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PREFACE

Basic to improvements in range management and animal nutrition is
knowledge of the chemical composition of diets consumed by grazing
animals. Characterization of animal diets on native ranges is compli-
cated by animal selectivity for certain species and plant parts and by
the heterogeneous herbage available for grazing. Grazing animals tra-
ditionally obtained their required nutrients from a variety of soil
types and plant species as they freely grazed extensive areas of range-
lands. Under these conditions, any deficiencies associated with a
particular soil type would be eliminated because of averaging across a
large variety of soils and vegetative types. However, modern systems
of intensive livestock production have imposed restrictions on live-
stock movement so that animals become more dependent on only one or two
soil types. If these soils and plants from these soils are deficient
in certain nutrients, animal productivity will be reduced.

Mineral imbalances in domestlec livestock can result from an under-
supply, oversupply or abnormal dietary proportions of various minerals
and trace elements. Imbalances ocpur across the world under a wide
range of husbandry conditions. Serious nutritional abnormalities oc-
cur, as imbalances are further conditioned by the presence in the en-
vironment of other mineral elements which modify the mineral metabolism
of plants or animals. Where nutritional abnormalities are acute, or
severe, well-defined clinical signs appear which facilitate detection

and simplify correction. But nutritional disorders are often mild or
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marginal and expressed only as sub-optimal growth, fertility or pro-
ductivity. Such conditlons are difficult to detect, define and pre-
vent with any certainty in advance of specific forms of deficiency or
toxicity. Since early diagnosis is the key to preventive treatment, it
is important to determine the relative abundance of the essential
minerals available to grazing animals from various forages.

The purpose of this study was to survey 1) the relationship betwe-
en mineral content of soil and mineral content of range forage at dif-
ferent locations in Oklahoma, 2) the influence of soil, season of year
and stage of plant maturity on mineral levels in standing forage and,
3) the general soil and vegetation characteristics associated with
deficient or excessive mineral contents of plants.

The style and format of thls thesis is in accordance with guide-
lines of the Journal of Range Management to facilitate its publication
ag a technical article. Permission to present this work in this manner
was granted by the Oklahoma State University Graduate College.

Grateful acknowledgement is given to CONACYT (Consejo Nacional de
Ciencia y Tecnologia, Mexico, D.F.) for providing the scholarship dur-
ing my graduate studies, and to the Instituto Nacional de Investigacio-
neg Pecuarlas (INIP) for granting leave during this program.

I would like to express my appreciation to Dr. Jeff Powell, As~
socilate professor of Range Science, now on sabbatical leave in
Australia, for his encouragement, support, advice and general common
sence.

I want to extend my recognition and sincere gratitude to my major
adviser, Dr. Frank O. Thetford Jr, Assistant professor of Range Nutri-

tion, for his instruction, patience, suggestions and guidance in the
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preparation of this thesis. Appreciation is also expressed to all of
the members of my graduate committee, Dr. Fred Owens and Dr. Keith
Lusby, Associate professors in Animal Science for their invaluable
participation and professional advice during my study program.

Further acknowledgement is due to Dr. Robert Morrison, Professor
of the Statistics Department and Mr. Gregg Zimmerman, Range technitian
for thelr assistance 1in the statistical analysis of the research.

At the culmination of my formal education I thank my parents Mr.
and Mrs. Manuel Sanchez for their understanding and moral support
through the long vears of reaching this goal. My greatest debt, how-
ever, 1s to my wonderful family, to my wife Almita and to our two
children Kike and Luis Raul, for all they have had to sacrifice in
order that my graduate work could be completed. Without their patience
understanding, and thelr continued love, I would never have undertaken
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CHAPTER 1

INTRODUCT ION

Mineral composition of forages is important since growth may be
retarded and productivity decreased when animals are fed hay or allowed
to graze native grasses containing deficient or excessive concentra-
tions of certaln elements. Ruminants must receive all essential diet-
ary nutrients, Including mineral elements, in optimum amounts to maxi-
mize health, growth and reproduction. Several factors may modify the
concentration of minerals in plants. Response to supplementation
relies upon an adequate supply of pther essential nutrients and satis-
factory animal management. Feeding supplemental protein or energy to
cattle generally will not increase growth rate if some other essential

nutrient is lacking.

Soll-plant Interrelations

The influence of mineral conténts of soil on the mineral content
of forage plants has been examined by many researchers since early re-
ports by Armstrong (1907), Godden (1926) and Aston (1928). 1In general,
low correlations between available minerals in the soil and their total
concentration in plants have been rteported. Similar studies by Daniel
and Harper (1934) in Oklahoma indicated that soil moisture conditions
markedly affected phosphorous (P) dontent of grass. They found that

the P composition of the soil was dot closely associated with the P



composition of plants.

A negative correlation betweéen P in plants and potassium (K) and
calcium (Ca) in soil was noted. This may be explained by the antago-
nism between K and Ca and the disturbing influence of organic phosph-
ates in solls high in organic matter. However, due to lack of know-
ledge about soil phenomena as well as plant physiology, the analyses
used in the above studies were of little help in interpreting the true
soll-plant interrelationships. In the past, it was assumed that the
amount of nutrients extracted from the soil by plants was equal to
that extracted by conventional chémical methods. This did not account
for colloidal phenomena in soil amd the dynamics of these minerals.
Recent developments in methodology use acids of different concentra-
tions to more realistically determine the concentrations of available
nutrients in soil (Hall, et al., 1953; Melsted and Peck, 1967; Lindsay
and Norvell, 1973; Braga, 1978; Goncalvez, 1978).

In a pasture-ruminant animal system, a major part of animal's
requirements for minerals can be satisfied if plants have satisfactory
soil and climate for theilr proper development to produce high dry mat-
ter yields of adequate quality. Under this situation, plants withdraw
from soil essential elements in quantities sufficient to satisfy their
requirements and in turn satisfying most of the requirements for graz-
ing livestock (Volkweiss, 1978). 1In a given soil, uptake of elements
by plants is quantitatively proportional to mineral concentration in
the soil solution except when condentrations exceed absorption capacity
of plants or physiologically disturb plants (Black, 1968). The defi-
ciency or toxicity of an element dlters absorption of other elements

and reduces the growth rate of plants. Certain microorganisms in the



soil can also cause such abnormalities (Corey and Schulte, 1972).

For a more adequate discussipn of properties of soils which affect
the availability of elements to plants, it is necessary to consider
both factors which regulate the céoncentration of elements in the soil
solution as well as those factors affecting their translocation in
solution to roots (Carson, 1974).l The liberation of elements from the
solid to the solution phase and later absorption by the plants is dy-
namic; consequently, some factors, such as precipitation, solubiliza-
tion, and chemical absorptlon, affect the uptake of elements or their
avallability to plants (Ponnemperuma, 1972). The movement of elements
to root surfaces from the soil hag been discussed by Olsen and Kemper
(1968) and Carson (1974). They détermined that three mechanisms are
responsible for movement of elements to the surface of the roots: (1)
root interception, (2) mass flow, and (3) diffusion. Certain adverse
soil conditions can decrease the ability of roots to absorb elements in
solution as well. Required quantities of nutrilent elements are neces-
sary to maintain an adequate proportion in soil solution and to avoid
antagonistic effects which can decrease uptake of other elements
(Volkweiss, 1978).

When studying soil-plant relationships, many difficulties arise
associated with analytical procedures (Braga, 1978). First, it is
necessary to determine the concentration of particular elements in the
s0il immediately adjacent to the roots (Jackson, 1967). Another pro-
blem is understanding the complexity of the soil-plant and plant-plant
associations. When a single plant species is studied, the difficulties
are reduced, but difficulty increaises with number and competition of

plant species (Bergh, 1969).



The analysis of the soll system uses chemical and bioclogical
methods (Braga, 1978). In the fiﬁst group, evaluation is made through
chemical agents that, after activation in the soil, extract a solution
containing the element under study. In the second group, plants replace
the chemical agent.

The program of soil analysis has motivated investigators to develop
a methodology capable of rapidly flurnishing information about the
chemical characteristics of soils. These techniques use extraction
solutions derived from studies which correlated mineral extraction with
plant growth responses. Consequently, the extraction solution should
measure only the amount of the element in the soll available for plant
uptake. Thomas and Peaslee (1973) studied different extraction solu-
tions and recommended some requisites. The extractor should: (1)
rapidly dissolve or reabsorb specific minerals from the soil with the
same intensity for up to 30 minutes; (2) maintain the organic matter and
the flocculated soil clays; (3) avoid precipitation and hydrolysis of
the dissolved element; (4) not contain excessive amounts of chemicals
that interfere with analytical determinations; (5) produce extracts
containing other elements; (6) be $imple to prepare, store, and use.
Difficulties arise in correlating the soil data with the amounts of the
elements found in plants. These problems result from: differences in
elemental needs for plant growth; full plant development depends on a
perfect balance of elements in the soll; plant requirements fluctuate
according to stage of maturity, but total amounts of elements remain the
same; and finally, the quantity absgorbed depends on the quantity avail-

able in soil.



Plant Analysis
:

Earlier procedures of plant énalysis were based on the concept that
the concentration of a particular element in the plant reflects of all
factors influencing the nutrient doncentration at the moment when the
plant sample is taken (Ulrich and Hills, 1967). For every element,
there is some critical concentration below which growth, yield or
quality declines significantly. (ritical nutrient concentrations have
been determined for 11 essential ﬂutrients in corn, soybean, wheat,
alfalfa, and some forages (Walsh and Beaton, 1973). This data involved
several thousand plant analyses from different locations. However,
critical values have limited value since they designate only the lower
end of the minimum required range.

Plants are not homogenous in their nutrient composition. Plant
parts differ in mineral content. [Therefore, it becomes essential to
select a specific plant part from a definite location during a specific
growth stage (Aldrich, 1973). Large changes in element concentration
occur in the initial stages of growth and after pollination. Essential
nutrients usually do not enter the plant at a constant rate; consequent-
ly, concentration or dilution occutr depending on the extent of the dif-
ferences between plant growth and element absorption. The mineral
concentration obtained from plant &analyses can be placed into catego-
ries of critical, adequate or toxi¢ for plant growth. Irving (1970)
published interpretative data for plant analysis using these categor-
ires. Numerous researchers have pointed out the complexities associated
with interpreting plant leaf analysis (Ulrich, 1943; Melsted et al.,

1969; Murry et al., 1978). Regresgion analysis of corn yields using



leaf levels of 10 elements as independent variables showed significant
relationships, indicating that the critical level of any particular
nutrient can vary with leaf levels of other nutrients (Peck et al.,
1969).

Shear et al. (1946) indicated that if all other factors were con-
stant, plant growth is a function of two nutrition variables; intensity
and balance, as they are reflected in the composition of leaves of
plants at a specified stage of growth. Thus, maximum growth and yield
occur only upon coincidence of optimum intensity and balance of
nutrients. They concluded that leaf composition represents a measure
of all environmental factors, both internal and external, which influ-
ence nutrient accumulation by the plant. More information is required
concerning chemical analysis of ndtive plants giving an integrated
value of all factors influencing their composition. Most of the liter-
ature available is related to crop plants such as corn, soybean, wheat

and others.
Current Status of Mineral Toxicities and Deficiencies in Cattle

Mineral deficiencies and toxigities have been reported throughout
the world (Bennetts and Beck, 19424 Andrews, 1965; Lee and Martsan,
1969; De Alba, 1971; Grace, 1972; Thornton, 1974; Fishwick et al., 1977;
Underwood, 1977; Conrad and McDowell, 1978; MacPherson et al., 1978).

