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Effects of Phosphorus Supplements on

Cattie Grazing on Range Deficient in
This Mineral®

By W. H. BracK, senivr erimal huwsbandman, and L. H. Tass, assistant anipal
husbandman, Bureaw of Animal Indusiry, Agricultural Research Adminis-
tration, United States Department of Agriculture; T. M. Joxes, chief, Division
of Range Animal Husbandry, Tezes Agricullural Ezperiment Station; and
Ii. J. KLeseRrs, Jg., copperalor in beef-cattie itvestigutions and president of the
King Ranch
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INTRODUCTION

fn the main, if beef cattle receive a variety of feeds, including
legume hays, cereal grains, protein concentrates, and common salt
(sodium chloride), there is little likelihood of mineral deficiencies in
the ration. Grains and other highly concentrated cattle feeds in %'en-

eral are good sources of phosphorus, and legumes are rather high in
caleimm. These two minerals constitute the greater part of the mineral
constituents of the animal body. However, a large percentage of the
cattle in the United States never get legume hays and grains but must
“subsist on native vegetation, much of which is low in minerals.
" Lack of phosphorus is one of the major hutritional deficiencies in
.many of the beef-producing areas, particularly in the-Southern States.
There may be deficiencies in several of the other eseantinl mineral
elements und in protein or carotene, but they do not appear to be so
“widespread as that of phosphorus. The habit of chewing bones and
stiffness in the forequarters accompanied by emaciation indicate a
phosphorus deficiency in the animal.
For years beef producers on the South African veld were confronted
with small-percentage calf crops and in many instances with severe

\ Submitted for publieation Map. 12, 1043,  The experimenta reported were planned
and condueted under n cooperative agreement hetween the Buranu of Aoimal Industry
pf the United Stares Department of Agrieulture, the Texas Agricultural Experiment Sta-
tion, and the RKing Ranch at Kiogsville, Tex scknowledgment is made to G. 8. Fraps,
chief, Divislow of EC"Iwm-is;[r_v, and H. Schmidt, chief, Division of Veterinury Science, Texns
Agriculturs) Experiment $tation, for assistance tn planning and conducting the work,
Analyses of the vegolitive samples and minerals fed were made by the Division
nf Cﬁemistry of the Trxas statlon, Credit is also due Tamey M¢Bride, manager of the
Encino Division of the King Ranch, for his agsisthnee In carrying out the project,
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death losses among mature cattle. In 1924 Theiler, Green, and Dun
Toit {8)? identifiecd the trouble as a phosphorus deficiency and called
this condition uphosphorosis. The first symptom of such a deficiency
is usually a perverted or depraved appetife as evidenced by the chew-
ing of woed, bones, and miscellancous materials. When the disexse
advances to th:e stage at which the development of the body or growth
is matertally impaired, it is known as styfsickte in South Afrien, stiffs
or sweeny in Florida, and creeps in Texas und other localities. In
very advanced stages the appetite becomes so depraved that cattle fre-
quently cat cavenss debris containing toxins produced by the organisma
Clostrudivm botuliramn. bovis, resuﬁing in a disease known in South
Africa as lamsiekte (7), which usurlly proves fatal. This eondition
is probably identical with that known in the United States as loin
disense.

In South Africa, where mineral metabolism of cattle has been one
of the foremest nutritional subjects of investigation for many yeuars,
Du Toit and Bisschop (2) obtained significant vesults from the feeding
of bonemeal to breeding cows grazing on phosphorus-deficient veld.
In the experiment, cows and heifers in ealf and lactating cows were
fed § cunces of bonemenl daily (except Sundays), and all growing
and dry stock were fed 3 ounces. The enlves were fed the bonemen!
supplement from weaning at § months of age until they were 30
months old, In these investigations the bonemeal supplement, when
fed in small quantities. not only prevented lamsickte, but also was
responsible for a remarkable rate of arowth and improvement in
condition. Bonemea! was found to have a marked influence on the
fertility of the cows, cansed them to breed with much greater regu-
larity. and significantly increased the milk flow. This in turn favored
increased growth and skeletal development of the calves.

