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Introduction

It has been stated that better animel nutrition should begin
at the grass roots. Certainly good pastures have come to be
recognized as one of the fundaementel requirements of 8 sound
livestock program in all of the masjor livestock preoducing areas.
Pastures provide a cheap source of feorage because they require
little attention during the growing season and are harvested by
the animal. Good pastures also supply the animal with minerals
and vitamins in a more satisfactory manner than can usually be
attained with any other type of feed.

Soil fertility is one of ﬁhe major problems in the production
of good pastures. As & result of annusl cropping, grazing, leach-
ing and erosion, much of the land used for pastures today is low
in fertility end deficient in many nutrients. Phosphorus is
lacking in meny pasture soils and in meny ceses is the limiting
facter for the growth of pasture plants, particularly legumes.

The problem of low pasture fertilitg is important in Oklahoms.
Approximately two million sacres of pasture land in southeast Okla-
homa is low in fertility and low in aveilable phosphorus. Much
of this land is old abandoned crop lznd which supports only sparse
vegetation of low quality. Livestock men bhave ncted that the
cattle that are not fed a phosphorus containing minersal, and
grazing the herbage produced on these low phosphate soils do not
gain as repidly &nd do not appear as thrifty as cattle produced in
other parts of the state where the solls contain an abundence of

available phosphorus.



These observetions suggested trnat the value of fertilizing

such soils anéd the lmprovement of such pustures be studied.
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Review of Literature

Most of the food of animals comes from plents. The plant in
turn is dependent upon the scil for its nutrients. Sick soils
mean sick plants, which lead to sick or unthrifty and poor pro-
ducing animals. The herbivorous animal cannot be healthy or be
an efficient producer without receiving nutritious forage; and
the forage, to have the proper quality, must come from productive
801l containing the needed elements. For many years there has
been & continued removal of nutrients from our corop, hay, and
pasture lands until the reduced minersl content has resulted in
much land and many pastures that support only poor species of
plants of low quality. Animals grazing this deficient forage and
not receiving supplementary food eventueally show unthriftiness and
malnutrition.

Referring (o the depletion of pastures by the removal of milk,
meat in the form of beef, and other animal products, Orr (1929)
remarked, "Accorpsanying the visible movement of miik and beef there
is a slow invisible flow of fertility from the soil.”™ He stated
that & nine hundred pound beast tsken from the farm takes with it
more than 13 pounds of calcium and 6% pounds of phcsphorus. A
thousand gallons of milk removed from the farm some 12 pounds of
calcium and 10 pounds of phosphorus.

Phosphorus has been czalled the master key to agriculture.
Its importance in general farming is indicated by the fact that
low crop production is due more often to & lack of phosphorus than
to a deficiency of asny other element. FPhosphorus is important in

the body of the animsl. Maynard (1947) called attention to the



fact that phosphorus is found in large amounts in the minerzl
matter which gives rigidity and strength to the framework of the
body. Approximsately eighty per cent of the body phosphorus is
found in the bones and in the teeth. The element is present in

all cell nuoclei. It is essential for vital activity and especially
for cell division. Phosphorus is concerned in the chemicsl
processes involved in sugar oxidation, in the activation of certain
erzymes, and in the production of buffering acids in the bedy.
Maynard further stated that phosphorus constitutes 0.15 to 0.20

per cent of the soft tissues of the body. The ash of mammalian
bone contains about 17 per cent of this element. Hogan cnd
Niermen (1927) gave the average phosphorus content of the body

of a steer as 0.74 per cent, and stated that most of the body
phosphorus is in the skeleton.

Calcium is another one of the more important biologicel
elements, and is necessary for the growth of all animals znd all
green plants. According to Maynard (1947), caleium is the prin-
ciple element which gives rigidity and strength to the framewvork
of &he animal body. Approximately 99 per cent of the body
calcium is present in the bones and teeth. The remeining 1 per
cent is widely distributed throughout the organs, soft tissues,
and’fluids. The ash of bone contains 36 per cent calcium. Sher-
man (1932) pointed out that upon the presence of the right amounts
and proportions of calcium ions depend the normal properties and
behaviour of the fluids and soft tissues of the beody, such as the
blood, the muscles, and the nerves. Together with sodium and

potassium, calcium is essential for the steady working of the



heart and for normsl sctivities of the muscles. It is necessury
for the clotting of bloecd, and to some extent is conéerned in the
azintenance of aeid-buse equilibriuwm. In conneetion with the
productioﬁ of animal'proﬁucts,'the 3Releton'a§té-as a store of
calcium which may be mobilized :t times vhen the acsimilution of
calcium is fnadesuate to mééﬁ the'naeds.of'the Body. This rcbbery
of the sxzeleton may have serious and.even disaétrous reaults;

The occurence of many disorders in snimuls i1s often attributed
to a deficiency of either calelum or phosphorus. It is difficult
to attribute a deficiency specificully to calcium or phosphorus
beceuse of thelr intimate relatidnship. There are certain faotors
which pley importsnt roles in the functioning and metaboliam of
calcium and phosphorus. Vitamin D must be available to the animal.
Rupel, Bohstedt and Bart (1933); and PBuffman and Duncen (1935) re-
viewed the effects of vitamin D in relstionship to caloium‘and
phosphorue metabelism. This vitamin regulstes the metabolism of
casleium «nd phospherus in the body :nd is associated with the nor-
mgl formation of bones and teeth. Vitamin D plays sn important
part in the sbsorption of calcium and phospﬁorus from the intestine
and in theif.consequent deposition in bone tissue. No amount of
the vitumin will compensate for a marked deficiency of culcium or
phosphorus in the diet. The vitamin may be present in the food
either as the vitumin itself or in the form of & precursor. kx-
posure to the zction of radiant energy (ultra-violét light) con-
verts the precursor Iinto the asctive vitamin. In the same way
ultra-violet radietion of sunlight =mctivates the precurscor present
in the animal's skin. The animal grezing during the summer is not

likely to suffer from & vitemin D deficiency even though the ration



contains little or none.

In their review of literature relative to calcium and phos-
phorus, Schmidt and Greenberg (1935) pointed out that calcium and
phosphorus are also under the physioleogical controlling influence
of the parathyrold glands. These glands cooperzte with the intes-
tines, kidneys and skeleton in keeping the serum calcium snd
phosphorus within narrow limits, If the ration is deficient in
elther of the elements the parzthyroids mobilize & supply from
the skeletal reserves. If the perathyroids are removed or if they
fail to function properly, the level of serum calcium falls and
tetany occurs. On the other hand hyperactivity of the glands may
cause an excessive loss of calcium and phosphorus from the skeleton
resulting in soft and porous bones.

In early work it was aﬁsumad that since the ratio of calcium
to phosphorus was 2 to 1 in bone and 1.25 to 1 in milk, that some-
where in this range was the optimum at which calcium and phosphorus
should occur in the ration. Work in regard to the ratio of calcium
to phosphorus in the ration is not in complete agreement. bLieigs
et al. (1926) pointed out that an excess of calcium to phosphorus
in the ration of dairy cows may interfere with phosphorus &ssimi-
lation. They claimed that 2 parts of calcium to 1 part of phos-
phorus constituted an excess. In contrest Bethke, Kick, and Wilder
(1932) showed that for optimum growth and formation of bone, &
calcium phosphorus ratio of 2 to 1 in & chick ration gave best
results. An increase in the ratio of these elements from 1 part
calcium to 5 parts phosphorus or 5 parts of calcium to 1 psrt of

phosphorus caused a progressive decrease in bone growth and in



calcification. iaycard (1947) stated thet while & 1 te 7 or [ teo
1 ratio of these elements is probably optimum, zdequute nutriticn
can ocour outeside of these rznges.

Investigations by Bsuer, iub snd albright (1929) regsrding
the deposition of culcium and phosphorus salts in bone formetion
have shovn thot two enzymes appear to be involved, namely: phos-
phorylase and phosphatase. They shoved that the bones served not
cnly &3 structural elementz, but elso s storehouses for celcium
and phcephorus which wmay be mobilized at times when the assimile-
tion of these minerasls is inadeguate. 4ll vorkers are in egreement
that calcium and phosphorus exist in the bone in & ratio of 2 to
1 but thet the inorgonic composition is not constunt, ond may vary
with the specie snd with age.

There are volumnous accounts cf sgoil deficiencies znd their
relation to enimal putrition. Orr (1929) has reviewed the pusture
resesrch in the British Empire relsting to the composition of
herbage and the hezlth of the animsls. Keviews perteining to the
United States have been mude by Maynerd (1939); Beeson snd LeClere
(1941); and Browme (1938).

4 @eficiency of calcium in the rution of cows affects the
health of unimels. Calcium deficiency was reported by ithe Florida
Agricultural Experiment Station (1933), when rations fed Jersey cows
over a period of years were low in calcium content. BSeversl of the
cows withdrew minerzl reserves from their skeleton to such an extent
that many of them suffered broken hips and ribs. The leg bone from
one of these cows with & newly broken pelvis had en average bresk-

ing strength of 335 pounds. PFollowing the addition of Done



meal to the ration, minneral matter was restored to such an extent
that the heavy leg bone had an average bresking strength of more
than 3,000 pounds.

Symptoms of phosphorus deficiency include the chewing of
wood, bones8 or other substances, stiffness of the legs, swollen
Joints, emaciation and usually poor unthrifty sppearance. In the
case of cows there is usually a lower production of calves. Ehos;
phorus deficiency has been reported from at least twenty states in
the United States,as well &8 from Canada, the British Isles, many
sections of Europe, South America, Australia, and from New Zealand,
South Africa, and from iisias Various nsmes have been used for
these abnormal conditions: “"creeps" in Texas, "stiffs" uand "sweeny"
in Florida, "styfsiekte" in South Africa, and "cripples™ or "peg-
leg"™ in Australia. Bone chewing has been known to lead to other
serious diseuses such as "loin disease™ in the Gulf Coast Region
of Texas. Schmidt (1926) described the disease in cattle as
manifesting itself by & sudden and complete breakdown of the organs
of locomotion. Theiler (1928) from South Africa pointed out that
cattle in advanced stages of aphosphorosis ate carcaess debris con-
taining toxins produced by the organism Clostridium botulism bovis
resulting in a disease xnown as "lamsiekte" wvhickh usually proved
fatal. Pollowing a visit to Texas, Theiler stated thst the
symptoms of "loin disease™ and "lamsiekte™ were siuwilar. He cured
the disease by feeding the animals three ounces daily of sweet
bone meal. He also found that the feeding of bone meal caused the
cattle to stop craving bones, and made for better growth znd

larger animels at maturity. Extreme deficiencies of phosphorus or



caleium sre usuelly detected imwediztely, but the more numerous
borderline cuses are often not recosnized. In such cases a1 de-
ficiency may have resulted in deﬁreused grovth and an unthrifty
condltion even vhen no obvious syaptoms vere visidple. It hes psen
reported by Orr (1929) that on phosphorus :nd esleium deficient
pastures, sheep and cattle of Vules do not grov to full size, obut
remsin stunted. Horses pustured on the winercl-deficient soils

of the Falkland Islands became smeller with each generction, grad-
ually reverting to the slze of ponies.

The calcium and phosphorus requiremente ol anlmels =2s estina-
ted by different investigators vary considerably. HMaynuerd (1947)
gstated that dzte available &8s & whole vus incomplete snd in weny
cases 80 varisble that 1t vould be hazardous to drav conclusions
from them as to what the actucl requirements zre rfor a given spccie
over its entire growth period. It is agreed that the reyuirements
decrease with sge, per unit body vwelght and salso pe} unit of
dry mstter intaxe. The csleium regquirements markedly exceed thogze
for phosgphorus in early life, but the difference becomes less 48
maturity is approached.

Beeson uand co-workers (1941) reported & three-yeaur study,
involving 112 head of steer calves fed various levels of phosphorus,
They produced a phosphorue deficiency in steer calves rfed rations
containing 0.11 to 0.1% per cent phosphorus whieh provided «n
everage daily phosphorus intexe from 1.0 to 1.063 grums of phos-
phorus per hundred pounds of live welght. The feeding cf 2.00
grams of phosphorus daily or providing « ration with 0.18 per cent

or more phosphorus met the needs ¢f steer celves. Knox, Benner
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and Wetkins (1941) stzted that the minimum level of phosphorus
necessary in forage for rangze cattlg is between 90.11 and 0.17 per
cent. 'They suggested thut the théoretiuﬁl minimui of calcium
should not go below J.23 per cent in the forege. Veber cnd cthers
(1941) estimeted that fattenlng cslves require more than 11 groms
of calcium per day.

