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ABSTRACT

In 1956 a laboratory study was initiated, at the
University of Manitoba, to ascertain the effects of barn
manure and amﬁonium bhosphate fertilizers, crop rotations,
tillage and crop residue management practices on soil
strueture, Bulk density and aggregation measurements
were used to evaluate solil structure,

The results indicate that soil structure improved
with the addition of barn manure, and with the applica-
tion of ammonium phosphate, except where the crop residues
were burned, Grass, alfalfa, and grass-alfalfa mixtures
sown on soil, previously in crop_production; increased
aggregation, The tillage operations and burning had a
detrimental effect on soil structure, especially within

the surface layer,
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I. INTRODUCTION

Field experiments have been used by soil scientists

for over a hundred years to ascertain the effect of ferti-

lizer treatments, cropping systems, and management
practices on soil fertility and crop yields, Comparative-

ly receéntly scientists have begun to study the effect of

these treatments and practices on the physical properties

of soil.

Structural changes that take place in soil are rela-
tively slow and studies of such modifications are best
conducted on well established eiperiments in order to
obtain a complete picture of the changes occurring as a
result of various treatments and practices, The Soil Science
Department, Uhiversity of Manitoba has been conducting

several long term experiments to study the effect of various

fertilizer treatments, cropping systems, and menagement
practices on soil fertility and cerop yields, The first

experiments were initiated in 1919, In 1956, the present

study was undertaken to measure the effect of these treat-
ments and practices on the sturcture of a fine textured

soil.

Two methods were adopted for the evaluation of Soil
structure, TFirst, the measurement of soil aggregation

and second, the determination of bulk density,




II, REVIEW OF LITERATURE

A, DEFINITION OF SOIL STRUCTURE

Soil structure has been defined in several ways,
Baver (4) defines soil structure as the arrangement of soil
particleé. The word "particle" refers not only to the
individual mechanical'elamehts.but also to the aggregates or
struetural elements, whieh have formed by the aggregation of
the mechanical fractions, Page (40) states that Baver's
definition may be satisfactory ftom.the pedological point of
view, but in terms of plant growth it is inadequate, Page
(40), therefore, describes soil structure as meaning the
éxtént to which soll is aggregated, He defines "an aggregate™
as a cluster of soil particles held together leoéely but with
sufficient strength so that it behaves in the soil as a unit,

The ideal sized aggregates, according to Page (40) are ones

between a quarter of a millimeter and five millimeters in
diameter and having at least a moderate degree of stability
even when saturated, A review of literature also indicates
that the term "soil structure" and "aggregation” have been
used interehanéeably by many éoil séientists.

The stability of struecture refers to the resistance
that the soil aggregates offer to the disintegrating influences
of water, wind,vand mechanical manipulation, The physical

characteristics of the soil may be either favourable or un-

7favourable depending upon the arrangement, size, and stability

of these aggregates,

[y




B, GENESIS OF SOIL STRUCTURE
The genesis of soil structure refers to the causes

and methods of formation of aggregates, Page (40) suggests

that soil structure formation may be broken down into two
phases: (1) the actual formation of aggregates (i,e, the
grouping of particles into aggregates); and (2) the stabi-
lization of these structural units, | |

1, Formation

The mechanisms which have been proposed by Page (40)
to explain the formation of aggregates in the soil are:
(1) the direct effect of living miero-organisms; (2) the
cementing or encapsulating action and the adsorptioh of
organic materials (gums, resins, and waxes); and (3) the
cohering, enclosing, and bridging action of clay particles.
Several workers (11, 34, 35, 36, 43, U7) have found
ﬁhat the binding quality of the soil miero-organisms and the
by-products of their activity contributed to soil aggregation,
Martin and Waksman (36) reported that the extent that the

binding of soil particles by micro-organisms was dependent
upon: (a) the nature of the micro-organisms; (b) the number
of orgaﬁiéms (as controlled by environmental conditions);

and (¢) the nature of the decomposable material,

Kroth and Page (30) reported that with the use of an
electron microscope no eviaence of coating or capsuling of

micro-aggregates by organie matter was found, Chester et al,

(llx and Rennie et al. (46) suggested that undecomposed
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organic matter had only a minor effect on aggregate formation
but that gums, resins, and waxes formed from microbial
decomposition of organic matter greatly increased aggregate
formation, According to Page (40) colloidal organic com-
pounds may play two important rolés in soil aggregate
formation; (a) by weakening the potentially strong cohesive
bonds betweén-elay particles, thus permitting their formation
into aggregates; and (b) by linking the clay particles to-
gether through mutual adsorption of such compounds by two or
‘more clay particles to form aggregates,

Of the meéhanisms of aggregate formation, that involv-
ing the clay fraction appears to be the most important,

Page (40) has suggested three ways in which elay particles
are thought to be held together: (a) linking with water
dipoles or by bridging with divalent absorbed cations; |

(b) by bridging or tying together with certain types of |
poiar long-chain organie molecules; and (e¢) by eross bridging
and sharing of intererystalline ioniec foreés and interactions
of exchangeable cations between oriented clay plates.,

Page (40) has stated that the linkage of water dipoles
on the eclay particles may be important under moist conditions,
but not under dry conditions, He suspected that water may be
active in causing orientation of adjacent clay particles as
they are dried out,

Kroth and Page (30) and Martin (34%) have indicated
that the bridging or tying together of clay particles with
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certain long-chain organic éompounds is of great importance
in clay soils. Page (40) reported that there is evidence to
show that meny organic compounds can be strongly adsorbed by
clays and that they could serve as cementing or binding agents
to hold soil particles together either by hydrogen bonding or
direct bridging, According to Peterson (44), Siders (55) and
Winterkorn (68) one mechanism of granulation may be some type
of oriented adéorption or complex linkage of organic mole-
cules with the clay partiele that are stabilized by subsequent
deh&dration.
. | The strongest cohesive forces operating in the soil are
probably those existing between clay particles themselves,
where a high degree of orientation or contact exists between
adjacent clay particles (40), According to Page (40) these
intercerystalline forces are.at their maximum whenAthé'clay
particles are in closest contact and have a preferred orienta-
tion, so that the number of points of contact as well as the
area of contaet are both large, Puddling of clay soils
favours such orientation and the pieces, resulting after
puddled clays are dried are very strong and coherent,
Aggregates resulting from drying of dispersed elay soils are
usually much stronger than those from flocculated eclay soils,
since in flocculation the tendency is for random orientation,
i,e, the number and area of points of contact of the ad jacent
clay particles are small, Page (40) also reported that both

Ca** and H'* ions and many polar 6rgénie molecules produce
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flocculation, He concluded that most clay soils are already
flocculated and that changes oecurring in soil structure are

not primarily changes in degree of flocculation but rather in

degree of expression of cohesive forees between alréady
flocculated clay particles, Thus, if soils are in s dis-
persed state, floeculation is essential for aggregate ferma;
‘tion but, if they are puddled, fragmentation into smaller

units is essentlal for aggregate formation,

The fragmentation of large soil units into aggregates
of favourable size or the clumping together of soil particles
to form aggregates separate from adjacent masses of soil, has
been suggested by Page (40) to be brought about by such
agencies as: small animals, tillage processes, climatic
factors, and growth of plant roots, Page (40) indicated that
the action of small animals, particularly earthworms could
cause aggregate formation, The tillage processes could either

increase or decrease soll aggregation depending upon the soil

condition and on the amount of tillage (4), The various

tillage processes are important because they expose large
masses of soll to the various elimatic forces which could

cause fragmentation of the large soil masses into more favour-

able aggregate size, However, tillage of a wet soil (parti-

cularly a clay soll) or excessive tillage of a sandy soil could
produce an unfavourable structured soil (4), Baver (4) and
Page (40) have suggested that such climatic factors as wetting

and dryiﬁg tend to produce aggregates because of unequal




strains and stresses set up by swelling and shrinking
processes, together with the disruptive aetion of air

entrapped in the pores, They have also indicated that freez-

ing and thawing could cause extreme localized dessication

and localized pressures which could cause the soil to break
up into smaller units, Page (40) and Low (32) have found a
direct relationship between strueture and root development,

There appeared to be no satisfactory explanation as to the

exact nature of the root effects, but it may be a combination
of several factors, Wisniewski et al, (69) found that roots
were responsible for binding some of the smaller aggregates
into larger aggregates, Peterson (45) reported that root
excretions may have some flocculating or cementing effect
on soil particles. Baver (4) and Page (40) have suggested
that growing roots separate énd compress small clumps of
soil, cause shrinking and cracking due to dessication near
the root, and make conditions favourable for activity of
miero-organisms at the surface of these units,
2, Stabilization

Aggregates once formed in the soil would readily dis-

appear and reecombine with others in the soil if not stabilized,

Page (40), and Robinson and Page (47) have concluded that the

chief role of organic matter is the étabilization of structure,
Stabilization, according to Page (40) is thought to be brought
about by the adsorption of cclleidal'erganic compounds on the

free clay surfaces of the outer portion of the aggregates,
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These adsorbed orgenic compounds serve as a protective layer
preventing the complete expression of the cohesive forces

between the clay aggregates, The free clay surfaces within

the aggregates remain largely unaffected by the organie
compounds; therefore the cohesive fefees between clay
varticles within the aggregate would be much stronger than
the cohesive forces between the eclay particles of the ad jacent