It is difficult to estimate the extent of affected areas. Mineral
problems appear to be highly associated with geographical areas.
Surveys based on stream-sediment sampling have recently been published
(Kubota, 1968; Subcommittee on GERHD, 1974; Thornton, 1974). Maps for

20 trace elements indlcate widespread patterns relating the composition



of parent material and soil, and contamination from industry to the
regional distribution of these elements (Thornton, 1974). Therefore,
domestic animals can be exposed to potentially toxic mineral elements
from various sources (James et al., 1966; Bremmner, 1974; Case, 1974;
Buck, 1975; Ammerman et al., 1977). Nutritional imbalances of copper
(Cu), manganese (Mn), zinc (Zn) and iron (Fe) were identified in do-
mestic ruminant long before the re¢ognition of such nutritional pro-
blems in humans (Mertz, 1977). Thils is probably because animals are
more directly exposed to influences of the geochemical environment. In
fact, animals serve as an effectiveé buffer in the food chain by reduc-
ing the impact of environmental fac¢tors on humans (Subbcommittee on
GERHD, 1974).

A highly complicated situation arises when gross imbalance of even
a single trace element exists in the geochemical environment of an area.
For example, excessive concentrations of molybdenum (Mo) induce a
secondary Cu deficiency in animals despite an intake of an adequate
amount of Cu under normal situations (Bremmner, 1974). Mo deficiency
can be counteracted by feeding levels of Cu considered excessive under
normal conditions. Mills (197&) reviewed the existing literature
concerning antagonistic interactions between individual trace elements.
He concluded that elevated concentvations of cadmium (Cd) increased the
concentration of Zn in the liver and strongly depressed the concentra-
tion of Cu while Zn depressed the retention of Cd and Cu. No conclu-
sions could be drawn about the effects of high dietary concentrations
of Cu on Cd. An understanding of the nutritional interactions among
mineral elements 1s necessary to determine levels of such compounds

toxic for animals. The complicated and incompletely understood inter-



actions among trace elements and the complex effects of other dietary
ingredients on the biological availability of inorganic nutrients
creates a wide variety of situations that affect the nutrient status
of animals.

Relationships between forage|fertilization and animal health have
been discussed by Noller and Rykend (1973); Reid and Jung (1973), and
Jung (1977). They concluded that exchangeable soil K levels were in-
creased greatly through fertilization, reducing soil magnesium (Mg)
levels such that grass tetany occurred. Effects of seasonal change and
fertilization on mineral compositﬁon of forages were observed. K in
growing forage 1s usually quite high (1 to 4%); thus, cattle consuming
a forage diet would receive adequate K (Karn and Clanton, 1977).
Research directed toward determining the adequacy of K in roughage
rations fed to cattle is limited (Ward, 1966; Beal and Budz-Olsen,
1968). They determined that ruminants consuming a natural diet would
probably never be deficient in K. However, Karn and Clanton (1977)
reported low intakes of K by animals grazing winter forage. K toxic-
ities have been very difficult to find.

The amount of nitrogen (N) fertilizer used in the United States
increased ninefold between 1959 and 1975. This is still another mea-
sure of agricultural intensificati¢n to increase yield. N fertiliza-
tion affects both the Mg concentration in plants and its availability
to ruminants (Jung, 1977). In studies with orchardgrass, researchers
found higher Mg values associated with N fertilization; however, Mg
availability for sheep decreased when N was increased from 60 to 240

kg/ha (Reid et al., 1974).



Ca and P are vitally concerneéd with several functions and metabolic
processes. These elements are very closely related. A deficiency or an
over—abundance of one interferes with the proper utilization of the
other (Boda and Cole, 1954; Rucken et al., 1968; Borle, 1974; Thompson,
1978). Symptoms of Ca deficiency characterized as rickets and osteo-
malacia do not occur frequently in cattle because of the long period
that calves are on milk and the high roughage diets that are ordinarily
fed to pregnant cows. Ca deficiency occurs most frequently in beef
animals fed high energy grain ratlons and is manifested by poor gains,
poor digestibility of nutrients, low blood Ca, brittle bones and in
some cases, tetany (Nicolaysen et al., 1953; Bartter, 1964; Wills,
1973; Thompson, 1978).

Livestock production in many grazing areas is largely dependent
upon the vast tracts of unimproved open grassland which cover 427
the earth's land surface. Subnormal levels of certain minerals may be
provided by plants seasonally in many such areas. The performance of
unsupplemented animals kept under these conditions may be severely res-
tricted by the extreme variation ih nutritive value of the available
forage. Both the quantity and quality of available forage closely fol-
lows the seasonality of the rainfall pattern. Mineral elements may
vary over a relatively wlde range of dietary concentrations which may
fall outside the requirement range needed by animals (Ammerman et al.,
1977).

In general, a complete evaluation of mineral deficiencies and
toxicities in livestock requires information on concentration, form and

distribution of the element in water, soils and air; geochemical and

industrial mineral contributions; uptake and distxibution of the element
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in plants which may be consumed by the animal; and retention and meta-
bolic management of the element by humans following consumption of the
products from exposed plants and animals. A considerable body of
information on certain of these faptors has been reviewed in this
chapter. Important gaps in the data remain to be filled for an ac-
curate evaluation of potential mineral deficiencies or toxicities of

grazing animals.



CHAPTER 11

STUDY AREAS

The plant and soil samples used in this study were obtained during
earlier research projects on range forage quality conducted at four dif-
ferent locations in the state of Oklahoma (Figure 1). This project is
part of the continuing research being conducted by the Range Management

sect ion of the Agronomy Department.

Lake Carl Blackwell Experimental Watershed

An experimental watershed is located 16 km northwest of Stillwater
Oklahoma and is part of the Lake Carl Blackwell watershed (Lat.38°N,
Long. 97°W, elevation 290-318 m) in the NW%, Section 32, T20N, RIE of
the Indian Meridian. The remainder of the watershed is located in the
SW.,, Section 32 and the eastern edge of Section 31, Noble County.

The climate is continental with hot summers and variable winters. The
average absolute minimum temperature is —26"C in January. Mean wind
speed varies from 15 km/hr in August to 25 km/hr in March. The mean
relative humidity varies from 62% in July and August to 717 in December
and January. The average number of frost-free days is 206 from early
April to late October. Annual precipitation is 820 mm with about 75%
occurring during the growing seasomn.

The topography is rolling with 3 to 5% slopes on the ridges and

upland areas. The 57.5 ha watershed has two major drainageways. The
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Lake Carl Blackwell Experimental Watershed
Stillwater

Fort Supply

Fort Gibson

SN =

Figure 1. Study areas at four different locations in the state of
Oklahoma.
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fall is 26 m over a distance of 1060 m. The area has an eastwardly
slope and a triangular shape. The soils are predominantly very-fine

or fine-loamy, mixed thermic Vertit Haplustalfs. On a range site

basis, the area is composed of 53% loamy prairie, 32% shallow prairie,
7% claypan prairie, 6% shallow savannah and 27 sandy savannah. The
watershed is grazed by Oklahoma State University cattle under a year-
long grazing, cow-calf management system. It is generally not grazed
during the last two weeks of April and during 75 days between August 1
and October 15. The average grazing use for the total watershed was
about 70 AUD/ha during the sampling year.

Many of the plant species present on the watershed are those tall-
grass prairie climax species; other existing grassland species are com-
mon to lower successional stages of the tallgrass prairie. The vegeta-

tion and range sites have been described by Powell et al.(1978a).

Stillwater

This area is a 2.25 ha east-faclng, loamy upland rangeland located
11 km north of Stillwater, Oklahoma. The elevation is about 280 m
above sea level. Stlllwater has a continental climate with average
absolute maximum temperatures exceeding 40°C from June through Septem-
ber, and average absolute minimum temperatures below -20°C from Decem-
ber through March. Annual precipitation averages 820 + 250 mm and its
distribution during the 210 day growing season is 217 (April-May), 287
(June-August), 177% (September-October), plus 34% (November-March) in
winter.

The topography is rolling with smooth areas confined to broad

interstream divides (Gray and Galldway, 1959). The slope of the land
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varles from 2 to 6% eastward. The soils are predominantely fine-loamy,
mixed, thermic Udic Arguistolls. The range site is a good condition,
loamy prairie which had been used as a native hay meadow or grazed
moderately for more than 10 years. The area is part of a rotational
grazing system with introduced pastures; grazing occurs during July to
September and during the winter months as necessary. The major species

on the study area have been described by Baker (1978).

Fort Supply

This area is 4 ha of sandhill rangeland, 3 km north ¢£f Fort Supply,
Oklahoma, on the Southern Great Plains Experimental Range (Lat.36 35'N,
Long. 99 35'W at 510 m elevation). The average absolute maximum temper-
atures during the 177-day growing season exceed 4Q0°C, and average abso-
lute minimum temperatures fall below =20°C from December to March. An-
nual precipitation averages 570 mm with a seasonal distribution of 247
(April-May), 37% (June-August), 18% (September—October), and 21%
(November-March) .

The study area 1is on rolling, stablized sand dunes which origin-
ated from a river one km to the south. The soils are mixed, thermic,
typic Ustipsamments on the dunes arnd are mixed, thermic, Psammentic
Haplustalfs in the swales. The rarige site was a good to excellent
condition sandy pralrie which was dontinuously grazed at a moderate
stocking rate for six years prior to this forage collection.

Major plant species in the study area included Andropogon hallii,

Bouteloua gracilis, Calamovilfa gigantea, Ambrosia psilostachya,

Eriogonum annuum, and Artemisia filifolia.
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Fort Gibson

The Corps of Engineers Fort Gibson Project (Lat. 36°17' - 35751'N,
Long. 95°22' - 95°7'E) is approximately 60 km east of Tulsa, Oklahoma
in Cherokee, Mayes and Wagoner counties. The project land area
includes 132 grazing and hay production allotments on 9000ha. The
Fort Gibson Project area has a humid, temperate climate with a 210-day
growing season (Soll Conaervation Service, 1975). The annual precipita-
tion distribution is 320 mm in April and May, 290 mm June through
August, 250 mm in September and October, and 140 mm in the five winter
months. The average relative hunidity is over 507 throughout the year.
Windspeeds range from 18 km/hr in March to 13 km/hr in July and August.
The Project i1s on the eastern edge of the Cherokee Prairies and the
northern edge of the Quachita Highlands. Seventy percent of the study
sites were in the Cherokee Prairieg. The Cherokee Prairies occupy
level to gently sloping plains, broken by sharp east-facing escarp-
ments and low bottle-like knobs. Cherokee Prairies developed on sandy
and clayey shales and sandstones. Prairie soils are moderately dark to
dark-colored, considerably leached and have a moderately acid surface.
A representative soil of the Cherokee Prairies and the Loamy Prairie
Range sites 1s Dennis silt loam, fine mixed, thermic Aquic Paleudoll.
Thirty percent of the study sites were within the Quachita Highlands
land resource area. Soils in the Highlands developed on shales and
fill material in the valleys, and gandstones, shales and slates on the
ridges. The solls are strongly leached and are light-colored on the
surface. A representative soill of the Quachita Highlands and Shallow

Savannah range site is Hector fine sandy loam, siliceous, thermic,
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Lithic cystrochrept.

The climax vegetation of the Cherokee Prairies is dominated by tall
grasses Intermingled with forbs and woody species. While the climax
vegetation of the Quachita Highlands is dominated by an overstory of
Quercus sp., the understory 1s comprised of woody and herbaceous
plants. Dominant species on both range sites were described by Powell

and Knight (1979).



CHAPTER III

METHODS

Soil and vegetation samples for this study were taken from previ-
ously collected specimens at each of the four selected study areas.
Sampling procedures, sample preparation, and treatments involved in
each situation, have been described elsewhere (Table 1).

All samples were analyzed for nine assential nutrients.

N analyses were by macro-Kjeldahl procedure (AOAC, 1970); all other
elements (Ca, Mg, K, Na, Mn, Cu, Zn and Fe) were analyzed by atomic
absorption spectrophotometer, Perkin-Elmer 403 (Anonymous, 1973).

The soil samples were prepared for chemical determination by using
methods of analysis currently in use by the Oklahoma State University
Soil Fertility Laboratory (Table 2).

The plant samples were analyzed as shown in Table 3. The method
of preparing plant material for amalysis, depends on the ultimate
analytical technique. Therefore, plant samples were analyzed by wet
digestion procedures utilizing a mixture of nitric and perchloric acid.
All glassware were washed with a non—-phosphate detergent, followed by
a distilled water rinse, acid washing in hydrochloric acid solution
and three rinses in delonized water.

