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Three experimental grazing trials were conducted to

explore the hypothesis that in the Klamath Basin, a higher

level of selenium supplementation is necessary than those

proven adequate elsewhere. Two forage species were

investigated: Festuca arundinaeca and Agropyron reoens, in

0.61 hectare plots, both grown in a selenium deficient soil

area. Selenium treatments were offered free choice in a

salt-mineral mixture, to growing beef heifers.

In Experiments I and II the animals were rotationally

grazed between the grasses, while in Experiment III they

were grazed by forage type. Average total weight gain was

used to measure performance, and selenium status was

monitored by whole blood analysis. Selenium was

supplemented at levels of 0, 25, 50, and 100 ppm added to

the salt-mineral mixture in Experiment I; 0, 25, 50, 100,



200, and 300 ppm in Experiment II; and 0, 200, and 400 ppm

in Experiment III.

In Experiment I selenium supplementation increased

(P<.05) weight gains of grazing heifers. Linear regression

indicated that a higher level of selenium supplementation

might result in increased (P<.02) weight gains. Only the

highest level of supplementation (300 ppm) resulted in an

increase (P<.05) in weight gain in Experiment II.

Experiment III results indicated a increase (P<.01) in

weight gain from supplementation of selenium at both the

200 and 400 ppm levels on wheatgrass, but no added increase

above the 200 ppm level. There was no increase in weight

gain on tall fescue. Whole blood selenium levels closely

paralleled the level of selenium supplementation. No toxic

or detrimental effects were observed from selenium

supplementation at any level.

The results substantiate the concept that adequate

selenium supplementation depends on a number of factors,

including soil and plant levels, and forage type and

demonstrate problems inherent in using a single level to

cover variable conditions. In the Klamath situation, the

approved level of 20 ppm selenium in a salt-mineral mix

proved insufficient for maximum performance.
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AN APPRAISAL OF RISKS AND BENEFITS

IN THE PROVISION OF SELENIUM FOR BEEF CATTLE

INTRODUCTION

Possibly no nutrient element has generated as much

controversy historically in the food animal industry as

the trace mineral, selenium (Se). This metalloid, which

has both metallic and nonmetallic properties, was first

recognized biologically as a toxicant to livestock and

later was implicated as a carcinogen by research

conducted at the United States Food and Drug

Administration (FDA) laboratories in Washington D.C.

These involvements have influenced much of its later

development. Selenium is also recognized as an

essential nutrient because of its role as a constituent

of certain enzyme functions. It has been found to have

anticarcinogenic effects in some specific situations.

Additional implications of this essential mineral for

animal health are still being identified and becoming

more widely recognized. As controversial as selenium

may be, it is essential for optimum beef production.

Beef cattle production is the most important
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commodity in the agricultural economy of Oregon. In

1986, Oregon had 1,538,000 head of cattle and calves

which contributed over 289.6 million dollars to the

state's economy. This accounted for over 16% of

Oregon's total income from agriculture in 1986 (Miles

1987).

Beef cattle production has become a highly

competitive business. Misconceptions about nutritional

aspects of red meat have drastically affected the beef

business. Consumer demand for beef has decreased in

recent years and as a result so have retail and farm

gate beef prices. Consumers are selecting foods they

think are lower in fat and cholesterol content which are

thought to be more healthful. Beef has been overlooked

as a healthful food. These factors have contributed to

a decline in demand for red meats and beef in

particular. This has led to a failure of the prices

ranchers receive for cattle to keep pace with the double

digit inflation of the 1970's and early 1980's. For

beef production to remain a viable industry in Oregon,

any situation that impairs its operational efficiency

must be addressed. An important example is the
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incidence of mineral deficiencies in soils and

subsequently in forages, with subsequent effects on

performance of the animals themselves. Overcoming such

a deficiency situation will allow the rancher to

optimize production.

Oregon has extensive areas that are known to be

deficient in minerals essential to optimum livestock

production. Parts of Central Oregon including the

Klamath Basin have soils deficient in several trace

element nutrients. The muck soil that once was covered

by Lower Klamath Lake is a specific example of a soil

deficient in some nutrient elements, specifically

selenium, since it was subjected to downward leaching

for generations.

Selenium is unique among nutrients in the low

concentrations at which it exerts its physiological

function. Because of this, it is difficult to set

precise guidelines for the supplementation of selenium,

which is a toxicant at one end of the supply spectrum,

and an essential nutrient at the other, with a rather

narrow range of tolerance between. This difficulty is

aggravated by natural variations in the levels of

selenium that occur in forages. Additionally,

interactions between selenium and other substances in
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forage inhibit or enhance its activity, complicating the

establishment of precise guidelines.

Furthermore, the implication of selenium as a

possible carcinogen prompted legal considerations by the

FDA. This implication brought selenium under the

jurisdiction of the FDA through the Delaney Amendment to

the Pure Food and Drug Act. As a result the FDA has

established a fixed national legal limit of the level of

selenium supplementation allowed for beef cattle. This

limit does not take into consideration the variation of

naturally occurring levels of selenium in forages. This

policy has led to instances of selenium deficiencies in

beef cattle not being properly supplemented.

This thesis examines the risk and benefit for

selenium use and provides background data on relevant

considerations in the development of appropriate

tolerances and supplementation levels for beef cattle.

The experimental studies investigate interaction of

selenium with interfering factors in forages in the

Klamath Basin. Additionally, this study illustrates the

difficulties in applying a single fixed national level

of selenium supplementation that can be used in widely

different environmental areas.
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REVIEW OF LITERATURE

Selenium in Livestock Production

Essentiality

The effects of a selenium deficiency in livestock

were anticipated by Muth who reported a degenerative

myopathy of lambs in Oregon in the early 1930's

(Director 1930). Vawter, in 1947, observed a

spontaneous muscular dystrophy in nursing calves from 10

days to two months of age. Both of these diseases were

referred to as white muscle disease (WMD) which we now

know is caused by a lack of selenium (Muth et al. 1958).

Selenium is accepted as an essential nutrient for

beef cattle (NRC 1985). Selenium was first established

as an essential nutrient in animals by Schwarz and Foltz

(1957) in studies with laboratory rats. They

demonstrated that selenium would prevent liver necrosis

in rats fed diets deficient in selenium. Work in Oregon

by Muth et al.(1958) demonstrated that selenium

prevented WMD in lambs. Muth's work is generally

accepted as the first work establishing selenium as

essential for domestic livestock. As such, selenium
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must be present in the diet in the required quantity to

prevent the occurrence of deficiency symptoms. These

symptoms include decreased weight gain (Jolly, 1960) and

in more severe cases a myopathy characterized by a light

colored skeletal and heart muscle usually referred to as

WMD. Muth (1963) described WMD as a selenium-responsive

myopathy which commonly occurs in lambs and calves. The

signs of WMD vary with the degree of the degenerative

process. Mobility is affected when skeletal muscles are

severely involved. If the condition is severe enough to

prevent nursing, the young may die of starvation. In

cases where cardiac muscle damage is severe, death may

be sudden and without warning. In progressive cardiac

failure resulting from degenerative myocarditis, passive

congestion and edema of the lungs develop.

In acute cases involving skeletal muscles, edema

and hemorrhage of muscles are common (Muth 1970). The

grossly affected muscle is lighter in color. This may

vary in degree from a slight bleaching to a distinct

chalk white. These lesions frequently appear as

distinct striations in the skeletal muscles and as

variable defined areas of the myocardium. Cardiac

lesions usually occur as well defined subendocardial

plaque-like white enamel. Muscle lesions are present in

many affected animals that do not have visual clinical
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signs. Lesions may be present at birth, or be delayed

until the animal is a few weeks old. The disease can

affect older animals, including mature adults.

Selenium is capable of preventing a number of

metabolic "selenium responsive diseases" in various

species of animals. Oldfield et al. (1957) reported

that they were able to reproduce the naturally occuring

WMD symptoms and lesions in lambs from ewes which were

fed Ladino clover hay from a volcanic soil region in

Central Oregon which was known to produce a high

occurrence of WMD. Shortly thereafter, Muth et al.

(1958) demonstrated that selenium had a definite

pharmacodynamic effect on WMD when feed was grown in

known areas of WMD occurrence.

Given the dramatic changes in life processes

caused by selenium, study naturally led to questions

about how selenium was functioning metabolically in

animals. These were effectively answered in 1973, by

the demonstration by Wisconsin workers that selenium was

a part of the enzyme, glutathione peroxidase (GSH-Px)

(Rotruck et al., 1973). This enzyme functions by

reducing organic and inorganic hydroperoxides. Various

peroxidant compounds including hydrogen peroxide,

hydroperoxides, superoxide, and hydroxy radicals can
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occur in cells as a result of normal cellular functions

or from metabolism of toxic substances.

A good deal of research has been directed toward

establishment of use parameters for selenium. White

muscle disease was produced in controlled studies by

Oldfield et al. (1958) in calves of cows fed native

hay. The hay was grown in an area that had been

implicated in the occurrence of the disorder under

Oregon field conditions. Among numerous studies with

domestic animals, McLean et al. (1963) working in New

Zealand reported the characteristic syndrome of WMD in

ewes, which responded to selenium supplements. They

stated that the condition appeared to be the same

syndrome that occurs in lambs and hoggets. When they

dosed ewes with 5.0 mg selenium, the ewes gained

significantly more than non-dosed controls over a 28 day

period.

Hartley and Grant (1961), in a review of selenium

responsive diseases of livestock in New Zealand

indicated that WMD, both congenital and delayed in

cattle, could be attributed to selenium deficiency.

Oldfield et al. in 1963 produced WMD muscle disease in

lambs by feeding, prenatally and through lactation, hay

containing less than 0.02 part per million (ppm)
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selenium. They reported that whole blood levels of 0.11

or 0.12 ppm selenium in ewes and lambs prevented WMD.