Soll aggregates and each aggregate would exist as a separate

entity,

Page (40) has also suggested that meny colloidal
organie compéunds are adsorbed more readily and held more
tightly on the eclay surface by the same forces which attract
water dipoles, Onece adsorbed the orgsnie compounds tend to
decrease wettability, reduce swelling,and lessen the destruc-
tive force of entrapped air within the aggregates,

Summarizing, it would appear that the formation and
stabllization of favourable soil structure was dependent

upon: the presence of clay; its coagulation or flocculation;

the fragmentation of large soil masses into favourable sized
aggregates; and the stabilization of these aggregates by

colloidal organic compounds,

C. MEASUREMENT OF SOIL STRUCTURE
The bomplete evaluation of soil struecture in its
broadest sense is virtually impossibie and the task becomes

even more involved if the variations in structure with time
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are to be deScribed. Evaluation of soil structure is made,
therefore, in terms of one or more of such related measure-
ments as aggregate-size distribution, aggregate stability,
bulk density, porosity, or permeability. The most commonly
used measurements for the evaluation of soil structure are
aggregate-size distribution of the water-stable aggregates
and bulk density.
1, Aggregate-size distribution by wet-sieving -

One of the first attempts to measure the aggregate-
size distribution of soil was made by Tuilin (61) using the
wet-sieving method, Tuilin believed that the agitation of
. soil aggregates in water would break them down to certain
size units which would then resist further breakdown, Using
this method the percentége by weight of water-stable aggre;
gates retained on the various mesh-size sieves, was con-
sidered a measure of soil aggregation,. Several variations
of Tuilin's method have been proposed (10, 12, 29, 31, 39,
47, 4d, 51, 62, 70, 72, T4) in an attempt to standardize
the wet-sieving procedure, The most widely used procedure
is that developed by Yoder (72). In this procedure a
mechanical 1lift is employed to raise and lower the sieves,
However, the stabiiity of aggregates in water is a relative

measure and comparisons among soils can be made only in

terms of measurements made under certain arbitrary but

well-defined and controlled experimental conditions,
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(a) PFactors affecting the wet-sieving technique

A review of literature reveals that the greatest
difficulty in the method of determining aggregate-sigze
distribution by the wet-sieving ﬁeehnique lies in the
standardization of the procedure, The factors that must be
considered can be grouped under two headings; namely, the
preparation of the sample and the wet-sievihg procedurs,

(1) Preparation of the soil sample |

In preparing the soil sample for aggregate analysis
the factors that must be considered are: (a) the size class
of the Soil that is used (i.e. the entire soil sample or a
certain size class such as the 3-5mm, fraction); (b) the
moisture content at sampling time and during storage; and
(c) the method used to re-wet the air-dry soil prior to
ﬁeﬁ-sieving.

Yoder (72) has stated that wet-sieving analysis data
would be erroneoﬁs unless the soll sample was left in its
natural state, Other soil workers (10, 29, 31, 33, 47, 51)
have suggested the gentle crushing of the soil sample and the
use of a certain size class, in order to gain better repro-
ducibility of results, Van Bavel (62) suggested that the
soil be passed through a 5mm, Screen and thaﬁ‘a representa#
tive sustample be;taken for wet-sleving analysis which
would contain soil particles ranging in size from 0 to 5mm,
Other workers (10, 31, 47, 51, 71, T4) have used the 3-5 mm,

'size class as a sample for wet-sieving analysis, Robinson
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and Page (47), and Low (31) have reported that by using the
3-5mm, size class a more accurate reproduction of results
are obtained, because of the uniform sub-sample, Clement
and Williems (12), and Robinson and Page (47) have also
stated that care must be exereised when screening a‘moist
so0il sample in order to prevent compression or puddling of
the soil,

Alderfer (3), Baver and Rhoades (5) state that the
soil for wet-sleving anelysis should be at the samé moisture
content as when sampled in the field, They theorized that
air-drying the soil caused dehydration and resulted in the
:ormation of water-stable aggregates which were not actually
present under field conditiqns. Several workers (2, 12, 21,
2%, 31, 33, 39, 47, 50, T4) have found that wet-sieving the
same soil at various moistﬁre contents greatly affected the
percentage of water-stable aggregates, BEvans (21), Russell
and Tomhane (50) state that it is difficult to obtain soil
which has é uniform moisture content, if the soil is wet-
sieved immediately after being sampled from the field, They
also found it diffieult to store these soil samples so as to
prevent moisture loss and mierobiasl activity, In order to
solve the moisture problem, several workers (2, 10, 31, 33,
44, 50, 51, 62, 70, 71, 72) have air-dried the soil samples
immediately after sampling and then re-wetted the samples

prior to wet-sieving,
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A review of the literature indicates that the proce~
dure of re-wetting the air-dried soil for wet-sieving analysis
is critical and that some standard procedure should be
adopted if results are to be comparable, Rowles (48) and Ven
Bavel (62) have shown that re-wetting air-dry soils under
vacuum‘conditions produced variable results and has no
advantage over the capillary method of wetting, Data
presented by Nijhawaﬁ and Olmstead (39) indicated that the
re-wetting of‘dry'soil by a fine spray or by capillary action
gave a much higherkpercent of aggregation than did wet-sieving
the fresh field sample, Vacuum re-wetting of dry soil gave
intermediate results, Emerson (19), Low (31), Rowles (48),
Russell and Tomhane (50) have reported that with air-dried
soil samples the water-stability of the larger aggregates
decreased as the rate of wetting was increased, Yoder (78)
theorized that the immersion of air-dry aggregates in water
caused the destruction of the larger aggregates chiefly by
the shattering effect due to entrapped and campreséed air
in the tiny pores, This view was supported by other workers
(20, 39, 68), According to Nijhawan and Olmstead (39)
Shattering was most severe when the soil was air-dry and
decreased with inereased moisture content, They cohcluded
that the slightest increase in the amount of moisture
from the air-dry state greatly reduced shattering, be-
cause the tiny pores were partially filled with moisture

and the usual entrapping and compressing of the air in the
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tiny pores did not occur. Low (31), Panabokke and Quirk (U42),
and Robinson and Page (U47) have reported that in addition to
entrapped air, swelling is a factor in causing slaking (or
shattering) of soll aggregates, Dettmann (15) also has
stated that entrapped air is mneither a necesséry nor an
important factor in slaking of air-dry soils, but that slak-
ing is always associated with rapid intererystalline swelling
of the clay,

(2) Wet-sieving procedure

The mechanical 1ift designed by Yoder (72) facilitated
the standardization of the wet-sieving technique; There are,
however, other variatiené in the wet-sieving procedﬁre and
apparatus which significantly affeet the results obtained from
wet-sieving, These variations can be grouped into: (a) the
number of sieves used; (b) the size and shape of mesh ef the
sieves; (c) the diameter and height of the sieves; and (d) the
number of oseillations the sieves undergo while immersed in
water, _

The number of sieves used in wet-sieving analysis is
determined mainly by the kind of information the soil worker
- wishes to obtain about soil aggregation, Bryant et al, (10)
and Low (31) used two sieves and Klute and Jacob (29) a
single sieve to measure the relative water-stability‘of a
soil, while Yoder (72) and Van Bavel (62) used a nest of four
sieves to measure the size-distribution 6f the water-stable

aggregates of a soil,
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Several soil workers (10, 12, 31, 51, 59, 72, T4)
have reecognized the importance of standardizing the size and
shape of mesh of the sieves used for wet-sieving analysis,
Tanner et al. (59) recommended the use of 2,1,0,5, and O, 25mm,
mesh sieves, but not the 0,10 mm, mesh sieve for wet-sieving
analysis, as it inereased the variation between replicates,
The standard U.S,A, round mesh sieve has: been more widely
used by soil workers (12, 31, 48, 51, 62, 70, 72, T4) than
the square mesh type used by Tanner and Bourget (60),

Clement and Willisms (12) found that the number of
sieves and the size of mesh of ﬁhe sieves required for wet-
Sieving analysis is also dependent upon the amount of aggre-
gates retained on each sieve after wet-sieving, They
suggested that the number of sieves be decreased or the size
of mesh of the sieves be increased so that at least one~-tenth
of the welght of the originsl sample used is retained on each
sieve after wet-sieving,

