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INTRODUCTION

In the course of an Investigation of the phosphorous requirements of
range beef cattle begun at this statton several years ago (1, 2, 3) similar
aroups of 'cattle were placed at two locations in the state with native grass
pastures and native hays as the sole roughage In the ration. One group was
located at the Range Ca~tle Minerals Station near Wilburton insoutheastem
Oklahoma, where the soils are generally deficient in available phosphorous.
The other aroup was placed at the Lake Carl Blackwell Experimental Range,
near SWlwater in north-central Oklahoma, in the transition zone of soil
phoiphorous deflc1ency. The types of pasture grasses native to both these

,ueaa'wete gulte aimllar, Uttle Bluestem, Big Bluestem, Indian and Switch
~ be1nt the predomtnant species. ' ,

The cattle at each location cons1sted of thirtY bred three-year-old Here
'ford cows anel thirty wean11ng heifer calves equally divided into three lots.
Alllo~·were Irued on the native grass pastures in summer and fed in traps

IT'lll.l atud1.Ja reported as part of an Uneet1puon of the m1Deral aupplement re
qUirement Of ranp beef, cattle oondu~.cooperau"el7 by the Department of AJ11
Ji'lal JlWJbanctnr t.Qd AII1.~U1tura1 Chem1atr7 Beeearch,and supported in part by a re
aeuch II'&Dt trom 8wtn '&het ~pany, Chlcaao, Dl1nola. Detalla of the in"esUgatlon
an d.crtbed lJl reterencee P'f'eD under ''Id~tureCited."
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during winter. The winter ration consisted of locally-grown native hay
supplemented with 1.25 pounds of com gluten meal. daily. Lot I was allowed
only salt as a mineral supplement. Lot II was fed salt and enough dicalc1um
phosphate to provide a total phosphorous intake slightly over half the recom
mended daily requirement. Lot m was fed salt and dicalcium phosphate m
amounts sufficient to meet the recommended daily requirement. The average
daily phosphorous intakes of 1.5 gm. and 2.5 gm. per 100 pounds l1vewelght
of the animals in lots II and m, respectively. were reasonably well regulated
during the winter by mixing the minerals with the corn gluten meal supple
ment but were only approximated during the summer· grazing season When
the dicalc1um phosphate was mixed with the salt and offered free-choice.

At the end of the second year it was evident that the cattle at Wilburton,
not given a mineral phosphorous supplement. were suffering from a deficiency
of phosphorous and were unthrifty even when this nutrient was supplied. A
deficiency of some additional factor was suggested (3). A 8upplementary
investigation was undertaken, therefore. to explore other possible causes of
the condition of the Wilburton cattle by making a more complete study of
the composition of forage from the two areas and of the blood of the cattle.

ExPERIMENTAL

In the fall of 1948 and 1949 representative samples of native hay grown
in each area and to be fed during the winter months were taken soon after
baling. Precautions were taken to protect these samples from dust and other
sources of mineral contamination during collection, sampling and storage.
The hay obtaj.ned in 1949 for chemical analysis was 'Separated into climax
grasses. weedy grasses (Panicum) and foreign matter made up of heavy stems
and weeds. For mineral analysis. samples were cUpped into short lengths
with shears. For prOXimate analysis and other determinations a duplicate
sample was ground in a Wiley mm. Determinations were made of the major
feed constituents including carotene. cellulose and lignin. and the minerals
calcium, phosphorous. s1llca, iron, aluminum, manganese. magnesium. po
tassium and sodium.

Blood samples were taken from the cattle at about 56-day intervals for
the determination of carotene and phosphorus. Addltional determinations
were made of calcium. magnesium, copper, plasma protein. hemoglobin and
red cell volume of blood of a representative number of the cows in lots I
and III. These latter determinations were made during February and April.
1950, when the cattle were on winter feed and in June. after they had been on
native grass pasture for two months.

