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INTRODUCTION

The presence of trace minerals in plant material has been shown
in recent years to be of nutritional importance in the feeding of farm
animals, Current investigations of the distribution of these elements
and their role in animal nutrition have offered a possible explanation
for the unthrifty nature of beef cattle in the eastern and southeastern
areas of Oklahoma, The unthriftiness of these cattle is characterized
by poor weight gains, poor calf crops, and physical conditions not
desirable in finished beef cattle, Nervous manifestations which occur
in cattle in some areas, especially in the eastern area near Sallisaw,
may possibly be related to the mineral composition of the forage in this
area.

Previous studies have shown that the soil and the forage grown in
the eastern and southeastern areas are frequently deficient in phos-
phorus, Although calcium and phosphorus supplementation has some effect
in relieving the condition of cattle in these areas, results have not
been sufficiently conclusive to be considered satisfactory. A study
of the occurrence of some of the trace elements was therefore desirable,
so as to characterize more completely the conditions existing in these
two areas. The trace elements chosen for study were manganese, molyb-
denum, and cobalt.

A study of the occurrence of trace elements requires analytical
procedures that are capable of determining these elements at very low
concentration, The present investigation, therefore, had two objec-
tives: first, the evaluation of procedures sufficiently accurate and

simple to permit a large number of forage samples to be analyzed, and



second, the determination of the concentration of these trace elements in
native forage from the two areas in question, and in that from one area
considered normal with respect to beef cattle health.

Specific areas chosen for forage analysis were the Sallisaw area in
eastern Oklahoma, the Range Cattle Minerals Station near Wilburtom in
southeastern Oklahoma, and the experimental beef cattle range at Lake
C. P. Blackwell in north central Oklahoma., The latter area was considered
a normal one while the Wilburton and Sallisaw areas were considered as

typical afflicted areas.



REVIEW OF LITERATURE
Nutritional Importance of Manganese, Molybdenum, and Cobalt

Manganese: The complete role of manganese in sninal nutrition is not
understood, It is essential for normal development and growth of plants
and animals, yet it is toxiec to both at high levels of intake, Manganese
has been shown by several workers to be required for reproduction, lacta=-
tion, and proper bone formation of a number of animals. Among those ani-
mals known to require manganese are the rat (1), the rabbit (2), swine (3, 4),
cattle (5), and chickens (6). Bulls require in excess of 28 parts per
million for production of good quality semen (5). Chickens require 35 to
50 parts per million for the prevention of perosis (6).

Manganese is known to function in at least one enzyme system--liver
arginase (7)--and it has been suggested that it functions in several other
ones,

Soluble manganese salts, at high levels of intake, are toxic. Accord-
ing to Carratala and Carbonischi (8), rabbits fed manganous salts at
levels of 0,7 to 0.9 mg of manganous sulfate or 0,1 to 0.94 mg of man-
ganous chloride (equivalent to about 0.043 to 0.4l mg of elemental man-
ganese) per day over a period of three weeks show liver degeneration and
changes in the bones. Becker and McCollum (9) added up to 9,980 parts
per million (ca. 1 percent of manganese) to the ration of rats and ob-
served that reproduction was satisfactory although growth was somewhat
retarded. Monier-Williams (10) states that for animals in general, the
toxic level is 0.1 gram of manganese per pound of body weight per day.

Blakemore et al. (11) have expressed the opinion that grasses particu-

larly rich in manganese (650 to 1320 parts per million) cause a lowering



of blood magnesium, leading to lactation tetany of cows and sheep. Their
results have not been verified (12).

Chornock et al. (13), in studying the effect of manganese on calcium
and phosphorus metabolism, fed large amounts of manganese to rats on a
rachitic diet and obtained some very interesting results. When manganese
was added to a ration having a high calcium-phosphorus ratio, it caused
increased fecal excretion of both calcium and phosphorus. Calcium excre-
tion increased as dietary manganese was increased, while phosphorus excre-
tion was greatly accelerated, Large amounts of bone calcium and phosphorus
were mobilized and excreted through the feces, Addition of potassium
citrate or vitamin D brought about an abrupt reversal of this process,
Addition of extra phosphorus brought about a remission of the rachitie
condition.

Reid et al. (14), in experiments with cows in early stages of lacta-
tion, obtained results similar in some respects to those of Chornock.
They found that manganese in amounts from 0.18 to 0.47 gram per day fed
to cows receiving calcium and phosphorus in ratios which varied from
2.2 to 1.6 caused negative calcium balances, but had no effect on phos-
phorus balances. However, it should be pointed out that negative cal-
cium and phosphorus balances are often observed in cows during the early
part of lactation, even with liberal guantities of calcium and phosphorus
in the ration,

Reid and Ward (15) observed that regardless of the quantity of man-
ganese fed to cows (622.4 to 1325.6 mg per day) only 154.4 % 9.8 mg per
day are retained.

It is interesting to note that there is an apparent interrelation-

ship between manganese and thiamin, In Sweden, military horses fed



roughage containing appreciable quantities of manganese developed a "forage
anemia" which was corrected by thiamin (16). Perla and Sandberg (17) claim
to have found an interrelationship of manganese and thiamin in rats; high
levels of manganese accelerated thiamin depletion in rats fed a thiamin
deficient ration,

Molybdenum: While plants require molybdenum for proper growth, it
has never been shown to be an essential component of the diet of animals,
It is toxic to ruminants when present at levels of 20 parts per million,
causing scouring, loss of weight and condition, and sometimes death of
animals,

Beath et al.(18) in 1935 reported that in Wyoming ruminants eating
green forage containing 89 parts per million of molybdenum suffered patho-
logical changes similar to selenium poisoning.

Near Somerset, in England, a condition known as "teart pastures" has
existed for years, Ferguson et al. (19), in studying this condition, deter-
mined the mineral composition of the forage from teart and healthy pas-
tures, and found molybdenum to be present to the extent of 20 to 100 parts
per million in teart pastures and up to 5 parts per million in healthy
pastures., They reported that cows were cured of molybdenum poisoning
when fed from 1 to 2 grams of 0“504.5520 per day.

Comar et al.(20) and Monier-Williams (10) have noted the similarity
of molybdenum toxicity to that of copper deficiency. Their observations
are in accord with the report by Danish workers (21) of a condition in
cattle on reclaimed land in Denmark, These cattle showed symptoms very
similar to those of molybdemum poisoning, although no molybdenum was

found in the forage. The condition was corrected by copper administration.



Comar et al. (20) have studied the interrelationships of copper, molyb-
denum and phosphorus in rats and cattle. In studying the effects of molyb-
denum on phosphorus metabolism they found that molybdenum does not affect
the assimilation of phosphorus. Molybdenum and copper, administered to-
gether, reduced phosphorus accumulation in the tissues while phosphorus
and molybdenum, administered together, reduced copper retention in rat
and calf livers 2.5 to 5 fold. Copper and phosphorus apparently had little
effect on the accumulation of molybdenum by the tissues,

Shirley et al. (22) studied the deposition and alimentary excretion of
radioactive phosphorus in steers on high molybdenum and copper diets. They
found that molybdenum changed the pathway of excretion of phosphorus to
one where the majority of the phosphorus appeared in the feces. Molybdenum
~ and copper administered together in large amounts produced the same effect,
the magnitude, however, being somewhat less. Copper administered alone
had the least effect on the path of phosphorus excretion.