Ewes supplemented with a single intramuscular dose or

orally, but less effectively, with sodium selenite in

the feed did not demonstrate WMD.

Toxicity

Research over the last three decades has strongly

emphasized the nutritional aspects of selenium. It is

important to keep in mind the toxic properties of

selenium.

A toxic effect similar to that later identified

with excess selenium in the diet of animals was

described as early as the 13th century by Marco Polo

(Komroff 1926). He documented that in Western China,

"Merchants cannot venture amongst the mountains with any

beasts of burden excepting those accustomed to the

country, on account of a poisonous plant growing there,

which, if eaten by them, has the effect of causing the

hooves of the animal to drop off. Those of the country,

however, take care to avoid it, being aware of its

dangerous quality."

Army Surgeon T.C. Madison (1866) reported much
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later a fatal disease that manifested itself among

dragoon horses in the Nebraska Territory in the 1860's.

Ten days after arrival at Ft. Randall, the disease

commenced simultaneously in animals of all four cavalry

companies. Horses died after weeks and months, with a

sort of catarrh, or distemper; running at the nose;

swelling of skin, throat and jaw; tenderness and

inflammation of the feet, followed by separation at the

point where the hoof joins the skin, the hoof detaching

itself, and loss of the long hair in manes and tails.

Every case of disease originated in one place, a dry

ravine. After supplementary forage was provided, no new

cases occurred. If the disease was caused by eating

poisonous herbs, specific plants could not be

identified.

Much later, selenium in grains was shown to be

toxic to rats by Franke (1934). He identified selenium

as the poisonous principle in certain range plants in

the Dakotas. Selenium toxicity is caused by consumption

of forages high in selenium levels. Gross lesions in

chronic selenium poisoning include erosion of the long

bone joints, atrophy and cirrhosis of the liver, atrophy

of the heart, anemia and ascites (Siegmund et al. 1973).

Selenium poisoning is described as two types:
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alkali disease and blind staggers (Ibid). Chronic

selenium poisoning, alkali disease, develops within a

few days to weeks when seleniferous grains or forages

are consumed by livestock. Signs common to alkali

disease are cracking of the hoofs, lameness, stiffness

of joints, dullness and lack of vitality, emaciation and

loss of hair. Blind staggers, acute selenium toxicity,

develops in livestock grazing on ranges where selenium

accumulator plants are growing. In cattle the condition

manifests in three stages: First the animal tends to

wander and may walk into things because of impaired

vision. In the second stage, wandering increases due to

further impaired vision and the front legs become weak.

Third, the throat and tongue become paralyzed, and death

follows from respiratory failure. Acute selenium

poisoning occurs as a result of consuming, at one time,

enough accumulator plants to cause severe intoxication.

Death occurs within a few hours.

There have been some attempts to quantify the

dose-response relationships for selenium. Schwarz

(1960) stated the minimum chronic toxic dose of

selenite-selenium is approximately 3 to 4 ppm of diet.

He stated that if this level is compared to the level of

0.1 ppm which protects against selenium deficiency, we

see that selenium is relatively not more toxic than many
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other dietary constituents. The ratio between the

nutritionally effective dose and the toxic dose is of

the order of 1:100 which compares favorably with the

therapeutic indices of amino acids, salts, and almost

all other important nutrients, however the extremely low

concentrations at which selenium is bioactive still

causes concerns. Schwarz (1961) also reported that

organic selenium is at least three times as potent as

inorganic selenium compounds and that elementary

selenium was inactive. He also established the ratio

between the daily, fully protective dose of

selenite-selenium fed in the diet and the minimum 100%

lethal dose when injected intraperitoneally at

approximately 1:3,000.

In a review of selenium toxicity, Muth and Binns

(1964) stated that in light of Schwarz and Foltz's

finding of selenium as an essential nutrient, selenium

loses some of its reputation for toxicity and properly

used can be looked upon as a valuable therapeutic

agent. However, selenium has continued to be troubled

by its negative, early image.

There have been several studies that address the

level of selenium necessary to produce toxicity. Hogue

(1970) in reviewing, reported that a toxic intake of
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selenium could occur from forage with as low as 5 ppm

selenium content. He considered that a level below 5

ppm could be considered safe and a level of 10 ppm of

selenium in forage could indicate potential toxic

difficulty in grazing or feeding that forage. His

review suggests that 0.1 ppm of total diet is adequate

under most conditions for growing animals. He stated

that earlier work suggests that 3-5 ppm selenium causes

growth depressions.

Supplementation

The response of selenium-deficient animals to

appropriate selenium supplementation was remarkable in

some cases. Working in New Zealand, Jolly (1960)

demonstrated that calves given an oral dose of 10

milligrams (mg) selenium at the initial date of a month

long trial and repeated again two weeks later, gained

52% more than non-treated controls. The heifer calves

used were seven to nine months old. At one month after

the initial dose, the selenium treated calves gained an

average of 41.1 pounds while the control calves averaged

27.1 pounds gain.

Hartley et al. (1960) recommended a 5 mg oral dose

of selenium be used to control WMD in sheep. He
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demonstrated that congenital WMD, barrenness in ewes

associated with WMD and some forms of unthriftiness in

lambs before and after weaning could be prevented with

administration of 5 mg selenium orally to ewes and rams,

and 1 mg to lambs at docking. Schubert et al. in 1961

were able to produce WMD in lambs and calves under

controlled conditions by feeding hay from areas known to

be deficient in selenium. Supplementation of the dams

with 0.1 ppm selenium, as sodium selenite mixed in the

feed, provided complete protection against WMD while

added vitamin E did not. Two experiments were conducted

by Perry et al. (1976) at Purdue University to study the

effect of selenium supplementation of grain-based diets

for beef cattle. In both trials combined, they fed

supplemental selenium at 0, 0.1, 0.2, or 0.4 ppm of diet

to finishing steers, in a diet which inherently

contained 0.08 ppm of selenium, which is near adequate.

In Experiment I the steers were fed the 0 and 0.1

selenium levels. In experiment II the steers were fed

selenium at 0.1, 0.2 or 0.4 ppm of diet. Experiment I

resulted in a significant increase in gain at the 0.1

level of supplementary selenium. Experiment II had no

beneficial effect from the same treatment on gain, while

supplemental levels of 0.2 and 0.4 ppm depressed rate of

gain significantly.
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One of the important factors in supplementing

selenium to livestock is identifying areas of

deficiency. It is difficult because of the multiple

factors involved with selenium availability, along with

interfering factors. Reynolds and Oldfield (1976)

stated that studies generally suggest that levels of

selenium in feed lower than 0.05 ppm relate to a

deficiency. Levels of selenium higher than 4.0 ppm will

produce toxicity, and levels between 0.05 and 4.0 ppm

are considered adequate (figure 1).

0.05 ppm Se< >4.00 ppm Se

DEFICIENCY ADEQUATE TOXICITY

Figure 1. Relationships of selenium levels in
feed (ppm) and animal health.

There has been interest in supplementing selenium

via adding selenium to the soil. Allaway et al. (1966)

reported that selenium added as sodium selenate to a low

selenium soil was taken up by alfalfa grown on that

soil. When the alfalfa hay was fed to selenium

deficient sheep, protection from white muscle disease

occurred. At the time of their studies, they did,

however, conclude that soil treatment was not a

satisfactory method of supplementing selenium. The
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difficulty and cost of obtaining the relatively large

amounts of selenium salts needed and the uncertainties

of variables like soil pH and mineral content, may make

this method impractical.

The effect of foliar application of selenium on

plant selenium content was studied by Sima and

Gissel-Nielsen (1985). They reported that foliar

application of selenium proved efficient in raising the

selenium content of plants from 0.01 ppm to 0.065 ppm by

spraying barley with 5.0 grams (g) selenium per

hectare. An application of 25.0 g selenium per hectare

produced levels of near 0.2 ppm selenium in the plant.

In reviewing annual topdressing of pastures with

selenium Watkinson (1983) noted this is an effective and

safe treatment for selenium deficiencies. In New

Zealand selenium supplementation is allowed via

topdressing at a rate of 10 g selenium per hectare.

Beef cattle can legally be supplemented orally in

the United States at a level of 20 ppm selenium in a

free choice salt mineral mixture. This level is allowed

by the FDA based on the requirements for selenium in

beef cattle as published by the National Academy of

Sciences, National Research Council (NRC, 1985).
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Interactions

Recommended levels of selenium supplementation vary

among researchers. There is an apparent need to vary

the level of supplementation according to the feed

available and the selenium content of the available

feed. The FDA has set one level of supplementation for

the nation. However, to complicate matters further

several pieces of research show that selenium metabolism

may be interfered with under natural conditions (Cartan

and Swingle, 1959). Whether or not a selenium

deficiency will be observed in the presence of high

levels of copper (200-1600ppm) and zinc (1000-4000 ppm)

will depend upon dietary levels of selenium, copper and

zinc as reported by Jensen (1975). He further stated

that it is probable that considerably lower levels of

copper and zinc than those observed in his study could

induce a selenium deficiency if dietary selenium was

below 0.1 ppm.

Further complicating the supplementation of selenium

is its close association with and possible interaction

with other minerals. Shrift (1961) stated that the

effects of selenium compounds are intertwined with

sulfur metabolism and that selenium and sulfur are
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interchangeable in some plants, and not all forms of

selenium need be toxic. Not only can a selenium analog

support some or all of a cell's functions if sulfur

needs are satisfied but, it is possible for an organism

to adapt and thrive in the presence of a selenium

compound that originally was inhibitory. Both selenium

and sulfur are in the Family VI of the periodic table

and possesses very similar physical and chemical

properties. Hartley and Grant (1961) suggested that

gypsum (Ca SO
4

) applied to pasture land might

contribute to WMD as sulfur inhibits selenium

utilization in plants and bacteria.

