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PART T
THE EFFECT OF PHOSPHORUS IN DRINKING WATER, TRACE
MINERALS, INTERNAL PARASITE TREATMENT, AND ARTI~

FICIAL SUMMER SHADE FCR BEEF CATTLE.



INTRODUCTION

For the past several years reproduction of experimental beef cattle
in the Wilburhon area.of southeést Oklahoma has been sub-normal, The
cows appeared to be unthrifty, and showed a definite lack of condifion
throughout the winter months, Weaning weights of calvesg and subsequent
growbh of heifers was also poor. Farmers in the Wilburton area have
reported similarly subnnormai performance of beef cattle,

In 1947 an experiment was begun at Wilburton teo determine the phos-
phorus requirements aﬁraﬁgetmef“cattle% The data obhtained sesmed to in-
dicate that (1) the presence or absence of some nubritional factor (s)
and/or (2) the lack of some management practice(s) was detrimentally
affecting the reproduction and lactation of the cows., The indication
became more apparsnt when the data were compared to data of a Similaf
trial at Stillwater, Oklahoma. It was noted that the cows at Still-
water made much larger gaing during the summer than did the Wilburion
cows. The cows at the Stillwater station also produced a higher
percentage of calves, and at weaning time the calves averaged 91 pounds
more than the Wilburton calves. The percentage calf crop esmong the Wil=
burton cows ranged as low as 20 per cent in one lok. Considerable dif-
ficulty was experienced with death losses at time of calving or soon
after, During the summer momths, the inorganic phosphorus conbent of
the plagma was much higher among the Stillwater cows than in the Wil-
‘burton cows. |

The primary differences in the two experiments were the initial

waights of the cows and the forages fed to each group, The cows atb



the Stillwater station were glightly heavier at the beginning of the
experiment than the Wilburton cows. During the winber period both
groups were fed 1,25 pounds of corn gluten meal per head daily prlus
prairie hay free-choice. The Wilburton‘group wag fed hay grown in
the Wilburton area, and hay grown in the Stillwater area was fed to
the Stillwater group. Each group grazed in its respsctive area.

There were several suggested causeg as Lo the reproducﬁive@difm
ficulbies reported in experimental cattle in southeastern Oklahoﬁa°
Some of the suggestions were lack of summer shade, internal parasitism,
deficiency of trace minerals, and insufficient phosphorus intake, due
to low bone meal consumption, and a deficiency of phosphorus in the
forage. The experiment reported in part one of this thesis was initiated
to determine the effects of parasite treatment, artificial summer shade,
trace minerals, and an increased level of phosphorus intake, on the per-

formance of range beef cows.



REVIEW OF LITERATURE
Phogphorus

According to Maynard (1947), a phosphorus deficisncy is known to
exist in Michigan, Texas, Minnesota, Wisconsin, Kansas, Montana, Florida,
Utah, and California, Nelson eh al. (1951) reported a borderline defi-
clency in some seils of central Oklahoma, and a definite phosphorus de=
ficiency in some ares of soubheastern Cklahoma.,

In the absence of gufficient phosphorus for cattle, their hody

% oal, (1932)

)
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stores are depleted, and aphosphoresis sccurg., Dekles

mentally produced gymphoms of aphosphorosis in daliry catele, A
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upplying 0.9 gram of phosphorus per 100 pounds bedy welght was
fed to growing heifers, and plca, retardation of growth, listlessuness,
and stiffness were observed, Flasma phosphorugs data were obtaine& for
the entire period., The plasma phdéphorus level dropped as low as 1,68,
and the enkire 360 day average was 265 mg, per 100 ml, of blood, Supw
plementation with phosphorus resulted in a relurn to high plasma levels

n all ecases, usually within 15 %o 20 days. These workers also observed
a decresgsge in milk production and & reduction in the percentage of hone
ash in the skeleton, when a phosphorus deficient ration was fed. Normal

calelun values were chgerved throughoul the entire peried,

Cattlemon in certain mreas of Te: observed thet scome of their
cattlie appearsd stiff, wealk, and emaciated, Thege e ed

ey

‘ereeps® . and were asgocisted with a thogphorus defieliency, Some of the

phosphorus supplements used failed o completely alleviabe the




1941 %o determine the most effective means of phospherus suppiementation

for range cattle, In this experiment, cattle in Group 1 servaed as a none

(—"S"

=3

reated control, The cows of Group 2 recaived hone meal fres-choics,
Group 3 cows were given disodium phosphate in the drinking water., ho supply
approximately 6.5 grams of phosphorus per head daily, The cows of Group
4 were fed defImorinated superphosphate in the water from 1941 to 1943,
disodium phosphate in cottonseed meal from 1943 to 1945, and from 1945
to 1946 were fed disodium phosﬁhaﬁe in self-feeders. The cows of Group
5 were allowed Lo graze on pastbures fertiiized with 200 pounds ftriple
guperphosphate per acre., The conbrol group was characterized by numere
oug casges of "erecps® among the lactating cows, low incorganic phosphorus
content of the blood, subnormal boedy development, reduced fertility,
lighter calves, and several deaths, OCOf the phesphorus trestments used,
the controlled pghosphorus inbtake in the water was most effective, Ho
cages of aphosphorogis were noted in tbié group. Sabigfachory resulis
were obkained firom the obher phosphorus supplemented groups, howsver,
the intake was wariable and some mild cases of a deficiency were notad,
Although phosphorus fertilization of the goil resulted in an incressed
carrying capacity of the pagtures and sufficient phosphorus intzke by
the cattle, a severe Iwo-year drouth cccurred which eventually resulted
in a shortzge of green forage, and aphosphorosis sympboms occurved.

3,

In an sarlier experiment on the Xing Ranch in soubth Texas, Black
and agsociates (1943) used four groups of crosshred cattle. Ths cows
of Group 1 served as the unbreated conbtrol group, Those of Group 2

were fed 6,5 grams of phosrhorus per

heifers, and 14.3 gramg per day for lachatl



3 wers faod the same levels of phosphorus as Group 2 3n the form of di
sodium phosphate, and those in Group 4 were fed bone meal and trace
minerals, Feeding the mineral supplement resulted in heavier calves
at weaning, a 1%rger calf crop, and hetter conditior of fthe cous.

Knox and coworkers (1941) conducted an experimentbto determine the
vhosphorus requirement of range catbtle on native grass pastures of New
Mexico. They found that eattle fed a phosphorus supplemsnt produced
calves that were 80 pounds heavier at weaning than calves from non-sup-
plemented cows, The phosphorus content of the forage consumed by the
cows ranged from 0,048 per cent to 0,136 per cent, The cattle consumed
from twe to three grams of supplemental phosphorus per head daily for
the sntire three-year period,

Nelson et al., {1951) fed dicalcium phosphate as a phosphorus sup-
rlement to a ration deficient in phosphorus. The daily intake of this
alement during the winter was approximately 7.6 grams of phosphorus for
cattle of Lot 1, 12.5 grams for Lot 2 cattle, and 19,2 grams of phos~
phorus for those 6f Lot 3. The low level of phosphorus was inadeqgunate
for normal growth of weanling calves and normal performance of the cows
in southeastern Oklahoma, whereas there were no differences observed in
the cows or their calwez on the medimm or high level of vhosphorus ine-
take,. An infsks of 12,5 grams of phosphoruz per head daily was considered
an adequate amount for range cows by these workers

Huffman and coworkers (1933) reported that 10 to 12 grams of phos-
phorns per day for dairy cattle from 18 mounths of age to time of calving
providéd adequate phosphorus for msintenance, growth, and development of
the fetus, Phosphorus regquiremsnt for milk production was found o be

065 %0 0.7 gram of feed phosgphorus per pound of milk produced, The



maintenasnce allowance was placed at 10,0 granms daily ver 1000 pounds of
body weight, Nance (1952) recommended a daily dietary intake of 1,5
grams per 100 pounds of body weight for range cows,

It has been obgerved by many workers that a deficiency of phosphorus
may be the cause of various kinds of breeding trouble, Jordan and associ-
abzs (1906) found that the feeding of a phosphorus deficient ration for
a long period of time caused a disappsarance of the estrus cyele,

Fekles and coworkers (1926) observed dairy cows in certain sections
of Minnesota thal were suffering from g phosphorus deficiency. The cows
wers producing calves at the rate of one‘every two years., When fed bons

meal at the level of two per cent of the ration, practically all the cows
returned te normal breeding habits and optimum milk preduction, Theiler
{1928) found that only 51 per cent of a group of cows fed no phosphorus
supplement calved normally, while &C per cent of the cows fed bone meal
calved normally. Reduced mortality of the cows and calves, and superior
growth and development of the calves was noted ameng the phosphorus sup-
plemented cattle, Lantow (1932) fed supplemental phosphorus to cme lob
cf range cowus, while another lot served as a nonmsupplemented control,
He found that cows fed additicnal phosphorus matured earlier, produced
larger calf crops, had lower death rates, and produced heavier calvss
al weaning.

Reid (1949) stated that many cases of reproductive failure in wstile
on phospaorus deficient ranges may not be entirely due t¢ a lack of this
glement since the low content of phosphorus in forage is ugoelly accom

- 5,

ranied by a low level of protein, Palmer and associzbes {1944) coneluded
q;

that a combined deficiency of phosphorus and l“otcig in the bovine, anale

e
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ogous Lo similar deficiencies ln animals reared largely on preirvie h



in the phosphorus deficient regiong, delayed Sexgg;‘yﬁturiﬁy and repressed
normal evidences of estrum so that periods of estrum appeared to be nmissed.
It has been observed by several investigators that a phosphorus de-
ficiency interferes with £éed wtilization., Eckles and Gullickson {1927) con=
cluded from their experiments thalt cows on a low phosphorus diet needed
at least 20 per cent more digestible nutrients to maintain their weight
than was indicated by Morrison's standard,
Riddell and Hughes (1934) conducted experiments to determine feed
ukilization with phosphorus deficient cows. They fouﬁd that dairy cows
in a condition of aphosphorosis digested their feed as well as conbtrol

e

cows, They did note, however, that the phosphorus deficient cows showed
a higher energy mebabolism than did the conbrols.

Kleiber and coworkers (1936) found that heifers fed a ration con—
taining 0,13 per cent phosphorus ceased te grow after six months, Heifers
on a 0,4 per cent phosphorus ration continued to grow. It was found that
phosphorus deficiency lowsred the total efficiency of energy ubtilization
mainly by lowering the appetite and secondly by lowering the partial ef-
ficiency, whereas it did not seem to influence the fasting catabolism.

The inorganic phogphorug content of the bleood of cattle has been

studied for geveral years as a measure of the adéquacy of the dist in

’Jﬁ

this mineral, and alsec as a common method of diagnosing aphosphorosis,
Aecording to the literaturs, a wide range of plasma phosphorus levels
nay be considered normal., Maymard (1947) stated that the inorganic

phosphorus levels of the blood vsually range bebween 4 and 9 mg, per

o

100 ml, of plasma depsnding upon the age snd species. Wabtiing ond Knoxw

(1948) reported that breeding cows had good producticn records and maln-

tained satisfactory body weights with an awverage phoszphorus lewsl varying



from 2,11 mg. during the winter to 5,37 mg, per 10C ml, of plasma in the
sumner, The normal plasma phosphorus lovel according to Dukes (1947) for
the bovine is 2.3 to 9.6 mg, per cent,

As reported by Loosli et al., (1950), the normel inerganic phosphorus
value for cows is 4 to 6 mg, per cent, and for calves under one year, 6
to & mg, per cent of the plasma,

Moxon (1947) determined inorganic plasma phosphorus levels of 88 range
cattle over a period of five years. The levels showed a range of 1,19 %o
9,57 mg., per 100 ml, plasma, with a mean value of 4,77 mg. per cent.
Palmer (1930) observed that the average inorganic phosphorus level was
5,87 mg. for mature cows, and 7.56 mg, per cent for calves up to 185 days
old., He stated, however, that there was a great day to day, and even
hourly wvariation in the plasma phosphorus levels of matpre cowa., Mrinking,
eating, and exerciging appeared to cause some of the variation,

Different methods of phosphorus supplementation and different phog-
phorus supplements have been used by different workers with varying re-
sults. In this regard, Hodgson and coworkers {(1948) found that both bone
meal and defluorinated superphosphate supplied satisfactory phosphorus
intakes when force=fed, but when fed free-choice bone meal was far more
palatable and larger amounts were consumed by the cattle than of the less
palatable gsuperphosphate. Both supplements were eaten more readily when
mixed with sall than when fed alone.

