CORTINUOUS CULTIVATION AS A FACTOR IN AGGREGATE
STABILITY AND OTHER PROFERTIES COH A

KIRKLAND SILT LOAM S0IL

By
BENJAMIN ZUR
i
Bachelor of Science

Cornell University
Ithaca, New York

1956

Submitted to the faculty of the Graduate School
of the Oklahoma State University in partial
fulfillment of the requirements
for the degree of
MASTER OF SCIENCE
August, - 1957



: OKLAHOMA
STATE UNIV
LIBRAR ERSITY

NOV 7 1958

CONTINUOUS CULTIVATION AS A FACTOR IN ASGREGATE
STABILITY AND OTHER PROPERTIES ON A

KIRKLAND SILT LOAM SOIL

Thesis Approved:

Fates G

Thesis Adviser

@//&M @W
WW

Dean of the fGraduate Sch@al

410393

ii



ACKNOWLEDGEMENT

The author feels indebted and wishes te expregs gratitude to
the following persoms who helped in this work.

Dr. Lester Reed, thesis adviser, fotr hise éonatant supervision
throughout the course of this study, and for his advice and helpful
criticisms. Dr. C. L. Sarthou, former thesis adviser, Dr. J. 7.
Stone, Mr. H. Galloway, Dr. Billy B. Tucker and Mr. John J. Hicka
from the Agronomy Department and Dr. R. Morrison of the Mathematics
Departwent for their aid and advice during the course of thisg study.
Special gratitude is given to the Agronomy Department for the research

assistantship granted to the author.

iii



TABLE OF CONTENTS
Page
INTROD UGT I Ob"f (3 £ @ * 9 L] L] L @ L] L] . ® - ¢ .90 * L] L . . . . ] ] » . 1

REVIEW OF LITERATURE . « « o « v o v s v o 4 s o s o v 0 v o v v o 2

The Formation of Aggregates . . . . . « + &+ o ¢« « v ¢ ¢« « » 3
The Stability of Soil Structure , . . . v « = « + « & .+ 6
The Disintegration of Soil Structure . . . o . . « « « . . 10
Agronomic Practices and Structural Stability . . . . . . . 10
METHODS AND MATERIALS .« . & v v v o v o o v o s o s s o ¢ v o o« 13

RESULTS AND DISCUSSION + + + « o o v o« v o v o s v v v o o oo 16
The Effects of Treatments on the Properties of the Soil as a
Whole L2 L] ) - [ ] " - . - . L) . ‘ . i & L2 ] L] L] - % L L - 2 . L 16
The Effect o¢f Cropping Treatments on the Subsoils . . . . . . 23
The Effect of Cropping Treatments on Properties of Soil
ABBYeZALEE .+ v 4 o 4+ o + s 4 s s e v s e s s+ e o a s . . 28
Aggregate Stability Index . . +« v v v 4 ¢ » ¢ ¢« o s ¢« o ¢« + « 43
SUMMARY AND CONCLUSIONS + &+ « « « « « « « « « « o s o o« « « « « + 55
LITEMTURE CITED @ e 8 s & & ¢ % & ¢ & @& » w a2 & & + s v 3 e e ® 57
APPENDIX o o a e 9 © L] . L L] - o L] . . L2 * * - » L * . - - - L d » * 61

Profile Description of Kirkland Silt Loam (Site I). . . . . . 62
Profile Descriptien of Kirkland Silt Loam (Site II) . . . . . 64

VITA @ ° e e o °« Q o [ ¢« ¢ v ° @ ° . ¢ & o @ 3 o s 0 - . . * @ 75

iv



Table

VII.

VIII.

XL,

X1T1.

LIST OF TABLES

Effect of Treatments on Aggregate Stability . . . . . . .

£n

Effect of Soil Treatments on Organic Matter and Nitrogen
Levels . . . ¢ & v o v ¢« 4 s 4 6 e 8 s s e W a0 s

Effect of Treatments on Cation Exchange Capacity, Percent
Calciuw, Magnesium, Potassium, Sodium and Percent Base
Saturation . . ¢ + ¢« « s o e 6 & 8 & & 8 e = e v

Effect of Treatmentg on Particle Size Distribution . . .

Effect of Treatments on Aggregate Stability of the Sub-
Surface Soil (6=12 Inches) . « « + « 5 o = o « & o s

Effect: of Treatments on the Organic Matter Content of the
Sub-Surface Soil (6=12 Inches) . - + o + + « &+ o & « &

Effect of Treatments on Nitrogen Contedt of the Sub-Surface

SOil (6“12 InCheS) ¢ © o s a & o & w 8 @ s © s s 4 @

Effect of Treatments on Cation Exchange Capacity of the
Sub=Surface Soil (6~12 Inches) . . . « ¢ o o ¢ + o o+ o

Effect of Treatments on the Particle Size Distribution of
the Sub-Surface Soil (6-12 Inches) . . . .« « + « o« « &

Effect of Treatments and Aggregate Size on the Increase
in Organic Matter Content of Stable Aggregates . . . .

Effect of Treatments and Aggregate Size on the Increase
in Nitrogen Content of Stable Aggregates . . . . . . .

Effect of Crushing on the Size Distributien of Soil
Aggregates as Measured by Wet and Dry Sieving . . . .

Effect of Treatments on the Stable Aggregates Size
Distribution of the Whole Soils ., . . . « . « + « « .

Effect of Treatments and Aggregate Size oh the Organic
Matter Content of Dry and Stable Aggregates . . . .

Effect of Treatments and Aggregate Size on Nitrogen Level
of Dry and Stable Aggregates . . o o ¢ o ¢ &+ + o o ¢ o

v

Page

16

17

26

27

27

30

33

45

65

65

66



Table

XVI.

XVIiI.

AVIIL.

£IX,

X¥IL.

Page

Effect of Treatments and Aggregate Size ou Catien

Exchange Capacity of Dxy and Stable Aggregates . . 67

Effect of Treatments and Aggregaie Size gn the Clay
Content of Dry and Stable Aggregates . . . . . . . . . 68

Effect of Treatments and Aggregate Size om the Silt
Content of Dry end Stable Aggregates . . . . « « ¢« o o 69

Effect of Treatments and Aggregate Size on the Sand
Content of Dry and Stable Agpregatez . . . . . . . . . 69

&nalysis of VYariance on the Effect of Crushing on the Size
Distyibution of the Cotton Dry-Sieved Aggregates . , . 70,71

Anslysis of Variance on the Effect of Crushing on the Size
Distribution of the Cotton Wet-Sieved Aggregates . . . 72,73

The Effect of Treatments on the Stable Aggregate:
Distribution of the Dry-Sieved Aggregates . . . . . . 74

vi .



Figure , Page

1. The Effect of Croppis g Treatments o¢n the Peycolation ...
Rate of the ¥ Whole Seils . . 0 & & ¢ v v v e v e e e ... 22

b2

The Effect of Crepping Trestments aud Aggresate Size
on the Organic Matter Content of Dry and Stable
Aggreg&ﬁ@s ‘ LI A S I R A L A A TR S S SR R I 5 L“j

3. The Effect of Cropping Treatments and Aggragate Size
on the Nitregen Content of Dry and Stable Aggregazes , . 32

». The Effect of Cropping Treatments and Aggregate Size
on the Cation Exchangé Capacity of Dry and Stable
ABETegates . . . o 2 s o 6 5 s 8 6 & ¢ 2 & & s o« w « o o 35

5. The Effect of (ropping Treatments and Aggregate Size
on the Clay Content of Dry and Stable Aggregates . . . . 37

6. The Effect of Cropping Treatments and Aggregate Size
cn the S8ilt Content of Dry and Stable Aggregates . . . . 39

7. The Effect of Cropping Treatments and Aggregate Size
on the Sand Content of Dry and Stable Aggregates . . . . 40

8. The Effect of Continuous Cotton Cultivation and Ag-
gregate Size on the Permeability of the Dry Sieved
Aggregates T 4

9. The Effect of Cropping Treatments on the Stable Ag-
gregates Size Distributionm of the 5.00-2.00 and
2.00-0.84 mm, Size Dry Sieved Aggregates . . . . . . . . &7

10. The Effect of Cropping Treatments on the Stable Ag-
gregate Size Distribution of the 0.84-0.42 and
0.42~0.25 mm, Size Dry Sieved Aggregates . . . . . . . . 48

1i. The Effect of Cropping Treatments on the Stable Ag-
gregates Size Distribution of the Whole Soils . . . . . . 51

12, The Effect of Treatwents on the Percent Stable Ag-
gregdtes above (.25 nm. in Size and the Percent
of Dry Aggregates Which Retained Their Size in
Each Size of the Dry Sieved Aggregates . . . . . . . . . 33

vii



INTRODUCTION

Since the begimning of the 20th Century, it has been accepted that
continuous intensive cultivation causes a subgtantial loss in organic
matter which precedes a detevicration of the‘structural properties of
the soil. 1t has been suggested that structural deteriarat;an, az well
a8 nutrieant depletion, #re responsible for fielé reduéti@ﬁ under con-
cinusus cultivation. Today, it is widely accepted that continucus in~
temsive cultivation will result in a structural breakdown, a decrease
in orgenic matter, macro-porosity and infiltration.

With thé)preSent trend toward a more mechanized and iatensive
agriculture, a better understanding of the processes involved in the
formation, stability and deterioration of soil structure is of prime
importance. The objectives of this study were:

1. To study the effects of 40 years of continuous cottom cultiva-
tion on a Kirkland silt loam field as compared to a non-cultivated area
of the same soil type.

2. Tg evaluate the effect of organic matter, nitrogen, per cent
sand, silt and clay, exchénge capacity and exchangeable calcium, magne-
sium, potassium and sodium.én the stability of the soil aggregates.

3. Te e#amine a2 new method of‘evaluating the aggregate stability

of a soil.



REVIEW OF LITERATURE

A favorable sgeoil structure has longﬁbgen recégnized as one of the
foundations of crop prqduétion;. Tﬁé ﬁsé of'barny#rd manure, green
menure, crop residues and the inclusion of‘grasses and legumes in a
rozaﬁion all stem from the farmer's obsefv#tieﬁ that éhese practices
might improve the_physical condition éf‘the goll &nd incresse yield.

Soil structure has beenvdéfined iﬁ many ways. Lyon, Buckman and
Brady (28)1 state ''structure is strictly a field term descriptiva of
the graés over-all aggregation or arrangement of the soll solids.™
‘Baver (7) defines soil structute‘as "the ;rrangement of the primary
and secondary particles into a ce?faihistructﬁral pattern." Page (37)
states "soll structure is the'arrangement'gfvsoii particles.” It is of
importance to mention thaﬁ'in spite 6f‘thq impértance"of s0il structure,
its definition is general and vague. |

Yoder (54) describes an ideal aoil»#?ructure as one which will re-
sult inz,i | |

1. Minimum reailtance to root penetrqtian.

2, Free intake and quera:é retentiénhof rain'ériirriggtion water.

3, 6ptiﬁﬁm soil air:and mnder;te‘ggleogs‘éx@haﬁge.

