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PREFACE

In January of 1953, the writer was assigned to work with Dr. .
Charles L., Sarthou who had begun research on synthetic soil conditioners
during the fall of 1952. When Dr, Sarthou joined other members of the
Oklahoma A, and M. staff at the Imperial Ethiopian College of Agricultural
and Mechanical Arts in June of 1953, the writer was assigned to work with
Dr, Robert M. Regd of the Agronomy Department, Oklahoma Agricultural and
Mechanical College.

Krilium developed by the Monsanto Chemical Company, Aerotil de-
veloped by the American Cyanamid Company, CMC (carboxymethylcellulose)
Gums developed by the Hercules Powder Company, and other synthetic soil
conditioners havé been placed on our commercial market in recent years,
An interest concerning the effectiveness of these synthetic conditioners
on improving the physical conditions of some Oklahoma soils, led to the
research in this thesis,

The writer wishes to express his appreciation to the staff of the
Agronomy Department of Oklahoma Agricultural and Mechanical College far
their helpful advice and criticisms and especially to Dr.,.Gharles L,
Sarthou and Dr., Robert M. Reed, under whose supervision the experimental
work was carried out., Dr. Reed has offered invaluable guidance and

constructive criticisms in the writing of this paper,
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I, ' INTRODUCTION

The addition of organic material to soil for the amelioration of
structure is not a new idea, It has been found that the improvement
of soil structure is due mainly to the presence of polysaccharides and
polyuronides which are closely related chemically and are formed by the

decomposition of organic matter.

Most of the soil conditioners which have been placed on the market
in recent years are synthetic polymers having similar properties to the
natural polyuronides, Since these synthetic polymers do have charac-
teristics similar to the polyuronides which occur in the soil as a result
of the decomposition of manures and crop residues, there is reason to
believe that these synthetic soil conditioners may improve the physical
condition of many of our so-called "problem soils,"

Renfrow loam and Kirkland silt loam which are good examples of
Oklshoma soils with poor physical condition, especially the latter, were
chosen for this study of the effect of soil conditioners on the physical

properties of soils and crop yields,



IT,. REVIEW OF LITERATURE

The prime purpose of synthetic soil conditioners as pointed out in re-
cent magaz§n§~§rt;c1es-is to aggregate clays and fine silts, Claims were
made in these articles that benefit from increased soil aggregation

4

i%clude inereased aeration, increased water-holding capacity, improved
wérkabilitys hastened seed germination, increased emergence, accelerated
early growth, increased root formation, improved drainage, decreased
crustingg and ultimately improved crop response,

]
| Quastel (2li) reviewed the findings of a number of investigators on

the composition of products derived from decomposed organic matter and
p01nted out the aggregatlng properties of polyuronides, polySaccharldes,
alginic acid, and cellulose esters on soil partiecles,

Hendrick and Mowry (12) presented the results of a program of
several years duratibn in which more than 700 chemicals ue;g‘evalum
a?ed for their effect on aeration and aggregation of SOil,. It was found
tﬁat certaih ﬁater=solub1e polymeric electrolytes of high molecular
uéight and optimum configuration were effective in low concentrations,-

ese polyelectrolytes were given the Monsanto Chemical Company!'s trade-
mark.name of "Krilium" which have been made into various formulations,
such as CRD-186, CRD=189, CRD=931, etc,

Hendrick and Mowry reported aggregation of soil particles less than
OJZS mm,.in diameter into water-stable aggregates greater than 0,25 mm,
iTcreased from seven percent on untfeated soil to 96 percent on soil

treated at the rate of 0,2 percent CRD-186, The moisture equivalent

value ascended from 24,2 percent on untreated soil to 27.6 percent on



soll treated at the rate of 0,1 percent CRD=186, Treatments alsc

hastened seed germination and séédlihg emergence of radishes, carrois,
and beans, The soil used in this experiment was Miami silt loam which
contained 22.2 percent clay, L6.6 percent silt, and 31.2 percent sand.

Peters et al.(22) gave data which conflicted with that obtained by
Hendrick and Mowry, Additions of CRD-186 and CRD=189 were made at rates
from 0.02 to 0,40 percent to five different soils ranging from sandy
loam to clay,. Applicatioﬁs up to 0.2 percent followed by drying and re-
webting caused a slight reduc%ion in moisture equivalent, whereas
applications at the rate of 0.4 percent tended to cause a slight increase
in moisture equivalent, especially of the coarse-textured soils, Any
changes in the moisture equivalent of these soils resulting from con-
ditioner treatments were too small to be of practical importance,

The stabilizing action of polyelectrolytes on clays was studied by
Ruehrwein and Ward (27) who employed X-ray diffraction, adsorption
measurements, and flocculation measurements of clays treated with differ=-
ent synthetic polymers. L-ray diffraction patterns of montmorillonite
clay treated with polyelectrolytes demonstrated that the polycation, but
not th@ polyanion, was absorbed on the faces of the monitmorillonite
layers, Adsorption of sodium polymethacrylate on kaolinite was found to
be a strikingly slow process requiring more than a month to reach squi-
librivm, Results demonstrated that clay becomes saturated with
approximately 2.0 me. of polymer per 100 grams of clay. Polyanions were
not flocculating agents since both the elay and the polyanion are nega=
tively charged; however, polyanions do increase the resistance of clay