Hlacx and others (19Y43) found thet rations vhich contained
0.13 per cent ghosphorus znd 0.23 per cent calcium provided the
minimum amounts of these elements for Texss range cattle,

diitchell and McClure (1937) estimated that the phosphorus
necessary for fattening beef stecrs ranges from 0.3, per cent of
the ration for a 300 pound steer to 0.18 per cent of the ration
for a 1000 pound steer. They estimated from slaughter data thsat
a 500 pound growing steer required 12., grams of phosphorus daily
and a 500 pound fattening steer required a daily intake of 16.7
grams. They stated that the quantity of calcium required in the
ration for fattening steers renged from 0.17 per cent to.O.AS per
cent, which is comparsble to 14.0 grcms per day for & 1000 pound
steer and 0.48 grams for a 300 pound steer.

Archipald and Bennet (1935) found that dairy heifers made
average xrowth on rations supplying 1.8 grams phosphorus deily
per 100 pounds of live weight during their first year of life.
Ratlions containing 1.7 grams of phospherus per 100 pounds dzily
produced normal growth durlng the third yeur. They concluded that
these amounts vere not optimucsi, but were close to the minimun.
They suggested that hay containing less then 0.70 per cent phes-

phorus and consumed in normal amounts will not supply sufficient
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phosphorus.

Maynard, Graves &nd Smith (1932-1934) found thet fettening
yearling steers shoved definite phosphorus deficiencies with &
daily intske of 1.96 grams of phosphorus per 100 pounds of live
welght, cond that steer calves became phosphorus deficient when
ingesting 1.67 grams of phosphorus daily per 100 pounds. They
felt that 2 grams of phosphorus deily per 100 pounds of live weight
would meet yearling steer and calf reguirements.

Watkins (1933) using digestion snd mineral balance trizls,
showed that 500 pound steers ingesting 11.03 grame of feed phos-
phorus had & negative phosphorus bslance, but the stecers receiving
14.7 grems of feed phosphorus, furnishedé either by natural feeds
or by discdium phosphete, shoved uniformily positive phosphorus
balance. He also found thet growing steers, 18 months of sge,
could not satisfy their needs with & dally inteke of 8.5 grems of
phosphorus.

Lindsey, ~rchibald and Nelson (1931) found that en intake of
5.97 grems of csalcium per 100 pounds of live weight resulted in
nornsl development of deiry heifers and thit egually sstisfeactory
grovth wus secured with 3.17 graums. Forbes, French snd Letenoff
(1929) conducted a maintenance balance study vith 1000 poundéd beef
stecrs and found that en intuke of 10.8, grems dully ves necessery
to.produce e positive phosphorus bzlence. Theiler, Green =nd Du-
Toit (1927) found thet 4.99 grmns of celcium per dey wes not enough
for range cattle.

A lack of adeguzte calcium or phegphcrus in the retion has

been shown to have a detrimentzl effect upon the general well being
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of farm animals. Data by dorrison (1948) and Fraps (1944) showed
that forage which contained less then 12 per cent protein was
only about 56 per cent digested. but when the forage conteined more
than 12 per cent protein the digestibility was 75 per cent. Beeson
{(1941) found that rations were not utilized as efficiently when low
in phosphorus as those containing higher amounts of this element.
Steer cglves fed low phosphorus rations required 30 per cent more
feed per pound of growth and gained 37 per cent slower than calves
fed a ration ooptain!ng sufficient phosphorus. Maynard snd co-
workers (1936) pointed out thet a phosphorus deficiency is a limit-
ing economic factor in beef production. Work of Eckles, Becker
and Palmer (1932) showed that milk flow of cows was eventually re-
duced by leck of phosphorus in the feed. They stated that in ex-
treme oonditions e ahdrtago of phosphorus beceme a limiting factor
in the economical utilizetion of feed and in growth of cattle.
They concluded that cows on & low phosphorus diet required 20 per
cent more digestible nutrients to meintain body weight than cows
receiving adequate phosphorus im their diet. Early work by Theller,
Green and DuToit (1924) showed that a lack of phosphorus in the diet
of beef cattle coused 8: lagk of appetite end poor feed utilization.
Weber, llnCanpbell, Bughes and Pat‘erson (1943) showed that
the ‘addition of.grpanﬁ,lilastgne ﬁo a fattening ratian.%qB:icient
infcalﬁiuh, 1n6¥6aaiﬁlgﬁiné, gave more efficlent utilization of
feed, produced cattle of higher slaughter grade and produced bones
with greater breaking strength end of higher ash content. EKansas
workers, Hall, Mackintosh and Voil (1944) demonstrated that beef

from low phosphorus steers was inferior in palatability, keeping
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quality and shrinkage loss.

The calecium end inorganic phosphorus content of the blocd cf
cattle 18 considered a reliable measure of the adequacy of these
minerals in the ration. Maynard (1947) stated that the inorgenic
celoium and phosphorus levels of the blood plasme &re important
1ndicators or'tbe'sﬁéte:df nutrition of these elements. Maynard
further stated that, whole blood contained from 35 to 45 mg. of
phosphorus péf 105551;; ﬁost of which was in the cells. The phos-
phorus level of healthy animals lies between 4 and 9 mg.-per 100
ml. of plasma depending upon the age and species involved. He
pointed out that the level is higher at birth than at maturity.

The development of methods for the spnalysis of blood hes
given research workers a very useful tool in ascertaining the
general nutrition, metabqlian, end disease of animals. Workers
are generally agreed that the calcium content of the blood of
cattle 1s ordinarily quite constant. They have stated that an
excessive amount of calcium in the diet, however, msy render some
of the phosphorus unavailable. Meigs (1919) was able to reduce
the.inorganio plasma phosphorus of dairy cattle by feeding rations
lov in the element, but was unable to increase to any extent the
calcium in the plasma by feeding calecium in the ration. His results
indicated that in cattle over two months of sge, the plaSma'calciﬂm
is 1ittle altered by pregnancy, lactation or by feeding rzations
rich in calcium. Halverson and co-workers (1917) found that the
content of blcod calcium of dalry cows was not materially affected
by feeding calcium in the feed, and that it was Kept nesrly con-

stant by the enormous cslocium reserve stored in the bones.
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There have heen numerous reports by research workers relative
to the inorgenic phosphorus levels of blood piasma, but not sll
workers are in agreement. Savage and Heller (1947) reported a
four year study in the Southern Grest rFlains aree and found aver-
age inorganic blood plasms levels for yearling steers, grazing
forage sufficient in phosphorus :nd calcium, to be 10.74 mge.
calcium, 5.8, phosphorus. In contrast to this Heller (1947} re-
ported that frequently the plesma phosphorus levels for cattle
grazing phosphorus deficlent forage in eastern Oklshoma ranged
from 2.5 to 4.0 mg. per 100 cc. Black and associates (1943) show-
ed that steer calves up to two years of age on a low phosphorus
diet had nearly z2s high plasma phosphorus levels and geined as
well as steers receiving a phosphorus supplement. Only during two
months did the phosphorus plasma levels of the non-supplemented
groups go helow the 4 mg. level where they felt that a phosphorus
deficiency may occur. Cows grazing the same renge and receiving
no phosphorus supplement shovwed aphosphorosis, with plasma levels
consistently below 4 mg. and frequently below 3 mg. per cent.

They stated tha*t aphosphorosis could be diagnosed by inorganic
plazma phosphorus determinetions, even hefore physical symptoms
were nanifested. Beeson, Bolin, Hickmen and Johnson (1941) in
their three year study of phosphorus recuirements for beef steers
. produced definite phosphorus deficiencies in steer calves fed
rations centaining 0.11 to 0.15 per cent phosphorus. After sixty
dsys the average plasma phosphorus level for the steers on the
phosphorus-low ration was lowered from a2 normal of 6.47 mg. to

what they called an abnormsl low of 3.59 mg. Knox, Benner and
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Watkins (1941) in their study of seasonal calcium and phosphorus
requirements of range cattle found that cows grazing New Mexico
ranges and receiving & mineral supplement of dicalcium phosphate
averaged 2 to 3 mg. of inorgenic phosphorus per 100 ml. of plasma
in the winter and spring, and from 3.00 to 4.5 mg. in the summer.
Cows in the non-mineral lot showed lower plasma values for phos-
phorus throughout the entire year with the exception of the months
of hMay and June when the plasma phosphorus level was higher in the
non-mineral lot, apparently due to greater consumption of weeds

by the cattle receiving no phosphorus supplement.

Becker, Neal and Shealy (1933) shoved that the blood of
steers and heifers grazing on ranges where cattle had depraved
appetites possessed 2/3 more inorganic phosphorus then did cows
that were suckling calves. The following table shows comparative

Plasma values as reported by these workers.

No. Animals Kind of animals Av. Inorganic P. per
100 ml. Plosma
42 Nursing cows 2.87
16 Dry cows 3.80
8 Steers &nd heifers 4.91

Maynerd, Greaves and Smith (1932) fed a group of forty year-
ling steers a ration of beet by-products, alfalfa and salt (s
ration low in phosphorus). Steers on this ration showed evidences
of phosphorus deficlency. The gains were small and the steers
showed symptoms of malnutrition. Their hair coat was lusterless
and their appetites were sluggish. Characteristic pica was men-
ifested by an abnormally large consumption of salt and by gnawing
of wood. Steers on this ratiocn had inorgenic plasme phosphorus

levels ranging from 2.41 to 3.01 mg. per 100 ml. The addition of
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bren, bone meal, or cottonseed meal to the rstion resulted in
higher plasma phcsphorus levels; the range being 4.17 to 5.41 mg.
Calcium levels were similer for all groups of steers and ranged
from 10 to 13 mg. per 100 ml. of plasma.

Jones and Mullen (1926) observed a tendency for the inorganic
phosphorus in the blood plasma of cattle to rise when bone meal or
raw phosphate rock was added to the ration, but decreased when the
phosphate supplements were withdrswn.

Palmer, Cunninghem and Eckles (1930) studied the variations
in the inorganic phosphorus of the blocd of dairy cattle. They
concluded that exercise caused marked changes in the plasma phos-
phate of cattle. Feeding had smell, but significant effects on
the inorgenic phosphate. The values rose within the first hour
and apparently did not return to normel until after about three
hours. Normael water drinking by cattle had no effect on the plas-
ma phosphate. Robinson znd Huffman (1926) noted similar fluctua-
tions for the blood of beef cattle.

Theiler, Green and DuToit (1928) steted that 5 mg. of in-
organic phosphorus per 100 ml. of blood was the norm=zl value for
cattle fed on phosphorus sufficient rations.

Palmer and Eckles (1927) studied mature lactating cows raised
in a phosphorus deficient area of Minnesota., They reported a range
of 1.28 to 2.99 mg. of inorgmmic phosphorus per 100 ml. of blood
plasma for cows fed a hay-cats ration without a mineral supplement.
The total plasma calcium ranged from 10.97 to 16.02 mg. per 100
ml. which they considered normal. When sodium phosphate was fed,

inorganic phosphorus levels ranged from 3.82 to 6.57 mg. and
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calcium values were from 10.51 to 13.11 mg.

Bones are useful in the animal body first to act as a support
and to give shape to the body; second to protect some of the vital
organs; and third to asct as a storehouse for calcium and phosphorus
which might be drawn upon later as the animal finds need for them.

Voit (1880) found that the skeleton of pigeons and puppies
became weakened and porous on rations low in calcium. Welske and
wildt (1873) found that with lambs fed rations low in calcium and
phosphorus, the ratio of the two minerals in the compact part of
the bone remained the same as in the normel bone, but that the
percentage of calcium and phosphorus was reduced. BlMcCollum end
Simmonds (1921) stated that in rachitic bone, all of the processes
of growth and the maintenance of eguilibrium of the bone are ab-
normal. Osteoid tissue is not calcified as it is formed in the
trabeculae or by the periosteum so that the bone becomes soft.

The animals attempt unsuccessfully to compensate for this weckness
due to the lack of minerzl salts by producing abnormal samounts of
osteoid tissue, especially at points subject to stress and strain.
This overproduction of osteoid and cartilage caused irreguler en-
largements of the bones and their consequent weaekness resulted in
bowing &nd fracture. In studies of bone growth, Hemmett (1925)
found thet the humerus and femur bones decreased in water content
and increased in ash content as the animal grew older. The calcium
and phosphorus in the bones incressed as the animsl grew older, but
the percentage of phosphorus decresased.