4, Minimum ccmpetitio@'between ﬁirl;nd ﬁiter fprboccup:ncy of théy

soil pore space.

1 Figures in parenthesis refer to "Literature Cited."



Bradfield (10} argues that an idssl structure ie formed under grass
‘vvégeCatimnn He maintaing that an ideal sivucturs has two systems of soil
pore space. Micro-capillary pores within the aggregates and macre-non-
capillary pores between the aggregetas. A soil apgregate is defined by
Page (36,37) as "a ciuster of zeil particleé held together more or less
loogely but with sulficient strength go it behaves in the soil as a unit.”

3

Bradfield's system will rzesult in rapid water intzke approaching that of

ol

&2

sand betwesn the aggregates snd a high wateyr holding capacity spproaching
that of clay within the aggregates. The most important charscteristic
yhich 8 good structure imparts fo the soil is the sxira macro-pores,
Page (36,37) discussed the favorable porosity im z well aggregated scil
émd concluded that aggregation which rasul; in larger soil units will
provide better aeration and drainage through improvement of the macre-

porosity.
The Formation of Aggregates

Aggrezates in the soil are formed by two matural precesses: (a)
clumping together of the soil priﬁary pa;ticles; and (b) fracture of lar-
ger masses of soil into aggregates. Yoder (54), Baver (7), Page (36,37)
and others agree that the most important ?rocesses ledding to the forma-
tion of soil aggregates aré:

The action of plant rootsmBradfield‘(lo) maintains that numerous

roots in the soil tend to separate it iﬁ;q clumps which are compressed
due ggbthe penetration and growith of the roots. Each root is a center of
water removal from the 3oil‘and thus cau$es localized shrinking and com-
pression which further breaks the seil down intovéggregatesq Decaying

roots are claimed to encourage microorganism activity on the surface of
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the soil aggregate. This activiecy producss microbial by-products which

et &85 cementing materizls to hold the a2ggregate together as a unit.

vFreezing aﬁd”thaﬁingfﬁaver {7) and Chepil (15) state that uneven

volume and pressure changes caused by the formation of ice tend to break
the soll mass down into smaller aggregates. The aggregates formed remain

& separshte units, because the cobhesion ferces b&tweén the clay particles
within the aggregats are stronger then the forces acting between the agg~
regates. Chepil {186) reports that 1if the soll is too duy or toe wet we
breakdown as & result of freezing will ozcur., He also claimg that rapid
freezing will form small ice crystals which will cauge excessive bhreak-

down of soil aggregates.

o

Wetting and drying-Shrinking and swelling of the spil will resul

s

in cracking and breakdown of the soil mass. Page (36,37) claims that
clay swelling, which is caused by the adszorption of water melecules on
the clay surfaces, will weaken the cohesive forces between soil particles
and aid in the soil breakdown. Yoderb(SS) observed that a wetting front
compressed the air trapped in soil masses and caused miniature localized
eipl@si@ns and a further breakdown of the soil.

Flocculation of the soil colloids-The place of flocculation in the

formation of soil aggregates has been much debated. The idea that floc-
culation is important in aggregate formation was deduced from the obszerva-
tion that some highly aggregated soils had a high calcium content. Since
calciﬁm salts will flocculate clay suspensions, it was inferred that floc-
culation was an important process in aggregatioﬁ, Baver (4) reported no
difference in the physical propertiez of a hydrogen or calcium saturated
soil. Bradfieid (11) maintains that flocculation favors aggregation by

immobilizing the clay particles. Lutz (30), Baver (4,7) and Robinson and



1%,

Page (45) report that hydrogen saturated scils were as well aggregated
as calcium saturated soils., Peel (40) added wvarious amounts of calcium
salts to a soil and reported no increase or decrease in aggregation.
Lutz {30) reported that the clay of a Davidson gcil was flocculated ir-
respective of the cation on the exchange complex. Page (36,37) main-
tainea that in most soils the clsy was naturally flocculated by either
hydrogen, calclium, or orgenic substances while aggregation varied quite
widely. He believed that flocculation was net important in the formatiom
of soll aggregatez. However, it has bgem poted that in alkali soils the
clay is dispersed and a prerequisite te aggrsgation im such seils is the
flocculation of soil colloids (7.36,37). Russell(46) maintained that
the analogy drawn between the flocculation of clay suspensions and agg-
regate formztion in the soil was invalid., Flocculatien occurred only
when the electrokinetic potential of the clay particle was low (low dis-
gociation of cations) while for the formation of the aggregate a high

electrokinetic potential and a high dissociation of the caticns was needed.

The place of clay in the formation of soil aggregates-The clay frac-
tion of ﬁhe soil controls to a large degree its physical and chemical pro-
perties, A soil of low clay content will usually result in a favorable
porosity but a poor nutrient supplying power. A soil high in clay will
maintain a high nutrient‘supplying power, hocwever, the structure and
porosity of this soil wili depend on the arrangement of the soil particles.
Many investigators (7,36,37,46,49) note the importance of clay in the
formation of soil aggregates. Baver (5) analyzed 77 different soils and
rep@rted a high correlation between clay content and aggregation. Hide
snd Metzger (20) reported a higher clay.content in well aggfegated soils

as compared to the same soil in a poorly aggregated condition. Garey (18)



found a higher clsy content in the aggregates than in the whole scil and
he postulated that the clay is im@@rtamﬂfin the aggregation process. It
has been postulated that clay participates in the formation of aggregates
in three ways:

i. The linkage of clay particles by water dipoles or bridging by
different cations was originally advanced by Russell(46). He
claimed that since the water molecules were polar they would
orient themselves between the surface of the clay particle and
the caticns in the diffuse double layer., The positive end of
the water molecule would orient itself to the negative charge
on the clay surface, the negative end towards the positive
charge of a cation in the diffuge double layer. Russel claimed
that some of the cations would share the water molecules which
envelop them with twe adjacent clay particles, thus forming a
linkage system. This linkage system can be roughly described
ag: clay particle’ - Hp0 molecule - cation - Hzl molecule -
clay particle, This mechanise seems to be important under moist
conditions, However, it is questionable in accounting for the
forces holding the aggregates together in the dry state.

2. Cohesive forces between the clay particles.

3. Linkage of clay particles bytloﬁg polar organic liquids.
The Stability of Soil Structure

Once the structural units are forme&'in the soil, they would rapidly
disappear if they were not gtable, Thus;“the stable soil aggre-
gates are those which will stay on a set éf sieves after 30 minutesg of
sieving in water.

Effect -of organic matter-The importance of organic matter in the
stability of soil structure is generallyfagreed upon. Robinson and Page
(45) removed the organic matter from 2 Br@okstoﬁ 80il and measured aggre-
gate stability. They reported a high reduction in the stability of aggre-
gates when organic matter was removed as compared to the undisturbed soil.
Garey (18) collected the stable aggregatem attained by wet sieving and

compared their properties with that of the whole scil. He reported higher



organic matter in the smaller stable aggregatss than in the whole soil,
Baver (5) reported that orgsnic matter content of 77 soils was highly
correlated with the stable aggregates., This was especially true when
the clay content was low. Baver and Harper (6} found a close correla-
tion between organic matter and stable aggregates in desert soils from
Arizena. A number of mechenisms which are claimed to help stabilize
the soil aggregates are repurted in the literature:

1. The binding of soil particles by fumgi and bactevia is @
subject of much interest., Martin and Waksman (33) and
Martin (31L) report that bacterizl cells znd fungl mycelia
are important materials in the binding of the scil parti-
cles. Martin reports that 50% of the aggregation effect
of fungi was due to physical effect of the mycelium and
the other 50% was due to substances other than the cell
wall produced by the fungi. With bacteria, however, the
results were diffevent, only 207 of the aggregation effect
was due to the bacterial cells, while 80% was a result of
other cellular materials produced by the bacteria. Page
{37) argues that the importance of the fungi and bacteria
themselves as materials capable of stabilizing aggregates
has been overemphasized. He points out that claims for
the effect of microsrganisms on aggregation were achieved
in the laboratory with an abundant microbial food supply
and without competition from other organisms, and it was
questionable that these conditions existed in the field.

2. The cementing or linkage of soil particles by polar lcng
chain organic molecules has been discussed by many workers.
The actual manner im which organic materials promote a
stable structure is not understood. Myers (35) claims that
organic substances are adsorbed on the clay surfaces as a
result of the polarity of the humic compounds, thus forming
linkages between clay particles. Sideri (49) suggested a
similar hypothesis. He maintains that the humic substances
are adsorbed on the clay particles through a process of
orientaticon of the organic molecules. Peterson (43) reports
that large amounts of polyuronides are found in the soil
organic matter and on the outer layers of plant root hairs.
He maintains that the polyuronides are important in cementing
the clay particles. Peterson suggests a linkage between
polar polyurconides, calcium catioms, and the clay particles
as roughly as: clay - calcium - pectin - calcium - clay.
Baver (7) quotes Geoghegai who suggests that the hydroxyl
group produces the linkage between the clay and the poly-
uronides. Martin {32) reports that polyssccharides pro-
duced by. bacteria are effective in aggregate stability,

He claiwms that this effect is short lived since these mater-



ials are destroyed by . soll microorganisms. Robinson and
Page (45) concluded that the organic materials associated
with the clay were largely respomsibie for aggregate stabil-
ity. Page (36,37) maintains that the importance of these
proposed mechanisms was overemphasized.

The cohegive forces between clay particles-Baver (7) maintains thst

the cohesive forces between the clay particles and the larger fractions
are important mechenisms Iin aggregation. Sideri (49) reports that
cohesion batween the clay particles is of prime importance in aggregation.
Page (36,37} claims that the cchesive forces in the clay are the most
important mechanisms im the formation and stability of soil aggregates.
The cohesive forces between the clay particles are a result of intex-
erystalliine ionic forces and of the interaction of exchangeable cations
between oriented c1a§ plates. Page states that these cohesive forces im
some clays can account for 21l the binding necessary for soil aggregation
and stability. When the clay particles are in close contact and the num-
ber of points of contact between particles is large, the cohesive forces
are at their maximum. This effect is observed in dried puddled clays
and the result is a very hard mass which is unfavorable for plant growth.
Under field conditioms, without excessive cultivation, the clay particles
are randomly arranged and theknumber of points of contact are low, this
results in a small cohesive force. Water molecules and organic substances
adsorbed on the clay surfaces will further reduce the cohesive force be-
tween the clay particles. This is probably due to loss of surface energy
of the clay particles, The reduction of the‘eohesive fo:ces will create
@ favorable field of force for the formation of stable aégregates, Page
claims that the role of the organic polar compounds is twofold:

1. To weaken the potentially strong cohesive forces between clay

particles, thus permitting the formation of aggregates.



N
2., To link clay particles together through mutual adsorption of

such compounds by two or more clay particles.