The five inch diameter sieves have been found by

~several workers (10, 62, 70, 72) to be both convenient and

satisfactory for wet-sieving analysis. Tanner et al., (59)
have recommended the use of the half-height (i.e, 1 inch
deep) sieves instead of the full-height (i,e, 2 inch deep)
sievés because they were less bulky and more convenient,
Howsever, they suggested that the sieve receiving the soil
should be full-height in order to prevent overflow of water

and soil during wet-sieving,




15
Variations in the total number of strokes or oscilla-
tions for each determination hawe been shown by several work-
ers (10, 31, 51, 62) to influence the size-distribution of
the aggregates of a soil, Low (31) states that the percent.
age of the aggregates retained on the sieves deecreased as the
number of osceillations were increased, until approximately
five hundred oscillations were reached, Inereasing the
number of oscillations beyond five hundred did not signifi-
cantly affect the stability of most of the soils studied,
Therefore, Low (31)coneluded that five hundred oscillations
were suitable for most wet;sieving analysis,
(b) Methods ofléxPressing wet-sieving analysis data
VVarious methods have been developed and equations_
derived to obtain wet-sieving data in a simple form which
could be easily and accurately interpreted and which would
characterize soil aggregation, Several soil workers (12,
14, 24, 31, 39, 66) have suggested that the percentage of
aggregates larger than some specifle size, but arbitrarily
chosen, be used to characterize soil aggregation, Clement
end Williams (12), Gish and Browning (24), Low (31), and
Wilson gt al., (66) have expressed results as percent of
Water-stéblé aggrégates greater than 2mm,; while Nijhawan
and Olmstead (39) and Dawson (14) have expressed results
as percent of waﬁer-stable aggregates greater than 0,2mm,
Van Bavel (62) has suggested that the mean-weight
diameter be used-for a statistiecal index of aggregation,
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‘The mean-weight diameter is measured graphically from the
area above the curve when the accumulated percentages by

weight of aggregates retained on each sieve are plotted

against the upper limits of separation., This method util-
izes all the available information on aggregation and per-
mits the presentation of data from wet-sieving analysis as
a single figure. Gardner (23) criticized the mean-weight

diameter procedure as being time consuming and subjeet to

Plotting and planimetering errors., Youker and Guinness (73)
have proposed a short method of obtaining mean-weight diam-
‘eter values which consisted of caleulating the product of

the midpqints of each size range and the percent retained on
each range, respectively, The calculated value usually over-
estimated the area above the curve and a regression technique
was applied to obtain the true mean-weight diameter, Youker
and Guinness (73) estimated the calculation method to take
only thirty seeoﬁds as compared to fifteen minutes by the
graphiec method'(éa). Stirk (56) has suggested that Youker's

caleulation metﬁcd'without the épplieation of the regression
would be a satisfactory means of expressing data obtained by
wet-s8ieving,

2, Bulk density measurements

The second measurement that is often employed for the
evaluation of soll strueture is bulk density, Several soil
workers (16, 28, 29, 52, 58, 64) have used bulk density

measurements to follow structural changes in soil as influ-
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enced by various crop and manure trestments,

The bulk density measurement is determined by divid-
ing the oven dry weight of the soil c¢lod by its volume,

The lower the bulk density value the greater the pore volume
and this is considered to indicate a more favourable soil
struecture, There are, however, several factors which
influence, and several methods of determining, bulk density
measurements, '

(a) TFactors affecting bulk density measurements

Several soil workers (25, 49, 54) have found that bulk
density values are influenced by the méthod of sampling and
by the moisture content of the soil, _

Shaw (54) suggested that bulk density investigations
should be deteimined, either on natural seil elods carefully
removed from the soll profile or on undisturbed soil cores
as obtained by a core sampler, He steted that undisturbed
samples gave results representing econditions of the soil in
the field,

A review of reports by several workers (25, 29, 49, 54,
64) on bulk density measurements reveal that any method which
reéuired or allowed the soil elod or core samples to dry,
tended to give erroneous bulk‘density results, Russell and
Balcerek (49) reported that the shrinkage occurring in
hatural ciay clods as they were dried from field capacity to
wilting point, was 4,9 percent for manured and 5.9 percent

for the mmnmanured plots. Haines (25) presented data showing
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that the volume of the re-wetted soil was greater than that
of the originsal,

(b) Methods for measuring bulk density

The four methods most commonly used for measuring the
bulk density of soils are: the immersion of a clod in
mereury or lamp paraffin (25); the proofing of a clod's
surface against some 1iquid ﬁithout increasing the voiume of
the clod (47); the paraffin-immersion method as described by
Rusesell gghgl. (52); and the core sampler method as used by
Klute and Jacob (29), and Van Doren and Klingebiel (64),
Shaw (54) determined the bulk density of clods at field
moisture content by various methods and found that the

paraffin-immersion method was the most asccurate,

D, REVIEW OF FIELD EXPERIMENTS

Examigatipn of literature on soil studies reveals that
wet-sieving analysis and bulk density measurements have been
used by several soil workers to study the effect of various
erop and cultural treatments on soil structure, The rdllew-
ing review of such field experimental studies is grouped
under three headings: (1) organic and inorganic fertilizers;
(2) erop rotations; and (3) tillage and erop residue menage-
ﬁeﬁt practices, '

l, Organic and Inorganic Fertilizers

The application of organie fertilizer in the form of

bérn manure has generally been found to maintain or improve

the existing structure of a soil, Klute and Jacob (29) on




19
measuring the amount of water-stable aggregates greater
than O,42mm, (of a silt loam soil), found that at least 20
tons of barn manure per acre per year was necessary to
significantly inerease the aggregate stability as compared
te a non-manured check plot, In addition, they reported
that the bulk density was lowered by 20 percent at the
0-4.ineh depth on the manured Plot, Similarly, Russell
8t g1, (52) working with a silt loam soil obtained a signi-
rieaﬁt incfease in amount of water-stable aggregates greater
than 0, lomm, by the application of barn manure, They re-
ported also a significant decrease in bulk density (at both
the 0-3 and 7-9 inch depths) on plots which had received
40 tons of barn manure per.éere. Alderfer and Merkle (1)
presented data showing that the bulk density of a silt loam
soil was 1,25 for a check plot and 1.23 and 1.17 for the 6
and 10 ton manure treatment plots, resPectively; Baver (U)
had found that the favourable effect of barn manure on soil
aggregation was only,temporary.'»Bertramson and Rhoades (T7)
stated that the addition of barn manure had no appreciable
effects on the aggregation or the bulk density of a silfy
clay loam soil over a 15 year period, Low (33) reported a
marked deciine in the amount of water-stable aggregates
'greater than 3mm, on a clay soil under cultivation for 10
yeérs despite the addition of 600 tons per aere of barn

manure,
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Several workers have shown that the application of
inorganic fertilizer (usually made to inecrease the available

nutrient supply in a soil) has resulted in inereased soil

aggregation, Elson (18) reported that soil of plots under
eorn continuously and under wheat continuously showed an in-
crease in aggregation when inorganic fertilizer was applied,
He also reported that the application of inorgeniec fertilizer

had inereased aggregation of soll under a rotational wheat

cropping system, but had not increased aggregation of soil
under a continuous hay cropping system, Baver (4) has
suggested that fertilizer application influenced Soil
structure mainly by increased foliage and root produetion,
2, Crep rotatioms
Several workers (8, 18, 2%, 27, 37, 41, 57, 63, 6%, T1)
have reported that the systematic sowing down of fields to

grasses, legumes, or both, at regular intervals has resulted
in en improvement in soil structure, Elson (18) conducted

experiments to determine what effeects = four-yeér rotation

of corn, wheat, clover, and timothy hay, and thirty years of
continuous timothy hay crops and wheat crops would have on

the water-stability of a silt loam soil, He found that the

aggregate-stability of the soils from both the continuous and
rotational timothy hay plots were approximetely the same and
that the soil from the rotational wheat plot hed only slight-
1y lower agegregate-stability than the soil from the continuous
wheat plot, Page and Willard (41) suggested that the inclusion

of sod crops (of legumes, or grasses, or a mixture of legumes
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and grasses) in a cropping system was very important because
grain crops (wheat, oats, or corn) in the rotation had a
tendency to reduce soil aggregation, whereas the.sod crops
had a tendency to inerease soil aggregation, Bolton and
Webber (8) conducting an experiment on clay soils found that
the soil ﬁnder a blue grass sod showed better aggregation
than the soils under a first er‘seeend year alfalfa-brome
sod, They found the soils under both the alfalfa-brome and
blue grass seds were much better aggregated than the soil
from the cultivated cheek plot. Wilson and Browning (67)
suggested that alfalfa with its tap root is less effective
in building a stable soil structure than grass with its
numerous fine roots, However, they concluded that grass and
legume mixtures are the most desirable as they not only
improve aggregate stabiliﬁy, but alse supply nitrogen to the

soil, BSeveral workers (1, 22, 64) have presented bulk density

data indiecating improvement of thé strueture of the soil of
plots under grass and legume for several years, Kennedy and
Russell (28) presented data showing that bulk density of the
0-3 inch layer of soil chenged from 1,25 to 0,97 after having
been in a grass-legume sod for several years and that the
types of grass which had the greatest development of roots
and rhizomes resulted in the lowest bulk density values,
However, McHenry and Newell (37) found no significant
differences in bulk density among various grass sods, but
found a significant difference between a cultivated field