Henderson and Weakley (1930) found that feeding retions that

were low in calcium or phosphorus or in both of these minerzl
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elements to dairy heifers resulted in bone changes us shown by
chemical analysis, breaking strength and appesrance. The femurs
and humeri of the animasls fed a normal ration were dense at the
ends and hard in the shaft. The walls of the shaft were thick

and the amount of marrow was only 8.2< per cent of the weight of
the bone. The femurs and humeri, however, of the low mineral
animsls were spongy and soft at the ends. The shaft, whlile hard,
wag not as thick as the normal bone and there was & large amount
of marrovw. At the time of slaughter it was found thut there was

a slight enlargement at the costochondral junction of ribs in the
low mineral group. The breaking strength of the low cslcium group
was approximately 25 per cent less than that of the bones of the
mineral fed group. A longitudinal medial section about 3/16 inch
thick was taken from the femurs and humeri for analysis. The rivs
were sampled by taking about two inches in length from near both
ends and from the middle of each. Analyses showed the averzge
amount of ash in the dry extracted bene was less for those cattle
fed rations low in calcium or phosphorus. They further stated
that their results would indicate that & study of bones of growing
animals is a good index of the cattle's mineral sufficlency.

Work by Eckles and Gullickson (1932) indicated that aphosphor-
osis in cattle produced marked effects upon the mineral composition
of bones. In the fresh bone, the primary effect was the marked
reduction in ash and its replacement by lipid material. This
effect was magnified when the moisture was driven off and the
lipids were extracted. The aphosphorotic bones, especially the

femurs, humeri znd rib bones were characterized by a low total
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ash with e lower Caj (POL)E and e higher Ca Cog content than pres-
ent in normel bones. Examination of bones of "stiffs" or "sweeny"”
( phosphorus deficient) catile in Florids by Becker, Neal and
Shealy (1933) showed them to have thin sheft walls and less cal-
cification than present in normal long bones. Vertebrae could
be sawed, cut with a knife or broken more easily than bones of
cattle slaughtered from other erseas. The ribs were very flexible
and easily broken. Upon autopsy of a mature cow, the dorsal border
of the scapulae were found to be more cartilagenous (less ossified)
than for a normal two-year-old animal. Both scapulae were bent
glving the animsel & sweenied appear=znce and one scapula was found
to have a multiple fracture. The articular surface vas eroded.
The humerus when sectioned, showed a thin shaft wall, poor calci-
fication at the epiphysis or growth line, and fewer trabeculse
then normal. Gross examination showed the bone to be porous and
weak. Autopsy of a 7-year-o0ld cow showed thet the head of one
humerus bone had crushed in &t one point meking an opening into
the marrow cavity.

Hevesy, Levi and Rebbe (1940) showed that bone salts are in
a donstant state of flux and in a process of continual rebuilding.
They demonstrated by the use of lebelled phosphorus thaet within
four weeks 29 per cent of the mineral cemposition of the femur
and tibis epiphyses were repluced.

The calcium and phosphorus of renge cattle is provided prin-
cipally by pasture forage. In meny areas such forage may not at
all times furnish adequate supplies of these elements. Savagse and

Heller (1947) reported that the leading perennial gressses of the
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Southern Great Plains area contaeined 0.17 per cent phosphorus,
7.7 crude protein and 0.17 per cent calcium. Cattle grazing
these forages wvere considered to be recelving an adequate calcium
and phosphorus supply.

A study of the phosphorus content ol forage in the Gulf Cozst
region of Texas Ly Fudge &nd Fraps (1944i) showed that from areas
where cattle were definitely deficient in phosphorus, grass samples
averaged only .082 per cent phosphorus, vwhile samples from normal
ereas contained an averasge of 0.170 per cent phosphiorus. OSamples
of grass collected in the spring in Utsh reported by Stoddard snd
Greaves (1942) eversged 0.283 per cent phosphorus snd fall samples
averaged 0.185 per cent. None of these ssaumples were considered
deficient in phosphorus. Becker, Neal and Shealy (1933) showed
that analyses of 14 samples of forage from ranges producing heslthy
animals aversaged 0.167 per cent phosphorus, while 67 samples from
deficient areas averaged 0.103 per cent phosphorus. Of 51 samples
of prairie hay from a deficient area in Minnesota reported by
Eckles, Gullickson and Palmer (1932), 44 contained less than 0.33
per cent phosphoric acid. Of 5/ samples from Montana reported by
Scott (1929) samples from normel areas averaged more then 0.33
per cent phosphoric acid while those from deficient areas were
consideraoly less than 0.33 per cent. Of 53 samples analyzed by
Theiler {(1927) from & South africa erea, 31 samples contzained less
than 0.19 per cent phosphoric acid =nd 48 samples contzained less
than 0.33 per cent.

Investigations regarding the nutritive value of forage has

revealed some rather significent findings. Work by Tash and Jones



(1947) in Texas indicated that shorter range grasses were more
heavily fortified with phosphorus then taller grass varieties
during the same period and at approximately the same stage of
maturity. Savege and Heller (1947) in their study of the nutri-
tional qualities of range plants found that the quantity of phos-
phorus in the forage declined successively from early growth to
maturity and dormancy. They further found that the calcium content
of nearly all raenge forsge species was more than double the phos-
phorus content. They noted that the monthly trend in average
protein content of native grasses was directly related to the
monthly changes in phosphorus, ash and moisture. The level of
protein in the foragres vas cbserved to be directly related to
successive changes in plant development, season of growth snd
quantity and distribution of precipitation. They stated that such
palatable forbs a&s bush morning-glory, sand pea and horseweed that
are eaten to some extent by cattle when the pleants are young,
usually contain more protein than the warm-weather grasses at

that time. Watkins and Knox (1945) called attention to the fact
that annual weeds often afforded considerable grazing in the early
spring and frequently served as contributors of more phosphorus
than that received by livestock grazing the native grusses. Their
work was further substantiated by findings of Tash and Jones which
indicated that &t certain stages of growth, weeds are frequently
more palatable and higher in phosphorus content than range grasses
growing on the same soil. Black und co-workers (1943} found
periods of heavy rainfall encouraged growth of new green forage,

which when eaten by the cattle caused a marked incresse in the
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blood plasma levels of phosphorus contrasted to lower plasma levels
during extended periods of dry weather. Knox and Neele (1937),
Stanley (1938) and Black znd co-workers (1943) &all pointed out
that a low protein content is associated with & low content of
phosphorus in the forage. Their work indicéted that the lowest
periods of protein and phosphorus in the forege occurred during
the winter months and during periods of low rainfaell. They noted
that young succulent green forsage was usually higher in phosphorus
and protein than forage of more advanced meturity. ¥ork by Guil-
bert (1930) in the Sacramente Valley of California showed that the
phosphorus content of the native grasses roughly paralleled their
protein content.

Research workers have proven that supplementing cattle with
an-adequate mineral supply is one way of overcoming the effects of
low phosphorus a8 reflected in poor unthrifty cattle.

Early work by Theiler, Green and DuToit (1924) showed that
aphosphorosis could be overcome by feeding precipitated calcium
phosphate or bone meal. They stated that precipitated calcium
phosphate was troublesome to feed and somewhat expensive. Their
work also showed that 1 pound of whest bren was as effective as 1
ounce of bong ;eal; They were aioong the first who tried the super-
phosphate manuring effect and found that it tripled the phosphorus
content of the forage. They found that in regions of extiremely
low reinfsll, and in areas heving very shallow scil, phosphete
manuring was not practical. Schmidt (1926) showed that mix-
tures of ponemeal and coummion salt fed to range cattle increased

weight, prevented creeps and produced stronger calves. The feeding



of 2 parts bone meal to 3 parts of salt incressed the pulatebility
of the bone meal. He found that finely ground rock phosphate when
fed alone or mixed with salt and bone mesl in equal parts did not
glve satisfuctory results. BHe attributed the unsatisfactory re-
sults to the presence of flourine in the rock phosphate. Theiler
(1928) after studying cows grazing phosphorus deficient veld for
two years, observed that 80 per cent of the cows receiving bene
meel supplement on pasture calved normally as ageinst 51 per
cent in the non-supplemental group. Bekker (1932) reported exper-
iments which showed that the feeding of 2/3 of en ounce of dical-
cium phosgphate was as effective as 3 ounces of bone meal. He
pointed out that since dicaslcium pheosphate was only slightly scl-
uble in water, it should be hand dosed or mixed vith common sslt
or some palatable feed. He also fed disodium phosphate by dissolv-
ing it in the drinking weter. In this eiperiment he used 1 cc. of
50 per cent commercial sulfuric acid to each gellon of water to
increase the solubility of the dicaleium phosphete. He showed that
when disodium phogpliate was dissclved in the vater supply at the
rete of epproximately 45 grams per 6 gallons of water, the cattle
drank 5.8 gellons each per day and thus obtsined 1.56 ounces of
disodiuw phosphate. Msynard, Greaves and Smith (1937-34) showed
that stesized bone meal, mill run bran and cottonseed real vere
good sources of phosphorus for fattening steers receiving =
basal retion of beet by-products, barley and hsay.

Work at the King Ranch in Texas (1944) compared several
gources of phosphorus for breeding cows grazing native vegetation

in an area decidedly deficient in phosphorus. Comparative results



for two years showed:

Phosphorus Source Av. Vt. of Calves
At Veaning

l. No minersal. 417 pounds

2. Bone meal (free choice). 448 pounds

3. Disedium phosphate in the drinking '
: water. 494 pounds

L. Pasture fertilized (200 1lbs. super-
phocphate per acre). 514 pounds

The cows grazing the fertilized pasture produced the highest
percentage of calves. They noted thst some of the cows in the no
mineral group developed a "creepy"™ condition.

Ross and assoocistes (1949) showed the value of feeding a high
phosphate mineral to growing heifer calves. One group of heifer
calves fed 7.5 pounds of dicalcium phosphate per head over a 1
month period (an amount of phosphorus estimated to be slightly
more than one half their needs) wvere 107 pounds heavier than
heifers fed no phosphorus supplement. Apother group of heifer
calves fed 26 pounds of dicaleium phosphate per head during the
same 21 month period were 166 pounds beavier than the no supple-
ment group. They noted that the general thrift and vigof between
the supplemented and unsupplemented heifers was even more nctice-
able than the difference in veight.

Livestock inen and ﬁasture experts are in general agreement
that the first line of defense against phosphorus deficiency is,
wherever practicable and economical, the systematic use of phes-
phatic fertilizers. According to Lush (1945) the first American
effort to measure the effects of fertilizers and lime on pasture

was started over fifty years age in Rhode Islend. Limed plots
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produced 2.5 times as much green waterial as unlinced plots. Vhen
lime was added to fertilized plots they produced 4 times as much
green material as unfertilized gslots. It vas noticed that the
best clover grew on the plots which received phosphoric scid.
This observatiou together with many others has contributed to the
evidence that no legume or grass can continue to be produced in
large quuntities unless the fertility of the scil is maintsined
at ¢ high level.

Ten years of work by Crouch and Jones (1945} in East Texss
has shown that highly productive pastures can be estaplished on
old worn out, previously cultivated land. Their methods in estzb-
lishing pastures included clearing, druinage, the application of
superphosphate, and the seeding of suitable legumes and grasses.
Their first attempt at estublishing pastures was by seeding
sever:l grasses, (bermuda and carpet) along vith clovers and
lespedezas. They found that the area furnished little feed during
the first tvo years, but the applicetion of 200 pounds of phos-
phoric acid per acre permitted the establishment of adspted clcvers
and grasses and increased both the yield snd quality of pasture.
Pastures &t the station showéd beneficial effects from phosphate
fertilizations even after 9 years, but some decline in productbn
was noted after 5 years. The pasturage was heavily used during
the 10 years for the maintenance of a Hereford breeding herd.
After phosphating the pastures, the cows maintained satisfactory
condition, produced normel calf crops and developed good_scsle.
They noted thut cattle on native unfertilized pastures generally

were small in scale znd developed rather poorly. They cited the



year, 1941, as an average plcture of production. In that yeer the
average stocking rate was 0.73 snimel units per zere. In addition
3,500 pounds of hay was harvested per acre. Chemical analyses of
forage from the fertilized pastures containing clovers, grasses and
lespedeza vere compared with those of forage samples from unfertil-
ized pasturage. The samples from the fertilized pasture contzimned
good to high amounts of protein, phosphorus snd ualéium. The unfer-
tilized pasture forage showed gocd amounts of calcium, fair amounts
of protein and were low to deficient in phosphorus. They concluded
that phosphate was the first limiting element in their arez for
pastures and that phosphate was nscessery for the establishment of
white clover, hop clover and good grass pasturage.