The place of adsorbed cations inm the formation and stability of
structure-Assuming that thevtheory advémced by Psge (36,37) and discussed
in the preceding chapter iz the most accu;ate, adsorbed cations should be
important in aggregstion. From his theory, it is essy to deduce that the
kind of cetions adsorbed im the diffﬁse d@uble izyer and their charge will
tend to affect, to a considerable degree, the surface energy and the
electrokinetic potential of the clay particles. Thgss the cohesive
attraction between the clay particles is greatly affected. BRavexr (5)
analyzed 77 different soils but found no correlati@n between aggregate
stability and calcium level. Aldricﬁ £3) reports nc effect of magnesium
level on aggregate stability. He also reports; depending on the soil,
the aggregate stability might or might n@ﬁ be affected by the potassium
level. This was observed by Reeve gnd Bower (44). Aldrich found that
increasing the sodium content would reduge aggregate st;bility and that
the same effect was caused by excess lime, ﬁcﬁenry and Russell {34) worked
with puddled materials an&vthey reported that sodium additions greatiy in-
creased the stability of aggregates,. Hidé and Metzger (20) reported a
higher exchange capacity in stable aggreghtgs, but explained it as a re-
sult of higher clay content. Garey (18) separated the stable aggregates
and compared their properties with those‘ef the whole soil. He found :hat
the larger aggregateé had a lower exchange capacity than the whole soil.
Myers (33) reported a higher percentage of stable aggregates in hydrogen
saturated soil than in a calcium saturated soil. The results obtained
by Robinson and Page (45) agree with those obtained by other workers (3,

30,35). Lutz (29) reported a high correlation between free iron and ag-
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gregate stability im lateritic soils. He cleimed that the free iron im
solution acts as a flocculating agent, while the colloidal iron acts as

a cementing agent.
The Disintegration of Soil Structure

Opposing the procseses which are aésumed te build up the soil struc-
ture aré natural forces and‘précessga which tend to destroy the soil
structure. Alderfer and MErkle‘{l) list most of the processes respon-
sible for the destruction of seil structure:

1. Impact of beating rain.

2. Shearing and polishing action of cultivation implementis.

3. Compacticn by machinery, animals”anénmén,

&, Absencelof @rganiq residues,

5. Leaching of soluble salts and consequént deflocculation,
Agromemic Practices and Structural Stability

The eifect of continuous cultivation on structural stability-Jenny

{22) reported that 40 years of continuoué'éﬁitivation of corn in Missouri
caugsed a 38% decrease in organic matter, a 35% decrease in nitrogen, 33%
decreasé of exchaﬁggable bases, 28% decre;sevih gand and 39% decrease in
clay as compared to a virgin prairie éoil. Laws and Evans (27) reported
that a Houston black clay after 50 to 90 years of continuous cultivation
showed & marked decrease im organic matter and nitrogen as compared to

the virgin soil. They also reported a much higher percentage of large
stable aggregates in the virgin soil tham in the cultivated one. Browning
(13) reported a decrease in organic matter from 3.5% to 2.0% as a result

of continuous cultivation. A reduction inu@rganic'matter, nitregen and



stable aggregates has zlso been reporced (1,2,14,19,23,25,51,53).

Crop rotaticn and aggregate stability-Van Bavel and Schaller (52)

reported that the stable aggregates were twice as high in a soil cropped
to corn in & corn-cats-meadow rotation as compared to the same soil under
continugus corn. Aggregate stability dropped rapidly when continuous
corn followed sod crops and increased when cropping was changed from
continucus corn to a corn rotation. They reported that a corn-oats-
meadow rotation showed a slight insignificant decreaze in organic matter
snd that 11 years of alfalfa or bluegrass maintained the most stable
structure. Johnston et al. (23) reported a decrease in stable aggregates
g8 & result of cropping aystems in the order of: bluegrass, clover-oats~
corn rotation, and continuous corn. Alderfer and Merkle (2) found a
higleraggregate scability in a soil cropped to sod. Gish and Browning
(13) listed the order of aggregate stability under cropping systems as
Bluegrass, rotation meadow, rotation corn, and continuous corn. Thus,

it seems that there is a general agreement among the investigators that
continuous cultivation will result in a considerable reduction of the stability
of aggregation., Sod crops and crop rotation would increase the aggregate
stability or maintain it on a favorable level.

Manure spplication and aggregate stability-There is general agree-

went a8 to the value of manure application in maintaining and improving
aggregate stability, It should be mentioned though that most of the work
reported has been from the northeast or north central parts of the United
States. Several workers (1,2,8,12,17,26,47,53) report a highly signif-
icant increase in aggregate stability with manure application. Bertram-
son and Rhoades (9) reported thaet in Nebraska manure application had no

effect on aggregate stability. It ought to be said that too much atten-
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tion has been given teo the kind of plants grown and not enough on, type
and pumbers of cultivation.

In zpite of a voluminous literature, the mechanisms that lead to
good scll structure are still unknown. Thie is partly due to the var-

iability of the msnifestation of structure formation and stability on

Bdo

la,

P

different so
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METHODS AND MATERIALS

The soil studied was a Kirkland silt loam which belongs to the Red
Prairie soil group. A detailed description of the soil profiles near
the sites sampled is given in the Appendix.

Samples were tsken from two sites:

Site I - Kirkland silt loam in permanent grass vegetation was lo-
cated south of the Stillwate; Municipal Airport buildings. The site
was covered with tall prairie grasses, little bluestem, some big blue-
stem, gvitchgrass, and dropseeds. Bulk samples were taken with a spade
from two locations about 30 feet apart. The samples were taken at two
depths, O to 6 inches and 6 to 12 inches. These two locations will be
called "Plot A" and 'Plot B'", respectively.

Site II - The second site was on the Agronomy Research Farm and
samples were taken from the western half of series 4100. The western
half of series 4100 has been under continuous cotton cultivation since
1916. Two treatments were selected, plots 4 and 7, which were check
plots and did not receive any treatment except that the cotton residues
were plowed down every year. This treatment will be called from now on
"continuous cotton'. The second treatment selected was on plots 2 and
8 which had received manure applications of 5 tons per acre every three
years. This treatment will be referred to as 'continuous cotton plus
manure''. Two locations were sampled from each plot and at two depths,
0 to 6 inches and 6 to 12 inches. The samples from the two locations

and from each depth were mixed into a composite sample to represent the

13
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plot at each depth., The samples from each plot were brought to the lab-
oratory and air dried. The air dried sawples were crushed with a wooden
roller to pass a 4-mesh sieve, mixed and stored in 2% gallon ice cream
cartons., These samples will be referred to as the '"stock samples”. For
chamical analysis, the stock samples were further crushed to pass a 20-
mesh gieve &8 reguirad, Each test was rum in duplicate to serve as a

check on techmique.

(241
i
i

& modification of the wet sieving method of aggregate anglyszlie pro-
posed by Yoder (53) wasz used. The samples were wetted under a vacuwwn of
20 inches of mercury, preceding the wet sieving. The stable aggresgates

were removed from each sieve with the aid of a jet of water, oven dried,
weighed and stored for further analysis. The sieves used were 5 iunches

in diameter with the following screen openings:

sereen mesh 10 20 40 60 140
e} 2.00 0.84 0.42 0.23 0.10

In addition to wet sieving, the samples were also dry sieved. The
size of the sieve opening correspond to those used in the wet sieving,
however, 8 inch sieves were used. The sieves were placed on a sieve
shaker® and ware shaken for 6 minutes. Each size fraction of the dry

aggregates was weighad and stored in % gallon ice cream cartons for

Particle size distribution was dstermined by the pipette method
essentially as suggested by Jennings et al. (21) and by Kilmer and
exander (24}, except that organic matter was not removed prior to the

o

test. QCorrections for temperature were interpreted from the nomographs

L cenco-Meizner sieve shaker manufactured by the Central Scientific
Company .
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published by Tanner and Jacksen (50). A constant temperature bath, a
25 milliliter automatic pipette and an automatic depth gauge were used.

Organic matter was determined by the wet combustion method, accord-
ing to Schollenberger (48).

Total nitrogen was measured by a modified Kjeldal method, suggested
by Harperl,

Exchange capacity was determined by the ammonium acetate method as
recomnended by Peech et al. (39). The ammonium acetate leachates were
analyzed for exchangeable calcium, magnesium, potassium and sodium with
the Beckman model D. U. flame spectrophotometer with a photomultiplier
attachment. The fuel gases were hydrogen and oxygenz.

Permeability tests were run in the laboratory on bulk samples and
on dry-sieved aggregates by the method described below:

Glass cylinders 4.6 cm I1I.D. (inside diameter) by 30.4 cm in length
were stoppered with rubber stoppers fitted with small glass tubes for
drains., A 40-mesh wire gauze was then placed in the tube directly above
the rubber stcpper and a layer of 20-mesh white silica sand was layered
over the gauze. Two hundred grams of the soil to be tested were poured
inte the cylinder and the cylinder was then dropped a distance of one
inck ten times. Distilled water was introduced into the cylinder and
maintained at a constant head of 16.5 cm. The water that percolated
through the sample was collected into a graduated cylinder and the volume

of the percclate was determined at 2, 5, and 10 minute intervals.

Ly, g, Harper, Methods for the analysis of soil and plant materials,
S0ils Laboratory, Oklahoma State University, 1948.

2 Anomymous, Methods for the analysis of soil and plant materials,
Soils Laboratory, Oklahoma State University, 1956, (Unpublished).



RESULTS AND DISCUSSION

The Effects of Treatmentis on the Properties of the

Soil as a Whole

The effect of soll treatments on aggregate stability is given in

Table I. These results indicate a considerable difference in the per

TABLE I

EFFECTS OF TREATMENTS ON AGGREGATE STABILITY

Réplications 7% Stable aggregate above (.25 mm. in diameter
Grass Cotton Cotton f Manure
Rep. I 54.8 28.6 - 28.0
Rep. II 56.5 28.4 29.2

cent of stable aggregates above 0,25 mm. between the grass and the con-
tinucus cotton plots. The samples from the grass plots were almost twice
as high in water stable aggregates as compared to the samples from the

continuous cotton plots. A study of the digtribution of stable aggregates

=

see Appendix, TableXIilI)from the grass plots showed that 38% of the ag-

y

o

gregates were larger than 0.42 mm. in size, while only 10.5% of the ag-
gregates from the cotton plots were above this size. This demonstrateg
that the soil under grass cover would have a much more favorable macro-
porosity than the scil under continucus cotton.

There was no difference in the per cent of stable aggregates between

the continuous cotton plots and the comtinucus cotteon plus manure plots.

16



This observation is in opposition to many of the published results (1,2
PP ¥ g : &y

7,53), however, the rate of application of the manure was rather low

=2
(XS]

g

2 $
as compared to other experiments (3 T/A every three years). Under the
farming systems practiced in Oklahoma, it is doubtful if farmers could
apply higher rates of manure than the cne used in this experiment. The
hot and relatively wet summers rvesult in a rapid decomposition of the
organic matter, thus reducing its effactiveness. The results reported
here were obtaimed on soil samples taken the third year after the last
manure application.