Bekker (1932) and Du Toit (1939) found that phosphorus supplementation
in the drinking water was very effective, provided the water supply was
controlled, Tash and Jones (1947) found that disodimm phosphate dizsolved

- o
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ar was a more satisfactory means of phosphorus supplementation than

2 v
in wa

feeding bone meal free-choics, disodium phogphate miwed with cottongeed
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meal, disodium phosphgte free-choics, or dissolved defluorinated super-
phogphate in water.

Trace Minerals

oy

It has beea shown that the animal body requires iron, copper, lodine,
zine, and cobalt., If these elements, required in only very small amounts,

are not supriled in adequate amounts the animal eventually develops char-

reguired only in such small amounts, they are known as trace minerals.,

Copper and Iron

slong with diron for hemoglobin formation, It was not found to be

a conghiiuent of hemoglobin, bul did occur as hemocuprin in the blood

cellse Cunningham {1931) stated that the chief activity is in the liver,
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considered to function in converding inorganic iron to organic
iren, possibly to the form of iron porphyrin. Lahey et al. (1951) noted
that on a diet low in copper, iron absorption from the intestinal tract of
swine was reduced, and when iron was administered intravenously,. only 20
per cent was ubilized for hemoglobin formation, This study suggested that
copper functioned in the abscrption as well as wtilization of iron. Under-
weod {1940) found that in the rat, copper was essential in hemoglobin for-
mation, but was not concerned with iron assimilation. Maynard and Loosli
{1943) swgzesied that copper might function as a component of oxidation-
~raduction systenms. |

Allerofs and Parker (1949) reported a disorder affecting dairy cattle
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iated with copper deficienty. The condition was character-
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vers and persistent diarrhea, unthriftiness, low milk production

and marked degree of stunting in young stock. Forbes (1918) found that al-
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though copper and iron were sbored in the febus in suwficient amounts for
normal hemogleobin formation, long periods of nursing depleted these stores,
regnlting in anemia and listlessness in dairy calves. Hart (1928) noted
that the levelsg of both coppér and iron were very low in milk, and sup-
plemenﬁation of these elements to the cows failed to raise the levels of
copper and iron of the milk, According to Huffman (1947), the primary
symptom noted as a result of irom deficiency in dairy calves was anemia,
The anemic condition affecting milk-fed calves usually was alleviated
when the calves were gllowed to eat grain and roughages;

Carpenter (1947, 1948, 1949) compared 11 ppé. of copper to 45 ppm.
of copper as a supplement To ;oung pigs and found that the pigs receiving
the higher level of coppsr gained an average of 16 pounds more than the

pigs receiving 11 ppm, in a périod of 70 dayss Labter work showsd that

w2

sows given 35 Péma of copper farrowed 10,3 pigs per litter-as compared to
7.8 pigd per litbter from sous receiving 7 pmm, He later found that he
could increase liver stores of coﬁper in pigs by feeding copper supple-
ments to their mothers,

Aceording to Maynard (1947) 7+5 ppms of copper in the forage is guf~
ficient to maintain the norﬁél 100 microgram percent copper level in the

lood of cattle.

H

€

Todine
Maynard (1947) reported that the thyroxine secreted by the thyroid
gland of the animal body is 65 per cent iodine., The elinical symptoms

iclency in farm aﬁimals have been described by Weleh (191%,

[
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1928, 1940) as the birth of weak or dead foals; dead, weak, "big necked¥,
sometimes hairless calves; dead, weak and often partially wooled lambsg

and the birth of edematous, flabby and hairless pigs., Goiter is some~

times apparent in the newborn in all classes of livestock.
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Morrison (1939) reported that deficiency of iodine in older animals
caused goiter, an enlargement of the thyroid gland. He also stated that
there is no need of supplying additional iodine to pregnant animals in
areas where thers has been no trouble from goiter in newborn ahiméls?@,
Hamilton and Xick (1930) failed to obtain any response by adding supple-
wenbal fodine to a ration with a borderline deficiency of iedine fc*
growing chicks. Carroll et al, (1930) obtained similar results by feed-
ing potassium iodide to pigs én & ration 10wé'but not deficient in iodine,
Maynard (1947), however, reported that supplementary iodine, when fed to
sows in a bordarline area of iodine deflulencyg resulted in larger nme-
bers of live pigs at birth, and larger per cent of pigs farrowed,

In an eyperiment with sheep and swine, Andrews and coworkers (1948)
chserved the effects of a rabtion deficient in ilodine. These workers
noted that when ewes were fed a ration with no additional iodine, 60 per

cent of their lambe showed a hyperplasia of the thyroid, and only three

i

of 147 lambg had normal lodine levels in the thyroid gland. When stabilized
indized galt was fod to.another flock of ewes on the ssme iodine defie%smt'
ration, only one lamb was observed to have an enlarged thyroid, and all
glands contained normal amounts of lodine., A ration deficient in iodime
wags fed to swins, with no addibional icdine added., In pmactﬁcally all
cases, the pigs from the iodine deficient sows showed scme evidence of
goiter, and iodine levels were consigtently lower than normal, When
iodized gsalt wasg add 9& to the ration of the sows, all pigs were normal
with respect to thyroid size and icdine levels in the thyroid,
Cobiadth
Marston (1938) definitely eshbablished cobalt as an essential element

feor cattle and gheep. MeCance and Widdowson (1944) have shown that cobalt



12

is evidently essential for the metebolism, growth, and reproduction of the
nicroflora present in the rumen. Smith (1951) feported‘that cobalt funce
tioned in the production of vitamin By, in the rumen of sheep, probably

by mizrobial synthesis, Rickes et al, (1948) isolated vitamin 8129 a factor

that sontains cobalt, from the liver, Hale (1949) reported a definite in-

‘Becker and Smith {1951) found that 2 cobalt deficiency did not markedly
affect the cellulose splitbting microorganisms of the rumen. However, Gall

and coworkers (1949, 1949b) found that the orsl administration of 1 mg.

b par day for sheep resulied in s count of 54.6 million microorgan~
isms per gram of ruren maberial. This was compared to 30,2 million for
cobalt deficient sheep, ard 30,4 million for sheep injected with one mg. of

cobalt per day. A simpler kind of flora and lower bacterial count wers

n cobalt deficient sheep.

4]
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o

Chemberlain and coworkers (1948) found that during the last four weeks
of a l4-week feeding trial, coball supplemented lambs outgained those of
the cobalt deficient lot by 9.5 pounds. The cobalt fed lambs required
only 90 per cent = much feed as the coentrol group.

Orten and coworkers (1932) fed rats 0.5 mg. of cobalt in addition to
copper as a supplement to a milk and irom diet, This resulted in poly=-
cythaemia, an exeess of red blood cells. Underwood (1940) reported a
cythasmia in gwine when ccbalt was fed in large amounts. Dinusson st
al. {1950} found that cobald increased daily gains when fed %o. swine in
dry lot. Robison (1950} also reported a growth response from added co=

balt wher pigs were fed an all plant ration .



In a series of in vitro experiments, Burroughs et al. (195053 1950,
1951) showed that alfalfa aszh, a synthetic sheep saliva plus trace minerals,
a waber extract of alfalfa, a water extract of mamwe, and rumen liquid
increased the digestiblility of low quality roughage, but had little effect
on high quality roughage., Swift et al, (1951) fedalfalfa ash to shesp with
a rabion in which eround corn cobg mades up the enbirs roughage frachtion,
and found that the average digésﬁibility of svery ration constituent was
increased, bubt only crude fiber and totel digestible nubrient valuss were
icantly inoreased., Chappal et sl. (1932) obbtained similar results
by adding alfalfa ash to a ground corn ceoh basal ration. A synthetic

alfalfa ash improved digestion of organic matter and erude fiber, but
the results were less favorable than thoge obtained from natural ash.
A mineral mix ineluding sodium chloride; potassium chloride, manganese,
zine, iron and copper failed to improve the digestiblility of any ration
constituent,

‘Pope and coworkers (1953) summarized three years of work with yeare
iing and two-year old steers, and reported no beneficial effect was noted
by using a trace mineral mix contaluning cobalt, manganese, zinc, copper,
and iron, Nelson and associateg (1951) added iron, cobalt, iodine, man-
enese, and copper to a ration for weanling heifers and repo%ted no dif-
farancs inmin or general appearance after twe years work.

Bentley and héﬁbn {1952) compared alfalfa ash, a tracs mineral mix
{cobalt, zine, manganese, copper, and iron), and reduced iron as a sup-
plemenﬁ to a ration of wurea, cerelose, iodized sslt, calcium sarbonate,
celoiun phosphate, witamin A and D oil, corn and cob meal, and poor
guality, late cut Himothy hay. Alfelfs ash and mineral mix improved

the average daily gain by 43 per cent, whereas iron fed slone had no
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cffect on growth performance. None of the supplements appeared to im-
prove digestibiliby of the ration, but ﬁhé trace mineral mix and alfalfa
ash effected a saving of 12 per cent of the corn and cob meal, and ine-
creased the consumpbiocn of corn and cob meal by 25 per cent, -

Speer and coworkers (1952) added a mineral mix containing iron,

o

sobper and manganese, cobalt, and zinc o a growing fattening raticn

&
o]

for pigs, They found that averasge daily gains of the mineral supple=

fre e

Wiliman and Nolsnd (1949) found that supplementary cobalt, copper, iron,

and mangznsss improved bolth growth and feed efficiseney in growing swine.

Paragite Control

There are three species of roundworms, Haemonchus contortus, Oster-

o

tagia osterbagi, and Irichostrongylus axei,that are commonly referred to

LF}

as parasibes of the sbomasum or fourth sbomach of cattle., OFf these, the

71

first dg the best known as is commonly: referred to as the stomach worm
or twisted wireworm. Ransom (1906) experimentally traced and first de-
geribed the 1ife @y@ie of the twisted wireworﬁ in 1906, Veglia (1915)
reported the occurrence of H, conbortug in Scubth Africa, and Dikmans
(19122} reported the presence of the stomach worm in the abomasum of

cattle and sheep examined in a local slaughterhouse, Ackert and Muldoon

veariing shesrs, )
Porter {1942) hes described the roundworm, H. gonborbus, as being
£ inch o one and onz-fourth inches long, Femals wornms

depcgit their eggs in the stemach of the hogt, which passes them oub in

the feces, The sggs hateh in a few hours, under favorable conditions,



jed
A%

into the larval stage. The larvae underge two molts, and reach the ine
fective stage in four or five days. When there is rain or dsw, the larvae
ciimb up a blads of grass and are eaten and swallowed by the host., They
mature in the abomasum in three or four weeks. Veglia (1915) stated that
congbantly moist, eloudy weather, dew at night, and an abundance of scil
covering were the condibions most favorable o the life cyesles., Swanson

{1942, 1945 5y found that the stomach worm larvae could survive on native

o

pagture for a six and one=half to twelve month non-grazing period. Ran-
som (1906} reported that freezing did not affsct the larvae,

Upon reaching the stomach, the larvas undergo two mors molts. Ac-
sording to FPorter and Cauthen {1946) the larvae enter the gastric pits
and fundic glands of the abomasunm where they mature. They then localigzs
as adulds, in the pyloric region, FEggs are found in the feceb 19 to 31
days after the larvae ars swallowsd.

Porter (1942) reppr%ed that the common symptoms of stomach wofm
infegtation arse léss of flesh; general weakvess; anemla, noted by a
paleness of skin and spithelium of mouth and eyss; bottle jaw, an edema

£ the lower jawy; and diarrhea, Clunies Ross (1933) experimentally i£~
Pected lambs with stomach worms and failed to note diarrhea, however,
ﬁnemia did occur in all cases,.

