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THE FORM OF SELENIUM
IN SOME VEGETATION

An outcrop of tuff in north-central Wyoming. It has a high
content of water soluble selenium.
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THE FORM OF SELENIUM IN SOME VEGETATION
0. A. Beath and H. F. Eppson

The generally accepted belief that the form of selenium in various
kinds of vegetation is entirely of an organic nature is quite at variance
with recent investigations. During the past year, workers at the
Wyoming Agricultural Experiment Station obtained evidence that a
large number of plants contain selenium as inorganic selenate. The
selenite form was not found to be significant in these same plants. Of
unusual significance is the fact that some plant species yield practically
all of the selenium in a water-soluble inorganic form. This is in direct
contrast to the organic selenium occurrences in cereal grains and some
species of Astragalus and Stanleya that have been reported on by Beath
(1934), Horn (1941), Moxon (1938), and Trelease (1944). Between
these extremes there are several species of plants yielding variable
amounts of hoth organic and inorganic forms. To the extent that our
studies have gone, it is indicated that the seleniferous species in any
one genus are consistent in yielding a certain form or forms of selenium.
It is noteworthy that unrelated plant species may be rooted in the
same soil types and still absorb and concentrate selenium in their
cellular framework in diverse chemical forms.

Converter plants. Certain native plants are definitely associated only
with seleniferous soils and are found nowhere else. They are known
at the present time to include about 24 species of Astragalus and all
species, so far examined, of Xylorrhiza, Oonopsis, and Stanleya. In
addition to these selenium indicators there are certain other species of
plants designated provisionally as secondary selenium absorbers, which
though not restricted to seleniferous soils are capable of absorbing
moderate to high quantities of selenium (Beath, 1937). Their ability
to absorb selenium is believed to depend upon its availability in the
soil. The plants in this group are represented by a number of genera
and are an aid in locating seleniferous areas. Some of the more impor-
tant plants include species of Aster, Atriplex, Castilleja, Comandra,
Grindelia, Gutierrezia, Machaeranthera, and Sideranthus.

Seleniferous plants, as a group, are accumulators of available
selenium. It is not uncommon for a dependable selenium absorbing
plant to accumulate 1,000 to 2,000 ppm. selenium when rooted in a
soil carrying 2 to 5 ppm. selenium. Usually 50 per cent or more of the
selenium in them is soluble in water. Consequently, when the plants
themselves or water extracts of them are mixed with a non-seleniferous
soil, subsequent crops or forages grown in it will contain some selenium.
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sclenium content of the seeds of cereals, have shown that much of the
selenium is present in the proteins and is insoluble in water, non-
volatile with steam, and insoluble in ether. Horn, Nelson, and Jones
(1936), working independently, showed that flour made from selenif-
erous wheat was toxic to rats, and that the toxicity was due to presence
of the selenium in the gluten of the wheat. The hydrolytic products
of gluten (by acid hydrolysis) from toxic wheat were subjected to
various procedures commonly employed for the isolation and identifi-
cation of amino acids from protein hydrolysates. Jones, Horn, and
Gersdorff (1937) by a special enzymatic hydrolysis of gluten con-
tributed additional evidence that the selenium in the toxic wheat is
combined with the protein.

No report has been made on the isolation of selenium compounds
in alfalfa, native hay, or sweet clover. In this laboratory it has been
found that seleniferous alfalfa is much more toxic to rats than is selenif-
erous wheat. Guinea pigs on an alfalfa diet lost their hair in much
the same manner as swine fed with seleniferous corn.

