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INTRODUCTION

The feeding of phosphorus to range cattle to covrect nutritional
deficiencies had its beginning in studies made on the South African
veld in 1924 by Thieler, Green, uud Du Foit (¥} when they associated
certain deficiencies in cattle with aphosphoresis, a condition ¢aused
by an insuflicirnt phosphorus intake,

Phosphorus {'le}i(*iencieﬁ i the early stages were recognized by de-
praved appetite, a8 evidenced by rthe chewing of bones and other

P Submilied for publicafion November 23, 1348,

*For assistanes in piatming and conducling fhe studios, acknowledgment is
made Lo N, it ElHy and Mills B, Koonee, Animul ilusbandry Division, Burean
of Animal Industey, 1L 8 Department of Agrienifure; G, 8 Fraops (retired),
Division of Chemistey, J. . Podge, B, 35 Reynolds, sl R L. Flanse), Depart-
ment of Agronemy, Ho Schmide, Dopartment of Veterinary Scienee, Texus
Agricultural Experiment Stabion; am) James Meliride, furoman Eneino Divi-
gion, and §, I, Northway, veterinarben, King UWaach., Tor assistanee in the
compilution nnd inkerpretution of oxperinwntal data, scknewledgment Ig alse
made to M. W, Hazen, Barean of Animal InQustry, U. 8. Department of Agri-
enlture,

? Italie numbers {n purentheses relor {o Literninre Cited, p, 22
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materials. Advanced stages of the econdition were manifested in im-
alred body growth and development and stiffness in the forequarters.
*his stage o% aphosphorosis was termed “styfsekie” in South Africa

and “creeps” in Texas and other ocalities in the United States (fig. 1).

When the appetite of affected cattle became so depraved as to cause

them to eat decomposed carcass material that was infested with an

organism called Closéridium botulinwm, a diseuse termed by the South

Afvicans “lamsiekte” (7) resulted. This disease is referred to in

the United Stutes as loin disease and usually proves futal.

Early experiments by South Atrican investigators (5) showed that
the feeding of bonemeal to breeding cattle increased the fertility of
the cows, causing grenter regulurity in breeding, and also increased
the milk ftow, which in turn fuvored increased growth and skeletal
development of the calves and prevented aphosphorosis.

Eater experiments (1) showed that twe-thirds of an ounce of di-
calcium phosphate was as effective as 3 ounces of bonemeal or 2 ounces
of disodium phsphate (20 percent P.Oy) when fed by hand-desing or
mixed with salt or a palatable feed. The frst-mentioned product is
onty slightly soluble in water and so cannot be administered sutisfac-
tortly through the drinking water. These experiments also showed
that disodium phosphate was o satisfactory souvee of phosphorus
when dissolved 1n the drinking water at the rate of approximately 1.5
ounees (10 pm. P05} (o 5.8 gallons of waler, the avernge quantity
drunk per head daily.

Sti further experiments in South Africn showed that the morgunic
phosphorus level in the blood of cattie indicated whether the nnimals
were receiving suflicient phosphorus to meet their requivements.

Freuze L.—Cow in “ereepy” condition due lo aphosphoresis,




METHODS OF SUPPLYING PHOSPHORUS TO RANGE CATTLE 3

These investigations showed that the phosphorus content of blood
from cattle receiving ndequate phesphorus ranged from 4 to 9 mg.
per 100 cc. of whole blood, the younger the animal the bigher the
phosphorus content. The method for determining the inorganic

hosphorus in whole blood was veported by Malan and Van Der
Eingen (6) and has been employed in phosphorus deficiency studies
in southern Texas.

Davidson (4) reports that phosphorus deficiency is closely associ-
ated with urinary ealculi of steers in the Cypress Hiils urea of south-
western Saskutchewan, and recommends the feeding of bonemeal or
monocaleium. phosphate with good-quality alfalfa hay for the pre-
vention of this condition. Incidentally, this trouble was not observed
on the King Ranch in the couslal plain of Texas, where the present
experiments were made,

In experiments conducted by Black, Filis, Jones, and Keating (3)
in west-central Texas, urinary ealeuli in the bladders of steers were
commonly found when milo grain constituted the major carbohvdrate
portion of the fattening ration. The vesults of the tests indicated that
the formation of urinary ealeuli could be controlied to a considerable
degree and prevented 1n many instances by supplying additional
phosphorus in the form of bonemeal. Over a 3-year period, a high
percentage of the steers fed npproximately 083 pound of bonemeal per
head daily were free from calenli in the bladders at the end of a 182-
day feeding period. .

