in diameter and 3 inches deep. These all had

tight fitting lids to prevent loss of moisture from the

soil samples. The soil aggreGate samples were stored in

large paper bags which could be left open to the atmosphere

in order to allow the sam~les to become air dry before

being analyzed.

Analysis equipment

Laboratory equipment. Most of the equipment used was

standard laboratory equipment such as balances, drying

oven, liter cylinders, and other such equipment used in

determining moisture content and in making mechanical

analyses of so11s.

Rotary soil sieves. The aggregate analyses of the

samples were made by the use of two rotary soil sieves

modi.fled somewhat from the original designed by W. S. Chepil
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and F. Bisal of the Soil Research Laboratory at Swift

Current. This sieve was designed to overcome the drawbacks

presented by hand sieving method~ where personal judgement

as to the amount of shaking required creates wide varia

tions, and by nests of flat sieves operated mechanically

from a motor which gives a standard number of shakes but

which is rather severe and causes considerable breakdown of

aggregates.

The original rotary soil steve is described in detail

in a paper by Chepil and Bisal.? It consisted of two

sections each made u, of three concentric metal cylinders.

Each cylinder in the first section contained a portion

about 10 inches long and completely circling the cylinder

which was perforated with square openings. The inner

cyllnder was 6 inches in diameter with 38.0 mm. openings,

the middle cylinder was 10 inches in diameter with 12.7 mm.

openings, and the outer cylinder was 12 inches in diameter

with 6.4 mm. openings. The second section contained wire

sieves of approximately the same areas but with openings of

2.0 mm. in the tnner cylinder, which was 6 inches in

diameter, 0.83 mm. in the middle cylinder, which was 8i

inches in diameter, and 0.42 mID. in the outer cylinder

which was lot inches in diameter. These two sections were

placed side by side on a slope of 4 degrees from the

horizontal and were rotated at 14 revolutions per minute
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by an electric motor.

A sample of soil to be sieved was fed by a chute into

the inner cylinder of the first section. Aggregates too

large to fall through the 38.0 mm. openings in the inner

cylinder rolled down to the lower end of that cylinder and

dropped out into a tray situated underneath the lower end

of the cylinder. All aggregates smaller than 38.0 mm.

dropped through the openings into the middle cylinder and

~lere separated in a similar manner into particles larger

and smaller than 12.7 ID~. Particles dropping into the

outer cylinder were then divided into those larger and

smaller than 6.4 mm. The particles falling through the 6.4

mm. openings were collected in a tray and then poured into

a funnel which delivered them to the second section of

sieves which further divided the particles into groups

depending on the sizes of the wire sieves in the three

cylinders.

The relatively small angle at which the cylinders were

inclined and the slow rate of rotation allowed the aggre

gates to roll and slide gently through the cylinders and

over the sieves. This prevented excessive pulverization of

the aggregates.

The rotary soil sieves used in the investigational

work of this thesis had been refined and improved somewhat
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from the original. The two sections of the improved model

were not side by side as in the original but one above the

other with the second section below the first and inclined

in the opposite direction to it. The soil dropping through

the 6.4 mm. sieve of the outer cylinder of the first

section then dropped directly into a funnel which delivered

it to the inner cylinder of the second section and thus

eliminated transferring the soil by hand from one section

to the next.

There vIere t,·{O rota.ry soil sieves used in this vlork,

one belon2~ing tJ the Soil Research Laboratory, "lhic11. was

modified as described above, and the other belonging to the

Agricultural Engineering Division, which was further

refined by the addition of an automatic feeding mechanism

driven by belts from the same electric motor which rotated

the sieves_ This feeding mechanism made it possible to put

the whole soil samp~e in the hopper at one time from which

it was slowly fed into the sieves automatically. ~nen using

the machine not equipped with the automatic feeder, the

soil sample must be fed in slowly by hand which takes

considerable time.

The rotary soil sieve equipped with automatic feeder

is illustra.ted in figures 10 and 11 and representative

samples of the aggregates of different size groups are

shown in figures 12 and 13.
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Fig. 11. End view of rotary soil sieve.
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Method of Procedure

Tillage operations

The tillage operations for this experiment were

conducted on an 80-acre field of sum~erfallow, one-half

mile long by one-quarter mile wide, ,.,h1ch had been used

during the previous year, 1948, as an increase plot for

Rescue wheat. This field was one-way disced in the fall of

1948 and again in the spring of 1949- It was very level

land and as uniform as any that could be found on the

Station.

The day before the tillage operations were carried

out, a distance of 2000 feet was measured along the long

side of the field'and stakes were driven into the ground

every 100 feet to serve as markers. The 2000-foot distance

'Nas measured near t1).e center of the long side of the field

so that the extra manipulation of the soil in finishing

out the corners on previous operations would not affect the

results of the experiment, and the operations ",rere carried

out far enough from the edbe of the field so that any

border effects would be avoided.

The tilla1;e operE-,tions \~ere conduc ted on the morning
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of June 3. First, a strip of land 'l,'ias worked along the

measured side of the field with one-way disc. Next, a

strip of land was vlOrked with the blade weeder leaving a

strip about 4 feet 'Vride between the t\'I'O types of tillage to

provide an untilled treatment. Both implements were pulled

by the same tractor, an LA Case, oper'atine; in third gear.

The time for the tractor to travel the ~easured distance of

2000 feet was recorded for each operation from which the

average speed of the tractor was calculated.

Soil moisture sampling

At the same time as the tillage operations \"lere being

performed, the soil moisture samples were being collected.

This was done in order to determine the soil moisture

content at the time of tillage. A total of t'Henty s2,ll1!;le s

were taken at intervals of 100 feet over the 2000-foot

distance starting at the 50-foot yoint. Th~ sampling

cylinder was pushed into the soil to its full depth of 3

inches a~d the soil in the cyl~nder was then transferred to

one of the soil moisture tins described previously. Each

tin ""7'3 s numbered beforehand in order to identify each

sample.
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Soil aggregate sampling

The soil aggregate s~mples were gathered as soon as

possible after the tillage operations were completed. A

total of 600 samples were taken, six at each of 100 posi

tions at interv~ls of 20 feet starting at the la-foot point.

A 100-foot tape was stretched between adjacent stakes and

samples ta~en at the 10-, 30-, 50-, 70-, and gO-foot marks.

At each position, samples were taken as close as possible

to one anoth~r of the one-wayed, the bladed, and the

untilled soil both with the 7~-inch square sleeve and With

the 5-inch square sleeve.

The samples were taken by pushing the sleeve into the

soil to the de)th of t~llage, scraping the soil away from

the outside of the sleeve with a flat-~osed spade, pushing

the spade under the sleeve, and Ilfting the sleeve and

sam~le into a lar3e paper ba5. The spade and the sleeve

were then removed as gently as possible so as not to break

up the aggregates and the paper bags taken to a dry place

inside where they were left open, exposing the soil samples

to the air so that they would become thoroughly atr-dried.
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Soil moisture analysis

The soil moisture samples were weighed, oven-dried,

and reweighed. The tins were 8.1so weighed and the oven-dry

weight of sotl and the weight of water lost were calculated.

The percentage moisture W8,S then determined by dividing the

weight of water lost multiplied by 100 per cent by the oven

dry weight of the soil. This gave the amount of moisture

expressed as a percentage of the oven-dry weight of the

soil which is denoted by ~~. All weights were measured in

grams.

In order to determine the density of the soil, the

diameter and length of the sam;Jljng-. cylinder \'lere converted

to ceDtimeters and the volume calculated and divided into

the oven-dry weight in grams to give the density in grams

per cubic centimeter.

SolI ap;grep;ate analysis

After the soil samples had become thoroug{11y air-dried,

they were seived through the rotary soil sieve preViously

described. For this experiment, the work was speeded up

by using two machines driven off ana electric motor. One

of these machines was equipped vIi th an automa.tic feeding
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mechanism. The other was fed slowly by hand. In this way,

t"ro samples "lere sieved at one time.

The sieves divided the soil into the follovling size

groups:

A - less than 0.42 :rrL"Il.

B - 0.42 to 0.83 mm.

C - 0.83 to 2.00 mm.

D - 2.00 to 6.40 rnm •

E - 6.40 to 12.7 mm.

F - 12.7 to 38.0 mm.

G - more than 38.0 mm.

Sizes F and G were added together before being weighed

since the amount of material in each of these two groups

\'Vas comparatively small and since there is little ef'fe.ctive

difference on structure between these two sizes of large

clods.

Knowing the weights of each size group and the total

weight of the s8,mple, the percentage in each group was

calculated.

Hechanical analysis

A total of ten sa~ples were retained after the aggre

gate ar..alsis for mechanical analysis in order to determine

'.
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the texture of the soil. The separated size groups for the

large untilled samples taken at positions 05, 15, 25, 35,

45, 55, 65, 75, 85, and 95 were thoroushly remixed and a

50-gram sample taken for mechanical analysis by the

Bouyoucos Hydrometer Method. Hydrometer and temperature

readings were taken at 40 seconds and 2 hours, the hydrometer

readings corrected, and the percentages of sand, silt, and

clay determined by the methods set forth by G. J. Bouyoucos

in Soil Science. 3

Statistical analysis

In order to facilit~te the statistical analysis of the

data, it was thought that it would be of benefit to be able

to determine one figure "Thich "!ould represent the structure

of each sample rather than using six figures, the percent-

ages contained in each of the six size groups. The

Agricultural Engineering Division at Swift Current had been

using a formula developed by W. S. Chepil to determine the

drift factor of the samples. Since this formula takes into

account the different erosibility of the various groups of

erosi-ble particles and also the relative values of the non-

erosible particle sizes in preventing erosion of the

erosible particles, it was thought that the drift factor

calculated by this formula could be used effectively as a ., .
. ./
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measure of structure. It must be pointed out, however,

that this formula was developed to calculate the erosibility

of a soil in kilograms per square meter and can strictly be

applied correctly only to those particles exposed to the

action of the wind on a freshly cultivated soil. The

formula would apply to the soil to the depth of tillage

only if the structure of the tilled soil were homogeneous

throughout its depth.

Drift factor. The drift factor can be obtained from

the following formula, the derivation of which is 6iven by

Chepil in Scientific Agriculture. 5 The first formula

developed by Chepil is given as:

til fp.75C ... 1.14D + 1.49E + 1.80F
q - an ogl C + D + E + F

- 0.6 D + E + F x A : B - 0.042(C + D + E-+ F)]
C + D + E + F

where q = amount of erosible soil in kilogra.ms per square

meter,

A = per cent clods less than 0.42 mm. in diameter,

B = per cent clods 0.42 to 0.83 mm. in diameter,

C = per cent clods 0.83 to 2.0 mm. in diameter,

D = per cent clods 2.0 to 6.4 mm. in diameter,

E = per cent clods 6.4 to 12 .. 7 mID. in diameter,

F = per cent clods greater than 12 .. 7 mm. in diameter.

This formula has been simplified somewhat to the
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following form which is as accurate as the original for all

practical purposes:

q = antilogfo.75C + 1.14D + 1.49E + 1.80F _ 0.5 B
l C + D + E + F A + B

- O.042(C + D + E + FU
It was this simplified formula which was used in this

investigation to determine the drift factor for each of the

600 soil aggregate samples.

Standard deviation. The standard deviation is a

measure of the variability of the samples comprising a

treatment and is denoted by S. It is computed by takin5

the sque.re root of the sum of the squares of the deviations

of each sample from the mean for the treatment divided by

the degrees of freedom and is expressed in the same units

a.s are the individual samples. The term "degrees of free

dom" represents one less than the number of samples of the

treatment. Therefore, the formula for the standard

deviation is written as:

S = 1/c:(x - x)2
l N - 1

\'lhere S = the standard deviation,

E. = the sum of,

x = the value of an individual sB..'11ple,

X = the mean of the samples comprising the treatment,

• = the number of samples comprising the treatment.
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For machine calculation, the following formula is used:

The standard deviation Yras computed for each of the

six combinations of two sample sizes and three treatments,

each treatment being comprised of 100 individual samples.

It should be noted that in a normal distrlbu.tion, approxi-

mately 68.26% of the samples comprising a treatment lie

between +1 and -1 standard deviations from the mean for the

treatment, 95.45% between +2 and -2 standard deviations from

the mean, and 99.73% of the samples between +3 and -3

standard deviations from the mean.

Coefficient of variability. The coefficient of

variability is a measure of the relative variability of the

samples comprising a treatment and is denoted by C. It is

the ratio of the standard deviation for a treatment to the

mean of the treatment expressed as a percentage. The

formula for the coefficient of variabillty is:

c = S(lOO%).
x

The coefficient of variability was computed in this

investig:J,tion for each of the standard deviations preViously

determined.
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Correlation coefficient. The correlation coefficient

is a measure of the relationship that exists betweeG two

variables. It is computed by the use of the formula:

where r xy = correlation coefficient between x and y,

N = the number of pairs of samples,

x = an individual sample of one size,

y = the corresponding sample of the other size,

X = the total of the XiS ,

Y = the total of the y's.

All correlation coefficients lie between +1 and -1

with +1 representing perfect positive correlation and -1

re9resenting perfect negative correlation and 0 representing

no correlation whatsoever.