All data were recorded in the laboratory on forms designed to

facilitate immediate key punching of computer cards (Appendix A).
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Table 1. Identification of sampling procedures, treatments and sample preparation.

Location

Sampling dates

Vegetation

Soil

Treatments References

Lake Carl Blackwell
Experimental Watershed

Stillwater

Fort Supply

Fort Gibson

1977

1975

1976

1976

1978

Mar

Jun

Jun

Jun

Jun

Aug

Jul

Aug

Variable

Aug Dec

Dec

Oct

Dec

(Jun-Nov)

Variable

Variable

Variable

Variable

Variable

Grazing Powell et al. (1978a)

Atrazine /Baker (1978)
Fertilizer:—

NPK

Residual
Retreated
Atrazine /
Fertilizer:=

NPK
Atrazine Powell et al. (1978b)
Fertilizer:

N
Bottomland Powell and Knight (1979)

Prairie
Savannah

1 . . . R .
—/Fertlllzer treatments with different combinations of NPK.
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Table 2. Analytical procedures used for chemical analysis of soil

samples.

19

Nuttrient,
ppm

Procedure

N

Ca, Mg, K, Na

Fe, Zn, Mn, Cu

Macro~Kjeldhal analysis

1 N ammonium acetate extractant (1:5
soll:solution), measured by atomic
absorption.

.005 DTPA extractant (1:2 soil:solution)
measured by atomic absorption.

Table 3. Analytical procedures used for chemical analysis of plant

sample.
Nutrient Procedure
N, % Macro-Kjeldhal analysis
K, % Nitroperchloric acid digestion, determined
by atomic absorption.
Ca, Mg, % Nitroperchloric acid digestion, determined
by atomic absorption after adding LaClz.
Fe, Zn, Mn, Nitroperchloric acid digestion, determined
Cu, ppm by atomic absorption.
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Data was analyzed through degeriptive statistics (mean and
standard deviation) by using an IBM 370/158 computer following proced-
ures of the Statistical Analysis System (Barr and Goodnight, 1972;
Barr et al., 1976).

Computer comment statements and computer input programs for
standing vegetation and soll analysis for each site are shown in Ap-
pendices B and C respectively. Statistical analyses of several soil
and plant variables were accomplished by a correlation procedures de-

vised for computer as shown in Appendix D.



CHARTER IV

RESULTS AND DISCUSSION

Lake Carl Blackwell Experimental Watershed

Standing vegetation. The means and standard deviation of mineral
concentration as a percentage and/or ppm of dry matter by date for this
area are presented in Table 4. Seasonal fluctuations of mineral con-
tent in vegetation occurred consigtently among all minerals analyzed.
Ca values exhibited seasonal varidtion. Peak concentrations of Ca oc-—
curred in July. At this time, a Higher percentage of mid and short
grasses and late summer forbs occurred. The decline of Ca from
September to March was consistent at all sampling locations. K and Mg
showed similar patterns of seasondl change with highest concentrations
in 1live vegetation during July and September. K itself exhibited a
great degree of change. Minerals not active in plant material may be
leached more easily from mature plants than minerals associated with
cell wall material. N declined from 0.9% in March to 0.77 in December.
This decrease has been associated with plant maturity. N remained
relatively constant throughout July and September possibly because of
some regrowth and increased content of late summer forbs. When com-
pared among seasons, Zn and Fe were minerals that fluctuated most.

Na and Mn were less variable with season. This may be indicative of

drought since Na, under wet conditions, tends to change. Lowest values

21



Table 4. Average (xt+sd) mineral content of standing vegetation on four sampling dates. 1977. Lake Jarl

Blackwell Experimental Watershed area. Oklahoma. (On a dry matter basis)

Date B ppm

Ca Mg K Na N Zn Mn Cu Fe
Mar 41 + .10 .07 + .01 .76 + .29 .06 + .02 .89 + .23 131 + 29 68 + 33 13 + 4 547 + 161
Jul W72 + .14 .16 + .03 1.01 + .23 .05 + .02 .90 + .28 134 + 37 60 + 26 13+ 4 243 + 61
Sep .63 + .12 .16 + .03 1.03 + .19 .05 + .01 .78 + .13 113 + 46 63+ 31 15+ 6 341 + 139
Dec .54 + .11 .10 + .03 14 + .07 04 + .01 66 + .18 72+ 30 78 +37 11 +3 455+ 153
1/ .18 .18 .60 .06 1.47 30 10 4 10
n = 29
1/

Mineral Requirements for a lactating cow (NRC, 1976).
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for Na were found in December.

S0il. The mean mineral content from the 29 sampling locations at
the Envirommental Research Watershed is shown on Table 5. Average N
was 1139 ppm with a range of 905 ppm at site number 1 corresponding to
a Stoneburg soil series. The highest value was 1576 ppm at site number
24 in a Graniola-like soil. Ca content was very similar in all sampl-
ing locations with a peak value in a Graniola soil (1020 ppm). Total
Ca in soil was usually less than total K or Mg; however, Ca (829 ppm)
was much higher than either K or Mg, 207 and 210 ppm respectively.
Average Na content was 29 ppm. StPneburg soils were 307% higher in Zn
than other soil types. Lucien solls tended to be lower (40%) in Mg
than the mean of other soils. The lowest value, however, occurred at
site number 17 in a Graniola soll type, but this could be due to an un-
usual dryness of the sample since Mg is particularly sensitive to de-
hydration. Much less is known about the effect of drying on the
extractability and animal availabijlity of the micronutrients (Walsh
and Beaton, 1973).

Cu content ranged from 70 ppm in a Stoneburg soil to 208 ppm in
a Renfrow soil. According to Buckman and Brady (1960), this range cor-
responds to a Cu sulfide form. The mean content of Fe was 24 ppm.
This concentration seems to be low according to Walsh and Beaton (1973).
The activity of Fe in soil however, may be decreased by an increased
soil pH value.

Correlation studies provide one basis for selecting potential
laboratory tests that would provide the best index of nutrient avail-
ability to plants in the soil samplles to be tested. Nevertheless, in

developing the basic relationships among growth rate, yield, nutrient



Table 5. Average (;d_-_sd) g0il minéral content at Lake Carl Blackwell
Watershed, 1977. Oklahoma.

Element Mean Standard
ppm deviation
Ca 829 + 101
Mg 210 + 15
K 207 + 95
Na 29 + 9
N 1139 + 269
Zn 71 + 32
Mn 34 + 10
Cu 111 + 46
Fe 24 + 8
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supply and concentration in the plant, several mineral elements are
usually involved. Correlation coefficients between plant mineral con-
tent and soil concentration of various minerals herein were gleaned
from all possible combinations between mineral soil and plant analysis.
Table 6 shows significant correlations on different dates for the water-
shed area. K in soil was correldted to several plant nutrients
throughout different sampling datds. Na in soll was positively cor-
related with plant K, Zn and Mn ati different times. Cu in plant and K
in soil were positively correlated during March and September but
negatively correlated in December. Soil Ca tended to be negatively
correlated with plant N in March and July N and Ca. Plant Fe was
negatively correlated to Fe In soil in March which suggest a poor up-
take of Fe by the plant. It is well known that soil moisture influ-
ences the release of many elements from soil organic matter (Corey and
Shulte, 1972). 1In July and September samples, several correlations
of plant and soil nutrients (K, Zn, N) were obtalned.

K in soil was found to be positively correlated to K, Zn, Cu and
Fe in plants during the relatively dry late summer and early December

periods.

Stillwater Study Area

Standing vegetation. Drought conditions occurred throughout the
two years of this study. There was an eight-week summer drought in
July and August, 1975 and in 1976, only March precipitation was above
average but no single rainfall prowvided more than 25 mm precipitation.
By late summer, available soil water was very low and many plants were

under water stress for the rest of the growing season.
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Table 6. Correlation coefficients (r) between standing vegetation and
s0il on sampling dates, 1977. Lake Carl Blackwell, Oklahoma.

Element .
L _ Sampling
Plant Soil Mar Jul Sep Dec
b a
Na K .546_ .354 NS NS
Cu .356 NS NS NS
Zn NS .357 NS NS
K Na .387% 'NS NS NS
K NS NS 415 NS
Cu NS NS NS .554
N Ca -.367% 4.4042 NS NS
7n NS ~.3937 NS NS
Cu NS -4012 NS NS
N NS .363 NS NS
Cu K .480° NS .520° -.380%
Zn Cu -.488° s NS NS
Ca NS 465 NS NS
Mg NS -4097 NS NS
Zn NS 431 NS NS
K NS NS .365 .358°
Na NS NS NS .361
Fe Fe -.423 NS NS b NS
K NS NS .550 NS
Mn Ca NS -.3672 NS NS
Na NS NS NS .355

- - e, e - _—— e e e — e ——

a’bStatistically significant at P<.05 and P<.0l respectively.
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First Year Treatment Responses. Ca yield in June's standing
vegetation were nearly equal In all treatment areas (Table 7). The Ca
content in NPK treated areas, however, was high during August. In
December 1975, all treatments contained very similar Ca values except
in areas treated with N + atraziné. This decrease was primarily due to
a reduction of forbs, which are néermally high in Ca. When nutrients
such as NPK are added, it is difficult to predict whether or not the
concentration of a given element in the plant will increase, remain un-
changed or be decreased. Mg tendg to decrease wilith such NPK additioms,
especially during drought conditidn (Walsh and Beaton, 1973). This
finding was observed during December; meanwhile in other months, Mg
values remained nearly the same. Applications of fertilizer NPK reduced
the effects of the moisture stresg and K levels were kept relatively
high as compared with nontreated areas. Na responses to atrazine and
fertilizer were quite variable at bll sampling dates during the first
year of treatment, although fertiiization tended to favor Na uptake by
plants. N yield in June ranged from 1.437%7 to 2.08%. The N content was
greater on NP and NPK areas than on N and untreated areas. This was
probably due to grass production oh these areas being nearly equal, but
NP and NPK treatments produced 400 kg/ha more forbs (Baker, 1978).
December values for N were lowest. N applications increased Zn content
during early winter. This finding is consistent with that veported by
Boawn (1971). Mn remained unaffected by treatments during the first
year. Because of possible available moisture, Cu tended to increase on
treated area between June and August. Fe content was higher during

winter for all treated and untreateéed areas.



Table 7.