and each of the grass sods,

PR
~~~~~~~~~~~~~~~
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3. Tillage and crop residue management practices
The destruction of natural aggregation of the soil
by various tillage practices has been indiecated by several
workers (1, 1%, 16, 24, 37, 52, 57, 63, 71), Russell et al,
(52) has shown that aggregation of the soil of a plot
pre#ieusly in sod, steadily declined when the plot was cone
tinuously cropped to corn because of increased cultivation and
poorer protection given to the surface soil, MeHenry and
Newell (37) found that the soil of a cultivated field as com-
pared with a sod field had significantly decreased in aggrega-
tion at the l1l-3 inch depth; had slightly decreased in
agg:egation at the 5#7 inch depth; and had approximately the
same aggregation at the 11-13 ineh depth, Dawson (14), and
Dreibelbis and Nair (16) have indicated that plowing as come
pared to discing reduced the percent aggregation in the sur-
face layer of the soil, However, Dreibelbis and Nair (16)
found that plowing as compared to diseing of a soil resulted
in slightly higher bulk density values at the 0-2 inch depth
and much lower bulk density values at the 3-6 inch depth,
Agccording to Woodruff (71) the decline in soil structure by
cultivation is due, in part, to the increased decomposition
of the protective orgénie colloids without supplying fresh
‘organic matter to replace them,
The effects of various mulches on soil aggregate
Structure has been investigated by several workers (3, 6, 9,

14, 38, ¥1, 65, 7T4), Alderfer (3) reported that the presence
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of an organic mulch maintained soil aggregation at the 1-3
inch depth when compared to a check, Dawson (14) indicated

thet a wheat straw mulch inecreased aggregation over that of

an alfalfa muleh, However, Browning and Milam (9) reported
that the ineorporation of alfalfa into the soil as compared
to the incorporation of straw resulted in an increase in
ageregation, Similarl&;‘WOeruff (71) found that sweet

clover plowed down as a green manure increased soil agerega=

tion over that of a echeck plot,




ITI, MATERTAL AND METHODS

A, DESCRIPTION OF SOILS

The soils on which the plots were located have been
described by Ehrlich et al. (17) as members of the Red River
and Fort Garry Associations, The imperfectly drained (Red
River) and poorly drained (Osborne) are soil associates of
the Red River Association and are classified as Blackearth-
like and Meadow soils, respectively, Both of these soils have
developed on lacustrine clay deposits greater than thirty
inches thick, The imperfectly drained soil associate of the
Fort Garry Association contains free lime carbonate to the
surface and is classified as a Calcareous Black, This soil
has developed on a clay or silty clay mantle less than thirty
inches thidk that tongues into underlying sediments, which
are strongly calcareous and vary in-teiture from very fine
Sandy loam to silty clay,

The Red River and Osborne soil associates of the Red
River Association are the dominant soils in the plot area,
The imperfectly drained assoclate of the Fort Garry Associa-

tion is confined to narrow strips within the plot area,

B, EXPERIMENTAL DESIGN AND PLOT LAYQUT
Several long term experiments have been ini-
tiated by the Department of Soil Science %o study
the effects of organic and inorganic fertilizer treat-

ments, coropping systems, tillage, and crop residue
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management practices on cerop yields, Some of the plots from
three of these experiments were selected to determine what
effects the above treatments and practices had on soil
structure,

1., The effect of barn manure on soil structure (EBExperi-
ment 68)

Experiment 68, initiated in 1919, consists of a four
year rotation of corn, wheat, fallow, and wheat, In 1956
these rotation years were represented by Ranges 22, 23, 24,
and 25, resPectivély. Each range consists of eleven plots
1/40 of an acre in size, Barn manure was applied (in the
fall) only to that range which would be in corn the next
season, A field plan of Range 23 in Experiment 68 showing
the location of and the treatments for each of the plots,
is presented in Figure 1,

Soil samples were taken at both the 0-3 and 3-6 inch
depths from Plots 5, 6, 8, 10, and 11 of Range 23, in the
fall of 1956 for wet-sleving analysis and in the spring of
1957 for both wet-sieving analysis and bulk density measure-
ments, Since the plots for Range 23 were not tilled in the
fall of 1956 or in the spring of 1957, the soil samples
obtained in 1956 and in 1957 were essentially the same except
for the lapse of time betweén sampling dates,

2., The effect of crop rotations and barn manure on soil
structure (Experiment 70)
Ranges 26 and 27 of Experiment 70, established in

1919, have eleven main plots which are cropped as follows:




Range 23 Plot No,
x Check 1l
x 30 toﬁs of rotted barn manure 10
25 tons of rotted barn manure 9
x 26 tons of rottéd barn manure 8
-15 tons of rotted barn manure T
%  Cheek 6
X 10 tons of rotted barn‘mannre 5
5Vton8 of fotted béfn manure y
10 tons of fresh barn manure
(short straw) 3
10 tons of fresh barn manure
(long straw) 2
Ghéak | 1

X plots sampled in 1956 and 1957

FIGURE 1
FIELD PLAN OF RANGE 23 OF BXPERIMENT 68

26
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(1) Plots 1 and 2 - a fallow, wheat rotation
(2) Plots 3, 4, and 5 - a fallow, wheat, wheat rotation
(3) Plots 6, 7, 8 and 9 ~ a fallow, wheat, wheat, wheat

rotation

(4) Plot 10 - a continuous wheat cropping system
(5) Plot 11 of Range 26 -~ a continuous corn eropping system
(6) Plot 11 of Range 27 - a continuous oat cropping system
In 1957, Plots 1, 4 and 8 were fallow years for the three
rotations outlined above, However, since the plots were
not tilled in the fall of 1956 nor in the spring of 1957
the treatments at sempling time were essentially those of
1956, Thus Plots 1, % end & represented final erop years
for their_respeetive rotations,

All the plots of Range 27 reeeivea barn manure appli.
cations at the rate of 4 tons per acre, Since the barn
manure applications were made each fall prior to a erep‘
year, it is readily seen that the plots in the eontinuous
cropping system reeeived the greatest tonnage of barn manure
since the initiation of the experiment, whereas plots im the
two-year ratatien received the least amount of barn manure,
The plets in Range 2é did not receive any manurial treatments,

In the spring of 1957 only the south half of Plots i,
4, &, 10,and‘11 in Ranges 26 and 27 were sampled, Soll
samples were taken from the 0-6 ineh depth for wet;sieving
analysis and from the 0~3 inch depth for bulk density

measurements,
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3. The effect of crop rotations, tillage and crop resi-
due management practices, and fertilizer treatments on soil
structure (Experiment T0-A)

Experiment 70-A, initiated in 1943, consists of a six-
year hay-grain rotation and a three year fallow-grain rota-
tion, The cropping treatments for each year of these rotations
are as follows: |

- Hay-grain Fallow-grain

rotation rotation
Year 1 Fallow Fallow
Year 2 Seed down for hay Wheat
Year 3 Hay Wheat
Year 4 Hay and break Fallow |
Year 5 Wheat | Wheat é
Year 6 Wheat Wheat |

Singe the fallow-grain rotation requires three years for a

conplete cycle and the hay-grain rotation requires six

years, the former rotation completes two cycles for every
complete cycle of the latter,

The arrangement of the four ranges and three blocks of
plots and the rotation years represented by these plots,

for 1956 are shown in Figure 2, on page 30, In 1957, since

the sampling was completed prior to any spring tillage the
soil was yet undisturbed and the treatments for Ranges 18,
19, 20, and 21 in Block 2 were essentially those of rotation
years 3 and 6 of the hay-grain rotation, Details

of the cropping practices and the tillage and crop
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residue management practices for each plot in rotation years
3 and 6 are shown in Figure 3, on page 31, The plots of
Experiment TO-A had been split lengthwise into two parts 1/80
of an acre in size, however, the tillage and crop residue
management practices are the same for each part, In the hay-
grain rotation there are three hay crops grown, namely;
alfalfa alone on Plots 1 and 1ll1l; an alfalfa-mesadow fescue-
timothy mixture on Plots 2 and 10; and a meadow fescue-
timothy mixture on Plots 3 and 9, In the fallow-grain rota-
tion there are five tillage and crop residue management
practices, namely; plow under stubble on Plot 4; disc in straw
and stubble on Plot 5; leave trash cover and cultivate on Plot
63 burn straw and stubble and cultivate on Plot T; and plow
under straw, stubble and alfalfa on Plot 8, In rotation year
3 the plots of the hay-grain rotation have completed two
years of hay; while the plots of the fallow-grain rotation
have completed two years of wheat, In rotation year 6 all
the plots of the hay-grain and fallow-grain rotations have
completed two years of wheat,

The fertilizer treatments for Experiment T0-A are as
follows:
(1) check with no fertiligzer
(2) Ammonium phosphate (11-48-0) at 45 1bs per acre
(3) Ammonium phosphate (16-20-0) at 108 1bs per acre

(4) Barn manure at 8 tons per acre
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FIGURE 2

20
POSITION OF ROTATION YEARS 1 T0 6
OF EXPERIMENT 70-A IN 1956
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Rotation Year 6 Rotation Year 3
Range 21 Range 20 Plot Range 19 Range 18
No, '
: Wheat : 11 : Alfalfa-hay :
2 : : : : :
: Wheat : 10 : Alfalfa-grasses-hay
: Wheat : 9 : Grasses-Hay K
. Wheat-plow under . 8 . Wheat-plow under .
. alfalfa and straw ° : alfalfa and straw °
; Wheat-burn straw and ; 7 ; Wheat-burn straw and ;
. Stubble-gultivate . . Stubble-gultivate .
; Wheat-leave stubble ; 6 ; Wheat-leave stubble ;
, @nd straw-gultivate . . and straw-cultivate .
. Wheat-dise in straw . 5 . Wheat-disc’'in straw .