Indirect evidence suggests that sulfur antagonism

can influence biological availability of trace amounts

of selenium as reported by Schubert et al. (1961). They

had produced WMD in lambs and calves under controlled

conditions by feeding hay from areas known to be

deficient in selenium. The effect of sulfur on the

incidence of WMD was studied by Whanger et al. (1968).

They concluded the addition of various sulfur compounds

did not alter the incidence of WMD in their trials, but

sulfate increased the number of degenerative lesions of

the heart in lambs.

A further examination of the level of dietary
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sulphur on selenium absorption and retention in

ruminants was done by Pope et al. (1978). They fed

levels of 0.11, 0.17 and 0.24% total sulphur in the diet

to wethers, which were supplemented with selenium at

0.25 ppm. Fecal excretion and urinary excretion of

selenium increased with increased sulphur levels.

Levels of selenium in blood decreased with increased

sulphur level. They concluded that sulphur affects

apparent selenium excretion and suggest that the

metabolism of these two elements is intimately related.

Further work by Paulson et al. (1966) demonstrated that

a 0.5% level of sulfate in the total diet had no effect

on the fate of selenium in lactating ewes. They

administered a single dose containing 38.6 micrograms

(mcg) of selenium.

Selenium has been shown to have an interrelationship

with vitamin E. Of the several such factors which

interact with selenium, vitamin E appears to be the most

complementary. Certain deficiency diseases that respond

to selenium will also respond to vitamin E. This caused

some initial confusion in the role of selenium in animal

nutrition. Blaxter (1953) reported that WMD in calves

had been extant for a period of at least 50 years. His

early work attributed the condition to a deficiency of

vitamin E.
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A detailed account of WMD in lambs and hoggets was

given by Hartley and Dodd (1957). They reported a

congenital form of the disease in lambs and compared the

disease to that reported in other countries. They

stated vitamin E may be involved in the etiology of the

disease. Allen et al. (1975) observed WMD of calves in

England following turnout at 13 and 20 months of age.

The diet fed was deficient in vitamin E and selenium.

Other predisposing factors were unaccustomed exercise

following winter housing and the onset of inclement

weather after turnout.

Nelson et al. (1964) gave cows three monthly

preparturition treatments of alpha-tocopherol, sodium

selenite and those two treatments in combination, along

with a control group. They used an injectable

selenium-vitamin E solution which was given at 1

milligram (ml) /60 kg body weight. The solution

contained 3 mg of selenium and 136 international units

(IU) tocopherol per ml. Only the combination treatment

reduced the incidence of WMD. It was demonstrated by

Hidiroglou et al. (1967), that calves which were treated

at birth or born from dams treated in late gestation

with selenium-vitamin E had greatly reduced incidence of

WMD.
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Studies which had begun at Oregon State University

as early as 1937 were summarized by Muth et al. (1967),

on a natural myopathy (white muscle disease) in calves

and lambs that did not respond satisfactorily to vitamin

E supplementation. McCoy and Weswig (1967) demonstrated

that selenium, supplemented at 0.1 ppm to a basal diet

containing 0.02 ppm selenium and adequate vitamin E

restored hair growth and reproductive capabilities to

rats. The subject animals were offspring of rats fed a

low selenium ration with adequate vitamin E which had

normal growth and reproduction. The offspring were

almost hairless, grew slower, and failed to reproduce.

Supplementation with methionine, sodium sulfate or

increased dosage of vitamin E was without effect. This

work was the first that established selenium as

preventing WMD independent of vitamin E.

In a review of selenium-vitamin E responsive

problems in livestock Jenkins and Hidiroglou (1972),

summarized that 26 ppm selenium was an effective level

in salt mixes fed free-choice for prevention of WMD.

They estimated that selenium supplementation to meat, or

milk producing livestock would have a negligible

influence on the average daily intake of selenium by the

general public. They further noted that the amount of

selenium that would be recycled through the animal



22

excreta, soil, plant, human food chain was exceedingly

small. Jenkins et al. (1974) demonstrated that WMD was

prevented in suckling beef calves and lambs by the

inclusion of selenium at 14.8 ppm and vitamin E at 2,700

iu/kg in the mineral supplement of their selenium

deficient dams. Three to four months after withdrawal

of selenium supplementation, selenium levels in the cow

and ewe milk, kidney, liver, muscle, and blood of the

calves, ewes, and lambs were comparable to published

levels for selenium deficient animals. They identified

a normal range for selenium in whole blood of between

0.032 and 0.151 ppm for beef cattle.

Schwarz (1960), in reviewing the literature on

selenium and vitamin E, stated that selenium does not

replace vitamin E nor does it substitute for it but will

reduce the requirement. It appears that selenium and

vitamin E both protect the animal body against oxidative

damage. They do so in different ways. Selenium breaks

down peroxides before they damage essential nutrients or

tissues. Vitamin E, as an antioxidant prevents

peroxides or other free radicals from forming.

This relationship was summarized in a review by

Sunde and Hoekstra (1980). They stated that

lipid-soluble vitamin E scavenges free radicals in
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membranes while GSH-Px reacts with the peroxides in the

cytosol and superoxide dismutase in the mitochondrial

matrix space and catalase destroys hydrogen peroxide in

the peroxisomes.



24

Selenium Deficiencies

With the recognition of selenium as an essential

nutrient several studies were initiated to identify

levels of selenium which occur naturally in forages. A

survey of the implications for selenium in livestock

production, was made by Wolf et al. (1963). They noted

that selenium deficiency is widespread throughout the

world, with the most notable deficiencies being in the

United States, Canada, China, Australia, New Zealand,

England, Scotland, and Finland. The regional

distribution of selenium concentration in crops in the

United States was subsequently mapped by Kubota et al.

(1967) which added significantly to the knowledge of

selenium (Figure 2). In the Pacific Northwest, the

northeastern and southeastern seaboard states, there are

extensive areas where crops are generally low in

selenium. The west-central United States has selenium

contents in the protective but non-toxic range while

some of the north-central states are clearly

seleniferous to the point of toxicity. In the

Northwest, over 80% of the crops sampled contained less

that 0.05 ppm selenium, which is marginally deficient

for animal use.

In reviewing selenium responsive disease of sheep
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Muth (1970) reported that selenium deficiency occurs

naturally in approximately one half of the United States

where feeds contain less than 0.05 ppm selenium.

Most grains and forages lose or very be in selenium

1111 Venable levels of soisolum--40w and adequate

Most grams and forages adequate to high in selenium

Local spots where some plants have excess selenium

Figure 2. Regional distribution of forages
and grain containing low, variable, or adequate
levels of selenium in the United States.
(Kubota et al.,1967)

Oregon was included in a study by Carter et al.

(1968) who analyzed forage and hay samples from

different sections of the Pacific Northwest. Their work

indicated that the western half of Oregon and Washington

and part of Northern California constitutes a "very
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low" selenium area. They define "very low" as areas

where forage and grain sampled contained less than 0.10

ppm selenium in more than 95% of the samples, and less

than 0.05 ppm selenium in more than 80% of the samples.

The influence of selenium on incidence of WMD in

beef cattle was studied by Hidiroglou et al. (1965).

They found that where WMD is severe the selenium content

of forages was less that 0.1 ppm. Severe WMD occurred

in calves of dams fed hay which had 0.06 ppm selenium.
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Regulation of Selenium Supplementation

Selenium has been historically misinterpreted as a

drug instead of as an essential nutrient by the United

States Food and Drug Administration (FDA). Consequently

the use of selenium as a nutrient supplement has been

regulated by FDA. This regulation has complicated the

proper supplementation of selenium to beef cattle.

Selenium is highly toxic and as such needs to be

carefully regulated, however such regulation should not

preclude its legitimate use as a nutrient supplement.

Regulation of food additives in the United States

is under the control of the FDA. Durbin (1967) stated

that regulation of food and drug industries was

stimulated by public response to disclosures of

irresponsible and unregulated practices of the

manufacturers of foods, drugs and cosmetics. The Pure

Food and Drug Act of 1906 was therefore the result of

public demand to regulate the manufacture of these

products. This act was rewritten in 1938 with

definitions of what constitutes a food, drug and new

drug included in the act. The Food Additive Amendment of

1958 finally gave the FDA responsibility and authority

for the control of chemicals added, either directly or

indirectly, to the food supply. This amendment requires
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the manufacturer to submit sufficient data, in the form

of a petition, for FDA scientists to conclude the

additive is safe.

A provision of this 1958 amendment introduced by

Congressman Delaney, of New York, and commonly known as

the Delaney Clause specifically addresses suspected

cancer causing agents. This portion of the clause is:

"...no additive shall be deemed to be safe if it
is found to induce cancer when ingested by man or
animal, or if it is found, after tests which are
appropriate for the evaluation of the safety of
food additives to induce cancer in man or
animal..."

Further regulation of food additives is outlined

in the 1962 Drug Amendments to the Federal Food, Drug

and Cosmetic Act. It requires that chemicals, which pose

a carcinogenic risk, when used in food-producing animals

should neither adversely affect the animals nor result

in a detectable residue in products used for human

food. Instrumentation has improved to a vastly higher

level of sensitivity since this amendment was passed.

Levels of a residue that were undetectable in 1962 are

now commonly reported.

Studies conducted by the FDA's Division of



29

Pharmacology in 1943 (Nelson et al.) initially

implicated selenium as a carcinogen. On the basis of

this study selenium has been regulated by the FDA as a

drug rather than an essential nutrient.

The FDA's concern with the regulation of selenium,

as with other substances added to feed or food items is

two fold. Evidence must be presented which proves (1)

efficacy and (2) safety of the product. Regulation of

selenium is further complicated because it is a

suspected carcinogen, and secondly, FDA is concerned

with the residue level in beef from cattle supplemented

with selenium. Even if selenium were not interpreted as

a carcinogenic substance it would still fall under the

administration of the FDA.