Average (:_{isd) mineral content of standing vegetation by

treatments on sampling dates 1975, Stillwater, Oklahoma.
(On a dry matter basis)

28

Treatmentl/ Element Sampling
Jun Aug Dec 2/
1 Ca, % .71 + .02 .46 + .09 .72 + .04 .18
2 .88 + .36 .82 + .05 .94 + .03
3 .53 + .01 .61 + .07 .93 + .06
4 .73 + .06 .60 + .04 .91 + .03
5 .75 + .02 .77 + .05 .94 + .04
6 .54 + .06 1.16 + .04 .93 + .05
7 .53 + .03 .64 + .10 94 + .04
1 Mg, % .21 + .01 .25 + .02 .21 + .01 .18
2 .19 + .04 .30 + .01 .14 + .00
3 .19 + .01 .25 + .03 .24 + .02
4 .21 + .01 .23 + .01 .14 + .00
5 .21 + .02 .23 + .01 .12 + .02
6 .22 + .02 .24 + .02 .13 + .01
7 .19 + .01 .27 + .01 .14 + .01
1 K, % .95 + .13 .88 + .10 .15 + .01 .60
2 1.10 + .01 .99 + .09 .21 + .03
3 .75 + .09 1.02 + .09 .20 + .03
4 .75 + .01 .96 + .01 .13 + .01
5 .53 + .15 .99 + .08 .24 + .01
6 1.11 + .07 .97 + .02 .22 + .01
7 .74 + .03 .84 + .05 .23 + .02
1 Na, % .003+ .000 009+ .001 .026+ .002 .06
2 .011+ .001 011+ .001 .006+ .001
3 .013+ .003 014+ .001 .016+ .001
4 .010+ .001 .008+ .001 .005+ .000
5 .010+ .001 022+ .002 .013+ .001
6 .023+ .002 011+ .001 .016+ .004
7 .012+ .002 011+ .002 .026+ .003
1 N, % 1.43 + .11 1.96 + .60 .81 + .05 1.47
2 1.78 + .31 1.52 + .36 .94 + .06
3 1.65 + .25 1.59 + .20 1.01 + .19
4 1.55 + .22 1.20 + .26 .85 + .05
5 2.08 + .28 1.17 + .10 .88 + .09
6 1.78 + .22 1.28 + .20 .84 + .10
7 1.47 + .04 1.06 + .12 .91 + .07



Table 7. (Continued)

1/
Treatment Element Sampling
Jun Aug Dec

1 Zn, ppm 214 + 15 113 + 10 375 + 25
2 262 + 41 84 + 1 416 + 28
3 140 + 52 150 + 43 425 + 25
4 228 + 19 213 + 12 279 + 15
5 260 + 35 228 + 30 400 + 25
6 198 + 19 290 + 13 403 + 20
7 176 + 22 253 + 25 401 + 41
1 Mn, ppm 119 + 19 144 + 16 144 + 6
9 115 + 14 115 + 8 115 + 13
3 103 + 12 121 + 1 114 + 5
4 124 + 13 131 + 17 162 + 13
5 124 + 6 134 + 11 150 + 20
6 125 + 6 143 + 7 150 + 25
7 112 + 12 148 + 11 115+ 0
1 Cu, ppm 19 + 1 27 + 1 12 + 2
2 18 + 1 23+ 5 10+ 2
3 18 + 1 19+ 1 16 + 1
4 20+ 1 ¢ 26 + 1 19 + 2
5 23 + 2 17 + 2 11+ 1
6 22 + 2 19 + 1 11 + 1
7 18+ 3 23 + 2 12 + 2
1 Fe, ppm 216 + 28 133 + 15 216 + 28
2 150 + 25 118 + 16 208 + 14
3 100 + 00 111 + 20 241 + 28
4 150 + 11 156 + 00 233 + 28
5 158 + 14 140 + 25 176 + 25
6 158 + 14 141 + 14 205+ 8
7 216 + 28 141 + 14 195 + 18

n=3

1/ 1. A63N A = Atrazine
2, A63NPK 6 = June application
3. A63NP 3 = 3.4 kg/ha Atrazine
4. CONTROL N = 67 kg/ha N
5. 6N P = 45 kg/ha P20
6. 6NPK K = 45 kg/ha K)0
7. B6NP

2/

—' Mineral requirements for a lactating cow (NRC, 1976)
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Second Year Treatment Responses. The greatest response on areas
receiving the same treatments in two successive years was the very
large increase in tallgrass on atrazine plus fertilizer areas (Baker
and Powell, 1978). The mineral regponse to treatments is shown in
Table 8. Retreated area vegetation was consistently higher in Ca and
Mg content as compared to that from residual areas except during late
fall when a decline of both minerals occurred as a consequence of plant
water stress. Second year herbicide and fertilizer treatments created
differences in June to October K content in standing vegetation except
for NP treatment in July. Available moisture from rainfall in July
produced high levels of K In retreated areas. Na however, remained
constant because a possible lowered content in treated areas. N yields
were greater on all areas retreated with fertilizer than on residual
areas in 1976. As moisture stress increased, the concentration of N
decreased and although application of fertilizer reduced the effects of
drought, concentrations were still very low. Zn, Mn, Cu and Fe values
vere more affected by seasonal chahges than by atrazine and NPK fertil-
ization. This 1s in agreement with Viets (1962) who established that
availability of micronutrient catipns 1s particularly sensitive to
changes in the soil environment. Part of the sensitivity to these
changes 1s related directly to the performance of the root system in
exploring the soil for these nonmobile elements.

Soil. The average soil mineral content for 1975 and 1976 are
presented in Table 9. The total exchangeable Ca was higher than either
K or Mg, especially in retreated areas. This effect was noticed in
standing vegetation which tend to accumulate more Ca. It is known that

exchangeable Mg is higher than exchangeable K in soil; however, the up-



Table 8. Average (ijsd) mineral content of standing vegetation by treatments from residual
and retreated areas on sampling dates 1976. Stillwater, Oklahoma. (On a dry matter basis)

"Ireatuenx.l/ Element Residual Sampling . _ Retreated Sampling
Jun Jul Oct "Jun Jul” Oct 2/
1 Cca, 1 .49 + .03 .26 + .02 .70 + .04 .54 + .04 .37 + .04 .45 + .04 18
2 .37 % .02 .37 ¥ .03 .45 ¥ .05 .43 ¥ .02 .35 ¥ .05 .43 % .05
3 .40 ¥ .09 .76 * .09 .74 + .04 .52 ¥ .03 .42 ¥ .03 .57 ¥ .03
4 .54 ¥ .09 .64 ¥ .04 .92 ¥ .04 .77 ¥ .03 .50 ¥ .06 .59 ¥ .04
5 ..57 ¥ .03 .59 ¥ .06 .54 ¥ .02 .65 % .06 .71 ¥ .06 .54 ¥ .04
6 .74 ¥ .04 .65 * .05 .80 + .01 .69 ¥ .07 .42 ¥ .07 .64 ¥ .04
7 .63 ¥ .05 .65 * .05 .67 + .02 - .60 + .01 .58 + .08 .60 + .01
1 vg: % .27 + .02 .24 + .02 .25 + .01 .25 + .01 .22 + .03 .24 + .01 .18
2 .23 % .03 .31 ¥ .03 .21 ¥ .03 .29 ¥ .03 .24 ¥ .05 .23 + .03
3 .31 % .03 .25 ¥ .03 .27 ¥ .03 .27 ¥ .03° .40 * .05 .26 ¥ .02
4 .21 ¥ .02 .24 ¥ .01 .16 ¥ .01 .27 ¥ .03 .22 F .03 .17 ¥ .02
5 .29 ¥ .02 .18 ¥ .01 .26 + .01 .24 ¥ .03 .20 ¥ .00 .20 F .01
6 .34 % .04 .34 ¥ .02 .21 ¥ .02 .34 ¥ .05 . .25 % .05 .24 ¥ .03
7 .24 * .05 .39 ¥ .03 .28+ .03 .23 ¥ .04 .38 + .01 .23 ¥ .04
1 K, I .71 + .02 .83 + .05 .20 + .01 .87 + .09 .99 + .05 .22 + .02 .60
2 .74 ¥ .05 .99 + .10 .25 ¥ .03 .71 % .05 1.12 ¥ .03 .20 ¥ .03
3 .73 % .02 .87 ¥ .03 .21 ¥ .01 .90 ¥ .10 .93 ¥ .06 .24 ¥ .04
4 .34 + .04 .99 ¥ .08 ~ .15 % .02 1.04 ¥+ .08 .90 ¥ .10 .26 ¥ .01
5 .96 3 .07 .97 ¥ .11 .24 ¥ .03 .90 F .09 1.05 + .05 .25 % .04
6 .94 ¥ .10 1.00 + .10 .30 * .04 . .95 ¥ .12 .96 + .12 . .35 % .04
7 .94 ¥ .07 1.0 + .07. .22 ¥ .04 .76 ¥ .03 .84 ¥ .04 © .26 % .04
1 Na, % .015+ .004 .034+ .002 .011+ .001 .063+ .001 .016+ .003 011+ .001 .06
2 .018% .003 .019¥ .001 .012% .000 .025% .004 .019% .00l .008% .000
3 .015% .00l .074% .010 .012% .000 .020+ .002 .015+ .004 .014% .003
4 .015+ .001 . 0205 .004 .011% .00l .033% .004 .024+ .008 .016+ .004
5 .027+ .006 .045+ .004 .015% .005 .016% .001 .018+ .001 .008+ .001
6 .015+ .004 .035+ .005 .013% .002 .020+ .005 .022+ .005 .012% .003
7 .017% .003 .030% .007 .011% .001 .019% .o001 2020+ .000 .011% .003
1 N, 7 1.46 + .21 .82 + .02 .52 + .09 1.54 + .05 .94 + .13 .73 + .12 1.47
2 ' 1.42 = .30 .75 + .14 .78 ¥ .08 2.07 + .30 1.18 + .21 .87 ¥ .08
3 1.28 ¥ .16 .74 T .16 .68 * .11 1.97 * .26 .95 ¥ .07 1.00 ¥ .22
4 1.70 + .27 .75 + .06 .69 ¥ .19 1.45 ¥ .12 .81 + .06 .79 * .28
5 1.55 + .28 .82 ¥ .11 .66 + .09 2.06 + .33 1.17 %+ .19 .88 + .10
6 1.35 ¥ .21 .88 ¥ .20 .77 ¥ .13 2.59 + .28 1.14 ¥ .11 .75 ¥ .07
7 1.48 ¥ .23 .68 ¥ .08 .59 ¥ .12 1.85 * .16 .96 ¥ .08 .81 ¥ .21

1€



Table 8. (Continued)

Residual Sampling

Retreated Sauwpling

Treatment/ Element 2/
' Jun Jul Oct Jun Jul Oct
1 Za, ppm 139 + 52 174 + 21 241 + 35 333 + 59 160 + 34 127 + 5 10
2 91 ¥ 7 246 ¥ S0 211 ¥ 11 155 + 8 184 ¥ 32 160 + 11
3 303 ¥ 57 366 * 57 340 ¥ 15 173 * 41 188 + 29 337 ¥ 25
4 162 * 33 243 ¥ 39 174 + 12 325 + 22 308 * 96 270 + 22
5 152 * 36 327 + 35 150 + 11 299 ¥ 3 283 + 28 127 + 30
6 279 + 25 312 '+ 33 270 + 28 166 + 76 148 * 44 320 + 34
7 245 + 43 313 + 48 185 * 32 345 * 80 137 + 54 387 + 32
1 Mn, ppm 77 0+ 2 64 + 11 73+ 5 62 + 8 99 + 9 78 + 3 10
2 . 63 + 3 86 * 15 113 ¥ 13 102 + 3 107 ¥ 11 119 ¥ 13
3 63 + 4 70 + 4 9L+ 1 70 ¥ 9 101 ¥ 16 104 + 6
4 123 % 6 87 ¥ 4 130 ¥+ 8 87 * 12 100 ¥ 5 112 ¥ 2
5 108 + 10 71 ¥ 5 120 ¥ 6 141 ¥ 9 129 + 24 115 + 4
6 100 + 6 115 + 16 145 + 10 "108 ¥ 14 129 + 16 127 + 24
7 90 ¥ 1 99 * 11 124 + 22 127+ 4 105 ¥ 18 126 + 2
1 Cu, ppm 13 + 1 14 + 2 10 + 2 11 + 1 10 + 0 8 + 1 &
2 10 + 1 12 + 2 10+ 0 10 + 1 13 + 3 8 + 0
3 12 + 2 18 + 2 12 ¥ 2 9 ¥ 1 10 ¥ 2 10+ 1
4 12+ 2 10+ 1 12 + 2 12 ¥ 0 10+ 2 8 + 0
5 o+ 1 12 ¥ 2 12 +. 2 11 ¥+ 1 16 + 1 8 + 1
6 9 + 1 15 + 2 9 ¥ 2 10 + 1 10 + 2 8 + 0
7 13 * 1 11+ 1 10 + 2 10 + 2 9% 1 10 + 2
1 Fe, ppm 183 + 14 100 + 0 150 + 25 175 + 25 141 + 38 175 + 25 10
2 166 + 38 166 + 38 200 + 25- 150 + 38 125 + 25 325 + 25
3 191 = 14 191 .+ 14 175 ¥ 25 141 * 38 133 + 38 175 + 25
4 150 + 50 141 + 14 183 * 22 158 + 14 141 + 14 158 + 38
5 175 ¥ 25 141 ¥ 28 183 ¥ 38 166 ¥ 14 191 ¥ 14 200 ¥ 25
6 141 * 50 191 ¥ 14 150 + 25 175 * 25 108 ¥ 38 133 + 38
7 125 ¥ 25 158 ¥ 38 158 + 14 191 + 3 125 + 25 191 + 14
a=3

iy 1. A63N A = Atrazine
2.. A63NPK 6 = June appliication
3. A63NP 3 = 3.4 kg/ha Atrazine
4. CONTROL N = 67 kg/ha N
5. 6N P = 45 kg/ha PO
6. 6NPK K = 45 kg/ha K50
7. 6NP <

2/

=" Mineral requirements for a lactating cow (NRC, 197&)

(43
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Table 9. Average (iisd) soil mineral content by treatments in 1975
and from residual and retreated areas in 1976. Stillwater, Oklahoma.