Correlation coefficients between the two sizes of

samples were computed for each of the three treatments

individually and for all treatments together. The correla-

tion coefficients thus determined were then tested for

significance by the t-test usinE the formula:

If the value of t thus computed was greater than the

value of t found in statistlcal tables at the 5% probability
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point for the number of degrees of freedom involved, then

the probability of such a correlation coefficient being due

to the errors of random sa;npling alone 'lias less than 5% and

the correlation was considered to be significant.

The t-test. The t-test is a test used to determine

the significance of the difference between two means. The

value of t is defined as the difference between two means

divided by the standard error of the difference between the

means. The standard error is an estLnate of the variability

or dispersion of a hypothetical population of means and is

denoted by Sx. It is computed by use of the formula:

Sx = s.
YN

The steps which were taken in the paired sample

analyses for this investigation were:

1. The standard deviation of the difference bet"'leen

the two means to be tested for significance was determined

using the formula:

where x = an individual sample of one treatment,

y = the corresponding sample of the other treatment,

x = the total of the XIS ,

Y = the total of the y's.
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2. The standard error of the difference between the

two means was determined using the formula:

Sx =

3. The t-va1ue was determined using the formula:

t x - y
Sx

4. The value of t at the 5% probability point for the

appropriate degrees of freedom was found from the Table of

t. If the value of t computed for the difference between

the two means was greater than the value of t at the 5%
point, the difference was considered to be significant.

In this investigation, paired sample a~a.lyses were

carried out between the following pairs of treatments uslng

the large samples:

a. untilled and one-wayed,

b. untilled and bladed,

c. one-wayed and bladed.

For each of these pairs of treatments, the value of t

was obtained using, first, all 100 pairs of samples, then,

taking every second pair or two sets 'of 50 pairs, then
I

taking every third pair or or one se~ of 34 pairs and two

sets of 33 pairs, then takir~ every iourth pair or four

sets of 25 pairs, and so on unti} a point was reached where
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so few samples were used that the t-test no longer showed

significance. After this was completed, all the fore-

mentioned paired sample analyses \vere repeated using the

small samples.

Chi-square test. As an additional check on the results

obtained from the t-test, the chi-square test was used. This

test is one applied to determine the soodness of fit between

observed and expected values. It is generally used in work

on genetics in testing the soodness of fit between actual

ratios of hereditary characteristics observed in the

experime1tal work and ~endelian ratios calculated theoret-

ically. It was used in this ex~eriment to determine the

goodness of fit between ratios of fewer tha~ 100 samples and

theoretical ratios calculated from the totals for 100

samples of each treatment. In testing the goodness of fit

between ratios of 50 samples of each treatment and ratios

of 100 samples of each treatment, the theoretical values

were taken to be one-half the totals for 100 samples, and

the actual values to be the totals for the 50 samples.

The value of chi-square is the sum of the squares of

the differences between the actlJal and the theoretical

values divided by the theoretical values. It is computed

by the use of the formula:

2 ( t) 2
-x: =C..:.,..:;,a--:-t---.L---
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where x2 = chi-square,

a = the actual value for a treatment,

t = the theoretical value for the treat~ent

The chi-square test was used on sets of 50, 34, 33,

25, etc. large samples, as explained for the t-test, until

a point was reached where so few samples were used that the

difference between the actual and the theoretical values

became significantly great as determ;.ned from the Table of

Chi-squares. This was repeated using th3 small samples.

Erosible fractions. It was thought that the tremendous

amount of calculation involved in computing the drift factor,

q, could be eliminated, and that some other figure could be

used to represent the structure which would be equally

effective in determining the effects of tillage on soil

structure. It was decided, therefore, to use the percentage

of erosible particles rather than the drift factor as a

measure of the structure of ea.ch sample. The percentage of

erosible soil is the sum of the percentages of the particles

in the size groups A and B and represents the percentage of

~articles less than 0.83 a~. in diameter. Using the

figures obtained in this way for each sample, the whole

statistical analysis used previously on the drift factors

for each sample was repeated.
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RESULTS

Speeds of Operation

The time for the tractor to travel the 2000-foot

distance when pulling the one-way disc was 272 seconds.

The speed was calculated in the following manner:

Speed =distance in feet(O.682)
Time in seconds

= 2000(0.682)
272

= 5.01 miles per hour.

irhe time for the tractor to travel the same d.istance

when pulling the blade weeder was 317 seconds. Therefore,

the speed was 4.30 miles per hour. The slower speed when

pullj_ng the blade weeder 1.,ras due to its heavier draft.

Soil Moisture Content

Knowing the weight of moisture lost on oven-drying and

the oven-dry weight of the SOil, the moisture content of

the soil at the time of tillage was computed as a percentage
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of the dry weight of the soil. For sample No.1, the dry

weight of the soil T..ras 175.7 grams and the weight of the

water lost was 9.g grams. Therefore, the percentage of

moisture, nv, was calculated as follows:

Pw = 9.9(100)
175.7

=5.6%

Knowing the length and diameter of the sampling

cylinder, the volume, V, was computed as follo'\'ls:

Length = 3.00 inches = 7.61 em.

Diameter = 2.05 inches = 5·25 em.

V = T\r2h

7T~
2= (7.61)

2

= 164.7 c.e.

The density for each sample was then computed as in

the following example for sample No.1:

Density = dry wei~ht of soil
volume of soil

= 175.7
164.7

= 1.07 grams per c.c.

The moisture content and the densities for each of the

samples are given in table 3. From this table it can be
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seen that the soil was extremely dry to the depth of tillage

at the time when the tillage operations were carried out.

Table 3. Moisture content and densities of solI samples.

Sample \rJ't. of \"1t. of "it. of %moisture Density
No. wet soil dry soil moisture on dry vlt. in grams

in grams in grams in grams of soil per c.c.

1 185.6 175·7 9.9 5.6 1.07
2 179·5 166.2 13.3 8.0 1.01
3 141.6 135.8 5.8 4.3 0.82
4 171.5 158.5 13.0 8.2 0.96
5 161.4 149.5 11.9 8.0 0.91

6 179.5 165.4 14.1 8.5 1.00
7 167.4 157.5 9.9 6.3 0.96
8 163.0 153.1 9-9 6.5 0.93
9 160.7 153.3 7.4 4.8 0.93

10 161.6 151.8 9-8 6.5 0.92

11 171.8 163.6 8.2 5.0 0.99
12 177.2 168.7 8.5 5.0 1.02
13 165.2 155.8 9.4 6.0 0.95_
14 163.8 155·3 8.5 5.5 0.94
15 167.5 156.7 10.8 6.9 0.95

16 152.4 144.0 8.4 5.8 0.87
17 171.6 160.3 11.3 7.0 0.97
18 151.6 142.1 9·5 6.7 0.86
19 139.2 130.2 9.0 6.9 0.79
20 169.8 159.7 10.1 6.3 0.97

Avg. 6.4 0.94

Mechanical ~~alysis

The hydrometer readings taLen in the Bouyoucos method

of mechanical analysis when corrected for temperature gave
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the grams of soil in suspension directly. For sample 05,

the corrected readings were 31.4 grams at 40 seconds and 7.1

grams at 2 hours. Since 50 grams of soil were used in the

sample, the hydrometer readings were converted to percent

ages by multiplying by two, giving 62.8% at 40 seconds and

14.2% at 2 hours. SUbtracting the percentage at 40 seconds

from 100% gave the percentage of sand in the sample. For

sample 05, this equaled 100.0 - 62.8 = 37.2%. The percent

a~e left in suspension after 2 hours was the percentage of

clay in the sample Which, in thi sease, .....,8.S 14.2%. Sub

tracting the clay and sand fractions from 100% gave the

percentage of silt in the sample which, in this case, was

100.0 - 37.2 - 14.2 = 48.6%. From table 2, it is seen that

the texture of this sample was a loam. The results for all

the soil texture samples are given in table 4. It can be

seen that there is very close agreement among the individual

samples taken.

Aggregate Analysis

The percentage of soil in each size group after

sieving in the rotary soil sieve is given for each of the

600 samples in table 5 in the appendix. The drift factor,

q, was determined for eech sample as in the following

example and entered in table 5 also. The example given is
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Table 4. Percentages of sand, silt, and
clay and textures of soil samples.

Sample Sand Silt Clay Texture
No. 01 % %/0

05 37.2 48.6 14.2 loam

15 37.4- 48.4 14.2 loam

25 36.4- 4-8.4- 15·2 loam

35 38.2 47.0 14.8 loam

45 38.4 48.4- 13.2 loam

55 37.8 48.4 13.8 loam

65 37.8 48.4- 13.9 loam

75 36.2 4-9.4 14.4 loam

85 42.0 42.6 15.4- loam

95 33.0 55.6 11.4- silt loarn

for the large untilled sample No. 01. For this sample,

the following weights and percentages of soil were found in

each of the size groups:

A - 832 grams = 42.8%

B = 137 grams = 7.0%

c = 218 grams = 11.2%

D = 284 grams = 14.6%

E = 152 grams = 7.8%

F = 321 grams = 16.5%

Total =1944 grams = 99.9%
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The discrepancy of 0.1% is due to the fact that the

percentages for each of the groups was taken to the nearest

tenth of 1%. If more decimal places had been used, the

total percentage would have been closer to 100.0%.

q = antilogfo.75C + 1.14D + 1.49E + 1.80F
l C + D + E + F

O.5B - 0.042(C + D ~ E + F)]
A + B

= antilbg~75(11.2) + 1.14(14.6) ~ 1.49(7.8) + 1.8(16.5)
L 11.2 + 14.6 + 7.8 + 16.5

0.5(7.0)
42.8 + 7.0 0.042(11.2 + 14.6 + 7.8 + 16.5~

= antilog r96 .366 - ~ - 2.10421
[50.1 49.8 J

• antilog(-O.8498)

= 0.141 kilograms per square meter.

Statistical Analysis

Standard deviations

The standard deviation, 5, and the coefficient of

variability, C, for each treatment and sample size was

determined as in the following example for the large samples

of the untilled treatment:
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• •• +
99

= "'°.002711707

= 0.052 kilograms per square meter.

c = S(lOO)
x

= 0.052(100)
0.1329

= 39.2%.

The standard deviations and coefficients of variability

for each treatment and size sa.mple are given in table 6.

Table 6. Standard deviations and coefficients
of variability for drift factors of treatments.

Samples Treatment S C

large untilled 0.052 39.2%

large one-v,rayed 0.063 33.9%

large bladed 0.115 58.4%

small untilled 0.050 30 701v. /0

small one-\'layed 0.078 41.3%

small bladed 0.118 60.0%
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Correlation coefficients

The correlation coefficient, r xy ' between the large

and the small samples "ras determined for' each treatment as

in the following example for the untilled treatment:

Sample Large samp1~s Small samples
number x x y y2 xy

01 0.14- 0.0196 0.12 0.014-4- 0.0168

02 0.11 0.0121 0.18 0.0324- 0.0198

03 0.18 0.O3~4- 0.22 0.0484 0.0396.

100 .0.10 0.0100 0.17 0.0289 0.0170 ,.

Totals 13.29 2.034-7 12.82 1.8872 1.8291

N[(xy) - Xy
r xy -V~ (x2) - X2 J[N (y2) - Y~

100(1.8291) - 13.29(12.82)
=
~ ~00{2.0347) - (13.29)2 ]~00{1.8872) - {12.82)2]

= 0.726

Each correlation coefficient was tested for significance

as in the following example for the untilled treatments:
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t = rW - 2
Vi - r 2

• 0.726'\1100 - 2
'Vl - (0.726)2

= 1...:2Q
662

= 10.9

Since this value of t was much greater than the value

of t at the 5% probability point for 9S degrees of freedom J

1.98 J the correlation between the large and the small

samples was considered to be significant.

The correlation coefficient for each treatment and for

the total of 300 pairs of samples is given in table 7 along

with the value of t obtained in the test of significance of

each coefficient.

Table 7. Correlation coefficients between
ls,rge and small samples using drift factors.

Treatment r xy t 5%
untilled 0.726 10.8 1.98

one-vlayed 0.672 9.0 1.98

bladed 0.629 8.0 1.98

total 0.661 15.2 1.97
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The t-test

The tests for significance of difference between

treatments were all done in the same manner as the following

example which is the paired sample ana,lysis for 100 pairs

of 1a,rge samples between untilled and one-l'layed treatments.

Sample One-wayed Untilled
(x-y) 2number treatment treatment x-y

(x) (y)

01 0.23 0.14 0.09 0.0081

02 0.26 0.11 0.15 0.0225

03 0.20 0.18 0.02 0.0004

• .,_.

100

Totals

0.13

18.63

0.10

13.29

0.03

5.34

0.0009

0.7970

s = VE(x- y)2 - (X-y)2jN
N - 1

= 0.0719

Sx = S - 0.0719 • 0.00719
Vi 'VTI5O



- 74 -

t X - Y= Sx

= 0.0534
0.00719

Since this value of t was greater than the value of t

for 99 degrees of freedom at the 5% probability point, 1.98,

the difference was considered to be significant and the

paired sample analysis was repeated using every second pair

of samples starting with the first pair:

Sample
(x-y) 2nu.l!lber x y x-y

01 0.23 0.14 0.09 0.0081

03 0.20 0.18 0.02 0.0004

05 0.17 0.12 0.05 0.0025

..