Fragile bones have been found in animals fed high molybdenum diets (22).
Comar et al. (20) have suggested that the effect of molybdenum may be

®,.eesso.interference, due to a lowered liver copper, in

enzyme systems necessary for skeletal metabolism; (b)

inhibition of these enzyme systems by molybdenum; and (c)

competition between phosphorus and molybdenum for deposi-

tion in the bone."

Cobalt: The knowledge of cobalt in animal nutrition has expanded
quite rapidly since 1932. Orten et al. (23) in 1932 discovered that as
little as 0.5 mg of cobalt per day in the diet of rats caused a decided
polycythemia. This phenomena, which was confirmed by Stare and Elveh-
jem (24) the following year, has since been observed in a number of

animals,



A disease of long standing known as enzobtic marasmus has been noted
in West Australia. Animals affected are anemic and the disease is further
characterized by lethargy, loss of weight, quick pulse, rapid respiration,
loss of milk production, absence of estrus, and abortion., Filmer (25) in
writing of this disease in 1933 suggested that it was due to a deficiency
of a mineral necessary for the metabolism of iron, Filmer and Underwood
(26) in 1934, as quoted by Neal and Ahmann (27), reported that 50 grams
of limonite, an iron bearing ore, would cure the disease., They also found
that a weak acid extract of the ore, free of iron, would cure the disease
while the residue would not, They announced in 1935 (28) that of the
minerals in the acid extract, they had isolated the active portion., This
was found to be cobalt,

Analysis of the soil of pastures in New Zealand was made by Kidson
(29) in 1937, He found that the cobalt content varied from 0.3 to 40
parts per million, with occasional samples containing even more. Kidson
(30) in 1938 found that soils containing less than / parts per million
were likely to cause cobalt deficiencies, while healthy soils contained
11 to 30 parts per million. Other workers, however, have shown a rather
wide variation in the cobalt content of soil and the occurrence of cobalt
deficiency disease (29, 31, 32).

Forages found to precipitate a cobalt deficiency in sheep in general
contain less than 0.07 parts per million of this element while deficiencies
in cattle occur if cobalt is present in quantities less than 0.04 parts
per million (32). Lee (33) has reported the requirement for sheep and
cattle to be about 0.1 mg per 100 pound of body weight per day. While
this much cobalt may be required to prevent deficiency symptoms, very

little is absorbed. Comar, Davis and Taylor (34), using radioactive



cobalt found that only 0.25 percent of a 1.33 mg dose administered orally
to a steer was present in the liver 10 days later. Very little was found
in the other tissues. Comar and Davis (35), studying the alimentary absorp-
tion of radioactive cobalt by young calves, found about 2.49 percent of a
.06 mg dose in the liver 5 days later as compared to the maximum of 0.42
percent in the liver of mature animals (36) given the same size dose and
killed 5 days later.

Cobalt is effective in relieving deficiencies only by oral adminis-
tration (37).

The use of vitamin 312 to relieve cobalt deficiency has proved unsuc-

cessful, Hale et al. (38) have shown that B, synthesis in the rumen of

12
cobalt deficient sheep is very poor, as shown by chick assay of the rumen

contents, Later they showed that B

12 was of no value in relieving the

symptoms of cobalt deficiency (39).

Another interesting experiment by Gall et al. (40) has shown that
the bacteria content of the rumen of cobalt deficient sheep is only
approximately 55 percent as great as that in sheep receiving sufficient
cobalt,

Analytical Methods for Manganese, Molybdenum, and Cobalt

Trace elements may be quantitatively determined in a number of ways.
Procedures described in the chemical literature include gravimetrie,
colorimetrie, polarographic, spectrographic (emission by arc and flame
excitation) and microbiological methods, Of these procedures the colori-
metric methods were chosen because of convenience and available equipment.

aneges Willard and Greathouse (41) in 1917 described a eolori-

metric method for the determination of menganese as permanganate with



periodate as the oxidiszing agent that has proved to be accurate and the
most versatile of any method yet described.

Although the above method leaves little to be desired, there are a
number of other procedures worthy of mention., Sandell (42) has reviewed
the literature quite completely and lists the following reagents as sult-
able, but not speeific, for colorimetric determination of manganese folw
lowing its oxidation to permanganates ortho-tolidine, tetramethyldiamino-
diphenylmethane, tetramethyldisminotriphenylmethane, 4,4'~ tetramethyl-
disminodiphenylmethane, and benzidine., The reaction of manganese with
formaldoxime in a basic solution has also been recommended.

Marshall in 1901, as quoted by Momier-¥Williams (10), described a
method for the determination of manganese by oxidation with persulfate
in the presence of a small amount of silver, This method as modified
by Nydahl (43) in 1949 has the advantage over periodate when manganese
is present at very low comcentration, Collins and Foster (44) in 1924
used bismuthate ion in the presence of nitric acid as the oxidizing agent.
Solarino (45) in 1928 described & method in which lead peroxide was used
with nitric acid as the oxidizing agent. These two procedures have the
disadvantage that the oxidizing agent is not sufficiently soluble to
insure stability of the color formed.

Molybdenum: A mumber of reagents have been recommended for the
colorimetric determination of molybdemum, Sandell (42) in reviewing the
literature lists phenylhydrazine, potassium ethyl xanthate, sodium thio=-
sulfate, and dithiol (4-methyl-l,2-dimercaptobenzene) as reagents for
molybdemum. These reagents, however, are either not sufficiently sensitive
to be of great importance or are subject to interference by other heavy
metals,
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Stanfield (46) in 1935 proposed a method for the determination of
molybdenum by its reduction with stannous chloride in the presence of
potassium thiocyanate. This method has undergone considerable modifica-
tion (47, 48, 49), but has proved to be accurate and the most sensitive
of any method described.

Cobalt: The determination of cobalt by colorimetric procedures has
been accomplished with several reagents, with varying degrees of success.
A number of reagents which form colored compounds with cobalt are listed
by Sandell (42); however, only two are of sufficient sensitivity to re-
ceive further consideration,

Van Klooster (50) in 1921 observed that the nitroso derivative of
the sodium salt of R-acid reacted with cobalt to give a water soluble
compound having an intense red color. Stare and Elvehjem (24) in 1933
first used this reagent for the determination of cobalt in biological
tissues. Kidson, Askew and Dixon (51) in 1936 and a number of workers
after them have modified the procedure and increased its sensitivity (52, 53).

Ellis and Thompson (54) in 1945 presented a method for cobalt that
is even more sensitive than the nitroso-R-salt procedure. In this pro-
cedure the dithizonate salt is formed and separated from interfering
ions by extraction with carbon tetrachloride. A cobalt-ortho-nitroso-
cresol complex is then formed, and its absorption in ligroin determined
at 360 mu, the near ultraviolet region of the spectrum,

Sandell (42), Monier-Williams (10), and C. S. Piper (55) have dis-
cussed procedures in which metal complexes of dithizone (diphenylthio-
carbazone) are formed and separated by extraction with the proper organie
solvent. Scott and Mitchell (56) employed 8-hydroxyquinoline in the

separation of trace elements for spectrographic analysis., Bayliss and



Pickering (57) have found that ammonium thiocyanate and 35 percent amyl
alcohol in ether is very useful in extracting cobalt from aqueous solu-
tions,

In the present experiments, the procedure of Beeson and Gregory (58)
was followed. This procedure was used because of its applicability to

plant material,
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EXPERIMENTAL PROCEDURES

Samples: Grass and other green forages secured for chemical analysis
were cut by hand from pastures located near Wilburton and Lake C, P. Black~
well, While part of these samples were representative of the entire pas-
ture at each location, a few samples were representative of areas in a
pasture where the cattle were observed to be grazing heavily., Other sam—
ples were of specific genus and species of grasses either taken in the
field or separated from baled native-grass (prairie) hay produced in the
particular area, Small samples of hay taken at random from a large number
of bales were combined to form composite samples of native-grass hay from
each location, Hay samples from the Sallisaw area were secured in this
manner.,

All samples were clipped into short lengths with shears and stored
in half-gallon glass jars., Mineral analysis was made on these samples,

A portion of each sample was ground in a Wiley mill for proximate analysis.

