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INTRODUCTION

It is questionable whether any element in the soil might be consid-
ered the most important, yet, Pierre (39)! attributes low crop product-
ion to be due to the lack of phosphorus more than any other element.

Plant yields on many Oklahoma soils are limited by the ability of
the soil to furnish necessary amounts of phosphorus for maximum plant
growth. Exploitative farming systems, erosion, and leaching have caused
many Oklahoma soils to become depleted of their native fertility in a
relatively short period of time (10,22). Crop yields can be restored to
a satisfactory level on many of these soils by the use of phosphorus
fertilizers.

Differences have been found in the capacity of several phosphate
fertilizers to increase crop yields. Such difference are often related
to soil and plant characteristics, for instance, some workers (16,39,44)
agree that many plants will give a better response to rock phosphate on
acid soils than on neutral to basic soils. Other results? have shown
that plant specificity is a determining factor instead of particle size
in the response of legumes to rock phosphate fertilization.

Many workers (7,16,23) contend that the ultimate goal of adding
fertilizing materials to the soil is to establish a nutrient balance.
Consequently, an objective point is to seek a combination of factors

under Oklahoma conditions that will lead to the most efficient use of

INumbers in parenthesis refer to literature cited in bibliography.
2Unpublished data. W. L. Garman and H. J. Harper, Agronomy Depart-
ment, Oklahoma Agricultural and Mechanical College, 1950.
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phosphate.

Recent investigations made (32) at this station show, that after a
period of time, rock phosphate will penetrats to some extent into the
profile of a medium textured soil. The variation of phosphorus distri-
bution in several soil profiles was reported by Pearson (38). Dennis
(15) showed that soil phosphorus in the C-horizon was very effective in
supporting plant growth and that the nitrogen and phosphorus content
was higher than in plants grown on cother horizons. Such studiss may
suggest in part the relative importance of available phosphate supply
in the immediate root zone,

The proposed objectives of this experiment were as follows: (1) To
study the effects of sulfur, nitrogen, and calcium carbonate on the uti-~
lization of rock phosphate as compared to superphosphate. (2) To ohserve
the influence of top soil and subsoil placement on the effectiveness of

ﬁhese fertilizers.



REVIEW OF LITERATURE

The need for replenishing the phosphorus supply in Oklahoma soils
was discussed by Chaffin (10) who called attention to the factors con-
tributing to the depletion of soil fertility. Other investigators (24)
also note a rapid decline in fertility of cultivated soils from their
virgin state. Many soils in central and eastern Oklahoma have been
severely leached of their calcium, leading to an acid soil reaction.

The presence of acidity and the degree of acidity is closely related to
the annual rainfall which increases from west to east. As the acidity
of these soils increase, not only the availability of phosphorus and
other essential elements is lowered but the total amouﬁt is lowered as
well.

Harper (23) evaluated the use of commercial fertilizers on the
prairie soils of central and eastern Oklahoma. He considered these soils
as a unit and with the support of crop yield and chemical composition
data, he contended that phosphorus was a limiting factor in crop yield.
Plant yields were also increased in most cases from nitrogen applications
as well as from potash amendments. Murphy (33) reported favorable wheat
yields from a phosphorus-nitrogen combination.

Organic matter functions, in part, as a reservoir of nutrient
elements and from the standpoint of economy, many investigators (10,23)
recommend the return of plant material to the soil as a means of replen-
ishing depleted nutrients. This is especially true when proteinaceous
plant material is plowed under as a green manure crop to increase the

potential nitrogen supply of a soil. Organic matter cannot be disregarded



as a phosphorus donor. Garman (22) presented data, obtained from a
study of the profiles of some thirty Oklahoma soil types, which showed
that organic phosphates were utilized by plants at a rate equal to in-
organic phosphates.

Various workers (28,31,45) have found that most phosphate compounds
added to the soil for the purpose of correcting phosphate deficiency
have, in a period of time, become unavailable to the plant. The con-
sensus of opinion has been that soils of high and low pH contain mater-
ials that form insoluble complexes with phosphorus and render it un-
available. In a review of soil phosphorus, Dean (12) used the term
"availability" as an index of a soil's phosphorus supplying power, and
outlines the graduated degrees of unavailability by which phosphorus is
linked with the solid soil phase. The complex fixation-mechanisms and
gsoils in which they function bear integrated relationships as evidenced
by the many forms of soil phosphates. The prevalence or activity of a
fixing mechanism in a soil depends upon many soil factors. Thornton (50)
by use of the Neubauer method of testing the availability of phosphorus
from phosphate fertilizing materials, pointed to the relative influence
of soil pH, soil types, and combinations with other fertilizing materials
as the chief criteria for phosphorus availability.

Olson (37) reported on a study of soluble phosphorus extracting
agents for a range of soils. He stated that soluble phosphorus, pH, and
plant yield response were closely related to soil series. Therefore,
he contended that good soll series classification was a valuable indicat-
ion of probable phosphorus fertility status of the soil. The amount of
phosphorus and its chemical form not only varies from soil to soil but

it varies within individual horizons (8,15,38). Allaway (2) cited the



effect of the processes of soil genesis upon the chemistry of phosphorus
in soils, He studied the profile distribution of phosphorus in a number
of Nebraska soils and found that in highly developed profiles phosphorus
was concentrated in the "A" horizon, probably due to plant action. The
total phosphorus content of soils with lime zones was generally at its
maximum at the top of the limed zone. Soils investigated that were
formed under slightly acid to acid conditions contained increasing amounts
of iron and aluminum phosphates as the depth of profile increased.

Definite conclusions regarding the distribution of total and acid~
soluble phosphates in soil profiles were also reported by Pearson (38),
who in agreement with Allaway (2) stated that differences in phosphorus
forms and their concentration were related to soil forming processes.,
Results of his experiments showed that the amounts of total phosphorus
decreased with depth from the surface layers to a minimum percentage at
a zone ten to thirty inches in depth. Generally, below this zone there
was a marked increase of total phosphorus up to a maximum in the "C"
horizon. In a majority of the profiles studied the concentration of
acid-soluble phosphorus followed a similar trend. The author did not
find a close correlation between soil pH and the easily =soluble phos-
phorus content of respective horizons, but did note that from twenty-
five to fifty-four percent of the total phosphorus in the lower horizons
was acid-soluble, These acid-soluble phosphates of the lower horizons
were assumed to be iron and alumimum phosphate compounds, but evidence
for this agsumption was not furnished.

By using a system of phosphate mineral solubility curves, Stelly
et al. (49) undertook the identification of phosphorus forms in the "C"

horizon of some Iowa soils. Apatites, tri-caleium phosphates and ferrie



phosphates were representative of acid-soluble phosphates, while aluminum
and ferrous phosphates were more soluble with basic extractants. The
forms of extractable phosphorus were found to vary greatly between soil
types and were generally not representative of any one phosphate mineral,
but were present as combinations. Of particular interest was the reaction
of plants when grown on media containing identified phosphate minerals.

A generalization of the outcome of these studies showed that ferric phos-
phate was a poor source of phosphorus for either alfalfa or corn, and
apatite forms of phosphorus largely benefited alfalfa, while aluminum

and ferrous phosphates were relatively available to both plants.

Denmnis (15) found a sizeable variation in the amount and distribut-
ion of total phosphorus in profiles of Nebraska soils. Soluble phos-
phorus extracted by solutions buffered to pH of three and nine gave re-
sults which suggested that calecium or iron and aluminum phosphates were
present and the solubility rates of these forms were not the same in all
soils. To measure the relationship of phosphorus availability within
the horizons of the four soils studied, Dennis used elemental composit-
ion percentages and yields-of alfalfa as criteria for evaluation. A sup-~
plemental phosphorus application of one-thousand pounds of soluble P05
per acre increased the yields and the total nitrogen content of the alf-
alfa plants in all cases over the check treatments. There was a highly
significant interaction between treatment and horizon as determined by
measuring alfalfa yield indicating, in part, different availability
levels of phosphorus between horizons. Chemical analyses showed the "C"
horizon of an acid loess soil to contain the highest amount of soluble
phosphorus. This soil consequently produced the highest plant yields

and furnished more nitrogen and phosphorus fdr plant growth than any other



untreated soil. Supplemental phosphorus additions were credited with
lowering the cation content of alfalfa top growth, thereby, reducing
calcium percentages.

The quick test.of the surface soil for available phosphorus and
surface reaction did not give satisfactory explanations for differences
in response of soils to rock phosphate applications according to Smith
(47), who obtained many different correlations. He suggests that soil
assoclations regardless of location will respond to rock phosphate in a
similar manner.

The application of lime to a soil to which rock phosphate has been
applied retards the processes by which rock phosphate is converted into
a more available form. This fact was noted by Salter aand Barnes (44)
who found that the relative efficiency of rock phosphate at pH 7.5 was
only ten percent that of superphosphate. McGeorge (28) reported that
additions of sulfuric acid to irrigation water greatly increased the
absorption of phosphorus by plants from alkaline calcareous soils. The
majority of literature citations supports the idea that a great many var-
iables influence phosphorus-lime associations, but on a heavily limed
soil it was generally agreed that the phosphate applications that gave
the more desirable effect to plant yields were the more acidic forms
(16,20,51), Plants in the field are considered by Russell (43) to be
relatively inefficient users of phosphates, for rarely more than twenty
to thirty percent of the amount supplied as fertilizers is taken up.
McIntire (29) furnished a partial explanation of low availability of
phosphorus when hé stated that fluorides in commercial fertilizers are
capable of generating calcium fluorophosphates. These compounds, he

states, are analogous to fluorapatite of some rock phosphates and are



highly unavailable to plants.

In acid soils lime is generally credited with the ability to make
more of the phosphorus of an added phosphate available to crops. With
this assumption in mind, Neller (34) conducted tracer studies with
labeled phosphates applied with lime on sandy Florida soils. Results
from pot tests showed that additions of enough lime to raise the soil
pH from 5.6 to 6.7 had no significant effect on the percentage of labeled
phosphorus taken up by oats from superphosphate. Results of field tests
were appreciably the same; lime did not affect the uptake of phosphorus
from low to high lime levels.

Albrecht (1) called attention to the close calcium-phosphorus link-
age and cited that plant behavior shows the two are used in combination.
In an effort to study the functions of calcium as an exchange ion, he
undertook to determine the uptake of phosphorus in connection with dif-
ferent amounts of calcium offered and concluded that calcium becomasla
cation carrier for soil-plant exchanges of elemental phosphorus and hit—
rogen. Albrecht noted that at low levels of soil calcium elemental phos-
phorus and nitrogen were possibly moved from plant seedlings to the sur-
rounding soil, because at low soil calcium levels seedlings contained less
phosphorus and nitrogen than was in the original seed. However, phos-
phorus and nitrogen moved into the plant at high levels of calcium satu-
ration. The author furnished two explanations for these phenomena; one,
phosphorus and nitrogen, both constituents of protein, are possibly meta-
bolized into insoluble protein; two, calcium may activate the plant root
membrane. Both explanations would effect movement equilibrium in favor
of plant uptake.