A lactating cow on @ ration containing insuflicient phosphorus to
mect her requirements for maintenauce and production usually draws
on the phosphorus stored in her skeleton in an effort to maintain a
normal supply of milk for her ealf. Qccasionally, instead of the
system being drained of phosphorus. the millk low s veduced, vesult-
ing in a stunted calf, .\ continued drain of the skeletal phosphorus
results in fragile, incompletely ossified hones, lvmeness, and death in
1N n_}-' Cases,

Further experiments iy Theiler. Green. and 1 Toit (9} showed
that the inorganic phosphorus conteut of the blood of an animal indi-
cates whether it is receiving adequate phosphorns.  The phosphorus
content of blood of eattle recelving suflicient plosphorus varies from
- to 9 . per 100 cc. of blood, depending an the age of the animal; the
younger the animal, gencrally speaking. the higher the phosphorus
content. In phosphorus deficiency the phospborus content of the
blood decreases.  The method of Malan and Van Der Lingen (3) for
determining the phosphorus and other minerals through blood chem-
istry and the dete%itm of mineral deficiencies through such analyses
has contributed much to the livestock industry of South Africa.
Similar methods are being used rather extensively by scientists in the
United States and other countries for locafing arveas of mineral-
deficient soils and the extent of the defiviencies.

2 Ltadie mnubers in purentheses reler to Literntwee Clged, j 234,




EFFECTS OF PHOSFHORUS SUPPLEMENTS ON CATILE 3

Malan, Green, and Du Toit (4) found that when heifers grazing
on phusphorus-deficient pastore were fed bonemeal from the age of
? months to 2 years, they maintained a novmal content of 5 mg. of
phosphorus per 100 ce. of blood, whereas control heifers had only
half that amount.  Investigations conducted in the Gulf coast region
of Fexus by Schmidt (£) showed that mixtures of bonemeal and com-
mon salt fed to range cattle increased guins in weight during a favoer-
able season, produced stronger culves, prevented creeps, and redored
losses from diseases other than those of an infectious character. The
feeding of salt with the bonemeal increased the palatability of the
latter, as cows offered bonemeanl alone for the first 2 months of the
test refused to eat it.  After 2 parts by weight of common salt was
added to 3 parts of bonemeal, the mixture was eaten readily. Finely
ground rvock phosphate, when fed alone or when mixed with sait
or when mixed with salt and bonemeal in equal parets, did not give
sutisfactory results.

Bekker (1) in Scuth Africa reports experinents showing two-thirds
of an ounce of chicaleium phosphate to be as effective as 3 ounces of boue-
meal or 2 ounees of disodium phosphate {20-pereent phosphorus pent-
oxide). Dicalciwn phosphate is only slightly soluble in water and
should be hand-dosed or mixed with common salt or a palatable feed,
Disodiuin phosphate is soluble in soft water and may be placed’in the
drinking water. but this can be done satisfactorily only when the
cuttle are cotpelled to get their water from a supply treated with that
mineral.  The addition of disodium phesphate to hard water, which
usually contains appreciuble quantities of caleium and magnesium,
results in the precipitation of phosphates. In Bekker’s experiment,
therefore. T ce. of 90-percent commercial sulfurie acid was added to
each gallon of hard water to obtuin complete solution. A teace of
copper sulphate (1 in 250,000) was added to the water also to inhibit
the rrowth of algne. This experiment showed that when disodivm
phosphate was dissolved in the water supply at the rate of approxi-
mately 45 g, per 6 gallons of water, the cattle drank 5.8 gallons each
per day and thus obtained 1.56 ounces of disodium phosphate, or 10.08
um. of phosphorus pentoxide.

In 1931 under an agreement between the Burean of Animal Indus-
try of the United States Department of Agriculture and the King
Ranch. Kingsville, Tex., the senior author of this bhulletin was sent to
“the Union of South Africa to observe methods of range-cattie produc-
tion. HMe reported on the excellent results obtained hy the South
Africun investizators in their mineral-metabolism studies. in which
cattle grazing phosphorus-deficient vanges were supplied with this
mineral.  Representatives of the Burean of Animad Industry. the
Texas Apricultwral Experiment Station, and the King Raneh con-
eurred in the opinion that the resnlts of the phosphorus-deficiency
studies in South Afriea would apply to vast areas of range country
in the South and Southwest and entered into a cooprrative agreement
in 1937 to stwly the phosphorus problem in southern Texas. The
erttle, Feneed areas of range land, seales. supplemental mineral feeds,
and the Iabor vequired for conducting the experiments were provided
Ly the King Ranclhi. The Bureau of Animal Industry and the Texas
Agricoltural Experiment Siation =apervised the project, collected and
analyzed the forage and blood sanples of the aninials, and were ve-
sponsible for the technical phases of the experimental worl in general.
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THE AREA AND ITS PROBLEMS