floceules to re-dispersion, Polycations were found to be both effective



|
f{occulating and clay-floccule stabilizing agents,

To study the changes in the physical characteristies of the soils
and the effect on different crop yields, Martin et al (19) applied
Krilium soil conditioners at the rate of 0,02 percent to Miami silt loam,
Crosby silt loam; Brookston silty clay loam, and Paulding clay'soils; In
e$ery case soil aggregation;~permeability9 and aeration increased and
remained significantly higher in the treated plots than in the untreated
plots after two cropping seasons, Statistically significant yieid in=~
creases of corn, oats, and carrots occured as a result of the treatment
but other crops, potatoes, sugar beets, turnips, and soybeans showed no
significant yield increases as a result of the treatment,

| Two éeparate tests, water-stable aggregate distribution and aggregate
s%abilityg were made by Jamison (1) to conduct secreening tests on the-
effectiveness of various soil conditioners, -Lloyd and Hurricane clay
soils were used to conduct these tests, In general, these tests showed
the cellulose gums to be most effective, CRD=186 ranked second, with
Cli%D~189 and Aerotil third, CRD-189 and Aerotil were found to be more
effective than the other acrylic acid derivatives, The total aggregates
tést was out of line with the degree of stability test in some cases, but
it was explained that calcium acrylate does not compare favoralily with the
acrylate polymers since it is probably more mearly molecular than col-
loidal in its properties.

Laboratory studies were made by Coleman (10) with the objective of
studying the influence of CRD-186, CRD-189, Aerotil 40% dry form, and
A;rotil‘BB% wettable form on 16 North Carolina soils which had been se-

cured from the Piedmont, Mountain, and Coastal Plains regions, Soils



w%re treated at the rates of 0, 0.025, 0,05, 0010; and 0,20 percent and
the water-stable aggregation of the soil fraction less than 0,25 mm, was
measured by a wet sieving procedure, The conditioners were approximately
equal in aggregate stabilization effectiveness, although CRD=186 was somef
what more effective for soils containing montmorillonite clay and hydrous
m;icas° CRD-186 was also found to be more effective in the water-stable
ffagmént ¢reation for several clay mineral specimens,:

A field experiment by Coleman was conducted to determine the effect
of CRD=189 on emergence, growth, and yield of soybeénS; The conditioner
was applied at rates of 0; 16, and 32 pounds per acre in a six-inch band
o%er:the row and mixed to a depth of one=half inch, Another treatment
consisted of 1000 pounds per acre worked in four inches deep., Growth
méaSurements were not made but throughout the season it was noted that
the 1000-pound rate plot contained from 15 to 20 percent larger plants
than the other treatments. The yield data had not been statistically
analyzed, but it was gppareht‘mhat vield differences bétween the treat~
ménts were not significant,; Aggregate analySis'of samples taken from
tﬂe plots two weeks foligwing'the‘application of the conditioners and
after‘two rains showed 48 percent aggregation in the 1000-pound treated
piot soils as compared to 18 percent in the untreated plot so:Llsu

Coleman also performed a fleld experiment on the emergence of cotton
and soybeans as affected by a spray application of CRD~186 at the rates
of ‘0, 0,02, 0,05, and 0,10 percent in a four=inch strip on tOp of the
erb ‘Ten days after plantang, the average number of cotton plants per
18 foot row was Bhs 37, I, and 42 for the 0 0,02, 0.05, and 0,10 per=

cent treatmentsg respectively, The average number of SOybean plants per

18 foot row was 25, 43, and 43 for 0; 0.05, and 0,10 percent treatments,



réspectivelyo Aggregation determinations on the 0, 0,02, 0,05, and 0,10
percent treated soils planted to cotton were 18, L3, 52, and 65 percent
materwstablé;aggregateso

Using cotton emergence and growth as indicators, Jamison and Weaver
(15) conduéted an experiment that started in 1951 and continued.through
1952 on the residual effect of CRD=186 applied at rates of 0, 500, and
2600 pounds per acre on soil frames of Lloyd clay. The 1952 results
were similar to those of 1951 except the effects were less pronounceds
In 1952, the percentage emergence was highest on the frames that had»
t?eatmen%s of 500 pounds GRDm186-per acfe to a depth of three inches,
Tﬂe highest yield of seed cotton was obtained from the frames treated
a? the rates of QOOOrpouhds per acre to a depth of three inches,
? Westgate (31) using Leon fine sand found mo effect on growth of
radishes from treatments of Krilium at rates up to 2000 pounds per
acre, Also, tests with Krilium,and Aerotil had no effect on celery .
plants, and Krilium at 1000 pounds per acre did not effect the growth
oﬁ beans, '

% Emergence studies of sericea planted on Lloyd clay with surface
applications of CRD=186 at the rates of 0, 50, 100, and 200 pounds per
acre were méde by Wilson and Jamison (32). Results showed a 22,2 péf%
Cent increase in plants per acre on the 200-pound per acre treated
plots over the check, The number of plants per acre on the checks
50, 100, and 200-pound CRD-186 treated plots was 220,000, 386,000,
h$690009 and 988,000 plants, respectively,

% Both Aerotil wettable and Aerotil dry forms were found by Hervey
(13) to be somewhat less effective than 0,1 percent Krilium treatments

in increasing trefoil stands on Houston black clayé The 0.1 percent



K%ilium,treatments at one-half and two inch depths increased trefoil
stands as much as LO percent, but the same rates mixed to five inches
were found to be less effective.