An ohgervation into the condition of anemis and gsstric hemerrhage
raused by stomach worms was made by Andrews {(1942), Nineteen lambs,
two to eight monbhe ©ld, were infested with 2,000 to 181,000 H. contortus
larvas in single and mulitiple doses. One lamb was bled at daily inter-
vals Yo produce an experimental ansmia. Blood appeare&_in the feces of
the infected animals six to ten days after infection. The amount of

blood in the feces was determined for the entire period, Two of thelambsg



died of parasitism. They had passed in their feces, 1,492 e, and 2,380
e, of bleod; or 1.57 and 2.5 tines reépeaﬁively, their original blood
volume, The lamb that had been bled had lost 3,500 ce. of blood, or 2.5
times its original volume. It was concluded that the anemia of the in=
fasted lambs was due to gastric hemorrhage alone, Martin and Clunies
Rosa {1934) calculated thab 2,000 female stomach worms could withdraw
about 30 ce, of blesd sach day from a host animal, That amount did not
include blood removed by the male worms. Wells (1931) actually observed
blood pagsing through the bodiss of hookworms imbedded in the intestinal
nucngs of & doge He ealeulated +that 1,000 hockworms could withdraw
360 ¢o, .of blood per day,
I% was nobed that lambs harboring considerable numbers of parasites
axhibited 1ittle obvious evidence of 111 health when feed conditions were
satisfactory. (Clunies Ross, 1936). Vegors and coworkers (1953) studied
the effect of three ﬁypes of winter pastures along with corn supplemen—
tation cn internal parasite infegtation, with yearling beef calves. The
calves were allowed to graze on a temporary pasture of rye grass, oatbs
and erimson clover, a fescue-uhite clover mixture, or a crimson clover
pasture. Half the calves on each pasture were supplemented with corn.
It was noted that the corn supplemented calwes had only one=fourth as
many parzsites as did non-supplemented calves, The calves on fescus
pastuve without supplement had an average of 101,000 wormg, and gained
oxly 1,13 poundsvpar day, as compared with 2,31 and 2,94 pounds per day
gain for the calves on the crimson clover and temporary pasbures. The
three mogt prevalen® parasites found in the calves on aubopsy, were

Cogperia
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punchata, Osbertagia osterbagi and Irichostrongylus axei. Taylor

{1934) demonstrated that lambs rsceiving a full feed of hay and concentrates



contained fewer worms at autopay than did lambs fed a ration of hay
alone,

Foster and Cort (1931, 1932, 1935) found that dogs fed a good diet
were resistant %o reinfection with hookworms, while the same dogs when
fed a poor diet were very susceptible to reinfeection., Weir et al,
(1948} reported that lambs on a rabtion of grass and legume hay, corn,
and soybean meal continusd to gain, even though some were heavily in-

fegbed with ghomach worms. Porter ot al, {1941) experimentally infected

4

one gach of twe pairs of calves with stomach worms. After eliminating

the worms, the calves were put on an infested pasture. It was found .

o

shat previously infected calves were resistant to reinfeetion, while
the others were readily infecied,
Most species of stomach and intestingl worms of cattle are also

progent in other ruminants. Clunies Ross (1931) reported that lambs

ot

way be parasitized by H. contortus of either ovine or bovine crigin,

Trichostrongylus gsxel is the least host specific of the internal para-

gites, These worms have been observed by Stoll (1936) and Taylor (1937)
to occur in horsss, cattle, sheep, and other ruminants, Copperids, a
group of intestinal worms common to sheep, have been used by Edgar (1936)

to produce fatal infections in young goats., They have also been obe

served in eatile, {Dikmans, 1939 and Ranmsom, 1920).

Although H. gontortus is the most common and probably the most eco-

nomically important internal parasite, there are several others which

LY

are common ho this area. Verminous gastritis, caused by Q. gstertagi,

8

has been noted among cattle in Texas by Barger (1927). Occurring ameng

vearling cabtle, it caused emaciation, anemia, rough haircoat, diarrhea,

bottlejaw, and even death. Porter fi?AZ) described 0. ostertagl as aboub
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one=fourth inch long, and occcuring in the fourth stomach of ruminants,
Its 1life history differs from the stomach worm in that the larvas pene-
trate and mature in the mucous membrane of the abomasum, in small cystie

nodules produced by the host. QOgterbagia circumcineba and O, Irifurcata

have bean observed in ealves, bul were of little significance comparsd
to 0. pshertagi,

Trichoshrongylus axel, another of the roundworms, was described by

Porter (1942) as being very siender and only about one=fifth of an inch

long. Baker {1939) reported that T, axei caused a patchy gastritis in

which the stomach lining was thrown inbo folds¥., The sympboms were

a
s
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Yeda
Jemad
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o thoge of H. contortus, wibh the loss of condition and severe
diarrhes scourring most commonly.

Dikmans (1939) and Ransom (1920) reported a severs inflamation of

b
[
[aV)

e

intestinal wall of calves eaused by Goonerlds, specifically Cooperia

i)

5

8

ctata and U, pectinata. These Cooperids or intestinal worms, caused
a destructive inflamﬁation of the layer beneath the intestinal mucosa,
regulting in the ascunulation of white or yellow cheesy material., Ser=
iously affected calves appeared anemic, emaciated, and showed a persis-
tent diarrhea. Andrews (1939) experimentally infected lambs with C.

2

cupticel, C. oncophora, C. puntata, and C. pectingta and observed that

o

there was a decreased ability of the animals to convert feed %o gain, but

no sympbtoms of infection were noted,

Crtlepp (193%) found that the hookvormé Bunogtomum trigonocephalum,

was capable of enbering the body through the skin, as well as through
the intestinal tract, Infection with hookworms caused an asbstraction
ef blood from the host, in addition to the secretion of s h@mollec sube

stance which destroyed red blood cells, and prevented coagulation of the
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blood. This prolonged hemorrhage, after the worm had moved, along with
the blood removed by the parasite, caused anemia, edema, and obther symp-
toma identical %o those caused by stomach worms,

Qne of the first chemicals uszed in controlling internal parasites
was carbon tetrachloride., This was employed by Dikmans (1921b) on cat-~
tle thet wers infected with wireworns, Q. gﬁterﬁa i, and Cooperids,
Later, the use of copper sulfate and nicotine sulfate hecame widespread.
Whitehurst (1942), however, in a preliminary trial with sheep, found
that copper silfate and nicotine sulfate did not alleviate parasitism
with staméﬁh gnd intestinal worms,

Ny

Harood and coworkers {1939) first introduced phenothiazine as an
anthelmintic agent, The administration of phenothiazine by eapsule,
renmoved 87 per cent of the internal parasites, Habvermann nd Harwood
(1940} in further studies with phenothiazine, cbtained similar results,
but reported the ineffectivensss of a one per cent solution of copper
sulfate in removing stomach worms of rams, Shorb et al. (1941) come
pared phenothiazine to copper sulfate and nicotine sulfate in studies
with 115 naturally parasitized sheep. The phenothiazine removed 99
per cenb of the wireworms, and 95 per cent of the other roundworms.
It was far more effective than any other drench,

Poterson (1943) suggested a one to 14 phenothiazine-salt mixture
for swes and lambs, He found that this mixbure reducsd, but did neb

elimirate parasitization of sheep op previously infected pastures.

paint

e calewlsted that sach sheep congumed approximately 0.54 gram of
phenothiazine per day. Thorp (1943) and Willman (1943) recommended
a phencthiazine drench for sheep in the spring and fall, with a salte

phenothiazine mixbure during the summer. Thorp and Henning (1945)



comparsd the efficlency of a salt-phencthiazine mixture to a drench fer
ewss and lambs for the removal of eight diffsrent nematodes. They found
that a drench of 12% grams of phenothiazine, and a ons %o nine phenothi-
azine-galt mixbure were most affective in removing the parasites. It
was also noted that the lambs did not consume enough of the salt mixture
for it te be effective. No residual effect of phenothiazine on ewes was
ohserved.,

Winchesgter and Herrick (1946) compared copper sulfate, nicotins

gulfate, and phemothiazine, with and without cobalt, for drenching ewes
and lambs. They found that in flocks where cobalt was not used, 30 per
cent of the lambs died., When cobalt was used, only 3 per cent of the
lsmbs were lost. Fhenothlazine was twice as effective as any other
drench used. Weir and coworkers {(1948) added traég minerals, soybean
meal, and bone meal separately and together to a basal ration of mixed
rags and legume hay and corn for lambs., The lambs of group one were
infected with 4,000 and 28 days later 15,000 more wireworm larvae,
Group two lambs received 4,000 and 40 days later 45,000 more wireworm
larvae., It was noted that there were more worms in the shesep that re-
ceived trace minerals. YApparently at a low level of infection, trace
minerals helped to ward off infeetion, however, at a high level of ine
fection, the reverse was true.”

Swanson (1941a) found that phencthiazine was highly effective in
removing nodular worms from swine. Swanson (1941b) reported that ohly
2 per cent of 537 cabtle infected with stomach and intestinal worms
failed to show great improvement when given an 80 gram dose of pheno-

thiszine., He suggested a 30 to 40 gram dose of phenothiazine for calves

20



21

under 1501poundss 50 gms, for 200 pound calvesg 60 gms. for 300 pound
calvesg and 70 gms., for yearlingso

The variation of the egg content of sheep féees has been reported
by Spedding (1952), He noted that the variation was such that when ounly
a few sheep ﬁere used, the count was more accurate when the eggs we?e
determined on & per day basiép When large numbers of sheep were used,
the eggs per gram basis was quite accurate, Thorp et al, (1944) could
detect no @ifference in the egg counts of heavily parasitized sheep, as

‘compared to sheep with small numbers of ﬁormso
Shade

Heat is being produced constantly in the body as a result of phy-
siological oxidations., There must, thereforgg be some provision for
inguring a constant heat loss., Heat is regularly lost from'the body
by radiatiorn, sonvection, gonductiong vaporization of wafer_fbom the
skin and ;espiraﬁory passage, and as feces and urine loss (?ukesg_1947)9
The point of hyperthermal rise is defined by Dukes &s the environmental
temperature at which physical mechanisms of heat dissipation faﬁl to
maintain a constant body temperature., The point of hyperthermai“rise
iz 70 to 80 degrees for Jerseys and Holsteins, and 90 to 95 degress Tor
ﬁfahmans (Kiblgf and Brody, 1950).

Ragsdale et al. {1948) stated that head dissipation is very difm
ficult in‘n©nmswea£ing animals at @ir temperatures of 70 to 20 dsgrees
Farenheit., According to Rhoad (1936), temperatures in excess of 85
degrees F, have a marked detrimental efféct upon production, aud feed

ubilization in catiles.



Regan (1938} noted that composition changes began to occur in the
milk of dairy cattle when they were subjected to a temperature of 80 de=
gress F. . Kibler % al., (1949) reported that dairy cattle decrease heat
production from 30 to 40 per cent when the ambient tempesrature risee
from 80 to 100 degrees Fo Part of this decrease was due to lowered
feed consumption and milk production. However, Dempsey and Astwood
(1943} indicated that temperature increasss in the enviromment of a rat
sgused a decreasad thyroxine production and thus a lowerad heat production.
Heitman ob al. {1951}, using pregnant sows ina Psychrometric céhafiber;

noted a 50 psr cent decrsase in feed consumpbtion gt temperatures of 89.5

Sincs temperatures in southern United States range high above 85
degreas in the summer, there is definitely a problem of decreased pro-
duction in beef and dairy cattle,

OF 811 the methods employed to kesp calttle comfortable in the sum-
mer, probably the use of shade is the most widespread and economical,
Miller and coworkers (1951) supplied artificisl shade in the pastures
of dairy cows. They found that at temperatures of 80 to 85 dsgrees F.
the eattle spent 63 per cent of their time grazing, At temperatures of
84 %o 91 degrees the cows spent only half as much time grazing. The
eows spent the rest of the time in the shade., When temperatures reached

abttle spent only one=bthird ef the daylight howrs graz-
ing, again spending the majority of their %ime in the artificial shads,
In another experiment with dairy cows Seath and Miller {1946a) reporited
at  an average daily temperéture of 86 dsgrees, cows grazed only 1.8

hours during the day and 5,7 hours at night, When the average tempera-

ture dropped to 72 degrees, 4.5 hours per day and 4 hours each nighb
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were spent grazing. The animals enterad the shades at about 9220 each
morning, and remained until milking time at 3300 P.M., Body temperatures
did not begin %o rise until after the cattle had been in the shads aboub
1 hour, Although thers was a body temperature inerease to 102.4 degrees
F, in the shade (normal 107.1% .5, Gaalaas, 1945) She cows appeared to
he mors comfortable in the ghade.