99

Totals

0.27

9.16

0.16

6.77

0.11

2.39

0.0121

0.3427



sx
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= s =D6828 =.00966
'VN V50 -----

t = X - Y _.0478 = 4.q_5
S! - .00966

Since this value of t was also greater than that at the

5% probability point for 49 degrees of freedom, 2.01, the

difference was consi.der·ed to be significant and the paired

sample analysis ,,;8.S repeated with progressively fe\ver

samples until a value of t lO\'ler than that required for

sigDificance was found. The values of t obtained when

using the large s&~ples are given in table 8 and the results

of,the t-tests using the small samples are given in table 9.

Table 8. Results of t-tests using
drift factors of large samples.

No. of First
pairs pair t 501

/0

bet'\veen one-\vayed and
untilled treatments

100 01 7.43 1.98

50 01 4.95 2.01
50 02 5.51 2.01

34 01 3.67 2.03
33 02 4.25 2.03
33 03 4.95 2.03

25 01 4.81 2.06
25 02 3·55 2.06
25 03 2.38 2.06
25 04- 4.22 2.06
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Table 8 continued

No. of First
pairs pair t 5%

one-"layed and untilled
treatments continued

20 01 2.27 2.09
20 02 4.45 2.09
20 03 4.03 2.09
20 04- 4.55 2.09
20 05 1·55 2.09

between bladed and
untilled treatments

100 01 6.22 1.98

50 01 5.60 2.01
50 02 3.99 2.01

34 01 3.08 2.03
33 02 4.13 2.03
33 03 3.67 2.03

25 01 3.27 2.06
25 02 2.74 2.06
25 03 3.95 2.06
25 04 2.88 2.06

20 01 6.05 2.09
20 02 2.76 2.09
20 03 2.80 2.09
20 04 3.41 2.09
20 05 1.89 2.09

between one-wayed and
bladed treatments

100 01 1.10 1.98
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Table 9. Results of t-tests us1ne
drift factors of small samples.

No. of First
pairs pair t 5%

betvleen one-lv-ayed and
untilled treatments

100

50
50

34
33
33

25
25
25
25

20
20
20
20
20

15
15
14
14
14
14
14

10
10
10
10
10
10

01

01
02

01
02
03

01
02
03
04

01
02
03
04
05

01
02
03
04
05
06
07

01
02
03
04
05
06

9.21

6.11
6.93

6.36
6.12
4.60

5.06
5.88
3.78
4.01

3.06
5.78
4.51
2.99
4.70

2.77
2.96
2.62
5.60
3·50
5·01
2.30

3.18
3.54
2.?8
3.04
2.93
1.80

2.01
2.01

2.03
2.03
2.03

2.06
2.06
2.06
2.06

2.09
2.09
2.09
2.09
2.09

2.14
2.14
2.16
2.16
2.16
2.16
2.16

2.26
2.26
2.26
2.26
2.26
2.26

100

between bladed and
untilled treatments

01



- 78 -

Table 9, continued

No. of First
pairs pair t 5%"

bladed a.nd untilled
treatments continued

50 01 4.62 2.01
50 02 5·09 2.01

34 01 6.25 2.03
33 02 3.17 2.03
33 03 2.99 2.03

25 01 3.86 2.06
25 02 4.64 2.06
25 03 2.65 2.06
25 04 2.96 2.06

20 01 2.71 2.09
20 02 4.05 2.09
20 03 2.34 2.09
20 04 4.68 2.09
20 05 3.10 2.09

15 01 2.02 2.14

between one-wayed and
bladed treatments

100 01 0.63 1.98

Chi-square test

The chi-square test was used as a check on the results

of the t-test. ~~ example for 50 large samples is given

below. The actual totals used were the totals of the 50

odd numbered samples of each treatment.
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Treatment theoretical actual (a-t)2
(t) (a) t

untilled 973.7 956 0.322

one-wayed 655.9 677 0.679

bladed 919.4 916 0.013

Totals 2549.0 2549 1.014-X2

From tables of chi-square, it was found that the

probability of this variation being due to the errors of

random se.mpling vlas over 50%. Therefore, the fit of the 50

samples to the total of 100 samples .was considered to be

extremely good. If the value of chi-square had been

greater than 5.99, the probability of the variation being

due to the errors of random sampling would have been less

than 5% and the fit would have been considered significantly

poor. The results of the chi-square tests for large and

small samples are given in tables 10 and 11, respectively,

along '\'ri th the value of chi-sque.re required for significance

at the 5% probability point for the appropriate number of

degrees of freedom, \vhich in all cases "'las t'"lO since in all

cases there were three treatments being compared.
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Table 10. Results of chi-square tests
using drift fa.ctors of large samI)le s.

Sets of First -x.2 5%samples set

50 01 1.01 5.99
50 02 0.99 5.99

34 01 5.33 5.99
33 02 0.65 5.99
33 03 1.33 5·99

25 01 3.46 5.99
25 02 0.06 5·99
25 03 3·51 5·99
25 04 2.12 5·99

20 01 1.17 5·99
20 02 4.53 5.99
20 03 1.06 5·99
20 04 1.60 5·99
20 05 11.21 5·99

Table 11. Results of chi-square tests
using drift factors of small samples.

Sets of First -x..2 5%samples set

50 01 4.26 5·99
50 02 4.18 5.99

34 01 3.87 5.99
33 02 0.88 5.99
33 03 4.76 5·99

25 01 0.85 5.99
25 02 4.28 5.99
25 03 9.8.2 5·99
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Erosible fraction

In repeating the statistical analysis, the percentage

of erosible soil rather than the drift factor was used as

the measure of the structure of each sample. For large

untilled sam~Jle No. 01, the percentage of era sible so 11

was computed as follows:

Erosible fraction = A + B

= 42.8 + 7.0

The percentage of erosible soil in each of the large

and small sareples is given in tables 12 and 13 respectively.

Table 12. Percentages of erosible soil in large samples.

Number Treatments* Number ·Treatments
of of

sample Un OW Bl sample Un OW Bl

01 50 55 51 11 61 52 64
02 46 56 51 12 56 62 69
03 52 51 58 13 55 52 57
04 45 52 50 14 49 60 60
05 47 52 53 15 52 49 59

06 47 53 52 16 47 53 52
07 55 56 61 17 47 50 53
08 47 58 65 18 44 48 42
09 52 54 62 19 45 46 45
10 58 59 57 20 47 43 49

Treatments: Un, untilled; OTIV , one-1fJayed; Bl, bladed.
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Ta.ble 12, continued.

Bo. Un OrT B1 No. Un 0\1 Bl

21 46 56 53 61 50 52 54
22 39 50 41 62 48 56 52
23 38 44 51 63 40 52 49
24 44 54 53 64 49 50 51
25 43 49 50 65 44 52 54

26 40 41 50 66 51 50 62
27 43 47 47 67 46 55 47
28 49 55 sq 68 46 46 44
29 40 59 49 60 45 46 49
30 56 50 61 70 48 49 41

31 38 55 55 71 47 51 49
32 49 50 49 72 47 49 54
33 47 46 46 73 44 SO 51
34 58 57 59 74 45 52 45
35 55 53 56 75 55 57 48

36 45 53 51 76 47 55 50
37 51 52 54 77 50 56 51
38 46 55 47 78 50 55 46
39 47 55 54 79 50 51 48
40 54 54 49 80 47 50 51

41 48 52 48 81 47 48 50
42 45 60 67 82 45 53 59
43 53 52 66 83 48 53 51
44 47 54 65 84 50 57 54
45 51 58 54 85 57 56 59

46 58 55 59 86 54 56 59
47 51 53 56 87 52 57 56
48 47 57 51 88 51 53 53
49 50 54 56 80 47 53 47
50 52 54 50 90 48 52 51

51 37 54 48 01 50 54 56
S2 52 50 50 02 45 58 47
53 51 57 62 93 48 62 52
54 53 54 52 94 45 58 55
55 52 55 50 q5 47 60 51

56 53 47 53 96 48 57 56
57 50 54 40 97 44 55 52
58 50 51 37 08 45 55 5Q

5q 44 46 47 99 52 58 56
60 40 51 44 100 45 51 49

Totals 4831 5304 5269
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Table 13. Percentages of erosible soil in small samples.

Number Treatments Number Treatments
of of

sample Un OW Bl sample Un OW Bl

01 48 54 50 36 44 46 52
02 52 53 54 37 45 47 58
03 55 57 53 38 49 59 48
04 38 55 59 39 52 55 55
05 49 53 57 40 43 48 56

06 52 53 55 41 46 49 47
07 53 58 57 42 46 60 53
08 60 60 76 43 50 51 59
09 54 53 61 44 48 52 58
10 51 61 58 45 54 56 50

11 54 60 59 46 48 54 63
12 56 64 64 47 49 53 58
13 48 59 60 48 47 54 51
14 46 46 60 49 53 55 62
15 50 50 52 50 51 57 46

16 46 52 52 51 49 50 54
17 46 48 49 52 46 49 53
18 43 48 42 53 50 55 50
19 44 47 47 54 49 54 51
20 44 52 45 55 48 57 53

21 51 55 49 56 50 44- 44
22 43 55 46 57 46 49 44
23 33 44 48 52. 47 47 43
24 47 43 46 59 46 44 41
25 44 44 52 60 42 55 47

26 46 44 56 61 48 51 52
27 49 53 49 62 46 51 43
28 45 51 56 63 45 47 48
29 48 58 60 64 47 49 60
30 47 57 63 65 44 50 55

31 51 53 53 66 46 48 61
32 48 48 51 67 42 55 56
33 51 60 47 68 40 47 44
34- 50 5G 54 6q 45 49 51
35 54 50 51 70 45 52 54
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Table 13, continued.

No. Un O~1 Bl No. Un Ovl B1

71 44 48 49 86 54 55 57
72 46 52 49 87 55 59 58
73 48 51 51 88 49 54 52
74 45 54 52 89 45 52 52
75 52 55 48 90 45 50 52

76 53 56 46 91 51 49 56
77 51 57 55 q2 44 47 50
78 51 56 54 93 38 61 55
79 48 48 47 94 48 59 59
80 47 50 52 95 50 59 55

81 48 50 47 96 44 61 58
82 47 53 59 97 42 53 58
83 47 55 51 98 39 56 58
84- 46 5:5 51 99 61 52 51
85 52 63 57 100 55 53 50

Totals 4787 5279 5300

The results of the statistical analysis using the

percentage of erosible soil for each sample are given in

tables 14, 15, 16, 11, and 18.

Table 14. Standard deviations and coefficients of
variability for erosible fractions of treatments.

Samples Treatment S C

large untilled 4.69 9.70%

large one-wayed 4.03 7.59%

large bladed 6.07 11.52%

small untilled 4.46 9.32%

small one-vlayed 4.84 9.18%

small bladed 5.71 10.77%
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Table 15. Correlation coeffj, cients between
large and small samples using erosible fractions.

Treatment r xy t 5%
untilled 0.223 2.28 1.98

one-wayed 0·570 6.93 1.98

bladed 0.331 3·51 1.98

total 0.468 9.18 1.97

Table 16. Results of t-tests using
erosible fractions of large samples.

No. of First t 5%pairs pair

between one-wayed and
untilled treatments

100 01 9.02 1.98

50 01 6.03 2.01
50 02 6.69 2.01

34 01 4.74 2.03
33 02 4.97 2.03'
33 03 5.89 2.03

25 01 5·19 2.06
25 02 4.47 2.06
25 03 3.51 2.06
25 04 4.92 2.06

20 01 2.92 2.09
20 02 5·13 2.09
20 03 4.60 2.09
20 04 5.06 2.09
20 05 2.56 2.09
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Table 16, c ntinuecl.

No. of First
1

.t 5%pairs pair
1

one-wayed a4d untilled
treatments Icontinued

15 01 3.63 2.14
15 02 3.46 2.14
14 03 3.44 2.16
14 04 2.92 2.16
14 05 3·52 2.16
14 06 13.28 2.16
14 07 13 . 63 2.16

10 01
1

2
•
26 2.26

10 02 4.16 2.26
10 03 12 •35 2.26
10 04 4.32 2.26
10 05 2.40 2.26
10 06 1.83 2.26

bet'tlfeen b aded and
untilled reatments

100 01 7.67 1.98

50 01 6.47 2.01
50 02 3.q3 2.01

34 01 3.20 2.03
33 02 5·51 2.03
33 03 4.72 2.03

25 01 4.59 2.06
25 02 2·59 2.06
25 03 4.51 2.06
25 04 4.33 2.06

20 01 5·57 2.09
20 02 3.27 2.09
20 03 2.87 2.09
20 04 4.43 2.09
20 05 1.q6 2.09

1
between on~-Wayed and

bladed t eatrnents

100 01 10.61 1.98
1
1
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50

1
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Table 17. Resultslof t-~ests using
erosible fract~onslof sm~ll samples.

No. of First It: ~01
pairs pair I • :>/Q

between onJ-"i'layeb and
untilled treat~ents

01 19.68 1.98

01 6.09 2.01
02 7.61 2.01

34 01 6.90 2.03
33 02 7.61 2.03
33 03 4.73 2.03

25 01 5.53 2.06
25 02 6.51 2.06
25 03 3.22 2.06
25 04 4.42 2.06

20 01 2.95 2.09
20 02 6.21 2.09
20 03 5·37 2.09
20 04 2.96 2.09
20 05 5.16 2.09

15 01 2.79 2.14
15 02 2.73 2.14
14 03 2.99 2.16
14 04 4.92 2.16
14 05 4.96 2.16
14 06 8.44 2.16
14 07 2·50 2.16

10 01 3.86 2.26
10 02 4.06 2.26
10 03 3.57 2.26
10 04 3.24 2.26
10 05 2.66 2.26
10 06 1.57 2.26
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Table 17, continued.