These concerns for selenium, as for other animal

feed additives, are under the administration of the

FDA's Bureau of Veterinary Medicine (BVM). The official

position of the BVM relative to regulation of nutrients

in animal feeds is outlined in the BVM policy and

procedures manual published in 1976. The term "animal

feed" has been interpreted by the FDA to include

essential nutrients for animals. Ullrey (1980) drew

attention to the complexity of the regulation of

selenium by FDA, when he wrote: "While many of the BVM
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regulations appear reasonable in intent, they are

couched in terms that allow arbitrary application. For

example, one section reads:

'Vitamins and minerals may be present in
premixes intended for use in non-medicated
animal feed, and in animal feed itself
provided...there is an established need for
each nutrient in the target animal; that it is
present at levels consistent with recognized
nutritional needs in stable and biologically
available form; that recognized safe levels are
not exceeded unless otherwise cleared; and that
the feed is not otherwise adulterated or
misbranded.'"

Selenium, when considered as an essential

nutrient, encounters some additional difficulties from

this portion of the FDA regulations. The "established

need" for each nutrient is generally based on the

requirements of the target animal as defined by the

NRC. Generally, the quantitative nutrient requirements

are not defined by NRC unless published scientific data

are adequate.

The BVM staff has the option of concluding that,

in the absence of quantitative nutrient requirements set

by NRC, there is no established need, despite clear

scientific evidence that a quantitative requirement

exists. Unfortunately in certain areas where forage is

deficient in selenium, the FDA has not provided
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sufficient guidelines for the supplementation of

selenium to beef cattle. Instead, the FDA has

arbitrarily determined a supplementation level of 20 ppm

in a salt mineral mixture as adequate for

supplementating deficient forage. This level is based

on published data from the NRC which indicate a level of

0.10 ppm selenium in the total diet as adequate for beef

cattle. There is evidence that supplementation above

the 20 ppm level in a salt-mineral mixture is required

to meet animal nutritional requirements in some areas.

This suggests the presence of factors in feedstuffs

which inhibit the normal metabolic activity of selenium,

and complicates the calculation of supplementary

increments. This dilemma involves the several

activities of selenium, which may be progressively an

essential nutrient, a suspected carcinogen, and

potentially toxic, in increasing quantities.

The first concern of the FDA is with respect to

selenium as a suspected carcinogen. Studies conducted

by Nelson et al.(1943) for the FDA have several

complicating factors, which may be identified from

published reports. The studies were originally intended

to determine the lower limit of selenium necessary to

produce chronic toxicity and was not designed to examine

selenium as a carcinogen. The study did not include a
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statistical analysis of the data. Levels of 0, 5, 7, or

10 ppm selenium in the total diet were fed to seven

groups of 13 rats each. We now recognize that all the

supplementary levels chosen are chronically toxic. The

basal diet was corn or wheat, both of which were fed at

a 12 percent protein level, which is considered low for

rats (NRC 1978). The source of selenium used in the

feed was either seleniferous corn or wheat, or ammonium

potassium selenite (Selocide), a systemic insecticide,

which is not commonly used as a supplemental source of

dietary selenium. Rats were fed from weaning for a

period of 18 to 24 months which brought them to an age

at which tumors occur spontaneously. Rats that died or

were killed on all treatments up to 18 months had no

advanced adenomatoid hyperplasia or tumors of the

liver. Of the 53 selenium treated rats that lived 18 to

24 months, 43 developed cirrhosis and 11 had liver cell

adenoma or low grade carcinoma without metastasis in

cirrhotic livers. The deficient protein level of the

diet also led to some liver damage even in the control

rats. No tumors appeared in the 18 to 24 month old rats

that had no cirrhosis. A second paper in this study

noted that none of the cirrhotic tumors metastasized

(Fitzhugh et al. 1944), suggesting that "cancer" per se

had not occurred. Cirrhosis is one of the most frequent

signs of chronic selenium toxicity, but has not been
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associated with cancer in livestock. Whether these

factors influenced the results of work by Nelson et al.

(1943) as compared to later work by others is

conjectural. Nelson et al. (ibid) concluded that:

"In view of the relative large percentage showing
tumors at 24 months (20% controls and 42%
treated), there may be indicated the reaching of a
"tumor age" or added susceptibility to certain
carcinogenic influences at some time between 18
and 24 months of age for our colony of rats. This
is very similar to the age condition necessary for
the occurrence of spontaneous pulmonary
lymphosarcoma in our rats."

A second alternative explanation was then offered

by Nelson, "Another possibility is that age as such is

not a factor and that this length of time is required

for selenium to produce its carcinogenic effect." It

was on the basis of this second interperation that

selenium was ruled to be a carcinogen by the FDA.

Because of this ruling, selenium has been regulated as a

feed additive by the FDA rather than an essential

nutrient despite numerous studies (Harr et al. 1972,

Weswig 1966) that indicate selenium is not a carcinogen.

A quarter-century after the work of Nelson et al.

(1943), Shamberger and Frost (1969) began a dramatic

"about face" in selenium study by suggesting that,

rather than inducing cancer, selenium is associated with
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a reduced human cancer death rate. They came to this

conclusion on the basis of evidence that in Canadian

provinces which have high selenium forage levels, when

compared to areas of low forage levels, there are lower

cancer death rates than in provinces where forage

selenium levels are lower.

Efforts were made to allow addition of selenium

to diets that were deficient in it. The Commissioner of

the US Food and Drug Administration (FDA, 1973), in

reviewing a petition from the American Feed

Manufacturers' Association to feed selenium to turkeys,

swine and chickens, concluded: (1) The available

information did not support classification of selenium

or its compounds as having carcinogenic activity. (2)

The use of selenium as set forth in proposed FDA

regulations constituted no carcinogenic risk.

In approving the administration of selenium to

feeds for chickens, turkeys and swine as provided for by

FDA (1974) regulations, the Commissioner of the FDA

concluded that selenium would not constitute a

carcinogenic risk to human consumers of animal products

supplemented with selenium.

The scientific assessment of the carcinogenic risk
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of selenium is still unclear. The National Research

Council (1983), in an extensive review of the biological

properties of selenium stated that it is not possible to

generalize about the carcinogenicity of different

selenium compounds. However, a comparison of public

health statistics from various parts of the United

States reveals that, if anything, the cancer death rate

is lower in those areas of the country in which

consumption of locally produced foods could result in an

increased dietary selenium intake. Underwood in 1977,

in an extensive review of the nutritional status of

selenium stated, "It is now evident that selenium, far

from being the carcinogenic agent that some early

experiments had appeared to suggest, can actually be a

cancer-protecting agent". Further support for selenium

as an anticancer agent is given by Oldfield (1974) and

Whanger (1983). In a review of selenium Oldfield (1974)

stated that definitive evidence does not justify

labeling selenium as a carcinogen, at pysiological or

nutritional levels. On the other side of the coin, that

of anticarcinogenicity, it is more difficult to evaluate

unequivocally. There is evidence that selenium will

prevent neoplasms in certain specified carcinogenic

systems, but it is not prudent to generalize from such

data. Wanger (1983) wrote that although selenium was

once considered to be a toxic, undesirable and



36

carcinogenic element, it is now recognized as an

essential element with anticarcinogenic properties.

An extensive bioassay study of selenium was

conducted for the National Institutes of Health by

Weswig (1966) and others, which was intended to

reevaluate the question of whether or not selenium was a

carcinogen. Weswig expanded the earlier study by Nelson

et. al.(1943) by increasing the total number of rats

included from 91 to 1,437 and the duration of the

feeding study from 24 to 43 months. Weswig reported

that none of the 63 neoplasms observed in his groups of

rats could be attributed to the addition of selenium.

He reported that the neoplasms found in the rats were

associated with three hepatic syndromes: (1) acute

toxic hepatitis associated with osteodystrophy, icterus,

and fluid imbalance; (2) chronic toxic hepatitis

associated with chronic, passive congestion,

reticalosis, myocarditis, productive pancreatic duct

hyperplasia, hepatocyte hyperplasia and hepatic

necrosis; and (3) hepatic hyperplasia associated with

abnormal hepatic foci. Additional work at Oregon State

University by Harr et al.(1972) further dispels the

concept of selenium as a carcinogen. Their work

demonstrated that selenium was not linked to occurrence

of neoplasms in another extensive animal study involving
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1,035 rats. In their study, selenium-depleted rats were

fed adequate vitamin E; supplementary selenite at 2.50,

0.50, 0.10, and 0.0 ppm added to the diet; and

N-2-fluorenyl-acetamide (FAA), a known chemical

carcinogen for rats. Neoplasms developed more slowly in

the groups fed 2.50 and 0.50 ppm added selenium than in

those given 0.0 and 0.10 ppm selenium additions.

In a review of selenium's bioactivity, Frost

(1971) who has been a vigorous and persistent

investigator, stated that evidence seems overwhelming to

justify safe uses of selenium as a feed additive.

However, the problems faced by those charged with public

health protection are difficult politically and

operatively. Particularly for selenium, prejudices and

misinterpretations continue. Despite the conclusiveness

of the findings of studies which indicate selenium is

not carcinogenic, the FDA still considers selenium a

suspected carcinogen.

The second concern of FDA in regulating selenium

is that chemicals used in animal feeds should be safe in

their long-term effects on human consumers of animal

products, and, with specific reference to the Delaney

clause, if suspected as carcinogens, they should not

result in detectable residues in products used for human
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food. Considerable work has been done to demonstrate

that selenium supplementation does not result in a

detectable residue in products used for human food

higher than levels experienced in normal feeding

regimes. Kincaid et al. (1977), supplemented calves

with oral selenium at 0, 0.1, and 1.0 ppm in a practical

diet adequate in selenium which contained 0.3 ppm

natural selenium. They reported that the selenium

contents were not elevated in any animal tissue sampled,

with 0.1 ppm supplemental selenium. Feeding 1.0 ppm

selenium elevated selenium levels in liver, heart, and

blood but did not significantly increase the selenium

levels in kidney, muscle, and pancreas. They further

reported that calf weight gains were not affected by

dietary selenium supplementation when the basal diet was

already adequate, at 0.3 ppm or higher. These results

suggest that the animal body has an effective means of

ridding itself of moderate levels of excess selenium.