: and stubble : : and stubble :
: Wheat-plow under s 4 : Wheat-plow under :
. stubbhle . . stubple .
: Wheat : 3 : Grasses-hay ;
H Wheat : 2 ¢ Alfelfa-grasses-hay :
: Wheat : 1 : Alfalfa-hay :

FIELD PLAN OF THE CROPPING PRACTICES, TILLAGE,
AND CROP RESIDUE MANAGEMENT FPRAGTICES
FOR EXPERIMENT 70-4 IN 1956
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The ammonium phosphate was applied to the soil at seeding
time each year, The barn manure was applied in the fall
prior te a crop year, The fertilizer treatment for the sub-
plots of Ranges 18, 19, 20, and 21 of Block 2 are shown in
Figure 4,

In 1957 only the check and the 11-48-0 fertilized
gub-plots in Ranges 18, 19, 20, and 21 of Block 2 were

| sempled, Soil samples were taken from the 0-3 and 3-6 inch

depths for wet-sieving analysis,

C. INVESTIGATION PROCEDURES
; The iﬁvestigatien procedurses, for this study are
divided into three parts: (1) field sampling and sample
preparations; (2) wet-sieving‘analysis; and (3) bulk density
measurements, o |
1, Field sampling and sample preparation

Two sample sites were selected on each plot or Sub-

"plot at points_one-quarter the distance from each end and

alohg a centre line of the plot or sub-plot,

Soll samples for aggregate analysis were taken from
each site at the desired depth and air-dried, The air-dry
soll was then gently crushed to pass through a 5mm, screen,
The four soil samples from each plot were combined into two
sampless one containing soil from the 0-3 inech depth and the
other containing soil from the 3-6 inch depth, The soil of
each of these samples were thoroughly mixed and a represent;

ative sample taken for aggregate analysis,
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Rotation Year 6 Rotation Year 3

| Range 21 Range 20 Plot Range 19 Range 18

: No, ‘

. Manure Check 11 Manure Check

: . 16-20-0  ; 11-H8-0 . 16-20-0 ., 11.Hd.0" .
;. 16-200 | Memure ' o }16-20.0 ' Manuwre !
. 11-48.0 ~ , Check . . 11-48-0 , Check .
(11480 [ gmeck 1 o i 11880 ! check
: Manure . 16-20-0 . : Manure s 16-20-0
;Check [ Mamwe P o [ Gheck ' Wanure !
, 11-Bdo 1T 16-20-07 , 11-48-0 ., 16-20-0
;16-20-0 G mbdo . 116200 P mdgo
; Manure . Check : ; Manure s Check :
;16:20-0 _ [ cneck ! g  16-20:0 ! check
. 11-48-0 . Manure . . 11-48-0 . Manure .
;Megure ___;_ 11-M8-0 . 5  ; Memure ___, _11-48-0_ __,
. Check . 16-20-0 . Check . 16-20-0
;Check [ 11-M8-0 o, [ Gheck 1 11-bg0 ]
, 16-20-0 ., Manure , 16-20-0 ., Manure

| ;Memure . 16-20-0 1 5 [ Mamwe . 16-20-0
. 11-48-0 , Check . . 11-48.0 ., cheock .
;1622020 Mamure ., 16-20-0 | Memure |
: Check . 1l1-48-.0 . Check . li-4d.0 .,
* Check ko P cneck *oiiddo
. Manure . 16-20-0 . Manure . 16-20-0

FIGURE 4

FIELD PLAN OF FERTILIZER TREATMENTS
FOR EXPERIMENT 70-A IN 1956
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Three soll clod samples fqr bulk density measurements
were takeﬁ from each site at the desired depths by driving a
spade into the ground and turning up the soil, The clods
selected were immediately placed in waxed conteiners for
storage until they were analyzed,

2, Wet-sieving analysis

The apparatus and method used for the wet-sieving
analysis was similar to that used by Yoder (72). The wet-
sleving épparatus shown 1in Figure 5, consisted of two nests
of sieves, two containers, and a mechanical 1lift with cradle
attachment for raising and lowering the sieves in water., The
nest of sieves consisted of four sieves (6 inches in diameter)
with openings of 2.0, 1,0, 0,5, and 0,25 mm, The sieves were
assembled in order of their deecreasing mesh size and the
jolnts between the sieves were sealed with rubber bands,
Bach nest of sieves was placed in the cradle attachment of
the mechaniceal 1ift which had been positioned direetly 6ver
the containers, | |

The wet-sieving method used for wet-sieving analysis
was as follows: The containers were filled three-quarters
full with tap water and then the sieves were lowered at an
angle into the water, thus eliminating air locks between the
sieves, The sieves were immersed into the water to such a
depth that the water surface was even with the mesh of the
top sieve when the mechanism was at the highest position in

its oseillation stroke, Four H50-gram sub-samples were weighed
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FIGURE 5

WET-SIEVING APPARATUS USED TO DETERMINE
. AGGREGATE-SIZE DISTRIBUTION OF SOILS
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out from each plot sample and re-wetted on a tension table
for 24 hours under a temsion of 10ecm. of water, After re-
wetting, the soil was transferred to the centre of the top
sieve and the mechanical 1ift set into motion, The sieves
were allowed to oseillate in the water for 10 minutes
(approximately 290 strokes), and then raised from the water
to drain, The partieles rémaining on each sieve were trans-
ferred to tared beakers, dried at 110°C, weighed and recorded
as weight of water-stable aggregates retained on each sieve,
The weight of particles passing through the bottom sieve was
found by subtracting the total weight of soil retained on the
sieves from the initial weight of sample used, The pércent-
age by weight of soil passing through the 0,25mm; (or bottom)
sieve and that retained on the 0,25, 0,50, 1,0, and 2,0mm,
sleves was first calculated and then the accumulated percente-
age of soll passing through each sieve was calculated, begin.
ning with the 0,25mm, sieve, The appropriate values thus
calculated for each wet-sieving determination were substitﬁted
in the following equationx, to determine the Arithmetiec Meah-

Size®k of a soil: |
AM,S, = 1400 - (Y3 4 3/2Y, 4+ 3 Yy + & Yg)
| * 400 f :

The accumulated percentage values for each wet-sieving deter-

mination were substituted in the above equation as follows:

X perived by N, S, Mendelsohn, Professor of Mathematies at
the University of Manitoba

m"‘I*Iereaf'!;e:‘c referred to as the AM.,S, wvalues
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Y3 = Percentage passing through the 0, 25mm, sieve
Yy = Accumulated percentage passing through the 0,50mm, sieve
Y) = Accumulated percentage passing through the 1.0mm, sieve

Y4 = Accumulated percentage passing through the 2.0mm, sieve

3 Buik density measurements

The bulk densities were determined By the method

suggested by Russell and Balcerek (49)., =Each soil clod was
suspended on a thread and after all loose particles were re-
moved, the clod was weighed, and immersed in melted paraffin
(at 60°F), The clod was removed from the paraffin, allowed
to cool and weighed again to determine the weight of the
paraffin coat, The volume of the paraffin coat was then de- |
termined by multiplying the weight of paraffin by 0,9, the
specific gravity of paraffin, ZEach soil clod was immersed
in water and weighed again, Thé difference between the
weight of the soil clod plus paraffin while immersed in water
and the original weight of soil clod plus paraffin is equi-
valent to the volume of clod and paraffin, The volume of the
paraffin determined previously was then subtracted to give
the volume of the soil clod alone, Each soil clod was then
broken open and samples taken for moisture content determina-
tion (oven dried at 110°C), The bulk density value was
calculated by dividing the weight of the oven dry soil clod
by the volume of the soil clod,




IV, RESULTS AND DISCUSSION

A, THE EFFECT OF BARN MANURE ON SOIL STRUCTURE (EXPERIMENT 68’

Wet-sieving data for Experiment 68 are summarized in
Table I, The analysis of variance of these data (Table IT)
indicate that the components that show significant differences
(P = ,05) are treatments, sampling depths, and sampling
date X treatment., However, when the mean square for treat-
ments is tested against the mean square due to the interaction
the resulting F value is 1,19, Since this F value is smaller
than the 1limit Fb.o5(4,4) = 6,39, the differences between
treatments are not significant and therefore much of the
variability in treatments is due to interaction,

This interaction becomes more apparent when the A.M.S.
values for the 0-6 inch depth, in Table I are examined, The
data for the 0-6 inch depth shows that the treatments did not
maintain the same relative positions for the two Ssampling
dates, For example, in 1956 the A,M.S, values for the 10, 20,
and 30 ton rates were 1,88, 1,81, and 1.69, respectively, In
other words, in 1956 the lower rates of barn manure resulted
in better soil aggregation, However, when the data for 1957
are examined, the relative positions of the treated plots are
reversed and the treatments are not significantly different.
It would appear that the same beneficial effect was obtained
from the lower rate (10 tons) as was obtained from the higher

rates (20 or 30 toms), Similarly, results reported by
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Heinonen (26) show that increasing the application rate of
organic matter had a highly beneficial effect on the aggrege-
tion of clay soils up to a certain organic content, beyond
which the effect was small, It is alsoAimportant to note that
the check plots did not maintain the same relative position
fér the two sampling dates, One could conclude that the
aggregation of the treated plots were approximately the same,
but they were better aggregated than the check plots, The
difference between the 1956 and 1957 data could have been due
to seasonal variations or error in sampling, Similar studies
reported by Alderfer (2) and Rowles (48) show that seasonal
differences in soil aggfegation were as great as or greater
than the effect of the various soil treatments, In addition,
Rowles (48) reported that variations in aggregation among
several saﬁple sites on the same plot were as high as 24 per-
cent,

The variance, shown for sampling depths in Table II
is also significant; Table I shows that the A,M.S. values
for the 3-6 inch depth are consistently higher than those for
the 0-3 inch depth, In general, one would expect that the
- 801l aggregates in the 0-3 inch layer are subjected to the