No. of First t 5%pairs pair

bet\'veen b: aded and
untilled -I .. r-eatments

100 01 8.19 1.98

50 01 5.13 2.01
50 02 6.46 2.01

34 01 6.41 2.03
33 02 4.66 2.03
33 03 3.28 2.03

25 01 4.52 2.06
25 02 4.67 2.06
25 03 2.75 2.06
25 04 4.38 2.06

20 01 3.20 2.09
20 02 4.83 2.09
20 03 3.45 2.09
20 04 3.72 2.09
20 05 3.16 2.09

15 01 2.53 2.14
15 02 3.60 2.14
14 03 2.03 2.16

between one-wayed and
bladed t Y'eatments

100 01 0.37 1.98



Table 18. Results f chi-square tests
using erosible fracti n8 of lar(~e samples.

Sets of First ~ 5%samples set

50 01 0.15 5·99

34 01 0.51 5.99

25 01 0.77 5.99

20 01 0.61 5·99

15 01 0.38 5·99

10 01 0.12 5·99
10 02 0.74 5.9q
10 03 0.84 5.99
10 04 0.27 5·q9
10 05 0.20 5.99
10 06 0.73 5.99
10 07 0.30 5.99
10 08 0.68 5.99
10 09 0.03 5.9q
10 10 1.36 5·99

5 01 O.Oq 5.99
5 02 1.96 5.99
5 03 1.45 5·q9
c:.. 06 1.60 5.99-/

5 10 1.30 5·9g
5 18 2.19 5.~9

Upon further investigation, it was found that the ratio

between the treatments for aiY sample number chosen at

accordia.g to the chi-squa.re est. Therefore, it was

decided to discontinue this lest.
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DISCUSSION

Interpretation of Results

Use of drift factor

Using the drift factor as the measure of structure for

each sample, the statistical analysis showed a large

standard deviation and coefficient of variability for each

treatment. This indicated a large variability between

individual samples \"r:'lich sugtsested that a fairly large

number of samples 'tJ"ould be necessary In order to s11.o\'1

significant differences between treatments.

The correlation coefficients between large and small

samples all Sll.o'\1ed significance \1hich tended to indicate

that the smaller samples were sufficiently large to accur

ately determine the differences in soil structure between

treatments. This conclusion was further supported by the

fact that the t-tests of paired sample analysis gave

practically the same results with the small samples as with

the large samples.

The t-test results also showed that where a significant
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difference between treat~ents was indicated usin2 100 pairs

of samples, sisnificance was still indicated when the

n~~ber of pairs of samples was reduced to 25 and, in most

cases, when the number was reduced to 20. This was true

whether large or small samples were used. Therefore, it

was indicated that 25 small sam~les of each treatment were

sufficient to determine differences i~ soil structure

between various tillage trestments. Differences between

treatments \\'"hich are too small to be detected using 25

pairs of samples would likely be too small to be of any

practical significance.

'rhe chi-square test shoi,\'"ed a significantly good fit

betvleen ratios of treatments usil1g as few as 25 sets of

samples and the ratio of the total of 100 sets using either

the large or the small samples. Although this was not a

valid test of the number of sam9les required, it showed

that less than 25 s~~ples of each treatment were sometimes

insufficient and, therefore, it was at least an indication

of the correctness of the results obtained from the t-test.

Use of erosible fraction

Using the percentages of erosible soil as the measure

of soil structure, the standard deviations and coefficients

of variability for each treatment and sample size were much
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lower and indicated less variability between the individual

samples. This SUE3ested the possibility of usin~::: a fe\ver

number of samples to show significant differences between

treatments. HOifever, there viaS also less difference

bet\'1een the treatment means which tended to balance out the

desirable effects of less variability among individu8.l

samples within treatments.

The correlation coefficients bet"leen the large and

small samples showed somewhat less correlation when using

the erosible fraction rather than the drift factor as the

measure of soil structure. 'The correlation was significant

for all treatments, however, indicating that the small

samples were sufficiently large. This was again borne out

by the results of the t-tests which showed close agreement

between the large and the small samples.

The results of tha t-tests also showed that many less

than 100 pairs of samples were needed. It was found that

the significant differences shown by 100 pairs were still

sho'lArn in 8.11 but one cS.se villere 20 pairs of samples \"1ere

used aDd, in comparing the la.rge samples of the untilled

and one-wayed treatments, it was necessary to reduce the

number of pairs to 10 before the difference became insig

nifica.nt. This, therefore, seemed to be a more efficient.

method of analysis.
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The chi-square test was found to be of no value

because the variabili ty betvreen individual samples and the

difference between treatments were so small that the ratio

of any of the sets of one sam~le number was close enough

to the ratio for 100 sets of samples to fit that ratio

significantly well.

Effect of treatments

The particular conditions prevailing during this

experlment have previously been described in detail. The

soil was a loam at a very low moisture content, almost air

dry. Two implements, a one-way disc and a blade weeder,

were used at comparable speeds and as close as possible to

the SD.me d=:::pth to till tyro strlps and one strip "tlas left

untilled as a third treatment. It was found that there was

a significant difference in the soil structure between both

types of tillage and the untilled treatment. Both types

increased the drift factor and the percentage of erosible

soil particles. There was, however, no significant difference

between the structure left by the two types of tillage.
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Application of Results

From the results obtained, it would appear that an

analysis of the effect of tillage on the soil structure

could be made as effectively by using the percentages of

erosible soil particles rather than by using the drift

factor which takes into account all the various g'roups of

particle sizes. Therefore, the following suggested method

of sampling and analyzing soil structure is given.

A total of 20 sam~les of each treatment should be

collected at regular lntervals of 100 feet over a 2000-foot

distance. If the moi.sture content is fairly high, metal

trays "lould be preferred to paper bags for storing and

drying the samples. Samples of each of the various treat-

ments should be paired in order to reduce as much as

possible the error due to soil heterogeneity and the samples

should be gathered in the method described previously in

th:ls thesis. Soil moisture samples should also be taken in

order to determine the soil moisture content at the time of

tillage, and the soil texture should be determined if it is

::lOt known.

The rotary soil sieve should be used to deter-roine the

dry ag,grege,te structure of the samples after they have

become thoroughly air dry and the comparable effects of the



- 95 -

various tillage treatments can then be determined by paired

sample analysis usinZ the t-test on the percentage of

erosible particles in the samples as measures of their

structure. Such a test could, if desired, be used to

determine the significance of differences between treatments

in the percentages of particles in any or all of the size

groups, not necessarily the erosible fraction.

The percentage of erosible particles is much to be

preferred to the drift factor as a measure of soil structure

for this work since the determination of the drift factor

for each sample is a very involved and time-consuming task

from ~Alhich there is little to be gained. If it is desirable

to obtain the drift factor of the soil from any treatment,

it can be determined from the average percentages in the

six particle size groups of all the samples from the

treatment.

S~3gestions for Further Study

The investigation undertaken in this thesis was to

study a method of analyzing soil structure and to determine

a satisfactory method of sampling. Using the method

outlined, there is a great deal of further study which can

be done in order to determine in greater detail the effects
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of tillage on soil structure. The most obvious field of

future study to be follo\'led in this line is the study of

the effects on the soil structure of the great variety of

tillage implements now in use and of those which will yet

be developed operating at various speeds, at various soil

moisture contents, on various soil types, and under various

adjustments such as the angle of disc machines to the line

of travel or the pitch of blade machines to the soil

surface. A considerable 8.mount of w'ork has been done in

studying the reaction of the soil on the implements under

these widely varying conditions, but very lit~le has been

done on the effect of the implements on the soil.

Another very important field for further study was

also noted. It would appear to the casual observer on

comparing the work of the one-way disc with that of the

blade weeder that the blade weeder leaves a much larger

perce~tage of larger clods on the surface than does the one

way disc. Such an observation vIaS Elade during this

investigation, but the agGregate analysis shOl'ied almost

identical percentages of a~::gregates in each of the particle

size groups from both the one-wayed and the bladed work.

This would tend to indicate a difference between the two

types of tillage in the distribution of the clods through

out the Ivor'ked layer of soil. It is the ol)inion of the

author that the action of the blade weeder is such that
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the larger clods are lifted to the surface and the smaller

particles are allowed to filter down to the lower layer of

worked soil whereas the action of the one-way disc in throw

ing the soil results in the smaller particles settling on

top of the larger clods. Since it is the soil at the

immediate surface of the soil that is responsible for the

erosibility of the soil, it would seem to be of utmost

importance to be able to determine the distribution of the

particles throughout the tilled layer Ut"'1der various cultural

treatments. Such a determination can only be made by first

devi sing some means of dividing the "larked soil into layers

of perhaps "t-inch deep wi thout destroying the structure and

sieving each of these layers separately. Because of the

uneveness of the surface and the large size of some of the

clods in comparison to the thickness of the layers into

which the soil woulj need to be separated, this problem is

not as simple as it might at first appear to be. There 1s

a great deal of room for further investigation i1:1 this

phase of the work alone.

Another field for further study is the d.etermination

of the stability of the aggregates formed under various

tillage treatments. This could be done by "vet sieving of

freshly cultivated soil or by dry sieving of the soil after

leaving it exposed to natural weathering in the field for a

period of time following cultivation. The second method
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would probably Eive more dependable results but, unfortun

ately, it is more time-consuming.

The possibility of using even smaller samples thBn

5 inches square should also be investigated.
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CONCLUSIONS

1. Using the drift factor as the measure of soil

structure for each sample, the coefficient of variability

'''las high, indicating a large variabili ty betvleen individual

samples. Using the percentage of erosible soil particles

as the measure of soil structure, the variability was much

less.

2. The results of the correlation coefficients and

the t-tests indicated that the small samples were just as

accurate as the large samples for determining

ences between various tillage treatments.

differ-

3. The results of paired sample analysis by the t-test

using various numbers of samples, ind.icated that 20 samples

of each treatment were sufficient to show significant

differences when the analysis was conducted on the percent-

ages of erosible particles in the sample.

4. The calculation of the drift factor for each sample

was a time-consuming job which was of little value in

determininG the effects of various tillage treatments on

soil structure.
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5. The chi-square test was not a valid test for

determining the number of samples required.

6. Under the particular conditions prevailing when

these investigations were conducted, both types of tillage

treatment gave a significantly higher percentage of

erosible pa.rticles (less than 0.83 mm.) in the soil and a

higher drift factor than the untilled treatment, but there

was no significant difference betwee:n the bladed and the

one-wayed treatments.
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SUI"IlVlARY

There has been very little work done on the effects

of tillage machinery on soil structure. Up to the present

time, there has been no standard method of sampling and

analyzi~; soil samples in order to compare the soil

structure after various tillage treatments. The purposes of

the investigation reported in this thesis were to study a

method of sampling and analyzing soil samples for such

studies and to determine the number and size of samples

required.

The field work consisted of working two half-mile long

parallel strips of land on (l fairly uniform fielg. using a

one-way disc and a blade weeder, leaving an untilled strip

between as a third treatment, and collecting soil samples

for analysis. Soil moisture samr)les ,vere talcen every 100

feet for the purpose of determinine: the soil moisture

content at the time of tillage. For structure analysis,

100 each of 7* inches square samples and of 5 inches square

samples "'Tere taken at 20-foot intervals on each of the

three treatments, making a total of 600 samples.

The structure analysis 1vas accomplished using a rotary
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soil sieve which divided the asgregates in~o seven groups

according to size, the two grovps containing the largest

particles being added together before weighing. From the

1'leight s of the particles in each size group the percentage

of the soil sample in eac~ group was calculated, and from

these percentages the drift factor for each sam:ple '-Jas

calculated. Using the drift factor as a measure of the

structure of each sample, statlstic2,1 analysis in the form

of standard deviations, coefficients of variability,

correlation coefficients, t-tests, and chi-square tests was

applied in order to determine the number and size of

samples required to show signific~~t differences between

treatments where such differences occurred. Then the

analysis was repeated using the percentage of erosible

particles as the measure of structure for each sample.

The results of the statistical analysis indicated that

differences could be determined satisfactorily from 20

samples 5 inches square of each treatment by using the

percentage of erosible particles as the measure of structure.

Such analysis could be a~plied to any size group desired in

order to determine the differences bet'Vleen different

tillage treatments.
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A.PPENDIX

Table 5. Dry aggregate analyses and drift factors.