Forty years of continuous cultivation of cotton reducad the per ceat
of stable aggregates above (.25 mm. by 50% and thoss above .42 om. by
75%. Manure applications were not effective in checking this reduction.
The effect of the three so0il treatments on the organic matter and

nitrogen content of the whole soil is given in Table II. The organic

TABLE I

EFFECT OF SOIL TREATMENTS ON ORGANIC MATTER AND NITROGEN

Analysis  Replications Soil Treatments
Grass Cotion Cotton # manure
% Rep. I 3.16 1.16 1.36
Organic .
Matter Rep. II 2.99 - 1.18 i.23
av, 3.075 1.17 1.295
% Rep. I 0.139 0.070 0.067
Nitrogen
Rep. 11 0,138 0.065 0.068
av. 0.1385 0.0675 0.0675

matter content of the soil, measured by the wet combustion method, was

almost three times higher in the grass plot socils than the continuous
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cotton and the nitrogen level of the soil was two times higher in the
grass plots.

If the assumption iz made that the organic matter and nitrogen levels
of this soil were originally about the same im all plots, then 40 years
of continuous cotton cultivation has reduced the organic matter content
by 667 and the nitrogen content by 530%. This is in general agreement with
other experiments reported in the literature (13,22,27), although, the
magnitude of difference in the expariment reported here is somewhst higher.

The difference in mitrogen and organic matter levels between the con-
tinuous cotton plots and continuous cotton plus menure was not signif-
icantly different. This observation means that manure applied for 40
years failed to imcrease the organic matter and mitrogen content and waé
not successful in checking their decrease.

The effect of three soil treatments on the cation exchange capacity,
per cent base saturation, and per cent exchangeable calcium, magnesium,
potassium and sodium is given in Table I1I. The cation exchange capacity
of the soll frém the continuous cotton plots was 27% lower than the grass
plots. 8ince the clay content of all plots was essentially the same
(Table IV), the reduction in cation exchange capacity could be attributed
to the loss of soll organic matter. However, since the cation exchange
capacity of the subseoils in the continuocus cotton plots was found to be
lower than the grass plots (Table VIII), the observed reduction in ex-
change capacity im the topsoil might be a result of localized variationms
in the subsoils. Reduction in the cation exchange capacity as a result
of continuocus cultivation was previously repeorted in the literature (20,
22). Per cent calcium, magnesium, potassium and sodium and the per cent

base saturation were quite variable between samples, and szignificant



TABLE ILI
EFFECT OF TREATHMENTS ON CATION EXCHANGE CAPACITY, PERCENT CALCIUM, MAGNESIUM,

POTASSIUM, SODIUM AND PERCENT BASE SATURATION

Analysis
Soil Replications % % % % %
Exchange Exchangeable Exchangeable Exchangeable Exchangeable Base
Treatments Capaclty Ca M K Na Saturation
Grass Rep. I 15.28 37.01 23.82 5.24 G.50 66.57
Rep. 1I 15.32 42.98 33.20 3.26 0.58 86.02
AY . 15.30 39.99 28.51 4,25 0.34 73.2%
Cotton Rep. I 11.04 43.45 31.68 4.88 1.04 81.05
Rep. 1I 10.90 42,40 22.06 3.83 0.91 76.22
av. 10.97 42.92 30.37 4.36 0.97 78.63
Cotton # Rep. I 16.57 43.42 30.06 4.36 0.57 78.41
Manure Rep. II 11.70 36.95 28.85 4.26 0.93 71.09
av. 11.13 40.18 29.45 4.36 0.75 ¥4.75
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differences could not be found between treatments.

The effect of continuous grass, continucus cotton and continuous
cotton plus menure on the particle size distribution is given in Table IV.
There were no differences in the clay content of the soils from the var-
ious treatments. The grass plote had a higher percentage of stable ag-
gregates with a favorable size distribution, but this cannot be attrib-
uted to differences in the total clay.content. However, this is in con-
trast with some of the results reported in the literature (20,22). The
plot2 were on level land where practically no erosion had occurred and,
under Oklahoma conditions, soil leaching processes are not intensive.

Total percent of sand was essentially the same under all treatments.
However, when percent coarse sand (1.0-0.1 mm.) and fine sand (0.1-0.05 mm)is
compared, considerable differences are noted between treatments,

The grass plots contained 38% less coarse sand fraction and 18% more of
the fine sand fraction as compared to continuous cotton. These dif-
ferences might be a result of some sheet erosion which might take place
on the exposed soil surface of the continuously cultivated plote. There
were no observed differences between the various treatments in the total
percent of silt or in the percent of coarse silt (0.05-0.02 mm.) or fine
silt (0.02-0.002 mm.). No differences were observed in the particle size
distribution of the continuous cotton and continuous cotton plus manure
plots.

Permeability of the soils from the grass and continuous cotton plots
ig# shown in Figure 1. An appreciable difference in the permeability of
the soils from the grass plots as compared to the continuous cotton plots
was observed. After 60 minutes, the grass plots had transmitted 280 ml.

of water as compared to 130 ml. for the cotton plots. These results agree



EFFECT OF TREATMENTS ON PARTICLE SIZE DISTRIBUTION

TABLE IV

Soil Percent Particle Size Distribution (Diameters ir mm. )
Replication Total Total Clay
Treatment 1.0-0.1 0.1-0.05 Sand 0,05-0.02 (.02-0.002 Silt 70.002
Grass Rep. I &.83 23.16 31.99 34.21 13.28 47 .59 21.04
Rep. II 7.78 21.90 29.68 29,60 19.42 49.02 21.30
av 8.30 22.53 30.83 31.90 16.49 48.30 21.17
Cotton Rep. I 13.55 18.83 32.38 33.40 13.36 46.76 20.86
Rep. II 12.16 18.59 31.15 34,15 14.06 48.21 20 .46
av. 12.85 18.91 31.76 33.77 13.71 47 .48 20.66
Cotton # Rep. I 13.98 17.92 31.90 31.84 14,07 45.91 22.18
Manure
Rep. II 10.01 17.95 27 .96 33.17 17.87 53.84 21,05
av. 11.99 17.93 29.93 33.50 15%.97 49 .47 21.61

12
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very well with the observed percent of stable aggregates above 0.25 mm.
in the two treatments. The grass plots were twice as high in stable ag-
gregates above 0.25 wm. im size and about three times as high in stable
aggregates above 0.42 mm. The macro-non-capillary porosity of the grass
plots was much more favorable for downward movement of water. The in-
stability of the aggragates from the continuously cultivated plots, espe-
cially the imstebility of the larger aggregates, caused an excessive
slaking of the soil sggregetes upon wetting and clogged the larger pores,

which caused & sluggish downward water movement.
he Effect of Croppimg Trezatments on the Subscil

The same properties which were determined om the topsoll wsre deter-
mined on the subsoil also. This was done because it was felt that tos
much attention in previous investigations had been directed to the kinds
of plants grown and too little to the type and number of cultivations.

It was inferred that 1f the kind of crop grown had a major effect on ag-
gregate stabllity, differences should be found between soil treatments
in the subsoils. This assumption was based om the possible effect of
large amounts of grass and cotton roots, foumd im the subsoils, on the

measured properties. Records showed that the subsoils have never been

o

disturbed and the only factor that would change the stability of subsoil

[2

ageregates was the @r@pping systems .

The results, however, do not show any significant differences be-
tween the gubsoils of the various treatments in organic matter, total
nitrogen or aggregate stability as shown in Tables V, VI, VII. This
could be interpreted to wmean that the kind of plant grown, cotton or

prairie grasses, did wot play en importent role in the stability of the
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aggregates in the undisturbed subsoils. 1In the topsoil, large differences
in the properties mentioned above were found between the plots continuously
cultivated to cotton and the undisturbed plots covered with grasses. It
could be hypothesized that a major factor in the deterioration of aggregate
stability, under continucus cultivation, is cultivation itself. In other
words, the stirring and shearing action of the cultivation implements,

the type of implements and the frequency of their use has much to do with
the deterioraticon of aggregate stability. However, it should be noted

that this study provides little evidence to prove or disprove this hypeth-

esis and wmore specific investigations are required to test this hypothesis.

TABLE V
THE EFFECT OF TREATMENTS ON AGGCREGATE STABILITY OF THE

SUB-SURFACE SOIL (6-12 INCHES)

: Treatment
Replication Grass Cotton _ Cotton # Manure
Rep. I 65.2 58.6 64.8
Rep. II 70.0 64.2 57:5
av. 67.60 61.40 s

ANALYSIS OF VARIANCE

Source D.F. _S.S. M.S. F
Total 5 45.56 9.11
Replications 1 0.81 0.81
Treatment 2 6.10 3.05 0.158 Nst
Error 2 38.65 19.32

1 Ns - Not gignificant at the 5% level.



AN ]
L

TABLE VI
THE EFFECT OF TREATMENTS ON THE CRGANIC MATIER CONTENT

OF THE SUB-SURFACE SOIL (6-12 INCHES)

____Treatments

Replication Grass Cotton Cotton # Manure

Rep, X 1.65 1.48 1.58

Rep. I1X 1.65 1.19 1.15

av. 1.65 1.38 1.36
ANALYSIS OF VARIANCE

Source D.F, S.5. M.S. F
Total 5 0.2554 0.0511
Replications 1 0.0864 0.0864
Treatments 2 0.1209 0.0605 2.52 nst
Error 2 0.0481 0.0240

NS - Not significant on 5% level.



TABLE VII

THE EFFECT OF TREATMENTS ON NITROGEN CONTENT

OF THE SUB-SURFACE SOIL (6-12 INCHES)

26

Treatments
Replication Grass Cotton Cotton ¢ Manure
Rep. I 0.069 0.087 0.075
Rep. II 0.080 0.087 0.062
av., 0.074 0.087 0.068
ANALYSIS OF VARIANCE
Source D.F. S.S. M.S. F
Total 5 0.00051 0.00010
Replications 1 0 0
Treatments 2 0.00036 0.00018 2.57 nsl!
Error .2 0.00015 0.00007
I w5 - mot gsignificant on 5% level.
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Results on the exchange capaclty and particle size distribution of
the subsoils under grass, continucus cotton and continuous cotton plus

manure are presented inm Tables VIII and IX.

TABLE VIII
THE EFFECT OF TREAIMENIS ON EXCHANGE CAPACITY OF THE

SUB-SURFACE SOIL (6-12 INCHES DEPTH)

Milliszquivalents per 100 #m, of Seil

Replications Grass Cotton Cotton # Manure
Rep, I 26.03 17.45 17.81
Rep. 11 25,97 20.96 21.48
av. 26.00 ‘ 19.21 18.64
TABLE IX

EFFECT OF TREATMENTS ON THE PARTICLE SIZE DISTRIBUTION

OF THE SUB=-SURFACE SOIL (6-12 INCHES)

Percent of each fraction

Treatments Replications Sand Silt Clay
Grass Rep. I 20.90 41,38 37.72
Rep. II 21.32 45.76 33.00

av. 21.06 43,57 35.36

Cotton Rep. I 19.69 51.07 29.24
Rep. II 16.80 47.76 35.44

av. 18.29 49.41 32.34

Cotton # Manura Rep. I 20.87 48.64 30.43
Rep. LI 16.44 46,50 37.16

av. 18.65 47 .57 33.79
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Effect of Cropping Treatments on Properties of Soil Aggregates

Since the differences in the properties tested between the contin-
uous cotton plots and the grass plots were found to be large, it was
decided to study two of the treatments in more detail. The continuous
cotton plus manure tresatment was eliminated from this study since no
differences were cbtained between it and the continuous cotton plots.