To test the effect of CRD-189 on the uptake of phosphorus from
radiocactive superphosphate, a greenhouse randomized block factofial
experiment using Pearman silt loam soil, two rates of Krilium ( O and
2600 pounds per acre), two rates of superphosphate (0 and 20 pounds of
PgOS per acre)9 with three replications, and wheat as a test plant
was carried on in the winter of 1951=52 by Murdock and Seay (20).
Results showed no significant difference in either yield of wheat or -
uﬁtake of phosphorus from the fertilizer.

Allison (1) conducted a preliminary laboratory and a field study
té determire the effect of CRD=186 and CRD=189 in promoting water-
stable aggregation of several Western saline and alkali soils. No
significant difference was found in the ability of theée two synthetic
conditioners_to produce water-stable aggregates in eight of the nine
sqils tested, Treated and untreated plots representing normal, non-
s%lineaalkaliy and saline-alkali soii COndiéions were used to study
tﬁe effect of CRD-186 on the yield of sweet corn, The treatment did
nét significantly increase yields on the normel soil, bubt it did give
large increases on all three treated alkali soils, The outstanding
result of this experiment was the higher yield of corn on the treated
non-saline-alkali soil as compared to the yield of the treated normal
sc%il0

| Field and laboratory studies of the effectiveness of CRD=186 and
CRD=189 for erosion control have been made by Weeks and Colter (30).

The stabilizing effect of these conditioners on the surlface of Dayton



ailuvial soil was demonstrated by photographs of water drops falling
upon treated and uwntreated trays of soil. Field experiments with
various treatments of soil on slopes of 34° and 22° were conducted and
evaluated under semi-controlled conditions, Surface treatment was found
to be at least twice as effective as a Y“raked in" treatment., Both CRD-
1?6 and CRD=189 gave good control of soil movement when applied at the
r;te of one=half to one pound per 100 square feet of surface, CRD=189
at these rates was also found to be about as effective in reducing

erosion and runoff as a two-ton per acre straw mlch.



ITI.

MATERTALS AND METHODS

Since synmthetic soil conditioners are relatively new, many people

know these materials only by their trademark name. In order to prevent

confusion, a list of the materiels used in this research is given in the

£ollowing table,

Company

Trademark Name

Formulation &
Active Ingredients

YMonsanto Chemical

Monsanto Chemical

i
|
Monsanto Chemical

WoA, Cleary Corp,
Aperican Cyanamid
Aherican Cyanamid

Hercules Powder

Soil-Aid Gorp.

Kriliom

Krilium
Merioam

Soiloam

Aerotil
Aerotil
Cellulose Gum

A11-N-One

Krilium-6 or CRD=186, 100%
Calcium=Salt of Vinyl
Acetate=Maleic_Acid

Krilium-9 or CRD=189, 100%
Polyacrylonitrile

CRD=631, a 25% CRD=186
Formulation

16% Polyacrylonitrile

Dry Form, L40% Polyacrylo-
nitrile

Wettable Form, 83% Poly-.
acrylonitrile ,

CMC-70-H, 100% Carboxy
Methyl Cellulose

Fortified coal by-product

with a guatranteed
analysis of 3-2-3 (total
N, available P2055 and
available K2O)

i
i

i All of these conditioners were furnished by the different companies

| \
for research purposes,



Greenhouse Studies

The surface six inches of a Kirkland soil was collected from the
Oklahoma A, and M. Agronomy Farm on January 1, 1953. After sieving
through one~fourth inch mesh hardware cloth, the soil was brought into

the greenhouse and dried,
Wheat Pot Cultures

Equal weigh@s of air-dry soil were placed in 28 one-gallon glazed,
earthenware pots., Then the pots received applications of Yerloam or
C?Dm531 at the rates of 0, 100, 200, 40O, 800, 1600, and 3200 pounds per
agre and one=half of them were fertilized at the rate of 100 pounds of
N%hNOB and 150 pounds superphosphate per acre, Both the fertilized and
uﬁfertilized series were run in duplicate,

Ponca Red winter wheat was planted in each pot and thinned to four
plants per pot after emergence. ALl pots were watered with tap water
regularly or as the soil moisture‘conditions deemed necessary, Four

|
m&nths and 11 days after planting, the plants were cut at ground level,

oven dried for 36 hours at 85° C., and weighed to determine the amount

of dry matter produced,
1
Qat Pot Cultures

Equal weights of air-dry soil were placed in 42 one-half gallon,
egrthenware pots, Treatments were the same as those used in the wheat
p%t study except the CRD=631 was applied at rates of 0, 100, 200, LOO,
Béos 1600, and 3200 pounds per acre of active ingredients. The ferti-

lized and wnfertilized series were made in.triplicate.
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Andrew oats were planted in each pot and thinned to two plants
per pot after emergence, The plants were cub at ground level three
months and 28 days after planting, oven dried at 85° C, for 36 hours,

and the dry matter weight recorded.
Emergence Tests

Ten frames were filled with equal amounits of air-dry soil and
different rates of Aerotil dry and Aerotil wettable forms were applied,
Treatments copsisted of 0, 25, 50, 100, and 200 pounds of Aerotil dry
fprm in one series of frames, Another series of frames were treated
Whth Aerotil wettable form in amounts equivalent to those of the dry
f@rmo The Aerotil dry form was applied to the surface of the soil and
rgked in %o a depth of one-half inch, The Aerotil wettable form was
mixed with the amount of water that was required to saturate the soils
treated with the Aerotil dry form.