The effect of supplementing organic and inorganic

selenium to beef cows on the selenium content of tissues

in suckling calves was studied by Fontenot et al. (1977)

in Virginia. They found that similar selenium tissue

levels were present in the group supplemented with

sodium selenite and in a group similarly supplemented

with selenium from natural sources. They supplemented
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cows with mineral mixtures sufficient to supply 0.1 or

0.2 ppm selenium in the total diet, based on an

estimated consumption, using linseed meal as a natural

selenium source and sodium selenite as the inorganic

source. The selenium tissue levels in calves from the

sodium selenite supplemented cows were similar to levels

in the calves from cows fed the supplement from natural

selenium. No toxic effects were observed from the

supplementation with sodium selenite.

Levels of 0, I, 2, and 5 mg of supplementary

selenium per head, per day, were fed to 12 pregnant beef

cows by Perry et al. (1978) in Indiana. The cows were

supplemented at the various treatment levels in a liquid

lick supplement fed ad libitum for 90 days prepartum,

while simultaneously consuming hay containing 0.069 ppm

selenium. The liquid supplement contained a basal level

of 0.152 mg selenium per kg and was consumed at 1.55,

1.76, 1.77, and 1.72 kg per cow daily for the four

treatment groups. Calves from cows fed 5 mg selenium

had significantly higher blood selenium levels than

other treatments (0.1, 0.2 mg) which were, in turn,

significantly higher than the controls. Further work by

Ullrey et al. (1977) with selenium supplements in salt

for sheep demonstrated that salt-selenium supplements

restored blood selenium levels in sheep on a



40

low-selenium diet. Trace mineralized salt supplemented

with 0, 30, 65, or 170 ppm selenium was offered ad

libitum to ewes and lambs on low selenium or adequate

selenium diets. Tissue selenium levels were increased

in supplemented lambs on a low-selenium diet but even at

the 170 ppm level they did not produce selenium

accretion above that of the high selenium diets which

were naturally adequate in selenium. It thus appears

safe to use considerably varied levels of selenium

supplementation, which is reassuring evidence against

potential toxicity, and higher than normal selenium

tissue levels.

It is of interest that selenium from various

sources has been used to supplement livestock without

adverse results. Hogue et al. (1980) demonstrated that

sheep fed soft coal fly ash containing 5.5 ppm selenium,

10% by weight, in a ration for 135 days, had selenium

levels significantly increased in blood and tissues of

the animals. They reported no adverse clinical signs or

lesions in the animals.

The residual level of selenium in tissues while

increasing with supplemented selenium is seldom higher

than levels which occur naturally. This may be

partially because selenium appears to be readily
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excreted by animals. Early work with supplementation of

selenium focused on the method of excretion from the

animal system. Butler and Peterson (1961) confirmed

that the major route of excretion of selenium in

ruminants is via the feces. Most of the supplemented

selenium excreted was in forms insoluble in water or

solvents. The insoluble fraction appeared to be

approximately half inorganic and half protein bound.

Further work by Cousins and Cairney (1961) showed that

Decal excretion of selenium was high, even on relatively

low levels of intake. They suggested that reduction of

dietary selenium to a non-available form occurs in the

rumen by bacterial action. The kidney showed the

highest selenium levels and was the most widely

influenced of the organs studied.

While studying the fate of selenium from either

supplementary selenite or seleno-methionine, Ehlig et

al. (1967) found that in either case 35 to 40% of the

selenium was excreted in feces. They supplemented lambs

orally with 1.0 ppm selenium of total feed daily for 10

days. The lambs on the sodium selenite treatments

excreted 29 to 34% of the daily doses of selenium in

urine, whereas lambs on seleno-methionine treatments

excreted only 23% in urine, suggesting that the organic

form may be preferable as a supplement. Ingested

selenium, fed
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as sodium selenite or seleno-methionine was incorporated

into protein in kidney and liver tissue. Thus selenite

was reduced to selenide although the question as to

whether reduction occurred in the host animal tissue or

was due to microorganisms was not specifically answered

at the time. Further work by Whanger et al. (1968)

provided further understanding of this question. They

reported that chromatography of extracts from pronase-

treated bacterial protein revealed that selenium was

incorporated mostly as selenocystine when microbes were

incubated with selenite and as selenocystine and

selenomethionine when incubated with selenomethionine.

The organic form was utilized to a greater extent than

was the inorganic form, which again suggests that the

organic form may be a preferred form of supplement.

Hidiroglou et al. (1968), demonstrated in both

in-vitro and in-vivo experiments, that rumen bacteria

were capable of metabolizing inorganic selenium and

incorporating the element into rumen microbial protein.

The fixation of selenium by bacteria in-vitro was

inversely proportional to the previous dietary intake of

selenium by the host sheep. Martin and Gerlach (1972)

reported data from a study which suggested that the

metabolic fates of methionine and selenomethionine are

similar. Chicks and mice were injected with radiotracer
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methionine or selnomethionine at 20 micrograms/100 g

body weight. Liver homogenates were analysed which

indicated that metabolites such as selenocystathionine,

selenoglutathione, selenotaurine and selenocysteine are

formed from selenomethionine.

In one of the earlier reports on absorption of

selenium, Wright (1967) reported that mechanisms are

present which allow increased intestinal absorption and

tissue retention of selenium when the dietary intake is

low. The lowest urinary excretion of selenium in his

studies was observed when deficient sheep were given

tracer doses containing less than the estimated daily

selenium requirement. The selenium excretion pattern

shifted towards that of supplemented animals when larger

doses were given.
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Sources of Selenium

Soil

During the long process of weathering seleniferous

rock to form soil, a large part of the selenium is

oxidized to the selenite form. Selenite is leached from

the surface to the subsurface soils or removed by runoff

waters and re-deposited at lower elevations where it may

finally leach from the surface and be deposited in the

subsoil (Olson et al. 1942). Lakin (1961) summarized

this process by observing that selenium in soils may be

derived (1) from parent material weathered from

underlying rock; (2) from wind or water-deposited

seleniferous materials; (3) from ground or surface water

by precipitation; (4) from volcanic emanations brought

down by rain; and (5) from residual wastes from mining

operations. Lakin and Davidson (1967) later reported

that selenium, like sulfur, tends to be lost as a gas

during the formation of igneous rock and as a result

occurs in relatively lower amounts in soils formed from

this parent material. Soils may derive their Se from

content of parent rocks, from fertilizer, from

industrial waste (coal dust), from irrigation water, and

from contemporaneous volcanism.
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In alkaline soils selenium is oxidized to selenate

and is again subject to leaching. In acid regions salts

of selenium may accumulate. Harvesting crops from these

soils tends to deplete selenium in slightly acid soils

where selenium is largely held in organic substances.

Lakin (1972) wrote further that he would expect the

selenite ion to be favored in an alkaline environment

and this is where it has been generally found, in

alkaline soils, in semiarid regions.

Areas of volcanic soil such as Central Oregon,

usually have selenium present in very small amounts and

the supply problem is complicated by the fact that

selenium is in unusable combinations with other

materials. Hodder and Watkinson (1976), working in New

Zealand, surmised that the binding of selenium in

rhyolitic glass is unlikely to be the sole cause of

selenium deficiency in animals living on forage from

soils developed from volcanic ash deposits, but

contributes to the poor supply situation of selenium.

Selenium deficiency in animals appears to be generally

linked to an inherent low level of selenium in some

parent material, however the increase in soil selenium

as formed by mineral weathering suggests that some

deficiencies can be associated with the weakly-weathered

nature of these soils, and consequent low
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bioavailability of the selenium present.

In reviewing the status of selenium in soils and

plants, Johnson (1975) wrote that while soils derive

their selenium from parent rock material, there are

factors other than the amount of selenium per se in

soils and plants that determine selenium's availability

to plants. The availability of soil selenium to plants

depends upon a number of factors including rainfall,

drainage, aeration, and pH content of soil. No plant

requirement for selenium has been established although

some lower plant forms, such as microorganisms have been

shown to need selenium.

Plants

The selenium status of vegetation may be

classified as: (1) excessive or toxic (>5 ppm); (2)

adequate (>0.10 ppm); and (3) low or inadequate (<0.05

ppm) as sources of supply for grazing animals. Selenium

content of vegetation depends upon plant species, the

availability of the soil selenium to plants, composition

and amount of fertilizer applied and cultural practices

followed. Johnson et al. (1979) reported that in

general, forages with less than 0.03 to 0.04 ppm

selenium, cause selenium-responsive diseases in grazing

cattle.
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The differences in the ability of various plants

to absorb selenium have been recognized for some time

(Beeson, 1961). Grasses and most cultivated forages

absorb little selenium, common cereals and such plants

as blue aster and sunflowers absorb moderate amounts.

Those that absorb selenium readily are certain strains

of Astragalus (timber milkvetch), Stanleya (prince's

plume), Haplopappus (goldenweed), and Machaeranthera

(Xylorrhiza of some authors, Parry aster). Wolf et al.

(1963), wrote that legumes generally contain lower

levels of selenium when compared to grass species grown

on the same soil.