destruetive action of tillage implements and climatic condi-
tions such as wind, rain, and frost, more often than the
soil aggregates in the 3-6 inch layer, Similar findings have
been reported by McHenry and Newell (37), Russell et al, (52),
and Woodruff (71), |




Yo
The bulk density data for Experiment 68 are summarized
in Table III, An analysis of variance of these data (Table IV)
shows that there are significant (P = ,05) differences in
bulk density values among treatments, ,
The data for the 0-6 inch depth, in Table III m;.a;i-mtes
that the bulk density value for plot 5, receiving 10 téns of

barn manure, was significantly lower than those for the

- remaining plots and that the values for the remaining plots

were not significantly different, In other words, the soil
of the plot receiving the lowest rate of barn manure hed the
most favourable bulk density and thus the most favourable soil
strueture,

The reason for the asSqeiatian of the ﬁost favourable
bulk density with the lower rate is difficult to explain,
One possible reason is that the sampling procedure was
inadequate and that the values obtained 4id not show the true
condition of the soll, A review of bulk density studies
reveals that Bertramson (7), experimenting with a fine text-

ured soil was not able to éetect significant changes in bulk

‘density on plots where various rates of barn manure had been

applied over’a period of years,

B, THE EFFECT OF CROP ROTATIONS AND BARN MANURE ON SOIL

STRUCTURE (EXPERIMENT 70)
‘1, Crop rotations
Wet-sieving data for Range 26 (non-menured) of Experi-

ment 70 are summarized in Table V on page 46, The analysis




TABLE ITII

BULK DENSITY VALUES FOR THE VARIOUS BARN MANURE T
TREATMENTS OF EXPERIMENT 68

o
——

o——
—

Bulk Density Values

Plot | Treatment

‘Average of 3 values | Average of 6 values
No., (tons/ac,) at at
0-3 inch | 3-6 inch |0-b inch (0~3 and 3-6)
5 10 1,08 1,13 1,10
6 None 1.21 1,17 1.19
8 20 1,16 1,14 1.15
10 | 30 1.19 1,18 1,19
11 None 1.18 1,16 1,17

L.S.D, (P = ,05) for the bulk density values at the
0-6 inch depth is 0,05,
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of variance of these data (Table VI on page 47) shows that the
¢rop rotation systems are significantly different (P = .05).

The data in Table V indicate that the type of crop

rotation system had a marked effect on the A.M,S, value of

each plot, For example, the continuous wheat, the four-year,
the three-year, and the two~year rotations have AM,S8, values
of 1,83, 1,71, 1,48, and 1,51, respectively, It can be seen

that the greater the number of fallow years in a crop rotas

tion system the lower the AM,S, value and consequently the
boorer the soil aggregation, The two-year rotation and the
continuous corn cropping system have approximately the same
soil aggregation, the A.M.S. values being 1.51 for the former

and 1,49 for the latter,

The steady decline in soil aggregation with increased

fallow, in the fallow-grain rotation, is probably due to both

the destruction of soil aggregates and the loss of organic

matter, The destruction of soil aggregates in the fallow

year may be caused by tillage implements or by exposure of

the soil surface to such climatic forces as wind, rain, or

frost. Conversely, the more favourable aggregation of the
four-year rotation and the continuous wheat cropping system

may be attributed to the return of organic matter to the soil

(in form of straw, Stubble, and roots) and also because they
received less tillage and were protected from the climatic
forces for a greater portion of their rotation cycle, Simil-
ar findings have been reported by Russell et al. (52) ang
Woodruff (71),




TABLE V

A, M, S, VALUES FOR THE VARIOUS CROP ROTATION SYSTEMS
IN RANGE 26 (NON-MANURED) OF EXPERTIMENT 70

Plot Crop rotation systems ( ave%.gfsfk Z&%ﬁg:mpl 6s)
10 | Wheat‘eontinueus 1,83

8 Four-year rotation . 1.71

4 - Three-year rotation _ 1,58

1  Pwo-year rotation 1.51

11 ~ Corn continuous | 1.49

"~ L,8,D, (P = ,05) = 0,05
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2. Crop rotation and barn manure interaction

Wet-sieving data for Ranges 26 and 27 (non-manured
and manured ranges, respectively) of Experiment 70 are
summarized in Table VII, An analysis 6f variance of these
data (Table VIII) shows that the components that have signi-
ficant (P = ,05) F values are crop rotation systems, barn
manure treatments, and crop rotation X barn manure treatment.
However, if the mean squares for crop rotations and barn
manure treatments are tested against the mean square for
their interaction the resulting F values are 1,75 and 2,07,
respectively, A comparison of these F values With their
respective limits FO.05(3’3> = 9,28 and Fb.OS(l’B) = 10,10,
indicates that there are no significant differences among the
crop rotabtion systems and the barn manure treatments and
therefore, much of the variability in each of these components
is due to the interaction,

The significant interaction of crop rotation with barn
manure treatment is apparent in Table VII, The data show that
the magnitude of the A M.S, values was influenced by both the
type of rotation system and the application of barn manure,
For example, the A.M,S, values for the non-manured plots
under the two year, three-year, four-year, and cohtinuous
wheat rotations, were 1,51, 1,58, 1.70, and 1.83, respectively.
Thus, soil aggregation of the non-manured plots increased as
the number of fallow years in the rotational cropping system
decreased, However, the A,M,S, values for the manured plots,

show that the effect of barn manure on soil aggregation, was




TABLE VII

AM,S, VALUES FOR THE VARIOUS CROP ROTATION SYSTEMS
IN RANGES 26 AND 27 (NON-MANURED AND MANURED
RANGES, RESPECTLVELY) OF EXPERIMENT 70

————— ——— w—
————

Fertilizer treatments A.-M. S.Value:
Crop rotation system | (tons/ac, of (ave, of four
barn manure) sub-se mples)
Two-year rotation None 1.51
2,0 1.89»
Three-year rotation - None 1.58
2.7 1.62
Four-year rotation None 1,70
5.0 1.70
Wheat eontinuoué None 1,83
4,0 | 1.92

“

L.S.D, (P = ,05) = 0.16
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more apparent where the cropping system had a higher number
of fallow years, For example, the A,M,S, value for the two-
year rotation, increased significantly from 1,51 to 1,89;
whereas, the three-year rotation inereased (but not signifi;
cantly) from 1,58 to 1,62 and the four-year rotation remained
unchanged with an AM,S, value of 1,70, It is important to
note, that the effect of fallow in the rotational eropping

system, was apparent in the manured as well as the none

manured plots; and also, that the combination of a non-fallow
. eropping system with a,high application rate of barn manure
resulted in a high AM,S, value for the continuous wheat plot,
| The effect of fallow in the cropping system was dis-
cussed previously under Crop Rotations, HoWever, any explana-
tion of the effect of the interaction (erop rotation X barn
manure treatment) is closely related to the explanation of
the effeect of fallow on soil aggregation, Probably, the high
frequency of fallow in the two-year rotation system had

destroyed many of the soil aggregates and much of the organle

matter, Thus, the improvement in soil aggregation resulting
from the application of barn manure was very notieeable. The

applicatign of barn manure to the three-year and four-year

rotations did not increase soil aggregation appreciably
‘because these rotation systems, having a lower frequency of
fallow, maintained soil aggregation and organic matter con-

tent at a higher level than that of the two-year rotation,
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Bulk density data for Ranges 20 and 27 of Experiment
70 are summarized in Appendix 1, on page 82, An analysis of
variance for these data (Table IX) indicates that the treat-
ments are not significant, The failure to detect any
appreciable differences among the trestments suggests that
either the treatments were not significantly different or
the method of determining bulk density was inadequate %o

measure them,

C., THE BEFFECT OF CROP ROTATIONS, TILLAGE AND CROP RESIDUE
MANAGEMENT PRACTICES, AND FERTILIZER TREATMENTS ON SOIL
STRUCTURE (EXPERIMENT 70-A)

l. Hay crops and crop rotations
Wet-sieving data for the hay-grain rotation of Experi-
ment T0-A are summarized in Appendix 2, on page 83, The
analysis of variance of these data (Table X) shows that the

F values for the hay crops, rotation years, and their inter-

action are significent (P = ,05), However, when the mean

squares for;hay crops and rotation years are tested against
the mean square due to the interaction the resulting F values
are 2,75 and 9,24, respectively., A comparison of these values
with their respective limits Fb°05(2,2) = 19,00 and

Fo,05(1,2) = 18,51, reveals that there are no significant

differences among the hay crops nor between the rotation years

and therefore much of the variability in each is due to the

interaction,
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2, Hay crop and crop rotation interaction

This interaction can be readily seen in Table XTI
where in every case the AM,S, value for rotation year 3 was
signiricantly greater than that for rotation year 6, but the
amount that each A,M,S, value increased was dependent upon
the type of hay crop. In rotation year 3, for example, the
AM,S, values for the alfalfa-grass, grass, and alfalfa
plots were 1,9%, 1,86, and 1.65, respectively. The major
effect on soil aggregation occurred where there was grass,
However, most of this effect had disappeared by rotation
year 6, TFor example, the A,M,S, values of 1.66, 1.61, and
1.57 for the alfalfa-grass, grass, and alfalfa plots
respectively, were approximately the same, only the A,M.S.
values for the alfalfa-grass and alfalfa plots were signi-
ficantly differént, Thus during the hay crop years of the
hay-grain rotation the plots containing grass had consider-

ably better soil aggregation than the alfalfa plot, Much of