Fifty Stoneville 62, acid delinted, Céresan treated cotionseeds
wére planted one inch deep in each of the frames prior %o the addition
of water, Ten days after plantingsvthe number of plapts emerged in
e§ch frame were counted and recorded,

These emergence experiments were repeated using the same frames of
soil without further treatment., Ten days after planting, the number of
emerged plants were again noted. Pictures were taken of the frames on
tha fifth day after planting of the second emergence tests to illustrate

the effect of these conditioners in preventing the formation of a surface

crust on the soil,
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Root Penetration Observations

Simulated "plow pans" were made by placing six inches of soil in
glagss-sided boxes, wetting to two inches and tamping to form a hard,
two-inch thick, impermeable layer. The soil was periodically tamped
until air dry, Four inches of loose soil was placed on top of these
 simulated "plow pans"., The boxes were given the following treatmentss
Aérotil dry form at the rate of 2000 pounds per acre was mixed with the
surface four inches of soil; Aerotil wettable form at a rate equivalent
to the 2000 pounds of the dry form was mixed with water and applied to
t?e surface four inches of soily Aerotil dry form at the rate of 1000
p;unds per acre was applied directly on top of the two=inch simulated
"plow pan® plus an additional 1000 pounds per acre to the surface four
i}mhes ; and Aerotil wettable form at the equivalent rate of 1000 pounds
per acre was applied to the top of the simulated '"plow pan® plus an
additional 1000 pounds per acre (equivalent rate) to the surface four
ipches of soil., Two boxes received no conditioners and were used as
c%ecksa |

% Prior to webtiing the surface four inches of soil, wheat and cotton
w;re planted for an evaluation of the effect of these materiélso Brown
w%apping paper was used to cover the glass side of the boxes to prevent
root injury from light.

Two months after treatment, the glass sides were removed from the
béxes and the soil washed away from the roots to determine the émount

|
of penetration, FPhotographs were made to show the resulis obtained by

t@ese materials of the amounis of root penetrations through the simulated

¥olow pansh,



Field Studies

Completely randomized field plots, 25 by 25 feet, of ten different
treatments with four replications of each were seeded to Pawnee wheat
in the fall of 1952, These field plots made up of fairly uniform Renfrow
loam scil have an almost level typography and are located on the Oklahoma
A, and M, College Agronomy Farm. Three hundred pounds of superphosphate
per acre was used as a pre-treatment to equalize previous fertiliszer
applications,

The ten treatments consisted of: (1) CRD-186, (2) CMC-70-H, and
(3) Aerotil dry form, all applied aﬁ the rates of 1000 pounds per acre
and mixed to a depth of six inches by rototilling, (L) Soiloam-LO gallons
per acre, (5) Gypsum=L000 pounds per acre, .and (6) All=N-(ne-2000 pounds
ﬁer acre mixed to six inches by rototilling, (7) CMC=70-H-200 pounds per
acre, {B8) CRD-189-200 pounds per acre and (9) Aerotil wettable form-50
pounds per acre were applied to the surface and mixed to a depth of two
inches, and (10) check plots receiving no conditioners,

At méturity the wheat was cut, bound, and shocked on the respective
b}otsg After standing in the shock for ten days, the grain was threshed

with a nursery thresher and the yields recorded.

Laboratory Analyses

Samples of Kirkland soil were treated with CRD-186 at the rates of

0, 100, 200, 40O, 800, 1200, 1600, 2000, 2400, 2800, and 3200 pounds per

acre., These mixtures were made by mixing air-dry soil and the conditioner
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(éne pound portions) in an end over end mechanical mixer for 15 minutes .
Seventy~five ml, of distilled water were then added and the samples were
mixed for an additional 15 minutes., After the mixtures were air-dried,
they were sieved through a one=fourth inch mesh sieve.

Soil samples were removed from the greenhouse ocat pot cultures after
the oats had bsen harvested. These soils were also sieved through a one-
fourth inch mesh sieve after becoming air-dry, Soil samples from the
surface six inches of the field plots were collected, air-dried; and

sieved through a one=fourth inch mesh sieve,

Physical Determinations

In order to make calculations on én oven~-dry basis, moisture per-
céﬁtages were determined as outlined by Baver (2) for all laboratory
soil samples,

Sand, silt, and clay fractions of both the Kirkland and Renfrow
s0ils were determined by ﬁhe‘Bouyoucos Hydrometer method (6).

Hendrick and Mowry (12) found the moisture equivalent of Miami silt
léam'which contained 22,2 percent clay, L46.6 percent silt and 31,2 per-
cégt sand to be increased from 24,2 percent on the untreated samples to
2706 percent on samples treated with CRD-186 at the rate of 0.1 percent,
The moisture equivalent measurements were made to evaluate the effect of
synthetic conditioners on the field capacity of the two soils used
throughout this research. The determinations were made by the centrifuge
method described by Briggs and Mclane (8),

| Duplicate 50 gram samples of the soils were used to determine the
aggregate~gize distribution., The Yoder technique (34i) was used for the

determination of the aggregates in the synthetic mixture of Kirkland
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!
soil and CRD-186, A modification of the Yoder technique was made in

the aggregate analysis of the greenhouse pot soils and the soils from
the field studies. Since Tiulin (28) suggests that only those aggregates
larger than 0.25 mm. are respon§ible for stable soil structure, the 0,10
mis screen was omitted in the aggregate analysis of the greenhouse oat
pot and field plot soils,

A core sampler similar to the one described by Baver (2) was used
to obtain core samples from twenby of the field plots. The cores were
oven-dried for 60 hours, cooled 1o room temperature, weighed, and the

volume weight calculated by the following formulas

Weight of Soil Core (grams)

Volume Welght ‘
“ Volume of Core (c.c.)¥

¥Volume of Cores  347.32 c.c.