Native Plants Yielding 70 Per Cent or More Selenate Selenium. The
plants in this group (Table 3) include representative species of Aster,
Atriplex, Machaeranthera, and Xylorrhiza. Essentially all of the sele-
nium in the species of Aster and Atriplex is water soluble. It occurs
largely in the selenate form. Insofar as our studies have gone the
species in any one genus are consistent with respect to the form of
selenium in them. This feature has been emphasized in reference
to the Astragalus and Stanleya species that consistently yield organic
selenium combinations but no inorganic selenium. In this group
(Table 3) each plant examined yielded selenate as the dominant form.
The Xylorrhiza species are dependable selenium indicators (Beath,
1934). They occur on soils in many areas where the soil selenium is
not in a readily available form. The other plants listed in this group,
viz., species of Atriplex, Aster, and Machaeranthera, are not always
selenium indicators because their growth is not restricted to a selenif-
erous soil. Their selenium status appears to depend upon some soil
selenium being in an available form. Species of Hymenoxys are not
usually listed among the selenophilic plants. Their habitat is very
much like that of species of woody aster (Xylorrhiza). Unlike species
of woody aster, however, they seldom carry more than 5 or 10 ppm.
selenium. The particular sample of Hymenoxys under consideration
in this paper was rooted in a tuffaceous soil that carried a high percent-
age of selenate selenium. It was the only plant growing under these
conditions in the area examined. The results obtained suggest that
under special soil conditions species of Hymenoxys may be highly toxic.
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Fig. 6. The blind stagger disease in cattle is caused by grazing over a
weedy type of selenium-bearing vegetation. The injury is severe and
usually permanent.

Traces of selenite selenium were observed in some of the plants listed
in Table 3. Atriplex confertifolia was found to contain about 3 per
cent of selenite selenium; this is in contrast to 87 per cent present in
the selenate form. The toxic substance in the seleniferous plants in
this group (Table 3) is primarily selenate selenium.

Plants Yzuelding 60 Per Cent or Less Inorganic Selenium. The results
given under this heading differ from those in Table 3 in having on the
average less selenate selenium. The amount of selenium obtained in
water extracts was found to vary from a low of 41 per cent to a high
of 78 per cent. With the exception of a wheat grass sample, Agropyron
pauciflorum, selenate selenium was present in all the plants investigated.
The occurrence of inorganic selenium in toxie quantities in two species
of grass is important. Of speciel interest is the fact that the samples
that were particularly high in total selenium and also in selenate came
from the Salt Wash member of the Morrison formation in southeastern
Utah. This formation carries considerable available selenium (Beath,
1944). Grass species from other formations have not given similar
results. Further studies will be necessary to explain why native
grasses may contain comparatively large amounts of selenate selenium
under some conditions and not in others.

The three species of Oonopsis are consistent in yielding large
amounts of selenate selenium. Likewise the two important species of
Gutierrezia show substantial amounts of selenate selenium. Of the
several plants listed in this group (Table 4), only the species of Oonopsis
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are dependable selenium indicators. In other words, they do not
grow except in soils containing selenium. None of the plants in this
genus yield volatile selenium with steam. But specimens containing
500 to 1,000 ppm. selenium do emit a garlicky odor similar to that
observed in the strongly seleniferous Astragalus species. This char-
acteristic odor is also present in the highly selenized species of Cas-
tilleja (paint brush). Comandra pallida is an interesting plant in that
its seleniferous status is believed to depend upon the host plant to
which it is attached. If the host plant is one like Oonopsis condensata,
the Comandra specimens will be higher in selenium than those where
the host plant or plants are comparatively low in selenium. The
sample of Comandra listed in this group (Table 4) was attached to
Oonopsis.  Approximately 30 per cent of the total selenium in the
Oonopsis sample was selenate; in the Comandra it was about 26 per
cent, a fairly close correlation.

Discussion

The forms of selenium submitted in this report represent those
from a number of seleniferous plants and cereal grains collected under
different soil and environmental conditions. The form of soil-selenium
and its correlation with that in the plant may require more specific
data than are now available. Some such trend is indicated in those
plants in which the inorganic selenium is dominant. For instance, it
is not clear if species of Aster and Atriplex can convert complex soil-
selenium substances to the selenate form or if the selenium has to be
in the soil as an inorganic salt. Somewhat more clearly established
is the status of species of Astragalus and Stanleya. These plants yield
only organic selenium compounds regardless of the form of selenium
in the soil. The same relationship appears to apply to cereal grains
and some forages. Seleniferous grasses present a somewhat more
complicated picture. It is not known what influence the form of soil-
selenium may exert in the final accumulation of selenium in grass.
The high concentration of selenate selenium in two species from Utah
suggests that other forages and possibly cereal grains should be ex-
amined as to their selenate status when grown in soils carrying different
forms of soil-selenium. Other factors, such as moisture, trace elements
(catalysts), mass soil reactions, and different light intensities, should
be included in a study of this kind.