Bartholomew and Gifford (1944) established highly productive
pastures on upland soil which had been abandoned for crop production
because of low productivity. Twenty acres of abandoned crop land
was seeded to Bermuda grass, hop clover, Kobe and Koreun lespedeza.
Ten acres received 100 pounds of concentrated superphosphate per
acre end the remeining ten acres received no trestment. The ten
acre pesture not fertilized produced an average gsin of 213 pounds
of beef per acre and furnished grszing for 6 enimzls for 6 months.
The phosphated tréot préducéd aﬁIEVérége gain of 312 pounds per
acre over the ssme 6 month period. In addigion it provided grazing
for 1, animels during the firét-tﬁur xenihé and grazing for 8 ani-

mals during the lest two months.
Blaser and co-workers (1943) from Floride found that the nu-

trients calcium, phcosphorus and potash are reguired in wost cases

for the satisfactory establishment of grasses asnd legumes on a

sandy scil. They pointed out that the guality of pasture forage



is frequently more important than yields. In their improved
pasture program_they found that unfertilized carpet grass aversged
83 pounds of beef per acre as compared with 140 pounds for limed
and rertilized'earpet gruss. During the same tvo year period,
carpet gruss-lespedeza and cearpet grass-clover pastures trested
with liume, superphosphate and potash produced 168 zund 582 pounds
of beef per scre respectively. The increases in the phosphorus,
potassium and cslcium content of carpet grass resulting from fer-
tillization were sisnificant. The mean increase for calcium vas
L8 per cent, 78 per cent for phosphorus and 38 per cent for po-
tassium as the result of fertilization.

¥oodhouse and Lovvorn (1942) established productive pastures
on North Cserolina soils that had been severely depleted through
cropping and erosion. They demonstrated that proper fertilization
improved yields of vegetation, improved the kind snd density of
vegetation, insured earlier growth, insured more uniform dis-
tribution of grszing and yielded forege of higher feeding value.
They found, initially, that the soils were 8o low in celcium and
phosphorus that the addition of either one without the other pro-
duced little benefits. The addition of both materiuls more than
doubled the yield the first season. They found, thet when seeding
grasses with lespedeza and white clover on untrested soil, over
half of the vegetstion wes vieeds with prectically no grasses and
clovers in the psstures. Under a trestment of minersl fertilizer
and limestone, weeds were considerably reduced; lespedeza more
than doubled and grasses and clovers increased. Their yield

studies showed that fertilization increased total vegetation from



1,000 pounds to 1,500 pounds per acre per yesr. Population counts
of vegetation showed that the desirable species, lespedeza end
white clover, increased from 17 to 52 per cent in one cuase and
from 36 to 66 per cent in enother. These vegetative chunces in-
crezsed forage clover by at least one-third to one half.

Texss vorkers (1943) have shown that the application of phos-
phoric acid is necessary for the successful establishment of adapted
pasture legumes in the Gulf Coast and prairie region of Texas. The
seeding of pasture grasses and clovers on Lake Charles clay soils
with an application of 80 pounds of P205 in the form of superphos-
phate produced an abundance of white clover. VWhere phosphate wes
not applied the clover failed to grow. Seven years' trestment of
pastures with 80 pounds of P205 in the form of superphosphate per
acre produced 54 per cent more forage than unfertilized pastures.
The treatment neerly doubled the phosphoric acid content of the
forage. Two years work at the King Rench (1944) showed th:ut the
application of 150 pounds of superphosphate per acre to & 640 ucre
pasture incressed the yield and feeding value of the pasture grugses
so much that the rate of stocking vas increased 50 per cent cver
the unfertilized pasture. The grasses on the fertilized plots
contained 0.51 per cent phosphoric acid compared to 0.zZ4 per cent
for gresses from the unfertilized plots.

Brovn and Munsell (1943) have reported & summary of their
results obtained froum sn extensive grazing experiment covering a
period of twenty years conducted in Connecticut. The initial
studles were started on 36 acres of badly run-down permanent pas-

ture with an upland glaciel fine sandy loam, streongly acid and low



in phosphorus. At the onset of their study the pasture was mostly
covered with brush and trees and supported epproxim:tely one cow
per ten acres. Their twenty year results showed that different
fertilizer treatments had an effect upon botenical composition.
Weeds were most prevalent on the unfertilized plots. Fertilizers
had marked effects on the prevelence of iwmportsnt pasture species.
Kentucky bDlue grass occupied only two per cent of the unfertilized
§lot but 70 per cent of some of the lime and phosphated pastures.
White clover was more prevalent in the lime and phosphated areas
as compared to the unfertilized =reas. Analyses of forage shoved
that the non-fertilized areas contained avout 75 per cent as much
protein and 60 per cent ss much phosphorus but & higher content
of dry matter and fiber as compared with the phosphorus fertilized
areas. The application of lime alone increased pasturage yields
somevhat but lime plus superphosphate showed the greatest increases.
The effects from the application of potash were shown to be negli-
gible. |

Carr and Rhoad (1943) studied the influence of lime and
fertilizers on the Gulf Coust soils of Louisiana. They concluded
that good pastures could be produced and meintained on the Gulf
Coast soils through the use of (1) white clover, hop clover, Ber-
muda grass and Dallis grass as basic crops, (2) asdequate fertili-
zers and (3) good management practices, including mowing end con-
trolled grazing. Grazing studies showed that a pasture treated
with lime and superphosphete produced more forage than psstures
receiving only superphosplate and lime respectively.

Nelson (1941) developed quality forage on depleted waste
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land through the use of pliosphates and lime. A three yeer study
of pasture yields as measured by beef cattle showed thet 186
pounds of gein per acre were realized on a pasture receiving no
fertilization, vhile & compersble pasture receiving an application
of limestone and superphosphzte yilelded 557 pounds of gein per acre
and en additional azdvantage of 135 days more grazing time. The
application of nitrogen in addition to lime and phosphste gave nc
significant forage incresse over & lime and phosphate trestment,
He found Bermudsa grass to be the most dependable pasture buse.

His tindings indicated that three winter legumes, hop clover, burr
clover and white clover were the clovers vwhich persisted from year
to year and responded most favorably to the application of lime
and phosphate. Lespedeza proved to be a desirabie legume during
the warm summer months. He ncted that rainfall, because of its
immediate effects, was the most important single factor in pssture
production.

Pierre (1938) recognized that the avaeilability of soil phos-
phorus to plants varied according to plant specie. He stated that
plants with & large root system seemed to absorb concentrstions of
phosphorus more readily than plents with relatively poor root
systeuns. He observed that the combinstion in which phesphorus is
found in the soil has a decided effect upon its avallebility to
plants.

Harper (1947) found soils that are very slightly =zcié to
slightly alkaline rendered phosphorus more availsble to plunts.

In soils that were slightly ecid to extremely acid, phosphorus

became progressively less availuble to plents. Troug's (1947)
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study of soils bears out the general observations made by Harper.

Whitson and Stoddard (1927) studied the response of scils to
phosphate fertilization and found thet acid soils gave z grecter
responsge to phosphorus fertilizstion than non-acid scils. They
found thet the application of limestone for the purpose of reducing
soil acidity enhanced the effects of phosphorus fertilization.

They suggested that in acid soils the low availsbility of ghesphor-
us vasa due largely to the exlistence of phosphorus in combintion
vith iron 2nd aluminum. Brown (1944) stated that the purpose of
applying limestone to pastures wes primarily to reduce soil acid-
ity.

Research workers are in generzl agreement that the key to the
improvement of pastures is the establishment of one or more lepuumes
capable of groving in essociation with grass, partly because of the
forege value of the legumes and partly becsuse of their ebility to
fix nitrogen from the air and make it available to the grass.

It is generslly aéoeptad that pbosphorus is wost frequently
the limiting fuctor for the growth of pesture plants. O'Brien and
Obenshain (1942) showed that many forms of phosphates will produce
marked Inocreases in forage on phcsphorus deficient soils. They
found that the relative efficlency of the different carriers/ when
compared on & phosphoric acidiéqdivaleﬁb besis was in the following
descending order: dicalcium phosphate, superphosphate, triple
superphosphate, basic alagg;triealcium prospbete and raw rock pth-T
phate. There is some dissgreement among research vorkers &s to the
amount of phosphate fertilizer to apply.

Albreecht and Smith (1939) showed that lespedeza grown on a
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Missouri soil receiving both lime and phosphste produced 20 to
26 per cent higher yields than when phosphate was applied alone.
fiowever, when the hays from the respective plots were fed to
experimentel enimals, the difference in meat pounds became 60 to
80 per cent.

¥ork in Oklahoma (1945) showed, that in trials where dziry
cows had free access tc fertilized and unfertilized plots, the
cows preferred those plots fertilized with 150 pounds of super-
phosphate per acre. 4 total of 167 hours wes spent on the fer-
tilized and 110 hours on the unfertilized plots.

Harper and Daniels (1935} in & five year study of the analyses
of blue stem and alfalfa taeken from fertilized end non-fertilized
plots found that the per cent of calcium snd phosphorus in the
forage was correlated with the effective seasonal rainfall. They
found that during periods, when the rainfsll was high, the cszlcium
content of the plants decreased and the ghosphorus content in-
creased. Their findings further showed when the effective rsinfall
was low, the calcium content of the plants incressed and the phos-
phorus content decreased.

DuToit and Malen (1932) stated, "That the general principle
that the mineral content of the soil is reflected in the miner=i
content of the vegetation growing upon it is true, obut this ust
not be tsxen to wmean that the mineral content of e pasture can be
increased by applying fertilizer to the soil. V“hat probavly does
happen is that on & soil rich iﬁ minerals, grasses which natursally
show a high percentage of minerals will flourish at the expense of

those vhich are normally able to thrive on & poorer soil."™ On
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the other hand, work by Forbes, et al. (19510}, by Brovn (1933)
and Venaell and Wilkins (1936) showed definitely that both the
dhosphorus and calcium content of these species c¢s2n be materially
increased by field rates of applications of superphosphate and
lime. Pierre snd Robinson (1937) found that phosphate fertilize-
tion caused an increase in species of forage that were higher in
phosphorus and reduced the presence of some of the lower phosphorus
species.

¥ith the phenomenal growth of pasture research in America .
in the past thirty ysears have come & variety of methods =nda ways
in expressing pasture yields. In order te have & uniform method
of interpreting pasture results the Society of Agronomy, the
American Dalry Science Associztion and the American Society of
Animal Production (1943) have cooperated and proposed tentative
procedures and methods in mansgement and for the expression of

yields.
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rrocedure

This study wss initieted in Januzry, 1945. Tvo hundred sznd
twenty acres of "worn out"™ land six miles northe=st of CUealgste,
Oklahoms were lessed for this study. The ebjectives of this in-
veatigation were:

(1) To determine vwiat meusures would be necessary to

improve the solls of this area so they would yiseld
high cuality pasture forage.

(2) To determine the relative value of improved pastures.

(3) To study the aveilsbility of calcium snd phosphorus to

steers grazing forage produced on scils fertilized in
various ways.

The solls were mapped and chemical snalyses were umade to de-
termine the plant nutrients lacking in the various soil types
found within the ares outlined ebove. In order that fair and
accurate interpretations of results could be made, it was plsnned
to compare psstures on the basis of soil classification.

Initizlly one hundred zcres wes divided into six pestures.
Psatures 4, B, 2nd C consisted of 18.1 scres esch znd were located
on & deep, mediuwm textured, moderately to slowly perusable upland
prairie soil. Pasture D, an 8 acre tract, wvas located on s medium
textured, very slowly germesble (claypsn) prsirie seil. Fastures
E and F, 10 acres each, were located on medium textured moderztely
to slovly permesble creek bottom scoil.

All pastures in thkis group, except ., received an applicsetion
of 2 ton of limestone per acre in the spring of 1945, after the

landéd had been plowed. DBermude grass roots were plznted on the
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six paituras with a 3 row planter in Msy and June of 1945. Ten
pounds per acre of ryegrass and two pounds per acfa of legume seed
were planted on all pastures and superphosphate (20% P-05) was
drilled at the rate of 150 pounds per acre in pastures C, D, and
¥ about October 20, 1945. The ryegrass was drilled in 14 inch
rows and the legume mixture was dropped (by drill) on the soil
between the rows of ryegrass and above the superphosphate in those
pastures where this farfilizsr was applied. The legume mixture
contained Big Hop clover, 12%; Little Hop, 12%; White Dutch, 19%;
Ladino, 19%; Persian, 12%; Alsike, 6%; Black Medic, 12%; Subter-
ranean, 2% and a miscellaneous group composed of Birdsfoot Trefoil,
Button, Little Bur, Tift Bur and Californis Bur clovers, 6. Ten
pounds yer acre of Korean lespedeza was brosdcast on all pestures
in March, 1946.