1/

Treatment— Element 1975 1976
ppm Treated Residual Retreated
1 Ca 884 + 36 955 + 112 1002 + 96
2 873 + 12 989 + 72 1124 + 135
3 839 + 61 937 + 76 962 + 41
4 862 + 27 1073 + 134 1042 + 132
5 938 + 53 974 + 83 902 + 182
6 964 + 93 1089 + 243 979 + 181
7 843 + 49 1077 + 274 971 + 123
1 Mg 371 + 44 478 + 100 464 + 58
2 381 + 22 440 + 27 519 + 75
3 363 + 30 441 ¥ 24 444 ¥ 12
4 418 + 6 484 ¥ 32 479 + 19
5 398 + 14 464 + 43 437 + 36
6 449 + 87 507 + 105 447 + 96
7 421 + 80 505 + 102 459 + 73
1 K 170 + 8 208 + 14 225 + 43
2 166 + 28 266 + 14 303 + 5
3 191 + 14 225 + 25 216 + 14
4 158 + 14 183 + 14 256 + 5
5 183 + 14 276 ¥ 2 233 + 28
6 166 + 14 291 + 14 266 + 14
7 166 + 28 241 + 28 241 + 38
1 Na 24 + 2 27 + 1 28 + 2
2 24 + 3 22 + 1 35 + 3
3 26 + 3 23+ 1 24 + 2
4 23 + 2 25 + 1 22 + 1
5 23 % 1 22 + 1 23 + 2
6 26 + 5 34 % 2 24 + 1
7 26 + 2 58 + 2 24 + 2
1 Zn 115 + 4 258 + 38 466 + 38
2 86 + 8 318 + 16 366 + 52
3 114 + 3 300 + 9 300 + 10
4 109 + 9 233 ¥ 7 100 ¥+ 10
5 82 + 7 358 ¥ 38 558 + 62
6 118 + 3 225 + 43 288 ¥ 20
7 105 + 6 333 + 14 308 + 28



Table 9.

(Continued)
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Treatmentl/ Element

1975 1976
ppm :
Treated Residual Retreated
1 Mn 13 + 1 18 + 4 12 + 5
2 12 ¥+ 1 19 + 6 13 + 4
3 9 + 2 17 + 1 11 + 2
4 17 ¥ 2 11 ¥1 14 ¥ 1
5 8 ¥ 1 10 ¥ 2 5 F 2
6 11 ¥ 5 10 + 4 13 ¥ 6
7 9 ¥ 1 10 ¥ 2 14 + 2
1 Cu 62 + 2 52 + 4 64 + 6
2 52 ¥ 4 42 ¥ 2 52 T 4
3 46 + 1 64 + 1 51 + 4
4 62 F 4 69 ¥12 133 57
5 54 F 4 61 + 1 56 + 5
6 62 4 52 ¥ 1 42 ¥ 6
7 49 + 2 67 + 4 68 + 5
1 Fe 10 + 1 30 + 5 30 + 5
2 20 ¥ 1 20 ¥ 1 24 ¥ 6
3 10 + 1 28 ¥ 1 27 ¥ 2
4 12 ¥1 27 ¥ 2 25 ¥ 1
> 10 ¥ 2 27 ¥ 8 23 ¥ 5
6 10 ¥ 1 28 ¥ 9 25 ¥ 9
7 9 ¥ 2 25 ¥ 5 21 ¥ 1
n=3
1/
=" 1. A63N A = Atrazine
2. A63NPK 6 = June application
3. A63NP 3 = 3.4 kg/ha Atrazine
4. CONTROL N = 67 kg/ha N
5. 6N P = 45 kg/ha P,0,
6. 6NPK K = 45 kg/ha K0
7. 6NP
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take of K by plants was higher than Mg. Soil pH has been reported to
have diverse effects upon avallability of soil Mg. Salmon (1964) found
that soil pH and exchangeable K accounted for much of the variation in
Mg uptake by plants. At constant K levels, a fourfold increase of

soil Mg was needed to double Mg levels in grass.

Na levels in soil samples during 1975 were very similar among
treatments. The residual effect in 1976 and retreated application of
fertilizer did not affect its concentration. However, Na content in
plant was increased during the month of July on residual areas probably
because it replaced K to a slightly extent. Zn content was increased
on most fertilized areas in 1976. N application has been associated
with Zn avallability because of its effect on pH. All retreated areas
in 1976 were higher in Zn content than residual and control areas.
Plant responses however, seemed to be only slightly affected. The Mn
responses to NPK treatments were inconsistent. Higher values were re-
lated to atrazine applicatlon on residual areas. Standing vegetation
on the other hand, tended to take up more Mn from soils under N, NP and
NPK fertilization treatments without atrazine.

Cu content in soil samples was similar among treatments during
1975 and 1976. There were no apparent differences in concentration.
after retreatment. When compared with plant responses a change in
seasonal pattern was observed. This may be an effect of the sensitiv-
ity of different plant species to available supply of Cu. Fe seemed to
be higher in soil samples from 1976 than in 1975 soil collections. Ap-
parently differences in Fe content were not due to treatment effect.
Differences on Fe content in standing vegetation were due to plant

species included in the sample. Plants vary widely in the amount which
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they concentrate. Not only the quantity but also the form has consid-

erable effect upon Fe uptake by plants.

Fort Supply Study Area

Standing vegetation. Average mineral content of standing vegeta-
tion is shown in Table 10. In June, 1976, the average Ca content for

Andropogon hallii (ANHA) was higher in the control area followed by

atrazine treatments. Higher Ca content for August and December samples
occurred in those plants treated with both N and atrazine. Mg content
increased consistently on all treated areas during year, while K de-
creased In June on N treated plots. K content in all treatments de-
creased slightly between July and August and decreased greatly on all
areas by December. Concentration of Na in plant tissues was highly
variable among treatments during June. August and December values for
Na were very consistent without apparent differences among treatments.
Average N content was generally greater on atrazine plus N areas than
on areas treated with N alone. The increased N content due to treat-—
ments dissipated by December and the small differences in N concentra-
tion in dormant plants were not significant. Zn values on treated
areas were generally higher on treated areas except for the N only
treatment in July. The greatest increase occurred in December on areas
treated with atrazine plus N and N only. Mn content increased on all
treatments between June and August except for the control area. In
December the average Mn content on atrazine treated areas decreased
while all other treatments including control, tended to increase.
Although, Cu content in ANHA was variable across seasons and differen-

ces between treatments were much different, Cu levels were generally



Table 10.

treatments on sampling dates, 1976. Fort Supply, Oklahoma.
(On a dry matter basis)

Average (;isd) mineral content of standing vegetation by
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TMT

Sampling date

1/ Element 2/
= Jun Aug Dec

1 Ca, % .53 + .01 .53 + .04 .63 + .04 .18
2 .57 + .01 .83 + .01 .61 + .03

3 .60 + .02 .60 + .01 .47 ¥ .02

4 .44 ¥ .09 .45 + .09 .71 + .03

1 Mg, % .27 + .01 26 + .01 .19 + .04 .18
2 .34 + .02 .36 + .02 .16 ¥+ .01

3 .24 + .01 .22 ¥ .00 .13 ¥ .01

4 .23 + .02 .29 + .02 .17 + .01

1 K, % 1.31 + .04 .88 + .03 .15 + .01 .60
2 1.29 + .01 1.03 + .11 .17 + .00

3 1.05 + .11 .76 ¥+ .02 .19 ¥ .04

4 .87 + .08 .84 ¥ .08 .21 ¥ .03

1 Na, % .007+ .001 .014+ .003 011+ .001 .06
2 019+ .003 012+ .001 .015+ .001

3 015+ .006 .014% .001 015+ .004

4 033+ .002 .014+ .001 018+ .001

1 N, % 1.51 + .10 1.10 + .24 1.03 + .38 1.47
2 1.49 + .13 1.20 + .07 .91 + .10

3 1.36 + .15 1.02 + .15 71 F .24

4 1.30 + .21 1.04 + .26 .88 ¥ .20

1 Zn, ppm 87 + 3 55 + 7 101 + 1 30

2 79 ¥ 5 97 + 6 78 + 4

3 76 + 12 64 + 5 59 + 5

4 106 + 4 62 + 4 106 + 7

1 Mn, ppm 28 + 3 32 + 2 36 + 2 10

2 25 + 2 46 + 3 28 ¥ 1

3 28 + 3 21 + 2 29 ¥ 1

4 25 + 2 28 + 2 31 + 4

1 Cu, ppm 15 + 1 16 + 1 17 + 1 4
2 22 + 1 21 + 1 18 ¥+ 1

3 22 ¥ 2 19 ¥ 2 20+ O

4 19 + 1 20+ 1 23+ 1



Table 10. (Continued)
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TMT  Element Sampling date
1 2/
Jun Aug Dec
1 Fe, ppm 10 + 0 20 +1 31 + 2 10
2 15 +1 21 +1 33+ 0
3 15 +1 33 +1 36 + 1
4 11 +1 16 + 1 30+ 1
n=3
1/
T 1. A63U A = Atrazine
2. A63 6 = June application
3. CONTROL 3 = 3.4 kg/ha Atrazine
4. 6N N = 45 kg/ha N
2/

Mineral requirements for a lactating cow (NRC, 1976) .
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lower on atrazine plus N treatments and higher on the control and
atrazilne treatments. Compared to that on treated areas, Fe content was
slightly greater on untreated areas at all sampling dates. Fe levels
in plant tissue were about equal on all other treatments.

Soil. Generally, soil mineral values were variable in response
to treatments, but mineral content on atrazine treated areas were lower
for all elements except Cu (Table 11). Average Ca and Mg content did
not differ. Compared to atrazine plus N and N treatments, control
areas were 10% higher in K and Na content, and over 30% greater than
atrazine treated areas. Zn average was about the same on control and
treated areas. Mn and Cu showed a higher concentration in soil treated
with N alone. This observation has been previously reported by Walsh
and Beaton (1973). The avallability of these micronutrient cations
are particularly sensitive to changes in the soil environment since Mn
and Cu are highly pH dependent. Fe values were similar in all treat-
ments including control. However, the concentration of the element in
these soils was low and this was reflected in the Fe content of plant

tissue.

Fort Gibson Study Area

Standing vegetation. Means and standard deviations for mineral
content of standing vegetation are presented in Table 12. Ca content
was similar in prairie and savannah vegetation types, but higher than
bottomland values. The Mg content ranged from .26% in savannah vegeta-
tion to .31% in prairie vegetation. K and Na content were about equal
on bottomland and on prairie, and over 20% lower in savannah vegetation.

N content was similar in prairie and savannah standing vegetation, but



Table 11. Average (Eipd) 8011 mineral content by treatments at Fort
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Supply, Oklahoma. 1976.
Treatment Element Mean Standard Deviation
1/
1 Ca 1126 + 166
2 1118 + 168
3 1119 + 145
4 1164 + 122
1 Mg 105 + 18
2 89 + 7
3 100 + 27
4 114 + 13
1 K 431 + 37
2 343 + 51
3 487 + 75
4 412 + 43
1 Na 17 + 1
2 16 + 1
3 21 + 2
4 18 + 1
1 Zn 65 + 19
2 42 + 15
3 62 + 12
4 65 + 19
1 Mn 15 + 2
2 13 + 2
3 16 + 1
4 20 + 7
1 Cu 30 + 1
2 29 + 2
3 27 + 3
4 34 + 2
1 Fe 5 + 1
2 4 + 1
3 6 + 1
4 6 + 1
n=4
1/ 1. A63N A = Atrazine
2. A63 6 = June application
3. CONTROL 3 = 3.4 kg/ha Atrazine
4. 6N N = 45 kg/ha N



Table 12.