Pohlman (40) supported the theory that the degree of response to



liming cannot be predicted from studies of the surface soil only, and
he emphasizes the importance of the subsurface in determining the fert-
ility status of soils. Such conclusions were made after he received
three fold increases in alfalfa yields from lime applications at the
sixteen to twenty-four inch subsurface soil layer.

Although soil reaction and the activity of calecium in a soil are
often spoken of as inseparable, Wattenpaugh (53) called attention to
the extreme importance of calcium to plant-root development. He found
that the depth of root penetration was closely related to alfalfa yields,
and that the activity of root nodulation and zone of root development
was definitely correlated with the pH and the replaceable calcium of a
aoil. He received favorable root growth above pH 5 and a retarded root
growth below pH 4.5. Anion exchange, a mechanism of phosphate retention
in some soils, was investigated by Dean and Rubins (14) and evidence was
furnished by these investigators that phosphorus as an exchangeable ion
could be replaced by other anions, depending somewhat on the activity and
concentration of each. Further investigation of the surface activity of
soil phosphorus was made by Seatz (46). By introducing tagged phosphorus
into soils, he measured the kinetic exchange between soil-held-phosphorus
and infused radio active phosphorus and found an exchange reaction taking
place in three distinct phases, an initial absorption phase up to one
hour, a second phase from one to thirty-six hours and a prolonged inter-
action after thirty-six hours. He suggested that the three levels of dis-
sociation might reflect the phosphorus supplying powers of a soil. Seatsz
also illustrated by desorption techniques the presence of an anion ex~
change mechanism, Sulfate, arsenate, and fluoride ions were credited to

be very effective in displacing phosphate ions from a solid phase.
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Crocker (11) reviewed the importance of sulfur in animel nutrition
end pointed directly to the benefit of sufficient avsilable amounts of
this element in soils. Sulfur is essentisl to plants in the synthesis
of proteins, thereb}, from the standpoint of crop production, it bears
close relationship with phosphorus and nitrogen in legumes. Russell (43)
designates a large region in the centrel and western United States ex-
tending into Cenasde where yields of leguminous crops are limited by the
emounts of a sulfaté given in a fertilizer, and increases in plant yields
renging from fifty percent to ten-fold csn te brought sbtout ty spplica-
tion of two hundred to four hundred pounds of gypsum per acre. Studies (3)
in Montana show a difference in slfslfa ylelds and protein content due to
the source of sulfur used.

The superiorit& of superphosphate as a phosphate carrier may havé
teen pertially solved ty Bledsoe and Blasier (9) who spplied elemental
sulfur in conjunction with different phosphates on a sulfur deficient
soil, and relasted plant yield differences to the presence of sulfur in
the phosphorus soil amendments. Results from field plot tests showed
that rock phosphate spplied at the rate of 2,000 pounds per acre plus a
60 pound per scre sulfur trestment wss equsl to superphosphate in respect
to clover yields. All phosphorus plus sulfur treastments increased clover
yields when compared to the phosphate spplied alone with the exception
of superphosphate which showed little response to sdditionel sulfur.
Composition of clovers grown under the conditions of this experiment
showed that the clovers fertilized with sulfur contzined a significantly
higher percentage of sulfur with all phosphorus sources with the excep-
tion of superphosphate. An increase in nitrogen content apparently

was due to sulfur treastment, btut the percentages of potessium, calcium,



end magnesium were decreased.

Present day high anslysis fertilizers, hshould bte supplemented with
sulfur, calcium and other elements when spplied to the soil according
to Volk (52), who b& means of a greenhouse study determined the relative
efficiency of elementsl sulfur snd gypsum on a number of common crop
plents. Applicstions of equivalent amounts of sulfur in the form of gyp-
sum, elemental sulfur and superphosphate to each of five soils suspected
of being low in sulfur increessed both plant yield and the concentration
of sulfur in the plant materisl. Increassed uptake of sulfur from ele-
mentel sulfur over gypsum by the plant was shown after sllowing the ele~-
mental sulfur sufficient time to oxidize in the soil before the crop was
plented. One thousand pound per acre spplications of lime in conjunction
with sulfur incressed plent yields, but decreased the percent SO3 in the
plent tissue. Mitchell (30) stated that a lapse of time or ageing period
for elementsl sulfur hed a beneficisl effect on the phosphorus soluhiiity
of di-celcium phosphate, a relstively insoluble compound, Neller (35)
used gypsum to correct sulfur deficiencies in sandy Florida soils., The
sulfur supplement not only increased yielde, but improved the quslity of
forage due to s higher protein content. Significant increases in csal-
cium uptske were noted and he clsimed thet the incressed upteke of suifur,
nitrogen, and phosphorus was due to the effects of gypsum.

The results of workers in widely separated regions call attention
to the soil conditiéning properties of gypsum. Baghott (4) reclaimed
some alkali problem soils of Cslifornia with hesvy aspplications of gypsum.
Gypsum increased water penetration, lowered pH, and in genersl improved
soil conditions for alfalfa growth and was more active in these respects

then were equivalent amounts of sulfur. Rinehart (41) found thet 2,000



12

pound per acre applications of gypsum improved drainage of wet spots on
New Jersey soils by twenty percent. This was presumed to be due to floec-
culation of fine soil particles and a motivation for aggregation.

Nitrogen compounds added to soils in combination with phosphate mat-
erials have a direct influence on the solubility of the accompanying phos-
phorus. Fudge (21) acknowledged this fact, and states that the solubil-
ity of the phosphorus is directly influenced by the type of nitrogenous
fertilizer used. Of major concern is the residual effects of the nitro-
gen supplement on soil reaction, the exchange complex, and the concent-
ration and nature of ions left in the soil solution., Higher pH values
in a soil are often:brought through the use of sodium nitrate, calecium
nitrate, and calcium cyanamide, whereas the use of urea and ammonium addi-
tives have an opposite effect on soil reaction. The extent that resid-
ual cations might influence phosphorus solubility depends upon the many
soil conditions present. Fudge further states that if basic nitrogen
fertilizers do inérease phosphorus availability, then fertilizers that
leave a sodium residue are more instrumental in the increase of avail-
ability than fertilizers leaving a calcium residue. Jones (25) found
that a ninety-eight percent increase in uptake of phosphorus by rye plants
was due to the acidifying action of ammonium sulfate on rock phosphate
treatments when the two were applied together. The conclusions of Volk
(51) were in agreement with the above author in relation to the super-
ilority of physiologically-acid nitrogen fertilizers versus the so-called
basic fertilizers when using relatively insoluble phosphates as phosphorus
sources. Volk received a decreased uptake of calcium in oat and sorghum
plants when ammonium sulfate was used as a nitrogen source, and a decided

decrease in calcium uptake as the result of sodium nitrate fertilization.
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The phosphorus content of oat forage produced on field plots was
increased by the application of phosphorus without nitrogen in studies
made by Domby (18). A top dressing of seventy-two pounds of nitrogen
per acre reduced the phosphorus content of the oat forage, but due to
inereased yields more phosphorus was removed on an acre basis.

Lorenz (27) reported significant differences in uptake of phos-
phorus by plants in a greenhouse study on calcareous California soils
when the compositién of plants grown on ammonium sulfate soil treatment
were compared with those grown on calcium and sodium nitrate treatments.
The interrelstion of nitrogen source and phosphorus availability, the
author explained, was largely due to the ammonium ion altering the calcium
ion activity and in turn increasing the solubility of the soil phosphates.
Dion (17) working with calcareous soils found no statistically signi}icanb
effect of nitrogen on phosphorus uptake, but did note a close correlﬁtion
between phosphorus content and plant growth and, consequently, concluded
that differences in phosphate carriers depend largely on calcium activity.

Beeson (7) refers to the net effect of nitrogen as a function of
many soil characteristics. He reports that nitrogen might help to inecrease
the ratio of protoplasm to cell wall material, and being a "vegetative-
builder" is instrumental in decreasing the ratio of caleium to dry matter.

Several workers including Dean (13) have found that the phosphorus
composition of plants is directly proportional to the availability of
soil phosphorus. Dean showed by tracer techniques that the absorption
of phosphorus fertilizer by plant is inversely proportional to the phos~
phorus fertility status of the soil. Nelson (36) corroborated these re-
sults when he reported higher uptake of soil phosphates when fertiliger

-

phosphates were at low levels. Plants vary in the ability to absorb
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phosphates (13,26). Bear (6) recognizes alfalfa as an outstanding plant
in terms of yield and feeding value, and calls attention to its high
elemental requirements, which includes a high demand for available phos-
phorus.

Problems connected with phosphate usage are best solved by consid-—
ering both plant requirements and soil factors according to DeTurk (16).
He bases his investigations and recommendations on rock phosphate and
sqperphosphate, the two most common forms. He generally associates rock
phosphate with legumes, as feeders on phosphates of low solubility; and
superphosphate with wheat and corn, which demand phosphates of higher sol-
ubility. He considers superphosphate to be a means of increasing product~
ivity on an already fertile soill, and rock phosphate to be an economical
material for building up the productive level of many phosphorus deficilent
soils. Consequently, he suggests these two forms of phosphate should be

used as a team,



METHODS AND MATERIALS

The data included in this thesis are material gathered from a green-
house study. The objective wes to compare the relative value of ferti-
lizer treatments, as indicated by plant yields snd composition data, on

two soils.

Description of the Soils Studied

The two soils used in this study were similar in profile character-
istics and were tentatively clessified as Bethany silt loam,l The sample
sites were located spproximately sixty miles spart, and the genersl soil
association at each location was of considerable sgronomic importence.

The semple referred to ss "Scll A" was tsken in northern Ksy County,
Oklshoma. The area had been under continuous smell gresin production for
at least fifteen yesrs. Adjacent fields to the sample site had shown
favorstle response to phosphorus fertilization in the production of small
grains snd an incresse in yield of legume crops when lime was added ,2

The soil seample referred to as "Soil B" was teken from a plot on
the Oklshoms Agricultural and Mechanical College Agronomy Farm, west of
Stillwater, Payne County, Oklshoma., This soil was from a plot under s
four year rotstional cropping system of cotton, smaell greins, darso, and
clover. The rotetion has been carried on since 1917 and each season

8ll top growth had been removed. The soil ssmples were taken in May, 1954.

“1profile descriptions furnished by H.M. Galloway, Assistent Soil
Surveyor (Coop. U.S.D.A., and S.C.S.) and E.M. Templin, Soils Correlstor;
Oklshoma end Kenses. (Refer to Appendix)

2"Soil A" sample furnished by Dr. H. V. Eck, Agronomy Department,
Oklshoma Agricultural snd Mechanical College, Stillweter, Oklshoma,

15
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Preparation of Soils for Pot Culture

Each soil was divided into a topsoil and subsoil category. The
soil labeled "topsoil" included all material from the surface to a six-
teen inch depth., Samples referred to as "subsoil" were composites of
material taken from the sixteen inch depth to thirty inches. Soil
number one was a sample of topsoil taken from the Bethany silt loam
(Soil A), and soil number two represents the subsoil. In the same order,
soil number three was a sample taken from the topsoil of the Bethany
silt loam (Soil B) and soil number four corresponds to the subsoil. Each
soil was mixed thoroughly and sieved through a quarter-inch mesh screen
and allowed to air dry. After sufficient time was allowed for the soil
to dry, twelve pound increments of soil (5,448 grams) were weighed into

each pot and fertilizer treatments were made.