Ashings While ashing in a muffle furnace was used exclusively in the
analysis of these samples, it is well to mention the advantages and dis-
advantages of other ashing procedures. A rather complete discussion of
ashing procedures has been given by Bailey and McHargue (59) as applied
to the determination of copper, and by C. S. Piper (55) as applied to
the determination of all the common trace elements, While it is generally
recognized that wet ashing with combinations of nitrie, sulfuric, and
perchloric acids may in some instances be superior to dry ashing, lack
of available hood space made it impossible to carry out this type of prepa-
ration, Wet ashing is less time consuming than dry ashing and reduces the

possibility of formation of insoluble silicates or volatilization of the
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elements being determined, However, it usually presents the problem of
disposing of a large amount of strong acid before proceeding with the
analysis.

Dry ashing is most successfully accomplished in a muffle furnace
equipped with controls to prevent over heating. This has the advantage
of affording careful temperature control, while flame procedures do not,
Sandell (42) shows that in samples ashed in a muffle furnace, the quantity
of manganese forming insoluble silicates is considerably less than that
formed by ashing over a burner. The quantity forming insoluble silicates
at low muffle furnace temperatures (500° C.) is about 1.0 percent of the
total manganese present in the sample. The quantity of molybdenum form-
ing insoluble silicates under these conditions is negligible as shown by
spectrographic analysis of the silica residue by Barshad (49). Both wet
and dry ashing have been used by other investigators in the determination
of cobalt with equal success (59).

Manganese: The method used in the determination of manganese was a
modification of the method of Willard and Greathouse (41). Because of
the relatively high manganese content of the forages, the same sample
was used for the determination of both manganese and molybdenum.

A ten-gram sample of forage was weighed into a 150 ml pyrex beaker
end ashed in a muffle furnace overnight at a temperature of 500° to 550° C..
The ash was taken up with 25 ml of 1:1 HC1 (1 part of concentrated HCl to
1 part of water), the solution heated to boiling and digested for four
hours on an electric hot plate., A steam plate, however, is to be preferred
for this digestion and subsequent heating. The solution was then evapo-
rated to dryness and the silica dehydrated by further heating of the dry
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residue for one hour gt 100° C.. The residue was again taken up in 1:1 HCl
and heated near boiling for another four hours to assure complete solution
of all the minerals present,

The entire contents of the beaker was transferred to a 200 ml volumetric
flask and made to volume, From this solution a 10 or 25 ml aliquot was
transferred to a 50 ml beaker, To this solution 5 ml of 1:1 nitric acid
was added and the solution evaporated to dryness. This evaporation is neces-
sary to remove chlorides and any oxidizable material (60) that would use
excess periodate or cause fading of the permanganate color by reduction of
the manganese to a lower state of oxidation. This step was repeated twice
to assure complete removal of chlorides and oxidation of any extraneous
material,

The chloride~free residue was then taken up in 10 ml of 1 N nitriec
acid and 1.0 ml of ortho-phosphoric acid added to deionize and decolorize
the ferric ion, thus preventing its possible interference (61). Phosphoric
acid, in addition to preventing the precipitation of ferric periodate and
decolorizing iron, also prevents the precipitation of manganese periodates,
iodates, and hydrated manganese oxides,

The solution was heated to near boiling and about 50 mg of potassium
periodate were added in small amounts to convert the manganous ion to the
colored permanganate ion. The beaker was covered with a watch glass and
the solution kept near boiling for an hour--or until the color had reached
its maximum intensity. The solution was then made to volume, transferred
to a colorimeter tube and transmittance measured at 515 mu in an Evelyn
photoelectric colorimeter. The concentration of manganese was found by

use of a standard curve prepared from known quantities of manganese.
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The concentration of acid in the solution in which the color develop-
ment is being carried out is of some importance, Unless the concentration
of manganese is very small, the acid concentration may be increased con-
siderably over the quantity required to prevent precipitation of periodates.
The speed of oxidation is increased if the concentration of acid is above
3.5 N (60).

The reaction of periodate with manganese in hot acid solution is as

follows: 2Mn*tt /£ 5107 /4 3H,0 An0, £ 5107 # et

Mo enum: In the determination of molybdenum, the method of Barshad
(49) was followed with slight modifieations., In this method the thiocyanate
complex of quinquevalent nolybdenup is formed, the color of which is pro-
portional to the concentration of molybdenum present and dependent to some
extent on the acidity of the solution,

The sample was prepared as described under the determination of man-
ganese., An aliquot, usually 150 ml of the hydrochloric acid solution, was
transferred to a 150 ml besker and evaporated to dryness. The residue was
taken up in 4 ml of hot 14 percent HC1l (14 ml of concentrated HCl and 86 ml
of water) and transferred to a 50 ml centrifuge tube. The beaker was rinsed
with four 4-ml portions of the HC1l solution and the rinsings added to the
centrifuge tube.

To this soluticn there were added in the following order: 0.25 ml of
5 N sodium nitrate, 2 drops of 0.01 N ferric chloride, and 1.5 ml of 10
percent (w/v) potassium thiocyanate. The solution was then diluted to 23.5
ml with 14 percent HCl. The colored molybdenum complex was then formed by
the addition of 1.5 ml of 10 percent (w/v) stannous chloride in 1:9 HC1,

Each addition of reagent was followed by shaking to insure complete mixing.



16

After the addition of stannous chloride the analysis may be handled by
either of two procedures. The percent transmission may be determined on
the aqueous solution, or the color may be extracted by a suitable organic
solvent and transmission determined on the non-aqueous extract. In the pre-
sent study, 15 ml of dilethyl ether, saturated by shaking with 10 percent
stannous chloride and 10 percent potassium thiocyanate, was used to extract
the colored molybdenum complex, After the ether was added, the solution
was shaken vigorously for 30 seconds and percent transmission of the ether
extract determined at 470 mu.

The presence and order of addition of each reagent is of extreme im-
portance, Iron in amounts no less than the concentration of molybdenum is
necessary for the full development and stability of color (48). Nitrate
ion is added to oxidize any molybdenum present in a low state of oxidation
to hexavalent molybdenum. It also prevents the reduction of molybdenum to
less than quinquevalency (49).

The thiocyanate ion should be present in excess, as the complex formed
by quinquevalent molybdenum and thiocyanate is an equilibrium reaction (62).
Thus the thiocyanate ion concentration should be considerably higher than
required for direct combination, This was noted by Sandell (42) and others
who state that the concentration of potassium thiocyanate should be from
0.4 to 0.8 percent, while Perrin (63) states that the concentration should
not be less than 1,0 percent.