Average (itsd) mineral content of standing vegetation on

three different vegetation types at Fort Gibson, Oklahoma. 1978.

(On a dry matter basis)

Element Bottomland Prairie Savannah 1/

n = 10 n =10 n =28
Ca, % 0.68 + .28 0.80 + .21 0.80 + .20  -18
Mg, % 0.29 + .08 0.31 + .08 0.26 + .08 .18
K, % 0.78 + .28 0.76 + .20 0.60 + .33 +60
Na, % 0.02 + .001 0.019+ .00l  0.014+ .003 .06
N, % 1.69 + .09 0.92 + .08 0.95 + .07  1.47
Zn, pPm 119 + 30 103 + 45 123+ 29 30
Mn, ppm 90 + 30 122 + 43 108 + 42 10
Cu, ppm 10 + 2 11+ 4 13 + 3 4
Fe, ppm 262 4117 190 + 69 244 + 92 10
1/

Mineral requirements for a lactating

cow (NRC, 1976).
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much lower than bottomland (.92, .95 and 1.69% respectivelly). Zn from
prairie vegetation averaged only 103 ppm as compared to bottomland and
savannah vegetation which were about 120 ppm. In general, bottomland
samples had relatively low Mn content (90 ppm), whereas prairie vegeta-
tion had relatively high levels (122 ppm). Savannah samples had inter-
mediate levels (108 ppm). The Cu content was relatively similar among
vegetation types, although, savannah type had the higher value. Fe
content on bottomland averaged about 30% higher than prairie vegeta-
tion and only 777% over savannah type.

Soil. According to Powell and Knight (1979), the pH of the soils
on thls area was similar for the three vegetation types. Means and
standard deviation of mineral components of the soil are given in
Table 13. The Ca content was similar in prairie and savannah soils
but greater in bottomland. This tendency however, was not observed in
plant analysis of the same vegetation types. Ca content in soils was
statistically correlated to Na and Mn plant values on bottomland; to
Fe in prairie vegetation, and to K and Mn plant tissue on savannah
vegetation type (Table 14). Mg content in soils ranged from 144 ppm in
savannah soils to 221 ppm in bottomland soils (Table 13). Mg in soil
was significantly correlated to bottomland plant Mg content and to Zn
on savannah vegetation (Table 14). K was about twice as high in savan-
nah soils as in prairie soils and 287% higher than bottomland soil sam-
ples (Table 13). K content was correlated to Na plant content on bot-
tomland vegetation and to Mg plant concentration on savannah. Prairie
soil samples had the greatest Na content (33 ppm), whereas savannah
soils had the lowest (20 ppm) Na content (Table 13). Significant cor-

relations were found between soil Na content and Na and Mn in plants



Table 13.

vegetation types at Fort Gibson, Oklahoma. 1978.

Average (Eisd) soil mineral content on three different
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Element, ppm

Bottomland Prairie Savannah
n =10 n =10 n=2§

Ca 968 + 143 913 + 140 920 + 181
Mg 221 + 28 198 + 15 144 + 23
K 349 + 181 254 + 67 509 + 198
Na 29 + 6 33 + 12 20+ 4
Zn 11 + 6 7+ 3 14 + 4
Mn 20+ 1 19 + 1 18 + 3
Cu 56 + 15 47 + 16 41 + 21
Fe 30 + 7 29 + 6 23 9
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Table 14. Correlation coefficients (r) between standing vegetation and
soil by vegetation type on Fort Gibson, 1978.

Element Vegetation type

Plant Soil Bottomland Prairie Savannah
a
Na Ca .663% NS NS
Mg -.637 NS NS
K .633 NS NS
Na NS .781 NS
Mn Ca ~.812° —.6232 -.800°
Na NS .829 NS
Fe Mn .6862 NS NS
Fe .689 NS NS
Ca NS .761 NS
Ca Fe NS —.715? NS
Cu NS -.740 NS
Cu Mn NS —.783: NS
Cu NS -.630 NS
Na NS NS .708
K Ca NS NS .789°
Mg K NS NS —.830°
Zn Mg NS NS —.7122
Fe NS NS .732

a’bStatistically significant at P<.05 and P<.0l respectively.
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from prairie vegetation, whereas Na was correlated to Cu in savannah
vegetation (Table 14). In general, Fort Gibson soil samples were low
in Zn content (Table 13). Their highest average occurred on savannah
soils (14 ppm) and the minimum in the prairie vegetation type (7 ppm).
Plant tissues however, tend to concentrate available Zn (Table 12).
Soil Mn values were very similar in all vegetation types. Nevertheless
it was only statistically correlated to Fe plant content on bottomland,
and to plant Cu in prairie vegetatlon (Table 14). Average soil Cu con-
tent was high in all three vegetation types (Table 13), although Cu
concentration in plant tissues was generally low (Table 12). This sug-
gests a poor availability of existing Cu in these soils. Because of
this, a significant negative correlation was observed between soil Cu
and plant Cu on prairie vegetation. Cu was also positively correlated
to plant Ca content on the same vegetation type (Table 14). Fe content
in bottomland and prairie soils were very similar, whereas savannah
solls had about 25% less Fe (Table 13). This relationship was not
observed on standing vegetation. Fe however, was statistically cor-
related to plant Fe content in bottomland, to plant Ca content in

prairie vegetation, and to Zn in savannah plants (Table 14).

Nutritional Analysis

The final purpose of this study was to present an overall view of
mineral supply and recommendations for grazing cattle at four different
locations in Oklahoma. Averages for plant mineral content are present-
ed by location in Figure 2. The line in each graph represents the
nutrient requirement for that minetal for a lactating cow as recommend

by the National Research Council (NRC, 1976). Certain limitations of
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the approach are recognized. NRC presents the requirements separately
for growing and finishing steers and heifers, dry pregnant cows and
breeding bulls and lactating cows. In contrast with lactating cows
where higher values are suggested, K, Mg, Fe, Cu and Zn requirements
are similar for heifers and pregnant cows. Despite the limitations
that.mineral requirements may not be accurate for all classes of rumin-
ants, and that averages are across seasonsg, some preliminary conclu-
sions can be drawn.

In general, Ca content exceeded nutrient recommendations except
for the high level of Ca suggested for growing and finishing cattle.

Mg content exceeded Mg requilrements at all locations except at Lake
Carl Blackwell where Mg content waé just below the recommendations for
breeding bulls and lactating cows. K only exceed the NRC recommenda-
tions at Lake Carl Blackwell and Fort Gibson locations. Even at

these locations the seasonal drop in K would make winter range. forage
marginal in K. Na was totally deficient for lactating cows in all four
study areas but the practice of salt supplementation should obviate
this problem. Temperate plant species vary considerable in their
capaclty to accumulate Na. Morris (1980) reported large énd consis-
tent differences in Na content among grass genera. But even those
specles with a low Na potential show variation in Na content.

Average N content was approximately equivalent to 7% crude protein
however, seasonality may again be a problem. This material seems to be
generally low in N content for cattle. Zn exceeded NRC recommendations
for cattle by several fold, although plant material from Fort Supply,
Oklahoma was only slightly above the animal requirement. Cu far exce-

eded NRC recommendations as did Fe, with the exception of Fort Supply
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where Fe content only slightly exceeded the recommended level.

At the present time under field conditions in Oklahoma, no general-
ized mineral malnutrition has been reported. Failure in detection does
not deny existence of deficiencies. Chronic trace mineral malnutri-
tion may commonly depress performance of livestock grazing Oklahoma
rangelands. Besides general attention to N and Na supplementation,

K, Mg and Fe need seasonal and/or regional attention to assure

adequate mineral intake.



CHAPTER. V
CONCLUSIONS

Studies of mineral content on soil and native standing vegetation
from four different locations in Oklahoma have provided important basic
information on their seasonal content of Ca, Mg, K, Na, Mn, Cu, Fe and
N.

Data presented for northcentral Oklahoma have shown vafiation'in
mineral values across different seasons of the year. The pattern of
seasonal change in Ca content at the Lake Carl Blackwell area did not
coincide with patterns of all other minerals analyzed. It appeared
that major soil types exerted strong influences on such patterns.
Drought conditions during sampling period were responsible for high
degree of mobility of k, which, when not mobile in the plant material,
is readily leached. During certain seasons,.N content of plant
material was low. This decrease reflected maturation of certain
species and possible leaching.z Results at the Stillwater area indi-
cated that herbicide and fertilization treatments influenced nutrient
content of forages. Applications of atrazine alone and in combination
with N, P and K, increased Ca, K, Zn, Nvand Fe in plant material. The
largest increase occurredbwith NPK treatments. The second year of re-
treatment produced an increase on K content in plants between June and
October. N was consistently greater on all retreated areas while Ca

content remained about the same. Zn, Mn, Cu and Fe were more affected
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by seasonal changes than by imposed N, P, K or atrazine treatments.
Atrazine and N application increased Mn, Zn and N content of

Andropogon hallii from a western Oklahoma sandhill prairie. Total Ca,

K and Mn levels in treated areas, were higher than untreated areas.
Low levels of Zn and Fe content were observed in soil samples from
Fort Supply. Plant values were also low in Zn, Mn and Fe.

Soil and plant materilal samples from the three vegetation types
studies at the Fort Gibson Project area varied widely in mineral
content. Bottomland and prairie types had higher values for Mg, K, Na,
N and Mn in plant material. Similar tendencies were observed in soil
samples except for K which was high in savannah soils. In general,
low levels of Zn were found in Fort Gibson soils.

Comparing nutritional requirements of cattle with plant nutrient
concentrations, Ca exceeded the NRC (1976) mineral requirements for
beef cattle except for rapidly growing animals. Mg was below require-
ments for breeding bulls and lactating cows at Lake Carl Blackwell.

Na was deficient in all study areas. Nearly deficient at Fort Supply
were Zn, Mn and Fe.

At present time, no generalized mineral malnutrition has been
reported in Oklahoma. However, concentrations of minerals in forages
suggests that mineral deficiencies may occur regionally and seasonally

for cattle grazing Oklahoma rangelands.
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STDV-MINERAL CONTENT STUDY AT LAKE BLACKWELL, LOCATION 8A

STUDY AT LAKE BLACKWELL

o4 YR a7 LOC 88=t12 TMT
18=41 2 NA 4ledé 4 ZN
373-75:

[pa e ML

WORK ,VEG HAS 116 UBSERVATIUNS A
STATEMENT USED 0,28 SECONNS AND

PROC SORT DATAsVEGs BY {NC DAYTE,

A gET WORK,VEG HAS 11le UBSERVATIHNS AND 1% VARIARLES, 176 NBS/TRK,
PROCEDURE " SORY USED 0,59 SECONDS AND 110K,

C MEANS DATA-VEG[ 8Y kDC DATE
ﬁ G K NA ZN Cu
3

ND 1S VARIABLES, 176 (BS/TRK,
1a,k,

VEGM MEAN:CA MG K kA IN MN CU FE N
K 8SNA SZN SMN SCU SFE 3N

M HA OBSERVATIONS AND 20 VARTABLES, 122 NBS/TRK,
NS UgED ag sEcéuns AND 142K AND bRINTED PAGE i,
T

iT DATARVEGMy %nc DATE
VAR CA MG K NA ZN MY CU F

THE PROCEDURE PRINY USED 0.33 SECHONDS AND 108k AND PRINTED PAGE 2,

PROC PRINT DATASVEGMg BY 0OC DATE é
VAR SCA SMG 8K SNA SIN SMN 8Ci SFE 3Ny

19



STDV-MINERAL CONTENT STUDY AT STILLWATER, LOCATION 3AS-75

i TITLE 'STOVeMINERAL COUNTENT STUDY AT gYI LLWATER, 348=75'y
i DATA VEGs _INPUT NAME § 1ol YR See? LOC $i{0e12 THT 514-21 MATR % 23=24
CA 28m3] 2 MG 15e3h 2 K 38w4dl 2 NA 43ale 4 ZN U4B=51 MN SleSes (i SBwht