Quadruplicate determinations of the specific pgravity or density of
the untreated field plot soils were performed by means of the pycnometer
method presented by Baver (2).

1 Total pore space, capillary pore space, and non=-capillary pore space
of the field plot soils were calculaited, using the information obtained
from the volume weight; specific gravity, and moisture equivalent de-
terminations as outlined by Baver (2). The following formulas were used
in making these calculations:

Volune Weight

1, Total Pore Space = |1 = —

~ X 100
Specific Gravity

2, Capillary Pore Space = Moisture Equivalent X Volume Weight

3, MNon-Capillary Pore Space = Total Pore Space - Capillary Pore
Space



IV. RESULTS AND DISCUSSION

4Greenhouse Studies
Wheat and Oat Pot Cultures

The objectives of thése studies were to determine the effect of
different rates of GRDmSBl on the dry matter yields of wheat and oats
grown on fertilized and unfertilized Kirkland soil pots,

Data from the wheat pot tests, presented in Table 1, indicate
little or no imcrease in yields of dry matter due to the CRD=631 treat-
ment, These results support those cbiained by Murdock and Seay (20)
in their greenhcuse pot study.

| The higher yields from the fertilized pots were atbtributed to the
applied fertilizer. The outstanding yield of 31,88 grams of dry matter
in cne fertilized pot‘receiving no CRD=-631 is completely out of line with
the yields of the other fertilized pots, It was noticed throughout the
g%owing period that the wheat in this pot tended to stool to a greater
e%%ent than that of any of the other pots in the experiment.,

The oat pots were treated with CRD-631 at higher rates of active
ihgredients than the wheat pots, The results of this study, which are
given in Table 2, show there may be an increase in vield of dry matter
due to the conditioner, Indications are that CRD=631 at the rate of
00 pounds of active ingredients on the unfertilized soil is equivalent
in the rroduction of dry matter to the fertilized soil which did nod
ré@eive any CRD-631l, Both unfertilized and fertilized pots gave fairly

uniform increasesg in yields when treated with CRD=-631 up to rates of hOO

16
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Tabhlie 2.

scil pots,

Dry matier yields (grams per pot) of cats from CRD=631 tréaﬁed9 unfertilized and fertilizsd

Unfertilized

Fertilized ¥

100

CRD-631 in Ibs, Per Acre

of Aetive Ingredients

_GRD=631 in Lbs., of Active Ingredisnts

Repl., Na, 0 200 400 800 1600 3200 0 1G0 200 400 300 1600 3200
1 Lo 19 3.42 3.39 4L.81 5.20 2,01 5021 5.51 7.02 6.7S 8.49 4.69 £.G5 6,30
2 3.06 3,70 3.74 5.92  3.72 5.15 Lo 27 7.83 5,66 5,89 8,03 8,10 6,74, 3,91
3 3,47 4.76 6,01 5.71  3.24 6.65 3,80 | 3.15  5.44  6.38 44T 6.19  4.84  5.50
Average | 3.57  3.96  4.38 5.8 4,05  4.60 443 | 5.50 6,04 6,35 7.00 6.33 5,21 5,17

# Fertilized at the rate of 100 Lbs, NH; NO4 and 150 Lbs. superphosphate per acre,

gL
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Ay, )
pbunds of active ingredients per acre and decreased yilelds as the rates

of conditioner were increased above 40O pounds of active ingredients per

acre,
Emergence Tests

| Rains soon after planting ftend to form a surface erust on many
s%iIS'which prevents emergence of some plants and often causes many
crops to be unprofitable due Yo the added expeﬁse of re-planting., Since
Kirkland soil tends to crust, it was used to determine the effect of
Aerotii dfy‘and wettable forms in preventing surface crusis,

The data obtaired from the greenhouse emergence tests of cotton
are sﬁbwn iﬁ Table 3, The number of plants which emerged in frame 10
'6% the‘first éeries'wasl29 as compared to the average of 37 in the checks,
T£is would represent a difference of 16 percent since 50 cottonseeds
ﬁérerplanted per frame, Due $o this low percentagé of emergence in
frame 10, which was treated with Aerotil wettable form at a rate equiva-
1§nt>to 200 pounds of Aerctil dry form, the emergence tests were repeated
u%ing the same frames of soil without further treatment, Similar results
wépe obtained in the second series except there was increase in emergence
aéd the redwtion in the number of plants found in frame 10 as compared
t§ the average of the two check frames was less pronounced, S+till this
difference amounted to seven percent,

Ehis‘decrease in emergence indicates that Aerotil wettable form
u%ed ét the equivalent rate of 200 pounds per acre may hinder germination
q%'certain seeds, The conditioner may form an impermeable coat on the
s%edg_thereby'excluding oxygen which .is necessary for seed germinstion,

If this is true, the increased emergence in frame 10 of the second series



Table 2, The effect of Aerotil dry form and Aerotil weibable fomre on the emergence of cobton,

Humber of cot

Aerctil dry foxm # Aerotil wettabls form *
Frams lst Frame 2ad _ Frame lst Frame 2n4
Lbe, Per lorg No, Series No, _Series Ave, No, Series No, _.Series