For maximum intensity of color, the solution should have an acidity
equivalent to about 1.5 to 2.5 N HC1l (64). For that reason, the color was
developed in a solution of 14 percent (ca. 1.7 N) HC1.

Contrary to the finding of Barshad (49), there is a definite intensi-

fication of the color of the molybdenum-thiocyanate complex in the ether
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solution. The aqueous solution does not obey Beer's law above a certain
concentration., The ether solution closely obeys Beer's law at the low con-
centrations used,

It has also been noted that a number of authors, when performing an
extraction, repeat the extraction until there is no more color present in
the extracting solvent. It should be pointed out that in the case where
the solubility of the solute in the extraecting solvent is nqt exceeded,
one extraction only need be made where the volumes of the two solutions are
held constant., The quantity extracted is a function of the distribution
coefficient and even though the extraction may not be complete, the percent
extracted remains constant., The use of the standard curve prepared in like
manner makes this type of extraction as accurate as where complete extrac-
tion is carried out.

Results of recovery experiments in which known amounts of molybdenum
were added to grass samples are shown in table 3.

Cobalt: The determination of cobalt was made by the method of Beeson
and Gregory (58). A 10-gram sample was ashed and taken up in 25 ml of 1:1
HC1l as for manganese. The contents of the besaker were transferred to a 100
ml volumetric flask and an aliquot, usually 75 ml, transferred to a 100 ml
beaker. To bring this solution to a small volume it was evaporated to dryw
ness and the residue dissolved in 5 ml of 0,5 N HC1l and 5 ml of distilled
water. To this solution 2 ml of a 1 percent solution of nitroso-R-salt was
added, followed by approximately 2 grams of sodium acetate., The solution
was then heated to about 70° C., and neutralized with 20 percent sodium
hydroxide, phenolphthalein being used as the indicator. The red phenol-
phthalein color was just discharged with 0.5 N HCl. The solution was then

brought to boiling to hasten the development of the cobaltenitroso-R-salt
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eolor, Five ml of 1:1 nitric acid were then added and boiling continued
for 2 minutes to destroy colored complexes of ions other tham cobalt (50).
The solution was cooled, made to volume and transmittance measured at

490 mu,

A number of items should be carefully controlled in the development of
color in this procedure, The colored nitroso-R-salt should be added in
exact amounts,

The length of time the solution is boiled after the addition of nitrie
aclid is 2lso important., Excessive boiling causes a2 bleaching of the color.
Solutions of known amounts of cobalt were subjected to boiling, after the
addition of nitric acid, for 1, 2, 3, 4, and 5 minmutes. It was found that
boiling for more than 2 minutes decreased the intensity of the color. These
results are shown in table 7.

The presence of other ions has received considerable attention by a
number of workers. In a series of recovery experiments it was found that
12.8 mg percent of manganese did not interfere greatly while 19.2 mg percent
of manganese caused severe interference. These results are shown in table 5.

The presence of iron, regardless of the quantity present, caused an
error of about 10 percent. Results of recovery experiments in which iron
was added to cobalt solutions are shown in table 6,

Standard Solutions of Manganese, Molybdenum, and Cobalt

Manganegse: Standard solutions of manganese were prepared by dilution
of a 0,0496 N solution of Klmo4 which had been standardized against sodium
oxalate. 45.97 ml of this stock solution, containing 0.5448 mg of manganese
per ml, were diluted to 1 liter to make a solution in which 1 ml econtained

25 megms of manganese. Aliquots of this solution, containing from 25 to 275
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megms of manganese, were oxidized with periodate as deseribed under pro-
ecedure and made to a volume of 50 ml, Transmittance was determined on the
solutions at 515 mu and the galvanometer readings plotted against concentra-
tions on semi-logarithmic graph paper. The resulting points formed a
straight line. The Il value for each galvanometer reading was calculated
by the formula:

-?:klc K=Kk  or HEI0-loglalvdell oy
The average K, value was 0.636.

Molybdepum: For the preparation of a standard solution of molybdenum
0.9198 gram of C.P. (lﬂ4)6!o702‘-4H20 was dissolved in one liter of dis-
tilled water. This solution contained 0.5 mg of molybdemum per ml, Ali-
quots of this solution were diluted to make solutions containing 1, 5, 10,
and 25 mcgms of molybdenum per ml, The standard curves were prepared from
these solutions, as described under procedures., The galvanometer readings
were plotted against concentrations on semi-logarithmic graph paper. Since
the color in aqueous solution does not follow Beer's law, the ‘1 values
were not constant. The K, value for the color in ether solution was found
to be 0,0042, when molybdenum is expressed in micrograms per ml of solution.

Cobalt: The stpndard solution for cobalt was prepared by dissolving
440372 grams of CoClp+6H0 in one liter of water. From this solution,
which contained 1 mg of cobalt per ml, solutions eontaining 2 and 5 mcgms
of eobalt per ml were prepared. On aliquots of these solutions, contain-
ing from 5 to 25 megms of cobalt, the color was developed as deseribed
under procedure, and the curve prepared by plotting galvanometer deflec-
tions against concentrations on semi~-logarithmic graph paper. The result-
ing curve was found to be a straight line. The value of Il was found to

be 0.00436 when cobalt was expressed in micrograms per ml.
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RESULTS AND DISCUSSION

Table 1 gives the date of colleetion and description of grass and
forage samples taken from the eastern, southeastern and north central parts
of Oklahoma for the determination of manganese, molybdenum and cobalt. The
results of the determinations are presented in table 2. The calcium, phos-
phorus =nd magnesium content of a large number of these samples is also
presented in table 2 in order to bring out any relationship between these
more common elements and the trace minerals under investigation.

The average mang=nese content of three samples of prairie hay produced
in the Sallisaw area in 1949 and one sample produced in 1950 was 417 parts
per million. The manganese content of similar native hays produced near
Wilburton in 1948, 1949, and 1950 ranged from 150 to 270 parts per million
while hay produced during corresponding years in the Lake C, P. Blackwell
area only contained from 25 to 75 parts per million. The results clearly
show that despite considerable variation in the manganese content of dif-
ferent samples of hay produced in the same location, hay produced at the
Sallisaw and Wilburton areas in eastern and seutheastern Oklahoma, respee=
tively, contains far greater quantities of manganese than that produced at
the Lake C, P, Blackwell area in north central Oklahoma., If the average
manganese content of the Blackwell hay samples is given a rating of 1,
the average values for the Wilburton and Sallisaw areas would be rated 4.6
and 9,0, respectively.

The amount of manganese in these different hay samples was unrelated
to their content of caleium or phosphorus, The Blackwell hay was lower
than the Wilburton hay in magnesium; the magnesium content of the Sallisaw
hay was not determined.

Climax grasses separated from the Wilburton and Blackwell hays collected
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TABLE 1

Samples

Sample

- Laboratory

number number

Description

Hay samples from Sallisaw area,

1
2
3
4

Samples from the Range

00 =3 Ov\n

49-576~18
49-576~19
49-576~20
51=576~15

48=526-68
49-647-1

49=526~84,
50=526-97

50-526~118
49=526-81

50-526-112
50-526~113
50=526~114
50=-526~102
50-526~103
49-526-82

49-526-83

50=526=117
50=526=116

50-526=115
51-526~138
51=526~139
51=-526=140

Baled prairie hay cut early in June, 1949

Baled prairie hay cut in the summer of 1949
Baled prairie hay cut in the summer of 1949
Baled prairie hay cut in the summer of 1950

Cattle Minerals Station near Wilburton.