In the spring of 1946, three additional pastures, G, H, snd
I were located on formerly cultivated, shallow, medium textured,
moderately permeable forest soils. Bermuda grass was planted in
May and June, 1946, by dropping the roots from a platform con-
strucpqd on the frame of ‘a three disc¢ plow, through & pipe which
placed the roots in the furrow behind the first disc. Limestone
was applied at the rate of 1% toms per acre on pastures G end I
and disked into the soil after the Béfmnda grass was planted.
Lovegrass was drilled ;n 14 inch rows st tya rate of 1 pound per
acre on H and I pastﬁréﬂ in ﬁﬁril, 1946, and at the same time
pasture I received a 200 pﬁund per acre spplication of 0-14-7
fertilizer. Ryegrass was drilled at the rate of 10 pounds per
acre on G pasture and.0-14-7 fertilizer was drilled in 14 inch
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rows, 200 pounds per acre. Two pounds of a similar legume mixture,
used in establishing pastures the previous yesr, was dropped on the
soil above the fertilized zone on G and I pastures September 20,
1946. Legumes were planted without fertilizer on pasture H.

Some additional cultural practices were followed during the
course of the study. Fifteen pounds per scre of a Korean-Kobe
lespedeza mixture was drilled in all pastures except G in March,
1948, after the soil had been disked lightly to reduc@asaibeiition
from the hop clover. It was planned at the onset of the study
that fertilizer would be spplied in the fell every third yesr.
Pastures C, F, and D received an application of 150 pounds per
acre of superphosphate (20% P20s) in the fall of 1948.

Fertilizer Treatment of Pastures and Description of Soil

Pas- Seil Condition Fertilizer Treatment Area in
ture Acres
A -Permeable Upland None 18.1
B Permeable Upland Limestone 18.1
c Permeable Upland Limestons and Superphosphate 18.1
D Dense Ciay Subsoil Limestone and Superphosphate 8.0
E Bottomland Limestone 10.0
¥ Bottomland Limestone and Superphosphete 10.0

G Eroded Timber Soil Limestone, Superphosphate and

Potash 22.0
B Eroded Timber Sqil ane _ 1l.3
¥ Eradedjfiibeé Soil ' Limestome, Superphoéphate and

Potash 11.3
In sddition to the above nine pastures, another area was pre-
pared and seeded in the same manner as pasture C which was used

as a reserve pasture for steers which were not grazing the
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experimental pestures during certain sezsons of the year. Bermuda
grass was planted in the reserve pasture in June, 1945, ryegrass
and winter legumes in October, 1945, and lespedeza in March, 1946.

Twenty aix head of 2-year-old steers purchssed locally grazed
pastures 4, B, C, D, E and F during the first grazing season of
1946 and were sold off grass ét the close of the grazing period.
The rate of stooking for the various pastures for the grazing
season of 1946 is Shéwn.in the foliowing'tablé.

Number of Animals Per Pasture 1946

Pasture No. of Animsls Pasture No. of iAnimals
A A D 3
B 5 £ _
C 6 F 4

In the fall of 1946, sixty choice weanling Hereford steer
calves were purchased to be used in grazing the various pastures.
They were rough wintered and in the spring of 19,7, the steers
were allotted to each of the various pastures. The number of
steers allotted to each pasture was determined from date secured
in 1946 and the asnticipated carrying capacity of each pasture.
Brand numbers were placed on the‘right hip and were used as iden-
tification for each steer. The plen of the experiment was to
graze the steers for three successive grazing seasons and market
them as grass fat three—ye&r-glﬁ steers. At the beginning of the
experiment, it was assumed that-the pastures would carry fgwer H
three-year-old stoqfa than yearlings. VWith that in mind, repre-
sentative ateers ﬁore selected and eallotted to the various pastures

and were to be grazed each of the three grazing seasons in those
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pastures., They shall be designated "permanent" steers. The other
steers were placed in the variocus pastures as the forage indicated
that the pastures would carry additioncl steers or were grazed in
the reserve pasture but were not grazed in a particular pasture
for each of the three grazing seasons. These steers shall be
designated as-“resafva' steers. ‘ |

The number of permenent steers assigned to each of the pastures

18 Bhown below:

Pasture Steers per Pasture Pasture Steers per Pasture
A 4 E 4
B A F 4
c 4 ' B 2
D 3 I 2

| The grazing seasons begen in early April and ended approxi-
iatoly November 1 each yeer. A system of controlled grazing was
used during the course of the study. During the grazing seasons,
when there was an abundance of forage in eny pasture, additional
steers were added from the reserve pasture. However, as the
amount of forage decreased in any one pasture during the grazing
poriad,-oﬁe or more of the reserve steers were removed from that
pasture. This procedure was followed to secure maximum production
from each pasture. The abundance of forage in 19,7 necessitated
securing twanti»two yearling heifers in addition to the sixty
yearling steers to qfrféiggély utilize the pastures. The steers
and heifers were weighed at monthly intervals and an attempt was
made to stoek the pastures at a rate vhich would maintain as nearly

as possible, similar average dauily gains per beast per pasturs.
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This system of management was used to provide an index to the
carrying capacity of the individual pastures. Three day weighings
constituted the basis for determining the initial and finel weights
for each semi-annual grazing season.

Salt was provided free choice to the steers of all pastures.
No other minerasl was provided during either the summer or winter
period. Water was provided from a well during both seasons. Each
fall following the grazing season, the steers were pleced ir vinter
traps and fed prairie hay and a protein supplement. All of the
steers assigned permasnently to various pastures were designated
as Lot I and received corn gluten meal as their protein feed.

Cne of the objectives of the experiment was to determine the
availability of phosphorus to steers whem the phosphorus was
applied to the soil. To provide a more rigorous test of the
ability of forage produced on phosphorus fertiiized soils to
support adequate phosphorus nutrition, corn gluten mesl was select-
ed as the protein supplement for the permsnent steers becsuse it
contalned approximately one-third less phosphorus than cottonseed
cake. The reserve steers were designated as Lot II snd were fed
cottonseed cake as their protein supplement. Samples of winter
prbtain feeds were analyzed by the Department of Agricultural
Chemistry. The averag; iﬁilj.wintér ration per steer for the
various years was as follows:

1947-1948 1948-1949

Lot 1 Corm Gluten Meal 1.2 1bs. 1.5 lbse.
Prairie Hay 14.1 l1lbs. 17.2 lbs.
Lot II Cottonseed Cake l.2 lbs. l.4 1lbs.

Prairie Hay 12.6 1bs. 13.Z 1bs.
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Blood samples were collected periodically from all the perman-
ent steers. During the two wintering periods blood samples were
taken from ten of the reserve steers. Blood was drawn by venous
puncture and collected in lithium oitrated tubes. The blood plasma
was analyzed quantitatively for inorganic phosphorus (Fiske and -
Subbarow (1925)), and for calcium (Clark and Collip (1925)). Bloed
enaiyses were treated statistically (Senedecor (1946)).

reneed exclosures were placed on representative areas within
the individual pastures at the beginning of each grazing season
and were moved to a new area each spring. Forage from these quad-
rant exclosures were clipped at various intervals during the grezing
‘'season. Calcium, phosphorus, potash and nitrogen determinations
were made seperately for legumes, grasses and weeds clipped from
these exclosures.

Rainfall distribution was tabulated throughout the experiment.

¥eight data were used in computing the following for esch |

pasture:

Grazing Period Winter Period

l. Gain in Period l. Gain in Period

2. Average Daily Gains 2« Average Daily Gains
¥ Wokel Batem | Lo, T ‘A Total Gains

4. Gains per Acre _

The experiment involving the sizty steers was terminated
July 1, 1949. At the conclusion of the experiment the steers were
graded and appraised by a committee composed of 3ack Jessup,
National Livestock Commission Compeny, Oklahoma City; Jake Sims,
Sims Commission Company, Oklahome Clty; and Clyde Manning, head
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cattle buyer of Wilson and Company, Oklahoms City. The steers
were sold on the Oklahoma City market July 11, 1949. At the time
of slaughter the taraal bonai:rrOH the left fore-leg ol each per-

menent steer was saved for chemical analyses.
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Results and Discussion

SOIL ANALYSES

Soil anelyses showed that the soll of all pastures was highly
ecid and very low in ;vailahle phosphorus.

The soil was olasuiried and found to bé one of the following
general classes:

(1) Deep, madiun textured, moderately to slowly permeable
upland prairie soil. -

(2) Medium textured, very slowly permeable (cleypzn)
prairie soil.

(3) Deep, medium textured, moderately to slowly permeable
ecreek bottom soil.

() Sh:llOW, medium textured, nodefately permeeble forest
soil. ;

RAINFALL

The average monthly distribution of rainfall at the Cosalgate
station is given in table I. It will be noted that the heaviest
precipitation cccurred during the months of April, May and June
and it was during these months that the clovers were mest preva-
lent on the pastures.

The extremely dry spring of 1948 partislly explains the low
gains per acre for most pastures, especially for pssture C during
the summer period of 19.8. The presence of limestone and phosphate
on C pasture stimulated & vary-dense growth of hop clovers during
thelwintar-of 1947, but lack of rainfell in the spring caused

- nnch of the clover to die when but 2 or 3 inches high. Crouch and
Jones (1945) and Nelson (1941) remarked that the immediste effect
of rainfall was the most important single factor in pasture pro-

duction.




Year

Jan.

TABLE 1

Coalgate Rainfall Distribution

Feb. Mar.,  Apr. May June July Aug. Sept. Oct. Nov, Dec. Total
1945 1,30 9.00  10.73 5.13 400 1248 5.64 44 6,20 2,10 1,60 .80 63.13
1946 2.82 5.3 292 3.43 638 373 .22 231 303 .48 1033 6. 47.33
1947 .33 .33 181 7.26 8.67  3.97 3.2z 1.57 212 116 296 5. 38,34
1948 W65 428 2313 T8 T.0L 5036 4ed2 1.88  1u46 2448 W24 1,62 32.25
1949 5.19  3.07 3.7 6.39 584 5.3
Twvelve Year Average Rainfall Distribution (1937-1943)
Jan. teb. Mar. Apr. May June July Aug. Sept. Oct, Nov. Dec. Total Average
173 4400 3426 5,24 5.40  5.97  3.22 3,15 2.28 2.96 43425

2.92 3.2

>~
w
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VEGETATION DIFFERENCES

FPertilizers had marked effects on the prevalence of important
pasture species. It has been quite obvious that fertilization hes
stimulated desirable clovers and grass species and has decreased
the weed population. Artof four years, weeds occupied about one-
third of the ares in the non-phosphated pastures, ebout one-twelfth
the area of limed pastures and were practically gone from the phos-
phated pastures. These observations are in agreement with Brown
and Munsell (1943) who reported that weeds were most prevalent in
unfertilized pastures. An application of limestone alone has stim-
ulated the growth of clover and the further addition of phosphate
has resulted in demser growths of clover. Initisl seeding csused
some clover to appear in an untreated prairie upland pssture (4)
but their spread has been markedly slower than in pastures re-
ceiving lime or lime and phosphate. After three years clovers
were almost non-existant in an untreated eroded timber land pasture
(E) and some areas of bare ground were in evidence contrasted to
dense growths of clovers in a comperable rertilized pasture (I).
Results reported bx_crauch and Jones (1945) showed that limestone
and phosphorus were necessary to .establish clovars. Brown (1944)
stated that the purposa or applying 11ncstone was to reduce soil
acidity so that daairablc clavers cdhld become established.

Artar rour years the pradoninate legunas on the prairie up-
land pastures lA Bnand €) were Big and Little Hop with evidence
of some lespedeza. On prairie bottom lend pastures (E and P),
White Dutch, Alsike end hop clovers remained as the major clover

species. After three years on one fertilized timber lend pasture
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(C) lespedeza appeared as the predominant legume. ¥eeping love-
grass continued to diminish oacﬁ uuooqliivo year in the untreated
eroded timber land pasture (H) while a comparable fertilized pas-
ture (I) exhibited a genlo cover of hop clovers and considerable
lovegrass. _
FYertilized pastures ﬁfoduced greater pounds of air dry forage
' per acre with a higher protein content than comparable unfertilized
pﬁstures. Table Ii”sﬁéwa;tﬁélﬁrbtein'Qonténi“or forage harvested
from pasture exclosures. These results are in accord with the
findings of most pasture workers. Blaser and co-workers (19.3)
pointed out that the quality of pasture forage is frequently more
importent than yields. Crouch and Jones (1945) attributed the
high protein levels of forage from rertilized pastures to the
presence of legumes. Table II shows that during the months of
April and Msy the pasture forage had & relatively high protein
content end that as the grazing season progressed the protein con-
tent decrezsed. The presence of abundant clovers during April and
May accounts for these high protein levels. Later im the summer,
when the clovers were not so abundant the forage couzisted primar-
ily of grasses which have been shown by Fudge and Fraps (1944) to
be lower in protein content than legume plants.