Experimental evidence is meager concerning the tolerance of
native grasses to selenium in the selenate form. Under greenhouse
conditions and using a soil derived from the granite rocks east of
Laramie, Wyoming, it was observed that brome grass (Bromus inermis)



12 Wyoming Agricultural Experiment Station Bul. 278

Fig. 7. The alkali disease is believed to be caused by feeding upon
cereal grains and forages containing selenium. A characteristic hoof
deformation is always associated with the disease.

grown in a soil to which was added 20 ppm. selenium as selenate became
noticeably chlorotic shortly after germination. The appearance of
the leaves (snow white) was similar to that of wheat plants grown
under the same conditions. Western wheat grass (Agropyron smitht)
at the same selenium concentration grew normally for a few weeks and
then developed purplish stems; the leaf tips were slightly burned.
Meadow fescue (Festuca elatior) germinated normally in the mountain
soil that was mixed with 20 ppm. selenium as selenate, but after 3 weeks
the grass in the center of the plot began to wither and die although no
discoloration was observed. Agropyron pauciflorum sown in a similar
soil to which was added 50 ppm. selenium as selenate grew normally
for a time but later about half of the plants withered and died. The
stems of the affected grass were distinetly purplish. The leaf tips
were also blighted. These preliminary tests indicate that the species
of wheat grass are somewhat more tolerant to selenate selenium than
brome or meadow fescue, at least, under the conditions at our disposal.

In the same type of soil, using seleniferous Astragalus as the source
of organic selenium, all of the grasses mentioned above and wheat
grain showed no injury at the same concentration of selenium.

A preliminary study by Beath (1946) on the form of selenium in
some of the rocks and soils of special significance in the western states
indicates that selenate is the dominant inorganic form. Those plants
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that are toxic because of the inorganic selenium they contain could
perhaps be correlated with the form of soil-selenium occurrences.

CONCLUSIONS

The trend of the results reported on in this paper indicates that
in any one genus the species follow a consistent pattern in the form
or forms of selenium in them. Volatile selenium compounds in vary-
ing amounts occur in the species of Astragalus. Approximately 23 per
cent of the total selenium in the seeds of Astragalus bisulcatus was
volatile with steam. Two forms of selenium were indicated. In the
residual aqueous menstrum (non-volatile portion), about 61 per cent
of the selenium was not precipitable by mercuric chloride. Species
of Stanleya did not yield significant amounts of volatile selenium.
The cereal grains, alfalfa, and sweet clover appear to contain only
non-volatile, organic selenium substances. The form or forms of soil-
selenium, in which these crops were associated, were not ascertained.
Some species of grass may contain toxic amounts of selenate selenium
in addition to organic selenium. Species of Aster, Atriplex, Machae-
ranthera, and Xylorrhiza are essentially selenate selenium concentrators.
Nine genera representing 14 species of native vegetation were found
to contain, with but one exception, both organic and inorganic selenium.
Whether or not those plants having both organic and inorganic selenium
are as toxic as plants containing all organic or all inorganic is not known.
Selenite selenium has not been found to occur in sufficient amounts in

Fig. 8. The Princess Plume-is a dependable selenium bearing plant.
The form of selenium in it is of an organic nature.



14 Wyoming Agricultural Experiment Station Bul. 278

the plants investigated to be considered a hazard. Essentially then,
the seleniferous plants and cereal grains of the western states involve
selenium in 3 classifications (1) organic, (2) selenate, (3) organic and
selenate. The study of the effect of seleniferous plants upon livestock
must be interpreted in the light of the form or forms of selenium in
the particular group under investigation. Decaying plant debris may
not only concentrate organic selenium 7n situ but in some instances
inorganic selenium as well, the amount and kind again being dependent
upon the particular plant or group involved.
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