Laboratory Analyses of Soil Samples
A sufficient quantity of each soil was brought to the laboratory

for analysis. The sample was air-dried and processed for analysis by
crushing the aggregﬁte with a metal roller and sieving through a twenty
mesh screen. The results of the laboratory tests are included in Table I.
Determination of the soil texture was made by the Bouyoucos hydro-
meter method.l
The soil reaction value was read with a Beckman, glass electrode
pH meter. Fifty grams of the soilwere mixed with an equal weight of
water and readings were taken after allowing sufficient time for equili-

brium,

lRobert M, Reed, Soils Laboratory Manual, Agronomy Department,
Oklahoma Agricultural and Mechanical College, Stillwater, Oklahoma.



TABLE I
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SOIL CHARACTERISTICS DETERMINED BY LABORATORY ANALYSES

Tests Soil #1 Soil #2 Soil #3 Soil #4

Mechanical : 58,7% sand ¢ 35.0% sand : 55.0% sand : 46.6% sand

Composition t 20,3% silt : 28,0% silt : 26.2% silt : 20.6% silt
: 21,0% clay : 37.0% clay ¢ 18.8% clay : 32.8% clay

Soil Reaction : pH 5.6 : pH 6.0 pH 5.5 : pH 5.9

Percent Organic : : 2

Matter 2 1.72% : 1.20% 1.14% : 0.98%

Percent Total : : :

Nitrogen ¢ 0,1179% ¢ 0,0769% 0.0871% : 0,0666%

Cation Exchange : 18,82 mie. : 31.48 m.e. ¢ 15.63 m.e. : 26.57 m.e.

Capacity

¢ per 100 gm,:

per 100 gm,:

per 100 gm,:

per 100 gm,

Total Exchangeable
Bases

: 16,0 m.e.
: per 100 gm.:

¢ 29.93 m.e, ¢
per 100 gm.:

13,37 mies

per 100 gm.:

: 22,63 m.e.

per 100 gm,

Total Exchangeable

: 8.87 m.e.

: 12.98 m‘e. :

7.8, m.e.

: 12.25 mye.

Calcium ! per 100 gm.: per 100 gm.: per 100 gm.: per 100 gm.
Total Phosphorus : 528 lbs. ¢ 500 lbs. 432 1lbs. * 432 1bs.
Content : per acre : per acre per acre : per acre
0.1l N. Acetic Acid ¢ 13,76 1lbs. : 8,96 lbs. 8,16 lbs. : 3.36 lbs,
Soluble Phosphorus ! per acre ! per acre per acre ¢ per acre
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Organic matter content of the soil sample was measured indirectly
by the "wet combustion process"l of organic carbon oxidation.

Total nitrogen.in the soil material was determined by the Kjeldahl
method of analysis.?

The cation exchange capacity of the soil was determined according
to a method by Russell (42). The principle of the process involved
filling the cation exchange positions on the clay with an ammonium ion
by saturation of the soil with an ammonium acetate solution., The ammon-
ium ion was then displaced by addition of magnesium oxide and measured
quantitatively.

An acetate leachate from the above analysis was used to establigh
the percent of total exchangeable bases. The process consisted of lib-
erating the bases present by igniting the acetates, and determining the
quantity of total bases by titration.

The exchangeable calcium in milliequivalents per 100 grams of soil
was found by precipitation of calcium as calcium oxalate from the ammon-
ium acetate leachate. Quantitative measurements were made by standard
permanganate titrations.

Total phosphorus and acid-soluble phosphorus were determined color-

imetrically.

Greenhouse Procedure
The two-gallon glazed, non~porous jars, that were used in this study,
were washed and rinsed with distilled water before the soil was placed

in them, The drain holes in the jars were closed with rubber stoppers.

14, J. Harper. Methods for the Analysis of Soil and Plant Material,
SoilszLaboratory, Oklahoma Agricultural and Mechanical College, 1948.
Ibid.
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On September 28, 1954, plantings were made. Alfalfa seeds were
placed approximately one-half inch below the soil surface in sufficient
amount to insure the germination of fifteen seedlings. Thinning of the
seedlings was delayed until ten good healthy plants could be selected
and the effects of adverse greenhouse conditions could be minimized.
After the pots were thinned of excess plants, they were arranged on the
greenhouse bench in a randomized split plot design, and remained in the
same arrangement throughout the experiment. On November 1, 1954 the
soil in each pot was imoculated with Rhizobium bacteria culture, to re-
duce unequal activity of the nitrifying organisms that might affect the
response of alfalfa on each soil. The bacterial culture was mixed with
distilled water and the mixture was sprinkled directly on the soil sur-
face.

Pots were irrigated with distilled water throughout the experiment.
Sufficient water was added periodically to insure a favorable moisture
condition for plant growth.

On Jamuary 28 and 29, 1955, the alfalfa plants were harvested in
the early blossom stage (1/3 bloom). All plant material was clipped one
and one-half inches sbove the soil surface and immediately autoclaved
in order to stop all metabolic activity. After autoclaving, to facili-
tate ease of weighing and to bring the plant material to a constant
weight, the alfalfa tops were placed in a forced-air drying oven and
dried at sixty degrees centigrade for a forty-eight hour period. The
plant material was weighed and yield weights listed in Table III.

Before further laboratory analyses were made, the dried plant mat-
erial was ground to pass a twenty mesh screen and then analyzed for per-

cent nitrogen and phosphorus.
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411 yield end composition dsta were analyzed statistically accord-
ing to the split plot method of Snedecor (48), snd multiple range tests
of soils and treatments were made as recommended by Duncan (19). The
comparisons of sources of veristion in plant yields and composition were

made as in Tstle XV.

Soil Tresgtments

Fertilizer treatments were applied to the soil two dayes before the
date of seeding. Lime was thoroughly mixed with ell of the soil in the
pots, while all other materials were mixed into a top two inch lever of
the soil. Methods of combinstions and rastes of spplication of fertilizers
are given in Tatle II.

Anglyticsl resgent grade calcium cerbonate was used as the liming
material and was added to the soil in an amount calculsted to bring the
calcium seturetion of the soil to eighty percent of the total exchange
capacity. Consequently each soil required s different rate of calcium
fertilizetion. This rate, once established, was used consistently through-
out. All other celcium containing compounds were taken into consider-
ation and edjustments were made as to the smount of calcium added.

Florida brown pebble phosphate which contained thirty-three percent
P05 provided material for the source of rock phosphste. To further
reduce the grenule size, this material was ball-milled for three days
until the particles would pess through a two hundred mesh screen. Ap-
plications of 1,000 pounds per acre were consistent where ever rock pﬁos—
phate sdditions were made. It was celculated that thirty-three percent
of rock phosphate edded was P05 and assuming one-~half of this to be avail-

able, then aspproximately one-hundred and sixty-five pounds of soluble



TABLE II

FERTILIZER TREATMENTS ON SOILS IN GREENHOUSE POTS
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Pot :
Numkers : Treatment $ Rate Per Acre
1 s None :
s s Soil 1 - 6,180 lbs.
$ ¢ Soil 2 - 12,200 1bs.
2 : Calcium Carbonate : Soil 3 - 4,660 1lbs.
$ $ Soil 4 - 9,400 1bs,
3 ¢ Rock Phosphate ¢ 1,000 1bs.
$ 3
4 ¢ Rock Phosphate ¢ 1,000 1bs.
¢ Calcium Carbonate : (Specific to soil as in Pot #2)
5 ¢t Rock Phosphete ¢ 1,000 lbs,
¢ Calcium Sulfate $ 225 lbs,

Rock Phosphate

3 1’000 lbs,

6 + Celcium Sulfate : 225 1bs,

: Calcium Carbonate s (Specific to soil ss in Pot #2)
i d ¢ Rock Phosphate ¢ 1,000 1bs.

¢ Sulfur H 53 1bs,

¢ Rock Phosphate ¢ 1,000 lbs.
8 : Sulfur s 53 lbs.

¢ Calcium Carbonate : (Specific to soil as in Pot #2)
9 ¢ Rock Phosphsate ¢ 1,000 1bs.

¢ _Ammonium Nitrate : 86 lbs,

¢ Rock Phosphate ¢ 1,000 1bs,.
10 ¢ Ammonium Nitrste $ 86 1lbs,

s Sulfur . : 53 1bs,

¢ Rock Phosphate : 1,000 1bs.
i ) ¢ Ammonium Nitrate s 86 lbs.

¢ Sulfur 5 63 lbs,

¢ _Calcium Carbonate ¢ (Specific to soil as in Pot #2)
12 ¢ Ca(HpPOy)2 t 293 lbs,

¢ Calcium Sulfate s 225 lbs,

: Ca(HoPOy)2 s 293 lbs,
13 ¢ Calcium Sulfate H 225 lbs,

s _Ammonium Nitrate $ 86 _lbs,

: Ca(HpPOZ)2 s 293 lbs,.
14 t 225 lbs,

¢+ Calcium Sulfate
¢ Calcium Csrbonate

(Specific to

soil as in Pot #2)
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P05 per acre was added to each pot. This assumption was based on data
reported in the literature (43,5).

The treatment referred to as superphosphate was calculated as fol-
lows: Chemically pure laboratory reagents, monobasic calcium phosphate
and calcium sulfate, were added in amounts equivalent to the soluble
P205 and gypsum that might be expected in an 825 pound per acre applicat-
ion of twenty percent superphosphate. The 825 pound per acre figure with
twenty percent soluble P205 would furnish 165 pounds of Pp0s per acre,
an amount corresponding to the assumed available phosphorus of rock phos-
phate.

For a nitrogen source chemically pure ammonium nitrate from the
laboratory shelf was used. Nitrogen requirement was calculated from the
assumption that a three ton per acre crop of alfalfa with a 2,2 percent
nitrogen composition would remove one-~hundred and thirty-two pounds of
nitrogen per year. With the assumption that the plants would take two-
thirds of this nitrogen for the first crop or eighty-six pounds from the
soil, further calculations showed that two-hundred and fifty-eight pounds
per acre of ammonium nitrate, would be required.

The amount of calcium sulfate or "gypsum" supplement was based upon
the two-hundred and twenty-five pound application included in the super-
phosphate treatment. Analytical reagent calcium sulfate provided the
"gypsum" source for this treatment.

Application of elemental sulfur was made to correspond to the sulfur
content of the gypsum treatment., On this basis fifty-three pounds of
sulfur per acre should theoretically be equivalent to a two~hundred and
twenty-five pound treatment of gypsum. A precipitated form of sulfur

(flowers of sulfur) served as the source for this element.