BEEF GAINS OF PASTURES

All pasture workers are in agreeﬁent that fertilization tends
to provide higher quality and more abundant forage per,acfe which
indirectly results in greater gains of beef per acre. The pounds
of gain produced per acre for the various pastures is given in

table III.




TABLE II

Average Protein Content of Forage Harvested from Pasture Exclosures

Southeast Pasture-Fertility Station, near Coalgate, Oklahoma.

Percent Protein - 1947 ———borcent Protedn - 1948

Pasture i July 24 October 21 i June 6 = July 16 September 15
No. Grasln Legumes Weeds Grass Grass Grass Legumes Grass Grass
A .27 13.2 6.7 6.7 6.1 6.9 12,5 Tud 5.8
B 8.3 208 8.3 7.0 5.9 G e T ST R i 6.0
c 20,3° - 13.3 = g 8.1 81 169 . 8.8 643
D 9ukic 1221 8.4 8.4 7.2 8.1 1446 8.5 646
E 8.2 35S - Td 1.1 7.0 8.3 13.6 10.0 6.8
F 7.5 12.5 w— 1Ne2 7.9 9.5 149 11.6 6.9
G 48 136 9. 9.9 7.1 7.0 147 10.3 8.5
H 6.1 12.2 8.6 5.1 7.1 5.3 10,2 6.8 6.3
1 5.2 13.2 . 7.3 5.3 7.2 6.1 10,6 7.8 7.5

The grass in pastures A to G inclusive was principally Bermuda and in pastures H and I it was lovegrass.
The legumes were principally Big Hop Clover and lespedesa.

~
o
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In comparing the pastures loceted on a prairie upland soll,
it will be noted thsat pastn?o B which was treated with limestone
produced 25.4 paunds;nd:s haef=ggin:per acre~§er year over a three
year period fhan did pasture A which received nc treatment. Re-
sults for 1949 tapril 11 to Iuly 1} shdutd that thq 11naatona
pasture B produoed b 5 3 pdunda groeter gnin than did the untreatad
pasture A for the 81 day gxas;ng periodf Even §¥F§F8r gains were
shown for pasture c'uﬁiah_;eo§itod a lime and ;;o;}ﬁaie apﬁliaa-
tion. A three year average ihbﬁaﬂ.tﬁat it produced 42.3 pounds
more yearly gain than did"thi comparable but unfertilized A pasture.
The appliecation of pupofphosphate-and limestone to.paature C re-
sulted in 16.9 puundsiinr- yearly geain over a three year period
then 4id a similar paﬁﬁnra reoeiving only the limestone applica-
tion (pasture B). Duriﬁg the Bl'day'grazing'period of 1949,
pasture C which was treated with llmestone and phosphate produced-
61.1_pound§ more gain.than paatnfc:a which iai ﬁfoatad only with
limestone and 72.4 poﬁnds more gain than tho'ugfertilized pasture
G :

Some very interesting énta.ara shown in table III when
pastures established on eroded timber land are compared. Pasture
X uhioh was lpcatad on eroded tinhar lend and roceivod applications
_of 11nmutone, -upeﬁpho')ha&c'un( petaah showed 39 4 pounds more
7lnrly gain por aert over a two year period than did a similar
.| pantare vileh Jecddved no fertilizer (pasture H). During te 81
day grazing period for 1949. paqtare,I produced 43., pounds more
gein than did pasture H. Pasture G located on eroded timber land
end fertilized with limestonme, superphosphate and potash but seeded
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diffe:antiy than péntu;ahl produced an aversage yearly gain of 98.2
pounds for the years 1947 and 1948 which was practically the same
as the gain producod-oﬁipatturﬁ'l. The gein §er acre in 1949 for
_81 days was 61.0 pounds.end was 6.3 'pounﬂs less then the gain pro-
“aioed on pasture I.

: The -eley Pll prairierupland pasture (D) which recaived eppli-
.:antionn or‘lins and phctyhate prodncod en average yearly gain of
106.5 pounds per acre over a three year period end 106.6 pounds

of gain per acre for 1949.

Bottomland puathre 4 fartilizgd with limestone and superphos-
phate produced 16 poﬁné§ grdatef ﬁiof gains per acre per year for
a three year grazing period and in the 81 day grezing period of
1949 produced 1.6.5 more pounds of'_baef gein per acre than dd a
comparable pasture (E) which was treated wiih limestone. It will
be noted that these bottn!lnnﬂ pastures producad approximately
77 pounds more yaarly gain than diad ainilarly treatad prairie up~
land pastures during & three year period.

Table IV gives the grazing results for each of the years of
this study. It:will'bb'nbtod that fewer acres were required per
beer unit for tho phosphate treated pasﬁures then for thoss pas-
turea treated with 1in¢at¢ni or those reaeivingfno:rqrttlizan it
trestment. During e&ch roar or tha experinent, une bsar unit far__‘
each pasture consistod cr uas bper hniaal-' The age. howover. wn:?'f
not the same for each of the years. For the years 1946, 1947, 1948
end 1949 the age of the cattla.was-z years, 1 yesr, 2 years and
3 years respectively. Comparison of prairie uplend pastgres showed
that pasture C fertilized with limestone end phosphoras required
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3.0 acres per Z-yeaféold steer in 1946, 1.4 acres per yearling
steer in 1947, Z.S'aores per z-year—old steer in 1948, and 2.3
acres per 3-raaruold steor in l9£9. A couparnhla pasture (B)
treated with 11uastona waa grnzod with tha sana olasa of stock

as pasture C but rcquirod 3.6 acres in 19&6, 2 l acres in 1947,

2.8 acres in 1948 and 3.3 acres in 19.49. In contrast a similar
untreated pastura;(A) for the pampngrazing periods required 4;5f':_
acres, 3.1 acres, 3.7 sores end 4;0 acres per beef unit for the:
respective years. _ "

Prairie bottomland pssturés*worg located on more fertile
soillund consequently required fewer acrga per ateér then prairie
upland pastures. Pﬁatura ?:rertilizQG with ;1isatone and phos-
phate required 2.5 acrea in 1946,-0;7 aores in 1947, 1.3 acres in
1948 and 1.3 acres 1n 1949 per beef uhifq'.Ptature E treated only
with limestone requirbé 2.5 acres, 1.0 ﬁ#rv;'l.& aores and 1.8 |
acres per beef unit during-qorrcapondlng grazing seasons. Fasture
I located on eroded timberland, regelved appiicatibnn of limestone,
phosphate and potaah'#ﬁd required 1.9, 1.5 and 2.3 acres per beef
unit during the grazing seasons Iéi' 1947, 1948 and 1949 respective-
ly. A comparable ﬁntrnaﬁed pasture (H) roqairuélz.z, 3.0 and 5.0

'-*:aoras pcr beer unft during thu‘%ana grazrng BeusSOns.

; Tabla IV rurther ‘shows’ that 1n bcns inSt&nces roner‘taan.z
acres for 2_§ng;}-yegrapla_stetra were required,.uhieh 13 conaid-
irﬁhlf less thén‘the'#'tbeié aeres per yenrling'steer u§ réported
by Savage and Heller (1947) in the Socuthern Great Plains Region.

The grqatar-car:ying capacity of the fertilized pastures ﬁgreas
with work reported by Barthelomew and Gifford (1944) in which they




TABLE IV
Grasing Results

Results of Grasing on Pastures in 1946
(April 26 to October 26 - 183 days)

Pasture Acres &v, Fo. Acres Av, Daily Total Gain
Cattle Per Required Gain . Per Acre
Bagture = Por Steer ;
A 18,1 4 ha8 1.62 65.0
B 181 s . 3.6 1.62 81.7
c 18.1 6 3.0 1.9 108.0
D 8,0 3 2.7 1.5 102.9
E 10,0 & RS 1.92 139.9
4 - 10,0 4

2,5 1.93 140.4

Results of @rasing on Pastures in 1947
(April 14 to November 2 - 202 days)

Pasture Acres Av, No, Acres Av. Daily Total Gein
. Cattle Per Required . Gadn - Per Aere
Pasture  Per Steer - i
A 18,1 5.8 3,1 1.04 67.6 %.2° 3 . 8.2
B 18,1 8.7 2.1 +98 95.5 &3eh 32,9  13.2
D 8.0 5.8 1.‘. ou 122.1 85.0 M.4 - 7.2
E 10.0 9.7 1.0 94 184.6 108,5 ~ 73.5 2.6
F 10.0 13.7 017 .’H . 21798 135.6 y 9205 -10.3
G 22,0 8.7 2.5 1.26 100.7 432 33e2 - 4e3
H 11.3 5.1 2.2 63 58.1 35.3 @ 2l.2 1.5
I

11,3 6.1 1.9 84 91.9 53.6 33.2 5.3

¢




TABLE IV (Continued)
Orazing Resultes

Results of Grasing on Pastures in 1948
(4pril 15 to Hovember 2 - 200 days)

v, i.

Pasture Acres v, NO Acres Av, Daily Total Gain WM!?N‘_
Cattle Pe»  Required Gain Per Aore to - 2t 8/2t%

B 181 6,6 2.8 1.32 98.6 38,0 42,5 18,0
BE 10,0 T3 1.4 1.24 182,8 T76.8 87.5  18B.5
| 4 10.0 7«9 1.3 1.26 197.2 Bhed 719 4048
(¢} 2240 T3 3.0 1.0 95.7 30.0 4.5 - 232
K 1,3 3.8 3.0 0.92 61.8 32.3 28,8 0e?
I 1,3 Tk 1.5 1,36 106.8 39.7 5642 0.9

Results of Grasing on Pastures in 1949

| (4pril 11 to July 1 - 81 deys)
Pasture Acres Av, No, Acrep Av, Daily Total Gain
Cattle Per Required Gain Per Acre

A 18,1 440 4eS 226 Qe
B 18,1 55 3.3 2,10 51.7
c 18,1 8,0 2.3 3.15 112.8
D 8,0 3.8 2¢1 2,81 106.6
E 10.0 Sed 1.8 2,38 103,8
r 10,0 7.7 1.3 24,42 150.3
4 2240 7.2 3.1 2,29 60,99
H 11.3 2.0 5.7 1.17 23.89
b 4 11.3 3.8 2.3 2450 67.26

\n
N
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found pastures treated with limestone required less acres per
beef steer than untreated pesstures. PFhen limestone and superphos-
phate were applied the carrying capacity of the pasturea was even
- greater. ? _ : ;_ | s ok |

Pastures C and F were htoeked very heavily-in 1947 and in-
advertently were otorgfazad, Below averagg-iain:gll 1@_tha vinter
of 1947 and spring of 19.,8 coupled with overgrazing in 1947 re-
duced beef gains and carrying capscity of these pastures materieally
during the 1948 grazing season.

BLOOD ANALYSES
Blood analyses are shown in tables V and VI. The tables show

that there was little difference between blood calcium levels for
the permanent steers of the various pastures. This agrees with
the findings of numerous other research workers whe have found
that the calelum level of the plasma of steers does not fluctuate
much when grazing various kinds or'haﬁbage. The average blood
calcium levels ranged from 8.9 to 14.0 mgs. per cent which is
comparable to levels found for yearling range steers by Savage
and Heller (1947) in their study at the Southern Plaeins Experimen-
tal Renge. <D

" fTable V shows that dufingvthe grezing season of 1947 aversage
plasma phosphorus levels for all permanent steers ranged from 4.3
mg. to 8.9 mg per cent which is above the 440 mg. per cent level
which Black (1543) considered the minimum level for normal growth.
The average plesmsa phosphorus levels of steers in pastures A and
H, which received no treatment, did not fall below L.5 mg. per

cent during the grazing'aeaaon of 1947 and were similar to plssma
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levels reported by Knox and associates (1941) and by Becker and
co-workers (1933) for yearling steers grazing phosphorus deficient
forage.