41 38,5 6
AL 39,0 7
i3 38,5 5 36
L1 40,0 10 29 10
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% Aerotil dry form applied at rates of the 407 material,
%% 337 lerctil wettable form applisd at rates equivalent to Asroiil dry form,
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c§uld have been due to the conditioner combining with the soil particles
to a greater extent than in the first series,

Although 200 pounds per acre (equivalent rate) of Aerotil wettable
form may have an undesirable effect on germination, it appeared to be the
most effective in preventing surface crusts, The effectiveness of this
treatment is elearly demonstrated in Figﬁfe 1. Aerotil dry form applied
a% the rate of 200 pounds per acre, shown in Figure 2, appears to be
approximately equal to 100 pounds per acre (equivalent rate) of Aerotil
wettable form depicted in Figwre 3, Little difference between other
rates of Aerotil wettable and dry forms could be detected. Figure L
iilustrates that Aerotil'dry'form at the rate of 100 pounds per acre had
comparatively little effect on preventing surface crust on the Kirkland

silt loam soil,
Root Penetratioun Observations

"Plow pans" have developed in many of the wheatland soils of western
Oklahoma where the "onémway" has been used year after year as the main
tillage implement for seedbed preparations, Root penetration of cotion
and wheat plants were used to determine the effect of Aerotil dry and
wettable forms on simulated "plow pans',

The only treatment in this study which seemed to give any marked
results in root penetrations of these simulated "plow pans' was Aerotil
wettable form applied at the rate equivalent to 1000 pounds per acre of
Aérotil dry form to the surface four inches of soil plus an additional
1@00 poundsnbeing applied directly on top of the "pan", This treatment

allowed the penetration of both the tap roots of cotton and the fibrous
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Fig.l. Cotton emergence tests using soil treated with Aerotil
wettable form (80 lbs./A. active ingredients).

ige 2. Cotton emergence tests using soil treated with Aerotil
dry form (80 1bs,/A. active ingredients).



23

J00*/A
Aero?d/
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Fig. 3. Cotton emergence tests using soil treated with Aerotil
wettable form (4O 1bs,/A. active ingredients).
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Fig. h. Cotton emergence tests using soils treated with Aerotil
dry form (4O 1bs./A. active ingredients).
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’ rﬁots of wheat, In Figure 5, the roots in the untreated box extend
laterally along the upper surface of the pan, whereas in the Aerotil
(wettable form) treated box, shown in Figure 6, the roots grew vertically
directly bereath the pan. In some instances, aylarge number of roots
were found below the pan, but in every case, except for the itreatment
mentioned above, it was found that these roots penetrated the pan at
points where it had cracked due to drying or along the sides of the

box.,

Field Studies

Yields of wheat from the field plots are presented in Table L,
The weights in pounds per plot were converted to bushels per acre and
rgcordedo

Statistical analysis of these yields shows there is a significant
difference in the yields of the various treatments. Plots treated with
A1l-N=Cne produced yields that are higher than the yields of the other
plots, The least significant differeme indicates that this treatment
will give higher yields than any of the other treatments. The éverage
yield of 244,55 bushels per acre for the plots receiving this treatment
is outstanding when compared to the average yields of all other plots.
Since 411-N-One has a 3-2-3 guaranteed fertilizer analysis, it is
believed that the incréased yieldsvof wheat on plots receiving this
treatment was due to the effect of the nitrogen supplied by this
méferial rather than to any physical changes in the soil.

Plots treated with CRD-186 gave approximately the same yields as

the plots treated with Aerotil dry form, These plots gave the lowest
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Untreated simnlated "plow pan".

fooo” /4
Surfece o ing
looo*/A
Top of Fan
Asretif Wertull

Similated "plow pan" treated with

Aerotil wettable form.



Table 4. The effect of soll conditioners on grain yields (bushels per aere) from the field piots.
Conditioners, Methods of application, and Rates ¥
Repl, Bototilled &-Inches Desep Su?fau@ An pll@dwlﬁn
No, O K=& C A.D, A.N,G, G 8 AW, =2 E=0
1 jis.81 19,23 17.7% 18,65 22,14 18,36 24,78 21,85 24,18
2 116,61 i7.48 18,65 17,19 hyo 48 19.52 20,99 2244 18,07
3 1192.23 15.43 19.52 17.48 26,22 23.51 19,52 18,07 16,32
4 |17.077 0 18,65 16,90 18,07 25.35 22,14 | 18.07 18,56 18,36
&ve, (18,35 17,70 8,21 17.85 4,55 20,83 20,84 18,43 20,18 19,23

Sonditioners and rates per acre,
Untreated
GRD=185, - 1000 1bs.,

CMG=70=H, 1000 1bs, AW,

Aerotil-dry form, 1000 Ibs. =2
A11-N-One, 20001bs, K9
Analysis o

Gypsum, 4000 1ba,
Soilocam, 40 gallons
Aerctil-wettable form,
CMC-70-H, 200 libs,
CRD=189, 200 1lbs.