Kelly and Ittner {1948) compared wood slat, hay covered, alumimum
coversd, and galvanized iron covered shades for cattle at the E1 Centro
gstation in Salifornis, They noted that at an air temperature of 100
degress, the undersids of the galvanized iron shade was 126 degrees,
the aluminmm shade was 110 degrees, the wood slat shade was 109, and
the hay eovered shade wag 105 degrees F, Although there were no sign-
ificant differences among any of the shades, cows under the aluminum
and hay covered shades had a lower body temperature and respiratory
rate, consumed alightly more feed, and had a slightly higher rate of
gain.

In later work at the same station, Itiner and Kelly (1951) used
a galvanized iron shade as a control and compared it withs (1) a shed,
three sides enclosed, and equipped with an evaporator cooler (Desert
30016?); {2} an gluminum covered shade, with a burlap bag subroof,
cooled with dripping water which also dripped on the cattle; and (3)

a hay coversd shade with a tilted aluminmum suberocof which was con-
gtantly sprinkled with waler, In this trial, Hereford and Braford
steers were fed a ration of good quality alfalfa hay. One pound barley
per head daily was added during the last month, Only weights of the
Heref'ord steers wers checked, The average daily min for the control

steers was 0.69 pound, steers in the evaporater coolsd shads gained
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1,05 pounds per day, those in the water cooled bmrlap gshade gained 0,80
pound per day, and thoss in the water cecoled aluminum shade gained 0,89
pound daily. Thers was definitely a sanitation problem with the burlap
shads, in which wabter dripped down on the steers, One of the steers in
this group was conbinuously scouring throughout the entire experiment,
I the data ffém.ﬁhis gsteer were not included, the average daily gain
for this group would be 1.02 pounds. Respiration rates of the steers
rangsd from 80 per minute in the burlap shade to 116 per minute in the
conbrol group.

In o subgequent study in this experiment, two hay covered shades,
one seven feet high and one 12 feet high, and two louvered board slat
shades, six and nine feet high, were used, Steers in the hay coversad
snades appeared to be more comfortabls, with the 12 foot shade apparently
more effective, OCalculations with a flat plate radiometer showed that
the heat load by radiation was reduesd zight to 10 B, T, Uds per
hour mors per square foot of skin area under the 12 foot shade, than
under the ssven fool shade, These workers assumed that the higher shade
gave the cattle greater exposure to the relatively cooler portion of the
sky. Reinerschmid (1943) found that solid roofed shades reduced radi-
ation by 65 per ecent, whereas radiation by slat covered shades was re-
ducad 55 per cent,

eath and Millar (19482) tied six dairy cows in the sun from noon

[4p)

£ill 2300 P.M, for 12 days. DBRach day after exposure the cows were driven
into a barn, half were sprinkled with water (85 degrees), and half were
not, On alternate days, the cows were allowed to stand in from® of a
ana"The cowg that were sprinkled with water were cooled significantly

fagter than the non-sprinkled cows, Similar results were obtained with
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fanning, and the fastest cooling occurred when the cows were both sprinkled
and fanned, There was a similar decrease in respiration rate, but it was
not proportional to body temperature. In another experiment, Seath and
Miller (1948b) 1oqated shades ﬁith and without sprinklers in the pastures
of dairy cows. They found that shade alone was sufficient to reduce body
temperatures from 104.8 to 101,9 degrees F. Sprinkling with water further
reduced hody temperatures to 100,76 degrees. Respirgtory rates followed

a similay trend, 113 per minute in the sun, 85 per minute in the shade, and
56 per minute under the sprinkler.,

Heitman and Hughes (1949), in aﬁsimilar‘ezperiment with swine, sub=
jected hogs to a temperature of 115 degrees F. Water (100 degrees) was
then poured on the floor, Within 9C minutes, the body temperature of
the hogs was reduced two degreecs, and the respiration rates from 150
to 30 per minute, When alr motion was added, eooling was more rapid,

Under the same temperature conditions on a dry floor, no apparent coole-
ing was detected.

Since in the above mentioned experiments the cocling effect of water
was attributed to ewaporation, and since a high relative humidity reduces
evaporation, there should be some consideration tc the effect of relatiwve
humidity on bedy temperatures. Heiitman and Hughes (1949) stated that a
relative humidity increase of 30 %o 94 per cent at 96 degrees F. increased
both body temperatures and respirafory rates of swine. Tidwell and
Fleteher (1951), however, found that with pigs weighing 116 to 183 pounds,
the highsst respiratory rates cccurred on days of highest temperature and
lowset relative humidity. Lowest respiratory rabes occurred on days of
lowest temperature and highest humidity. They also noted that a signifi-

cant positive correlation existed between body temperature and respira=—
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tory rate. Seath and Miller (1946 b) reported that a one degree in-
erease in air temperature was responsible for 13 to 15 times as much
increase in body temperature as was an increase of one per cent humidity.
A one degree increase in air temperature had 41 to 43 times as much
influence on respiratory rate as did a one per cent increase in relative
Fomidity., DPulse rates were affected more by body temperabure than by
air temperature or relative humidity. The values, determined by multiple
correlaltion, were all aﬁproximaﬁ@ for the year in which they were taken,
and there would be some year to year variation, |

Although cattle do nob have sweat glands, there is some water loss,
other than by the respiratory tract or by the feces and urine., Ag stated
by Rhoad (1936}, at a temperature of 84 degrees F, and a relative humid-
ity of 60 per cent, a cow loses one pound of water per hour from the
surface of her body by transpiration. According to Kibler and Brody
(1950 b), at a temperature of 80 degrees; and an 800 to 900 pound Jer-
sey cow loses 30 pounds of water daily from the surface of her gkin,
The water loss by insensible perspiration by catitle on a maintenance
ration was two to thres times preaber than that passed in the urine.
This loss, according to Kendall (1931), may vary up to 12 or more pounds
per day, with decreases accompanying a drop in air temperature. Each‘
pound of moisture lost from the body carried with it 1,086 B, T, UJs
of heat, Xelly et al. (1948) found thet 1,050 B, T, Uds of head per
pound of wabter was lost,as waber vapor left the body.

Forbes and coworkers (1932) noted that 40 per cenht of the heat
left the cow's body as latent heat of water vapor. Brody (1945) and
Kleiber (1945), reporited that cattle on full feed dissipate 20 to 30

per cent of the gross energy of the feed as heakb,
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Ittner and coworkers (1951) studied the effects of cooled drinking
water (65 degrees) for cattle. They found thet cooling the drinking
water legsened the hegt load on the cattle about 2800 B, T. Uds per day.
This is compared to a head load reduction of 1344 B, T. U.s per hour
when using artifieial shade at a temperature of 100 degrees F. They also
noted that there was only a 0,49 gallon increase in cooled water consump=
tion when the mean air temperature increased & degrees ¥, Cattle that
had access to wabter a®t a temperature near the temperature of air (101
degrees) consumed 2,23 gallons per day more with the same increase in
anbient temperature. There was a saving of 375 pounds of feed per 100
pounds gain by the cabttle drinking cooled water,

Thompgon et al. (1949) reported that at temperatures under 85 de-
grees, Jerseys consumed much more water per 100 pounds body weight than
did Brahmang. At temperatures over 85 degrees, there was very little
difference in water consumption of the two breeds. Heitman and Hughes
(1949) observed that as the temperature increased, waber consumption
in hogs decrsased. Regan and Mead (1939) obtained similar results with
dairy cows in a psychrometric chamber in which temperature and humidity
were controlled.,

In all experimental work reported in which Brahman or Brahman crosses
were used, it was observed that they spent less time uwnder the shades,
made higher daily galns, and were generally more comfortable than pure
bred or grade catile of the Turopean breeds, Rhoad (1938) reported thatb
time spent by cattle in the shade is associated with heat tolerance.
Rhoad (1942) at the Jeaneretts experiment stabion tested more than 150
cows, heifers, and steers of various breeds and crossss for climatic

adaptability. He derived this heat tolerance formula; 100-10 (BT - 101),



in which BT is body temperature, 10 is the factor to convert degrees

vo a unit basis, and 100 is perfect

deviation in body temperature
efficieﬁcy in maintaining body temperature at 101 degrees F. The heat
tolerance for a purebred Brahman is 93, the highest of any breed of
cattle in America. Grade Herefords have a heat tolerance coefficient
of 73. The Bralman and Africander crosses, and dairy breeds range
somewhere between 73 and 93, Gaalaas (1947) used a slightly different
formula for caleulating heat %olerance; HT=100-14(BT « 101). He found
very little yearly variation in heat tolerance of a herd, and no dif-
ference in heat tolerance wibth respect to gestation and lactation,

sire or dan,

o
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EXPERIMENTAL

The following experiment ﬁaé started in the fall of 1951 at the
Range Cattle Minergls Station at Wilburton. Sixty two=year-old grade
Hersford heiferé were divided into sixvequal lots. TFive heiflers of each
lot were obtained from a commercial herd in southern Oklahomag and were
bred to Angus bulls., The other five were from the grade hserd at Stiliw
water, and were bred to Hereford bulls. All heifers were allowed to
graze on native grass pasture the year around and had access to loose
salt (free-choice), For simplicity of presentation, the experimental
phase is divided into two periods, a wintering period and a summer period,

Dur&ﬁg the winter Lots 1, 2, 4, and 5 received 2.5 pounds of cotton=-
seed cake plus enough steamed bonemeal to supply 8.45 grams of phosphorus
per day. Lots 3 and 6 received in addition to the above, the following
amounts of trace minerals per 100 pounds of body weight: Iron, 10 mg.;
copper, 1,0 mg.; cobalt, 0.2 mg.3 and iodine, 0.2 mg,

During the summer, Lots 1 and 4 receivéd supplemental phosphorus
in a mixture of two parts salt and one part hone meal, This mixture
was offered Iree-choice, Lotz 2 and 5 were force=fed phosphorus by
dissolving monosodium phosphate in their drinking water. The cows were
allowed to drink from tanks, and approximately 3,63 grams of momnosodium
phosphate were added to each gallon of water, supplying approximately 0.9
gram of supplemental phosphorus per gallon of water., Lots 3 and 6 also
raeé&ved phosphorus in.the drinking water at the same level as Lots 2 and
5, plus the same trace minerals that were given in the winter., However,

during the summer the trace minerals were mixed with salt in such amounts

29
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that each ocunce of salt mizture would contain 85 mg. of iron, 8.5 mg. of
copper, 1.7 mg. of cobalt, and 1.7 mg. of lodine., Therefore, the actual
nutritional treatments of Lots 1 and 4, 2 and 5, and 3 and 6 were the
same, However, Lots 1, 2, and 3 were provided with artificial summer
shade, while Lots 4, 5, and 6 had nc artificial shade,

To test the value of internal parasite control in the same experi-
ment, one~half of the cows in each lot and their calves were drenched
with phenothiazine. The cows were treated six timeé at one to two month
intervals, from January 29 until September 5. Each cow received 62,5
gramg of pheaotﬁiazine per dose, Calves were treated three times at
approgzimately two month intervals beginning May 29. The initial calf
dosage was 12.5 grams, the second was 25 grams, and the third was 37.5
grans of phenothiazine per head. Tecal samples were taken from the cows
on January 29, and from the calves at weaning time, October 24, for worm
egg counts,.