Sample Percentage of soil tn each size group Drift
No. factor

F E D C B A Total

Large samples of untilled treatment

01 16.5 7.8 14.6 11.2 7.0 42.8 99.9 0.14
02 22.6 7·5 13.8 10.2 6.8 39.2 100.1 0.11
03 17.7 6.5 13.2 10.9 7.1 44.6 100.0 0.18
04 19.9 7.2 16.0 11.7 6.6 38.7 100.1 0.09
05 22.0 6.1 13.4 11.1 6.8 40.6 100.0 0.12

06 24.5 6.1 11.7 10·5 6.7 40.5 100.0 0.13
07 13.6 6.4 14.3 10.9 8.3 46.6 100.1 0.21
08 23.4 6.4 13.0 10.2 7.3 39.8 100.1 0.12
09 18.9 6.0 12.9 10.0 7.7 44.5 100.0 0.19
10 11.4 6.0 13.6 11.1 8.6 49.4 100.1 0.27

11 11.4 5.2 12.0 10.2 q.o 52.3 100.1 0.37
12 7.8 3.8 19.9 12.2 10.6 45.6 99.9 0.18
13 11.8 5.9 15.5 11.5 8.8 46.5 100.0 0.20
14 21.3 6.4 13.7 q 0 7.4 41.4 100.1 0.14~.- . ~-

15 20·9 5.3 12.4 9.8 7.6 44.0 100.0 0.19

16 22.7 5.9 13.3 11.0 7.1 40.0 100.0 0.12
17 21.0 7.0 14.4 11.0 6.7 40.0 100.1 0.11
18 25.0 7.0 13.7 10.6 7·3 36.3 99.9 0.09
19 19.8 7.7 15.2 12.0 7.4 37.9 100.0 0.09
20 17.1 7.0 17.1 12.1 7.9 38.8 100.0 0.10

21 24.3 6.8 13.4 9.8 7.5 38.3 100.1 0.11
22 27.0 8.2 l l t .9 10.6 7.4 31.9 100.0 0.06
23 35·9 6.0 11.8 8.0 6.6 31.6 q9.9 0.07
24 24.7 5.9 14.2 11.1 7.2 36.8 99.9 0.09
25 21.4 8.0 15·5 12.5 7.2 35.4 100.0 0.07
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Table 5, continued.

Sample Percentage of soil in each size group Drift
No. factor

F E D C B A Total

Large samples of untl11ed treatment, continued

26 28.7 6.6 14.2 10.3 6.9 33.3 100.0 0.07
27 25·6 7·3 14.1 10.3 7.2 35.4' 99.9 0.08
28 17.5 6.6 14.5 12.2 8.8 40.4- 100.0 0.12
29 33.7 5·3 11.6 9.1 6.9 33.4 100.0 0.08
30 12.2 6 r::: 14.1 11.4 9.0 46.7 99.9 0.22...;

31 32·9 6.7 13.7 9.1 7.1 30.6 100.1 0.06
32 20.1 6.3 13.4 10.8 7.7 41.7 100.0 0.14
33 22.9 6.7 13.6 10.0 7.7 39.2 100.1 0.12
34 6.5 6.0 16.7 12.9 9.3 48.6 100.0 0.21
35 11.6 6.6 15.7 11.3 8.9 45.9 100.0 0.19

36 26.3 6.3 13.2 9.3 6.8 38.1 100.0 0.11
37 19.8 6.1 13.4 10.1 7.8 42.8 100.0 0.17
38 22.9 7.4- 14.0 9.7 7.9 38.1 100.0 0.11
39 22·5 7.0 13.4 9.7 7.q 3G.4 99.q 0.13
40 18.2 5.9 12.3 9.3 8.3 46.1 100.1 0.24

41 17.8 7.8 15·3 10.9 7.3 40.9 100.0 0.12
42 20.1 8.0 15.7 11.3 6.1 38.9 100.1 0.09
43 17.0 6.4 12.B 10.4- 7·3 46.0 99.9 0.21
44- 23.3 6.7 12.8 9.7 6.6 40.8 99.9 0.14
45 15·7 7.1 14.8 11.1 7.1 44.2 100.0 0.16

46 13.2 4.6 11.9 12.6 7.9 49.8 100.0 0.26
47 12.4 6.8 16.2 13.2 7.3 '44.0 99.9 0.14
48 18.2 6.9 16.1 11.7 6.9 40.3 100.1 0.11
49 12.5 8.2 16.8 12.2 7.1 43.3 100.1 0.13
50 10.4 7.1 17.1 13.2 7·5 44.7 100.0 0.14

51 26.4- 6.6 20.1 10.1 5.4- 31.3 99.9 0.05
52 16.0 6.7 13.1 12.0 7.8 44.4- 100.0 0.17
53 18.8 5.3 11.6 13.8 8.9 41.7 100.1 0.14
54 17.9 5·9 12.6 10.8 8.0 44-.8 100.0 0.19
55 17.0 6.4 13.7 10.7 7.9 44.3 100.0 0.18

56 15.0 6.0 14.6 11.6 7.7 45.0 99.9 0.17
57 22.3 5·7 11.7 10.4 7.6 42.3 100.0 0.16
58 16.6 6.6 14.7 11.7 7.0 43.)+ 100.0 0.15
sq 25.5 7.2 13.4 9.8 6.3 37.8 100.0 0.10
60 27.2 8.4 14.6 10.1 6.0 33.6 99.9 0.06
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Table 5, continued.

Percentage of soil in each size groupSample
r',
l\JO.

F E D c B A Total

Drift
factor

Large samples of untilled treatment, continued

17.9 7.4 14.7 10.4 7.3 42.3 100.0
18.1 7.9 15.6 10.8 7.5 40.2 100.1
18.3 6.8 26.1 9.3 7.0 32.5 100.0
19.6 5.8 13.8 11.4 6.9 42.5 100.0
25.5 6.9 13.5 10.0 7.2 37.0 100.1

15.2 7.5 14.3 11.8 8.2 43.0 100.0
25·7 6.4 12.4 9.3 6.7 39.5 100.0
24.2 S.q 12.9 11.2 6.8 29.0 100.0
16.2 8.1 16.6 14.1 8.0 37.0 100.0
19.4 6.3 13.1 13.6 8.0 39.6 100.0

61
62
63
64
65

66
67
68
69
70

71
72
73
74
75

14.9 6.8 15.9
18.2 6.8 15.4
20.6 7.8 15.6
20.8 6.9 14.5
10.2 6.0 14.2

15.8 8.2 38.4
12.5 ·7.5 39.6
11.9 7.2 36.9
13.0 7.6 37.1
14.5 9.0 46.1

100.0
100.0
100.0

99.9
100.0

0.14
0.12
0.05
0.14
0.10

0.15
0.13
0.11
0.08
0.11

0.08
0.10
0.08
0.09
0.18

76
77
78
79
80

15.1 5.2 17.5 15.4 6.6 40.3 100.1
18.0 5.7 13.9 12.5 7.8 42.1 100.0
17.8 6.2 13.7 12.6 8.4 41.3 100.0
12.3 7.4 16.8 13.6 7.6 42.2 99.9
20.3 7.5 14.0 11.6 7.5 39.2 100.1

0.09
0.14
0·],3
0.12
0.11

16.2 6.2 14.8
17.4 7.5 17.2
20.8 7~1 14.2
24.4 6.5 13.5
22.2 7.3 13.7

5.8 14.3
6.5 13.8
6.5 16.0
7.2 14.1
7.5 15.-3

12.3 7.0 43.4
13.3 6.3 38.4
10.1 6.8 40.9
10.1 6.7 38.7

9 • 8 6 •5' 40 •6

81
82
83
84
85

86
87
sa
89
90

91
92
93
94
q5

20.1 6.1
19.~1 6.9
18.2 6.0
19.3 6.3
12.7 5.4

12.8
16.4
13.0
19.3
16.8

14.6
15·5
14.1
12.3
12.9

12.2
13·0
13.8
12.3
12.5

13.0
11.7
13.1
12.7
12.3

7.6 39.4
6.2 39.0
6.9 41.1
6.8 42.9
7.3 49.2

7.2 46.9
7.0 44.6
7.1 44.2
6.3 40.5
6.7 14·1.0

100.0
99.9

100.1
99.9

100.0

100.0
100.0

99.9
100.1
100.1

99.9
100.1
100.0

99.9
100.1

0.11
0.09
0.11
0.15
0.24

0.18
0.16
0.14
0.11
0.11

0.16
0.08
0.13
0.11
0.13
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Table 5, continued.

Sample Percentage of soil in each size group Drift
No. factor

F E D C B A Total

Large samples of untilled treatment, continued

96 16.8 7.7 16.0 11.0 7·0 41.5 100.0 0.12
97 22.7 7.8 14.9 10.3 6.7 37·5 99.9 0.09
98 17.3 7.6 17.3 12.4- 6.0 39.4 100.0 0.09
99 13.3 6.5 14.6 13.0 6.6 45.9 99.9 0.16

100 23.0 7.0 13.8 10.9 6.9 38.4- 100.0 0.10

Large samples of one-wayed treatment

01 16.9 5.5 11.6 11.2 7.0 47.8 100.0 0.23
02 15.9 5.4 11.8 10.Q 7.8 48.1 99.9 0.26
03 24.4 5.3 10.1 9.3 6.8 44.1 100.0 0.20
04 17.4- 6.7 12.2 11.3 7.4 45.0 100.0 0.19
05 15·3 6.9 13.1 12.3 7.6 44.8 100.0 0.17

06 14.8 6.4 14.1 11.8 7.3 45.6 100.0 0.18
07 12.8 6.4 14.5 10.6 8.2 47.4 99.9 0.23
08 12.4- 5.6 12.8 10.6 8.2 50.3 99.9 0.30
09 15.6 6.3 13.5 10.2 8.0 46.5 100.1 0.22
10 8.7 6.7 14.2 11.2 8.7 50.6 100.1 0.28

11 21.1 5.4 11.9 9.5 7.7 44.3 99.9 0.20
12 10.1 5·1 12.7 10.0 8.6 53.5 100.0 0.40
13 21.6 4.9 12.1 9.4 7.8 44.2 100.0 0.20
14 13.1 4.8 12.3 10.0 8.2 51.5 99.9 0.35
15 19.3 6.9 15·0 10.4 7.4 41.1 100.1 0.13

16 18.1 5.8 13.0 10.5 7.0 45.6 100.0 '0.20
17 17.1 7.1 15.8 10.4 7.4 42.2 100.0 0.14
18 19.9 6.9 14.8 10.7 7.8 39.9 100.0 0.12
19 20.1 7,.3 16.0 10.8 7.8 38.0 100.0 0.10
20 24.1 7.4 1 j, '7 10.3 7.4 36.1 100.0 0.09'-+". i

21 13.0 6.6 13.3 11.3 8.5 1~7 .4 100.1 0.23
22 17.9 ry ~ 13.8 10.8 8.2 4-1.4 99.9 0.14-I • v

23 22.6 7·0 15.0 11.4 7 h. 36.5 100.0 0.09....;

24 14.2 5.9 13.3 12.3 7.3 47.0 100.0 0.20
25 19.0 6.0 14.0 12.1 7·9 41.1 100.1 0.13
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Table 5, continued.

Sample Percentage of s011 in each size group Drift
No. factor

F E D C B A Total

Large samples of one-wayed treatment, co Clt1nued

26 23.7 7.9 15.9 11.3 7.4 33.8 100.0 0.07
27 16.6 7.9 16.6 11.9 8.0 39.0 100.0 0.10
28 10.9 7.0 14.8 12.4 9.1 45.8 100.0 0.19
29 11.4 5·3 12.7 11.6 8.8 50.1 9q.9 0.29
30 12.3 0.1 16.7 11.8 8.5 41.6 100.0 0.12

31 10.5 7·1 15·7 11.6 8.8 46.3 100.0 0.19
32 16.1 7.2 15.4 11.3 8.0 41.9 99.9 0.14
33 20.2 7.4 15.6 11.0 6.9 38.9 100.0 0.10
34 11.9 6.1 14.1 11.2 8.4 48.1 99.8 0.24
35 14.8 6.2 14.4 11.3 8.7 44.6 100.0 0.18

36 21.1 6.1 12.3 9.5 7.8 43.3 100.1 0.18
37 13.1 6.9 16.2 11.8 8.1 43.9 100.0 0.15
38 15.2 5.8 13.2 10·5 8.4 46.9 100.0 0.23
39 11.5 5.4 14.9 12.9 9·5 45.9 100.1 0.19
40 14.2 6.7 14.4 10.3 8.2 46.2 100.0 0.21

41 12.0 8.0 15·7 11.8 7.4 45.0 OQ.9 0.16
42 11·5 5.3 12.4- 11.0 7.7 52.1 100.0 0.33
43 15.7 7.0 13.9 11.2 7.0 45.3 100.1 0.17
44 16.5 6.3 13.0 10.2 6.8 47.3 100.1 0.22
45 10.2 5.6 11t .0 12.1 7.2 51.0 100.1 0.26

46 0.8 6.6 15.4 13.2 7.7 47.3 100.0 0.18
47 13.0 6.9 14.3 13.3 7.5 45.0 100.0 0.16
48 10.6 6.0 13.6 12.7 7.6 49.6 100.1 0.23
49 15.7 5.9 12.8 11.3 6.8 47.4 99.9 0.22
50 10.2 7.4 16.1 12.0 7.8 46.5 100.0 0.18

51 13.9 7.1 14.3 11.0 8.2 45.4 qq.9 0.19
52 15·9 6.7 15.2 12.2 7.5 42.5 10J.O 0.13
53 11.0 6.1 13.1 12.7 8.7 48 • .l~ 100.0 0.23
54 13.8 6.7 14.1 11.0 8.1 46.2 90. Q 0.20
55 12·5 6.9 14.6 11.1 8.2 46.7 100.0 0.20

56 19.2 7.2 15.4 10.0 6.8 40.4- 99.9 0.12
57 17.1 5.3 12.3 11.0 7.9 46.4 100.0 0.22
58 14.1 7.3 15.9 11.6 7.1 43.q 99.9 0.15
59 18.0 8.0 16.2 11.4- 6.4- 3g.9 99.9 0.10
60 16.3 7.4 14.3 11.2 6.9 43.9 100.0 0.15
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I

Table 5, contj,nued.