Baled prairie hay cut in the summer of 1948
Baled prairie hay cut in the fall of 1949
Baled prairie hay cut in the summer of 1949
Baled prairie hay purchased in the winter of
1949-50

Baled prairie hay cut in the summer of 1950
Climax grasses separated from Sample 7

Big Bluestem grass sampled in October, 1950
Little Bluestem grass sampled in October, 1950
Indian grass sampled in October, 1950

Big Bluestem grass sampled in June, 1950
Little Bluestem grass sampled in June, 1950
Weedy grasses separated from Sample 7

Foreign matter (weeds) separated from Sample 7
False dandelion (weed) sampled in October, 1950
Broom weed or many-flowered aster sampled in
October, 1950

Dog-hair grass sampled in October, 1950
Spring grass sampled in April, 1951

Spring grass sampled in April, 1951

Dog~hair grass sampled in April, 1951

Samples from the Lake C. P. Blackwell experimental range.

24,
25%

VEBBRIR

48-526~T3
49-647-2
49-647-3
49-526-80
50=526=119
49-526~78
50-526~120
50=526~121
50=-526~122

Baled prairie hay cut in the summer of 1948
Baled prairie hay cut in the summer of 1949
Baled prairie hay cut in the summer of 1949
Baled prairie hay cut in the summer of 1949
Baled prairie hay cut in the summer of 1950
Climax grasses separated from Sample 27

Big Bluestem grass sampled in October, 1950
Little Bluestem grass sampled in Oectober, 1950
Indian grass sampled in October, 1950

®*This sample was from a meadow that had been fertilized with super-
phosphate.



TABLE 2

Results of Analyses

Sa.llplo pineral C B1L10 -
number Description Mn Mo Co Ca P
Hay samples from Sallisew area, ppm ppm  ppm % % %
1 Baled prairie hﬂ.y 380 11 -16 -438 .076 N.D.
2 Baled prairie hay 567 13 14 429 ,083 N.D.
3 Baled prairie hay 321 .08 o2 489 074 N.D.
4 Baled prairie hay 400 .05 - N.D. ©N.D. N.D.
Samples from the Range Cattle Minerals Station near Wilburton.
5 Baled prairie hay 253 —-— 25 o524 053 .516
6 Baled prairie hay 150 «03 o13 .65 056 ,.339
7 Baled prairie hay 270 «02 .07 75 047 406
8 Baled pra.irie hay 170 07 o1l 53 .086 334
9 Baled pﬂiﬁﬂ hay 215 05 «03 A .052 N.D.
10 Climax grasses 290 «02 07 57 <045 .330
11 Big Bluestem grass 205 15 17 o324 ,035 113
12 Little Bluestem grass 224, 14 012 363 ,035 ,083
13 Indian grass 210 14 12 285 L031 .099
14  Big Bluestem grass 168 .06 .09 332 070 221
15  Little Bluestem grass 219 .13 .08 322 069 176
16 'w grasses m .25 HoS- 04-1 0056 0301
17  Foreign material (weeds) 455 .19 N.S. 1.22 ,052 509
18 False dandelion 231 ——— 03 1.111 .m 0342
20 Dog~hair grass 730 3.39 - 372 ,087 .150
21% Spring grass 267 N.S. .11 N.,D. ©N.D. N.D.
22%  Spring grass 269 11 N.S. N,D, N.D. N.D.
23* Dogehair grass 480 45 - N.D. N.D. N.D.
Samples from the Lake C., P. Blackwell experimental range,

24 Baled prairie hay 75 14 26 Ah2 061 159
25  Baled prairie hay 25 .18 26 54 078 221
26 Baled prairie hay 32 .13 .19 .38 049 115
27 Baled prairie hﬂy 30 .u .” .46 » 0117
28 Bul.d pmriﬂ hﬁy @ .13 003 .32 OO'B u.D.
29 Climax grasses 45 30 <29 40 067 .153
30 Big Bluestem grass 47 .11 .03 22 .032 N.D.
3 Little Bluestem grass 47 +06 .07 25 .018 N.D.
32 Indien grass 47 11 .12 25 .018 N.D.

#Mineral composition of these samples expressed on the air-dry basis

N.,D, == Not determined

N.S, == Insufficient sample for this determination
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in 1949 showed differences in mangenese content similar to the hsys from

these two areas, the grasses from the Wilburton hay containing 290 parts

per million and those from the Blackwell hay containing only 45 parts per
million, The high manganese content of the Wilburton hay, therefore, can
not be attributed entirely to the presence of a large proportion of weeds
or foreign grasses,

A comparison of hand-cut samples of dry grass of the same genus and
species taken from the Wilburton and Lake C. P, Blackwell areas in October,
1950, also shows the relatively higher manganese content of the Wilburton
grass, Big Bluestem grass from the Wilburton station contained 205 parts
per million of manganese as compared to 47 parts per million in the sam-
ple from the Lake C. P, Blackwell range. Little Bluestem grass from these
two areas contained 224 and 47 parts per million of manganese, respectively.
Indian grass from these two areas showed similar differences in manganese
content, Individusl species of grass were not aveilable from the Sallisaw
area, Further comparisons of grass species from the Wilburton and Lake
C. P. Blackwell areas were not possible, since collection of grass from
the latter area was discontinued during the grazing season of 1950 and
early spring of 1951.

Weedy grasses (genus Panicum) and foreign material consisting mostly
of weeds and stemmy unclassified materiel separated from the 1949 Wilburton
hay sample contained 342 and 455 parts per million of manganese, respec-
tively. Other samples of weeds and one weedy grass, "dog~hair grass",
were collected from the pastures in October of 1950 for manganese deter-
mination, One weed, commonly known as "broom weed" or "many-flowered
aster", contained 28l parts per million of manganese. Another weed from
the same area, "false dandelion", contained only 231 parts per million.



The "dog-hair grass", which was found growing near one of the range ponds
contained 730 parts per million of manganese, while a sample of this grass
taken in April, 1951, contained 480 parts per million.

Two samples of early spring grass taken in April, 1951, from the south
and southeast pastures at the station near Wilburton contained 267 and 269
parts per million of manganese, a surprisingly high manganese content for
early spring grasses. Soil samples were taken at the same time for manga-
nese determination by the Agrondmy Department, One sample, representative
of an area near the pond in the south pasture where the cattle grazed
heavily, contained 1440 parts per million of available (water soluble)
manganese and a total of 3340 parts per million, The second sample, repre-
sentative of the entire southeast pasture, contained 1350 parts per million
of available manganese and a total of 2930 parts per million.

Comparisons of the concentration of manganese in the plants from these
three areas with concentrations considered normal show that only the hays
from the Lake C. P. Blackwell area are within the normal range of 50 to
100 parts per million as given by Monier-Williams (10).

Molybdenum content of the various forage and grass samples showed
considerable variation. Of the prairie hay samples, those from the Wil
burton station were the lowest in molybdenum, 0.02 to 0,07 parts per
million, while those from the Blackwell area contained from 0.13 to 0.18
parts per million, Dry fall grass collected in October from the Wilburton
area, however, contained about 0,14 parts per million of molybdenum, which
is about the same amount as was found in similar dry grass from Lake C, P.
Blackwell.