Bulls were placed with the cows on May 1 and were removed September 1,
The bulls were rotated between lots at 14 day intervals during the breeding
season to minimize'differences due to heredity and breeding efficiency,
Each of the lots of cows was rotated among pastures at each ﬁeighvdate
throughout the year., Four artificial shades were arranged among the six
100=acre pastures so that Lots 1, 2, and 3 had access to artificial shade
througﬁﬁut the summer period.

The average calving date was in March, and the calves were weaned
Ochoher 24. Blood samples were taken from the jugular veln of one-half
of the cews in each lot, éﬁ one or two month intervals, The blood was
analyzed for plasma phosphofus$ hemoglobin, and red blood cells, Weight

data were obtained at the time blood samples were taken, Grass samples



were btaken in November, February, April, June, and Septembef.for analyses
of ash, protein, ether extract, niirogen~free extract, calcium,and phos-
phorus, Each sample was a composite of the three predominant grasses,
big bluestem, 1little bluestem and Indian. The chemical analyses of the

feeds and grasses are presented in Table 1.



Table 1, Chemical Composition of Feeds and Grasses, 1951-52

Perceni Composition of Dry Matter

Feedstul?

' Ash Protein Ether Extract Fiber N.F.E, Caleium  Phosphorus
Cottonseed cake 6.84 Ld 08 T8 11,66 30,14 0.40 1.36
Bone meal 87,75 4eTR — R 753 32065 15053
Grassesgj'

November {1951) 8,57 3.37 1o4S 35.59 1o02 0,37 Ce s
February (1952) 7.83 3029 1.69 35.09 52,10 0,27 0,03
Aprii (1952) 10,32 17,91 2,44 22,33 47,00 0.43 0,29
June (1952} 7,65 8.62 1.83 3191 49,99 0032 0010

September (1952) 6087 4e52 2,17 33,59 52,85 Do42 0,06

1 . A . <1 54
* An average in sach case of the three predominant grassess big bluestem, iittle bluestenr, and
Irdian, .
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RESULTS AND DISCUSSION

It will be noted in Table .1l that the protein and phosphorus levels
of the grasses were highest in April, decreased rapidly as the plants

matured, and reached their lowest lsvels during the winter ssason.

Phosphorus in Drinking Water

Table 2 exhibits the production and weight data of the cows and
ealves. It will be noted tﬂat the effect of phosphorus in the water
can be determined by compariné Loté 1 and 4 fto Lots 2 and 5, There was
very 1ittle difference in the initial weights of the cous among the lots.
Iﬁ is also apparent that there were very small differences at the end of
the wintering pericd,.

During the summer period, Lots 2 and 5 were fed phosphorus in the
drinking water, while Lots 1 and 4 were fed bone;mealﬁ and the supple=
mental phosphorus intake of the catfle by lots is shown in Table 3. I%
can be seen that the daily supplemental phosphorus intake was approximately
14 grams per animal in Lots 2 and 5 whils those f'ed phosphorus in the salt=
=bone meal mixture recoived only 135 grams per day., Although the weight
differences were small, the cows of Lots 2 and 5 gained glightly more dur-
ing the gummer period than did the cows in Lotsg 1 and 4.

There was a small weight difference in favor of the calves of Lots
2 and 5, There was no difference in the psrcent of calf crop or the num-
ber of @alveé weaned, This indicates that the cows received am adequate
amount of phosphorus in the summer forags, making any additional intake

of phosphorus in drinking water of no apparsnt wvalue. These data would
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Table 2. Performance of Cows and Calves at Wilburton, 1951-52

Artificial shade in summer No shade in summer

wot 1 Lot 2 Lot 3 Lot 4 - Lot 5 Lot 6
Bone meal Phosphorus  Phosphorus Bone meal Phosphorus Phosphorus
in salt in water in water in  salt in water in water,

trace minerals tr. minerals

Number of cows per lot 10 9l 10 10 0 10
Average weight of cows (1bs.)
Initial 8=3-51 } 805 808 814 809 806 807
Before calving 3=3-=52 798 782 785 78 762 - 800
End of winter 4-11=52 721 716 794, N5@ 755 T34
Final 11-7-52 7 894, 913 942 898 895 886
Weight gain or loss (1bs.) .
Winter loss to calving 7 26 28 20 ¥ 7
Total winter loss &4 92 20 50 51 73
Summer gain 173 197 148 139 -~ 140 152
Yearly gain 89 105 128 89 89 79
Number of calves woaned - 9 8 9 8 9 8
Average birth weight of
calves (1bs.) 66 Th 68 68 A 67
Average weaning we1gh+ ' :
of calves (1bba)” 403 406 433 422 428 LAT

? One cow in Lot 2 died due to paralysis at calving.
Corrected for age, sex, and for breed of sire,

7€



tend to support the work of Welson et al. (1951), who found that a tohal
deily intgke of 12°5.grams of phosphorus was asg satisfactory as 19.2 grams
for range beef cows. It is also possible that the storage of phosphorus

during the winter period was sufficient to maintain adequate phosphorus

levels throunghout the summer,

Table 3, Supplemental Fhosphorus Intake at Wilburton, 1951-52.

Grams per cow daily

Lot number 1 2 3 4 5 &
Winber Bod5 8,45 845 845 845 8,45
Summex 1.35 14,620 13.90 1.35 14.30 14,60
Table 4. Blood Congtituents of Cows at Wilburton, November, 1951 to Sep-

tember, 1952,

November December January March April May July Septémber

Phosphorus {mg. per 100 ml, plasma)

Lot 1 £ioR3 6.17 Bold 5,04  AW1O 4,10 4,17 4,12
Lot 2 466 7o'l To6l  5.53  Le29 4oll 6,32 6.15
Lot 3 450 7,29 6,51 5,67  he32 5,02 5.54 5.49
Lot 4 4018 7052 6,73 5463 4,50 5,13 3.91 4430
Lot 5 3.86 6,38 6.1h  4e97 410 Lo43 5.68 6.13
Lot 6 4.35 722 6,69  5.94 5,74 5,27 5.76 6,40
Hemoglobin {gm. per 100 ml,)
Lot 1 12,18 12,76 12,08 12.24 12.34 12,52 12,62 12,00
Lot 2 12.30 12,70 11,80 12,20 11,90 11,70 12,26 12,98
Lot 3 12,28 13,10 12,40 12,30 11.80 12.40 12,98 12.68
Lot 4 12,30 1240 12,06 11.66 11,50 12,70 12,30 12,30
Lot 5 12,90 12.90 12,60 12,20 12,70 12.30 13,00 12.50
Lot 6 12,40 12,60 12,20 12,00 11,90 12,40 12,30 11,40
Red blood cells (millions per cu. mm.)
LCIt 1 ,71367 ”;7062 7506 754 ’7054 7039 765]— 60811-
Lot 2 7.56 775 T.06 7,38 7,14 7,09 7,11 6.92
Lot 2 755 8,22 CTeRT TehS T b6 T8 748 7,18
Lot 4 7 o229 7,78 713 6,97 6,70 7,25 6,98 6,82
Lot 5 7,88 8.13 Te3h  ToO7 8,66 6,97 7.36 6,99
Lot € 7 .50 775 Tol7 7,00 771 7,02 T7.05 6454




A summary of the blood constituents is presented in Table 4. The
lowest phosphorus valﬁes occurred in November, 1951, when the cows were
placed on the experimento The average plasms phosphorus values were raised
from approximetely 4 to approximately 7 mg. per 100 ml. of plasma during
the month of Degember., This increase inm the inorganic phosphorus levels
was apparently due to the bone meal and cobtonseed cake supplementation.

The higher intske of phosphorus by Lots 2 and 5 apparently bad no

zffect upon the plaswa phosphorus value until the phosphorus conbtent of

o

_ the forapes had decreased, It can be noted in Takle 1 that the phog=
phorug value of the forapges was rather low from Jure throughout the re-
Cmainder of the summer. It can alse be noted in Table 4 that the plasma
vhosphorus levels of Lots 1 and 4 were lower during the latter part of
the summer than trose of lLots 2 and 5.

The hemoglobin and red bloed cell values were remarkably uniform

among all lots throughout the entire year,
Trace Minerals

The actual daily intake of trace minerals for Lots 3 and 6 is showm
in Table 5. The average yearly weight gain of the cows receiving trace
minerals throughout the yesr in addition to phesphorus in drinking water
during the summer period (Lots 3 and ), was slightly larger than that
of %the cows receiving phosphorus in drinking water without trace minerals
{Lote 2 and 5),

There were no diffevences in per cembt calf orop or birth weights of

ealves when Lots 3 and 6 were compared to Lots 2 and 5. Although the
weight differances betwsen the cows were slight, the calves from the cows

fed trace minerals averaged 23 pounds heavier at wesning than calves of Lots
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2 and 5., The differences were npt statistically significant, however, they
did approach significance, amd further research is necessary before conclusive
statements can be made. Nelson et al. (1952) failed to obtain beneficial re-
sults by feeding a similar trace mineral mixture to growing heifers,

The differences in blood constituents between cows fed trace minerals

and those which did not receive trace minerals were very small.

Table 5. Intake of Supplemental Trace Minerals at Wilburton, 1951=52

Mg, per cow daily

Trace minerals Iron Copper Iodine Cobalt

Winbter {Hand-fed)

Lots 3 and 6 85,00 8,50 1,70 1.70
Sumer (In salt)

Lot 3 7920 7,92 1.58 1.58

Tot 6 63,20 6,32 1,28 1.28

Parasite Control

A summary of the production and weight data for the parasite control
experiment is presented in Table 6. Thefe were no appreciable differences
between the weight gaing of cows drenched with phenothiazine and cows which
were not treated, The trested cows had an average vearly gain only 5 pounds
more per heaa than the untreated cows, The average birth weights of the two
groups of calves were identical and theré was little differsnce in the ave-
rape weaning weights of the treated and untreated calves.

Fecal samples were taken from the cows in January end the calves im
Cetober, and a very light and uwniform infesbation with internal parasites

was indicated by the egg count, Several eggs present in the fecal samples
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of beth treated and untreated calves were desceribed by the examining
veterinarian as being infertile, Provided the infestation was not
heavy enough to visibly affect the health and general appearance, or

°

to decrease gaing in the cows and calves, drenching with phenothiazihe

would not show any beneficial effect on the weight gains of cows or

on the growth end thriftiness of calves, Howsver, Clunies Ross (1936)

reported that wisible symptoms of inbernal parasite infestation were ncth

~

sbgerved in lambs when feed conditions were satbisfactory, even though the

lambs harbored congiderable mubers of internal parasites.

Table 6, The Effect of Parasite Control on Cows and Calves, 1951-52.