4 FE 63«66 N 6Ra7y 2 DATE $73=75 REP 77,

s CARDS

NUTE? DATA SET A0ORK,VEG HAS 63 OBSFRVATIONS AWD 16 VARTARLES, 176 NBS/TRK,

NOTES THE DATA STATEMENT USED 0,23 SECONDS AND 100K,

69 PROC SORTY DATA3VEG: BRY LOC TMT DATE,

NOTES OATA SET wWORK,VEG HAS 63 OBSERVATINNS AND 16 VARIABLES, 176 ORS/TRK,

NOTEs THE PROCEDURE "SORT USED 0.54 SECONDS AND 110K,

70 PROC MEANS DATAZVEG; BY LOC TMY DATE

7 VAR CA MG K NA ZN MH CU FE Ny ,

7 ¢ DUTPUY QUTSVEGM MEANE CA MG K NA IN MN CU FE N

7 STD=SCA SMG SK SNA §7N SMN 5CU SFE 38N

NOTE: DATA SET WORK,VEGM HAS 21 DRSERVATIONS AND 21 VARJABLES, 117 DBS/TRK,

ugr 3 THE PROCEDURE "MEANS USED 0.B1 SECONDS AND 142K aND PRINYED PAGES 1 TN &,
: PROC PRINT DATAXVEGM$BY LOC TMT DATE:

~ it
A

VAR TMT DATE CA MG K NA ZN MN CU FE Ny ,
NOTE: THE PROCEDURE PRINT USED 0.47 SECONDS AND 108k AND PRINTED PAGES 7 10O 9,

73 " PROC_PRINT DATASVEGMIBY LDE TMY DATEs
7 VAR TMT DATE SCA SMG 8K SNA SIN SMN SCU SFE SNy

29
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STDY-MINERAL CONTENT STUDY AT STILLWATER, LOCATION 3AS-76

TITLE 'STDVeMINERAL CONTENT STUDY AT STILLWATER, 3ASe76'j] ,
DATA vge. INPUT NANME S 124 YR se-? OC STo=12 INT "“'55 MATR § as-fo
CA 2831 2 MG 35«36 2 K 38wl a?«ao IN GBwS] MN G3456 CU SBeb
Fe g3=b6 N 68-71 2 DATE $73. s REP 19,
CARLS
DATA SET WORK,.VEG HAS JBSERVATIONS AND 16 VARIABLES, 176 0BS/TRK,
TRE oRFA STATENEN: 03028, 28558 LANAT D0 08, ! s
PROC SORT DATASVEG: BY LOC TMT DATE,
DATA SET WORK,VEG HAS 126 OBSERVATIUONS AND 16 VARIABLES 176 0OBS/TRK,
THE PROCEDURE "SORT USED 0,56 SECONDS AND 110 '
PROC nznu DA A-ves sv OC TMT DAY
aBCehEntS AT bEC.T E
OUTPUE OUTEVEGN ﬁEAN; CA HG K NA ZIN MN CU FE N
$§TD&SCA SK SNA SIN SMN SCU SFE sNy
DATA SETY WGRK VEGM HA 42 OBSERVATICONS AND VAR A 17 0OB8/TRK
THE PROCEDURE'MEANS ugae 1.23 SECONDS AND 1%3& AN fzé PAGES 1 TO 11,
PROC

VAR YPRINT gAEASVEth ; kscﬂgﬁguDégﬁl

THE PROCEDURE PRINT USED 0,64 SECONDS AND 108K AND PEINTED PAGES 12 YO 17,

PROC PRINY DATARVEGM BV THNT DAY
AR vy RrE JARVECHISY £OT INT 2ATELcu sre sny

€9



STDV-MINERAL CONTENT STUDY AT FT SUPPLY, LOCATION 3AW

riTLE ‘ST ov-uxngaAh CONTENT STUDY AT FT SUPPLY, LUCATION Ah’a
DATA VEGY INPUT NAME § 1ed YR $h=7 LOC $10ei2 TNT 318-%% MATR § 23m26
CA ae-zz MG 35m=36 2 K 3Bedl 2 NA 43eldb 4 IN 4BeSt MN =56 CU SBebt
4 FE 63«66 N 6871 2 DATE S$S73=75 REP 7T -
-] CARDS
NSTE: DATA SET w0 EG HAS 48 OBSERVATIONS AND 1o VARIABLES, 176 0BS/TRK,
NOTEP THE DATA STATEMENT USED 0.22 SECONDS AND 100K,

=
=

PROC SORY DAYA=VEG: BY [OC TMY DATEs

DATA SET WORK,VEG HAS 48 NBSERVATINNS AND 16 VARTABLES, t76 OBS/TRK,
THE PROCEDURE SORT USED 0,53 SECOKNDS AND 110K,

PROC MEANS DATASVEG) BY LOC T THT DATES

g*TPU OUTIVEGﬂ MEAN: CA MG K NA_IN MmN CU FE N
DsSCA SMG SK SNA SZN SMN SCU SFE 8Nj

\ t DAY EY WORK, VEGM HAS 12 DBSERVATTIONS AND 21 VARIAS b /Tnx;
§8¥E THE Psocsbune MEANS USED 0.41 SECONDS AND 142k Aué 5 !eé A { 10 3,

ROC PRINT QATARVEGMiIBY LOC TMT DA
44 AN AL S L C D M T S VL1
NOTE: THE PROCEDURE PRINT USED 0.39 SECONDS AND 108K AND PRINTED PAGES 4 TN §,

4] CaRC RIS h R Lo SR8y S0 YT BAXELcu sre s

ol o
mm
- o

S &
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STDV~-MINERAL CONTENT STUDY AT FT GIBSON, LOCATION FTGB

TITLE 'STOVeMINERAL CONTENT STUDY AT FT GIRSNN, LOCATION FTGB'
8ATA vgss INPUT NAME Siwd YR fe? LOC § Bwi2 TNT 8 1de?f MATR $ 23=26
A ga. 1 E MG 35235 2 K 3Bel]l 2 NA d3eidb 4 ZIN U4BeSt MN S3eS
CU S8=61 FE 632068 SITE $ 68e70y
CARDS
DATA SET WORK,VEG HAS 28 OBSERVATINNS AKD 1& VARIABLES. 190 ORS/TRK,
THE DATA srAréuznv USED 0,19 SECNNDS AND 100
PROC MEANS DATARVEG: BY LOC SITE
VAR CA MG K NA ZIN MN CU FE
QUTPUT OUTEVEGM MEANE CA Mé K NMA ZN MN CI) FE N
STO:SCA SMEG SK'SN SZ -8MN SCU SFE SNg
DATA SET WO GM HAS BSERVATIONS AND 20 VARIABLES, 122 OBS/TRK,
TREVPSSCEDU ANS UsEg .42 SECONDS AMD 134K AND ERIMYED PAGE 1,
PROC PRINT DATARVEGMy BY DC SITEx

VAR CA MG K NA ZN MN CU F
ThE PROCEDURE PRINY USED 04,30 SECQNDS AND 108K AND PRINTED PAGE 2,

o1 AR A 1A S LI L S L T RO
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SOIL-MINERAL CONTENT STUDY AT LAKE BLACKWELL, LOCATION 8A

L _ TITLE *SOIL-VECRTATICON STULY i _824av;

2 _ 'CATA VEC; IMNPULT NAME 31—-4 YR 6-7 1LOC $3-12 TMT - _MATR _ $23-20

3 CA 28-31 2 »o 35-36 2 K 3&-41 2 NA 432-4€ 4 ZIN 48-51 MN E3-5€ CU 5€&-61
& FE &2—6€ N €8—71 2 DATE $73-7%: : ’

2 . CARDSS o e s e e e i e e e e e

NOTESD UATA SeT WCRK, VEG FAS 116 UBSERVATICNS ANG 1S YV ARIAEL
HOTE: THE DATA STATEMENT USED €.27 SECCNDS AND 100K,

122 T U DATA SGLILY INPLT NAME $1-4 YR 6-7 LGC $8—12 TMT $14-21 MATR $23-26
_%53 CA_S 2E-51 NMG_t 34-3€ K_S 38-4l N&_S 43-46 ZN_S 48-51 MN_S §3-5€

ES5. 176 UBS/TRK.

, SU_s 5&-61 FE_ € €3~65€ N_ £ B8-71 CATE $ 73-75;" e c e
LBCVMWWM_CARD S SR
NOTE: LATA SET WORK.SCIL RAS 2G CBSERVATIGNJ AND 15 VAFIABLES. 176 UOBS/TRK,
-MGTE: THE DATA STATEMENT USED 0,.1EF°88C o Too e
155 PROC MEANS CATA=SOIL . -
150 VAR CA_S MC S K S NA_S ZN_ S MN_S CU_S FE_S N_S;
EST - OUTPLT DUT=SAIEM MEAN= CA . ST =3 N_5 €U_5 FE_S N_S
 STD=SCE S SMG_.S. SK_S SNA_S szn 'S SMN_S SCL_S SFE_S SN_S -
- MIN=ILLCA S LMG & LK_S5 LNA S LZN S LMN S LCU S LFE S LN_S o
MAX= UCA_S UMG_ sAux S UNA_ UZN S UMN_S LCU S‘UFE s un <;

N ﬁﬂlE.__DJ_JA_b:T KCRK.-)ILN hAS 1 DBSERVATIC!\S AND 3€ VARIAELES. 65 DBS/TRK.___________“____
_RBIE: THE PROCEDURE MEANS USED 0.38 SECCNDS AND 134K AMND PRINTED PAGE 1. = _

PROC-PRINT=CAT =SSO ILNE - S "
_ VAR CA S M(J S K_ S ?\A S Z'\ S MN S (,U S _F~E___S_‘_[ S__
: E

2

— THE PROCEDURE FRINT USED 0 29 aECuNCS

\D xoaK“ANc PRINTED PAGE

\_S _SZN_S SMN_S SCU_S SFE_S SN_S;

PHGC PRINT DATAV
VAR SCA_5

165 __ PROC.. Emm CATA=SOILM; T
2 Lca_s LMG_S TLK_S |NA S LZN_S LMN_S _S LN_S;
CEDURE. rnf “USED o : PAGE 4., )
167 PﬁOC pnng ATA=L0ILN: T T T o ' ’ -
168 ‘ o A E S 'IMG_S msuﬂnsﬁzﬁ& ;%QU{USUFE‘@UNS.

L9



SOIL-MINERAL CONTENT STUDY AT STILLWATER, LOCATION 3AS-75

4 TITLE "SIt -MIKNERA  CONTENT STUDY AT STILL wATER, LOCATION 3AS-7E%

2 CDATA SOIL:  INPLT NAME $ 1-4 YR 6=7 LCC 310-12 TMT $ 14-21 MATR § 2I-2¢
3 CA_S 28-31 MG_S 24-3€ K_S 3%-41 MNA S 45-46 ZN_S 46-51 MN_S 55-56

4 CU_S 59-€1 Fb_<$ ob5-c6 KEP 77;

3 CARDSS co R

NUTES DATA SET #CRK,SUIL HAS 21 OBSCERVATICNS AND 14 V2RIAPLES. 165 0BS/TRK.
NJTE: THE DATA STATOMUONT JSto 0«19 SECONDS ANC 1OOK .