The scheme of this study was to compare the properties of the whole
samplee versusz those of the dry aggregates collected by dry sieving and
stable aggregates collected by wet sieving. The assumption was that the
magnitude of each of the properties investigated on the whole scil as
compared to the dry sieved and stable aggregates would yield valuable
information as to the importance of these properties in the formation
and stability of the aggregates. Thus, if the level of any of the pro-
perties would tend to increase from the whole soil to the dry sieved
stable aggregates, it could be inferred that this property was important
in the aggregation process. This study also attempted to investigate the
effect of the size of the aggregates on the levels of the properties mea-
sured.

The effect of cropping treatments and aggregate size on the organic
matter content of dry and stable aggregates was investigated by plotting
the data as shown in Figure 2. The organic matter content of the dry
and stable aggregates from the cotton plots was above that of the whole
soil. The dry and stable aggregates from the cotton plots reached a
maximum of the 0.42 mm. size aggregates and then declined. In the grass
plots, the general trend was somewhat different. The organic matter
content of the dry and stsble aggregates (2.00 and 0.84 mm.) was below

thet of the whole soil and the (0.42 and 0.25 mm.) aggregates were con-
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siderably higher in organic matter than the whole soil, and a maximum was
reached in the 0.25 mm. aggregates. The increase in the organic matter

content of the stable aggregates above that of the whole soil and that of
the dry sieved aggregate was higher in the stable aggregates from cotton

than in the stable aggregates from grass as shown in Table x! The dif-

TABLE X
EFFECT OF TREATMENTS AND SIZE OF ACGREGATES ON THE INCREASE

IN ORGANIC MATTER CONTENT OF STABLE AGGRECGATES

Aggregate Percent increase in each size (size in mm.)
Treatment Stability 5.00-2.00 2.00-0.84 0.84-0.42 0.42-0.25

Grass Above soil - - 9 25
Above dry
Aggregate - - 4 6
Cotton Above soil 24 19 39 33
Above dry
Aggregate 11 7 18 18

ferences in the organic matter content reported between the grass and the
continuous cotton plots werevident between the dry and stable aggregates,
also. The increased organic matter content of the stable aggregates of
the cotton plots and the smaller stable aggregates from the grass plots
suggests that organic matter plays an important part in the stability of
these aggregates. However, the differences in organic matter content of
the stable aggregates of the cotton and grass treatments were considerable.

The increase in organic matter content of the stable aggregates from the

1 por data, see Appendix, Table XIV.
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cotton plots might suggest the possibility that organic matter is more
important in the stability of aggregates from the cotton than those from
the grass. However, the percent of stable aggregates was twice as high
in the grass plots, and it could be inferred that the stable aggregates
contributed to an increase im the organic matﬁer content of the whole
soil, thus the increase in the organic matter content of the stable ag-
gregates of the grass plots sbove that of the whole soil would be ex-
pected to be somewhat lower. There wazs a tendency for the organic matter
content of the dry and stable aggregates to increase, with decrease ia
size of the aggregates. This might suggest the inecreasing importance of
the organic matter comtent of the aggregates with decrease in size of
the aggregates. A higher percentage of organic matter in the smaller
stable aggregates than in the whole soil and a tendency to increase with
decrease in aggregate size was reported by Garey (18).

The effect of cropping treatments and aggregate size on the nitrogen
level of the dry and stable aggregates was investigated and the resulté
are shown in Figure 3 and Table x1!  The nitrogen content of the dry ag-
gregates from the cotton plots was essentially the same as that of the
whole soil. However, the stable aggregates from the cotten plots had a
higher nitrogen content than the whole soil and reached a maximum in the
0.42 and 0.25 mm. size aggregates. The nitrogen content of the aggregates
from grass paralleled the organic matter content. The nitrogen content
of 2.00 and 0.84 mm., size aggregates was below that of the whole soil,
while that of the smaller aggregates was above the whole seil. The ni-

trogen content of the aggregates from the grass plots reached a maximum

L for data, see Appendix, Table XV.
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in the 0.25 mm. size aggregates. The increase in the nitrogen content
of the stable aggregates from the cotton plots, above that of the whole
soil and the dry aggregates, was higher than the increase in nitrogen

content of the stable aggregates from the grass plets as shown in Table XI.

TABLE XI
EFFECT OF TREATMENTS AND SIZE OF AGGREGATES ON THE INCREASE

IN NITROGEN CONTENT OF STABLE AGGREGATES

Aggregate Percent increase in each size (size in mm.)
Treatment Stability 5,00-2,00 2.00-0.84 0.84-0.42 0.42-0,25

Grass Above soil = = 10 25
Above dry
Aggregate 4 2 6 5
Cotton Above soil 12 16 24 27

&bove dry
Aggregate 12 18 20 21

In general, the change in nitrogen and organic matter levels were sim-
ilar as follows:

1. An increase in the organic matter and nitrogen levels of the
dry sieved and stable aggregates, with a decrease in size of these ag-
gregates.

2. A larger increase in the nitrogen and organic matter content of
aggregates from the cotton plots than from the grass plots.

3. The differemce between the nitrogen and organic matter levels
of the stable aggregates from the grass and cotton treatments was consid-
erable.

It could be inferred that the importance of total nitrogen in the
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stabllity of soil aggregates is comparable to that of the organic matter.

The effect of cropping treatments end aggregate size on the exchange
capacity of the dry and stable aggregates was investigated and is reported
in Figure 4.1 There was a comsiderable imcrease im the exchange capacity
of the dry and stable aggregates from the cotton plots as compared to the
whole soil. As observed with the organic matter content, a maximum in
exchange capacity was reached im both the dry sieved and stable aggregates
in the 0.42 mm. size aggregates. The dry sieved and stable aggregates
from the grass plots showed only a slight increase in exchange capacity
above that of the whole soil. However, the exchamge capacity increased
somewhat with decrease im size of the aggregates from the grass treatment.
There was virtually no difference in exchange capacity between the dry
and stable aggregates from the grass plots. The increase in exchange
capacity of the stable aggregates from the cotton plots was spectacular
and surprising. The whole soil under the cotton treatment was almost 30%
lower (4.5 willi equivalents) than that of the grass soil. The exchange
capacity of the stable aggregates from the cotton plots was almost the
same as that of the stable aggregates from the grass plots. This was an
average increase above the exchange capacity of the whole soil of 350%.
This was surprising, since the increase im organic matter, about 0.4%,
could not account for this increase in exchange capacity of the stable
aggregates from the cotton treatment, especially when the increase in
organic matter content of the stable aggregates from the grass plots was
comparable.

The stable aggregates from the continuous cotton plots were 5%

higher in clay and the stable aggregates from the grass plots were approx-

! For data, see Appendix, Table XVI.
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imately 3% higher in clay than the whole soilsz, as shown in Figure 5.
Thegse differences im clay comtent between stable sggregates from the
cotton plots and the whole soil cannot account for the increase of 6
milliequivalents in exchange capacity.

The sxchange capacity is a relative measure of the total seil sur-
face and the surface activity of the clay particles. It could be in-
ferred that the clay in the cotton stable aggregates has a higher sur-
face area and activity than that of the whole soil. However, this study
does not offer enough evidence to discuss any theory concerning the
changes that might take place in the distributiom of clay particles.
Garey (18) reported an increase in the exchange capacity of the smaller
stable aggr@gateg as compared to that of the whole soil.

The effect of cropping treatments and aggregate size on the clay
content of the dry sieved and stable aggregatzs is shown in Figure 5,1
The clay content of the stable aggregates from the cotton plots increased
considerably above that of the whole soil. The clay content of the ag-
gregates from the cottom plots increased with a decrease in size and
reached a maximum with the 0.42 mm. size aggregates. There was a smaller
increase in the clay content of the grass aggregates above that of the
whole soll as compared to the cotton aggregates. No sizable changes in
clay content with change in size of the aggregates were observed in the
aggregates from the grass plots. The clay content of the aggregates from
both the cotton and grass plots as well as that of the whole soils was

similar. The aggregate stability of the whole soil and that of the sep-

arate dry aggregates (Figures 9 and 10) from the grass pleots was consid-

L por data, see Appendix, Table XVII.
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erably higher than that from the cotton plots. The data obtaimed in this
study do wnot support the reports in the literature which state that the
total percent clay is highly correlated with aggregate stability (5,7,18,
36,37).

The effect of cropping treatments and aggregate size on the silt
content of the dry and wet aggregates is shown in Figure 6.1 The silt
conmtent of stable aggregsates from the grass and cotton plots did not
vary appreciably. The‘aggregates from the cotton plets were slightly
higher in silt contemt tham the aggregates from the grass plots and the
content increased with decrease in size of the aggregates and reached s
maximum (0.42 mm.) in beth the dry and stable aggregates. The difference
in silt content between the grass and cotton treatments and within each
traatment does not seem te be appreciable. It could be concluded that
the silt fraction in the Kirkland silt loam soil is not an important
factor in the formation and stability of aggregates.

The effects of continuous grass versus continuous cotton and aggre-~
gates size on the sand content of the dry and stable aggregateé is given
in Figure 7.2 The sand content of the aggregates from the cotton and
grass plots was lower than the sand comntent of the whole soils. The sand
content of both the dry and stable aggregates from the cotton plots de-
creased with decrease in size of the aggregates. A minimum sand comtent
was observed in the 0.42 mm. in size of the dry and stable cotten aggre-
gates with a slight increase in the 0.25 mwm. aggregates. The trend of
the sand content in the aggregates from the grass plots decreased some-

what with decrease in size of the aggregates, but no appreciable differ-

1 For data, see Appendix, Table XVIILII.

z For data, see Appendix, Table XI1¥x.
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ences were found in the sand content of the dry and stable aggregates.
Toe swaller (0.42 and 0.25 mm.) stable aggregates from the cotton plots
had a lower sand content than the corresponding stable aggregates from
the grass plots. This was somewhat puzzling and suggests the possibility
that because of a lower organic matter content in the stable aggregates
from the cotton plots less sand could be cemented im the stable aggregates.
The observed results suggest that sand content is not an important fac-
ter in the stability of the aggregates from the grass and cotton plots,
The effect of cropping treatments and sggregate size on the per-
colation rate of the dry sieved aggregetes is shown in Figmre 8. It was
ghserved that the percolation rate was a good indicstion of the stability
of aggregates and the porosity of the whole soil., Thus, it was decided
to test the percolation rates of the dry-sieved aggregates from both
treatments, 1t was impossible to keep a constant head and measure the
percolation rates of the dry-sieved aggregates from the grass plots. The
dry-sieved aggregates from the grass plots of all sizes were very stable
(Figures 9 and 10) and the macro-porosity high upon wetting, and water
moved through the columms rapidly. The results were different, however,
in the dry-sieved aggregates from the cotton plots. The dry-sieved ag-
gregate samples from the cotton plots comsisted of particles of one size
range, and it was expected that the macro-poresity and the percolation
rate would be the highest in the samples consisting of the larger sizes
of the dry-sieved aggregates and would decrease with decrease in size of
the aggragates. However, the results observed were exactly the opposite.
4s shown in Figure &, the dry-sieved aggregates (5.00-2.00 mm.) showed
the lowest parcolation rate and as the size of the dry-sieved aggregates

decreased, percolation rate increased. This was probably due to the
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excessive slaking and concomitant breakdown of the dry aggregates, which
decreased with size. The porosity of the samples was reduced to a low
level and the percolation rate of the sample was lowered. It should be
pointed out that, except for the 0.22 mm. dry-sieved aggregates, the
trend in percolatiom rate follows similar tremds of the organic matter
content, cation exchenge capacity and clay content. All of these pro-
perties tend to imcrease with a decrease in size of the dry-sieved ag-

gregates.,

Aggragate Stability Index

The disintegration of soil aggregates upon wetting will result in
a reduction of macro-porosity, aeration amd drainage. The stability of
soil aggregates is of prime importance in the structure-porosity rela-
tionship of a soil.