Parasite  treatment No parasite treatment

(5 cows from each lot) (5 cows from each lot)

Number of cows 30 29
Average weight per cow (1bs.)
Initial 8-31-51 826 789
End of winter 4-11-52 764, 730
Final 11-7-52 925 883
Winter loss (1lbs,) 62 59
Summer gain (1bs.) 161 153
Yearly gain (1bs.) 99 9%,
Number of calves weaned 26 25
Average birth weight
of calves (1bs,) 68 68
Average . weaning weights
of ealves {(1ba, )" 421 427

] a o o
iGorre@ted for age, sex, and for bresd of sire,

The differsnces in blood congbituents betwsen cows treated with

phenothiazine and unbtreated cows were very smll.
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Artificial Summer Shade

The effect of summer shade is summarized in Table 7. The cows with
access to artificial summer shade (Lots 1, 2, and 3) had an average yearly
gain of 116 pounds per head, as compared to 86 pounds per head for Lots
4y 5, and 6 which had no summer shade, The cows of Lots 1, 2, and 3 gained
an average of 20 pounds more per head during the summer than did the cows
without shade, The differences between the two groups were most notice-
able during July, Auvgust, and September, The cows with shade averaged
about 25 pounds per head heavier during this period than the cows with-—

out shads,

Table 7., The Effect of Summer Shade on Cows and Calves, 1951-52

Summer shade Ne suwmer shade
Lots 1, 2, and 3 Lots 4, 5 and 6
Number of cows 29 30
Average weight per cow(lbs.)
Initial 8~31-51 809 807
End of winter 4=11-52 761 TLG
Final 11-7-52 925 893
Winter loss (1bs,) 48 58
Summer gain (1bs,) 164, 144,
Yearly gain (1bs,) 116 86
Fumber of calves weaned 26 25
Average birth weight of calves
{1bso) 69 &6

Aveyage‘weaniyg waight of
o y N
Colves {1bs. )+

412 430°

1., . - ‘ .

g@orr@cted for age, sex, and for breed of sire,

“The difference in weaning weight (18 lbs.) in Pavor of calves with-
out shade was statistically significant { P =< 5 per cent)
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The calves without shade had an average weaning weight of 430 pounds,
a8 comparad te 412 pounds for the calves with shade, This difference of
18 pounds in févcr of the calves without shade was statistically signifi-
cant (P = < 5 per cent). It was observed that during the hot summer
period, cattle with artificial shade spent part of their time in the shade
whereas cattle without shade remained in the pastures., It is possible
that the calves without shade spent more time grazing than did calves
with access to shade, Sesth (1948b) in a frial with dairy cows, reported
that at an average daily temperatire of 90 degrees F,, two yearling heifers
had lower respiration rates and body temperatures, spent more time graz-

ing, and less time under the shade thap did the older dairy cows,



SUMMARY

An experiment was initiated at the Range Cattle Minerals Station at
Wilburton, Oklshoma, in the fall of 1951, Sixty two=year-old grade Here=-
ford heifers were divided into six equal lots, All cows were fed bone meal
and 2,5 pounds of cettonseed cake per head daily during the winter. Lots
3 and 6, in addition to bone meal and cottonsced cake, received the follow-
ing trace minerals, with the approximate intake of each per 100 pounds of
body weight dailys dron, 10 mg.s coppers; 1.0 mg.; cobalt, 0.2 mg.s and
icdine, 0,2 Mg

During the summer, Lots 1 and | were fed supplemental phosphorué as
bone meal mixed with salt, Lots 2, 5, 3, and 6 were force=fed phosphorus
by dissolving monosodium phosphate in drinking water, Lots 3 and & were
fed the same trace mineral mixture as in the winter, mixed with salt.
One=half the cows and their calves in each lot were drenched with pheno=
thiazine, Lots 1, 2, and 3 were provided with artificial summer shade,
while Lots L, 5, and & had no artificial shade.

1, The cows fed monosodium phosphate in the drinking water during
the summer eonsumed slightly over 1L grams of phosphorus per head daily
as compared to 1,35 grams for the cows fed & re meal free-choice in a
salt-bine med mixture. The additional phosphorus intake was of no ap-
?arent benefit, either té the cows or calves.
| 2. The feeding of a trace mineral mixture consisting of iron,

copper, cobalt, and iodine had nc important effect on the cows.
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3, Calves from the cows fed trace minerals had an average weaning
weight 23 pounds heavier than the calves from cows fed a comparable ration
without trace minerals. Apparently, the feeding of a trace mineral mix-
ture had some beneficial effect on the calves.

i, One~half the cows in each lot and their calves were drenched with
phenothiazine, There were no differences in the performance of cattle
treated for internal parasites and those not treated, A determination of
the number of eggs present in the feces indicated only a mild infestation
in some of the cattle,

S. The cows which had access to artificial shade during the grazing
period gained more weight during the summer months and consequently had
larger yearly gains than did cows without shade. However, calves without
shade had an average weaning weight 18 pounds heavier than calves with
shade, The use of artificial shade in the summer appeared to depress the

weaning weights of calves.
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PART II

THE EFFECT OF HIGH LEVELS OF MANGANESE INTAKE
ON THE PERFORMANCE OF RANGE BEEF COWS



INTRODUCTION

Simultaneous experiments were conducted at Wilburton in southeast
Oklahoma, and at Stillwater in north central Oklahoma, to determine the
phosphorus requirements of range beef cattle., It was observed that some
scils in north central Oklahoma were on a borderline phosphorus deficiency,
while most of the soils in the southeastern Oklahoma area are known to be
deficient in phosphorus.

In the two experiments, a low, medium, and high level of phosphorus
was fed to beef cows. The cattie at Wilburton, although showing an ime
provenent in reproducti%e performance when fed supplemental phosphorus
_at both levels, did not perform nearly as satisfactorily as did the cattle
located at the Stillwater station. The yearly gains of the cows, percentage
calf crops, and weaning weights of the calves were notably smaller at the
Wilburton station. Also, death losses of calves at calving time were ex-
tremely high.

Subsequent studies were conducted at Wilburton to determine the
importance of feeding a trace mineral mixture to weanling and yearling
Hereford heifers., It was concluded from the data obtained, that it was
not beneficial to féed the trace mineral mixture.

It was observed by analyses, that the forage grown in the Wilburton
area contained a much higher manganese content than that of forage grown
near Stillwater. These analyses showed that hay grown near Wilburton
contained from 1501to 270 ppm. of manganese, while some weeds contained

as much as 700 to 900 ppm. Hay produced near Stillwater contained 25 4o

53



75 ppm. of manganese. Some workers reported that a hizh level of manganese
in the ration of cattle was detrimental, causing various reproductive diffi-
culties and decreased gains.

hesis was conducted to

ck

The experiment reported in part two of this
determine the effect of high levels of manganese on reproduction, bloed

constituents, and weizht gains of range beefl cows.



REVIEW OF LITERATU

It has been shown that manganese is an essential constituent of the
animal diet by Waddell (1930), and by Orent and McCollum (1932). These
workers reported that rats fed a diet deficient in manganese grew normally,
but their haircoats became rough after approximately 8 months. The males
had testicular degeneration and the females failed to suckle their young
properly. Daniels (193]) observed congenital debility in rats, apparently
the result of insufficient manganese in the diet of the mother, Amdur
(19L5) observed inferior bone development in rats on low manganese diets
as compared to rats fed adequate amounts of manganese, Smith and coworkers
(194);) reported severe bone malformation in rabbits on manganese deficient
rations.

Lardy and Boyer (1942) at Wisconsin, reported that bull calves fed
rations containing 28 ppm. of manganese showed poor semen quality. Bentley
et al., (1951), in later work, reported that breeding trouble occurred in
bulls on rations centaining 20 prm. of manganese, while 10 to 20 ppm. was
considered sufficient for cows. When the manganese levels fell below 10
ppm. for prolonged periods (L to & months), various reproductive failures
Wwere chserved.

Grummer et al, (1$50) added LO, 80, and 150 ppm. of manganese to a
basal ration of corn, soybean oil meal, corn gluten meal, ground alfalfa,
salt and limestone for L lots of pigs. The pigs receiving LO ppm. of
manganese gained faster and were more efficient in gain in each of L trials.
When sows were fed LO, 80, and 160 ppm. of manganese, fertility was improved

but lactating ability was not. Johnson (19LlL) reported satisfactory gains
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with pigs fed a ration containing 7 to 10 ppm. of manganese, Miller (1940)
observed lameness in pigs which weighed about 150 pounds. This lameness
was attributed to a manganese deficiency in the ration. He found that man-
ganese sulfate supplements prevented the condition, but were ineffective in
curing the lameness after it had developed. Keith (1942) also found that
the addition of manganese to a low-manganese ration helped prevent, but did
rnot cure lameness in pigs.

Work by Johnson {1940) at the Arkansas station showed that ewes on a
ration containing less than 10 ppm. of manganese actually lost weight over
a peried of 5 months, while ewes receiving 100 ppm. of manganese gained an
average of ;2 pounds.

Several workers have demonstrated that manganese is an essential ele-
ment for poultry. It has been shown that "slipped tendon," an abnormal
condition in chicks, can be prevented by supplying sufficient manganese.
Norris (1938) found that hens on a low manganese diet produced chicks with
tibiae which were 12,5 to 13.1 percent shorter at 1 day of age than the
tibiae of chicks from hens fed a high manganese diet. The long bones of
the legs were still shorter after three weeks., Caskey (1939) fed chicks
a ration deficient in manganese and found that they developed bone struc-
tures significantly shorter than chicks on an adequate manganese intake,

It was concluded that the Shortening of the bones was due to an upset in
the calcium and phosphérus metabolism produced by a manganese deficiency.

Apparently a small amount of manganese 1s an essential dietary conwb
stituent for livestock. However, large amaﬁnts may be harmful to animals.
Grummer {1950) conducted an experiment to determine the effect of a high
level of manganese on the growth of pigs. OUne lot of pigs was fed the

basal ration, the second lot was fed the basal plus 500 ppm. of manganese.
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The pigs on the basal gained 1.21 pounds per day as compared to 097 pound
for the pigs receiving an additional 500 ppm. of manganese. 1The additional
manganese retarded growth and appetite, especially during the latter part
of the trial,

Dairy cattle rations were supplemented with various levels of manganese,
calcium, and trace minerals by Reid et al. (1947). The addition of manga-
nese sulfate and additional calcium carbonate resulted in a negative calecium
balance in every case. "The marked depression of calcium metabolism ap-
peared to be effected by-manganese sulfate supplementation.” There was no
appreciable effect on the phosphorus metabolism,

Blakemore and coworkers (1938) believed that grasses particularly
high in manganese would possibly lower the blood magnesium, thus contri=
buting to lactation tetany of cows and sheep., Monier-Williams (1949)
reported that grass containing 540 to 132 ppm. of manganese was thought
to be concerned with lactation tetany.

Nelson and coworkers (1952) conducted an experiment to determine the
effects of high levels of manganese supplementation on beef cows. OCows in
L>t 1 =served as controls, The cows in Lot 2 -rere fed enough manganese
sulfate to supply a total of éSO ppine of mamganese. Those of Lot 3 were
fed enough additional manganese sulfate to supply a total of 500 ppma. of
nanganese. The cows of Lot L were fed a total of 500 ppm. of mangansse
plus small amounts of iron and copper. The feeding of manganese sulfate
in relatively large amounts to beef cows resulted in decreased yearly
gains, There were no differences in the weaning weights of the four lots
of calves.

von Osttingen (1935) observed gastritis, vomiting, and paralysis in

dogs fed high levels of manganese,
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Nelson and associates (1929) observed a growth stimulation when 100
ppm. of manganese sulfate was added to a basal of casein, dextrin, and salt
for rats., Growth was retarded when 600 ppm. of manganese sulfate was added.
In a study conducted by Chornock (1942) with rats, an increased calcium and
phosphorus excretion resulting in a negative balance of both elements was
effected by increasing the manganese intake. It was also cbserved that
when the rats were fed a rachitogenic diet plus manganese, growth was re~
tarded in proportion to the manganese content of the ration. As little as
100 ppm. of manganese effected a slight growth depression.

Blumberg and coworkers (1938) produced z condition which they called
"Manganese rickets" in rats, by adding 2.9 percent manganese carbonate to
é‘stock ration of éptimal calcium and phosphorus content, and by adding
2.9 percent of manganese carbonate to a high calcium and low phosphorus
diet., It was reported that manganese carbonate was rachitogenic, but man-
ganese oxide, being more insdluble was not. "The mangancus ion forms an
insoluble phosphate in the gastro-intestinaldfracta"

NWance (1952) conducted an experiment to determine the effect of high
levels of manganese on reproduction, lactation, and growth of rabbits. He
found that the addition of 1000 ppm. of manganese to a basal ration of
prairie hay, corn gluten meal, ground wheat. ground oats, alfalfa meal,
Delsterel, and salt resulted in an apparent impairment of the reproduction
and lactation of the does. When 2000 ppm. of manganese was added to the
basal ration, growth was retarded in each trial. The retardation of érowth
was partially counteracted by bonemeal supplementation.

Skinner and Peterson (1931) fed wvarious levels of manganese to rats.