27 . PROC SORT CATA=SCIL;: EY LOC TMT ; o ) )
NGTED GATE SET WORK.SOTL HAS 21 COSERVATICNS "NT 14 VARTABLES. 155 0SS/ TRK. N
NOTE: THE PROCEDURE. SOBRT USED 0,49 SECCNDS AND 110K,

28 T PROC_MEANS DATA=SOIL; BY LOC TMT: i B
z9 VAR CA_S MG S K_S5 NE_S /KN_S MN_S CJ_S5 FE_S:

30 &7 COUT=S0 LM MEAN= CATS MG s K_5 NA_S ZN_S MN_S CU_S FE_S

31 - A S SMG.S 5K S SHA S LZN.S SMN_S SCU_S SFE s T S ,

32 T MINSLCA_S LMG_€ LK S ENA_S LZN_S LMN S LCL_S LFE_S o

33 Max-uca _S hMGVS UK_SVUNA_S uzwys UNMN_S ucu_ s UFE_S; ‘ ‘

NOTE: DATA SET WORK.SOILM HAS 7 GBSERVATIONS ANC 54'VARIABLEJ. 70 UBS/TRK.

NATE: T+ PROCEDURE MEANS USED 0 .48 SECCNDS AND 142K BND PRINTED PAGES I 10 2.
3% PROC PRINF DATASSOIEMS BY LOCr- o = 00 i

32 VAR TMT CA_3 MG 5 K_S5 NA&A S ZN 5 MN _ S o o
NOTE: THE PROCECULRE PRINT USID 0.31 CELCND% AND_ 108K AND PRINTED PAGE 3. T
30 | PROC PRINT CATASSOILM By LOCS | - e ) | I
37 VAR T™T SCA S SMG S SK_S SNA S SZN_ S5 SMN_S SCU_S SFE_S; -
NOTE: THE PROCEDURE PRINT USED 0.31 SECONCS AND 108K AND PRINTED PAGE 44

38 " PROC PRINT DATA=SOILM; EY LOC: o “;_: S
39 VAR TMT LCA_ 3 LMG_5 LK_S LNA_S LZN_ S LMAN_S LCU_S i e 5,

NUTE: THE PROCEDURE PEINT b:fﬁ:o.vl SLCONDS AND 1CEK AND PRINTEC PAGE 5o T
49 PROC PRINT DATA—QOILR._EY LUC-‘W, T T

89
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SOIL-MINERAL CONTENT STUDY AT STILLWATER, LOCATION 3AS-76

TERLE 'SUIL-MINERAL COMTENT ESHIDY AT ST ILLWATER, LOCATION 3AS-7643
DATA SQOIt;: INPLI NAME $ 1-49 YR €-7 LOC $10-12 TMT % 14-21 MATR § 2
CA_S 28=31_NG_S 34-36 F_S 39-41 NA_S 45-46 ZN_S 49-51 MN 5__5.5_..5_,!;_,_,,4
QLJ .S 5%-ol FE_S Oo-CE€ FECP _,7',7; ] . '

AIELELEJ__&QR&LSLLL_MQ_AL__CLLS};&AILO_LQ ANC 14 VAP IADLES.. 1585 OBS/THEK.

u

Iz ; i

JTE: THo DATA STATEMENT USED 0, 2C \ND 100K 4

45 . PROC SORT CATA=SOIL: AY LOC TMT: ,A,M_N,;,___v_ e
NOTC. DATA SET wWORK.SOIL HAS 42 cacepvnxDNs ANC 14 VARIABLES. 185 GBS/TRK.
N3TE S ICEDURE SORT USED 0,52 SECOND S 2 S

&9 PROC MEANS CATA=SOIL: BY LOC IMT 3 o o i
50 5 : ; 5 'J_ S FE_S:

s} - B NA_S ZN_.S MN_S CU_S FE_S
g%* SZN. S SMN S SCU_S €«¢E 5 .~
%3 LZN_ S LMN S5 LCU_ S LFE S _ o
5a UZN"S UMN_S UCLTS WFE_S; ,

NOTE: ODATA " I )GSERV A S _AND 34 VAEI ABLES. 70 CBS/TRK.
METE: THE PROCEL MEA' ; V.62 SECENDS D 142K AND PR INTED PAGES 1| 10 4,
56 VAQ TMT CA S MG € K. ZN_S MN_ S CU_S FE_Ss

NGTE: RE PRIN]1 USED 0433 ' -
57 PROC PRINT DATAZSCILNG BY LUC ' o e
S8 VAR TMT SCA S SMG S SK_ S SHA S SZN. S SMN S SCU S SFE 53 L

- ] \ LCAK AND PRIMTED PAGE 6.

&9 PROC PRINT DATA= CILM; BY LQC: ‘ ' ) -

69



SOIL-MINERAL CONTENT STUDY AT FT SUPPLY, LOCATION 3AW

TITLE "SOTL~MINERR. “EONTENT STUDY AT “GBCOWARD, LOCATION 3Aw';
. DaTA SULLS INPLY NAME $ 1-4 YR 6-7 _0C $10-12 TMT $_14-21 MATK % 23-26
CA_S5 28-31 NG_S 34-36 K_S 39-41 NA_S 45-2€ ZN_S 849-51 MN_S 55-5€
CU_S 59- ¢l FE___S psfcgﬁep 77 ;_ ,

CARDS: SR D 5

NJTE: DATA SET WORKaSCIL HAS lo OBSERVATIONS AND 14 VARIABLES. 135 OBS/TRK,
NOTE: THE OATA STATEMENT .9.18 SECCANUS ANC 100K. _

22 2ROC SORT DATA=SOIL: BY LCC TMYE .
NuTe: DATA SET WCGRK,SCIL HAS 1€ DBbERV-’ﬂIC’\S AND 14 VARIADLES. 18 UBS/TRK,

[ R

NOTE: THE PROCEDURE -SORY USED FSECONDS AND 110K. e :
23 _____PRDC MEANS DATA=SCIL: BY LCC TMT; _ , R

24 VAR CA_S MG_S K_S NA_S Z MN_S CU_S FE_S, _ ,

25 GUTPUT puT=Sott AT S MG S K5 NA-S ZK_S. MN_S CU_S FE_S 2
26 . . STD=SCA_S SMG SK_S SNA_S SZN_S 3MN_5 SCU_S SFE_S e
27 _MIN=tCA S LMG_ < LK S LMA_ S LZN S LMN_ S LCU_S LFE_S _ I
28 MAX=UCA_S UMG K_S UNE_S UZN_S UMN_S UCU_S UFE_S;

NGTE: DATA SET WOBK .- SOLLH LAS 4 OBSERVATLONS AND 34 VARIABLES s 70 UBS/TRK
NDBTL: THE PROCEDURE MEANS USED 0.42 SECONDS AND 134K AND PRINTED PAGE 1.

3 :1.',.1 e T T gt b Ve s f

30 AS ZN.S MN S CU_S FE s; e
v "SCCONDS AND [08K AND PRINTED PAGE 2.
PROC _PRINT DATA=SQILM: BY LOC; T T e

VAR_TMT SCA S SMG S SK_S 5NA S SZN. S5 SMM. S sCu_s oFE_Sy - —
MNOTE: THE PROCEDURE BRINT USEL 0+30 SECENDS AND:- 108K: AND PR INTED PAGE 3.

33 -ERQ CTPR INL_DATA=SQILMS BY LOCE. o S e
T LC. v

44 . VAR LNA_S LZM_S LA  LCU_S LFE_ Sy
NGTEP THE PROCEDURE PRINT _USED 0.3C_ Se_coNos AND_1 CBK_AND FRINTED P AGE. 4
3 PROC PR_tN! DATA SCILN_._, BY LOC; T
36 AR WP , MR ST NS OIS UPE e

oL :



_PROCECURE PRINT u.;x:o O, 31
"PROC PRINT CATA=

VAR LCA_S LMG_5 LK_S LNA_S L ZN_

SOIL-MINERAL CONTENT STUDY AT FT GIBSON, LOCATION FTGR

TITLE *SCIL VEGETATVION STUDY AT FERT G61HSCN, LOCATION FTGB'3
DAT A VEG: INPUT NAME $ 1-4 YR 6-7 LOC % 8-12 TMT $ 14-21 MATR 35 23-26
#1. CA 28-3} 2 MG 35-36 2 K 38~a1 2 NA ~43-4€ 4 ZN 48-51 MN 53-56 o

T KL CU 860! FE ©3-60 SITE 3 68-70 '
¥2 NAME2 $ 1-4 YRZ2 &6-7 LOC2°¢ &=12 IMT2 § 14-21 MATR2 8 23-26 CA_S 28-31

#2 MG S 34-35 K_35 3B-41 NA_S 43-46 ZN.S 4€-51 MN_S 53-5¢ CU_S 58—€1

‘#2 FE_S 63-€6 SITE2 & €&-7Cs  _ ~ ~— o oo e

CARDS:

A‘JCT WORKe VEG FAS 28 OBQERVATIONS RND 28 VARIAULES.HQZ_OBS/TRK.A o
DATA STATEMENT. USED 024 thCNOS AND 100K _ R R S

PRUIC MEANS DAT #=VEG; BY LO¢C SITET -
VAR CA_S MG_S K_S NA_S ZN_S MN_S CU_S FE Ss

 BUTPUT OUT=SOILM MEAR= CA_S5 MG_S K S NA.S ZN_S MN_S CU_S FE_S

i_S SCU_S SFE_S

STD=SCA_S SMG_S SK_S SNA S SZN_S SM
MINSLCA S LMG_S LK S LNA S LZR- S LMNTS LLU_S LFE_S
MAX=UCA S UNMG S UK S UNA S UZN S UMM S Ucu_ S UFE_Ss .

"?i‘fﬁ?§)fﬁk7‘“"”

FROC PRINT DATA=SOILM; BY LUC SITE: e
VAR CASMGS KSNAS IN_S MN_S C

“SECONTS AND 1osn<' AND FRINTED PAGE 'g,.

GTLN: BY LaC SITES. ,
gz SMN_ 5 S L S SFE.S:

K

VAR SCASS SMG_ 8- SK_ S SNA_S

£ PROCEDURE FRINT USED 0+31 SECONDS ARD 108K AND PRINTED PAGE 3.

PROC PHINY OATA=SOILM T €Y L& T '
LC u s LFE S
PROCEDURE pnun USED 031 si:”c‘ osx AND PRINTEU PAGE 4.

PRUC PRINT DATrsmLM, By LOC g T
"ﬂ‘ UCALS UM S DK 3 WAS K S W“SUCQ_&W‘S‘

1L
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SOIL-VEGETATION CORRELATION AT LAKE BLACKWELL, LOCATION 8A

NOTE: THE PROCEDURE SURT

i CTITLE $SOIt-VECH TATIUN STUDY AT LAKE BLACKWELL, LOCATIGN 8A';

2 _ "DATA VEG: INPUT NAME $1-34 YR &7 (LOC $8-12 IMY 314-21 MATR $23-26

3 Ca 28-31 2 MG 5-3u 2 K 33-41 2 N& 43-46 4 ZN 483-51L MN 53-56 CU 58-o1il
4 FE E€3-€E N €8-71 2 DAIE $737%;

S e .CARTSS e R o .
WUTE: DATA SET WURK, VEG 43 Llc UBSERKVATICNS AND 15 VARIABLES . 76 COBS/TRK,.
NITE: THE UATA STATE MENT USED Os27 SECONDS AND LOOK,

122 CATA SOOIty INPLY NAME $l-4 YK &-7 ;ac $8-12 TMI $14-21 MATR $23-2¢&
123 CA_S 28-31 MG S 34-30 K_5 38-41 NA_S 43-46 ZN_35 48-51 MN_S 53 -56

TEa €Y 5 6566-61 FE_ < 63-66 N_ S 68-71 DATE '8 73-75; :
120 C‘\R £S5 - e e e e e e e e e e e
NUTZ: DATA SET woaKCESTL'HAQ”EG QE“E VATICNS AWD 15 VARTABRLES. 1760 OBS/TRK.,
ROYE: THE CATA STATEMENT USED 0316 SECONDS AND 100K,
185  PROC SORY DATA=sGlLy BY TMTY
RUTE: DAT? SET WORK,.SDIL HAS 29 OB SERVATIONS AND 15 VARIABLES. 176 OBS/TRK.

JSEC 0 W50 SECONDS AND 11 0Ke

Je {SORT DATA=VEG: EY DATE TMT;
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