The area wherein the present investigations were conducted is the
nearly flat coastal plain of Texas bordering on the Gulf of Mexico.
Climatic conditions vary from humid in the exstern part of the area
to subhumid in the western part, and soil types vary from heavy cluys
to fine sands. The native vegetution consists principaily of species
of Andropogon {sage grasses und bivestem), Paspalum {Georgin or
honeydew grass predominating), Sporobolus (smutgrass predomi-
nating), Panicum, Elyonurus tripsacoides {joint gruss), and Aristida
{three-awn}. Also there are species of Stipa, Seturia, Evagrostis,
Azonopus ‘affinis {carpet gruss), and others of less importance.
Cynodon dactylon (Bermuds griss) is often associnted with these
taller grasses. A narrow, ma 1'5?1)’ fringe bordering the coust is popu-
lated principally by the saltgrasses (Spuartina species). The heavier
soils in the subhumid region of the western part of the aren ave covered
mostly by the shorter grasses, such as Hilaria belangeri (curly mes-
quite}, Buchloé dactyloides {buffnlo grass), and Boufeloua species
(grama grasses), and by shrubs with mesquite (Prosopils elilensis}
predominating,

The abundance of vegetation on the pastures of the ares has resulted
in grenter numbers of cattle per section than in other range areas of
the State. However, many of the cattle are comparatively small and
in poor condition and most herds have failed to reproduce normally.
The animals huave been much improved by eareful selection and breed-
ing, but they still fail to attain the skeletal development or condition
of enttie raised in other sections unless feed other than the natural
pasturagn is provided. Other evidences thut & nutritional deficiency
1s present in the vegetation are the small calf crops; a persistent crav-
ing by many cattle for bones, dirt, wood, and other materials; mal-
formed bones that often are easily broken; and the occcurrence of
creeps, & severe Torm of aphosphorosis that usually occurs among lac-
tating cows. The animals affected with this deficiency disease become
thin and weak and move with a peculinrly stiff, creepy gait.

The investigations reported in this bulletin were designed to study
(1) the extent of phosphorus deficiency in the vegetntion in southern
Texus nnd (2) methods of corrvcting the deficiency by ndministering
phosphorus supplements to the eattle grazing range deficient in this
mineral. A study of {he effect of the phosphoras supplement on beef
production and reproduction was the principal object of the investi-
gation.

PRELIMINARY INVESTIGATIONS

Preliminnry studies were made in 1937 in cooperntion with the Texas
Agricnltural Experiment Station to determine what clements neces-
sary for the proper nutrition of cattle were deficient in the vegetation
of the srea, and also to loeate n definite phosphorus-deficient range for
use in conducting feeding tests. This work consisted in the collee-
tion of samples of forage from rvepresentative pastures in 15 connties
throughout southern Texas, chemical analysis of these sumples to
determine theiv protein, caleium, and phosphorus contents, observa-
tion of cattle subsisting on this vegetation for evidences of nutritional
deficiencies, and occasional analyses of blood samples ef such cattle
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EFFECTS OF PHOSPHORUS SUPPLEMENTS ON CATTLE )

to determine the inorganic phosphorus content of their blood. The
results of the chenical analyses of the samples are reported in table 1.

The most important information indicated by the analyses of
vegetation collected in the preliminary studies was that a phosphorus
deficiency of considerable consequence existed in the native range
vegetation of practically ali the aren studied and that the caleium
content was apparently sufficient. Few of the samples contained
mote than 0.12 percent of phosphorus, and few had a caleium con-
tent of less than 0.94 percent. A phosphorus content of 0.13 percent
and a calcium content of 0.23 porcent of the dry matter of the
vegetution consumed have been generally accepted as the minimum
amounts of these elements required by range cattle and are compar-

it TR A s PR

FIGURE 1.—The emacialed condition of this cow indicates the presence of creens,
one of the common forms of aphosphoresis.

able with those reported by Fraps and Fudge (8). Another point
to he considered is that the phosphorus content of vegetation 1s re-
duced as the plants matwre or become dry, whereas variations in
cnleium content appear not to be caused by the stage of growth. Most
of the samples collected were in the green state. It was also found
that considerable differences exist in the composition of different
species and in the same species in different localities and also that a
low protein content of the fornge is usually ussociated with a low
phosphorus content.

Bone chewing and other less common evidences of nutritional de-
ficiency were observed throughout southern Texas. Instances of
creeps were common, and this malady often reached alarming pro-
portions in periods of drought. Cattle suffering from this disease
(fig. 1) were gbserved to spend less time in arazing than normal
animals. This fact may be attributed either to loss of appetite for
the forage or to pain invelved in moving about during grazing.
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Inorganic phosphorus determinations of blood samples from cattle
in several pastures verified the analyses of the grass samples us to
the low phosphorus content of the forage.