A graphic summary of selenium cycling in nature is

provided by Olson (1967) in the published proceedings,

Symposium: Selenium in Biomedicine. He summarizes that

where there is a continous cycling of selenium between

soils, plants and animals, exposed seleniferous

sedimentary rocks continuously feed new selenium into

the cycle, while water and the atmosphere remove some of

it to ultimate deposition in the seas. A reproduction

of Olson's cycling of selenium in shown on the following

page (figure 3).
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1967).
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RESEARCH

Introduction

There is some variation in the level of selenium

recommended for supplementation of feed for beef cattle

(Jolly, 1960; Schubert et al., 1961; Perry et al.,

1976). The work conducted herein was intended to

establish that there are requirements for varying levels

of selenium supplementation which preclude the

establishment of a single, universally-applicable

recommendation. This work is intended to further

establish that appropriate levels of supplementary

selenium are influenced by soil type and the available

forage, and that the forage species is an important

variable when determining the selenium status of beef

cattle. Previous work (Beeson, 1961; Johnson et al.,

1979; Wolf et al., 1963) indicates that differences in

selenium uptake exist among forages. Basically, a

relationship between selenium status of livestock and

blood levels of selenium has been established (Oldfield

et al., 1963; Ullrey et al., 1977, 1978; Kincaid et al.,

1977).

All experiments were conducted in an environment
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known to be selenium deficient. The experiments were

conducted at the Lower Klamath Lake Pasture Experimental

Plots of the Oregon State University, Klamath

Agricultural Experiment Station. The plots are located

20 kilometers south of Klamath Falls, Oregon. Elevation

at the site is 1,250 meters. Growing season is from May

to October, with frost possible in the latter part of

June and again in late August. The selenium content of

forages from the pastures had historically been less

than 0.01 ppm prior to the initiation of the selenium

supplement trials.

Materials and Methods

Three separate experiments were conducted, in each

of which growing yearling heifers, predominantly

Herefords, approximately 15 months of age were

utilized. The heifers were grazed on irrigated pasture

plots, in which the pasture forage was composed of tall

fescue (Festuca arundinaeca) and Klamath wheatgrass

(Agropyron repens) in separate pasture plots (figure

4). Each plot was 0.61 hectare, and the heifers were

grazed in a rotational pattern to provide an equivalent

forage base for all treatment groups. In Experiment I

and II, the heifers were rotated between the two

grasses. In Experiment III the heifers were grazed by
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forage type in order to measure the response to forage

species, and were grazed for a longer period of time.

Average total weight gain (weight gain), and

calculated average daily gain (ADG) were used to measure

performance. The data were analyzed by analysis of

variance of a completely randomized design (Steel and

Torrie, 1960).

The selenium was administered in a salt-mineral

mixture that contained the following active ingredients

on a percentage basis: salt, 5; phosphorus, 14;

calcium, 7; copper, 0.5; zinc, 0.348; iron, 0.24;

manganese, 0.08; magnesium, 0.014; iodine, 0.005. The

balance of the mixture and carrier, 72.13 percent, was

composed of corn, cane molasses, cottonseed meal, and

mineral oil. The mix was formulated to supply the

required treatment level when consumed at 60 grams per

head, per day. At this level the cattle would receive a

complete mineral supplement based on NRC requirements,

and previous mineral supplement work conducted at this

site (Stoszek et al., 1979). The mineral mixture was

offered to the treatment groups on a free-choice basis.

The consumption level was regulated by varying the salt

and carrier portions of the mixture when necessary to

obtain the correct treatment levels.
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The heifers were grazed on the pastures for 123,

124, and 171 days for Experiment I, Experiment II, and

Experiment III, respectively. The grazing period was

from June through early October in Experiment I, May

through September for Experiment II, and May through

October in Experiment III. Individual weights were

taken monthly on an Ag-tronic, Inc. (model 800, 1000 kg

capacity) single animal scale.

Experiment I. This experiment was designed to

test the hypothesis that increased levels of selenium

supplementation above those currently allowed would

result in improved weight gains in heifers. Forty

heifers were assigned randomly to four treatment groups

of 10 animals each. The treatment variable was

selenium, which was supplied as sodium selenite mixed

with the salt-mineral mixture and offered on a free

choice basis. Group 1 received no added selenium; group

2 received 25 ppm selenium; group 3 received 50 ppm

selenium; and group 4 received 100 ppm selenium. The

heifers were allowed to graze for 123 days on the

irrigated pasture plots (June 7 to October 4). The

rotation grazing system of the forages for the treatment

groups was: group 1, fescue, wheatgrass, wheatgrass,

fescue, fescue; groups 2 and 3, fescue, fescue,

wheatgrass, fescue, wheatgrass; and group 4, fescue,
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fescue, wheatgrass, fescue, fescue. The days on each

rotation period were 28, 31, 32, 18 and 14 respectively

for each grazing period. Growth performance was

measured by weight gain and calculated ADG.

Experiment II. This experiment was designed to

further investigate the Ho: posed in Experiment I. Six

levels of selenium were fed to 60 head of heifers,

randomly assigned to six treatment groups of 10 head

each. Group 1 received no supplementary selenium; group

2 received 25 ppm selenium; group 3 received 50 ppm;

group 4 received 100 ppm selenium; group 5 received 200

ppm selenium; and group 6 received 300 ppm selenium, all

offered to the treatment groups on a free choice basis.

The heifers grazed for 124 days from May 16 to September

19. The rotational grazing system of the forages for

the treatment groups was: groups 1, 2, and 6, fescue,

fescue, wheatgrass, fescue, wheatgrass; groups 3 and 4,

fescue, fescue, wheatgrass, fescue, fescue; group 5,

fescue, wheatgrass, wheatgrass, fescue, fescue. The

days on each rotation period were: 28, 31, 30, 15, 10,

and 10 respectively for each grazing period. Growth

performance was measured by weight gain and calculated

ADG. The physical layout of the grazing system for

Experiments I and II is listed in table 1.
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TABLE 1. PASTURE GRAZING SYSTEM AND DAYS GRAZED
BY FORAGE SPECIES, EXPERIMENTS I AND II

Treatment
Group Days in Rotation

Grass Species
Fescue 1F) Wheatgrass (W)

Experiment I
28 31 32 18 14

1 F W W F F

2, 3 F F W F W

4 F F W F F

Experiment II
28 31 30 15 10

1, 2, 6 F F F W F

3, 4 F F W F F

5 F W W F F

Experiment III. This experiment was intended to

test the Ho: that animal responses to selenium

supplementation vary with the forage species consumed.

Three treatment levels of selenium were fed to 90 head

of growing heifers, randomly assigned to three

treatments, involving six groups, which were replicated

on the two pasture forage types: tall fescue and Klamath

wheatgrass. Ten heifers were assigned to each treatment

replication which grazed tall fescue (60 head), while

five heifers were assigned to each treatment replication

which grazed wheatgrass (30 head). Treatment 1 received

no selenium added to the salt-mineral mixture; treatment
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2 received 200 ppm selenium added; and treatment 3

received 400 ppm selenium added; offered on a

free-choice basis. The heifers grazed for a 171 day

period from May 5 to October 22. Whole blood selenium

levels were analyzed at the beginning, middle, and late

parts of the trial using the procedure outlined in AOAC

(1969). Again, performance was measured by weight gain

and calculated ADG during the trial. Analysis of

variance was used for the blood data (Steel and Torrie,

1960).

Results

Experiment Analysis of variance indicated weight

gain was affected by treatment. Results indicate that

TABLE 2. WEIGHT GAINS AND AVERAGE DAILY GAINS (ADG)
OF HEIFERS (KG) BY TREATMENT, EXPERIMENT I

Grou

1

2

Trea ment

0 Se

25 ppm Se

3 50 ppm Se

4 100 ppm Se

Weight
Gain SEa

64.3b 6.8

84.7c 6.4

ADG

0.52b

0.69c

SE

0.06

0.05

83.7bc 6.8 0.68bc 0.06

95.2c 6.4 0.77c 0.05

a SE = standard error of mean.
b,c weights in the same column with different letters
differ (P<.02).
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weights for group 1 (0.0 selenium) as compared to groups

2 (25 ppm selenium) or 4 (100 ppm selenium) were

significantly different (P<.02) as shown in table 2.

These comparisons illustrate a continuing response

to increased levels of supplementary selenium. Growth

rates, as reflected in weight gains, showed differences

from the basal groups (0.0 selenium) that were

significant (P<.02) at the 25 ppm selenium level, and

approached significance at the 50 ppm selenium

supplementation level, but became highly significant

(P<.01) at the 100 ppm selenium level. A regression

analysis (Steel and Torrie, 1960) was used to study the

treatment effect further and a linear relationship was

found (P<.02) as shown in figure 6.

The linear regression was identified by the

equation: Weight gain = constant + (regression)

(selenium treatment level) or Weight gain = 70.5744 +

0.264705 (selenium treatment level). This linear

regression indicates that a higher level of selenium

supplementation would result in an increase in weight

gain of heifers grazing on these pasture plots.
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Experiment II. Analysis of variance indicated

that weight gain was significantly affected by treatment

(P<.05) only at the highest level of selenium

supplementation (table 3).

TABLE 3. WEIGHT GAINS AND AVERAGE DAILY GAINS (ADG)
OF HEIFERS (KG) BY TREATMENT, EXPERIMENT II

Weight
Group Treatment Gain SEa ADG SE

1 0

2 25

3 50

4 100

5 200

6 300

ppm Se 106.5bc

ppm Se 94.7b

ppm Se 96.6b

ppm Se 104.9bc

ppm Se 97.6b

ppm Se 117.6d

10.2 0.86bc 0.08

10.2 0.76b 0.08

10.2 0.78b 0.08

10.2 0.85bc 0.08

10.2 0.79b 0.08

10.2 0.95d 0.08

a SE = standard error of mean.
b,c,d weights in the same column with different letters
differ (P<.05).