23

Chemical Analyses of Plant Material

Before the chemical analyses were made, the dried plant tissue was
ground to pass a twenty mesh screen and then analyzed for percent total
nitrogen and total phosphorus content.

A colormetric procedure outlined by Harperl was used to determine
the percent total phosphorus. One-half gram samples of plant forage
were digested in five milliliter amounts of a solution containing three
parts concentrated nitric acid and one part seventy to seventy-two per-
cent perchloric acid. After digestion the samples were brought to a
two-hundred milliliter volume with distilled water and forty milliliter
aliquots were withdrawn to develop a color test. The presence of phos-
phorus was indicated by a blue color developed by the reducing action
of hydrazine sulfate on a sodium molybdate phosphate ion complex. The
color density was determined from light absorption readings on the Fisher
electrophotometer. The readings obtained were converted into milligrams
of phosphorus by consulting a color density curve set up from a set of
solutions containing known amounts of phosphorus.

The total nitrogen was determined by the Kjeldahl method., A one
gram sample of plant forage was digested by sulfuric acid in the presence
of selenium, Nitrogen in the form of ammonia was distilled over into a
receiving flask containing fifty milliliters of 0.08091 N hydrochloric
acid solution, After distillation the excess acid in the receiving flask
was titrated with 0.0870 N sodium hydroxide using methyl red - methylene
blue as an indicator and total nitrogen was calculated by means of a con=-

version factor.,

14, J. Harper., Methods for the Analysis of Soil and Plant Material,
Soils Laboratory, Oklahoma Agricultural and Mechanical College, 1948.



RESULTS AND DISCUSSION

The Yield of Alfslfs Forage

Scientific methods of farming and modern techniques used in sgri-
culture tend to plaée this industry on & mass production besis. A factor
that is of major interest to the laymen snd one that is supported by
visible evidence is a crops's yield per given area. It is quite generally
agreed thaet a multitude of conditions influence the final yield, for in-
stence, Smith (47) points to cropping systems as a cause for the differ-
ence in behavior of soils. Other workers (15,35) show that internal_soil
characteristics may provide information to the adsptebility of crops.
Neller (34) associsted yield differenceé with soil type. Consequently,
dats taken from glfalfa yields in a greenhouse study such as the one re-

ported here might logicelly be expected to vary considersbly between soils,

The Effect of Soils on Yields

Daily observence of plant growth indicated that plant responses were
influenced by the soil from which they obtsined support. During the early
steges of the experiment, the top growth of alfalfa on Soil 2 was larger
then the growth from any other soll., It was noted that the alfslfe top
growth.on Soil 2 seemed to reach a leveling éff period end then plantlgrowth
from the two tOpaoiis surpassed it. No two soils produced equsl alfelfa
yields end the soils consequently, could be ranked from the standpoint
of foresge production. The soils ranked in this menner would place Soil
2 with 245.2 grams first, followed in descending order by Soil 4 with
238.2 grams, Soil 1 with 197.3 grems and Soil 3 with 184.6 grems of

alfalfa top yield. Stetisticsl analysis of alfselfs yields are given in
24



TABLE III

WEIGHTS IN GRAMS OF ALFALFA FORAGE
YIELDS GROWN IN GREENHOUSE POTS
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Treatments :Reps.:  Soil # Soil #2 : Soil #3 : Soil #
0 el 3.070 1.372 L.&25 : #*
1S Check o 3.020 1,482 2,008 :
: 3 3.825 1,362 615, ¢
R AR ) 2.195 3,810 : *
2 GaGOB R 4.090 2,236 2.750 :
A 5:480 2,750 3,240 ¢
ol L 3.265 4..910 44230 : 6.327
3s., R. Phos, * 2. =% 4 .880 6.695 L4602 6,630
$0c S 5,180 7585 A58 8 6,170
i T 3.870 7.680 L .648 : 4.000
Le R, Phog, v 2 8 6.135 6.415 4,390 ¢ 6,128
__CaC03 i 3 ¢ 6,805 6,885 4,858 3 6,330
¥ & 4,090 6.275 4210 ¢ 6:905
Se R. Phos. : 2 : Le315 7.000 4355 : 7420
CaS0,, $ 3.8 3,590 6.700 S0 3 7,270
RQ Phos. : 1 : 50570 6-550 40735 : 4-615
6- 08003 H 2 : 5-090 6-007 4.580 H 50925
Cas0; 3 9§ e R hew 5,960 4,905t 6,90
i ¥l % 44690 T.243 3.993 ¢ 6,055
7+ R. Phos, ¢ 2 3 3.943 7.620 4.085 : 7,070
Sulber . : 3. 8. 310 6,240 4680 1 710
R. Phos. - L T45 3.895 5.430 ¥ 4.300
8. Sulfur 2 1 L4468 6.670 5225 : 5.080
CaCO, 3.8 5.905 6,790 k23 & 6,595
- 1 e 4 o430 6.103 L.3,8 8,865
9. R. Phos. - 4.805 6.895 LeTH2 : 7.330
Nitrogen 3 3,840 6,895 Ae253 ¢ 8,105
R. Phos. L 3.955 5.410 L.560 : 6,980
10, Nitrogen 2 3.982 6.348 LG =5 177,808
Sulfur 3 4o 470 6.595 4815 ¢t 7,055
R. Phos 1 4040 6.828 5.485 : 5.278
11, Nitrogen 2 5.248 50335 5,822 ¢ 6,290
Sulfur 3 6.420 7,178 5.905 : 7.310
CaC0 :
§ 1 3.640 5.615 5285 &t 5,710
12. S. Phos. 2 4e345 6.375 40940 : 5.675
3 Lo765 6,695 A I O -
1 5.395 7.230 4.500 : 7.185
13. S. Phos. 2 4775 6.390 4.715 : 6.885
Nitrogen 3 5523 62555 4630 ¢ 7,700
1 6,170 6,550 Lekl5 % 1,598
Y4s 8. Phos. 2 5.430 6.930 4,995 ¢+ 7.020
CaC03 3 6,200 6,855 4690 7,760

*¥Yields were unharvested due to insufficient plant growth.



TABLE IV

ANALYSIS OF VARIANCE OF SPLIT
PLOT EXPERIMENT ON ALFALFA YIELDS

tDegrees: Sumof ¢ Mean =

Source of Variation sFreedoms Squares i Squares : F. Term
Total s 167 i 533,729 s :

Reps. : 2 9,871 4.935 : 16,29%3¢
Soils : 3 ¢ 63,429 3 21,143 3 69,80%%
Soil A vs. Soil B : 2 2,516 2.516 8,30%

Topsoil vs, Subsoil : 60.740 ¢ 60,740 @ 200,53%%
Main Plot Error H 6 1.817 0302 :
Treatmentss ¢ 13 ¢ 281,067 ¢ 21,620 :  60,85%%

Check vs. Others @ 2 163,639 ¢ 163.639 : 460, 56%%
Check vs., CaC0 S8 3 5,603 8 5,603 : 15, 77%%
Check vs. R.P. Alone s 86,681 : 86,681 1 245,55%%
Check ves. S.P. Alone ¢ 81,214 ¢ 81,214 : 228,57%
CaCOB vs. No CaCO, 2 5,015 5.015 ¢+ 14, 11%%
Phos, vs. No.Phos,. 3 : 202,979 i 202,979 i 571,20%%
R.P. vss No R.P. : ¢ 143.448 ¢ 143.448 0 403,73%%
S.P. VSO‘ NO SoPe g : 1610135 ‘.’ 1619135 : 453051**
RoP. VSQ S’P. 3’ s 0430 : 0430 : 1021
S. Source vs. None : : 0380 3 .380 : 1.07
S.‘vs.‘CaSOAr" 8 H 0285 H 2285 .20
N. 'VS.“NO N. e S 40760 H 40760 H 13039-)(-*
Lime-Phos, interaction H 957 2957 ¢ 2,69

Treatment x Soils 39 3 344.496 ¢ 8,833 1 24,.86%%
Experimental Error : 104 : 36,955 : 0355 3

¥Denotes significance at a 5% probability level.
#*Denotes significance at a 1% probability level.
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Table IV. The results in this table show significant differences be-
tween the amounts of alfalfa forage yield produced from soils.

When the yields from Soil A were combined, i.e., Soil 1 plus Soil
2 and this sum compared to the yield from Soil B, i.e., Soil 3 plus Soil
4, Soil A was found to have produced the greater yield. The difference
between the two values was 20,26 grams, which was significant at the 5
percent probability level. It is interesting to note that both the top~
soill and the subsoil samples of Soil A out ylelded their counter parts
of Soil B. The greater difference in this instance is found between the

two topsoils.

TABLE V

A MULTIPLE RANGE TEST SHOWING SIGNIFICANT
DIFFERENCES OF ALFALFA YIELDS FROM SOILS

A. Standard Error of Mean: Mean Sguare Error () = ,085

Number of items in soil

B. Shortest Significant Ranges: (N = 6)

(2) (3) (4)
(1% p=level) p = 5.2 551 5.65
Rp = WA 468 .80
(5% p-level) p = 3.46 3.58 3.64
ie .29/, .30/ »309
C. Results:
Soils: Soil 3 Soil 1 Soil 4 Soil 2
SOil Means: LOB% Ao?lé__ 5.675 5-%0_

Note: Any two means not underscored by the same line are significantly
different., Any two means underscored by the same line are not signifi-
cantly different. A solid line underscore indicates a similarity of soils
at a 1% p~level. A broken line underscore indicates a similarity of soils
at a 5% p-level.
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Differences in plant yields from soils are more specific in Table
V, which indicates that similarities of the soils were in the subsoil
and topsoil separations., Either topsoil is shown to be significantly
different from either subsoil at both a 5 percent and a 1 percent p-
level. The two topsoils are similar at a 1 percent probability, but are
significantly different at the 5 percent p-level.

The soils ranked in order of total forage yield would place the
two subsoils as first and the two topsoils as second as suitable mediums
for plant growth., The sum of dry weight yields from the subsoils was
483.6 grams and from the topsoils 382.6 grams, a difference of 101 grams.
When these two yields were compared statistically as shown in Table IV,

the resulting F-value was higher than other soil comparisons.