As s result of these preliminary studies a definite phosphorus-
deficient range avea was locuted in the Nueces fine-sand type of soil
in southern Texas. The predominating grasses were Paspalum pli-
catulum (honeydew or Georgia grass), Andropogon littoralis {blue
sage gruss}, Elyonurus tripsacoides (joint grass), Aristida pUrpUrea
(purple three-awn), and Paspalum setaceum. OFf much less impor-
tance were Zragrosiis secumdifiova, Bouteloua hirsuta {(hairy grama).
Brachiaria ciliatissima, Spartira’ spartinae (big saltgrass or saca-
huista}, Sporobolus purpurascens, Prosopis chilensis (mesquite}, and
Acacie greggii {catelaw). which furnished some grazing during
certain seasons,

FEEDING EXPERIMENTS
ProcEDURE

To determine the effects of supplying phosphorus to cattle grazing
on range deficient in this mineral, experiments were conducted from
January 1988 to March 1941, inclusive, in the southern part of Brooks
County, Tex., on what is known as the Encino Division of the King
Ranch. Samples of the species providing the greater part of the
forage were collected each month during the experiment and analyzed
for protein, calcium, and phosphorus contents to study the relation
of the nutritive value of the vegetation to rainfall and cattle gains.

For the mineral-feeding experiments, 100 Brahman X Shorthorn
and Brahman X Hereford heifers approximately 18 months of nge
were selected (fig. 2? They were divided as equally as possibﬁ!,
with respect to weight, quahty, and breeding, into 4 groups of 25
head each. All groups utilized the same pasture and water supply
{fig. 8) and were allotted to the same bulls. Santa Gertrudis bulls
at the rate of 1 per 20 cows remained in the pasture from March
1938 wntil the completion of the experiment. The eriginal groups
of cows remained in the experiment until 2 calf crops were weaned,
Al suitable heifer calves were retained and, when 18 months old,
were placed with the bulls. These replacement heifers after wean.
ing were fed the samc mineral supplements as their dams.

To avoid any possible differences in the consumption of mineral
supplemients among the animals in a group, the heifers were put
through a chute carly ench day (except Sunday) and were fed the
mineral supplement by hand-dosing (fig. 4).  The control aroup.
receiving no mineral supplement. wag put through the chute with
the minerni-fed groups in order that all groups sould be handled
alike except for supplement feeding. Supplement feeding of each
group was as follows:

Group f—XNno supploinoent.

{iroup 2—Ronemeal in safficient amounts to provide the dry cows nnd heifers
with 6.5 gim. of phesphoras and approxinutely 18 gm. of enleium i the lnciating
cows; 1\\|1§i‘1 143 gin. of phosphorus and approximalely 285 gm. of culeium per
head daily.

{iroup F—Ddsodiam phosphate to provide the dry ecows and heifery with 6.5

gm. of phesphorus aud the laetating cows with 14.3 gm. of phosphigrus per head
daily.



http:certa.in

EFFECTS OF PHOSPHORUS SUPPLEMEXNTS OX CATTLE

B D, ; - o O e Sl . L1

Froure 2—A group of the heifers used e 1he experiments.  Photographs taken
shortly afwer the beginning of the stady in 1938

IPreURe 3—Bguipment used In ilie experiment, Che vange used is in the
batekground.
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Cirony fo--Lonemeal o provide afl cows, hoth dry and Letatiag, e heiters
willh the same quantities of phoxphorus il caleinn 2 were Ted (o the dry ooy
and dwifers of group 25 in addicion, minerals 1o Supply 160 mes of jron, 100 mg
af nEvgmese, aml 15 ngs cach of copper, cobalt, #lne, angd boran,

a

Ftovsl o —Admipisteriv e g phio~piborns supplendng by taored-gosiog,




EFFECTS OF PHOSPHORUS®SUPPLEMENTS ON CATTLE g

Except for a few periods, all experimental caitle were weighed at
intervals of 28 days throughout the test. Calves were weaned at an
average age of approximately 293 days, at which time the steers were
eliminated from the groups.

The range used in this e deriment was moderately stocked, the rate
being one breeding animal per 10 acres. The same range was nsed
continnously throughout the entire experiment. As heifers were
weaned, they were kept in & separate pasture from their dams until
they were 18 months of age. During the experiment the original truct
was enlarged in proportion to the munber of heifers retained for the
experiment. Common salt was available in self-feeders, but very
little was consumed.

At 14-day intervals, blood samples were collected from a repre-
sentative number of cows and from their calves if the cows were
lactating. The amount of inorganic phosphorus and, after September
10, 1938, the amount of hemoglobin in each sample were determined.
The former determinations were made by the method described by
Malan and Van Der Lingen (5). The {}emogiobin determinations

were made by the Newcomer method. Samples were collected 80
times during the course of the experiment.