The conventional method for measuring the stability of soil aggre-
gates is the wet-sieving method, according to Yoder (55). This method
measures the size distribution of the stable aggregates of a soil as a
result of wetting. However, little real informatiom can be acquired by
this method concerning the changes that take place in the distribution
of aggregates and the macro-porosity of many soils during the process of
wetting. 8ince information relative to changes in the stability and
disintegration of each size of the soil agpregates is of great value,
this is a major drawback of this method. 1In soils where the aggre-
gates are stable and exist as discrete units which do not disintegrate
upon wetting, the wet- sieving method is a good index to the conditions
which exist in the soil. Howsver, in a soil whére the aggregates are

not stable, unexpectad changes in the size distribution of the aggregates



and macro=porosity might take place upon wetting. With these soils; the
wet-sieving method as used is of little value for characterizing the
porosity.

It was decided to investigate other methods for characterizing ag-
gregate stability and porosity. The first logical step was to establish
a reference point in seil aggregation with which the results of the wet-
sieving technique could be compared. As a reference point, the size
distribution of aggregstes in the air dried soil was selected. The objec-
tive was to compare the data obtainad by dry-sieving the soil with that
acquired by wet-sieving. The ratio between the percent of each aggregate
size as obtained by the drv-sieving and wat-sieving techniques was to be
used as an index of the stability of the soll aggregates.

The reliability of the results acquired by dry-sieving a soil was
questionad on the grounds that the results were variable and would depend
upon the preparation of the soil in the laboratory. It was decided to
make a statistical study of the effect of crushing the soil on the results
obtained by dry and wet-sieving methods. For this study, a bulk soil
sample was divided imto four parts, each part was crushed with a wooden
roller to pass a 4-mesh sieve, mixed and stored separately. On each part,
dry and wet-sieving analyses were performed four times. Analysis of var-
iance was calculated for each size of aggregates from the results obtained
in the four crushings. The results of the statistical test are presented
in Table XII. With the dry-sieving method, the effect of crushing caused
significant differences in aggregate size distribution except in the 0.42-
0.25 mm. group. No significent differsences in the size distribution of
aggregates as a result of crushing were observed in the wet-sieving method.

In view of the significant crushing effect on the size distribution of dry
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aggregates, differences might be expected in the size distribution of
the wet-sieved aggregates also. However, it will be seen later that
dry aggregates from the crushed soil tenmded to break down inte a similar
size distribution upon wetting, regardless of the original dry~sieved
aggregate size. As a result of the statistical study, the possibility
of using the size distribution of the dry-sieved asggregates as a refer-

gnce point was discarded.

TABLE XII
THE EFFECT OF CRUSHING ON THE SIZE DISTRIBUTION OF SOIL

AGGREGATES AS MEASURED BY WET AND DRY SIEVING!

Calculated 'FY values

Size in mm. wet= sieving dry-gieving
5.00-2.00 0.97 13.25%%
2.00-0, 84 0,64 3.87%
0.84=0.42 1.61 2.32
0.42-0.25 0.23 4.19%

* Significant at the 5% level.
*% Significant at the 1% level.

L Por Amalysis of Variance tables, see Appendix Table XX and XXI.

However, it was believed that a measure of the dry-sieved aggregates
of a soil as a reference point would yield valuable information. It was
decided to use each size of the dry-sieved aggregates by itself as a ref-
erence point., In this manner the uncertainity in the distribution of the
dry-sieved aggregates would be eliminated. It was also assumed that an
air dried soil contained a certain amount of each size of the dry aggre-

gates. How each size of these aggregates behaved upon wetting, its stabil-
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ity and pattern of breakdown might determine, to a large degree, the
porosity changes that might take place‘upon wetting. The larger dry ag-
gregates im a soil, if unstable, would disintegrate into smaller units
upon wetting. This would result in a reduction in macro-porosity which
would be extensive.

As a3 consequence of the assumptions discussed above, the bulk samples
from zach treatment were dry sieved and the dry aggregates which stayed
on each sieve were collected and stored separately. Aggregate stability
was determined on each size of the dry-sieved aggregates by the wet-giev-
ing wethod. The information collected was interpreted according to the
following ecriteria:

1. The size distribution of the stable aggregates which resulted
from wet-sieving each size of the dry-sieved aggregates.

2. The percent of each size of the dry-sieved aggregates which
retained their size upon wetting.

3. The total percent of the stable aggregates above 0.25 mm.
in size from each size of the dry-sieved aggregates.

This information can be used as an effective research tool in eval-
uating the effect of treatments on the stability and breakdowm of each
size of the dry aggregates and in the étudy of the processes and forces
involved in aggregate formatiom and stability. In order to illustrate
the value of the procedure discussed above, the information obtained by
using this procedure on samples from the grass and continuous cotton are
compared to the conventional method of wet-sieving.

The distribution of stable aggregates of each size of the dry-sieved
aggregates from the grass and continuous cotton plots is presented in

Figures 9 and 10.1  The percent of each of the four sizes (5.00-2.00, 2.00-~

! por additional data, see Appendix Table XXII.
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0.84, 0.84-0.42, 0.42-0.25 wm.) of the dry-sieved aggregates from the
grass treatment that did not disintegrate upon wetting was high, that

is, over 70%, and decreased somewhat with size. It could be inferred that
these dry-sieved aggregates had a high stability and did not disintegrate
appreciably upon wetting. In the case of the dry-sieved aggregates from
the continuous cotton treatment, the results ware quite different. The
percent of each size of the dry-sieved aggregates which retained their
size upon wetting was very low. Only 3% of the dry-sieved aggregates
(50@002500 mm. ) did not disintegrate upon wetting. The percent of aggre-
gates which did not disintegrate upon wetting increased with decrease in
size of the dry-sieved aggregates and reached a maximum of 21% im the 0.84~
0.42 mm, and 0.42-0,25 mn. aggregates. These resﬁlté were interesting and
appear to be of significance. If it is assumed that before this land wés
first cultivated, the stability of the dry-sieved aggregates was similar
in all plots, it is obvious that 40 years of cultivation has resulted in
a loss of stability of the dry-sieved aggregates. It is notable that the
highest reduction im stability was in the 5.00-2.00 mm. size dry-sieved
aggregates. The stability of the aggregates from the grass plots showed
that 81% of the 5.00-2.00 mm. size dry-sieved aggregates did not disin-
tegrate upon wetting while only 3% of the dry-sieved aggregates from the
cotton plots did not disintegrate.

The pattern of breakdown of the dry-sieved aggregates into smaller
but stable aggregates further reveals the effect of 40 years of contin-
uous cultivation om this Kirkland silt loam soil. The dry-sieved aggre-
gates from the grass plots showed little, if amy, breakdown. However,
the size distribution of these aggregates reveals that the percent of

stable, though disintegrated, aggregates (0.42-0.25 mm.) was rather low.
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From the asbove observations, it can be postulated that the dry sieved ag-
gregates from the grass plots existed as discrete and stable units. There
was no evidence to suggest that these units were temporary conglomerates
@fvsmaller secondary units. As mentioned previously, the disintegration
of the dry-sieved aggregates from the cotton plots was relatively large.
The size distribution of the disintegrated aggregates showed a tendency
for the smaller aggregzates to be concentrated im the 0.84-0.42 and 0.42-
0.25 mm, sizes, Thus, it could be hypothesized that 40 years of cultive-
tion which was accompanied by a marked decrease in organic matter created
an unfavorable enviromnment for the existence of large stable aggregates,
The larger dry sieved aggregates were conglomerates of smaller, stable
aggregates loosely held together. The permeability data clearly il-
lustrated this hypothesis (Figure 8). The dry-sieved aggregates from
the grass plots, which showed high stability and a low tendency to break
down upon wetting, allowed a fast downward water movement as shown by the
permeability data. The dry-sieved aggregates from the cotton plots showed
a strong tendency to disintegrate, which decreased with the size of the
dry aggregates. This was reflected in the percolation data where there
was an increase in percolation rate wiﬁh a decrease in size of the dry
aggregates.