These values are much lower than those reported by Ferguson et al. (19),
who found that most pasture grasses in England contained 5 parts per million

or less of molybdenum,
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"Broom weed", which was exceptionally high in mangmnese, contained
only 0,03 parts per million of molybdenum, while one sample of "dog=—hair
grass", also exceptionally high in mangenese, contained over 3 parts per
million of molybdenum. No molybdenum could be detected in the sample of
"false dandelion",

From these comparisons and other values presented in table 2, it
does not appear that the molybdenum content of the plants is related to
their manganese content, or for that matter, to their content of such
common elements as ealcium, phosphorus, and magnesium,

Recovery experiments presented in table 3 show that molybdenum added
to plant material, either before or after ashing, can be recovered to the
extent of 97 to 100 percent.

TABLE 3

Recovery of molybdenum

Molybdenum Molybdenum Molybdenum Molybdenum Percent
in sample added found recovered recovered
megn/gn megn/gm mcgn/gm megm/gm
0.0 3.5* 3.5 3.5 100
0.0 3.5 3.5 3.5 100
0.0 6.6% 6.6 6.6 100
0,0 6,6%% 6.4 6.4 97

#olybdenum added before sample was ashed
#¥jolybdenum added after sample was ashed but before subsequent
treatment
The values for the eobalt content of the different grass and forage
samples shown in table 2 must be considered as only relative. Recovery
experiments presented in table 4 show inconsistent recoveries of cobalt

added in increasing amounts to plant material previous to ashing.
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Comparison of results of experiments in which cobalt was added to the plant
material before and after ashing indicate that losses occured after the
samples were ashed, The nature of the results do not preclude the possi-
bility, however, that some cobalt was lost by volatilization or by formation
of insoluble silicates,

TABLE 4

Recovery of cobalt

Sample Cobalt in Cobalt Cobalt Added cobalt Percent of added
number sample added found recovered cobalt recovered

mogm/gm  megm/gm megm/gm  mogm/gm
Cobalt added before ashing,

35 0,083 0.5 0.516 0.433 86.6

0.083 1.0 0.866 0,783 78.3

0.083 1.5 1.349 1.266 8443

36 0.219 0.3 0.406 0.187 62.3

0.219 0.3 0.438 0.219 73.0

0.219 0.3 0.406 0.187 62,3

0.219 0.5 0.549 0.385 77.0

0.219 0.5 0,500 0.281 56.2

0.219 0.5 0.672 0.453 90.6

37 0.12 2.0 1.65 1.53 76.5
0.12 2.0 1.38 1.26 63,

0.12 3.0 2,88 2,76 92.0

0.12 3.0 Re45 2433 T7.7

0.12 4.0 3.40 3.28 80.2

0.12 4.0 4,00 3.88 97.0

38 -— 5.0 4.40 4.40 88.0

- 5.0 4. 25 4.25 85'3

— 5 .o 4.60 ‘.60 92.2

-t 500 4.45 4.‘5 89.1
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TABLE 4 (continumed)

Cobalt added after ashing but before subsequent treatment,

35 0,083 0.5 0.533 0.450 90.0
0.083 1.0 0,882 0.799 7.9

0.083 1.5  1.232 1.149 6.5

38 —t 5.0 4095 4-95 ”.0
-t 5.0 4090 4090 98 -0

it 5.0 4..40 40‘0 88.0

- 5.0 4.85 4485 97.0

Cobalt added to one of duplicate samples just previous to color
development.

30 0.30 0.0 0.30 - —
0.30 2.0 1.90 1,60 80,0

31 0.15 0,0 0.15 S o
0,15 2.0 1.50 1.35 67.5

32 0.20 0.0 0.20 — o
0.20 2.0 1.90 1.70 85.0

¥Because of the large quantity of cobalt added, the cobalt present

was considered to be negligible,

The possibility of interfering ions causing failure of color develop-
ment or bleaching of the final color is clearly shown in the results of
recovery experiments in the last part of table 4. In these experiments,
equal amounts of cobalt were added to samples 30, 31, and 32 just previous
to color development and their color compared to duplicates, without added
eobalt, handled in exactly the same manner. Colorimetric measurement gave
recovery values of 67.5, 80.0, and 85,0 percent of the theoretical amount
added. The possibility that maximum color development was prevented by the
presence of another ion is in agreement with the data shown in table 5,
concerned with the interference of manganese in the determination of cobalt.
The presence of 12.8 mg percent of manganese in the final solution used

for coclor development can be tolerated, however, the presence of over 19.0



mg perecent of mangenese caused severe interference. The final solution of
samples 30, 31, and 32 contained 2 mg pereent of manganese. It appears,

therefore, that some other ions were causing interference.
TABLE 5

Effect of added manganese on cobalt recovery

Cobalt in Manganese Cobalt Percent
standard solution added found recovered
megms mg percent megms
0,00 6.4 «20 -
3.80 6.4 4415 109.2
3.80 12,8 4.10 108,0
3.80 19.2 2.25 5942
3.80 25,6 0.75 19,7
3.80 32,0 0.15 4el
3.80 38.4 0.0 0.0
3.80 44.8 0.0 0.0
3.80 51.2 0.0 0.0
3.80 0.0 3.80 100,0
TABLE 6

Effect of added iron on cobalt recovery

Cobalt in Iron Cobalt Percent
standard solution added found recovered
megms mg percent megms

3.80 0.0 3.80 100,0
3.80 11.6 420 110.5
3.80 23.2 4420 110.5
3.80 34.8 4425 111.8
3.80 4644 4.15 109.2
3.80 58,1 4.10 108.0
3.80 69.7 3.80 100.0
3.80 8l.3 4.20 110.5
3.80 92.9 415 109.2




The effect of iron, as shown in the recovery data in table 6, is
relatively slight and opposed to that of manganese, It increases color
intensity slightly and gives high results,

Excessive boiling of the solution of the cobaltenitroso-R-salt after
color development causes bleaching of the color, Data in table 7 show that
boiling in excess of 2 minutes causes a definite reduction in the intensity

of the color,
TABLE 7

Effect of boiling time on reecovery of cobalt

Cobalt in Length of boiling Cobalt
standard solution in mimutes found
megns megms
3.70 1 3.70
3.70 2 3.70
3.70 3 3.65
3.70 4 3.40
3.7 5 3.45

From these recovery studies it is suggested that all the forage samples
shown in table 2 apparently contained cobalt in concentrations too small for
accurate determination by present colorimetrie procedures. That these
forages are not cobalt deficient is indicated in the results of feeding
trials conducted by the Department of Animel Husbandry., |
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SUMMARY

Methods for the determination of manganese, molybdenum, and cobalt
were investigated for the purpose of selecting those methods most appli-
cable to the determination of these elements in native forages.,

Satisfactory methods were found for the determination of manganese
and molybdenum which could be adapted to general plant analysis proce-
dures. The method for cobalt, however, did not prove to be satisfactory
due largely to the minute amounts of cobalt in plant material and unsatis-
factory procedures for its separation from other interfering elements.
Manganese in relatively low concentrations caused serious interference in
the determination of cobalt.