ANALYSES OF GRASSES

As shown by table 1, the analyses of the grass samples frem the
experimentz] pastures from 1938 to 1941 inclusive, were similar to
those during the preliminary investigations in 1937. In only a few
instances was the caleium content below 8.22 percent or the phosphorus
content, above 0.13, thus indicating sufficient calcium but a deficiency
of phosphorus. The protein content of most of the species analyzed
tended to be lowest during winter and drought periods, when there
was the least green feed. This was likewise true of phosphorus,
The effect of rainfall was usually reflected in increased percentages
of phosphotus in the months immediately following the heaviest
precipitation (fig. 5). However, the figure shows that changes In
caleium content usually were not related to the amount of ramfall.
A comparison of the precipitation data in figure 3 and the weights
of cows in figure 6 shows that there is a definite trend toward increase
or decrease i gains of the animals about 1 month after the periods
of heaviest or lightest rainfall. For example. the marked decline in
gains from about December 1, 1933, to March 20, 1940, was due to a
severe drought. After a rainfall of 2.25 inches in March. there was
4 marked rise in gains in weight of the unimals from March 21 to
November 1.

A comparison of the rainfall data with the phosphorus content of
the blood samples taken from the experimental cows each month (fig.
12} reveals an upward trend in blood phosphorus after the periods of
henviest rainfall. In other werds, when the plants received the re-
quired moisture, the vegetative growth was stimulated materially and
this increased growth of grass, together with a somewhat increased
percentage of phosphorus. enabled the cattle to get a fill of forage
that was more nutritions than during dry seasons, resuiting in a
phosphorus build-up in the blood.

535606°—48—2




TaBLE 1. - Average prolein, calcium, and phosphorus content, on an air-dry basis, of some of the more important jotagt, plants in southern
Texas, and rainfall during the experimental period

[1937 data from representative areas in 15 counties; 1938—1 data from arcasgrazed by experimental cattle]
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WEIGHTS AND GAINS oF Breepine FEMALES

Figure 6 shows graphically the average weights of the cows in
the various groups at about 28-day intervals.

In the first "1 months of the test, or until the heifers began calv-
ing, there were advantages in uverage gain in weight of 78 pounds,
108 pounds, and 85 pounds for the heifers of groups 2, 8, and 4, re-
spectively, over that of group 1, the controls. These increased geins
were highly significant (p<0.01), according to the methods of
Suedecor (7). The mineral-ted heifers, as a whole, made a con-
sistently more rapid gain than the controls from the beginning of
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Figurg L—Ulelation between average monthly rainfall ang percentages of culeinm
and phosphorus in vegetation.

the experiment until the cnd of 8§ months (figs. 7 and 8), after
which there was a tendency for differences in rafe of gain to become
less. At the end of 2 years, the three groups of cows receiving
supplemental minerals weighed on the average 98 pounds more per
head than the control group, the difference being highly significant.
However, at the end of the thivd year the cows 1 the control group
had essentially the same average weight as those in groups 3 and 4
and only 29 pounds less than that in group 2. This result is at-
tributed to more dry cows in the contrel group, owing to the fact that
many of the cows did not preduce calves, under which conditions
they tend to fatten readily under favorable range conditions. At
the end of the experiment, the average weight per cow in the mineral-
fed groups was 46 pounds more than for the cows in the control
group.
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Differences between the supplement-fed groups were not significant
at any time during the experiment, but the average weights of the
cows in ench of these groups were significantly higher thun the weights
of the controls at all times except during the last 4 months of the

" third year. The total gains of the supplement-fed groups were essen-
tially the same for the entire experimental period and averaged 53
pounds more per head than that of the contm‘s, which wus signifieant
{(»<0.05).
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Frauns 6—Average weights of cows by groups for each 28-day period.
CaLr-ProbucTion DaTa

A summary of the 1939 and 1940 calf-production dstn for each
group of cows is given in table 2. The principal advantage in feeding
mineral supplements to breeding cows js the production of more
pounds of cnlf at weaning time, owing not only to heavier culves
but also to greater numbers of calves becanse of a higher percentage
calf crop. Figure 8 shows the improved condition of a breeding animal
and hev calf as a resulf of feeding » phosphorus supplement.
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Fioume 7.—7Twa-yoar-old beifers in group 3 after having been fed disodivm
phosphute for S mouths.

S muanths of test.
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TABLE 2.— Production daia for the 2 calf crops, 1959 and 1840
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Supplement .. ... ... ... do. ] 4.8%
Avprage vaive of ealf less cost of

supement . ... . ..l 'l ) 34.58

t Applies ondy to the heifers rotained In thie profect,
tToLal cost of supplemmeni fed 1o the cows in edch group was charped 1o the pumber of calves weaned
in thut proup,