The Effect of Treatments on Yield

The highly significant F-~value shown between alfalfa yields due to
treatments indicates that the effect of treatments vary, but does not
gpecify the advantage of the use of one over another. More specifiec
observations are made in a multiple range test, Table VI, where similar-
ities and differences between treatments are shown. The most obvious
facts presented in this table are that the check treatments and the cal-
cium carbonate treatments were not similar to each other and they were
not similar to any of the other treatments. The effects of rock phos-
phate and of superphosphate when each were applied singly are shown to
be similar, but the addition of calecium carbonate to superphosphate gave
an increase in yield and showed a significant difference over superphos-
phate treatment alone at both probability levels. The positive effect

of ammonium nitrate additions on alfalfa yields places yields from those



TABLE VI

A MULTIPLE RANGE TEST SHOWING SIGNIFICANT DIFFERENCE OF
ALFALFA YIELDS DUE TO THE EFFECIS OF TREATMENTS

A. Standard Errdr of Mesn = _\/Mean Squars Error = 0.17
] No. items in treatments

B. Shortest Significant Remges: (Np = 100) |
Renge: ) ) W B ® M @ () @) (2 1)

2.80° 2.95  2.05 3,12 3.18 3.22  3.26° 3.29 3,32  3.36  3.40

(5% palevél) P
L7580 L5180 .530  WBAD JEAT .554 559 564 571 578

(1301}

C. Results
Trestments: 1 2 iz 8 3 10 6. 7 5 4 °o 11 13 14

Means Rankéd : ' : '
In Order 160 2,564 5.277 5.319 5,40 5,559 6§.575 5,578 5,631 5,672 5,910 5,928 5,940 6,217

Note: 4&ny two means not underscored by the same line are significantly different. Any two means underscored
by the same line are not significently different, A broken line underscore indicates s similarity of soils at
a 5% p-level.

62
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treatments near the top of the yield range, but not high enough to be-
come significantly higher than most other treatments.

A comparison of yields from check pots is illustrated in Figure I.
It can be readily observed that the yield from Soil 1 is higher in re-
lation to the other three soils. The yield weights of the checks in
Table III shows that more than 50 percent of the dry weight yields were
taken from the topsoil sample (Soil 1), approximately 25 percent from
the other topsoil (Soil 3) and the balance or less than 25 percent from
the subsoil (Soil 2)., The data does not show a plant yield from the
check, Treatment 1, nor the calcium carbonate, Treatment 2, on Soil 4.
Plant growth was maintained on these two treatments but the plants were
stunted, unthrifty appearing and shorter than the one and one=half inch
level above which harvests were taken. This condition was the same in
all replications and was considered to be due to soil factors, consequ-
ently, yield weights from these two treatments on Soil 4 were considered
to be zero.

All treatments showed definite gains in dry weight ylelds when com-
pared to the ylelds of their check treatment. When referring to the four
soils in the experiment as a unit, the highest significant increases in
plant yields were found to be due, in part, to phosphorus application.
Statistical F=values shown in Table IV are noticably high for both rock
and superphosphate amendments, but a significant difference in yield was
not shown between the two. Relative response to the two phosphates are
shown in Figures III, IV, V, and VI. If the four soils are examined in-
dividually, one will find that yields from rock phosphate, when applied
alone, are slightly higher on Soils 1, 2, and 4 than yields from super-

phosphate alone, and on Soil 3, yields from the two treatments are
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Figure I. Alfalfa growth from the four soils in greenhouse
pots under the check treatment four months after

date of planting.

Figure II. Alfalfa growth from the four soils in greenhouse
pots under the calcium carbonate treatment four
months after date of planting.
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Figure III.

Alfalfa growth in greenhouse pots from soil 1, four
months after date of planting, showing the effects

of 1,000 pound per acre rock phosphate treatments and
825 pound per acre superphosphate treatments with and
without calcium carbonate additions.

Figure IV.

Alfalfa growth in greenhouse pots from soil 2, four
months after date of planting, showing the effects of
1,000 pound per acre rock phosrhate treatments and 825

pound per acre superrhosphate treatments with and with-
out calcium carbonate additions,



Figure V.

Alfalfa growth in greenhouse pots from soil 3, four
months after date of planting, showing the effects of
1,000 pound per acre rock phosthate treatments and 825

pound per acre superrhosphate treatments with and with-
out calcium carbonate additions.

Figure VI.

Alfalfa growth in greenhouse pots from soil 4, four
months after date of planting, showing the effects of
1,000 pound per acre rock phosrhate treatments and 825

pound per acre superrhosphate treatments with and with-
out calcium carbonate additions.-
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practically the same., The analysis of variance of yields does not show
a significant lime-phosphorus interaction, but the larger F-value of
superphosphate versus no superphosphate (453.5) compared to rock phos-
phate versus no rock phosphate (403.7) might be due to phosphorus -
calcium combinations., Yield weights indicate that rock phosphate and
superphosphate under the conditions of this experiment have a relative
degree of effectiveness, yet, higher yield responses were generally re-
ceived when calcium carbonate accompanied the superphosphate amendment.,
The effects of calecium carbonate on the alfalfa growth from the
four soils can be seen in Figure II. The additions of calcium carbonate
that were necessary to bring calcium up to 80 percent of the total ex-
change capacity of the soil seemed quite heavy, yet, the pots of Seil 1
to which lime was the sole treatment had nearly a 40 percent increase
in yield over the check, an increase slightly higher than from Treat-
ments 3 and 12, rock phosphate and superphosphate respectively. A
statistical comparison of calcium against the no calcium treatments shows
a significant positive difference when calcium carbonate was added to
the soil. This positive difference was expressed quite markedly in yields
from Soils 1 and 3, in which case heavier yields were consistently removed
from pots that were supplémented with calcium. Just the reverse is shown
on forage produced from the subsoils, especially Soil 4, where the soil
treated with rock phosphate plus other fertilizer combinations gave
slightly lower yields when calcium carbonate was added. If this lower-
ing of yields was due to a rock phosphate-calcium carbonate combination,
it did not apply to the superphosphate-calcium carbonate treatment which
produced the second highest yields on this soil grouping. Generally

speaking calcium carbonate and associated treatments (Soils 1 and 3)



Fig‘ln‘e VII .
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Alfalfa growth in greenhouse pots on soil 3, four

months after date of planting, showing the effects of

rock phosphate applied alone and applied in combinatioch
with ammonium nitrate, elemental sulful and calcium sulfate.

Figure VIII.

Alfalfa growth in greenhouse pots on soil 4, four months
after date of planting, showing the effects of rock phosphate

applied alone and applied in combination with ammonium nitrate,
elemental sulful and calecium sulfate.
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produced better alfalfa yields, but if calcium had a positive influence
on alfalfa yields on Soil 4 it was probably restricted to the superphos-
phate Treatment 14 (Refer to Figure VI).

Differences in pot yields, according to the analysis of variance
Table IV, due to nitrogen versus no nitrogen treatment are shown to be
significant. As illustrated in Figure VIII, the nitrogen-rock phosphate
treatment (Soil 4) produced higher yields by 2.3 grams than did the next
best treatment, Yields on the same soil (Soil 4) that were ranked third
and fourth from the standpoint of dry weight were obtained from nitrogen
amendments. The superphosphate-nitrogen combination (Treatment 13 on
Soils 1 and 2) produced relatively higher alfalfa yields and showed an
inereased yield over the superphosphate alone. Yields from pots on top~-
goil 3 did not indicate any direct beneficial effects from ammonium nitrate
applications as shown in Figure VII.

Statigtical calculations do not show any significant differences in
plant yields from pots treated with a sulfur source compared to the yields
from pots without additions of elemental sulfur or calcium sulfate. Further-
more, yleld data does not support a significant increase of yields due to ome
sulfur source over the other. The rank of yields from pots due to treat-
ments in Table VI show that yields from pots having additions of sulfur
and calcium sulfate are ranked about the center of the means range, but
there is not a sufficient increase in yields from either treatment to
be significant, Relative effectiveness of these fertilizers with rock

phosphate and nitrogen are shown in Figures VII and VIII,

The Phosphorus Composition of Alfalfa Forage
The effect of fertilizing materials on plant composition is of major

concern in plant mutrition studies. Very often the evaluation of fertilizers
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TABLE VII

COMPOSITION DATA OF THE
PERCENT TOTAL PHOSPHORUS IN ALFALFA FORAGE

Treatments :Reps.: _ Soil #1 : Soil #2 : Soil #3 : Soil #4i
: - el . - 1320 : .0820 : . 1080 : « L0411

i o Check G IR . 1448 : . 1109 : « 1171 : «1211%
L [ <1160 ,0079 ¢ 10914 : . 0986%
§ il 1716 : 0778 : 01292 : «1230%
24 03003 3 di 5% 01538 : 21278 : 1146 : . 1280%
N 21571 ¢ 0 [ Y. o S (T - 9
i 1605 ¢ odGBR . JIT0 Y W1972
Be R, Phoe.. 2 2. =2 1716 H »1830 : .1817 s 01740
31 .3 1 (1696 : J1768 3 L1998 3 joes
[ S .1700 : P e : .1889 : « 1468
e Rq« Phoss ¢+ 2 1638 : .1376 : + 1460 : .1368
CaC0s W 41728 ¢ P R ORI T ¢ s A O ¥ 1. o
i 3 Pl L8043 20688 3 178D
Bs . RoPhoa. : 2, 2 1672 1608 : ,1896 : ,1568
caso N (1688 1 - j6id o j963 . I838
R, Phos, ¢ 1 = «1353 : « 1456 : 1560 : « 1409
6. 03003 $o i @NES « 1705 : #1341 ¢ 1716 : L1211
Cas0y t . 3. 3 21638 ¢ 21488 L1768 ¢
2 s 1 3 2169, ¢ odBkk Y- AR % JI51b
e R. Phoss: ¢ 2 & .ME : . 1792 : J£2 : J&g
Sulfur 33 . 161 : o1528 3 2068 3 10}
Re Phos : 1 : ,1616 e 27 N TR (-7, 1. A TR 7
8. Sulfur e T R 01465 : bk % 1015
Cg_@‘l H 3 : a% 3 o]_-le : ¢20'68 : .1368
i £ AT .§ s1728 3 5 G TRCIRRNES - 1V R TR 17
9. Re Phoge ¢ 2 1 RdBL8 3 . 1616 : 1953 : 1726
Nitrogen : 3 : 21824 ¢ G688 v 3800 ¢ 1948
R, Phow; @ 1 % o704 ¢ 60 ¥ TdETR T 3 1977
10, Nitrogen : 2 : B . & o 1444 s .1928 : «1904
A 21588 P L i, LG o7 - O, RO s -
Re Phoge ¢ 1 sl fdd % by - Sl U .- R e U ¥
11, Nitrogen : 2 1672 : od512 : .1600 H « 1426
Sulfur $ .3 21648 ¢ 01538 ¢ L1704 ¢ L1644
L 2128 § . 1684 : «2249 : 2122
125 8y Phoses ¢ 2 iy 't +1820 : 2140 : 1769
3 ,1998 ¢ 21883 - s k6L 2 2128
X 2360 ¢ 1728 3 A/ A .1928
13- so PhOS. H & 02328 : .1%0 : .2056 : .2224
__ Nitrogen : 3 2228 7R3 3 SPNe8 . 3 9390
A 2800 @ 2230 @ 2H5BL ¢ .2359
1%, 8. P, 3+ 2.8 2560 - 3 928 ¢ BB 3 N3
CaCos % 22488 ¢ $1992 ¢ ,2700 _: ,2206

*¥Missing data supplied according to G. W. Snedecor; Statistical Methods,
Iowa State College Press; p. 268, 1946.