L7

of Va,;.:t_a 1C8

Source

- e

of Variance

of Squares

Sum
Msan Squars

Total ‘ 39
Treatments 5
Error 30

2526 oo O 00ca
158,18 17,576

127,08

ge

1sp {,05) = 2,97
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a&erage vields in the experiment, The yields were about the same on
the check plots,those plots with surface application of conditioners,
CMC-70=H at 1000 pounds per acre and gypsum at the rate of LOOO pounds
per acre, The difference in the average yields of these plots was fram

18,21 %o 20,84 bushels per acre,'a range of only 2.63 pushels,

Laboratory Analyses

The percentage of moisture in all soil samples used in the labo-
ratory stulies was determined by oven drying the soil jat 105° G, for
lé hours, These moisture values were used to calculate the weight of
soil on the oven=dry basis where applicable Throughout the laboratory
determinations,

; Organic matter content and pH of the Kirkland and Renfrow soils
differed only slightly. The Kirkland soil contained 1.8l percent
organic matter and had a pH value of 5.7, whereas the [Renfrow soil

had a pH valuve of 5,5 and contained 1.82 percent organic matter.

Physical Determinations

Mechanical Analysis

Mechanical analyses by the Bouyoucos Hydrometer method (6) were
made of both so0ils., The Kirkland soil contained 211,25 percent sand,

52.25 percent silt, and 23.50 percent c¢lay which made | this soil a

silt loam in texture, The Renfrow soil was a loam with 34,25 percent

sénds 13,75 percent silt and 22,00 percent clay. Sinée there was only

of these two so0ils, they were expected to show similar responses to soil

10,00 percent difference betwsen the total of the silﬁ and clay fractions
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6onditionerso
Aggregation Studies
Synthetic Mixture

Size distribution of water-stable aggregates resulting from the
tfeating of Kirkland silt loam soil with varying rates of CRD-186 are
shown‘in Table 5, All percentages of water-stable aggregates were
determined from duplicate EOygram air-dry samples calculated on an
oven-dry basis,

| From these results it appears that most of the silt and clay
particles have become clusitered into aggregates 0.10 mm, or larger when
CRD-186 is applied at rates ranging between 1200 and 1600 pounds per
acizr’e° The percentage of aggregates of 0.10 to 0,25 mm. size in-
creased steadily upward as the rate of conditioner inereased to 1600
pounds per acre; above this point the amount of aggregates of this
size decreased,

The greatest increase in total aggregates occured between the
tr‘?"ea“tments of 800 and 1200 pounds of CRD=186 per acre, The 800 pounds
pér acre application mroduced aggregates of sizes that increaéed from
the larger to the smaller sizes in a stepéwise manner. The 1200 pounds
per acre treatment caused an increase in the percentage of the larger
size‘aggregatesy but only increased the amount of smaller aggregates
slightly. Since aggregates of the 1600 pounds per acre rate follow the
s%me trends as the 1200-pound rate; indications are that CRD-186 applied
on Kirkland silt loam at rates ranging between 800 and 1200 pounds per

acre would probably give the most satisfactory improvement in aggregation;
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Oat Pot Soil

After the plants had been harvested, representative samples of
the greenhouse oat pot soils were made by combining smaller samples
from each of the six replicatioﬁs receiving the same CRD=63L treatment.
Size distribution of water-stable aggregates were determined on these
sémples by a slight modification of the method used for the synthetic
mixtures, Since it has been stated that only those aggregates greater
than 0.25 mm., contribute to the improvement of the physical condition
of the soil, the 0.10 rm, size sieve was omitted in these determinations,

Distribution of water-stable aggregate sizes found in the CRD=631
treated qﬁt pot eultures is shown in Table 600 Although the percentages
o§ water-stable aggregates are much higher in this study than those
fgund in the synthetic mixtures, the size distribution of water-stable
aggregates tend 4o follow much the same pattern, The higher percentages
of water-stable aggregates in the ocat pot soil are believed to be due
to wetting and drying which occured during the growing period of the oats,
apd gave a greaier degree of aggregation as well as a more complete re-
aétion between the conditioner and the soil., At first the higher per-
cénbage of water-stable aggregates was thought to be due to an increase
in organic matter, but organic matter determinations showed no appreci-
able difference in the amounts iﬁ the oat pot soils and in the syn-
thetically mixed soil.

The greatest increase in total aggregates occured between fﬁe 100
p@unds per acre application of CRD-631 and the untreated soil. The next
greatest increase occured between the 100 and 200 pouﬁds per acre treat-~

ments, which amounted to 10,3l percent., The difference in toial aggre-
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g;tes between the 200 and hOO-pound applications was a further in-
crease of 7,37 percent, Simce the L40O-pound treatment produced the
largest yield of oats, it would probably give the most beneficial
resulis on Kirkland silt loam Soil in the field and certainly wonld

be the most practical.
Field Plot Soil

Determinations of the percentage distribution of water-steble
aggregates were made on the field plot soil by the same procedure
used on the oat pot soil., Results of these analyses are found in
Table 7.

The 1000 pounds per acre CRD-186 and the 200 pounds CRD-189
tﬁeatﬁents were much more effective in aggregating the Renfrow loam
séil than any of the other materials used, Both of these treatments
gave a fairly uniform percentage distribution of aggregates from
0025 mm. to above 2,0 mm. in size, Since the lowest yields of wheat
were obtained from the CRD-6 treated plots and these plots stand out
above all other treatments in the total percent of aggregates greater
tﬁan 0,25 mn., indications are that there ma§ be some negative corre-
lation between the two., Aerotil dry form ranked third in effective-
ness of aggregating the Renfrow soil., CMC=T0=-H at the rate of 1000
pounds per acre was fourth followed by All-N-One. Gypsum, Soiloam,
Aerotil wettable form, and CMC-70-H at 200 pounds per acre gave
about the same results, with Soiloam giving the smallest total per-
centage of aggregates greater than 0,25 mm, for the treated plots.