Table 2 shows no advantage in weight of cows or calves from the
inclusion of caleium, iron, manganese, copper, cobalt, boron, or zince
with a phasphorus supplement. Group 3, which received disedimm
phosphate, produced slightly more pounds of beef as measured by
weights of calves weuned than did either group 2, which received in
bonemeal both caleium and phosphorus, or group 4. which received
caleium and the so-called frace minerals in addition to phosphorus.
'The increased amounts of supplement fed to groups 2 and 3 during
lactation were not justified as there were no significant advanteges
either in condition or fertility of these cows over the lactating cows
of group 4, which were kept at the 6.5-gim. level, nor were the calves
of groups 2 and 8 significantly heavier when weaned {(p>0.05). The
differences between weaning weights of calves in groups 1 and 3 were
highly significant. Differences between calves in groups 1 and 2 were
significant. Differences in weaning weights between any two groups
of calves from supplement-fed cows were not significant. An average
Jifference of 35.6 pounds per calf between groups 1 and 4, although
below statisticul significance, is of material importance to the producer
of culves. When weaning weights were corrected for age, differences
between the cxlves in group 1 and the average for those in groups 2,
8, and ¢ were highly significant. No significant differences in birth
weight of calves rosulted from supplemental feeding.

In calf-crop percentage, the difference between groups 1 and 4 was
higchly significant and between groups 2 and 3 the difference was sig-
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Of the seven cows in group 1 that were in the best condition at
the conclusion of the 1939 lactation period, six raised calves during
the 2 yenrs (1939 and 1940). Their calves, however, were below the
average in weaning weight. The fact that estrus does not regularly
oeeur in cows severely affected with aphosphoresis allows them to
recover much of the phosphorus drained from their skeletons between
pregnancies. In 1939 eight of the lactating cows of group 1 had
advanced cases of creeps and four others of the group were on the
verge of this disense when their calves were weaned. One cow died as
a result of this maludy and several calves were weuned younger than
they normally would have beeu in order to save their daums. The
presence of creeps was diagnosed in three of the nine cows in this
group that preduced calves in 1940, Practically all cows of group 1
were observed chewing bones at some time during the test, whereas no

- =

Figune 11.—These yeariiy helfers were fed disedinm phosptutte after weaning.
Their dams likewise were fed disodinm phosphate. Phortograph taken in
June 1940,

evidences of depraved appetite were observed among the cows of the
other groups. Al groups fed phosphorus supplement had noticeably
bottcr?}ealth, vigor, and thrift than the control group.

The velationship between the results obtained :mti the amount and
cost of supplements fed is given in table 2. Owing to their superior
condition, the calves from the cows fed phosphurus supplement were
appraised at 1 cent per pound more at weaning than those from the
control cows.  The higher value per pound, together with the greater
weights and numbers of the calves, mnch more than oftsct the cost of
the supplements fed their damms. The supplement-fed groups pro-
duced, on the average for the 2-vear period, 7.208 pounds, or 60 per-
cent, maore beet than the controls, as measured by weights of calves
at weaning time. The average value of the weaned calves from the
supplement-fed cows, less the cost of the supplement, was $5.78 more
per head than that of the control calves,
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Broop-CueMisTry Stepies

INORGANIC PHOSPHORUS

The average amounts of inorganie phosphorus in blood samples col-
lected from the various cinsses of experimental cattle are given in
table 3.

Of the samples collected from the control group, only 9 had a phos-
phorus content of 4.0 ing. or more per 100 ce. of blood, whereas of those
from groups 2, 3. and 4, only 1. 2, and 12, respectively, had less than
that wmournt.

The average monthly phosphorus content of the blood samples from
each group of cows is shown in tigure 12, The supplement-fed groups
paralleled one another rather closely, but the blood from the group
fed Lonemeal and trace minerals had « somewhat lower average than
the other two from May 1939 to almost the close of the experiment.
The phosphorus level of the blood froni the cows in group 4 averaged
less than 4.0 mg. 6 times during the experiment, whereas the blood
of the other two mineral-fed groups was above this level except for 1
mstunce for the group fed bonemeal. The wonthly avernge of the
blood frum the control cows was never above 4.0 g, Many samples
collected from lactating cows in this group had less than 2.5 mg, of
phosphorus per 100 ce.. whereas the blood of the luctating cows of
groups 2, 3, and + remained practically the snme as that of the dry
cows of those groups except for an occasional slight deficiency among
the lactating cows of group 4. It was always possible to diagnose
aphosplioresis among the cows of group 1 by blood unalysis before
actunl physical symptoms ot this condition appeared.
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EFFECTS OF PHOSPHORUS SUPPLEMENTS ON CATTLE 19

Tasre 3.—Average amounts of inorganic phosphorus in blood samples laken in 1939
and 1940 from cows and their offspring