TABLE VIII

ANALYSIS OF VARIANCE OF
EXPERIMENT ON PHOSPHORUS

SPLIT PLOT
COMPOSITION

38

:Degrees: Sum of

: Mean :

Source_of Variation :Freedom: Squares : Sguare F, Term
Total s 161 :,2397369 :,0014890 :
Reps. H 2 :,00018 :,00009 : .23
Solls : 3 :,02029 1, 006763 17.34%%
Soll A vs Spil B : t,12211 $,12211 : 313,10%¢
Topsoil_vsf subsoil $.13584  :.13584 3 348,30%%
Main Plot Error : 6 :,00233 :.,00039
Treatments: s 13 :,17631  :.013562 3 75.55%%
Check vs. Others : 2,04868  :,04868 @ 271,19%%
Chec¢k vs. CaCO3 H $,002004 :,002004 @ 11,16%%
Check vee. RsP. : 202966 2 ,02966 :  165.23%
Check vs. S.P. : 2453865/ :.538654 : 3000,85%*
CaCOB vs. No CaCO : $.,001880 :,001880 : 10,4 7%%
Phos, vs. No Phos. : 1,091179 :,091179 : 507,96%%
R.P. v$. No R.P.. s :,006631 ¢,006631 36, 94%%
S.P. vs. No S.P. $ $,129439 3,129439 : T721,10%%
R.P. vs. S.P. : $,043012 3,043012 : 239,62%%
S. Source vs. None s :,00019 :,00019 1.05
Se VSe 08304 H $,000256 3.000256 1.42
N. vs. No N, : $.,000093 :,000093 : 51
Lime-Phos. interaction: $,01506  :,01506 ¢ 83,89%%
Treatment x Soils : 39 :,02303 :, 0005905 3,28%%

Experimental Error

¢ 98 :,01759

¢,0001795 :

°
S °

#¥Denotes significance at a 1% probability

level,



39

is based on yield alone and composition studies are neglected. The
organic and elemental composition of alfalfa are major criteria accord-
ing to some authors (7,47) in judging its quality as a feed for live-
stock. It is of general knowledge that plant yield and elemental com-
position are not analogous in all cases, and that the makeup of plants

are affected by a number of factors.

The Effect of Soils on Phosphorus Compogition

Differences in soils according to Beeson (7) are an important factor
contributing to the elemental composition of plants. Dennis (15) fur-
nished evidence that interactions between treatment and soil horizon re-
sulted in different rates of phosphorus availabilities between horizons.

The analysis of variance of phosphorus composition, Table VIII, shows
that the four soils were important factors contributing to significant
differences in phosphorus composition of plant material. The percent
total phosphorus composition of the alfalfa forage from individual soils
are listed in Table VII. The sums of the total phosphorus percentages
of the alfalfa from each soil were compared and were found to be statist-
ically different. The soils rank in order, from the highest to the lowest
sum of the phosphorus percentages of the alfalfa, was as follows: Soil
3 (7.751), Soil 1 (7.468), Soil 4 (7.111), and Soil 2 (6.515).

At this point it is interesting to note that the rank of soils accord-
ing to phosphorus percentages is in a completly reversed order of soils
ranked according to yields.

The analysis of significant differences in phosphorus composition
due to the four soils was extended into a comparison of Soil A versus
Soil B. Significant differences between Soils A and B due to variation

of total phosphorus composition of plants is shown in Table VIII, The
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TABLE IX

A MULTIPLE RANGE TEST SHOWING SIGNIFICANT DIFFERENCES
OF TOTAL PHOSPHORUS COMPOSITION OF ALFALFA YIELDS FROM SOILS

A, Standard Error of Mesnh = Mean Squsre Error (4) = ,00305
4 " Ttems in Soil

B. Shortest Significent Ranges: (N, = 6)

(=) (3) (4)
5.24 5,51 . 5.65
.0159 0168 L0172

(1% p~-level)

3,46 3.58 0 3.64
0105 .0109  .0111

p
.
p
p

(5% p-level)
R

C. Results:

Soils: | Soil 2 Soil 4  Seil 1 861l 3

Soil Mesans: 1551 .1693 1778 1845

Note: Any two means not underscored by the.ssme line are significently
different., Any two means underscored by the ‘same line are not signifi-
cantly different. A solid line underscore indicates s similarity of ™
soils st a 1% p-levél. A broken line underscore indicetes s similerity
of soils at a 5% p-level.
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total sum of phosphofus percentages of the glfalfa grown on Soil B was
14.8 and the totel from Soil A was 13.9. Both soils comprising Soil B,
that is, Soil 3 and Soil 4, were individually higher in total phosphorus
percentages than were the comparsble soils (Soils 1 and 2) of Soil A,

To further clarify the significant differences between soils, s
statisticel comparison wes made between the subsoil end the topsoil. The
analysis of variance teble on phosphorus composition furnished evidence
of significance tetween the two soils at the one percent probability level.
The sum of total phosphorus percentages of alfalfa grown on the topsoils
(Soil 1 and Soil 3) wae 15.2, snd the comparable sum of the subsoils (Soil
2 plus Soil 4) gave a much lower velue, 13.6., These figures indicated a
slightly greater difference between topsoil and subsoil comparisons than
between differences due to locations from which the soils were removed,

A multiple range test of the soils (Soils 1, 2, 3, 4,) Taeble IX,
based on the phosphorus composition of glfalfa forage produced, shows
thet any one of the soils having s mean tetween a range of 0,1845 to
0.1673 would be similar to Soil 3 st the one percent p-level. Soils in
this rasnge were Soils 3, 1, and 4., Less similarity existed between the
four soil mesns st the five percent p-level. The topsoils, 1 and 3, were
still similar and Soil 4 was similar to Soil 1 but not to Soil 3. The
mean of Soil 2 wes different from all the others at the five percent
p-level.

These figures lend increased support to other data showing differ-
ences in the upteke of phosphorus by alfélfa due to surface and subsurface

soil sepasretions.



TABLE X

A MULTIPLE RANGE TEST SHOWING THE SIGNIFICANT DIFFERENCE OF
PHOSPHORUS COMPOSITION OF ALFALFA DUE TO TREATMENTS

A. Stendard Error of Mesn = Mesn Square Error = .00387
No, items in treatments

B. Shortest Significant Ranges: (Np = 100)
Renge:: (2) (3) (4) (5) (6) (7) (8) (9) Qo) . @2 QL)

2.80 2.95 3.05 3.12 3.18 322 3.26 3.29 3.32 3.36 3.40

(5% p-level) p
.0108 0114 .0118 0120 .0123 .1024 0126 20127 .0128 0130 0131

C. Results
Treatments: 1 2 6 8 4 1% 5 9 10 3 7 s 13 14
Means Ranked
In Order .1103 .1286 .1505 .1516 ,1525 1616 ,1738 ,1772 .1778 .1806 .1820 .2050 .2103 R415

o e e s e i

Note:  Any two means not underscored by the same line are significantly diffsrent. Any two means underscored
by';he seme line are not significantly different. A broken line underscore indicates a similarity of soils st
a 5% p-level,
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The Effect of Treatments on Phosphorus Compogition

When treatments were considered as a source of variation of phos-
phorus composition, Table X shows high significance at the one percent
probability level. The specific relation of treatments shows that at
the five percent p-level the check treatment and the calcium carbonate
treatment were not similar and were different from all other treatments.
An important factor is the similarity of all rock phosphate-calecium car-
bonate combinations. All these treatments grouped together at the lower
mean scale range.

There was a difference noted between the rock phosphate treatments
with caleium and those without caleium additions, perhaps indicating a
negative response of calcium carbonate to the availability of phosphorus
in rock phosphate. The positive influence of superphosphate is clearly
shown from the position of those treatments on the upper end of the mean
range scale. The addition of calcium carbonate to superphosphate make
Treatment 14 positively significant over all treatments.

The effect of phosphorus treatments on the phosphorus content of
the alfalfa forage is shown to be of considerable importance in Table
VIII. Although application of phosphates appeared to be a key factor in
phosphorus assimilation by the plant, the two forms used were not equally
effective and the comparison of rock phosphate versus superphosphate
showed a significant positive effectiveness of superphosphate as a phos-
phorus source., Both phosphorus sources were significant in their effect
on the phosphorus content of the plants grown, but their F-values were
numerically different. Probably the highest statistically significant
figure of the entire experiment, an F-value 3,000.8, was the result of

comparing the superphosphate treatment twelve to the check treatment.



Phogphorus composition of alfalfa from individual soils showed that
superphosphate treatments twelve, thirteen, and fourteen had greater
effect than rock phosphate on phosphorus content of the plants. One
exception to this generality was shown in the phosphorus composition of
alfalfa grown on Soil 2, treatment three (rock phosphate alone), where
the effect of rock phosphate on phosphorus composition was surpassed only
by treatment fourteen, the superphosphate-calcium carbonate application.

When statistical comparisons concerning the effectiveness of calcium
carbonate were made, its relationship to the check shows an increase of
phosphorus content in the plants due to the caleium carbonate treatment.
The influence of calcium carbonate was most apparent in Soil 1, (topsoil)
treatment two, where the total phosphorus composition of alfalfa in these
pots was relatively high. There was some indication of a slight increase
of phosphorus uptake from Soil 1 treated with a rock phosphate~calcium
carbonate combination over the rock phosphate treatment alone. The benefit
of calcium carbonate when used with rock phosphate was largely confined to
Soil 1 which in part might be explained by a treatment-soil interaction.
Table VIII also shows a significant lime-phosphorus interaction, and the
bulk of these data shows that plants from pots treated with rock phosphate
and associated fertilizers were higher in phosphorus than those pots to
which caleium was added. This generalization was not found to occur in
treatment fourteen, in which case lime and phosphorus worked in harmony
and the phosphorus uptake was relatively high,

No significant statistical evidence was found to support a differ-
ence in the phosphorus composition of alfalfa due to sulfur, calcium
sulfate or ammonium nitrate fertilization in the manner they were used

in this experiment.
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TABLE XI