In the winter period of 1947-1948 the plasms phosphorus
levels of the permenent steers were quite low in most cases. The
lowest average value for a perticular period was 2.5 mg. per 100
ml, of plasma wniéh was found in the steers of pasture A in Febru-
ary. The low-phosphﬂrug;lsvﬁlﬁ%yera,ﬁﬁﬁoubiddly a direct result
of réeding a”ﬁiﬁter“fatioﬁ léﬁ.ih phoaphbrus';nd agrees with the
work reperted by Beeson (1941) in which he caused blood levels of
steer calves to drop from 6 mg. to a low of 3.59 mg. per cent in
60 days by feeding a phosphorus low ration. Henderson and Weakley
(1930) reported a aimiiar:drop in the phosphorus plasma level of
growing dairy heifers when fed a ration low in phosphorus. Many
of the permanent steers chewed wood, sticks and tin, indiocating
they had a craving for something deficient in their diet. These
symptoms are identical with those reported by Maynard, Greaves
and Smith (1932) and Beeson (1941) for steers fed a low phosphorus
diet. '

Table ?II shows the chemical snalyses for protein supplements
fed during the winter. uThe corn gluten meal fed the permanent
steers contained considerably less phosphorus than the cottonseed
meal which was Ted to the reserve steers. The hay fed was from .
aoil§ known to be low in available phospherus. 1Tahle VI shows
that the average inorganic plasma plosphorus valués for 10 of the
reserve steers fed the same hay but fed cottonseed cake as the

protein feed did not fall below 4.6 mg. per cent at anytime during




55

X

the vinter. These results paralleled findings by Beeson =znd co-
vorkers (1941) wvho found that steer calves meintained phosphorus
levels above 4 ung. per cent when they were fed & phosphorus de-
ficlent ration supplemented with cottonseed cake. Maynard, Greaves
and Smith (1932) also showed that the inorgunic phosphorus levels
of yearlings stesrs, showing characteristie pica end other phos-
pborus deficlency syaptomg, rose from Z.41 to 5.41 wg. per cent
after receiving cottonsaed.meai 15 addition to their low phoaphorus
diet.

Table V further shows that after the steers were on pesture for
18 days in 1948 the averasge plasma phosphorus for sll permanent
steers was higher than the plasms levels during late vinter, which
is in egreement with findings by Vatkins and Knox (19.5), Black
(1943) and Stanley (1938) where they noted thaet young succulent
forage wus ususelly high in phosphorus znd when eaten by cattle
caused & parullel rise in inorganic phospghorus levels.

Considerable fluctuation in the plaasma inorgenic phospborus
valyes of zll steers during 1947 =nd 1948 was observed snd in
some instances may have been due to some indliscernadle fector as
reported by Pslmer, Cunningham snd Eckles (1930) for dairy cows
and by Hobinson and Huffman (192Z6) for beef cattle. The number
of steers in each pasture which weralbled for the chemicsl deter-
minatioﬁs was smsll and definite trends were mot readily recognized.
This was particularly true during the eariy part of the éxperiment;
(1947 =znd 1948). During 1947 very little difference in the plasma
phosphorus level vas observed. This may have been partly duc to

the fact thst the steer calves came fro®m an ares known to have
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soils sdequutely supplled with phosphorus =nd considerable phos-
phorus may heve been stored. In addition, the steer culves were
fed cottonseed cake in the winter of 1946-47 and may have stored
considerahlé quantities of phosphorus. During 1948, the rainfall
was consliderably below the 12 year averzge as shorn in Table I. |
£8 has been pointed out by many resesrch workers, the phosphorus con-
tent of herbage 13 directly correlated with rainfelle. This may |
have been responsible for the fallure of steers grezing phosphate
fertilized pastures to ahéw higher plasme phosphorus values than
those grezing untreated pastures during these periods,

Average inorganic phosphorus values for the winter period of
1948-1949 for the permanent steers that bhad greazed pastures C, D,
F and I vwhich were fertilized vwith limestone and phosphate remained
above 4 mge per cent and d4id net fall zs they had the previous
winter. This suggests that the foruge esten in the summzer may
have enubled these steers to malntein adeguete phosphorus nutrition
thiroughout the winter. This condition is in sgreement with state-
ments by Bekles and workers (1932) in which they suggested that
vhen cattle ingest surplus phosphorus some of the phosphates are
absorbed by bone tissue and by other body_tissue znd that in times
of lov phosphorus ingestion the cattle call upon these reserves to
meintain & normal plasmﬁ phosphorus level. It was noted thet the
average inorganic phesphorus velues of the other permanent steers
dia not‘go below 4 mg; per cent as early as they had the previous
winter. This belated drop in plaané phosphorus values coincides
with a statement by Beeson (1941) in which he stated that younger

animals have & greater demand for phosphorus tham older snimsls




TAHLE V
Blood Analyses

Average Inorganic Phosphorus in Blood Plasma (mg/100 ml,) for Permanent Steers

1947 - 19438

g
;

HEWMEOOQOW®

HIEODOWXM

6.4
6.5
6.1
644

6.6 .

6.4
8.2
546

606 .

6.6

L.9%
6.9

7.1
6.6
6.1
5.7

arazing Peried (Aprili @4 to Hovember «

6.7
T4
6.1
8.9
7.5
9.3
7.1
6.8

Average Caloiwm Levels in

11.0
10,7
10.9
10,6
11,1
10.1
10.4
10,3

10.2
10.4
9.9
10.4
11.1
10.3
9.8
9.6

10,2
11.0
10.6
10.4
10.6

9.9
11.2
11.4

546
5.1
4e3
3¢5
5.0
55
6o 2%
Sed

4e9
bedy
bel
5.2
bol
59
6.2
4.0

4e3
440
3.8
he2
bed
5.0
bele
3.4

245
3.0
3.1
2.7
3.0
3.6
3.4
2.8

Blood Plaema (mg/100 ml,) for Permsnent Steers

11.2
1.0
1.1
10.6
11,2
10.6
11.5
10.9

9.8
10,1
10.6

9.7

9.9
10.0

9.8

9.6

10,4

9.8
10,3
945
10.0

9.3
1044,
10,5

- 10.5

11,2
10.3
10.4
10.9
11.7

9.6

8.2
Fe5
10,0
8.7
9.9
9.0
Fe5
B.6

LS




TABLE V (Continued)
Blood Analyses

Average Inorganic Phosphorus in Hlood Plasma (mg/100 ml,) for ?tfmnont Steers
1948-1949

A 4.0 4ol 3.6 5.0 4a2 440 3.7 3.9 2.9
B 4ed 43 4e8 5.8 4eS 4.0 3.8 4e2 3.5
c 3.9 & 3.2 Ao 5.0 4e5 43, . ke 4eb
D 4e9 5.1 5.9 7.1 400 el 4.0 s 344 %6
E 5¢3 50‘ 49 7.1 hedy be2 el ‘08 3.7
¥ 546 6.3 77 Te2 5.0 heds he5 5.1 hoke
H 43 3.7 4e2 6.1 3.8% 39 4.0 bel 3.1
I 2.6 3.5 4eb 642 5.1 47 4ed hel be3

Average Calcium Levels in Elood Plasma (mg/100 ml,) for Permanent Steers

A 10,7 11.3 10.6 11.1 11.4 1l.2 10.1 1.1 10,4
B 10.8 11.6 10.9 10.1 ll.5 10!7 9-2 9.5 11.0
c 11.6 12.5 11,2 11.0 11.5 N2 9.7 11.5 10.3
D 10.6 11.8 9.3 9.6 10,7 10.8 10.1 10,2 11.3
E 1.3 10.6 10,2 9.8 10,6 10,8 10.5 11,1 10.5
F n03 n.l m.o m.o u-‘ 10;6 10.‘ . 9.6 10.&.
H 11.1 13.7 1.107 10.5 11.3 11.0 9.8 ) 9.14 11.6
I 11.2 1).2 11.6 10,8 11.1 9.9 3.1 8.0 11.3
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Average Inorganic Phosphorus in Blood Plasma (ag/100 ml.) for Pemanent Steers

TABLE V (Continued)

Blood Analyses

1949

Pasture wu%mu
5/9/49

5.1
647
7.9
6.7
59
7.5
2
7.0

HE OO W

Average Calcium Levels

10,7
13.0
13.2
13.0
13.4
12,7
311
13.3

HEmBEODOWD

TAL4
3e4Wt bW
‘I‘A 6.2
7.0 7.1
5.6 6.5
heS 6.6
4e9 549
2 5% 3,80
75 648

in Blood Plasma (mg/100 ml.) for Permsnent Steers
10.8 29
10.8 949
11.6 1l.4
11l.1 10.1
1l.4 11.7
11.0 10,1
1.2 11.9
13.1 1045

Snedecorts Anslysis' of Yariance was used to test the statisticel significance of phogphorus plasma levels,

Pastures A, B and C wvere one comparative group, E and F another group and H and I anothar group,

wag not comparable to any other pasture and no test was made on it.

* Signifiosnt at the 5 per cent level of probability.
## Significant at the 1 per cent level of probahility.

D pasture
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TABLE VI

Blood Anslyses for Reserve Steers Fed Cottonseed Cake

60

Date Phosphorus Caleium
1947-19/8 Average for 19 Steers
3/8/48 “heb2 | 9.13
1943-1949 Average for 10 Steers
48 5.46 10.90
49 5.59 9.93
2/7/49 6.19 10424
3/5/1.9 6.01 1.73
W/4/469 6.15 10.36
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TABLE VIX

Composition of Protein Supplements Fed During ¥inter
Coelgate, Oklahoma

Feed Protein - Phosphorus Calcium
b4 % 3
1947-1948
Corn Gluten Mesl 49400  0.418 0,19
#Cottonseed Cake 44,.00 1.32 0u25
1948-1949
Corn Gluten Meal 40.57 0.511 0437
*Cottonseed Cake © Aded5 0.83 ' 0.22

% Cottonseed omke composition is not the aetual analyses for that fed,
Composition figures shown are {rom analyses of other cottonseed cake
samples comparable to that which was fed.
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placed on pasture. This immediate rise indicated that the young
succulent forage furnished high amounts of phosphorus. Eckles,
Gullickson and Palmer (1927) found that abnormally low plasma
levels (below 3 mg.) of phosphorus deficient cows were restored
to normal values of 5 mg. per cent and above in a short period of
5 to 17 days. The steers of H and A pastures showed levels below
4, mg. in June. Since there were only two permenent steers in
pasture H and only one permanent steer in pasture I it is difficult
to draw definite conclusions from such smell numbers.

It is interesting to compare the plasma phosphorus picture
of steers from pastures A, B and C for the period of December 8,
1948 to July 1, 1949. This is grephically presented in Figure 1.
It will be noted that the inorganic phosphorus values for the
steers of the untreated pasture a4 were below 4, mg. per cent in
January, February and late March and rose to 5.1 mg. per cent
when turned to pasture, but dropped to 3.4 mg. (shown te be
statistically significant) in June but rose to 4.6 mg. per cent
Just prior to terminating the experiment. Average inorganic phos-
phorus levels of steers grazing B pasture (treated with limestone)
followed the same general trend as steers of A pasture but their
levels were consistently higher throughout the period. 1In contrast
the phosphorus values for steers of the lime and phosphate pasture
(C) were higher than the levels of B pasture steers snd did not at

any time fall below 4.2 mg. per cent.



DISTRIBUTICN OF GAINS OF THr STiERS

The distribution of gzins fer the permanent steers is glven
in Table VIII. It will be noted thzt the csttle mude the greatest
rate ¢f gain in April and Mey vhen the grzsgsses were young, lush
end tender. It was during this period that Crouch znd Jones (1945}
found thut the forage of lumproved pastures conteined the grestest
quantities of protein and phosphorus. The rates of gain declined
in July and August vhich 15 aimiluar to work reported by Ssvage
and Heller (1947) vherein they stated that declines in cains during
July and August vere in direct proportion to successive decreases
in the nutritional guslities of the forzge. There was sliﬁht
incresse in gsins for & short time in September followed by a
gradual decline in fall gains.

Table IV shows that the average daslly gains for steers of the
various pastures were guite similar for the grezing sesasons of
1947 and 194%, which was accomplished thr:ugh & menagement of con-
trolled psrezing.

Table IX shows thet the gains during tlie winter period of
1947-1948 for permanenﬁ steers of all phosphated pastures were
grester than gains for steers from comparable untrested pastures.
¥hile the beef gzalns during thé some period for permenent steers
grazed in limestone trgated pastures vere grester than the geins
of steers grazed in comparcble untreated pastures their gsins vere
not s8 great ns those of steers grazing phosphated puisturces. This
advantage 1In winter gains has suggested that steers that had grazed
fertilized pastures during the previous summer went into the winter

fortified with a larger storage of phosphorus. Beeson (1941) called
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attention to the fuct thet steer celves on & low phosphorus diet
required 30% more feed and gzined 37% slover than celves receiving
adequate phosphorus.

All permanent steers, except theose from pastures F and I,
lost weight during the 1948-19.9 winter period. The severe wezther
during this period was probubly respcnsgivle in a lzarge pert for
this weight loss.

In late winter it was noted th=t the steers thset hed grazed
fertillized pastures the previous summer =zppesred a little fleshier
and thriftler thon steers from gomparable unfertilized psstures.
Pictures on page €6 show the comparative differences in winter
condition between steers frowm a fertilized pesture (C) in contrsast
to steers Trom a coumparable unfertilized pasture (a).