Determinations of manganese, molybdenum, and cobalt were made on
numerous samples of hay, grass, and other plant material from the Salli-
saw area in eastern Oklahoma, the Range Cattle Minerals Station near
Wilburton in southeastern Oklahoma, end the Lake C, P. Blackwell experi-
mental range in the north central part of Oklahoma.

Prairie hays from the Sallisaw area were found to contain an average
of 417 parts per million of manganese and 0,09 parts per million of molyb-
denum, Similar hay from the Wilburton area contained an average of 212
parts per million of manganese and 0,04 parts per million of molybdenum,
while hay from the Lake C. P. Blackwell range contained an average of 46
parts per million of manganese and 0,14 parts per million of molybdenum,

Mature Big Bluestem, Little Bluestem, and Indian grasses, which make
up the climex grasses in native pastures, from the Wilburton area contained
205 parts per million of manganese and .14 parts per million of molybdenum,
while grasses of the same species from the Blackwell area contained 47 and

0.09 parts per million of manganese and molybdenum, respectively.
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Weeds and weedy grasses from the Wilburton area contained manganese in
excess of 230 parts per million, one sample of "broom weed" containing 281
parts per million, A sample of "dog~hair grass" from this area conteining
730 parts per million of manganese had a molybdenum content of over 3 parts
per million. Other samples of weeds from Wilburton contained an average of
0.1 parts per million of molybdenum,

Less than 0.3 parts per million of cobalt was found in the various
grasses and weeds from the different areas. The accuracy of these cobalt
determinations is in doubt,

The concentration of manganese, molybdenum, and cobalt in the forage
samples appeared to be unrelated to the concentration of calcium, phos-

phorus and magnesium,



1,

3.

4-

5.

6.

7.

8.

9.

10.

12.

BIBLIOGRAPHY

McCollum, E, V,, and E, Orent
The physiological significance of some inorganic elements.
J. Maryland Acae., Sei., 2, 33-36, (1931).

Rudra, M. N,
Manganese hunger in animals,
Nature, 153, 111 (1944).

Johnson, S, R.
Studies with swine on rations extremely low in manganese.
J. Animal Sci., 2, 14=21 (1943).

Miller, R, C., T. B, Keith, M, A. McCarty, and W. T. S. Thorpe
Manganese as a possible factor influencing the occurrence of
lameness in pigs.

Proc. Soc. Exp. Biol. Med., 45, 50-51 (1940).

Lardy, H., P. Boyer, J. Shaw, and P. Phillips
Cattle need manganese to prevent breeding trouble.
Wisconsin Agri. Exp. Sta. Bull, 456, 53-54 (1942).

Gallup, W. D., and L. C. Norris
Studies of the perosis-preven properties of manganese.
J. Biol, Chem., 119, xxxvi (1937).

Eldbacher, S., and H. PinSsh
The nature of arginase,

Carratala, R. E., and C, L. Carbonischi
The toxicity and fixation of mganese.
Rev. Med. leg. y Jurisprud. med 15 405-9 (1935).
(via Chem. Absts., 31, 8697 ( 193'?

Becker, J. E., and E. V, McCollum
Toxicity of MnCl,«4H50 when fed to rats.
Proc. Soc. Exp. Biol. Med., 38, 702-4 (1938).

Monier-Williams, G. W,
Trace Elements in Food, 511 pps., John Wiley & Sons Inc., New
York, N. Y. (1950)

Blakemore, F., J. A. Nicholson, and J., Stewart

Some effects of a high manganese content in the diet of animals

with special reference to lactation tetany.
Vet. Record, 49, 415-22 (1937)

Green, H. H,

Significance of trace elements in relation to diseases of plants

and animals.
Proe. Nutrition Soe., 1, 177-83 (1944)

32



14.

15,

16,

17.

18,

19.

20,

21,

22.

33

Chornock, C., N. B, Guerrant, and R, A, Dutcher
Effect of manganese on calcification in the growing rat.
J. Nutrition, 23, 445-58 (1942).

Reid, J. T., K, 0. Pfau, R. L. Salsbury, C. B. Bender, and G. M. Ward
Mineral metabolism studies in dairy cattle: I. The effect of
manganese and other trace elements on the metabolism of calcium
and phosphorus during early lactation,

J. Nutrition, 34, 661-73 (1937).

Reid, J. T., and G, M, Ward
Mineral metabolism studies in dairy cattles III. Manganese
metabolism in the lactating bovine.
J. Nutrition, 35, 591-6 (1938).

Carlstrdm, B., and A, Hj¥rre
Significance of diet as a factor predisposing to infectious anemisa,
Skand. Vet., 28, 517-36 (1938).
(via Nutrition Abstracts & Reve., 8, 1149 (1938-39) ).

Perla, D., and M, Sandberg
Metabolic interdependence of vitamin B, and manganese. Reciprocal
neutralization of their toxic effect.
Proc. Soc. Exp. Biol. Med., 41, 522-7 (1939).

Beath, O. A,, H. F, Eppson, and C. S, Gilbert
Selenium and other toxic minerals in soils and vegetation.
Wyoming Agri. Sta. Bull, 206, 56 pps., (1935).

Ferguson, W, S., A, E. Lewis, and S. J. Watson
The teart pastures of Somerset, cause of teartness and its prevention.
Imp. Chemn, IndS.’ Jealott's Hill Research Sta. Bullo’ _]'._’ 28 PP8.,
(1940). (via Chem, Absts. 35, 252 (1941) ).

Comar, C., L.y, L. Singer, and G, K. Davis
Molybdenum metabolism and interrelationships with copper and
phosphorus.
J. Biol. Chem., 180, 913-22 (1949).

Brm‘r’ Eo’ 1. lo F!'Ons, P. R’itm’ and CQ xalisvnrt
Investigations of the "scouring pastures" in the drained land
resulting from the drainage of the Wieringer lake.

Verslag., Landb, Onderszoek., c (4) 267 (1938).
(via Chem. Absts., 32, 7975 (1938) ).

Shirley, R. L., R. D, Owens, and G. K. Davis
Deposition and alimentary excretion of phosphorus-32 in steers
on high molybdenum and copper diets.
J. Animal Sei., 9, 552-8 (1950).



23.

28,

30,

31.

32.

33.

34

Orten, J. M., F. A, Underhill, E. R, Mugrage, and R. C. Lewis
Polycythemic in the rat on a milk-iron-copper diet supplemented
by cobalt.

J. Biol, Chem., 96, 11-16 (1932).

Stare, F. J., and C, A, Elvehjem
Cobalt in animal nutrition.
J. Biol, Chem., 99, 473-82 (1933).

Filmer, J. F.
EnzoStic marasmus of cattle and sheep.
Australien Vet. J., %, 163-79 (1933).
(via Chem. Absts., 28, 4786 (1934) ).

Filmer, J. F., and E., J. Underwood
Enzootic marasmus., Treatment with limonite fractions,
Australian Vet. J., 10, 83-87 (1934).
(Quoted by Neal and Ahmann (27) ).

Neal, W. M., and C. F. Ahmann
The essentiality of cobalt in bovine nmutrition.
J. Dairy Sei., 20, 741-53 (1937).

Underwood, E. J., and J. F. Filmer
The determination of the biologically potent element (cobalt) in
limonite.
Australian Vet. J., 11, 84-92 (1935).
(via Chem, Absts., 29, 7011 (1935) ).