[
Group | ¢ Group 2 Group 3 Group 4
Iten ; .
1969 { 1940 § 18 o1 | e o o1s0 | om0 | 1ew
i 1
Lactatlng vows .. ... _pumber..: 15 4 <] id 21 8 ¢ oz 18
Blood samples fron-- i ! :
Cows_ ... [ | B Y ) a5 Fd 56 86 73 02 7
Colves oo mmmemmmmmoan do. ... 83 33 U] 56 102 b 50 ]
Yeurliog heifers retained for
breeding .. ... .ole bl 82 .. [ S i S IR .y
Average phosphorus content, por 100
ce, of hinod to—
Cows.,. .« .mblligrangs 2.4 3.2 1.8 4.8 L6 4.5 4.1 4.0
Chlves [ ETTOTORI | T 6.3 6.8 6.7 6T 6.4 6.8 6.7 8.3
Yenrling heifers__ ... ... L3 1 D I 4.2 5.5 B3 £d

The avernge phosphorus content of the blood samples from the calves
and yearling heifers in each group by months is shown graphically in
figure 13. From May to December 1939, the general trend was a
decrense in phosphotus in the blood of all groups of calves, Although
group 1 had the greatest reduction, differences among all the groups
were not important.  From December 1939 to the end of the experi-
ment there were sharp increases and decreases but the general trend
was downward, and tﬁlere continued to be no appreciable differences
among the supplement-fed groups after weaning and during the year-
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Cliss of eattle

Yearlings

TanLe 4.— Average hemoglobin content in blood (grams per 100 cc.) from cows, calves, and yearlings

Period

Group 1 (controls), fed no

supplement in—--

Group 2, fed bonemeal in—

Group 3, fed disodium phos-

phate in—

1938

1940

1939

1941

1038

| 1939
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Group 4, fed boniemeal and trace

1938

minerals in—

1939

Jan~Mar. .

Apr-tume. . L
JJuly-Aug. oo
Sept.~Dee. . ...

Average....... -
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Apr-June,.
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Oct.~Dee.
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11.52

-

10,90

1M

B PR

1,17
11.83

reswarse
PR —

A

12,31

e

Rmarm



http:tl.291ii:95I12.3l
http:lUi3lL87ll.27
http:Iuiy-.-I.ug
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ling stage. All these groups were considerably above the 4-mg. level,
the point where phosphorus deficiency may exist. The lowest level
for the yearlings fed phosphorus supplements was 4.4 mg. in July 1940
for group 2, fed bonemeal. At the end of the experiment all three of
these groups had essentially the same phosphorus level (4.66 and
48 mg.). 'The controls ns yearlings lmcl a low level of 3.22 mg. in
May and an average of 4.2, which indicated they were on the dunger
line so far as phosphorus deficiency wus concerned.

HEMOGLOBIN DETERMINATIONS

There were no consistent differences in the amount of hemoglobin
in the blood of the various cattle, ns shown in table 4. The three
groups of supplement-fed cows, however, had u somewhat higher
content in 1938 and 1939 than the control group but practically the
samne content during the rematnder of the test. In 1939 calves from
the control group had a somewhat lower hemoglobin content than those
from the supplement-fed groups, but in the 2 succeeding years differ-
pfices were inconsistent.

As yearlings, the calves born in 1939 in the various groups showed
no material differences in hemoglobin in their blood. At the end
of 8 yeurs there was also no difference, indicating no relationship
between hemoglobin content and phosphorus intake. The trace min-
crals—iron, copper, munganese, zine, boron, amd cobalt—fed in
addition te phosphorus to group 4 seemingly had ne effect on the
hemoglobin content of the blood.

SUMMARY AND CONCLUSIONS

The investigations reported in this bulletin were made from 1937
to 1941 inclusive to determine what mineral elements were deficient
in the vegetation of southern Texas and the methods of correcting
such deficiencies. The work was conducted in cooperation with the
"Texas Agricultural Experiment Station and the King Ranch, at
Kingsville, Tex. The vegetation of the avea consisted primavily of
species of sdndropogon {sage grasses and bluestem), Paspoium
(Georgin or honeydew grass), Sporobelus (smutgrass), Panicum,
Elyonurus tripsacoides (joint grassg, and Aristida (three-awn).

Compuratively few samples of vegetation contained more than 013
percent of phosphorus, but most of them contained move than 0.23
percent of calcium. The indication, therefore, is that cattle grazing
such forage would not get suflicient phosphorus to meet their require-
ments, but that the caleium would be ample, A low protein content
of the forage was usually found to be agsociated with a low phos-
phorus content. Considerable differences existed in the composition
of different species and in the same species in different localities und
on different soils. The effect of rainfall was usually reflected in
incrensed percentages of phosphorus in the months following the
heaviest precipitation.