A positive response (P<.05) came at the highest

level of selenium supplementation involved; 300 ppm in

the salt-mineral mixture fed free choice. The lack of

response to lower graded levels of selenium (P<.05) is

illustrated graphically in figure 7. There may be
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several reasons for this, including year effects,

possible buildup of excreted selenium in the pastures,

or differential uptake by the two plant species

involved. There is also the possibility that

interfering factors present in one or other of the

grasses may limit selenium availability.
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loo

G 95

a 90

85
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25 50 100 200

Selenium Supplementation ppm.

Figure 7. Weight gains of heifers by
treatment, Experiment II.
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Experiment III. Analysis of variance showed that

weight gains were affected by selenium treatment at both

levels on wheatgrass (P<.10), but neither level on tall

fescue. Weight gains on Klamath wheatgrass were

increased by supplementation with oral selenium at the

200 ppm salt-mineral level, but there was no further

increase in weight gain when the level of selenium

supplementation was raised to the 400 ppm

TABLE 4. WEIGHT GAINS AND AVERAGE DAILY GAINS (ADG)
OF HEIFERS (KG) BY TREATMENT, EXPERIMENT III

Fescue Wheatgrass

Treatment
Weight
Gain SEa ADG SE

Weight
Gain SE ADG SE

0 Se 108.75b 6.4 0.64b 0.04 82.17b 9.1 0.48b 0.05

200 ppm Se 101.43b 6.4 0.59b 0.04 109.07c 9.1 0.64c 0.05

400 ppm Se 96.87b 6.4 0.57b 0.04 112.03c 9.1 0.66c 0.05

a SE = standard error of mean.
b,c weights in the same column with different letters
differ (P<.10).

level. No difference in weight gain among the treatment

groups was detected (P<.05) on tall fescue. The results

of the weight gains and ADG are illustrated in table 4.
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Performance was better overall on the fescue than

it was on the wheatgrass, as evidenced by the

unsupplemented weight gains of 108.75 and 82.17 kg

W
e 115

i 110

g
h 105

t 100

120

k

9

0 200

Selenium Supplementation ppm

MFescue 13 Wheatgrass

400

Figure 8. Weight gains of beef heifers grazing
fescue and wheatgrass, Experiment III.
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respectively. The weight gains are illustrated in

figure 8. There was no significant response (P<.10) to

the selenium treatments on fescue pasture.

This result would give the impression that fescue

accumulates selenium more effectively from the soil than

does wheatgrass, and this was substantiated by analysis

of the two forages. The forage selenium contents were

0.09 ppm and 0.057 ppm for fescue and wheatgrass

respectively.

TABLE 5. WHOLE BLOOD SELENIUM LEVELS (ppm) OF
HEIFERS GRAZING KLAMATH WHEATGRASS AND TALL FESCUE

Treatment

SAMPLING DATE
May 5 July 2 Sept 22

Level SEa Level SE Level SE

Klamath Wheatgrass

0 Se 0.181b 0.012 0.126b 0.012 0.049b 0.012

200 ppm Se 0.205b 0.012 0.220c 0.012 0.226c 0.012

400 ppm Se 0.192b 0.012 0.298d 0.012 0.403d 0.012

Tall Fescue

0 Se 0.207b 0.008 0.122b 0.008 0.090b 0.008

200 ppm Se 0.198b 0.008 0.254c 0.008 0.254c 0.008

400 ppm Se 0.197b 0.008 0.256c 0.008 0.273c 0.008

a SE = standard error of the mean
b,c,d blood levels in the same column with different
letters differ (P<.10).
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Whole blood selenium data for the various

treatments are presented in table 5, and the data are

further illustrated in figures 9 and 10 for wheatgrass

and fescue respectively.
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e
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e 0.05

p

p
m

0.00

May 5 July 2

Sampling Date

0 0-ppm Se 200-ppm Se A 400-ppm Se

Sept. 22

Figure 9. Whole blood selenium levels of heifers
grazed on Klamath wheatgrass pastures, Experiment III.

Increases in whole blood selenium closely

paralleled the level of selenium supplementation on

wheatgrass. There was no significant (P<.05) increase
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in levels above the 200 ppm supplementation on fescue.

Blood selenium levels decreased (P<.10) as the grazing

season progressed when no supplementation was provided,

this was present in animals grazing both wheatgrass and

fescue.
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Figure 10. Whole blood selenium levels of heifers
grazed on tall fescue pastures, Experiment III.

When supplementary selenium was given the blood

levels were maintained, or rose slightly throughout the

grazing season. The greatest increase occurred between

the 0 and 200 ppm selenium salt-mineral supplementation



67

levels (P<.10), this increase continued on wheatgrass

(P<.10) and only a slight additional increase occurred

on fescue when the level was raised to 400 ppm

selenium. When the whole blood selenium level passed

0.2 ppm, there was not a close correlation between the

blood levels and the animals' weight gains.

Discussion

The varying ability of plants to draw essential

mineral nutrients from the soil has been recognized for

many years, and these differences have significance for

animal nutrition. Possibly the most familiar example is

the facility with which legumes accumulate calcium, as

compared with grasses grown on the same soil. In the

case of selenium, some dramatic differences exist in the

so called selenium indicator plants, like certain types

of Astragalus, which may take up as much as 1,000-10,000

ppm of selenium from seleniferous soils, while other

non-indicator plants will absorb much less than 100 ppm

(Rosenfeld and Beath, 1964). Such plants, when consumed

by animals, result in frank toxicity. In New Zealand,

differences have been observed in common pasture plants

at much more moderate selenium levels which also may be

significant nutritionally when superimposed on a

situation of potential selenium deficiencies (Davis and
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Watkinson, 1966). They reported that browntop (Agrostis

tenuis) took up selenium at higher levels than New

Zealand white clover. The levels of selenium in

Browntop ranged from 0.035 to 0.023 ppm while the levels

in white clover were from 0.017 to 0.008 ppm.

Previous studies in the Klamath Basin have shown

that the principle of differential uptake of essential

trace-mineral nutrients by grass species may have

application there. Stoszek et al. (1979) who also

studied grazing response to fescue and wheatgrass

pastures in the Klamath Basin, indicated that these

grasses varied significantly in their ability to

accumulate copper and make it available to grazing

livestock. In their study, fescue took up more copper

than did Klamath wheatgrass, but this increased copper

supply did not result in higher weight gains. In our

experiments, forage samples taken at the latter part of

the third grazing season indicated an increase in

selenium levels in the two grass species from the

historic 0.01 ppm level. The selenium level 0.099 ppm

in the tall fescue was near levels considered adequate,

while the level of 0.057 ppm in Klamath wheatgrass was

nearer a deficient level. This increase in selenium may

be attributable to a fertilizing effect on the pastures

via the manure of supplemented animals. The amount of
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selenium consumed by the heifers during the three

grazing seasons that trials were conducted was

calculated at 260.48 gms total for the three grazing

seasons. During the grazing season heifers consumed

27.94 gms, 58.02 gms, and 174.52 gms of selenium for the

first, second and third grazing seasons respectively.

This includes selenium consumed by animals in other

selenium feeding experiments not reported herein. The

selenium intake of heifers by supplemental treatment

levels is listed in table 6. This amount of selenium is

calculated to be approximately 18.57 gms/hectare, which

TABLE 6. SELENIUM INTAKE OF HEIFERS BY
TREATMENT LEVELS

Selenium
Treatment
Level ppm

Selenium
Offered

Mg/Head/Day

25 1.42

50 2.84

100 5.56

200 11.34

300 17.01

400 22.68
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is higher than the level used to fertilize pastures in

New Zealand (Watkinson 1983) and higher than levels used

by Sima and Gissel-Nielsen (1985) to increase deficient

selenium levels in forages.

In our Experiment III, different performance

responses to selenium supplementation by beef animals

grazing different forage types is of significance in the

Klamath Basin where sub-optimal performance by grazing

cattle has continued to be a problem for some years.

Continuing weight gain increases occured at the highest

levels of selenium supplementation up to 300 ppm in

Experiments I and III. There does not appear to be a

difference between 200 and 400 ppm selenium

supplementation in Experiment III. Calculations to

estimate the selenium intake by heifers from the

salt-mineral supplementation are shown in table 5. This

supports the necessity for varying levels of selenium

supplement above the 0.10 ppm level presently allowed by

the FDA in some specific situations.

The growth pattern of the growing heifers was

generally similar for Experiment I and Experiment II,

when the animals were grazed on both forage types. In

Experiment I a positive response was obtained at the 100
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ppm selenium level, the highest level used. In

Experiment II the data, while not showing a significant

positive response at this level, did suggest a positive

trend over the two lower levels used (figure 5).

Possible complicating factors should be noted including

year difference, possible buildup of excreted selenium,

or differential uptake of selenium by the two forage

species. In Experiment I and Experiment II, the heifers

rotationally grazed pasture plots which contained the

two grass species, tall fescue and Klamath wheatgrass.

Attempts to isolate the effect of forage species by

stastistical analysis were unsuccessful. These grasses

were subsequently determined to have different

capabilities to accumulate selenium from the soil. The

rotation of the cattle sequentially around the plots

would be expected to minimize any forage variation.

However, the rotation pattern selected apparently did

not eliminate the influence of forage species. In

Experiment I, a linear relationship (P<.02) indicated

that higher levels of supplementation would result in

increased weight gains. This did not occur as expected

in Experiment II, and led to speculation that some

modifing or inhibiting factor may be present in one of

the forages. This led to grazing the forages

independently in Experiment III, the results of which

demonstrated a difference in weight gain dependent upon
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forage species, with tall fescue resulting in higher

performance than Klamath wheatgrass.