Sample Percentage of soil in each size group Drift
No. factor

F E D C IB A Total

Large samples of one-wayed ~reatment, continued

61 14.2 6.5 15.8 11.4- 7·7 4-4.4- 100.0 0.16
62 11.8 6.5 14.7 11.2 1.7 48.1 100.0 0.22
63 15.0 6.8 15.4 11.0 8.1 43.8 100.1 0.16
64 12.1 8.1 16.9 13.0 1.6 42.3 100.0 0.12
65 14.5 6.5 14.9 12.2 7·5 44.4- 100.0 0.16

66 18.6 6.7 13.4 11.0 8.6 L~l.7 100.0 0.15
67 11.3 6.6 15.2 12.1 1.6 47.1 99.9 0.19
68 20.4- 7.1 14.8 11.6 1.0 39.1 100.0 0.10
69 16.8 7.8 15.7 13.7 t·8 38.2 100.0 0.09
70 13.9 5.9 15.1 15.9 S.6 40.5 99.9 0.10

71 12.8 7.3 15.1 13.9 9.1 4-1.9 100.1 0.13
72 17.3 6.7 14.2 12.7 7·2 41.9 100.0 0.13
73 18.1 6.5 13.6 11.7 7.7 42.5 100.1 0.15
74- 13.0 6.1 14.0 15.1 $.4 43.4 100.0 0.14
75 11.1 5·7 13.0 13.6 $.9 47.6 99.9 0.17

I

76 12·7 6.0 13.2 13.1 <p.5 46.5 100.0 0.20
77 15.6 6.0 11.3 11.5 83.9 4-6.7 100.0 0.24
78 12.2 6.0 13·5 12.9 8.3 47.1 100.0 0.20
79 13.5 6.5 16.0 13.3 7·9 42.8 100.0 0.13
80 12.6 7·9 16.9 12.7 7.3 42.6 100.0 0.11

81 17.7 7.0 15·0 12.3 7.4 40.7 100.1 0.11
82 11.2 6.5 15.4 13.6 7.0 46.2 99.9 0.16
83 12.7 5.7 14.5 14.1 1.8 45.2 100.0 0.16
84 9.1 6.1 14.1 14.1 8.2 48.5 100.1 0.20
85 10.3 6.0 13.8 13.9 (.6 48.4 100.0 0.20

86 10.5 5.7 14.1 13.6 V·l 49.0 100.0 0.21
87 10.5 5·5 14.3 12.9 p.6 50.2 100.0 0.23
88 12.5 6.8 14.9 12.9 6.6 46.4- 100.1 0.17
89 10.3 7.5 15.9 12.8 '17.1 46.3 99.9 0.17
90 13.6 6.9 15.4 12.0 y.o 45.1 100.0 0.16

91 14.0 5.3 13.8 12.8 6.7 47.3 99.9 0.19
92 8.2 5.6 15.0 12.7 7.1 51.3 99.9 0.25
93 7.1 5.7 13.3 11.5 8.0 54.4 100.0 0.36
94 14.7 5.7 11.8 10.1 7.2 50.4 99.9 0.30
9r::: 7.4 6.2 14.8 11.4 y.6 52.6 100.0 0.30-~
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Table r- continued.?,

Sample Percentage of soil in each size group Drift
No. factor

F E D C ra A Total

Large samples of one-lJ'ayed t!reatment, continued

96 11.7 6.8 14.3 10.6 71.4 49.1 99.9 0.25
97 12.8 5.6 14.1 12.4 6.3 48.8 100.0 0.21
98 10.4 6.7 It=: c::. 12.9 6.4 48.2 100.1 0.18..-I • ...)

99 11.7 5.5 12.6 12.1 6.8 51.3 100.0 0.27
100 12.6 7.2 15.4 14.0 '0.3 43.5 100.0 0.13

Large samples of bladed treatment

01 17.1 6.5 14.3 11.2 71·0 44.0 100.1 0.16
02 16.0 7.1 15.0 10.8 7.7 43.3 99.9 0.16
03 13.5 5.3 12.4 11.1 7.7 49.9 9q.9 0.28
04 17.7 6.6 14.5 11.0 q.7 43·5 100.0 0.15
05 13.7 6.4 15.1 12.2 7·3 45.3 100.0 0.16

06 17.1 7.0 12·5 11.1 1·2 45.0 99.9 0.18
07 12.9 5·3 12.0 9.1 8.2 52·5 100.0 0.39
08 8.6 4.6 11.2 10.5 9·0 56.1 100.0 0.50
09 11.7 5.1 11.4 9.8 8.3 53.6 99.9 0.42
10 12.9 5.8 13.4 10.6 $.4 48.9 100.0 0.27

11 6.3 4.6 13.2 11.5 83.7 55.6 99.9 0.41
12 5·9 3.8 11.0 10.0 9.4 60.0 100.1 0.67
13 11.6 6.2 10.6 14.2 12.1 45.3 100.0 0.22
14 15.0 5.1 10.4 9.4 8.3 51.7 99.9 0.31
15 14.1 4.9 11.8 10.4 ~.3 50.5 100.0 0.32

16 16.0 6.2 13·7 12.3 1·9 43.9 100.0 0.16
17 11.0 6.9 17.2 12.1 8.6 44.2 100.0 0.15
18 17.0 3.4 18.5 13.7 8.2 34.2 100.0 0.06
19 19.6 5.2 16.7 13.6 7.0 37·9 100.0 0.08
20 15.7 7.1 15.5 12.5 8.4 40.8 100.0 0.12

21 11.8 8.1 15.4 11.4' 8.6 44.7 100.0 0.17
22 24.2 8.4 111- .6 11.6 6.7 ;,4.4 9q.9 0.07
23 15.2 7.2 15·2 11.3 8.5 42.6 100.0 0.15
24 13.6 6.2 15.2 11.6 8.5 44.9 100.0 0.18
25 12.8 6.9 17.4 13 .l~ 8.9 40.7 100.1 0.11

26 15.5 6.6 15·1 12.8 8.9 41.2 100.1 0.13
27 21.8 5·9 13.8 11.4- 8.3 38.8 100.0 0.11
28 8.6 5.6 14.2 13.0 10.0 48.5 99.9 0.24
29 17.3 5.8 15.0 12.6 8.8 40.6 100.1 0.12
30 10.2 5.1 11.7 12.1 9.4 51.5 100.0 0.33
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Table 5, continued

Sample Percentase of soil in each size group Drift
No. factor

F E D C B A Total

Large samples of bladed treatment, continued

31 9.0 6.4 16.5 13.5 9.2 45.4 100.0 .0.16
32 18.6 6.3 14.4 11.6 8.3 40.8 100.0 0.13
33 19.6 6.5 16.1 11.4 7.9 38.5 100.0 0.10
34 9.8 5.3 14.0 11.6 q.3 50.0 100.0 0.28
35 9.5 7.6 15.4 11.4 9.0 47.1 100.0 0.21

36 15.9 6.4 13.5 11.0 8.2 44.9 99.9 0.19
37 13.3 7.0 14.8 10·7 7.8 46.4 100.0 0.20
38 21.9 6.9 13.9 10.4 7.4 39.5 100.0 0.12
39 16.3 5·7 13.2 11.1 8.7 45.1 100.1 0.20
40 15.8 9.0 16.2 9 p 7.5 41.6 99.9 0.12~ . ~,,)

41 13.8 7.9 16.6 12.9 7·3 41.6 100.1 0.11
42 7.7 4.4 9.9 10.8 8.0 59.3 99.9 0.61
43 8.8 1+.5 10.0 11.0 8.0 57.7 100.0 0.54
44- 8.6 4.8 10.5 10.7 7·5 58.0 100.1 0·53
45 14.4- 5.7 14.0 11.7 6.8 47.3 99.9 0.20

46 8.7 5·9 13·5 13.1 7 h 51.4- 100.1 0.26.;.)

47 14.8 4.7 12.8 11.4 7.5 48.7 99.9 0.25
48 11.6 8.1 16.4 12.8 7.2 44.1 100.2 0.13
49 11.8 7.8 14.1 10.6 7·1 48.6 100.0 0.23
50 15.0 7.5 13.6 11.6 7.2 45.2 100.1 0.17

51 21.0 7.1 13.1 10.7 7·0 41.1 100.0 0.13
52 15.1 7.0 15.7 12.2 7.4 42.5 90 .9 0.13
53 8.7 4.7 12.4 1° ~ g.o 52.7 100.0 0.33c:;. • ...;

54 17.8 6.1 13.5 10.8 7.1 44.6 99.9 0.18
55 15.9 7.3 15.5 11.3 7.2 42.8 100.0 0.14

56 15.1 6.6 13.9 11.3 8.1 45.1 . 100.1 0.18
57 28.8 7.2 13.7 9.9 6.1 34.3 100.0 0.07
58 31.9 7.5 14.1 9.0 5.4 32.0 99.9 0.06
59 1q.8 7.0 15.5 10.8 6.3 40.6 100.0 0.11
60 24.3 7.6 14.2 9.9 6.4 37.7 100.1 0.10

61 13.3 6.8 14.5 11.0 7.6 46.9 100.1 0.20
62 18.3 6.4 12.8 10.1 7.6 44.8 100.0 0.19
63 18.7 7.6 14.6 10.1 7.2 41.7 99·9 0.14
64 13.8 7·5 15.6 11.8 7.1 44.3 100.1 0.15
65 13.4 6.2 13.? 12.1 8.4- 1+6.0 10C.0 0.19
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Table 5, continued.

Sample Percentage of soil in each size group DriftJ.. ...

No. factor
F E D C B A Total

Large samples of bladed treatment, continued

66 8.4 5·0 12.0 13.2 9.5 52.0 100.1 0.31
67 16.8 7.9 14.7 11.2 6.9 42.5 100.0 0.14
68 21.2 7.5 15.7 11.6 7·2 36.8 100.0 0.08
69 17.2 7.3 13.6 12.5 7.8 41.7 100.1 0.13
70 13.0 4.8 28.0 13.4 5.8 35.0 100.0 0.05

71 14.9 6.9 14.5 15·2 8.3 40.3 100.1 0.10
72 1~ h 6.1 12.4 12.1 8.1 45.7 100.0 0.20-"e v

73 17.5 6.0 13.0 12.1 8.4- 42.9 99.9 0.16
74 26.6 6.2 11.4- 11.0 7.2 37.6 100.0 0.10
75 19.8 5.2 13.1 13·5 8.3 40.1 100.0 0.12

76 16.5 6.4 14.3 13.3 8.1 41.5 100.1 0.12
77 18.8 6.0 12.8 11.7 8.0 42.8 100.1 0.16
78 13.9 6.1 21.7 12.9 7.2 38.3 100.1 0.08
79 20.2 7.1 13.6 11.5 7.3 40.3 100.0 0.12
80 19.5 6.0 12.3 11.2 7.6 43.5 100.1 0.17

81 13.8 7.3 16.1 12.4- 7.2 43.1 99.9 0.13
82 9.1 5.8 13.1 13.4- 7.2 51.3 99.9 0.26
83 16.0 5.8 13.5 13.3 6.7 44.7 100.0 0.15
84- 13.4- 6.5 13.6 12.7 7.7 46.1 100.0 0.18
85 12 .L~ 4.6 11.7 12.4- 7.4 51.4 9q.9 0.30

86 8.6 5.4- 13.6 13.3 7.4- 51.8 100.1 0.26
87 12.6 5.7 13.4 12.3 7.1 48.8 q9.9 0.23
88 14.4 6.2 llL A, 12.4 7.6 45.1 100.0 0.17I.J

89 19.3 7.0 14.3 12.3 6.2 41.0 100.1 0.11
90 15.7 6.2 14.6 12.7 7.0 43.8 100.0 0.14

91 9.1 5.7 14.9 14.2 7.3 48.8 100.0 0.19
92 . 22.1 6.3 13.8 10.9 7.0 39.9 100.0 0.12
93 15.1 7.1 14.6 10.7 7.4 45.1 100.0 0.18
94- 14.1 6.4 13.6 11.1 7.6 47.1 99.9 0.21
9~ 20.3 6.3 12.6 10.2 7·5 43.1 100.0 0.17- ../

96 13.3 7·1 13.3 10.0 7.1 49.2 100.0 0.26
97 19.1 5.8 11.9 11.1 6.1 ~·6 .2 100.2 0.19
98 8.4 5.8 14.2 12.4- 7.2 52.0 100.0 0.27
99 12.6 5·3 13.3 12·9 7.4 48.6 100.1 0.22

100 18.8 5.9 13.6 12.9 7.0 41.8 100.0 0.13
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Table ~ oontinued.-",

Sample Percentage of soil in each size group Drift
No. factor

F E D C B A Total

Small samples of unti11ea. treatment

01 17.9 6.B 16.3 10.7 7.6 40.7 100.0 0.12'
02 16.8 7.5 14.0 9.8 8.1 43.8 100.0 0.18
03 14.3 6.3 13.8- 10.4 8.6 46.6 100.0 0.22
04 28.1 8.2 15·5 9.8 6.1 32.2 99.9 0.06
05 14.6 7.0 17.4 11.8 7·5 41.7 100.0 0.12