the aggregation of the grass plots had disappeared at the

completion of rotation year 6, and the three hay plots had
approximately the same soil aggregation, It should be noted
that in both rotation years 3 and 6 the effect of alfalfa-
grass mixture, on soil aggregation was greater than the
effect of grass alone,

The higher degree of aggregation produced by the
meadow fescue-timothy mixture as compared to that of alfalfa

may be attributed to the inherently different root systems




TABLE XTI
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AM,S., VALUES OF THE VARIOUS HAY CROPS FOR ROTATION
YEARS 3 AND 6 AT THE 0-6 INCH DEPTH

Hay ecrop

Rotation year

AM.S, values

Alfalfa «+ G—rassesx

Grasses*

Alfalfa

L.s8.D, (P = ,05) = 0,07

X Grasses are Meadow fescue and Timothy
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of these plants, The grasses have a fibrous root system con-
sisting of many lateral roots spreading throughout the soil,
The alfalfa has one main tap root with only a few lateral
roots, The binding, compressing, and separating actions of
roots, which is important for soil aggregate formation,
would be much greater in the case of graés than alfalfa,
However, because alfalfa is able to fix nitrogen from the
atmosphere it is of great importance in grass,; alfalfa
mixtures, The utilizdtian of this fixed nitroéen by the
grasses greatly stimulates growth and consequently the
formation of soil aggregates, Wilson and Browning (67)
reported that alfalfa is less effeetive than grass for im-
proving soll aggregation, but the mixture of grass and
alfalfa was the most effective,

In rotation year 3 the soil aggregation of the hay
plots, particularly the grass plots was favourable, However,
in rotation 6 soil aggregation had declined. This decline
may be attributed to the break down of the soil aggregates
by tillage implements and such climatic forces as wind, rain,
end frost during the fallow and wheat erop years.

3, Sampling depths (hay-grainvrotation) |

The analysis of variance of the data for the hay;
grain rotation (Table X, on page 54) indicates that the var-
iances for sampling depths, hay crops, and their interaction
are significant (P = ,05), But, when the mean square for

sampling depths and hay érops are tested against the mean
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square for this interaction the resulting F values are 56.99
and 13,64, respectively, A comparison of these values with
their respective limits FO.OS(l’Z) = 18,51 and Fo,05(2’?) =
19.00 indicates that the difference between sampling depths
is significant regardless of the hay crops and that much of
the variability among hay crops is due to the interaction,

Table XIT shows that the AM,S, values for the 0-3
inch depth are consistently lower than those for the 3-6
inch depth, regardless of the type of hay crop., This differ-
ence may be attributed to the destruction of the aggregates
in the surface layer of soil by such factors as tillage and
climate,

4, Hay crops and sampling depths interaction

The interaction between hay crops and sampling depths
is apparent when Table XII is examined, It shows that the
effect of the three types of hay crops on soil aggregation
at the 0-3 and 3-6 inch depths were different, For example,
at the 0-3 inch depth the AM,S, valﬁgs for the alfalfa-
grass, grass, and alfalfa plots were 1;69, 1,64, and 1,47,
respectively; but, at the 3-6 inch depth the A,M,S, values
for the same plots were 1,91, 1,83, and 1,75, The alfalfa-
grass and grass plots maintained soil aggregation of the sur-

face layer (0-3 inch) at approximately the same level, The
soil aggregation in the alfalfa plot was significantly lower
than that in the grass or grass-alfalfa plots, At the 36
inch depth, however, the three'types of hay plots had

significantly different levels of soil aggregation,
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TABLE XTI
AM,.S, VALUES OF THE VARIOUS HAY CROPS
FOR_THE COMBINED ROTATION YEARS 3 AND
6 AT THE 0.3 AND 3.6 INCH DEPTHS
Hay crop " Depth (inches) | A.M.S, values

Alfalfa - Grasses® 0-3 1,69
3-6 1.91
Grasses® 0-3 1.64%
3-6 1.43
Alfalfa 0-3 147
3“6 1075

L.5.D. (P = .05) = 0.07

xGrrass.es are Meadow fescue and Timothy
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The destruction of soil aggregates within the surface
layer (0-3 inch) by such forces as tillage implements, wind,

rain, or frost and the importance of grasses in the formation

of aggregates has been discussed, However, the interaction

between the type of hay crop and sampling depth, in Table XII
shows that at the 0-3% inch depth, where the soil is subjected
to the destructive forces of tillage and climate, the grasses

maintained soil aggregation at a much higher level than did

the alfalfa, At the 3-6 inch depth, the destructive forces

which break down soil aggregates are considerably reduced,

and the influence of the type of vegetation is not so obvious,
5. Rotation years and sempling depths interaction

, The variance shown for the interaction of rotation

years with sempling depths, in Table X (on page 54) is also

significant (P = ,05), Consequently the mean square for

sampling depths is tested against the mean square for this

interaction., A comparison of the resulting F value of 16,80

with its respective limit F0.05(1,l) = 161,00 indicates that

an interaction occurred between rotation years and sampling
depths,
These data shown in Table XIII, indicates that the

AM,S, values for the 0-3 and 3-6 inch depths of rotation
year 6 were significantly lower than those for the correspond-
ing depths of rotation year 3, However, this decrease in
AM,.S, value was greater for the 0-3 inch depth than for the
3-6 inch depth, For example, the A,M,S, values at the 0-3
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TABLE XIII

AM,S. VALUES OF THE COMBINED HAY CROPS
FOR ROTATION YEARS 6 AND 3 AT THR
0-3 AND 3-6 INCH DEPTHS

Rotation year | Depth (inches) YA.M.S. values
6 | 0-3 147
3-6 . 1,76
3 03 N
3ub 1,90

i.s;D.'(P = ,05) = 0,06

s s
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inch depth were 1,47 and 1,73 for rotation years 6 and 3,
reSpéctively; while the A,M,S, values at the 3-6 inch depth
were 1,76 and 1,90 for rotation years 6 and 3, Thus the
fallow and wheat years (i,e., years 4%, 5, and 6 of the hay-
grain rotation), which followed the hay years, appreciably
reduced soil aggregation at both the 0-% and %-6 inch depths,
The 0-3 inch depth, however, showed the greatest decline in
soil aggregation, In rotation year 3 the soil aggregation
at the 3-6 inch depth was significantly greater than at the
0~% inch depth, even though the plots had been in hay for
two- years,

‘The deeline in soil aggregation during the wheat years
was probably due to the break down of soil aggregates by
tillage implements and climatic forces, In general, one
would expect that this decline would be greater in the sur-
face soil (0-3 inch) than in the soil at the 3-6 inch depth,
since these destructive forces are more active near the sur-
face, The difference in aggregation between the 0-3 and 3-6
inch depths of rotation year 3 (i,e, at the conclusion of the
hay years) may be attributed to two factors, Firstly, the
destruction of the surface soil by climatic forces occurred
in spite of the protection provided by the alfalfa or grass
crops, Secondly, since soll aggregation in the 0-3 inch
was reduced to such a low level during the fallow and wheat

years, the two years of hay had not been sufficient to improve
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aggregation of the surface soil to a level equal to that of
the soil at the 3-6 inch depth,

6, Fertilizer treatments (hay-grain rotation)

The analysis of variance of the data for the hay-
grain rotation (Table X, on page 54%) shows that the variances
for fertilizer treatments and interaction of hay crop with
fertilizer treatment are significant (P = ,05), When the
mean square for fertilizer treatments is tested against the
mean séuare for this interaction the resulting F value is
37,98, A comparison of this value with the limit F0.05(1,2)
= 18,51, indicates that the fertilizer treatments are signi-
ficant and the difference between these treatments'is not
due to the interaction alone,

The A, M,S., values in Table XIV reveal that the applica-
tion of emmonium phosphate (11-%48-0) at 45 1bs, per acre had
considerably improved soil aggregation, This improvement was
greater on the grass plots than on the alfalfa plot, It
appears that the gpplication of ammonjium phosphate resulted
in greater root production and consequeﬁtly improved soil
aggregation, Similar findings have been reported by Baver (W),

7. Tillage and crop residue management practices and
sampling depths

Wet-sieving data for the fallow-grain rotation of
Experiment 70-A are summarized in Appendix 3, on page &4,

The analysis of variance of these data (Table XV) shows that

the management practices, sampling depths, and their inter-
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TABLE XIV

AM,S, VALUES AT THE 0-6 INCH DEPTH FOR THE
VARIOUS HAY CROPS OF THE FERTILIZED AND
CHECK PLOTS OF EXPERIMENT 70-A

Hay erop | Treatment 1 AM,S, values
Alfalfa + Grassesk Fertilized 1,90
Check 1,69
é Grasses® | Fertilized 1,80
Check 1,66
1 Alfalfa | Fertilized 1.67
Cheok 1.55

1.5.D, (P = .05) = 0,07

Xorasses are Meadow fescue and Timothy
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action have significant (P = .05) F values. When the mean
squares for sampling depths and management practices are
tested against the mean square for their interaction the res=
sulting F values are 57.46 and 4,13, respectively., A compari-
son of these F values with their respective limits FO.05(1,4)
= 7.71 and FO;O5(4’#) = 6,39 indicates that the sampling
depths are still significant but the management practices
are not signifiéan.t° |

Table XVI shows that the A.M,S, values for the 0-3
inch depth are consistently lower than those for the 3-6 inch
depth, regardless of the tillage or crop residue management