Kidson, E. B,
Cobalt status of New Zealand soils.
New Zealand J, Sci. Technol., 18, 694~707 (1937).
(via Chem. Absts., 31, 6388 (1937) ).

Kidson, E. B.
Some factors influencing the cobalt content of soils.
J. Soe. Chem, Ind., 57, 95-6 T (1938).

Askew, H, 0., and P. W. Maunsell
The cobalt content of some Nelson pastures.
New Zealand J. Sci. Technol., 19, 337-42 (1937).
(via Chem. Absts., 32, 5133 (1938) ).

Hopkirk, C. S. M., and R. E. R. Grimmet
Importance of cobalt. Relationship to the health of farm animals.,
(via Nutrition Abstracts & Revs., 8, 266 (1938-39) ).

m’ H., J.
The occurrence and correction of cobalt and ecopper deficiency
affecting sheep in South Australia.
Australian Vet. J., 26, 152-9 (1950).



34,

35.

36.

37.

38.

43.

45.

35

Comar, C. L., G. K, Davis, and R. F. Taylor
Cobalt metabolism studies: Radiocactive cobalt procedures with
rats and ecattle.
Arch, Biochem., 9, 149-57 (1946).

Comar, C. L., and G. K, Davis
Cobalt metabolism studies: IV, Tissue distribution of radioactive
cobalt administered to rabbits, swine and young calves,
J. Biol. Chem., 170, 379-88 (1947).

cmr’ co L.’ and G- K. Daﬂs
Cobalt metabolism studies: III. Exeretion and distribution of
radioactive cobalt administered to eattle.
Arch, Biochem., 12, 257-66 (1947).

McCance, R. A., and E. M. Widdowson
Mineral metabolism,
Ann, Rev, Biochem,, 13, 315-46 (1944).

Hale, W, H., A, L, Pope, P, H. Phillips, and G, Bohstedt
The effect of cobalt on the synthesis of vitamin B.. in the rumen
of sheep. Az
J. mml Sciu’ 2’ &14—19 (1950).

Hale, W. H., A, L, Pope, P. H, Phillips, and G. Bohstedt
The B-vitamins in relation to a cobalt deficiency in sheep.
J- AniMI Sl!i., 2’ 484-90 (1950)-

Gall, L. S., S. E. Smith, D. E. Becker, C. M, Stark, and J. K. Loosli
Rumen bacteria in cobalt deficient sheep.
Science, 109, 468-9 (1949).

Willard, H. H., and L. H. Greathouse
The colorimetric determination of manganese by oxidation with
periodate.
J. Am, Chem, Soc., 39, 2366~76 (1917).

Sandell, E. B.
Colorimetric Determination of Traces of Metals, Second Edition,
673 pps., Interscience Publishers, Inc., New York, N. Y., (1950).

Nydahl, F,
Determination of manganese by the peroxidisulfate method.
Anal, Chim, Acta, 3, 144~56 (1949).

Collins, W. D., and M. D, Foster
The determination of manganese in water by the sodium bismuthate
method,
Ind. Eng. Chem., 16, 586 (1924).

Solarino, G.
Determination of manganese in the wines of Peloro (Sieily).
Boll. chim. farm., 67, 481-3 {(1928).
(via Chem. Absts., 22, 4713 (1928) ).



46,

L7.

48,

49.

50.

51.

52.

53.

54.

55.

564

57

36

Stanfield, K. E.
Determination of molybdenum in plants and soils.
Ind. Eng. Chem., Anal, Ed., 7, 273-8 (1935).

Marmoy, F. B.
The determination of molybdenum in plant materials.

Dick, A. T., and J. B, Bingley
Molybdenum-thiocyanate complex,
Nature, 158, 516-7 (1946)

Barﬂhad, I.
Molybdenum determination in plant material,
Anal. Chem., 21, 1148-50 (1949).

Van Klooster, H, S,
Nitroso-R-salt, a new reagent for the detection of cobalt,
J. Am. Chem. Soc., 43, 746-9 (1921).

Kidson, E. B., H, O, Askew, and J. K, Dixon
Colorimetric determination of cobalt in soils and animal organs.
New Zealand J. Sei. Technol., 18, 601-7 (1936).
(via Chem, Absts., 31, 5711 (1937) ).

MacPherson, H, T., and J, Stewart
The photometric determination of cobalt.
Biochem. J.’ 2, 763"'7 (1938).

Marston, H. R., and D, W. Dewey
The estimation of cobalt in plant and animal tissues.
Australian J. Exp. Biol. Med. Seci., 18, 343-52 (1940).
(via Chem. Absts., 35, 3557 (1941) ).

Elli” Go B., m J. Fa Thmpson
Determination of cobalt in biological materials with nitroso-cresol,
Ind. E.Dg. che‘.’ Ll'.lal. Ed.’ lz’ 254"‘7 (1945).

Piper, C. S.

Soil and Plant Analysis, 368 pps., Interscience Publishers, Inc.,
New York, N. Y. (1950).

Scott, R. 0., and R. L. Mitchell
Concentration methods in spectrographic analysis. I. Recovery of
cobalt, nickel, molybdenum, copper, and zinc from plant material
and soil extracts by 8-Hydroxyquinoline.
J. Soc. Chem. Ind., 62, 4-8 (1943).

Bayliss, N. S., and R, W, Pickering
Thiocyanate complex as a means of extracting cobalt before its
microdetermination by other means,
Ind, Eng. Chem., Anal., Ed., 18, 446 (1946).



58.

59.

61,

62,

63.

644

37

Beeson, K. C., and R, L. Gregory
Report on copper and cobalt in plants,
J. Assoe, Offic., Agr. Chemists, 33, 819-27 (1950).

Hiscox, D. J.
The determination of cobalt in plant material.
Sei. Agr., 27, 136=41 (1947).

Richards, M. B,
Colorimetric determination of manganese in biclogical material.
Analyst, 55, 554-60 (1930).

Alten, F., and H, Wieland
The colorimetric determination of manganese with persulfate.
%. Pflanzenernahr. Dingung. u. Bodenk., 30A, 193-8 (1933).
(via Chem. Absts., 27, 5676 (1936) ).

Babko, H. K.
Colored molybdenum thiocyanate complexes.
J. Gen, Chem, (U. S. S. R.), 17, 642-8 (1947).
(via Chem. Absts., 42, 476 (1948) ).

Perrin, D. D.
The determination of molybdenum in biological materials.
New Zealand J. Sei. Technol., 312 396-405 (1946).
(via Chem, Absts., 40, 7286 (194 5 ) 9

Hiskey, C. F., and V., W. Meloche
Color phenomena associated with quinquevalent molybdenum solutions.,
I. Absorption spectra of solution in various hydrochloriec concen-
trations.
J. Am, Chem, Soc., 62, 1819-23 (1940).



THESIS TITLE: The Manganese, Molybdenum, and Cobalt Content
of Some Oklahoma Forages

NAME OF AUTHOR: Paul W. Tidwell

THESIS ADVISER: Willis D, Gallup

The content and form have been checked and approved by the
author and thesis adviser, "Instructioms for Typing and
Arranging the Thesis" are avallable in the Graduate School
office. Changes or corrections in the thesis are not made
by the Graduate School office or by any committee. The
copies are sent to the bindery just as they are approved
by the author and faculty adviser.

NAME OF TYPIST: Lillian Tidwell