RESULTS AND DISCUSSION

Table I shows the composition of native hay produced.in 1948 and 1949
at the Lake Carl Blackwell and Wilburton areas. Differences between the hays
in their content of protein, crude fiber and other major feed nutrients were
small and unrelated to location. The hay· produced in the Blackwell area in
1949 contained a small percentage of· weedy grasses whereas that produced in
the same year at Wilburton contained 40 per cent of weedy grasses. atemmy
material and weeds. The Wilburton hay was higher in calcium and mag
nesium. and somewhat lower in phosphorous than the Blackwell hay. 8imUar
small differences in phosphorus have been found in the summer grass from
the two areas. It is questionable whether these differences in phosphorus
content would alone account for the difference in the condition ot the cattle
at the two areas.'

Differences In iron, aluminum, potassium and 8Od1um content ~tween

the hays from the two areas are probably not of nutritional s1gnJficance. The
most str1k1ng and ~nsJstent difference found was in the manganese content.
The Wllbqrton ~,;contained .. over three t1mes as much manganese as the
Blactwell ha.J.in 1948 8:J1d nine tlmea aa· much in 1949. Analysis of other
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samples of hay from these two areas, shown at the bottom of Table I. revealed
similar differences in manganese content. Weeds and unclassified I'f&SH8
collected from the Wilburton range in the fall of 1950 have been found to
contain over 800 p.p.m. of manganese. In view of the known effect of man
ganese deficiency and excess on calcium and phosphorus metabolism in a
number of animal species. it may be that some of the disorders observed 1n
the WUburton cattle are related to the high manganese content of the for
ages of that area, or to some other condition associated with manganese
accumulation. Further studies to determine the effects of rations high 1n
manganese are in progress.

Data presented in Table II show the seasonal change In the carotene and
phosphorus content of the blood plasma of cows at the two areas during
1948 and 1949.

TABLE II

Seasonal Variation in Carotene and Inorganic Ph03Phorus Content 01 Blood
Plasma 01 Beef COWB at Lake Carl Blackwell and WUburton Areas.

LOT I LOT II LOT III
MONTH CAROTENE' PHOSPHORUS' CAROTENE PHOSPHORUS CAROTENE PHOSPHORUS

B' W· B W B W B W B W B W

WINTERING PERIOD, 1948
February 74 186 2.8 1.8 85 200 5.8 5.1 77 182 5.9 6.1
April 278 427 3.4 1.8 284 33l> 6.3 5.4 339 351 5.4 6.5

GRAZING PERIOD, 1948
June 746 679 4.3 3.0 781 475 4.7 4.7 866 442 4.6 4.1
August 841 810 5.1 3.9 702 787 4.9 4.7 728 707 5.0 4.3
November 3l>7 283 4.4 3.1 380 232 5.6 4.3 348 219 5.4 4.5

WINTERING PERIOD, 1949
January 142 133 5.6 2.3 126 138 7.4 6.4 96 92 7.5 6.5
February 152 170 3.4 2.3 110 198 5.4 7.0 112 142 6.6 5.7
April 248 218 2.4 2.7 153 251 5.3 5.0 138 184 6.3 7.2

GRAZING PERIOD, 1949
June 996 836 4.7 3.2 832 503 4.4 4.4 899 703 5.2 3.3
8eptemb'r 662 490 4.4 3.1 583 753 4.0 3.0 510 479 4.7 3.6
November 678 734 3.4 2.7 549 791 3.9 3.1 554 631 3.7 2.5

'Values In micrograms per 100 ml.
2V'alues In m1ll1grams per 100 ml.
~Lake Carl Blackwell Area.
·Wllburton Area.

It can be readily noted in Table II that durlng corresponding months of
the year the cows in lot I quite consistently had lower plasma phosphorus
values than those in lots II and III, and that these values were usually lower
for the cows at Wllburton than for those at the Blackwell area. The average
dally phosphorus intake of the cows in lot I during the Wintering period of
1948-49 at the WUburton and Blackwell areas was 7 gm. and 9 gm.• respectively.
During this period, and also during the winter of 1949-50 (Table m>. pwma
phosphorus decreased in cows of lot I at both areas: and in those at Wllburton
It reached critically low levels. below 3 mg. per cent for extended periods. An
increase in plasma phosphorus to about 3 mg. per cent durtng the aummer
was associated With an increase in the phosphorus content of the forage.