FINAL VEIGHTS AND APPRAIS.LL DaTa

Teble X shows that sfter three gruzing secsons the ﬁermanent
steers which had grazed fertilized pastures were considefably
heavier thuen steers grezing untreated pastures. These veisht
differences did not become so noticeably evident until after kay
of the 1949 grazin;; season end seemed to purallel the plasma phos-
pherus levels of the steers. Results shoved that steers from &
prairie'uplana pasture fertilized with limestone and superphosphate
(C) in compzrison to steers grazing a compurable untreated pasture
(A) hed 39.4 per cent higher plesma phosphorus vzlues for the
grazing sesson of 1949 and were forty pounds hesvier ut the con-
clusion of ¢the experiment. Steers on & preirie upland pasture
treated with limestone (B) Lzd 22.5 per cent higher pnosphorus

levels for the grazing season of 1949 and vere ten pounds heavier
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TABLE VIIX

Distribution of Average Monthly Gains ol Permznent Steers During Gruzing Periods

Pasgture Aoril May June July Aug, Seut, Qct.*

1947

1 28.8 33.8 52.5 20.0 21:? 3-3 - .;:5

B 33.0 35.0 37.5 25.0 21.3 2e 10.3

Cc 33.5 33.8 1.3 3.4 213 1.3 1.9

D 33-3 80.0 36.7 }.6.7 21.7 “':JB-B — 3.0

E 39.0 90.0 37.5 35.0 20.0 6.3 -25.0

F 32.5 63.3 58.8 1.3 11.3 - Te5 2Le5

H 2945 475 20.0Q 27.5 10.0 5.0 -<8.0

I 1805 35.0 !&205 22-5 32.5 22-5 “3600
1948

A 71.3 43.8 4643 46.3 - 40.0 2643 20.3

B 62.0 5643 550 5643 27.5 26.3 -17.5

c 4545 75.0 33.8 65.0 475 3.3 -16.8

D 3440 65.0 61.7 30.0 33.3 23.3 5.0

E 97.0 67- 5 53-8 6500 55.0 16.7 "5505

r 87.3 67.5 463 33.8 L245 12.0

H 60.0 42-5 4205 52-5 1205 l?oS "’;“-Acf'

I 7"!}-5 35‘0 55.0 62‘5 15.0 lo.o - 5.0
1949

A 63.0 92.5 <7.5*

B 71-5 m3.3 -n.}

C 106.3 132.5 23.8

D 92.7 93.3 31.7

E 62,5 133.8 16.3

F 72.8 95.0 00.0

H 70.0 30.0 30.0

I 10.0 90.0 50.0

* Welghts for October, 1947, 1948 and June, 1949 are shrunk weights accounting
for some discrepancy in total gain for that particular period. Some discrep-
ancy is evident for the April gains due to the fact that the steers were placed
on pasture after an overnight shrink and the May 1 weight was a "full® welght.
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TABLE IX

Winter Gaines for Permsnent teers

=

L -~ uy = Lo Qw

13247 - 19.8 1943 - 1949
oV . o Ao ember 1 to Anrdl 1D
1.2 : -25.0
ll.B - 9-0
27.0 -35.0
26.0 "‘-1-3.0
23.0 — 3.0
5043 £ 7.0
35.0 ' -23.0

63.0 £17.0
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then steers from z similer untrested pasture. It vwill be noted
that the one permanent steer in the Tertilized eroded timberlaznd
pasture (I) compzred to the two steers in a simllar untrected
pasture wuas 4 little hesvier in weipght pricr to the 1349 gruzing
season but averaged <18 pounds heavier at the end of the prazing
period. The plssmus phosphorus level of this steer ves L6.6 per
cent higher thun the average plasma level of the two steers which
grazed the untreated pasture.

Teble IV shows that the permanent steers grazing fertilized
pastures mede larger delly gains during the 1949 grezing peried
than the steers grazing the untrezted pesture and szccountis fer
their heavier welght on July 1. The fact that big velght differ-
ences between steers grezing pestures treated in different ways
d1d not Decome wpperent until efter tve years suggestc thzat a
shortage of phosphorus in a groving steer's diet is slow to mani-
fest 1tself. Such factors as rainfcll as it affected the phosphecrus
content of Torsge zand previous phosphorus storege may =1so huve
been facters responsible for failure of veight differences to show
up prior to the 1949 grazing seuson. These results are in =ccord
with those of Henderson and Veskxley (1930) in which they found
thet youny dairy heifers fed a lov celceilum and phosphorus diet
grew nearly s well as norusl fed heifers, but over a pericd of
twvo years did not meke as good galns. The higher plasma phospherus
levols &nd fuster gains in 1949 of the steers grazing fertilized
pastures sugsgests that these steers were getting a2 higher phos-
phorus and higher proteln forage then stceers grzzing unfertilized

pastures. Crouch end Jones (1945) found thzt forage Trom fertilized
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pastures wes bigher in protein end phosphorus content. They Tound
that beef cattle grazing fertilized prastures, contrested to cattle
grazing unfertilized pastures over s psriod of years vere larger
in meture size.

In comparing the &ppreised value wnd grade classification of
the permsnent steers of the different pastures, Table X, 1t will
be noted that the steers from the fertilized pastures were sppralsed
at & higher value and graded higher thsn steers from unfertilized
pastures., Steers graded as slaughter steers were considered to
have greded higher thun one vhich feiled to get fat enoush to
grade higher then & feeder steer.

All four permanent steers from the untreated prasirie uplsnd
pasture (A) were classsified as feeder steers and were appraised st
en average value of $19.75 per cwt. The four permanent steers
from a similar pasture treated with limestone (B) were likevize
classified as feeder steers but vere appraised at £71.50C per cwt.
It vas evident thct the B steers were fleshier steers than the
4 pasture steers vhich accounts for the $1.75 higher uppraisal
value. Two of ths four permsnent steers frem : comparseble prairie
upland pusture fertilized with limestone and superphcesphate (C)
were classified 58 slaughter steers while twoe were clsseified as
feeders. The steers of pasture C were fatter than either those
of pasture B or &£ and were appruised et an aversge of #22.00 ger
ewt. or £2.25 higzher than steers from the limestone pasture (3)
and $0.50 per cwt. higher th:n steers from the untreated pasture
().

Comparative results from bottomlund pastures show thzt one
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of the four permrnent steera from the liwmestone treated pusiure
(L) wae clussified s & sisughter steer vhile tvo of the four
sermnnent stears frem o similor pazsture fertilized with liaestone
end phosphute (F) were cleszified us slsughter steers. Steors
froa pasture § were coprulsed ot an averuge of £°1.238 per o-i.
which 1 sliqhtly lower thun the %#21.75 per cwt. oppraisul of
the steors from ¥ pusture. '

The tve perassnent steers fro& the untrested tlabderl:qnd pasture
clugsified as high ss did the one steer frow the fertilized tinber-
land pasture, but were agpraised at 2.50 per owt, less. [lere zgzain
it wes evident thot the steer from the fertilized puasture wus
fleghier thzn the two steers from the untresnted pssture, vhich
acecountes for the bigher -ppreis.el value.

It i= interesting to note that sll three permanent steers

frot fertilized pasture D were clussified =zs slsughter stcers.
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TABLE X

Total Geine, Appraisal Price and Grade

Pasture - Steer LILL 4T 11/2/47  L/3/43 1173748 LAAL/ie 1/49 Gain  A;prolzed  Slaugnter
No. Initisl Wt,. Finel W&, Price Per or Feeder
Ciite Grade
A pe 433 652 635 877 365 ® 107 637 S20400 Feeder
37 425 643 607 847 az5 930 £55 1S.50 Feeder
55 3he 513 512 752 725 345 543 19,00 Fewdier
56 440 696 665 958 913 1130 690 20600 Feedor
Ave 606 519,75
B 4 37 545 576 3 843 995 613 2150 Feeder
26 Le!5 616 566 867 738 995 570 21450 Feeder
Le 393 393 610 967 920 1070 677 21650 Foader
1 453 673 6.0 918 393 1055 597 2150 Feeder
Ave 616 <1650
c 7 440 532 532 802 733 1045 605 £l o 50U Fewdor
13 367 553 575 825 393 1060 632 23400 Sleughter
51 457 612 575 348 32 1070 613 21450 Feedor
59 397 576 5673 858 832 1080 633 22400 Jlaughter
Ave 61;. ,,n.. «UU
D 19 360 503 436 810 743 995 635 “21e50 Sleughter
49 L13 3 651 337 9lzs 1035 667 <3450 Slauvghter
2 472 636 616 363 7 1045 573 23.00 Slsughter
Ave 625 22,67
E 1 4083 625 606 923 93& 1110 " $+2Co5C Feesder
21 L68 666 720 970 993 1260 9 20450 Feoder
2 393 576 598 900 933 1070 677 23450 Slaughter
8% 335 598 503 850 77 1045 660 21400 Feader

GL



TABLE X (Continued)

Total Gains, Appraisal Price and Grade

Pasture Steer LILLL 4T 11/2/47  4/1/48  1V/Y/48 0 L/11/49 7/1/49 Gein Appreised Slaughter
HNo. Initial Wt Final Wt. Price Per or Feeder
Cwt, Grade
F 3 470 57 605 903 912 ¢ 1090 620 22400 Slaughter
15 388 533 538 817 757 935 5477 21,50 Feeder
32 425 576 593 912 942 1150 725 214,50 Feeder
o 473 636 705 966 1013 1120 647 22,00 Slaughter
Ave 635 §21.75
H 14 393 503 522 753 73 870 477 $19.50 Feedsery
17 433 546 563 728 722 335 2 21.00 Feeder
Av, 439 720 « 50
1 12% 395 — — — NS - So—
54 398 595 593 903 920 1070 672 221,00 Foeder
Av, 67z $21.00

#* Steer broke his leg in October, 1948 and was then slaughtered.

9L
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Summary and Conclusions

1. Highly productive pastures were established on old "worn
out”™ land in Southeast Oklahoma by the use of fertilizers, judicious
selection of plants to be established and employment of proper
managerial practices of seeding and grazing.

2. An application of two tons of limestone per acre increased
forage ylelds as measured by beef guine and encouraged the growth
of legumes. Soils treated with two tons of limestone and 150 pounds
of superphosphate produced even larger forage yields than did soils
treated vith limestone ar those receiving no treatment.

3. Prairie upland pastures treated with limestone and lime-
stone plus superphosphate produced 25.4 and 4Z.3 pounds more yesarly
gain per acre over a three year period than did a comparable un-
fertilized pasture. During the 8l-dsy grazing season of 1949 these
fertilized pastures produced 11.3 and 7Z.4 respectively more beef
gain per acre than the unfertilized pasture.

L. The addition of lime, superphosphate znd potash to an
eroded timber upland soil seeded to Weeping lovegrass and winter
legumes produced 39.4 pounds more yearly gain per acre over a three
year period and L3.4 pounds more beef gain per acre during the 81-
day grazing periocd of 1949 than did a comparable unfertilized

pasture.

&

5. Differences in daily geins of steers did not become
evident until the second month of the third grazing season. The
daily gains of the steers grazing the pfairie upland pastures
during the 1949 grazing season were: 2.26 pounds (Pesture A4,

untreated), 2.10 pounds (Pasture B, limestone) and 3.15 pounds
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(Pzsture C, limestone end phoaphate)., The addition of superphos-
phate and limestone to creek bottom soils incrsased the dally

galn of steers gruzing such = pasture .04 pounds 5s compared to
‘gteera grezing a comparable soll treated with only limestone.
Steers grazing an eroded timberlend pusture treated with limestene,
phosphate and potash msde .23 pound more éaily gain thsn did steers
grazing a comparsaple untreated passture.

6. Steers grazed on fertilized pastures were heavier, fatter
snd were sppraised at & higher value than steers from compzrsble
unfertilized pastures.

7. Consistent significant differences in the plesms calcium
levels of steers were not obsgerved in this study.

8. During the first tvo years or thls study 2 consistent
significent difference in plasme phospheorus levels of steers
grazing the various pestures wes not observed. During late winter
of the second wintering period, pronounced plusms phosphorus
differences were found smong the steers which had gruzed the
verious pestures the preceding summer. The ateers thsat had
grazed in pastures which hsed been treasted with superphosphate had
hizgher plasme phosphorus levels than those grazing psstures treated
only with limesatone or those receiving no trestment. The plosma
phosphorus levels of the steers grazing In phosphate trected
pastures during the 1949 grazing sesson vwere significently hisher
than those grazing 1ﬁ pastures treeted vith limestone or those

receiving no treatment.
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