The size distribution of the stable aggfegates in the whole soil
from the two treatments is shown in Figure 111 These results indicate
a high concentration of the larger stable aggregates under the grass
treatment with am opposite tremnd in the stable aggregates from the contine-
uous cotton plots. However, the mechanisms responsible for these dif-
ferences and the source of the stable aggregates can only be approximated

from this type of data, For example, wet sieving the whole cotton soil

L ror data, See bppendin Table XIII.
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indicates a higher percent of the smaller stable aggregates than the
larger ones. However, there is nothing to indicate the origin of these
stable aggregates. It is not known whether these were discrete units
which existed in the soil before wetting or if they were disintegrationm
products of larger aggregates, and this applies to the stable aggregates
from the grass plots as welio It was felt that these questions were im-
portant, bacausa if the stable aggregates existed as discrete units in
the soil before wet-sieving, them there should not be noticeable changes
in the macro-porosity of the soil upon wetting. This was evident in the
goil from the grass plots as showm by the percolation data. However,
the stable aggregates from the cotton plots existed in the soll previous
to wetting as larger units and it could be assumed that the mecro-porosity
was favorable. Upon wetting, a considerable disintegration of the larger
aggregates from the cotteom plots took place, followed by a comsiderable
reduction in the macro-porosity of the soil and a low percolation rate.
The conventional method of determining aggregate stabilityvoffers
little hope for finding an explanation for these data, It should be
stressed, however, that the wet-sieving method is a good laboratory meth-
od. It is believed that extending the wet-sieving method to the dry-
sleved aggregates of a soll will yield additional important information.
A summation of the results from each size of the dry-sieved aggre-
gates is presented in Figure 12. These curves further reveal the observa-
tions discussed abowe. The dry-sieved aggregates from the grass plots
show that the percemt of stable aggregates above 0.25 mm. in size tends
to decrease with a decrease in size of the dry aggregates. The same
trend was observed with the percent of the dry-sieved aggregates which

did not disintegrate upon wetting., From the previcus discussion, it can
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be inferred that this tendency represents favorable structural stability,
that is, a high stability of the larger dry-sieved aggregates which de-
creases slowly as the size of the dry aggregates decreases., It is of
importance to note that the organic matter, total nitrogen, and exchange
capacity levels of the dry-sieved aggregates from the grass plots, as
shown in Figures 2, 3 and 4, tend to increase with decrease in size of
the aggregates. The percent of stable aggregates sbove 0.25 mm. in size
of the dry-sieved aggregates from the cotton plots was considerably lower
thar that of the dry-sieved aggregates from the grass plots. The dry-
sieved aggregates from the cotton treatment show that the percent of
stable aggregates above 0.235 mm. tended t@ inerease with decreasze in size
of the dry aggregates and reached a maximum in the 0.42 mm. size dry ag-
gregates. The percent of dry-sieved aggregates which were not diginte-=
grated upon wetting followed the same trgnd>as the percent of the stable
aggregates above 0.25 mm. but at a lower level. This observation il-
lustrate the sggregate disintegration which takes place upon wetting.
The trend of the percent stable aggregates above 0.25 mm. was very simi-
lar to the trends observed previously with organic matter, total nitro-
gen, exchange capacity and clay levels of the dry sieved aggregates
(Figures 2, 3, 4, and 5)., These data illustrates the importance of these

properties in the stability of the aggregates.



SUMMARY AND CONCLUSIONS

With the presemnt tremd t@@ard a more intemsive, highly mechanized
agriculture, a better understanding of the factors which contribute to
the stability of soil structure is of great importance.

The objectives of this study were:

1. To study the effect of 40 years of continuous cultivation of a
Kirkland silt loam as compared to the same soll type under
continuous grass,

2. To evaluate the effect of organic matter content; nitrogen
content; and exchangeable calcium, magnesium, potassium and
sodium on the stability of the aggregates of a Kirkland silt
loam.

3. To investigate a new index for the stability of soil aggregates.

A considerable reduction in aggregate stability - 50%, organic wmat-
ter = 66%, nitrogen - 50%, exchange capacity - 27% ana perceolation rate
- 507 as a result of 40 years of continuous cotton cultivation ;és
observed., Results from the subsoils under the treatments suggest that
cultivation itself was a mgjor factor in the disintegration of the soil
structure. A comparable reduction in the properties mentioned above was
observed in the dry sieved and stable aggregates from the continuocus
cotton plots as compared to those from the grass plots. The properties
of the dry-sieved and stable aggregates from the cotton plots showed a2
tendency to increase im magnitude with a decrease in size of the aggre-
gates and reached a2 maximum in the 0.42 mm. aggregates. The dry=sieved
and stable aggregates from the grass plots showed a similar tendency,

but a maximum was reached in the smallest aggregates (0.25 mm.). The

stability of the dry-sieved aggregates and their percolation rates fol=-
55
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lowed similar trends. It was concluded that organic matter, total ni-
trogen, cation exchange capacity and clay content were important in the
stability of soil aggregates. The pattern of breakdowm of the dry sieved
aggregates from the cotton plots suggested the possibility of the exist-
ence of larger dry aggregates as conglomerations of smaller stable aggre-
gates loosely held together. It was concluded from this study that 40
years of continuous cotton cultivation caused a considerable reduction
in the stability of the soll aggregates, this reduction was especially
high in the larger aggregates (5.00-2.00 and 2.00-0.84 mm. in size).

An extension of the conventional wet sieving method of the dry -sieved
aggregates of a soil was suggested as a more effective index of aggregate

stability,
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A DESCRIPTION OF THE PROFILE OF 6 A-1 KIRKLAND SILT LOAM1

Site I:

Samples of Virgin Kirkland silt loam were collected just east of
the Stillwater Airport building in a large meadow south of the main
airport road. No definite evidence of former cultivation was found,
This area had a weak convex surface; gradient about 1% to south and
east. The profile is described as follows:

Profile#®

Ay 0= 10" Dark-grayish-brown (10 ¥R 4/2; 2.5/2, m) heavy silt loam;
weak prismatic; moderate medium granular; porous and per=
meable; pH 5.8; many worm holes, some of which continue to
the surface; roots well distributed; rests with a 1 imch
silty clay loam transition on the layer below.

By g 10-22" Very dark-grayish-brown (L0 ¥R 3.5/2; 2/2, m) clay compound
moderate coarse prismatic and moderate medium blocky; very
firm; very slowly permeable; pH 6.0; strong clay films on
peds which are shiny when woist; occasional fime black con-
cretions; fine roots penetrate largely inm spaces between
peds; grades through a 4 inch tramsition to the layer below.

By o 22-42" Brown (7.5 YR 5/2; 4/2, m) clay; moderate medium blocky and
weak coarse prismatic; very firm and compact; very slowly
permeable; pH 6.5; a few fine black concretions and ferru-
tinous films; roots run largely im cracks between peds;
very compact and sides of peds are darker than interiors
being dark-brown (7.5 ¥R 4/2); grades to the layer below.
Many larger roots are greatly appressed.

B, €42-52"# Reddish-brown (5 YR 5/4) clay finely and faintly mottled
with yellowish-red (5 YR 5/6); a few light-gray pockets or
lenses in the lower part that seem to be of more sandy
material; weak medium blocky; less compact than layer above;
pH 7.0; fime roots fairly well distributed in cracks.

3

* Color notations following color names are based on the standard
Munsell system of color designation and refer to the dry soil unless
stated otherwise.

} profile description was provided by Harry Galloway, Soil Scientist,
{Coop. U.5.D.A. and §.C.S8.)
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Profile Description {(Continued)

Cq 64-84"f Red (2.5 YR 4/6; 3/6, when moist) silty clay with occa-
sional light-gray steaks and splotches; weak medium blocky;
firm but not compact; pH 7.5 #; many fine pores; changes
little to greatest depth sampled.

No pebble line is found here nor is there definite evidence
of lower layers being in old alluvium as under the Bethany
silt loam samples some 600 feet southeast of here. It is
likely, though, that this substratum is in old alluvium,
but of material nearly like the normal 'red beds" strata
found inm this vicinity.
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A DESCRIPTION OF THE PROFILE OF 6 A-1 KIRKLAND SILT LOAM1

Site II:

4 typical profile of the soil was studied in Plot 6100 from a point
about 50 feet east of the center of this plot. This area occurs on a
plane slope with a gradient of about 3/4%. It was in sorghum during
1953. The profile is described as follows:

Profile*

Alp 0- 8" Grayish-brown (10 ¥R 4.5/2; 3.5/2, when moist) heavyvsilt
loam; weak medium granular; friable; permeable; pH 6.5;
a few fine pores; rests abruptly on the layer below.

By.y 8=22" Dark-grayish-brown (9YR 4/2; 3/2, when moist) clay; moderate
fine blocky; very firm; sticky amd plastic when wet; very
silowly permeable; pH 7.0; sides of peds are varnished and
have strong clay films; occasional fine black concretioms;
grades through a 4" transition to the layer below.

B2.222-32" Dark-grayish-brown (10 YR &4/2; 3/2, when moist) clay; weak
angular blocky; very firm and compact; very slowly per-
meable; pH 7.5; occasional finme black pellets; a few strong-
brown specks abgut the tiny root holes; many fine CaC03
concretions below 24 or 26 inches; peds have a weak shine
when moist; grades through a 3 inch tranmsition to the layer
below.

By 32-42" Brown (7.5 ¥R 5/4; 4/3, when moist) light clay; weak medium
blocky; firm or very firm; very hard when dry; pH 7.5;
occasional black pellets and CaC03 concretions; sides of
peds have weak coatings of dark-brown (7.5 YR 4/2, when
moist); grades to the layer below.

Cy 42-32" Reddish-brown (5 YR 53/4; 4/4, when moist) heavy silty clay
loam or light silty clay much like the layer above; pH 7.5
#; occasional large CaC04 concretions and black ferruginous
films; grades to the layer below.

Cy 52-64" Reddish-brown (3.5 YR 5/4; 4/4, when moist) silty clay loam
splotched with 10% of red (2.5 YR 4/6) has occasional light-
gray streaks; weak irregular blocky; firm; slowly permeable;
pH 7.5; occasional fime black pellets and fine concrétioms
of CaCO3; grades to the layer below. o )

* Color notations following color names are based on the:standard
Munsell system of color designation and refer to the dry soil unless
stated otherwise.

I profile description was provided by Harry Galloway, Soil Scientist,
(Coop. U.8.D.A, and S$.C.S.)
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TABLE XIII
THE EFFECT OF TREATMENTS ON THE STABLE AGGREGATE

SIZE DISTRIBUTION OF THE WHOLE SOILS

Percent of each size (size in mm.)
Treatment Replication 5,00-2,00 2.00-0.84 0.84-0.42 0.42-0.25 Total

Grass Rep. I 21.6 17.9 11.4 3.9 54.8
Rep, II 17.5 18.9 14,5 5.6 56.5
av. 19,55 18.40 12,85 4.75 55,65
Cotton Rep. 1 3.6 7.8 10.2 7.6 28.6
Rep. II 3.2 7.0 11,2 7.0 28.4
av. 3.10 7.40 10.70 7.30 28.5
TABLE XIV

THE EFFECT OF TREATMENTS AND AGGREGATE SIZE ON THE ORGANIC

MATTER CONTENT OF DRY AND STABLE AGGREGATES

Percent organic matter of each aggregate size (mm.)
Treatment Replication 5.00- 2,00 2.00- 0.84 0.84- 0.42 0.42- 0.25
Dry Stable Dry Stable Drv Stable Dry Stable

Grass Rep. T  2.90 2,91 3.15 3.03 3.26 3.39 3.60 3.90

Rep. II 2.70 2.70 2.79 2.79 3,20 3.30 3,58 3.80

av. 2.80 2.80 2.97 2.91 3.23 3.34 3,59 3.85

Cotron Rep. I 1.34 1.62 1.36 1.43 1.45 1.64 1.32 1.60

Rep. 11 _1.22 1.28 1.22 1.35 1.30 1.62 1.32 1.52

av. 1.28 1.45 1.28 1.39 1.37 1.63 1.32 1.56




EFFECT OF TREATMENTS AND AGGREGATE SIZE ON NITROGEN CONTENT OF DRY AND STABLE AGGREGATIES

TABLE XV

Pexrcent nitrogen of each aggregate size (size im mm.)