COMPOSITION DATA OF THE
PERCENT TOTAL NITROGEN IN ALFALFA FORAGE

Treatments : Reps. ¢ Soil #1 : Soil #2 : Soil #3 : Soil #4

E LI B e f 2.8 * 3,337 & 315

i Check : 2 : 3.890 : 3.264 : 3.727 : 3,488%

A F538 % 5 B e [ (VL i 3 2hw

i 4 4.002 ¢ 2,460 ¢ 3,398 ¢ 3,148%

2.  CaCOg 2 3,812 1 3,410 ¥ 3,927 01 3510k

3 3.544 ¢ 3,483 ¢ 3,609 3 3 L13¢

R 3410 * Seoae AT gL TR 35530

3. R, Phos., : 2 3.434 ¢ 3091 - & 3.9 3. 3443

- 3,532 32 3.727 s 3,09% 1 3183

Sl 3495 3 3.0690 ' 3,763 : 3,337

4« R, Phog. ¢ 2 3520 % 3:252 3  3;495 ¢ 3,008

CaC04 S 3,483 @ 3:349. & 3788 i A0

3 i 3.739 3.398 ¢ 3.897 : 3,362

G - BaoPhogs. & 2 3.666 3.902. ¢ 3,885 &, 3410

: 3 3-5@ : 30605 ; 30593 i 3-’483

R, Phos. ¢ 1 3.130 ¢ 3280 '+ 3,581 + 3,301

6. CaCO3 : 2 3,2 + 3,098 - 3,48 ' 3,203
CaS0, 3 3:434 ¢ 3827 L. A58y v 3LA0L

’ $=a 95750 % Fhad 8 RN Y 35

7« R« Phos. ¢ 2 3.812 : FeShk. . 3 3,800 ot 3998

gulfay 3 3 3,532 3 3,568 ¢ 3.568 5 3,586

R. Pios. ¢+ 1 3.637 ¢ 3.386 : 343 ¢ 3.206)

8 Sulfur : 2 FhB3 ¢ 34398 ¢  3.459 ¢ 3,021

CaC03 3 3,483 ¢ 3,203 ¢ 3,800 ¢ 3,239

= R TR e i S 3,386 ¢ 3,788 3,301

Qs By Fhad, ¢t 2 3% 3458l ¢ 3.361 : 3,812 ¢ 3,288

Nitrogen : 3 3995 ¢ 3,986 .3 3.5 3 3,720

R. Phog., ¢ 1 3,982 ° 21427 T 36200 T 3,593

10, Nitrogen : 2 3,981 2O ¥ F6HE ¢ 3,386

RTINS (- 3581 @ 2.972 >y 3544 7 & 3,568

R, Phos. ¢ 1 3.74,6 BB i ML T 3,387

11, Nitrogen : 2 : 3,702 : 3,581 8 3.507 : 3.349

Sulfer ¢ 3 & 5.3:508 % 3,532 3.  3BaS0k b 3985

CaC0- : 2 : : 5

< SR | 3.739 ¢ .97 ¢ 3,93, : 3,922

X2 S Phtg. ¢ 2 3.739 ¢ JeTRT ¢ . 3,735 ‘5. 3,800

£ 3 3,520 ¢ 3,812 ¢+ 3,934 _: 3,620

o L 30532 : 30556 : 30848 : 30727

13, S8, Fhos. & 2 A5, B AaTis o 8 A0S & 3551
Nitrogen ¢ 3 3,666 ¢ 3,763 3. 3.897 ¢ 303

T 3.666 ¢ 3.617 ¢ 3.921 : 3,788

2%. 8. Phes. ¢ 2 3.666 @ 3.605 * 3,93, ¢ 3.629

GaGOs_ 3 3,702 : 3,556 : 3,970 : 3,861

*¥Missing data supplied according to G, W. Snedecor; Statistical Methods,
Iowa State College Press; p. 268, 1946.



TABLE XIT

ANALYSTS OF VARIANCE OF SPLIT PLOT
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EXPERIMENT ON NITROGEN COMPOSITION OF ALFALFA FORAGE
:Degrees: Sum of ¢ Mean :
Scurce_of Variation :Freedom: Sguares_ : Squgre : F. Value
Total ¢ 161 :11,09124 : :

Reps. 2 3 L11670 3 .05835 7377
Soils s - 3 1 2,88656 ¢ 96218 ¢ 12,16%%
Soil A vs. Soil B : s W12640 ¢ L12640 :  1.59

Topsoil vs. Subsoil 3 2 2.75816 : 2,75816 1 34,87%%
Main Plot Error 6t JA4TL54L 3 LO7909 s
Treatments: 13 : 2,59219 ¢ ,19939 :  7,83%

Check vs., Others S oR4853 1 ,24853 : 9, 76%%

Check vs. CaC03 s L01777 ¢ LOLT7TT ok .6985

Check vs. R.P, : 3 .26125 3 ,26125 : 10,26%#

Check vs. S.P. ¢ .52070 ¢ .52070 20.46%*

CaC03 vs. No CaCOj : $ LR7620 : ,27620 10,85%*

Phos, vs. No Phos. : : 51600 : ,51600 20,28

R.P. vs. R.P. 3 : 06064 3 ,06064 2.38

SeP. vs. No S.P, : : L,99600 : ,99600 39.15%#

R.P. vs. S.P, : 80941 5 ,80941 31,81

S. Source vs. None : : .00768 ¢ ,00768 .0301

Se VSe CaSO4 : s L,00065 ¢ .00065 . 0025

N. vs. No N. : : ,00202 : ..00202 .0079

Lime~Phos interaction : t ,39114 : 39114 15,37%%
Treatments x Soils t 39 & 2,52853 ¢ L064834 :  2.54%%
Experimental Error $ 98 2,49272 3 02544 ¢

¥*Denotes significance at

a 1% probability level.
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The Nitrogen Composition of Alfalfe Forage

The Effect of Soilg on Nitrogen Composition

The analysis of variance of factors leading to differences in nitro-
gen composition of slfalfa forage produced in this experiment (Table XII)
shows thet differences caused by soils were significant at the one percent
probagbility level, If the figures representing percent nitrogen composi-
tion in plant materisl are totsled within each soil the amounts represent-
ing each soil and their rank in order would be as followss Soil 3 (155.5),
Soil 1 (152.9), Soil 4 (144.5), end Soil 2 (142.5). It is interesting to
note that the four soils ranked in this order are in the reverse of soils
ranked according to yield.

A further statistical breakdown of soils, or Soil A versus Soil B,
did not show a significant difference in nitrogen content, From the fig-
ures above, Soil 1 plus Soil 2 equals 295.5 and Soil 3 plus Soil 4 equals
300.1. The difference between the two is only 4.6. This similarity of
the summed percentages of nitrogen in Soils A and B reflects doubt that
soil type was the major factor of differences between the four soils
studied.

Tatle XII shows that the msjor difference in nitrogen content of
alfalfa forege from soils was between subsoil and topsoil comparisons.
The sum of nitrogen percentages for topsoils (1 plus 3) is approximstely
308.5 and that for subsoils (2 plus 4) spproximately 287.0. Difference
between the two soil horizons is a much lerger figure than that between
Soil A end Soil B. These figures may indicate the relstively favorsble
effect of topsoil over subsoil when nitrogen composition of plant materiel

is used es & messure of comparison., An evaluation of differences in the
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TABLE XIII

A MULTIPLE RANGE TEST SHOWING SIGNIFICANT DIFFERENCES
BETWEEN TOTAL NITROGEN COMPOSITION OF ALFALFA FORAGE FROM SOILS

A. Standard Error of Mean: qv/MEHH Square Error (1) = 0434
' Items in Soil

B, Shortest Significant Ranges: (Np = 6)

(2) (2 W)
5024 5.51 5,65
2274 .2391 ?2452

(1% p-level) p

Ry

(5% pwlével): P

3,46 3,58 3064

R, = 1501 J1553 L1579

Co Results: ) h o
Soils: Soil 2 Seil 4 Soil 1 S6i1 3
Soil Means: . 3.3935 3o 4b1A 3.6428 3. 7046

Note: Any two means not underscored by the same line are significantly
different. Any two means underscored by the ssme line are not signifi-""—
cantly different. 4 solid line underscore indicates a similarity of soils
at a 1% p-level. A broken line underscore indicates a similsrity of soils
at a 5% p-level.



A MULTIPIE RANGE
COMPOSITION GF ALFALFA DUE TO TREATMENT

OF NITRCGEN

TABLE XIV

TEST SHOWING THE SIGNIFICANT DIFFERENCER

A. Stendard Error of Mesn:

Mean Sguare Brror = Q4D

No, of items in

tragtments

B, Shortest Signi

ficant Ranges:

Ranges

ol
o
Bh o0t

3,12 3.18 322 3426 3.29 3.32 32.36 3.40
e 1450 1 1 1564

(3) (63 O G (9 (1) (=) (14

1499 L1513 1527 (1545

€. Results

o
653
et
N

Trsatments: s

Mesns Ranked
In Drder

3394 3.394 3.400 3.406 3.406 3.486 3.513 3.547 3.607 3.615 3.615 3

7 12 14 13

701 3.742 3.749

Note: Any two mesns not underscored by the ssme

by the same line are not significantly different.
J

gt 8 5% p-level

iine are sig:
4 troken 1lin

ifizently differsnt. Any two means underscored
) €

n
ine underscore indi cates a similsrity of soils

6%
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four soils is shown in Table XITI, 4t the 5 percent p-level the means
of the two sutsoils are considered similar. The sasme is true of the two
topsoils, btut there is g significant difference between topsoil and sub-

soil samples.,

The Effect of Trestments on Nitrogen Composition

The effect of treatments on nitrogen composition of slfelfa forage
is shown to be eignificant at the 1 percent probability level as shown
in Teble XIV. It is interesting to note that both the rock phosphate
and the superphOSphéte treatments incressed the nitrogen content of the
plant materisl significantly over the check treatment., The positive
effect of phosphorus on nitrogen content of forage is substentieted bv
the comparison of phosphorus treatments three, four, twelve, and fourteen
versus the no phospﬁoms treatments one and two, Although both phosphate
fertilizers tended ﬁo influence the plantis zontent of nitrogen, the two
did not show equel effectivensss., The highly significant F=value result-
ing when the two phosphorus sources with their zssocisted emendments were
compared indicated thst superphosphete had an advantage over rock phos-
phate.

The direct effect of calcium carbonate as s treatment in the exper-
iment was not shown., Treatment two in which caleium carbtonste was applied
increased the percentage of nitrogen to a slight degree over that of the
check treatment. This incresse was not found to be significent sfter =2
comparison of the twe had been made ststisticelly. OCalcium carbonate
seemed to function clearly in s lime-phosphorus interacticn and appsrentily
not in a lime-nitrogen interaction. The beneficisl effect of rock phos-

phate on nitrogen composition was gignificant but when a2 comparison was



51

made between rock phosphaste and no roeck phosphate a significant{differ-
ence wss not shown.‘ In the latter comparison the only difference was’
that calcium carbonate asdditions entered the comperison end may have
altered the influence of the rock phosphate.

The effects of other fertilizing materiels was not shown to be
significently effecfive on the nitrogen composition of the.plant metér-
iel. | |

The multiple renge, Table XIV, shows much similarity of treatment
meens., ‘Treatment 13, superphosphate plus nitrogen combination, is rahked
gt the upper limits of the means scale and is significantly different

from treetments four, six, eight, and omne at the lower end of this scale,



SUMMARY AND CONCLUSIONS

This thesis reports the results of e greenhouse expsriment under_
taken at Oklshoma Agricultural and Mechanical College in 1954 and_1955,
with the objective of seeking information that would increase knowledgev>
on the use of phosphates and other fertilizers under Oklahoma conditions,
The two soils that were used are quite extensive in Oklahoma and bear
similar profile cheracteristics, These soils were separated into topf:
soil and subsoil sample59 analyzed in the laboratory and then placed in
greenhouse pots, which were randomally arresnged in a split plot design,
Each soil was subject to thirteen fertilizers plus a check treatmept.