The untreated soil had an sxceptionally low percentage of total
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aggregates greater than 0.25 ma, (2,65 percent). The range in total
percentage of aggregates greater than 0,25 mm. found in the untreated

soil and the best treatment, CRD-186, was 2}.07.
Moisture Equivalent

Since there are conflicting results reported in the literature
concerning the effect of soil conditioners on the moisture equivalent
perecentages of soils, these determinations were made on these two soils
with their various treatments. -The average moisiure gquivalent values of
CRD-186 and CRD-631 treated Kirkland soils are presented in Table 8.
The moisture equivalent measurements of the Renfrow loam field plots
treated with various corditioners are given in Table 9.

These data confirm the results obtained by Peters, et al. (22).
Néne of the soil conditioners used in this research appreciably in-
creased the moisture equivalent percentage of either Kirkland silt
loam or Renfrow loam soils., There seems to be a tendency for CRD-

631 at rates between 1600 and 3200 pounds per acre to decrease the
moisture equivalent value of Kirkland Silt'loamﬁ CRD-186 at the rate

of 1000 pounds per acre also decreased the moisture equivalent of Renfrow
loam, These results are not in complete accord with those secured from
the synthetic mixtures which showed a slight increase of the moisture
equivalent valne when CRD-186 was applied at higher rates, It is
probable that the procedure of mixing, wetting, and drying of these
syathe tic mixtures did not mwovide conditions favorable for complete
aggregation of the soil pafticleso This aésum@tdon is supporied by

the lower total percentage of water-stable aggregates obtained in the

determinations previously discussed,
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Volume Weight, Specific Gravity, and Porosity

Volume weight determinations of Renfrow loam soil receiving
different conditioner treatments were made from corves taken from
twenty of the wheat field plobs, This gave duplicate determinations
of each treatment,

| Specific gravity determinations were made in quadruplicate
uging soil taken from the untreated field plots, These determinations
were 2,51, 2,52, 2,51, and 2.50 grams per ¢.C. which gave an average
of 2,51 grams per c¢.c.

Table ¢ presents the condensed data of_the moigture equivalent,
volume weight, and the calculated porosity values of the field plots,
All conditioners lowered the volume weight, incresased the total pore
S@a@eg and reduced the capillary pore space of the Renfrow soil, CRD=
186 at 1000 pounds per acre produced the greatest changes in these
values, followed by the surface application of CRD=189 at the rate of
200 pounds per acre, Aerotil dry form at 1000 pounds pér acre; All-N-
One at 2000 pounds per acre and CMC=T70-H at 1000 pounds per acre,
Small differences of these values were found in the treatments of
Sciloam, Aerotil wettable form, CMC=70-H at 200 pounds per acre, and
the h000-pound application of gypsum,

From the results of these measurements of the physical properties
of the soil and the yilelds of wheat, indications are that the untreated
Renfrow loam soil is in féirly good physical condition and crops should
respond more to fertilization of this soil than to any changes in the

physical condition imposed by synthetis soil conditioners.



V. SUMMARY AND CONCLUSIONS

The effect of soil conditioners on the yields and physical properties
of Kirkland silt loam and Renfrow loam soils wes studied, These expafim
mentﬁ were carried on in the greenbouse and in the field, Condi’bionerS
wére aﬁplied at rates varying from 100 to 3200 pounds per acre,

Dry'ﬁatter vields from the greenhouse pets and grain yields from
the field plols were obtained, Root penetration obserwations and
'emergenceptestg were also conducted in the greenhouse, Aggregate
aﬁaiysesg moisture equivelent, and volume weight measurements were used
to evaluate the physieal condition of the soils, |

From the results obtained in the foregoing investigations, the
féllowing conclusions seem justifiable:

1. CRD-631 treatments up to LOO pounds of active ingredients per
acre increased dry matter yields of cats grown on Kirkland soil pots.,

2, Aderotil wettable form used at the raté of 80 pounds of active
iggredients per acre reduced seedling emergence, but was the most
effective treatrent in preventing surface crusts on Kirkland soil.

3, Aerotil wettable form applied directly on top 6f a similated
"plow pan' at the rate equivalent to 1000 pounds of Aerotil dry form
pér acre plus additional 1000 pounds peyr acre mixed with the surface
four inches permitted the greatest amount of root penetration through
a simulated "plow pan.

ke 4 single wethting and drying cycle of a synthetic mixture of
CRD=186 amd Kirkland silt loam produced less water-stable aggregates

than the greenhouse oat pot soil treated with equivalent rates of

38
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CRD-63L,

5, Only CRD-186 applied at the rate of 1000 pounds per acre
(rototilled to a depth of six inches) and a surface application of
200 pouéds per acre of CRD=189 gave any appreciable increase in per-
centage of water-stable aggregates greater than 0,25 mm, on the Renfrow
lqam field plots,

6, Moisture equivalent values of the soils showed no appreciable
effect from the different soil conditiomers.,

7. All the conditionersvlowered the volume weight, increased the
tqtal pore space, and increased the non-capillary pors space of the
Renfrow loam soil.

8. These studies seem to indicate that the Renfrow loam soil is
in fairly'gééd physical condition and that the physical nature of ther

Kirkland silt loam may be improved through the use of soil conditioners,
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