In tests involving the feeding of mineral supplements, 100 Bruh-
man X Shorthorn and Brahman X Hereford heifers about 18 months
of age were used. ‘These heifers were divided into 4 groups but
used the same range and watering facilities. Five Santa Gertrudis
bulls were allotted to these heifers and allowed to remain with them
throughout the experiment—from January 1938 to March 1941
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The control cattle {group 1) received no mineral supplement. The
three remaining groups were hund-dosed, six times a week, with the
following mineral supplements: Group 2, bonemeal; group 3, diso-
dium phosphate; and group 4, bonemeal with small quantities of
iron, manganese, copper, cobalt, zine, and boron. In groups 2 and
3, bonemeal and disedium phosphate were fed in such quantities as
to supply 6.5 gm. of phosphorus to dry cows and 148 gm. to lactat-
ing cows, per head daily. Group ¢ cows, whether dry or in lacta-
tion, were kept at the 6.5-gm. level. Blood saumples were taken from
representative cows and calves in each group fer inorganic phos-
phorus and hemoglobin determinations.  All suituble heifer culves
produced in each group were rvetained and after weaning were fed
the same mineral supplements as their respective dums. '

Except for several months at the beginning and end of the experi-
ment, ts:e uverage welghts of the cows in each of the mineral-fed
groups were significantly higher than those of the controt cows. The
compuratively high weights of the controls at the end of the experi-
ment were due to the fuct that there were considerably morve dry
cows in this group as the experiment progressed, and that they tend
Lo futten more readily than pregnunt or iactating cows. Differences
between the supplement-fed groups were not significant at any time
during the experiment,

The primary advantage in feeding a phosphorus supplement to
cows under the conditions of this experiment is the increased per-
centage of the calf crops and greater weights attained by €he off-
spring. Based on a 2-year average, only 64 percent of tlie control
cows produced calves as compared with 85 percent for those supple-
ment fed. This difference was highly significant. Differences be-
tween the supplement-fed groups were not significant. For the
2-year period also, the control cows weaned oulyss8 percent afickhety: cal

erop,xeei¥ey whereas the supplement-fed cows weaned 81 percent. Only
slightly maore than 30 percent of the control cows calved in 2 consecu-
tive years, whereas the supplement-fed cows averaged about 78 per-
cent. The difference was highiv «ignificant,

The feeding of phosphorus supplements to cows had no inftuence on
the birth weights of calves. However, on the average for 2 years,
the weuaning weight per calf in the supplement-fed group was 69 pounds
more than in the control group, which was a considerable advantage.
Furthermore, the calves from the supplement-fed cows were appraised
#t 1 cent per pound niore than those tfrom the control cows, The aver-
tge value of the former culves at weaning, less the cost of the supple-
ment, was 335,45 per head, which was $5.78 more than the value per
head of the contrel calves,

Differences in weaning weights of the calves in the supplement-fed
groups were not statistivally significant. At 12 months of age the
difference in average weight between the heifers in the supplement-fed
and control groups was essentiully the same asg at weaning time, but at
18 months of age the former heifers averaged 126 pounds heavier than
the latter.

The increased quantities of phosphorus fed to lactating cows in
groups 2 and 3 and the additional tracz minerals fed to the cows in
group 4 resulted in no additional benefits as measured by weights of
cows during lactation or by gains in weight of calves nursing the cows.
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Aphosphorosis could be diagnosed from the inorganic phosphorus
determinations of the bload even before actual physical symptomns of
this condition became apparent. The monthly average phosphovus
in the blood samples from the control cows was abways less than 4 mg.
per 100 cc. of biood, the point at which phosphorus deficiency may exist.
In only a few instunces were the bIooA sumples of the supplement-ted
cows below this level. Practically all control cows were observed
chewing bones st some period during the course of the test, but there
was no evidence of this among the supplement-fed cows.

There were 1o consistent dafferences in the hemoglobin content of the
blood samples taken from the various groups ot cattle, indicating no
close relationship between phosphorus intake and hemoglobin in the
blood. Likewise, iron and other trace miinerals had no effect on the
hemoglobin content of the blood.

The study showed, therefore, a definite phosphorus deficiency in
southern Texas and yielded the following information on correcting
this deficiency : The feeding of supplements that supplied 6.5 gm. of
phosphorus 6 days per week to dry cattle grazing phosphorus-deficient
vegetation prevented aphosphorosis and corrected already existing
phosphorus deficiencies tf they were not too far advanced. In lactat-
ing cows 14.3 gm. of phosphorus duaily resulted in a somewhat higher
phosphorus content of the blood than 6.5 gm. Although the latter
group had a slight deficiency at times, the condition was nof, serious.
Disodium phosphate and bonemeal, when fed to range eattle so as to
supply the same quantity of phosphorus, were of similar relutive values
as supplements to phosphorus-deficient vegetation,
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