Female rats on & manganese intake of 5 mg. per rat daily were unable to
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properly nourish their young after several litters. In young growing rats,
it was noted that decreases in storage of manganese caused by the addition
of (1) copper, (2) iron, and (3) a combination of the two, to the manganese-
milk ration were 27 percent, 20 percent, and 26 percent respectively. It
was also noted that there was a marked retention of manganese by the rats
fed manganese plus milk, as compared to those receiving only milk. Skinner
(1931) later found that female rats fed 10 mg. of additional manganese per
day plus the stock ration were as successful in rearing their young as the
females on the stock ration alone. ILwven when 2,000 ppm. of manganese sul=-
fate was added to the ration of weanling rats for 12 weeks, no retardation
of growth was noted.

The toxicity of manganese chloride for rats was determined by Becker
and McCollum (1938). Manganese levels from 99 to 9980 ppm. were added to
a stock ration containing 0.72 percent phosphorus and 0,53 percent calcium.
The only retardation of growth was noted at the 9980 ppm. level., Repro-
duction, however, was normal on the high manganese ration. These workers
assumed that "the high level of phosphorus in the ration prevented toxicity
syrrtoms from occurring by reducing the amount of absorbable manganese."

Perla and Sandberg (1939) found that a disturbance in the lactation
of female rats, caused by the addition of 2 mg. of manganese to the stock
ration, could be alleviated by feeding thiamine, It was noted in the same
experiment that 2 mg. of manganese chloride per rat daily counteracted the
toxic effects produced by parenteral administration of high levels of thi-
amine. Perla (193%9) reported supporting evidence on the toxicity of high
levels of thiamine and the effectiveness of manganese in alleviating the

symptoms of the toxicity, "It was reasoned that perhaps manganese was
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essential as an oxidative catalyst in the utiligzation of vitamin B. by the

1
animal,® Nance (1952) reported that brewer!'s veast Qompletely counteracted
the growth retardation caused by high levels of manganese in the ration of
rabbits. Perla and coworkers (1939) also found that a larger amount of
manganese was stored when thiamine was added to an unusually high manganese
ration.

Ray and Deysach (1942) reported that in guinea pigs, excess manganese
was stored in the thyroid out of all proportion to that stored by other
organs. As the manganese content of the thyroid increased, oxygeh consump=
tion decreased. Reineke and Turner (1945) demonstrated that the formation
of thyroxine is catalyzed by é series of manganese compounds.

-There have been numerous workers who have demonstrated that certain
metals, other than manganese éffect the utilization of phosphorus. Cox
et al, (1931) using guinea pigs and rabbits found that rations containing
soluble 2luminum salts in excess of the total phosphorus in the diet pro-
duced a severe lowering of the blood phosphorus and bone ash. TFerric salts
produced similar but less marked changes. Lhey found that the addition of
monosodium phosphate would prevent these chénges and concluded that the
effects were due to a preciplitation of ferric and aluminum phosphates in
the intestinal tract. The amounts of aluminum and iron adaed were 1460
and 2900 ppi., respecti&elyo

Deobald and Elvehjem (1935) added 0.9 percent iron and O.Ll; percent
aluminum, in the form of soluble salts, to a normal ration for day-old
chicks. Al1T chicks developed severe rickels and were dead within three
weeks, The addition of monosodium phosphate allowed rapid growth and normal

bone formation,
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Branion et al, (1%31) fed a rachiteogenic ration to rats, after having
replaced the calcium carbonate with an equivalent amount of beryllium. The
rats fed this ration exhibited bene lesions which were similar to rickets,
It was found that a beryllium level as low as 1 percent of the ration would
bring about these effects,

Apparently, the amount of manganese which a plant can obtain from the
soil is dependent on several factors. Gooden and Grimmett (1928) have showm
that lack of drainage tends to increase the manganese content of oats as
mich as © times its level on drained soil. Liming the soil decreased the
manganese content of plamts. It was also noted that manganese was taken up
by the plants more easily than was iron.

Bolin (193L) concluded that the difference in manganese content in
different grasses is due to the difference in the capacity of the grasses
for extracting manganese from the soil, He found that orchard grass con=
tained 207.5 ppm. of manganese (dry basis>a The manganese content ranged
downward to 70.1 ppm. for Kentuéky bluegraSSQ' Alfalfa eontained an average
of 6.6 ppm. of manganese., Skinner and Peterson (1928) found that alfalfa

hay contained 72 ppm. of manganese, and bluegrass 59 ppme



EXPERIMENTAL

The following experiment was initiated at the Lake Carl Blackwell
Range Area near Stillwater in 1950. Originally, 6l grade Hereford cows
were divided into four equal lots, on the basis of age and previous re~
productive performance. ITwo cows were removed from the experiment at the
end of the first year; one cow from Lot 3 because of a prolapsed uterus,
and one from Lot )i because of enlarged ovaries and a tumor of the uterus.

During the winter season the cows in all lots were confined to small
traps. The winter ration of Lot 1 (control lot) consisted of prairie hay,
free-choice, l.li peunds of corn gluten meal per head daily, fed on alter-
nate days, and loose salt, free-choice, Corn gluten meal was used because
of its relatively low phosphorus content. The cows of Lot 2 were fed the
basal ration plus enough manganese sulfate {Techmangaml), to supply a
total dietary intake of approximately 250 ppzﬁ° of manganese. The actual
intake of manganese was 1.08 grams per head daily. The cows of Lot 3
were fed the same basal ration plus enough manganesevsulfate to provide
a daily intake of approximately 500 ppm. of manganese (3.97 grams of
manganese per cow daily). Those of lot L received the.same treatment as
Lot 3, plus enough ferric sulfate and copper sulfate to supply LOO mg. of

iron and 4O mg. of copper per head daily. The prairie hay fed to all lots

lTechmangam, a feed grade of manganese sulfate, contained 70 to 72
percent manganese sulfate, 11 percent ammonium sulfate, and 16 to 18 per=-
cent magnesium sulfate.,
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supplied approximately 68 ppm. of manganese, and the level of supplemental
manganese represents the difference between 68 and the desired level of
manganese., The minerals were mixed with corn gluten meal and fed in a
trough throughout the winter period.

The cows in all lots grazed native grass pastures during the suvmmer
months. The mineral supplements fed to Lots 2, 3, and L, were mixed with
corn, which was fed at the rate of one pcund per head daily, on alternate
days. The cows of Lot 1 received one pound of corn per head daily, but
received no supplemental minerals. The cows had access to salt at all
times.

Bulls were placed with the cows May 1 and were removed in late August,
They were rotated among the lots at 1L day intervals during the breeding
season to minimize differences in breeding efficiency and heredity. The
calves were weaned in October at approximately seven to eight months of

ages

Blood samples were taken from one-half the cows of each lot at regular

intervals throughout the year for the determination of blood plasma phos=-

phorus, plasma protein, hemoglobin, hematocrit, and red blood cells, Indi-

vidual cow and calf weights were obtained at the time blood samples were

taken, Samples of the four predominant grasses, big bluestem, little blue~

stem, Indian, and switch, were taken in May, July, and September for deter-

mination of dry matter, ash, protein, ether extract, fiber, nitrogen-free
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extract, calcium, and phosphorus., The chemical composition of the feeds and

grasses are presented in Table 1.



RESULTS AND DISCUSSION
Cow Data

Téble 2 exhibits the weight data of the cows for both the winter
and summer periods. The different treatments had no significant effects
upon the weight changes of the cows during the winter period. This is
in agreement with data cocllected the previous year.

During the summer the cows receiving a high level of manganese
alone (Lot 3) made very small gains resulting in a yearly weight loss
of 90 pounds. The cows of Lots 1, 2, and L had average yearly weight
gains of 2, 30, and 70 pounds, respectively. The difference in average
yearly gain between Lots 3 and L was 160 pounds in favor of the Lot L
ccwso. 1f the decreased yearly gain in Lot 3 was due to a high level
of manganese, then, possibly the additional iron and copper received by
Lot lj was beneficial. According to Russell (1947), forage produced in
areas of northern Scandanavia were found to contain as much as 652 ppm.
of manganese, Horses grazing in this area were subject to an anemia,
whereas in areas where the manganese levels were normal, anemia was
not noted. Iron and copper were added to the ration of Lot L to deter-
mine the effect of supplemental iron and copper in a high manganese
ration. The possibility that the additional iron and copper received
by Lot L was beneficial would not, however, explain the average yearly
ééin of only 2 pounds ameng the zows of Lot 1, which received no addi-

tional manganese, In previous work at this station, Nelson et al. (1952)
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Table 1. Chemical Composition of Feeds and Grasses, 1951-52

Pegcent Percent composition of dry matter
matin Ether ' Phos~
Ash Protein extract Fiber N.F.E, Calcium phorus
Prairie hay 93,59  8.33 .13 2,25 34,04 51.25 0,38 0,078
Corn gluten mealt 92,12 2,86 13.86 1.33  3.63 48,32 0,13 0.48
Native gra552 :
May 10,49 13.30 1.20 33.59 Ll.25 O.h1. 0,16
July 6,61 .02 2.11 33,10 53,36  0.33 0,07
September 5,78 5.03 2,01 33,01 53,17 0.32 0,08

lAﬁ average of two separate lols of corn gluten meal which were fed

during the winter,

2An average in each case, of the four predominant grasses growing in

the general area: Little bluestem, big bluestem, Indian, and switch.

Table 2, Summary of Cow Weight Data, 1951=52

Lot number

Lot 1

Lot 2

Lot 3

Lot L

Supplemental minerals

250 ppm. 500 ppm. .
manganese manganese

500 ppm. manganese,
iron, and copper

Number of cows per lot

Average weight of cows (1lbs.)
Tnitial 10-2);=51
Before calving 1-31=52
End of winter L=17=-52
Final 11=h=52

Weight gain or loss (1bs.)
Winter gain to calving
Total winter loss
Summer gain
Yearly gain or loss

111)
1146

932
1116

32
182
18l

2

16

1050
1088

895
1080

38
155
185

30

15

1068
1091
889
978

23
179
39

=90

15

1050
1082

898
1120

32
152
222

10




found that high levels of manganese supplementation to beef cows resulted
in decreased yearly gains, Grummer (1950) reported that the addition of
500 ppm. of manganese to the ration of growing pigs caused a retardation

of growth, and decreased appetite.
Bloecd Data

The results of the blood analyses are shown in Table 3. The plasma
phosphorus values were very low during the winter, reaching the lowest
value during March at which time they were 3.45, 2.96, 2.12, and 2.9 mg.
per 100 ml. of plasma, for Lots 1, 2, 3, and L, respectively. Maynard
(1947), 2nd Huffman (1933) reported that plasma phosphorus levels below
I} mg. percent were indicative of a pending aphosphorosis., Hcwever, Knox
and coworkers (1941) found that range beef cows remained healthy and
reproduced normally when their plasma phosphorus levels dropped as low
as 2,00 mg. per 100 ml., of plasma,

During July, the average phosphorus values of the cows in Lots 1,
2, and L were 5,18, L.99, and 6,49 mg. per 100 ml, plasma, respectively,
the highest values for the entire summer pericd. However, phosphorus
levels of the cows of Lot 3 remained very low throughout the entire
sumner, oumer Weight gains and plasma phosphorus levels followed a
similar trend. Lot 3 cows gained 95 to 133 pounds less than any of the
other three lots throughout the summer. It should be pointed out that
the cows of Lots 1, 2, and hy'were rotated among three different pas-
tures throughout the summer grazing period, while the cows of Lot 3
remained in the same pasture all summer. However, no variation in the
chemical composition of the grasses has been noted among different

sections of the range area.
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Table 3, Blood Constituents of Cows at Stlllwater,
. October, 1951 to September, 1952

Octe - Dec, Jan, Mar, April June July Septe.