06 16.5 7.3 13.7 10.3 7.9 44.3 100.0 0.18
07 19.3 6.3 12.4 9.0 7.8 45.1 99.9 0.22
08 12.5 5.5 12.2 10.2 9.2 50.4 100.0 0.33
09 13.4 7.1 14.7 10.6 7.6 4'- Q 100.2 0.20O.v
10 18.0 6.9 1-:<:' h 10.8 7.5 43·3 100.0 0.16-".~

11 18.2 6.7 12.0 8.9 7.4 46.8 100.0 0.24
12 21.4 3.9 9.8 9.1 9.0 46.8 100.0 0.30
13 21.2 7·5 13.6 9.5 7.0 Il-l.2 100.0 0.14
14 20.3 8.3 15·1 10.0 7.4 38.9 100.0 0.11
15 18.0 6.4 14.6 10·5 7.6 42.8 99.9 0.15

16 22.4 7.3 15.1 9.5 7.3 38.4 100.0 0.11
17 15.4 8.8 18.2 11.6 7.0 39.0 100.0 0.09
18 27.1 8.3 13.0 9.0 7.4 35·2 100.0 0.09
19 23.8 7.4 14.3 10.5 6.9 37.1 100.0 0.09
20 19.1 8.5 17.1 11.6 7.1 36.5 99.9 0.08

21 15.4 7.0 15.0 11.5 7.3 43.7 99.9 0.15
22 14.2 7.3 20.8 14.9 7.6 35.3 100.1 0.06
23 34.7 8.2 14.3 9.4 5.4 28.0 100.0 0.04
24 20.9 5.6 14.1 12.2 7.2 40.1 100.1 0.11
25 18.2 8.2 17.3 12.1 8.3 35·9 100.0 0.08

26 23.2 6.5 14.0 10.5 8.8 37.0 100.0 0.10
27 14.3 8.6 15.7 12.0 8.2 41.2 100.0 0.12
28 22·5 6.1 14.6 11.6 7.6 37.6 100.0 0.10
29 20.3 6.7 13.2 11.5 8.q 39.4 100.0 0.12
30 21.0 r" ,,- 14.6 10.8 7·5 39.6 100.1 0.110.0

31 15.3 7·3 15.5 11.4 8.1 42.5 100.1 0.14
32 22.0 6.8 13.0 10.1 7.2 40.8 99.9 0.14
33 16.8 5.6 14.7 11.6 7.9 43.4 100.0 0.16
34 13.7 8.5 16.8 11.2 8.6 41.2 100.0 0.13
35 8.4 7.6 17.8 11.8 8.3 46.1 100.0 0.17
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Table 5, continued.

1Percentage of soil in each size groupSample
No.

F E D c A Total

Drift
factor

Small samples of untilled treatment, continued

23.0 6.1 12.7 9.9 6.5 41.9 100.1
10.9 7.5 16.0 10.9 6.6 39.2 100.1
10.4 8.1 16.3 1~.2 6.7 38.3 100.0
22.9 6.0 14.1 1d.4 6.3 40.4 100.1
23.2 7.7 14.9 10.5 6.2 37.4 99.9

21.6 7.1 14.7 10.3 6.6 3q.7 100.0
23.9 7 .9 13.2 91.6 6.1 39.5 100.2
21.5 5.4 12.5 101.6 6.7 43.3 100.0
21.3 6.1 14.4 10.4 6.4 41.3 99.9
15.2 6.6 14.1 10.7 7.1 46.4 100.1

22.3 8.1 12.0 10.1 6.6 40.9 100.0
22.6 5.4 11.8 10.9 7.2 42.2 100.1
16.0 8.6 17.0 111.2 6.g 40.3 100.0
12.2 7.6 15.7 11.2 6.7 46.6 100.0
10.4 7.9 17.4 12.9 7.9 43.5 100.0

18.3 7.2 14.5 11'.1 7.1 41.9
10.6 7.5 15.4 11

1

.7 7.0 38.9
15.5 7.7 14.1 1d.2 8.6 41.8
16.9 7.2 15.1 11.9 6.8 42.0
21.6 6.8 13.3 10.2 6.~ 41.7

9.0 6.6 37.4
10.6 6.5 30.0
11.3 7.3 41.5
121.0 e. 8 43 .6
7.7 6.5 37.0

0.10
0.10
0.13
0.15
0.11

0.13
0.15
0.11
0.18
0.13

0.13
0.10
0.14
0.13
0.14

0.14
0.10
0.11
0.09
0.07

0.15
0.10
0.09
0.12
0.09

0.10
0.08
0.06
0.09
0.09

0.11
0.11
0.16
0.13
0.20

100.0
100.1
100.1
100.0

99.9

9q.9
9Q.q

100.0
100.0
100.0

100.1
100.1
°9.9
q9.9

100.1

100.0
100.1
100.0
100.0

90 .9

7.8 38.4
6.0 35.6
6.4 33.6
7.8 36.9
7.9 37.5

6.7 43.1
6.7 39.5
6.3 40.3
6.2 3q.5
6.1 36.2

25.0 8.0 14.0
22.0 7.1 14.9
18.1 6.8 15.1
12.1 7.9 15.6
32.3 5.3 11.1

17.1 6.6 15.3 11.1
19.2 8.0 15.2 1~.3

20.2 7.5 15.2 10.5
17.5 8.3 17.1 11.4
20.7 Q.6 16.1 11.3

36
37
38
39
40

41
42
43
44
45

46
47
48
49
50

51
52
53
54
55

56
57
58
59
60

61
62
63
64
65

66 19.1 8.7 14.5 11.5
67 27.5 8.1 13.7 9.2
68 26.4 7.7 14.8 11.1
69 22.3 7.0 14.3 11.7

__7_0 2_1_.3__6_._8__13_.4__11.0
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ITable 5, i continued.
I

Sample
No.

Percentage of soii in each size group Drift
I factor

FED Ie B A Total

6.5 15.1 12.7 7.1 46.4 90 .9
5.5 13.9 11.5 6.8 48.3 99.9
6.0 14.0 1~.3 6.2 42.6 100.1
7.2 15.5 1~.3 6.2 39.0 100.0
7.1 16.6 12.7 5.4 39.3 100.1

15.7 6.6 14.9
21.2 6.0 16.3
35.3 5.8 12.0
18.0 6.2 16.6
15-7 8.3 15.5

16.9 9.1 16.2
17.8 7-5 16.4
16.9 7.7 15.6
20.0 6.9 15.2
16.4 6.0 13.3

14.8 6.0 13.8
17.2 6.9 13.1
13.3 6.2 15.8
16.6 7.2 16.1
19.9 6.7 14.4

0.08
0.09
0.11
0.09
0.16

0.16
0.16
0.13
0.11
0.11

0.11
0.12
0.12
0.13
0.16

0.17
0.22
0.14
0.09
0.09

0.15
0.08
0.07
0.11
0.14

100.1
100.0
100.0
100.0

q9.9

100.1
100.0
100.0
100.0
100.0

100.1
100.0
100.0
100.1

99.9

40.5
40.4
/+0.3
40.3
11-5.6

7.1 44.0
6.2 38.0
5.6 32.9
7.7 40.0
7.1 42.5

7.2
6.0
6.7
6.6
r 0o. c'

8.4 36.1 100.0
6.6 39.3 100.0
7.8 40.1 99.9
7.2 38.0 99.9
8.2 43.3 100.0

8.8 44.1
8.2 43.1
6.9 43.6
7.6 40.3
6.4 40.4

treatment, continued

12.0
11.5
12.2
10.7
12.2

1;1.8
1.2.3
8.4

11.6
10.2

until ed
I

1~.3
1~.4
1~.8

1~.6

1~.7
!

1~.6
It.5
14+. 2
12.2
12.1

15.8
14.1
13.3
11.3
15.0

17.0 6.7
20.4 6.7
21.6 5.9
26.2 4.0
13.5 6. q

12.1
13.9
20.0
19.8
19.0

Small samples of

86
87
88
eo
GO

71
72
73
74
75

76
77
78
79
80

81
82
83
84
85

91
92
93
04
9,
-J

96
97
98
99

100

24.8 6.4 14.6 10.0 6.1 38.1 100.0
20.1 10.2 17.1 10.2 6.2 36.2 100.0
24.8 9.5 16.4 lO.O 6.2 33.2 100.1
5·2 5.6 15.0 13.0 8.6 52.7 100.1

10.3 5.q 15.7 13.5 Q.3 45.4 100.1

0.10
0.07
0.06
0.28
0.17
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Table 5, continued.

Sample Percentage of soil in each size group Drift
No. factor

F E D C 1:i A Total.J-J

Small samples of one-\vayed treatment

01 11.2 7.6 15·9 11.1 8.2 45.9 99.9 0.18
02 23.4 5.1 10.1 8.3 7.5 45.6 100.0 0.25
03 10.0 6.7 15.6 10.8 8.3 48.6 100.0 0.23
04 15.0 6.9 13.0 10.2 8.8 46.0 99.9 0.22
05 15.1 6.6 13·9 11.8 8.7 43.9 100.0 0.17

06 12.6 7.3 15.3 11.6 8.3 44.9 100.0 0.17
07 11.1 5.3 15.0 10.4- 8.9 4-9.3 100.0 0.27
08 12.2 5.6 12.6 9.8 8.5 51.3 100.0 0.34
09 17.0 6.3 13.8 10.3 7·5 45.1 100.0 0.19
10 10.8 5.0 12.6 10.5 9.0 52.1 100.0 0.36

11 12.4 5-7 12.3 9.6 0.0 51.1 100.1 0.35
12 9.7 5.4 11·5 9.1 8.9 55·5 100.1 0.52
13 13.1 6.1 12. 1t 9 Q .Q "'" 49.8 100.0 0.31__ • I,.; ,_). b

14 23.2 7.7 14.6 8.4- 7.1 39.1 100.1 0.12
15 16.3 7.1 15.9 10.3 7.6 42.8 100.0 0.15

16 19.5 5.8 13.2 9.4- 7.8 44.2 99.9 0.19
17 20.9 6.3 14.5 9.8 7.8 40.8 100.1 0.14-
18 21.1 6.7 13.4- 10·5 7.5 40.8 100.0 0.13
19 21.3 7.0 14.2 10.4 7.6 39.4 99.9 0.12
20 14.5 7.2 15.3 10.8 7.4- 44.9 100.1 0.17

21 13.6 6.7 14.1 10.4- 8.9 46.3 100.0 0.22
22 g.8 7.3 14.9 13.1 8.1 46.8 100.0 0.18
23 23.9 8.1 13.8 10.6 6.7 36.9 100.0 0.09
24 20.7 8.1 16.7 11.6 6.1 36.8 100.0 0.07
25 23.9 6.7 14.2 10.9 7.5 36.9 100.1 0.09

26 22.2 7.0 15.8 11.4 7.4- 36.1 99.9 0.08
27 10.6 7.6 17.3 11.6 8.8 44.0 99.9 0.15
28 14.2 7.9 15.9 11.3 8.6 42.1 100.0 0.14-
29 7.5 6.1 15.9 12.2 8.7 1+9.6 100.0 0.23
30 7.5 7.6 16.6 11.2 9.5 47.7 100.1 0.21

31 1D.0 6.0 14.5 10.7 7.6 45.2 100.0 0.18
32 19.2 6.1 15.5 11.0 7.8 40.3 99.9 0.12
33 10.1 5.8 13.6 10.9 8.0 51.6 100.0 0.31
34- 11.7 5.8 12.9 10.2 8.4- 50.9 99.9 0.32
35 22.0 5·9 12.4- 9.4 7.6 42.6 99.9 0.17
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Table r- continued:>,

Sample Percenta,ge of soil in each size group Drift
No. factor

F E D C B A ,Total

Small samples of one-\'layed treatment, continued

36 28.9 5.7 10.8 8.8 6.2 39.6 100.0 0.13
37 23.6 5·7 13.5 9.7 7.0 40.4 99.9 0.13
38 13.1 4.3 13.0 11.0 8.8 49~8 100.0 0.30
39 11.7 7.5 14.3 11.6 8.1 46.8 100.0 0.20
40 19.6 6.1 15.8 10.2 7.6 40.8 100.1 0.13

41 19.5 7.4 13.9 10.4 6.4 42.4 100.0 0.14
42 9.7 5.6 13.6 11.2 7.2 52.7 100.0 0.31
43 17.1 6.6 14.1 11.0 6·5 44.8 100.1 0.17
44- 18.9 6.4- 13.1 9.9 6.2 45.5 100.0 0.19

·45 11.7 6.3 14.9 11.3 6.9 48.8 99·9 0.22

46 14.1 6.6 13.8 11.3 7.4 46.8 100.0 0.20
47 16.5 5.6 1~ -; 11.3 7.0 46.2 99.9 0.20J.:J
48 17.6 6.1 12.6 9.7 6.9 47.1 100.0 0.23
49 13.2 6.S 14.1 11.1 7.1 47.g 99.9 0.22
50 9.4 6.8 14.9 11.5 7.5 49.9 100.0 0.24-

51 15.7 7.4 14.8 11.5 6.9 43.6 99.9 0.15
52 17.3 B.2 1h.8 10.8 7.2 41.7 100.0 0.13
53 13' .1 6.1 13.4 11.9 8.8 46.6 99.9 0.19
54 11.9 ".. ,- Ii::: ~ 11.8 7.5 47.0 100.0 0.190.:; J. ___

55 10.0 7.0 15·0 II.1.+- 7.9 48.7 100.0 0.22

56 19.1 10·2 16.0 10~~ 6.5 37.8 100.1 . 0.09
57 21.2 5.8 12.9 10.8 7.1 42.3 100.1 0.15
58 17.1 8.5 16.0 10.9 6.5 40.9 99.9 0.11
59 16.2 10.4 17.9 11.4- 6.0 38.2 100.1 0.08
60 11.1 6.5 15-5 12.1 7.0 47.8 100.0 0.19

61 15.8 6.2 15.6 11.4 7.2 43.8 100.0 0.15
62 16.3 7.2 15. 1+ 10.5 7·1 L~3.6 100.1 0.15
63 16.4 8.0 17.1 11.0 6.6 40.8 99.9 0.11
64 13.3 9.0 1'7.3 11.9 6.8 41.7 100.0 0-.11
95 17.4 5.8 15.2 12.0 6.1 43.5 100.0 0.14

66 17.4 7.1 15.3 12.6 7.1 40.6 100.1 0.11
67 12·5 6.5 14.8 11.5 7.2 47.5 100.0 0.20
68 18.0 8.0 15.3 11.8 6.7 40.2 100.0 0.11
69 13.8 7.2 16.4 13.5 7.,g 41.2 99.9 0.11
70 9.6 6.7 15.6 15.8 9.0 43.3 100.0 0.13
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Table 5, continued.