Alfalfa plantings were made in each pot in September, 1954vandb B
plants were grown under controlled conditions. After a four month grow-
ing period, plants were harvested and analyzed in the 1aborafory. The
following conclusions are san evalustion of soils and fertilizing trest-
ments based on alfalfa yleld and alfalfa composition data,

Although Soil A end Soil B were similsr in meny visible profile
characteristics, the responses of each varied apprecisbly, An evalua-
tion of glfalfa forage yield and composition by statistical methods
showed that the soil was a major cause of differenceé in the glfalfe
plant top yields and the percent phosphorus and percent nitregen come
position. Lerger significant ylelds were produced on Soil A, Both the
topsoil and the subsoll samples of Soil A produced more slfalfa forage
than the related separations of Soll B, Dry weight yields of plant
material from the two subsoils were higher than from the two 'bolr)soilsf,E

Soil 2 produced the largest yield followed in descending order by Soil 4,

52
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Soil 1, and Soil 3.

The percent phosphorus composition of plant material from Soil B
was found to be significantly greater than that from Soil A. A compar-
ison of topsoil and subsoil separates showed the topsoils to be more
effective in increasing phosphorus composition of the plants. The order
of soils according to phosphorus percentages was in reverse order of soils
ranked according to yields.

A comparison of nitrogen percentages of alfalfa grown on Soil A
and Soll B were not significantly different, however, variation between
the topsoil and subsoil was the chief factor which caused significant
differences in nitrogen composition., The total nitrogen percentages of
plant material from the topsoil were greater than those from the subsoil.
Alfalfa yields and composition percentages showed a highly significant
interaction between soils and treatments.

The effects of treatments in producing significant differences be-
tween plant yields, total nitrogen content and total phosphorus content
was evident in each instance. The amount of plant yield was noticeably
increased in pots having rock phosphate and superphosphate additions when
they were compared to the yield of the checks. The comparison of yields
from the two phosphate sources when they were applied singly did not
show a significant difference. A& positive increase in yield from the
two topsoils was obtained by calcium carbonate additions. On Subsoil 4
calcium carbonate treatment suppressed the yields of the rock phosphate
treatments. The beneficial effect of superphosphate on yields was in-
creased with calcium carbonate treatments. Ammonium nitrate fertilization
was very effective in increasing plant yields. Increased yields from

elemental sulfur or calcium sulfate applications were not significant.
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The percent phosphorus composition of the plant material was af-
fected specifically by the phosphorus treatment., The highest percentage
of phosphorus in plant material was from the superphosphate treatments.
There was an indication of lime-phosphorus interaction. These data show
that the presence of calcium carbonate decreased the uptake of phosphorus
from the rock phosphate treatmsnt, but that the phosphorus content of
plants grown on the superphosphate plus calcium carbonate treatments was
significantly higher than from all others. Applications of elemental
sulfur, calcium sulfate and ammonium nitrate were shown to be not sign-
ificantly effective in increasing the plant's phosphorus composition.

Both phosphate forms increased the nitrogen content of the plant
material over the check treatment, but the two were not equally effect-
ive when combined with other fertilizer amendments., There was a lime-
phosphorus interaction on the nitrogen percentage from superphosphate
and rock phosphate. Calcium carbonate, when accompanying rock phosphate,
depressed the éffectiveness of the phosphate. The effectiveness of super-
phosphate was increased by caleium carbonate, Elemental sulfur, calcium
sulfate, and ammonium nitrate did not show a significant effect on the

nitrogen composition of plant material,
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PROFILE DESCRIPTION OF BETHANY SILT LOAM (SOIL 4)

The sample referred to in this thesis as Type A was collected about

400 feet south snd 200 feet west of the northeast corner of the southeast

one-querter, Section 33, Township 29 North, Rsnge 2 East. The sample

site was 4 miles north snd 2 miles east of Newkirk in Kay County, Oklahoma,

The site occupies gently sloping uplend with convex slopes and has s grad-

ient at the sample site of sbout one and one<helf percent, At the time

of sampling the sres

wag in winter oats.

The soil profile is described as follows:

by, 0-8"

B,y 15-26"

B, _p 26-36"

Dark grayish brown (10 Yr 4/1.5; 2.5/2 when moist)
silt loam weak medium granuler; common fine pores;
frisble; permeable; pH 5.8 contains numerocus fine
roots, root hairs and partly decayed orgenic frag-
ments; grades to the layer below.

Dark grayish brown (10 Yr 4/1.5; 2.5/2 when moist)
light clay loem; moderate medium granular; frisble
to firm; permeasble; pH 5.8 contains meny fine pores,
root hairs and root channels; in lower part there

is & one inch trensition of heavy clay loam in which
there are very feint brownish gray films on the ag-
gregates; grades shortly to the layer below.

Grayish brown (10 YR 4/2; 2/2 when moist) clay; mod-
erate medium to fine blocky; very firm; slowly perm-
eable; sides of peds have week shine; occassional
strong brown specks; pH 6.0; sides of peds are sub-
rounded in part; root hairs penetrate largely in
spaces between peds; grades slowly to the layer be-
lows

Grayish brown (10 Yr 5/2; 4/2 when moist) light clay
with occasional yellowish brown mottles or streaks;
wegk medium blocky; very slowly permesble; pH 7.0
has definite tendency to shear in horizontal plane
into nearly flat to wavy sheets 1/32 inch or less

in thickness; contains more very fine sand than. the
layer sbove; occasional coasrse quartz ssnd or very
fine gravel particles; lower 4 inches conteins occa-
slonal fine concretion of CaCO3; grades to the layer
below.
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C  47-60+
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Brown (10 YR 5/33 3/2.5 when moist) 1light clay
mach like the layer above but contains more fine
concretions of CaCO3; pH 7.5; less noticeable
tendency to break out on horigontal planes; fine
roots penetrate largely in spaces between aggre-—
gates; grades to the layer below.

Grayish brown (2.5 Y 5/3) light clay streaked and

‘mottled with pale yellow (5 Y 7/3) and light olive

gray (5 Y 6/2); weak to moderate medium blockys
very firm; slowly permeable; pH 8.0; occasional
fine and medium concretions of CaCO3 and coarse
dark yellowlish brown splotches.

To the greatest depth sampled, the origin of mater-
ial was not apparent. It could be either, old
alluvium or residuum from moderately sandy shales.
Occasional rounded chert fragments up to 4 inches
in diameter are scattered on the soil surface,
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PROFILE DESCRIPTION OF BETHANY SILT LOAM (SOIL B)

The sample referred to in this thesls as Type B was collected about

30 feet north and 30 feet east of the southwest cornmer Plot 5,100 of the

Agronomy Farm, Oklahoma Agricultural and Mechanical College, Stillwater,

Oklahoma .

The site occupies nearly level upland on which the slope is weak

convex and the surface gradient is about 1 1/2 percent. The plot was

in grain sorghum at the time of gampling.

+ The profile is described as follows:

A.lp 0—7"

Ay F=121

By 12-15"

Bp_p 15-28"

By 28-36"

Grayish brown (10 YR 4.5/2; 3.5/2 when moist) silt
loam; weak medium granmulars friable; permeable;

pE 5.8; a few fine pores are present; rests with
shear contact on the layer below.

Dark grayish brown (10 YR 4/23 3/2 when moist)
silt loam; moderate medium granular, friable,
many pores and fine root holes; pH 5.8; grades
through a short transition to the layer below,

Dark grayish brown (10 YR 4/2; 3/2 when moist)
heavy silty clay loam, moderate medium subangular
blocky; firm; slowly permeable; pH 5.85 sides of
peds have a weak shine; grades to the layer be-
low.

Dark grayish brown (9 YR 4/2; 3/2 when moist) clays
moderate fine blocky; very firm; sticky and plastic
when wet; very slowly permeable; pH 7,0; sides of
peds are varnished and have strong clay films;
occasional fine black econcretions; grades through

a 4 inch transition to the layer below.

Dark grayish brown (10 YR 4/2; 3/2 when moist)
clay; weak angular blocky; very firm and compzct;
very slowly permeable; pH 7.5; occasional fine
black pellets; a few strong brown specks about the
tiny root holes; many fine CaCO3 concretlons below
2/, or 26 inches; peds have a weak shine when moist;
grades through a 3 inch transition to the layer
below,
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Brown (7.5 YR 5/43 4/3 when moist) light clays
weak medium bloeky; firm or very firm; occasional
black pellets and CaCO3 concretions; pH 7.5; sides
of peds have weak coatings of “dark brown (7.5 YR
/2 when moist); grades to layer below.

Reddish brown (5 YR 5/4; 4/4 whén moist) heavy
silty clay loam or light silty clay much like the
layer above; occasional large CaCO3 concretions
and black ferruginous films; pH 7.5+; grades to
layer below.

Reddish brown (3.5 YR 5/45 4/4 when moist) silty
clay loam splotched with ten percent of red (2.5
YR 4/6) has occasional light gray streaks; weak
irregular blocky; firm; slowly permeable; pH 7.5;
occasional fine black.pellets and fine concretions
of CaC03; grades to layer below,

Red (2.5 YR 4/6; 3/6 when moist) silty clay with
occasional light gray streaks and splotches; weak
medium blocky; firm but not compact; pH 7.5+; many
fine pores; changes little to greatest depth sampled.
It 1s likely that this substratum is in old alluvium.
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ANALYSIS OF VARIANCE OF THE SPLIT
PLOT DESIGN SHOWING THE COMPARISONS MADE
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Degrées of

Source of Variance : Comparisons : Freedom
TOTAL : s 167
Replications : : 2
Soils: : H 3
Soil A vs. Soil B 2 1,2 vs. 3,4 : 1
Topsoil vs. Subsoil s 1,3 vs. 2,4 : 1
Reps. x Soils (Error 4) 3 : 6
Treatments: : : 13
Check vs Others 2 1 vs. 2=14 3 1
Check vs, CaC0O, alone ¢ 1 vs. 2 : 1
Check vs. Rock Phos., alone: 1 wvs. 3 : 1
Check vs. Superphos, alone: 1 vs. 12 H 1

CaC03 vs. No CaCO3 s 1,3,5,7,10,12 vs. 2,4, ¢

: 6,8,11,14, : 1
Phos. vs. No Phos. 2 1,2 vse 3,4,12,14 : 1
Rock Phos., vs. No R. Phos.: 1,2 vs. 3,4 : 1
Superphos. vs, No S, P. s 1,2 vse 12,14 : 1
Roek Phos. Vs. Superphos. ¢ 3,4,9 vs. 12,13,14 s 1
S. source vs. None i 3,4,9 vs. 5,6,7,8,10 : 1
S. vs. CaSO, i 5,6 vs. 7, : 1
N, vs. No N, ¢ 3,7,8,12 vs. 9,10,11,13 : 1
Lime x Phos. interaction : 1,4 vs. 2,12 : 1
. Treatments vs. Soils 3 2 39
Experimental Error : ¢ 104
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