Treatment Replication 5.00-2.00 2.00-0.84 0.84-0,42 0.42-0,25
Dry Stable Dry Stable Dry Stable_ Dry . S;gble
Grass Rep. I 0.126 0.136 0.140 0.138 0.147 0.149 0.165 0.170
Rep. II 0.136 0.136 06.132 0.137 0.140 0.155 0.161 0.175
av. 0.131 0.136 0.136 0.138 0.143 0.152 0.163 0.173
Cotton Rep. 1 0.065 0.076 0.064 0.081 0.067 0.087 0.070 6.086
Rep. 1II 0.069 0.073 0.068 0.074 0.071 0.G79 0.071 0.084
av. 0,067> 0.074 0.066 0.078 0.069 0.083 0.070 0.085
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TABLE XVI
THE EFFECT OF TREATMENT AND AGGREGATE SIZE ON THE EXCHANGE CAPACITY OF DRY AND STABLE

AGGREGATES

Milli equivalents in each size (size in mm.)

Treatment Replication 5.00-2.00 2,00-0.84 0.84-0.42 0.42-0,25
Dry Stable Dey Stable Dry Stable Dry Stable

Grass Rep. I 16.30 16.70 16.68 16.41 16.86 17.16 17.35 17.69
Rep. IT 16,66  16.37 15.66  16.16 16.69  17.34 16.93 18.02

av. 16.48 16.53 i6.17 16.29 16.78 17.25 17.14 17.85

Cotton Rep. I 12,68 15.15 13.65 15.81 14.07 16.33 13.68 15.50
Rep. II 13.16  15.74 13.90  16.09 14.14 16.82 13.75 15.50

av. 12.92 15.45 13.78 15.95 14,10 16.58 13.71  15.50

£9



TABLE XVIX

THE EFFECT OF TREATMENTS AND AGGREGATE SIZE ON THE CLAY CONTENT OF DRY AND STABLE AGGREGATES

Percent clay of ecach size (size in mm.)

Treatment Replications 5,00-2.00 2,00-0.84 0.84-0.42 0.42=0.25
Dry Stable Dry Stable Dry Stable Dry Stable

Grass Rep. I 23.34  23.08 22.28  24.40 22.60 24.26 22,60 24,28
Rep. II 25,10 21.86 23.26  24.28 23n34 23.60 22,94 24,02

av, 24,22 22.47 22,77  24.34 22,97  22.93 22.77  24.15

Cotton Rep. I 20.62 21.36 20,76 22.32 22,30 25.36 21.08 25.20
Rep. II 20.62  22.90 22,40 22,64 22.50  25.70 22,76  25.98

av. 20.62 22.13 21.58  22.48 22.40  25.53 21.92  25.59
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TABLE XVIIIL

THE EFFECT OF TREATMENTS AND AGGREGATE SIZE ON THE SILT CONTENT OF DRY AND STABLE AGGREGATES

Percent silt of ecach size (size in mm.)

Treatment Replication 5.00-2.00 2.00-0.84 0.84-0.42 0.42-0,25
Dry Stable Dry Stable Dry Stable Dry Stable

Grass Rep. I 47.77 47 .66 43,90  47.08 48.87 47.03 49.82 48.62
Rep. II 46.02 49,46 48.78  46.05 43,00 48.92 49,70 48.88

av. 46.90 48.56 49.34  46.56 £8.84  &47.97 49.76  48.75

Cotton Rep. I 48.96 50.30 49.31  46.77 51.34 51.57 49.%94  48.78
Rep. IIL 50.75  47.57 50.97 45.02 52.92  52.53 51,19 5L.17

av. 49,85 48.94 50.14  48.90 52.13 52.05 50.56 49.98

TABLE XIX

THE EFFECT OF TREATMENTS AND AGGREGATE SIZE ON THE SAND CONTENT OF DRY AND STABLE AGGREGATES

Percent sand of each size (size in wm.)

Treatment Replication 5.00-2.00 2.00-0.84 0.84=0.42 0.42-0.25
Dry Stable Dry Stable Dry Stable Dry Stable

Grass Rep. I 29.20 29.26 27.82 28.51 28.53 28.71 27 .58 27.10
Rep. II 28.88 28.68 28.96 29,68 27,66 27.48 27 .35 27.10

av, 29.04  28.97 28.39 29.10 28.09 28.09 27 .46 27.10

Cotton Rep. I 3C.41 28.34 29.93  30.41 26.36 23.07 28.98 26.02
Rep. II 28.63  29.53 26,63 28.34 24,58 21,76 26.05 22,35

av. 29.52  28.94 28.28 29.38 25.47 22,42 27 .51 24,19

69



TABLE XX

ANALYSIS OF VARIANCE ON THE EFFECT OF CRUSHING ON THE SIZE

DISTRIBUTION OF THE COTTON DRY -SIEVED AGGREGATES

1. Aggregates 5,00-2.00 mm. in size.

Replication Percent
Crushing I Crushing II Crushing III Crushing IV
Rep. I 5.8 12.8 10.0 7.8
Rep. II 7.4 11.8 13.0 8.8
Rep. II1I 7.8 15.2 14.4 i6.¢
Rep. IV 9.2 12.6 11.6 ERY
Total 30.2 52.4 49.0 35.6

Analysis of Variance

Source D.F. .8, M.S. ¥
Total 15 109.72

Crushing 3 84.30 28.10

Error 12

25.42 2.12 13.25%%

2. Aggregates 2.00-0.84 mm. in size.

Replication Percent
Crushing I Crushing II Crushing III Crushing IV
Rep. I 18.0 21.6 20.0 18.8
Rep. II 18.4 20.0 21.2 21.0
Rep. III 19.2 22.2 22.2 21.4
Rep. IV 20.6 21.2 21.8 21.2
Total 76.2 85.0 . 85.2 82.4

Analysis of Variance

Source D.F. S.S. M.S. F
Total 15 26.92

Crushing 3 13.22 4.41

Error 12 13.70 1.14 3.87%

* Significant on the 5% level.

*% Significant on the 17 level.

0L



__Auporae

rates 0.84-0.42 mm, in size.

TABLE XX (Continued)

Replication

Crushing I Crushing II Crushing III Crushing IV

Rep. I 17.6 17.0 17.2 17.4
Rep. I1 17.4 17.8 16.4 16.8
Rep. II1 17.0 16.2 15.8 18.0
Rep. IV 17.4 7.4 16.8 17.6
Total 69.4 68.4 66.2 69.8

Analysis of Variance

Source D.F. S.S. M.S. F
Total 15 5.36

Crushing 2 1.95 0.65

Error 13 3,41 0,28 2.32 ns!

Aggregates 0,42-0.25 mm. in size.

Replication
Crushing I Crushing IT Crushing III Crushimg IV
Rep. I 11.0 10.0 10.4 i1.2
Rep. 1II 10.8 10.4 9.4 10.6
Rep. III 16.2 9.2 8.8 10.6
Rep. IV 9.8 10.0 9.4 10.4
Total 41.8 39.6 38.0 42.8

Analysis of Variance

Scurce D.F. 8.8, M.S. F
Total 15 6.86

Crushing 3 3.51 1.17

Exrror 12 3.35 0.279 4,19%

* Significant on the 5% level.

1 N5 - Not significant on the 5% level.
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TABLE XXI

ANALYSIS OF VARIANCE ON THE EFFECT OF CRUSHING ON THE SIZE

DISTRIBUTION OF THE COTION WET-SIEVED AGGREGATES

1. Aggrepates 5.00-2.00 mm. in size.

Replication Percent Analysis of Variance
Crushing I Crushing II Crushing IIT Crushing IV Source D.F, S.8. M.S. ¥

Rep. I 1.8 1.8 1.6 5.6 Total 15 21.22
Rep. II 1.0 1.2 1.2 1.2 Crushing 3 &.15 1.38
Rep. III 0.8 0.6 0.4 0.8 Error 12 17.07 1.42 0.97 nst
Rep., IV 1.0 1.6 0.8 1.6
Total 4.6 5.2 4.0 9.2

2. Aggregates 2.00-0.84 wm. in size,

Replication Percent Analysis of Variance
. Crushing I Crushing II Crushing III Crushing IV Source D.F, 8.8, M.S. F
Rep. I 8.0 8.0 10.8 8.4 Total 15 82.04
Rep. II 5.4 7.4 5.0 6.0 Crushing 3 11.30 3.77 1
Rep. III 6.8 4.6 3.2 6.4 Error 12 70.74 5.90 0.64 N8
Rep. IV 7.6 11.6 4.2 5.6
Total 27.8 31.6 22.2 26.4

1 NS-Not significant on the 5% level.

[44



TABLE XXI (Continued)

3. _Aggregates 0.84-0.42 mm. in size,

Replication Percent Analysis of Variance
Crushing I Crushing II1 Crushing II1 Crushing IV Source D.F. 5.5, M.S. ¥
Rep. I 1G.06 12,0 10.6 0.8 Total 15 98.23
Rep. IIL ii.2 12.0 12.0 12.4 Crushing 3 23.13 9.38
Rep. III 14.6 15.2 9.2 12.0 Error 12 70.10 5.84 1.61 NS1
Rep. IV 18.8 13.4 12.4 7.6
44,2 47,8

Total

35.2 52.6

4. Ageregates 0.42-0,25 mm. in size,

Replication
Percent
Crushing I Crushing II Crushing III Crushing IV
Rep. I 6.2 7.4 4.4 4.8
Rep. II 7.6 7.8 9.6 12.8
Rep. III 11.4 7.2 12.4 8.0
" Rep. IV 8.2 7.2 9.2 8.0
Total 33.4 29.6 35.6 33.6

Analysis of Variance

Source D.F., S.S. M.S. r
Total 15 85.18

Crushing 3 4.71 1.57 1
Exror i2 80.47 6.71 0.23 NS

1 NS-Not significant on the 5% level.
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TABLE XXII

THE EFFECT OF TREATMENTS ON THE STABLE AGGREGATE DISTRIBUTION OF THE DRY-SIEVED AGGREGATES

Treatment Size of Replication Percent of Sample
Dry-Sieved 5.006-2.00 2.00-0.84 0.84-0.42 0.42-0.25
Ageregate
Grass 5.00-2.00 Rep. I 84.5 6.7 2,5 2.0
Rep, II 75.5 8.7 4,2 1.8
av., 80.0 7.7 3.4 1.9
2.00-0.84 Rep. 1 79.0 7.0 2.0
Rep. II 67.0 9.2 2,3
av, 73.0 8.1 2.2
0.84-0.42 Rep. 1 79.5 2.8
Rep. II 63.7 6.0
av, 71.6 4.4
6.42-0.25 Rep. I 70.0
Rep. II 70.0
av. 70.0
Cotton 5.00-2.00 Rep. I 4.5 5.0 8.7 9.0
Rep. II 1,5 2.3 8.0 7.5
av. 3.0 3.7 8.3 8.3
2.00-0.84 Rep. I 9.3 11.7 8.0
Rep. II 7.5 12.2 9.5
av. 8.4 11.9 8.8
0.84-0.42 Rep. I 21L.3 13,2
Rep. 11 21.3 13.2
av, 21.3 13.2
0.42-0.25 Rep. I 20.7
Rep. II 20.7
20,7

av.

E

23
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