The FDA currently allows supplementation of

rations for beef cattle with levels of selenium

constituting 0.1 ppm in the dry matter of the total

diet. Recent revisons proposed by the FDA would allow

levels of selenium to be increased to 0.3 ppm of the

total diet (FDA 1987) which tends to confirm the Ho:

examined in this thesis. The current 0.1 ppm level of

selenium supplementation has been generally effective in

the past in overcoming naturally-occurring selenium

deficiencies in several domestic animal species

(Oldfield et al., 1971), and it has been the basis for

other FDA action. This 0.1 ppm selenium was

approximated in Experiment I by group 2 (25 ppm

selenium), which had a daily intake of 0.129 ppm

selenium, calculated from their daily intakes of

salt-mineral mixture and of pasture forage. The salt-

mineral supplement was controlled at a consumption level

of 60 mgs per head daily to provide 1.42 mgs/head/day of

selenium. The forage consumption was estimated at 11

kg/head/day on a dry weight basis with less than 0.01

ppm selenium available from the forage. Only moderate

weight increases over the unsupplemented group were

obtained at this level or the next higher level (50 ppm
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selenium) of supplementation, according to the test

methods applied. The increases in weight gains at 25

and 50 ppm selenium both approached significance

(P<.05). The linear relationship between adjusted

finish weights and level of selenium supplemented in

Experiment I suggest a need for a higher selenium

supplementation rate in the Klamath Basin than is

generally recommended.

This situation may be suggestive of the presence

of some substance in the pasture forage, which in some

way reduces the metabolic availability of selenium to

the grazing animals. Such a concept has precedent with

other trace elements like copper, for example, which is

known to be affected by a number of other substances,

notably molybdenum and sulfur (Dick, 1953). The idea of

metabolic antagonists operating in the area of

selenium-responsive disease is similarly not new, having

been advanced by Cartan and Swingle in 1959. It is also

possible that the needs for selenium to support

continuing growth may be higher than those needed to

prevent selenium-responsive disease.
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SUMMARY AND CONCLUSIONS

Selenium is essential in very small quantities for

livestock. It is also toxic, and debated as either an

anticarcinogen or a carcinogen. Selenium is deficient

in amounts necessary for optimum livestock production in

many parts of the United States, including large areas

of Oregon. Supplementation with selenium in appropriate

amounts is necessary for optimum production of beef

cattle, the major agricultural commodity in the state.

Oral supplementation of selenium to beef cattle is

legally limited to a maximum of 20 ppm in free choice

form by the FDA, however the level actually required may

vary, dependent upon the soil type, forage species, and

certain factors that interfere with selenium absorption

and metabolism by livestock.

A complicating factor in providing selenium

supplementation to livestock is its' implication as a

possible carcinocen. Nelson et al. could have observed

hepatic lesions caused by selenium toxicity. Questions

have been raised about whether or not the tumors

observed were malignant. Work by Weswig (1966),

Shamberger and Frost (1969), Harr et al. (1972), and

Wedderburn (1972) substantiated selenium as not
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carcinogenic. The commissioner of the FDA (1973) has

also concluded that selenium does not pose a cancer risk

to humans when supplemented to livestock. Presently

available data strongly oppose the concept of selenium

as a carcinogen when it is administered in

physiologically-appropriate amounts.

Provision of selenium supplementation by means of

a salt-mineral mixture that is offered to animals on a

free-choice basis offers practical advantages in range

or pasture grazing situations. Successful application

of this principle has been demonstrated, dating back to

experiments at the University of Wisconsin (Paulson, et

al., 1968). In the Wisconsin work, a level as high as

264 ppm selenium was made available to sheep in a

self-fed salt mix, without apparent symptoms of toxicity

appearing among the animals. Thus, although the

potential toxicity of selenium must be kept in mind, a

considerable range of tolerance apparently exists for

selenium-salt mixtures. Even at the highest level of

400 ppm selenium in a salt-mineral mixture in our

Experiment III, there were no observed or measured

toxicity symptoms attributable to supplementation with

selenium.

It is apparent that the need for supplemental
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selenium varies amoung geographic areas depending on the

selenium status of the forage (Kubota et al., 1967).

Additionally, as shown in Experiment III, the selenium

supplementation requirement may vary according to forage

species, even on the same soil type. It is likewise

apparent that the approval by government regulation of a

single selenium supplement level for use nationally is

inappropriate. The level of selenium supplementation,

recommended for use in various parts of this country

should more accurately identify the animals requirements

as influenced by diverse local environmental

conditions. With the possible implication of unknown

selenium interfering factors that occur naturally and

are associated with the forage, it is apparent that one

arbitrary level of selenium supplementation cannot be

set which will be optimal for beef cattle production in

all situations.
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APPENDIX A

Beginning
group,

Group 1

and end weights
Experiment I.

Beginning End
Weight Weight

(pounds)

Group 2

of heifers by

Beginning End
Weight Weight

690 830 690 -

690 715 545 775

720 890 575 680

665 805 665 815

605 710 640 855

625 815 720 850

645 - 685 855

560 710 745 980

660 775 650 885
615 825

Group 3 615 780 Group 4 660 950

665 810 675 905

650 850 720 860

515 700 695 960

695 - 505 685

595 825 595 750

570 765 675 875

680 885 635 890

635 785 615 790

720 -
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APPENDIX B

Beginning
group, Experiment

and end weights
II.

Beginning End
Weight Weight

(pounds) of heifers by

Beginning End
Weight Weight

Group 3 583 775 Group 4 724 921

628 799 717 973

617 822 515 727

640 875 555 719

720 983 660 891

575 738 645 845

565 784 587 770

641 861 683 925

683 903 550 825

541 749 623 816

Group 5 558 730 Group 6 612 844

692 930 578 773

531 740 607 860

660 872 588
612 822 725 1000
665 905 635 910

580 832 598 850

620 860 608 819

655 988 550 775

592 800 576 780

Group 7 615 871 Group 8 620 876

610 791 560 766

557 760 690 964

660 944 540 802

687 904 650 971

640 824 685 940

646 875 592 871

545 759 564 819

567 735 623 808

642 860 623 920

Group 1 705 895 Group 2 608 857

640 746 587 790

563 710 552 752

606 - 633 826

543 688 580 832

700 900 596 870

615 759 605 840

649 842 629 848

577 778 648 890

565 742 648 912
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APPENDIX C

Beginning and end weights (pounds) of heifers by

treatment, Experiment III.

0 ppm Se,

Beginning End
Weight Weight

Tall Fescue

Beginning
Weight

End
Weight

Rep. 1 583 818 Rep. 2 587 865

582 797 696 909

533 769 624 880

582 836 571 780

591 785 612 757

645 956 598 876

625 887 592 811

689 925 534 884

626 873 594 780

633 842 628 889

200 ppm Se, Tall Fescue

Rep. 1 512 670 Rep. 2 503 717

523 730 595 845

613 843 583 800

603 805 525 723

708 890 524 734

655 907 708 972

620 920 668 947

609 785 668 925

690 905 655 913

525 713 596 810

400 ppm Se, Tall Fescue

Rep. 1 548 754 Rep. 2 528 651

644 866 621 800

735 925 515 683

573 841 637 863

545 830 569 778

660 925 655 865

576 803 628 880

650 890 640 861

610 862 618 819

572 775 690 813

0 ppm Se, Quackgrass

Rep. 1 553 678 Rep. 2 598 768

660 801 710 964

607 791 532 755

644 759 597 754

623 850 539 754
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Beginning
Weight

APPENDIX C

200 ppm Se,
End
Weight

(continued)

Quackgrass
Beginning
Weight

End
Weight

Rep. 1 594 890 Rep. 2 745 1023

514 705 630 894

610 912 582 873

625 893 585 783

640 750 569 775

400 ppm Se, Quackgrass

Rep. 1 630 868 Rep. 2 539 778

544 758 660 915

609 821 648 916

607 854 655 961

543 753 640 920
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APPENDIX D

Whole blood selenium values, Experiment III.

0 ppm Se, Tall Fescue

7 May 2 July 27 Sept. 7 May 2 July 27 Sept.

Rep. 1 Rep. 2
0.17 0.14 0.087 0.23 0.11 0.088

0.21 0.12 0.107 0.19 0.12 0.094

0.22 0.14 0.078 0.21 0.14 0.113

0.19 0.11 0.078 0.23 0.13 0.093

0.21 0.10 0.093 0.21 0.11 0.073

Rep. 1
0.18
0.19
0.25
0.22
0.20

Rep. 1
0.10
0.20
0.25
0.19
0.22

200 ppm Se, Tall Fescue
Rep. 2

0.25 0.232 0.17
0.26 0.322 0.19
0.23 0.18
0.22 0.256 0.20
0.28 0.206 0.20

400 ppm Se, Tall Fescue
Rep. 2

0.24 0.283 0.20
0.25 0.273 0.21
0.38 0.288 0.22
0.25 0.264 0.19
0.27 0.330 0.19

0.32
0.31
0.21
0.24
0.22

0.21
0.23
0.23
0.18
0.32

0.257
0.299
0.273
0.223
0.242

0.192
0.191
0.309
0.278
0.325

0 ppm Se, Quackgrass
Rep. 1 Rep. 2

0.20 0.12 0.09 0.14 0.042

0.18 0.11 0.065 0.24 0.13 0.036

0.20 0.12 0.055 0.17 0.16 0.035

0.20 0.12 0.065 0.16 0.11 0.038

0.18 0.15 0.064 0.19 0.10 0.031

200 ppm Se, Quackgrass
Rep. 1 Rep. 2

0.19 0.26 0.319 0.22 0.18 0.180

0.19 0.27 0.415 0.21 0.18 -

0.23 0.27 0.343 0.19 0.13 0.227

0.23 0.26 0.294 0.20 0.19 0.211

0.18 0.18 0.237 0.21 0.28

400 ppm Se, Quackgrass
Rep. 1 Rep. 2

0.18 0.26 - 0.18 0.21 0.380

0.19 0.28 0.367 0.17 0.42 0.473

0.23 0.30 0.374 0.19 0.29 0.364

0.20 0.23 0.445 0.19 0.28 0.429

0.20 0.40 0.410 0.19 0.31 0.364