Lot Phosphorus (mg. per 100 ml., plasma)
1 3,69 3.6l 3,03 3,45 2,78 L.96 5,15 5,16
2 3,02 3,30 3,12 2,96 3,00 11,98 1199 L1063
3 3,60 3whl_ 2.72 2,142 2.8 3.06 3,29 2.93
h hoal b-olh 25?8 209‘L3- 2050 5021\‘- 60h9 5017

Hemoglobin (gm. per 100 ml.)
1 12.1 11.5 11.h 11.3 11.7 11.3 11.9 12.2
2 11.6 10 8 11.0 11.3 11.3 10.9 12.1 12,2
3 11,1 10,0 10,83 11,0 10,8 9.9 10,5 11.4
h 11.L 10.0 10.9 11.5 11.5L 11.2 11,6 11.7
Hematocrit (Volume percent)
1 3506 R bt 35@2 3201 3200 3&05 3606
2 35306 it == 3ho9 3106 3301 thé 3695
3 36,0 - - 32,0 31.5 31,6 33.6 35,0
L{— 36ah o= o= 3506 3108 3306 3305 3506
_ Plasma protein (gm. per 100 ml.)
1 9,02 e —— 8,07 8,61 2,03 9.1l 9,22
2 8,62 e e 7.91 8,10 9,05 8.87 8,93
3 8,89 - e 8,19 8039 9,07 9,21 8,90
L 8.47 - —— 8,13 8.2l 8,90 874 8,78
Red blood cells (millions per cu. mm.)

1 7.07 6.28 7.10 6,58 6012 6,67 6,41 6.95
2 6,81 5.9k 6,57 6,6l 6,16 6.38 6.5 6,93
3 5,76 5.56 6.5 6,20 6,05 5,67 6,13 6,61
L 6,98 5.88 bob 6,66 6,26 6,61 6016 6650

The differences

plasma proteln,

among lots with respect to hemoglobin, hematocrit,

and red blood cells were very small and are considered to

be ingignificant.
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Calf Data

A summary of the calf data is given in Table L., The percent calf crop
wgs reduced in Lot 1 by an open cow, in Lot 3 by an abortion, and in Lot L
by two abortioné, The cows had been Bang's tested, and were apparently
free from Bang's diéease° It was suggestéd that the abortions may have
been caused by‘high levels of manganese intake, however, no abortions were

obzerved during the first year of the experiment.

Table lj, Summary of Production Data, 1951=-52

Lot number Lot 1 Lot 2 Lot 3 Lot L

Number of cows per lot 16 16 15 15

Yumber of calves weaned per lot 15 16 1L 13

Average birth weight of calves 79 72 78 76
(1bs.)

Average wea%ing weight of calves 5032 L6l L%0 L88
(1bs,)

lAverage weaning weights were corrected for age and sex.

2The average weaning weight \of Lot 1 calves was significantly higher
(P = <5 percent), than the average weaning weight of Lot 2 calves.

Although differences in birth weights were very small among the four
lots of calves, those of Lot 1 were 1j2 pounds heavier than Lot 2 calves at
weaning time., This difference was statistically significant. The calves
of Lot 1 averagéd 13 pounds more at weaning than did Lot 3 calves, and 15

pounds heavier than Lot li calves., These differences were not significant.
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Mo explanation was apparent as to why the weaning weights of the Lot 1 calves

were greater than those of Lot 2. During the previous year the calves of

Tot 1 at weaning time, averaged 11 pounds lighter than Lot 2 calves, 1k

pounds lighter than Lot 3 calves, and 11 pounds lighter than calves of Lot L.



SUMMARY

Four lots of grade Hereford cows were fed a basal winter ration con=-
sisting of prairie hay, corn gluten meal, and éalt, Lot 1 served as the
control lot and received only the basal ration. Lot 2 was fed the basal
ration with the manganese content raised to 250 ppm. with manganese sul~
fate. Lot 3 was fed the basal with the manganese content raised to 500
ppm. Lot li was fed the same ration and mineral supplement as Lot 3 except
that LOO mg. of iron and LO mg. of copper were fed to each animal daily,
During the sﬁmmer all cows were grazed on native grass pastures, and were
fed the mineral supplement mixed with one pound of corn per head daily,
while Lot 1 received cne pound of corn per cow each day,.

1. The cows of Lot 3 had lower plasma phosphorus levels and made
considerably smaller gains quring the summer grazing season than any of
the other three lots.

2. Calves from the cows of Lot 2 had a lower weaning weight than
the calves of the other three lots.
| 3. The weaning weight of the Lot 2 calves was significantly smaller
than weaning weights of the calves of Lot 1.

Le Otherdifferences in cow weights, birth weights of the calves, and
blood constituents were smalle

S5« Three of the cows fed 500 ppm. of manganese aborted.

65



LITERATURE CITED

Amdur, M, 0., L. Co Norris and G. G, Houser., 1945, The need for manganese
in bone development by the rat. Proc. Soc. Expt. Biol. and Med. 59

254,

Becker, J. E, and B, V, McCollum, 1938, Toxicity of MnC1l2 « JH20 when fed
to rats, Proc. Soc. Expt., Biol. Med., 38:7L0.

Bentley, 0o Go, G, V. Quicke, J. Kastalic and Paul Phillips., 1951, Certain
trace elements in the feeds, organs, and tissues of a selected group
Qf repeat breeding_cpws in northern Wisconsino J. Dairy Sci. 312363,

Blakemore; Foy Jo Ao Nicholson and J. Stewart., 1937. Some effects of a
high manganese content in the diet of animals with special reference
to lactation tetany. Vet. Record, L9:415,

Blumberg, Ho, D. Ho Shelling and D, A. Jackson. 1938, The production of
manganese rickets in rats. J. Nutr. 16:317.

Bolin, D, W, 193li, The manganese content of grasses and slfalfa from
grazed plots. J. Agr. Res., L8:657,

«"Branion, H, D., B, L, Guyattand H, D, Kay, 1931, Beryllium rickets.
Jo Biol, Chem., XI:92,

Caskey, Co Doy, W, D, Gallup and L. €, Norris. 1939. The need for manganese
in the bone development of the chick. J. Nutr. 17:L07.

Chornock, Charlotte, N, B, Guerrant and R. Adams Dutcher. 1942, Effect of
manganese on calcification in the growing rat. J. Nutr. 23:445.

Cox, Gerald J., Mary L. Dodds, Helen B, Wigman and T. J. Murphy. 1931,
The effects of high dcses of aluminum and iron on phosphorus metab=-
olism. J, Biol., Chem. XIT:92,

Daniels, A, L., and G, J. Emerson, 193L. The relation of manganese to
congenital debility., J. Nutr., 9:191,

+Deobald, H. J, and C. A, Elvehjem, 1935, The effect of feeding high
amounts of soluble iron and aluminum salts. Am. J. Physiol., 111:118,

Gooden, W, and R. E, R, Grimmett, 1928, Factors affecting the iron and

manganese content of plants with special reference to herbage causing
- "Pining" and "Bushsickness." J. Agri. Sci. 18:363.

70



Grummer, H, Hoy O, G, Bentley, P. H, Phillips and G, Bohstedt. 1950. The
role of manganese in growth, reproduction, and lactation of swine,
J. An, Sci. 9:170.

Johnson, S, R. 1940, Manganese requirements for sheep, Ark. Exp. Sta.

Bul. 386:59,

Johnson, 5. R, 194li. Studies with swine on low manganese rations of
natural foodstuffs. J. An. Sci. 3:136,

Keith, T, B., R, C, Miller, W, Thorp and M. A, McCarty. 1942, Nutritional
deficiencies of a concentrate mixture composed of corn, tankage, soy=-

bean oilmezl and alfalfa meal for growing pigs. J. An, Sci. 1:120,

Lardy, Henry, Paul Boyer, James Shaw and Paul Phillips. 1942. Cattle need

manganese to prevent breeding trouble., Wis. Agr. Expt. Sta. Bul. L456:

536

Miller, R, C,, T, B, Keith, M. &, McCarty and W. Thorp. 1940, Manganese
as a possible factor influencing the occurrence of lameness in pigs.
Proc. Soc. Biol., and Med. L5:50,

Monier-Williams, G. W, 1949. Trace Ylements in Food, New York: John
Wiley and Sons, Inc.

Nance, John A&, 1952, Effects of high levels of manganese supplementation
on reproduction and lactation of beef catile and rabbits, and on the
fecal excretion of calcium and phosphorus by steers. Doctor of Phil-
osophy Thesis, Ckla. A, and M. College, Part I,

\\Nelson, A, Bey, Jo &, Nance, W, D, Gallup, A. E, Darlow and W, D, Campbell,
' 1952, Effect of high levels of manganese intake on the performance
of beef cows. Okla. A. and M. Pub, MP=27:63,

Nelson, V., B,y Jo M, Evvard and W, E, Sewell. 1929, The effect of manga-
nese on the growth of rats. Proc. lowa Acad. Sci. 36:267.

Worris, L. Co, Wo D, Gallup and €., D, Caskey. 1938, The role of manganese
in bone development. J. Nutr. 15:1l.

von Oettingen, W. F, 1935, Manganese: Its distribution, pharmacology and
health hazards. Physiol. Rev. 15:175,

Orent, E. R, and £, V., McCollum. 1932, The estrual cycle in rats on a
manganese free diet., J. Biol. Chem. 98:101,

Perla, David. 1939, The prevention of toxic manifestations c¢f an excess
of vitamin By by supplements of manganese to the diet. Sci, 89:132,

v Perla, David and Marta Sandberg. 1939, Metabolic interdependence of vita-
min Bl and manganese, Reciprocal neutralization of their toxic
effects. Proc, Soc. of Exp. Biol, and Med. L41:522,

71



JPerla, David, Marta Sandberg and Olive M, Holly., 1939, Interpendence of
vitamin B, and manganese, III, Manganese, copper, and iron metabolism
in normal rats. Soc. Exp. Biol. and Med. 42:371.

Ray, T, W., and L. J. Deysach. 1942, Storage of manganese by thyroid.
Effect on oxygen consumption of the Guinea pig. Proc. Soc, Exp. Biol.
and Med. 51:228,

Reid, Jo To, K. C, Pfan, R, L. Salsbury, D, B, Bender and G. M., Ward. 19L7.
The effect of manganese and other trace elements on the metabolism of
caleimm and phosphorus during early lactation. J. Nutr. 3L:661,

Reineke, B, P, and C., W, Turner. 1945. The effect of manganese compounds
and certain other factors in the formation of thyroxine in iodinated
casein, J. Biol. Chem., 161:613.

Skimner, J., T. and W, H. Peterson. 1928, The iron and manganese content
of feeding stuffs, J. Biol. Chem. 79:679,

Skinner, J. T, and W, H, Peterson. 1931, The manganese metabolism of the
rat, J., Biol. Chem. 90:65, :

Skinner, J. T. 1931. The effect of a high intake of manganese on the
growth of rats. J., Nutr., 5:L51. '

Smith, S. B., Mary Medicot, and G, H. Ellis, 19hlj. Manganese deficiency
in the rabbit. Arch. Biochem. L4:281. ’

vWaddell, J., H. Steinback, and E, B, Hart. 1930, Growth and reproduction
on milk diets. J. Nutr. L:53.

72



THESIS TITIE: MINERAL AND MANAGEMENT STUDIES WITH RANGE
BEEF CATTLIE

AUTHOR: JAMES D. BLUCKER

THESIS ADVISER: DR. ROBERT TOTUSEK

The zontent and form have been checked and approved by

the author and thesis adviser. Changes or correctiouns

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.

TYPIST: ANNA CRESS

73



VITA

James D. Blucker
candidate for the degree of
Master of Science

Thesis: MINERAL AND MANAGEMENT STUDIES WITH RANGE BEEF
CATTLE

Major: Animal Husbandry

Biographicsl and Other Items:
Borns: January 13, 1931 at North Little Rock, Arkansas
Undergraduate Study: Little Rock Junior College, 1948~
1949; Arkansss Tech., 1949-1950;
Oc A. 2"1. Cl’ 1950“19520
Graduate Study: 0. A. M. C., 1952~1953
Experiences: Farming experience, Greduate Assistant
in Animal Husbandry Department. Journalism
work in 1947-1949.

Yember of U. S. Haval Reserve,

Date of Final Examinetion: July, 1953