practice, This difference could be attributed to the slow
break down of soil aggregates in the surface layer by such
factors as tillage énd climate;

8, Tillage and crop residue management practices and
sampling depths interaction

Since the(management practices are not significant
mueh of the variability among them must be due to an inter-
action, This interaotion is apparent when Table XVI is
considered, The A.M.S. values show that the soils at the
0-3 and 3-6 inch depths were affected differently by the

various tillage and crop residue management practices, For
example, a comparison of plots 4, 5, and 6 indicates that at
the 0-3 inch depth the A,M.S. values for the plowed, disced,

and cultivated plots were 1,40, 1.18, 1,50, respectively;
while at the 3-6 inch depth the A,M.S. values for the same
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TABLE XVI

AM,S, VALUES AT THE 0-3 AND 3-6 INCH DEPTHS FOR THE
VARIOUS TILLAGE AND CROP RESIDUE MANAGEMENT
PRACTICES OF THE COMBINED FERTILIZED
AND CHECK PLOTS

Plot | Crop residue | Depth | A.M.S.
| management practice (inches) | values
4 Plow under stubble 0-3 1,40
3.6 1.7%
5 Disc in straw and stubble 0-3 1,18
'\ 3.6 1.76
6 Leave trash cover - cultivate 0-3 1,50 |
36 | 1.85
T Burn straw and stubble - culti- - |
vate 0-3 1,18
3-6 1.77
8§ - \Plzgdugggzligubble, straw, 0-3 1,61
3-6 | 195

L.S.D, (P = ,05) = 0,10
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plots were 1,74, 1.76, and 1,85, If the cultivated plot is
used as a standard for comparison the state of aggregation

of the surface soil (0-3 inches) was considerably lower on

the disced plot and slightly lower on the plowed plot.
However, at the 3-6 inch depth there was a smaller range in
soil aggregation of the disced, plowed, and cultivated
plots,

Aggregation of the cultivated plot was better than

that of either the disced er plowed plots, probably because
the soilAhad been pulverized very little and the trash cover
had protected the surface soill against such destructive
forces as wind and rain, The marked difference in aggrega-

tion betwsen the 0-3 and 3-6 inch depths of the disced plot

indicates that the discing implement pulverized the surface
soil considerably, but had a less detrimental effect on the
soil at the 3-6 inch depth., The data for the plowed plots

suggests that the soil within the 0-3 and 3-6 inch depths
had been either moderately pulverized or partly mixed by the

plowing implement, If the latter process had occurred, then
part of the pulverized surface soil could have been mixed with
the better aggregated soil from the 3-6 inch depth, thereby
improving aggregation at the 0-3 inch depth and lowering it
at the 3-6 inch depth,

The data for plots 6 and 7 presented in Table XVI show

that burning the straw and stubble greatly decreased the A.M.S,
‘values at the 0-3 inch depth but did not significantly effect
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them at the 3-6 inch depth, For example, the A.M.S., val ues
at the 0~3% inch depth for the trash covered and burned plots
were 1,50 and‘;.lé, respectively, while the A,M.S, values at

the 3-6 inch depth for the samme plots were 1,85 and 1,.77.
These data indicate that the trash cover may have acted as a
protective layer against such destrucetive forces-as wind or

rain,

A comparison of data for plots 4 and & in Table XVI

(on page 67) indicates that plowing under straw and alfalfa
increased the A,M.S., values at both the 0-3 and 3-6 inch
depths., To illustrate, the A,M,S, values at the 0-3 inch
depth for plots 4 and & were 1.40 and 1,61, respectively,
while the A,M,S, values at the 3-6 inch depth for the same
plots were 1,74 and 1.95. This improvement in soil aggrega-
tion may be attributed to both the alfalfa and the straw,
However, according to the literature the former contributes
much mofe to soil aggregation than the latter, TFor

example, Browning and Milam (9) reported that alfalfa

Plowed under improved soll aggregation appreciably as
compared with straw plowed under, Also, Woodruff (71)

found that sweet clover plowed under increased soil

aggregation over that of a check,
9. Fertilizer treatments (fallow-grain rotation)
The analysis of variance of the data for the fallow-

grain rotation (Table XV, on page 66) also indicate that
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the variances for fertilizer treatments and the interaction
of managément practice with fertilizer treatment are
significamt (P = ,05), However, since the mean square due
to the interaction was significant, the mean square for
fertilizer treatments is tested against it., Since the
resulting F value of 23,26 is considefably greater than the
limit F0005(1,4) = 7.71 the difference between fertiliger
treatments is Significant.

Table XVII reveals that the application of ammonium
phosphate (11-48-0) at 45 1bs., per acre increased aggrega-
tion régardless of the management practice, However, the
data also indicates that the magnitude of this increase in
agegregation varies with the type of management practice,
For example, in plot 7 where all the residues had been re-

moved by burning, the AM,S, value was increased from 1,44

to 1.52 (not significant) by the application of fertilizer,

‘In the remaining plots, where the different types of resi-

dues had been returned to the soil, the A,M,S. values for
plots 4, 5, 6, and & Were significantly increased by the
application of fertilizer., In other words, the increase in
soil aggregation, resulting from the application of ammonium
phosphate (11;48-0) was more apparent on those plots where
the largest amount of crop residues had been returned to the

soil,




TABLE XVII

AM.S, VALUES AT THE 0-6 INCH DEPTH FOR THE
VARIOUS TILLAGE AND CROP RESIDUE
MANAGEMENT PRACTICES OF THE
FERTILIZED AND CHECK PLOTS
OF EXPERIMENT 70-A

71

CAM.S,

Plot Crop residue Fertilizer
ot menagement practice treatment values
4 | Plow under stubble Fertilized 1.63
Check 1,50
5 | Disc in straw and stubble Pertilized 1,54
Check 1,40
6 | Leave trash cover-cultivate | Fertilized 1.75
Check 1,60
T Burn straw and stubble - : ,
cultivate Pertilized 1,52
Check 1 k44
8 Plow under stubble, straw .
and alfalfs ’ ’ Fertilized 1,91
Check 1.65

L.s,p, (P = ,05) = 0,10
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The improvement in soil aggregation, resulting from
the application of ammonium phosphate fertilizer could have
been due to increased root and foliage growth, The decom-
position of this plant material when returned to the sqil
mey have indirectly improved soll aggregation., Similar con-

clusions were reported by Baver (4),




V. SUMMARY AND CONCLUSIONS

Experiments have been carried on in the Soil Science
Fertility Field for many years to study the effects of barn
manure and ammonium phosphate fertilizers, crop rotations,
tillage and crop residue management practices on crop
yields, In 1956 a laboratory study was initiated to deter-
mine if the above‘treatments and practices had any effect
‘on 8o0il structure,

To evaluate the structural status of the clay soil
it was decided to measure soil bulk density by the paraffin-
immersion technique and soil aggregation by the wet-sieving
method, In order to characterize the whole size-distribution
of aggregates (obtained by wet-sieving) in one single repre-
sentative figure the arithmetic mean-size values were

calculated,

CONCLUSIONS

1. In the fertilization of a clay soil it was immaterial
whether 10, 20, 30 tons per acre of barn manure was applied,
as the improvement was approximately the same in each case,

2, Fallow had a detrimental effect on soil structure.

5. The beneficial effect of the application of barn manure
to soils under intense tillage operations was greater than
to soils receiving less tillage,

Y, The use of ammonium phosphate at 45 1lbs, per acre improved
soil structure, except where the crop residues had been

burned,
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5. Grasses as compared to alfalfa maintained soil in a

better structural condition,

6. A grass = alfalfa mixture had a distinct advantage over

grass in improving soil structure,

T. The structure of soil deteriorated, particularly in the
surface layer when brought into cfop production after two
years of hay, |

8, The use of a cultivator was less detrimental to soil

.8tructure than that of a plow or dise, Discing destroyed
the structure considerably more than plowing,
9. When crop residues were burned the structure of the sur-

face soll was detrimentally affected,
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APPENDIX 1
BULK DENSITY VALUES FOR THE VARIOUS CROP

ROTATION SYSTEMS IN RANGES 26 AND
27 OF EXPERIMENT 70

Fertilizer treatments | Bulk density

Crop rotation system (tons/aec, of (ave., of
barn manure) 3 values)

Two-year rotation None 0,96
2.0 1,06

Three-year rotation None 1,09
2.7 | 1,04

Four-year rotation None 1,05
3.0 1,10

Wheat continuous None 1.11
4,0 1,08

Corn continuous None \ 1.23
Oats continuous 4,0' 1,12
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APPENDIX 2

AM.S., VALUES FOR THE HAY-GRAIN ROTATION
OF EXPERIMENT T0-A

T } ) AM,S, values
Samp- (Ave, of & sub-samples)
ling Fertilized Plots | Cheek Plots
Flots| Hay Crops depths [“Rotation Year [Rotation Year
1,11 | Alfalfa 0-3 1.4 | 1.6% | 1,33 | 1.45
3-6 1,85 | 1.75 | 1,66 | 1,7%
2,10 | Alfalfa-Meadow | 0-3 1.65 1.95 1.4 |1,76
fescue~Timothy
mixture 3.6 1.85 2,17 1.73 | 1.88
3,9 Meadow fescue- | 0-3 1.59 | 1.85 1.4 1,72
Timothy mixture '
3.6 1.79 1.99 1,65 | 1,88




APPENDIX 3

AM.S, VALUES FOR THE FALLOW-GRAIN ROTATION
OF EXPERTMENT 70-A

AM,S, values

g4

Tillage and crop resi- Sampling 4
Plot | 4ue msnagement gractices ~depths  |(ave,of 8 sub-samples)
(inches) | Fertilized Check
4 Plow under stubble 0-3 1.43 1.37
5 Disc in straw and stubble 0-3 1.27 1,08
3.6 1.81 1.71
6 Cultivate-leave trash 0-3 1,57 1.43
cover ‘
3-6 1.93 1,78
7 Burn off straw and 0-3 1,26 1.10
stubble-~-cultivate
3-6 1.77 1.77
8 Plow under straw and 0-3 1.78 C1.U43
alfalfa
3-6 2,04 1,86