Plasma phosphorus in the cows of 10tB U and III. however, was h1Iher
during the Wintering periods than during the IUIDIIle1' grazing aeuon. These
values. which varied from 5' to 7 mg. per cent during the winter, were in
fluenced largely by phosphorus intake; but the lower valuea for the cows at
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Wilburton. eapec1a11y during summer grazing when they· had free access to
a phOlPhorua supplement. are bel1eved also to reflect impaired phosphorus
uWlzation. \

Table m showl average values for a number of constituents determined
fa the blood of ten representative cows in lots I and m during the spring of
1950. Blood carotene and phosphorus values followed the same trends as
shown in Table D. Calcium values were within the normal range. The
variabWty of lJlaIllea1um values within treatments was relatively great. The
lowest values were obtained In the blood of cows in lot I at the Blackwell
area. Symptoms characteristic of magnesium deficiency were not observed
amonK any of the cattle and it &eeD18 that a hypomagnesia d1d not exist.
The results of copper determinations ind1cated a decrease in plasma copper
during winter feeding. Because of inaccuracies in the method of determina
tion the values are considered as only relative and have been omitted from
Table m. Values for plasma protein, hemoglobin and hematocrit were gen
erally lower for cows at WUburton than for those at the Blackwell area on
comparable rations; and this difference was. especially noticeable during the
winter feeding period. SimUar differences in hemoglobin values have been
obtained in other years.

TABLE III

Composition 01 Blood 01 Cows in Lots 1 and 111 at
Lake Carl Blackwel'.and WUburton Areas', 1950.

MONTH CAROTZHE INORGANIC CAI:CIUM MAGNESIUM PLASMA HEMOGLOBIN RED
PHOSPHORUS PROTEIN CELL

VOLUME

LOT I
.. w ll B W B W B W B W B WBW

February 179 177 3.8 2.5 9.7 11.0 1.28 1.72 7.2 6.5 9.9 9.3 34 32
April 323 253 4.3 2.8 10.1 10.6 1.87 1.72 7.1 6.9 10.0 8.7 33 30
June 861 889 3.6 2.9 10.2 12.0 1.27 1.97 7.0 7.5 10.6 9.7 37 34

LOT III
February 166 170 5.0 6.5 9.7 9.3 1.54 1.69 7.0 6.0 10.1 9.3 33 33
Apr1l 462 192 6.6 6.0 9.4 9.6 2.28 1.73 7.4 6.1 10.1 8.6 33 30
June 739 904 3.9 3.1 9.3 10.9 2.05 2.24 7.3 7.2 10.7 10.5 37 35
'carotene le expreeaed in micrograms: phosphorus. calcium and magnesium in m1ll1
sraml; and pluma protein in grams. per 100 'mi. ot plasma. Hemoglobin and red cell
volume (hematocrit) are expreseed in grams and m1ll1llters.
'Lake Catl Blackwell area.
lI\Vllburton area.

SUJDIARY

Cattle at the Lake Carl Blackwell range in north central Oklahoma,
Irued on native grass in the summer and fed hay produced in the area
supplemented with protein duting the winter, did notrequlre a mineral
phosphorus supplement for satisfactory production. Under s1mllar cond1tions
of manaaement, cattle in a phosphorus deficient area near WUburton, in
southeastern Oklahoma. required acld1tional phosphorus and were unthrifty
even When thJa element was supplied. To investigate the cause of this un
thr1ftlneu. studies were made of the composition of native grass hay produced
at each area and of the blood of representative cows grazed and fed at these
areas.

The hay at Wilburton contained a1m11ar amounts of the major feed
nutirlenta. leu phosphorus. m~ calcium and maanea1um and from three to
Dlae umea u much manpnese as the bay at the Blackwell &rea. A possible
advera effect of· blah JD&D8&DeIe in&ate on pboapbonlS metabo11sm was
euaestecL
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The cows at Wilburton, which were not fed a phosphorus supplement,
showed characteristic symptoms of phosphorus deflclency and had. criticallY
low plasma phosphorus levels. A phosphorus supplement fed during the
wintering period and offered free-choice during the grazing. season Increased
plasma phosphorus values of cows at both areas; however, these values were
consistently lower for the cows at Wilburton than for those at the Blackwell
area during the graz1ng season.

Low values for hemoglobin and red cell volume in the blood of the Wilbur
ton cattle indicated a milk anemia.
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