Sample Percentage of soil in each size 7roU.1) Drift
' .• ~.. .J;

No. factor
F E D C B A Total

Small samples of one-\iayed treatment, continued

71 12.5 7.0 16.9 15.1 7.9 40.6 100.0 0.10
72 17.5 4.8 13.8 11.5 8.1 44.3 100.0 0.18
73 13.3 7.0 15.7 12.6 7.4 44.0 100.0 0.14
74 11.7 6.4 13.7 14.0 8.9 45.2 99.9 0.17
75 14.2 5.1 12.9 12.8 Q.O 46.0 100.0 0.20

76 12.q 5·3 13.2 12.4 ,3.7 47.5 100.0 0.22
77 11.4 ,- .- 13.2 12.4 8.0 L~9 .4 G9.9 0.25:).:;

78 8.4 5.1 15.8 14.7 7.5 48.6 100.1 0.18
79 11.6 7.8 1EL7 13.6 ..- Cl 41.6 100.1 0.10b.o
80 9.4 8.4 18.8 13.5 6.5 43.5 100.1 0.11

81 18.4 6.1 13.9 11.6 7.3 42.7 100.0 0.15
82 14.1 6.5 13.6 12.4 7·1 46.3 100.0 0.18
83 13.4 6.1 12.7 12.6 8.1 47.2 100.1 0.21
84 11.9 5.6 13.9 13.3 7.2 48.0 99.9 0.20
85 7 .- 4.9 13.3 11.8 9.5 53.1 100.1 0.35.~

86 13.1 5.7 14.4 11.B 7.3 47.8 100.1 0.21
87 8.9 5.6 13.9 12.2 6.8 52.6 100.0 0.28
88 10.0 7.1 16.1 12.7 6.4 47.7 100.0' 0.18
89 9.7 7.7 17.1 13.3 7.2 45.1 100.1 0.14
90 14.9 7.6 15.8 11.9 5.9 43.8 99.9 0.13

ql 19.9 6.2 13·5 11.8 6.1 42.5 100.0 0.13
G2 19.5 6.5 15.8 11.6 5.6 41.0 100.0 0.11
93 10·7 4.9 12.5 10.7 7.6 53.7 100.1 0.37
94 14.1 5.9 11.8 9.7 7.2 51.3 100.0 0.33
95 8.2 5.8 15.7 11.4 7.3 51.6 100.0 0.27

96 r r- 6.8 14.6 10.6 7.9 53·5 100.0 0.330.0

97 14.7 6.6 15.3 10.6 6.7 46.1 100.0 0.18
98 12.1 5.6 15.0 11.1 7.5 48.8 100.1 0.23
99 20.0 6.7 12.3 9.3 6.8 45.0 100.1 0.20

100 14.2 7.3 14.3 11.5 8.0 44.7 100.0 0.17



- 120 -

Table 5, continued.

Percentage of soil in each size groupSample
No.

F E D c B A Total

Drift
factor

Small samples of bladed treatment

9.5 6.4 14.5 10.4 7.9 51.2 99.9
8.8 5.2 11.4 10.7 8.5 55.4 100.0
8.9 6.6 13.7 10.5 9.6 50.7 100.0

12.2 5.2 13.0 Q.5 8.2 52.0 100.1
21.1 5.8 12.1 q.3 7.3 44.5 100.1

17.1 7.0 14.0 10.0 7.7 44.1 99.9
17.9 7.3 15.0 11.0 7.5 41.4 100.1
21.2 7.5 17.0 12.6 7.5 34.2 100.0
21.0 7.0 14.0 11.0 8.7 38.2 99.9
18.8 7.2 16.9 12.0 7.3 37.8 100.0

8.8 7.6 47.7 99.9
10.3 8.0 49.4 100.0
10.6 9.7 66.3 100.0
8.5 8.2 53.1 100.1
9.8 8.3 49.2 100.1

01
02
03
04
05

06
07
08
09
10

11
12
13
14
15

16
17
18
19
20

15.2 8.3 16.5 10.2
13 · 2 5 .7 . 15.7 10.4
14.4 7.5 14.9 10.3
9.4 5.4 15.4 11.2
8.3 6.0 16.6 11.9

18.2 6.4 11.2
10.7 6.9 14.7

2.3 2.8 ·8.•3
13.7 5.8 10.8
12.7 6.2 13.9

7.7 42.2
8.2 45.7
8.1 44.9
8.1 50.4
8.4 48.6

100.1
9°.9

100.1
99.9
99.-3

0.14
0.19
0.18
0.26
0.22

0.28
0.26
1.00
0.44
0.27

0.30
0.45
0.31
0.36
0.20

0.18
0.13
0.06
0.11
0.08

10.1 7.1 14.1 12.5 8.8 47.3 99.9
13.9 8.8 16.7 12.2 8.3 40.2 100.1
11.9 5.9 14.2 11.3 8.8 47.9 100.0
8.4 6.3 14.2 11.5 9.9 49.7 100.0
4.5 6.6 13.9 11.7 9.5 53.8 100.0

12~O 7.2 18.3 13.7 8.2 40.6
20.1 8.1 15.3 11.0 7.3 38.3
18.4 7.1 15.0 11.7 7.5 40.2
21.2 6.5 14.8 11.6 7.3 38.7
12.6 7.9 15.6 11.7 9.0 43.2

21
22
23
24
25

26
27
28
29
30

31
32
33
34
35

10.8 6.7
13.6 7.2
16.0 7.7
11·5 7.1
13.2 7.5

16.4 12.9
16.2 12.1
16.8 12.2
15-5 11.5
16.7 11.1

100.0
100.1

99.9
100.1
100.0

8.9 44.3 100.0
7.8 43.3 100.2
7.5 39.8 100.0
8.8 45.6 100.0
8.2 43.3 100.0

0.10
0.10
0.12
0.10
0.15

0.21
0.11
0.24
0.28
0.35

0.15
0.14
0.10
0.18
0.15
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'Table 5, continued.

Sample Percentage of soil in each size Group Drift
No. factor

F .~ D C B A Total.c..

Small samples of bladed treatment, continued

36 15.9 6.5 14.9 11.1 8.1 43.6 100.1 0.16
37 9.2 5.7 14.8 12.0 7·7 50.6 100.0 0.25
38 21.8 6.5 13.7 10.2 7.1 40.8 100.1 0.13
39 12.7 6.4 14.5 11.3 7.8 47.2 9g.9 0.21
40 11.1 6.8 14.9 11.1 8.1 48.0 100.0 0.22

41 12.8 9.2 18.3 12.8 6.7 40.1 99.9 0.09
4-2 12.0 6.9 15.8 11.9 7.4 46.1 100.1 0.17
43 15.0 5.8 10.6 9.8 7.0 51.8 100.0 0.35
44- 8.2 7.1 15.8 11.2 6.8 50.9 100.0 0.24
45 13.9 7.9 16.3 11.6 6.2 44.0 99.9 0.14-

46 9.8 4.9 10.6 11.5 7.8 55·5 100.1 0.42
47 11.7 4.9 13.4 11.8 7.3 51.0 100.1 0.27
48 16.4 7.9 14.7 10.5 7.0 43.6 100.1 0.15
4g 10.1 4.9 12.3 10.9 7.4 54.4 100.0 0.38
50 17.5 9.1 16.0 11.1 6.5 39.7 99.9 0.10

51 14.2 7.2 13. ~? 11.1 7.5 46.9 100.1 0.21
52 11.6 6.9 15.9 12.4 7.5 45.7 100.0 0.16
53 22.2 6.3 11.6 10.1 7.6 42.2 100.0 0.16'
54 16.6 7.0 14.5 11.0 7.0 43.9 100.0 0.16
55 10.6 8.4 16.2 11.4 7.3 46.1 100.0 0.17

56 25.2 7.2 14.1 9.5 6.1 38.0 100.1 0.10
57 23.9 7.5 14.4 10.0 6.3 37.8 99.9 0.10
58 28.8 6.9 12.9 8.8 5·0 37.6 100.0 0.10
59 24.1 7·7 16.9 10.4 5.3 35.6 100.0 0.07
60 16.1 9.1 16.5 10.8 6.3 41.1 99.9 0.11

61 16.0 7.1 14.3 10.8 7.0 44.8 100.0 0.17
62 21.0 5.q 21.2 8.6 6.7 36.6 100.0 0.08
63 18.9 7.·2 14.9 10.6 5.9 42.5 100.0 0.13
64 8.9 6.7 13.2 11.5 7.6 52.1 100.0 0.30
65 10.7 7.3 14.6 12.0 7.6 47.8 100.0 0.20

66 11.0 3.5 10.5 13.6 8.9 52.6 100.1 0.34
67 14.7 6.2 13.1 10.3 7.5 48.2 100.0 0.25
68 lq.O 8.1 1(-:; Q 11.7 6.8 37.5 99.9 0.08,-"e U

69 17.4 6.4 12.7 12.0 ;3.0 43.5 100.0 0.16
70 12.2 4.9 14.5 lIt .8 9.0 4L~.6 100.0 0.16
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Table 5, continued.

Sample Percenta.ge of solI in each size group Drift
No. factor

F E D C B A Total

Small saTuples of bladed treatment, continued

71 13.2 6.5 16.3 15.3 7.9 40.8 100.0 0.10
72 16.3 6.7 14.7 13.1 7.0 42.2 100.0 0.12
73 12.6 6.7 16.2 13.4 7.6 43.6 100.1 0.13
74 17.4 6.5 12.5 12.1 7.9 1+3.7 100.1 0.16
75 19.0 5.2 13.8 13.9 7.5 40.6 100.0 0.11

76 19.2 6.8 15.7 12.2 8.0 38.1 100.0 0.10
77 10.4 6.7 15.3 12.9 8.3 46.4 100.0 0.18
78 13.4 5.4 13.9 13.7 7.1 46.4 99.9 0.17
79 19.5 6.7 14.5 11.8 6.3 41.2 100.0 0.12
80 13.9 6.7 15.1 12.8 6.6 44.9 100.0 0.15

81 14.8 7.6 16.8 13.8 6.1 40.8 99.9 0.10
82 9.4 5.1 13.8 12.5 7.-4- 51.8 100.0 0.28
83 13.4 7.0 15.9 13.0 6.7 44.0 100.0 0.13
84 19.1 5.5 12.7 11.6 6.9 44.2 100.0 0.17
85 13.3 4.8 12.6 12.3 7.1 49.9 100.0 0.25

86 8.9 7.2 14.9 12.1 7.4 49.7 100.2 0.22
87 11.3 5.8 14.0 11.3 7.9 49.7 100.0 0.26
88 15.1 6.5 14.5 11.5 7.8 44.7 100.1 0.17
89 11.6 6.6 16.5 13.7 6.7 44.9 100.0 0.14
90 8.2 8.4 18.4 14.2 6.7 44.1 100.0 0.12

91 7.9 5.6 15.5 14.6 6.8 49.6 100.0 0.19
92 13.0 7.2 17.1 12.4 7.2 43.1 100.0 0.13
93 10.9 6.9 15.7 11.9 7.7 46.9 100.0 0.19
94 6.8 6.0 15.1 13.3 8.6 50.2 100.0 0.23
95 16.4 5.6 13.2 10.1 7.8 47.0 100.1 0.23

96 13.0 6.2 13.0 10.0 7.0 50.9 100.1 0.29
97 13.0 6.4 12.4 10.1 7.5 50.6 100.0 0.30
98 10.8 6.1 14.1 11.2 8.0 49.9 100.1 0.26
99 17.3 6.3 14.1 11.6 7.6 43.2 100.1 0.15

100 17.9 8.0 13.7 10.8 7.8 41.9 100.1 0.14
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