Experiments in southern Fexas by Black, Task, Jones, and Kleberg
(2), 1n which breeding cattie on phosphorus-deficient range were
hand fed approximately 6.5 min, of phosphorus per head daily (six
times per week) when the cows were dry and 143 gm. during lacta-
tion, showed that aphosphorosis could be prevented aud corrected if
the phosphorus deficiencies were not too far advanced. Disodium
phosphate wnd bonemenl, when fed so as to supply the same quantity
of phosphorus, were of similar relative values as suppements to phos-
phorus-deficient vegetation,

The primary advantage in feeding a phosphorus supplement to
cows undler the conditions of these experiments was the inerensed per-
centage of the calf crops and greater weights attained by the cows
and their oflspring.  These tests showed that only about 64 percent
of the control cows produced ealves ns compared with 85 percent of
those supplement fed. This difference was highly significant. Dif-
ferences between the supplement-fed groups were not significant,
The control cows weaned enly a 38-peveent ealf crop, wherens the sup-
plement-fed cows wesned 81 percent. Only slightly more than 80
percent of the control cows calved in 2 consecutive years, wherzas the
supplement-fed cows averaged about 73 percent.  Thig differonce was
highly significant.

The feeding of phosphorus supplements to cows had no influence
on the birth weights of ealves, but the avernge weaning weight per calf
in the supplement-fed group was 69 pounds more tha in the control
group, which was a considerable advantage. The difference in aver-
age weight between 12-month-old heifers in the supplement-fed and
control groups was essentinlly the sume as at weaning time, but at 18
months of age the supplemnent-fed heifers averaged 126 pounds
heavier than the Iatter.
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THE AREA AND 1TS PROBLEMS

There ave many phosphorus-deficient arveas in the United States,
particularly along the Gulf const, the eastern seaboard, and a strip of
country extending north from central Texas to well up into Sas-
katehewar. and Alberts, Canada (fig. 2). The colicction of numerous
vegebative samples in southern “Lexas and their analyses in experi-
ments (2) conducted from 1037 to 1941 revealed evidence of deficien-
cies in protein and phosphorus of considerable consequence. Few
of the sumples contained niore than 0.12 pereent of phophorus, and
fow had 1 caleium content of less than 0.24 percent. A phosphorus
content of 0.1} percent and u caleium content of 0.23 percent of the
dry matter of the vegetation consumed have been gene ally accepted
a5 the minimum amounts of these elements vequired by range cattle,
In many of these areas cattle get no feed other than the native range,
and much of the time the vegetation is very dry. Records taken in the
area where the minera] studies were under way generatly showed the
ruinfull te be lew each year in November and Deccmber. The .
annual raintall in the aven averages about 20 inches. Tn this same
period the protein confent of the plants is correspondingly low. When
precipitation is low there is a fendency for plants to become some-
what stunted and mature early, When seeds begin to form there is
a rather rapid movement of phosphorus from the stews and leaves
to the seeds. The sewds shalter out, leaving a phosphorus-deficient
forage for ginzing. It was also found that consiclernble differences
oxiste in the composition of different spocies and i the sme species
in different localities.

The caleium conteni of (he vegetation is adequale in most instances
and scemingly not affected materially by stage of growth av rainfall.

%REPQRTED PHOSPHGRUS
DEFICIENT ARERS

oY) REAS OF SIMILAR
tZL3 PARENT SOIL MATERIALS

Fratks Lo -Arveas fn the United States subject to phusphorus deticleucy.
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Inorganic phosphorus determinutions of blood samples from caltle
in several pastures verified the analyses of the grass samples as to
the low phosphorus content of the forage. The protein content of
the forage is usually low and appears to be closely associnted with the
phesphorus content, being highest in the early spring and lowest in
midwinter,

The area whercin these investigations weve conducted was in the
nearly flat constal plain of Texas bordering on the Gulf ot Mexico.
Chmatic conditions in the Texas Gulf coust area vary from humid
in the eastern part Lo subluumid and arid in the southern snd western
parts. Where the phosphorus supplements were supplied to cattle the
conditions were semiarid and long droughis were not uncommon. The
soil types vary from heavy cluays to fine sands. Uhe predominating
grasses are species of Paspalum, of which the honeydew or Georgia
grass is the most important, awd the | ndropogon species, called sage
grasses.  Of lessor importance are butfalo grass, haivy grama, sandhill
grass, and big saltgrass o sneahuisio.

Bxeept during periods of dronghl, (here was usualiy an abundance
of vegelation that supported grender numbers of eaitle per section
than did most olher range aveas of Texas. The eaitle in the area ave
for the most part undersized owing largely to nutritional deficiencies
in the vegetation. .\ persistent craving by many cattle for bones,
dirt, wood. and other muievials, indicaling n phosphorus deficiency,
is usually in evidenee in times of drought where cattle are compelled
lo exist on Lhe vegetation alone. The animals aflected with this
deficiency disense beeome thin and weak and move with a peculiarly
s, creepy gail,

The studies {2} from 1937 to 1941 showed conclusively that by the
feeding of phosphorus snpplement to range enltle nutritionat deficien-
eies conld be eontrolled and prevenfed in most instances, thereby
resulling in a greater percentage of endf erops and heavier ealves at
weaning time. However, there remuined the problem of delermining
the velative values of practienl methods of supplying this supplement.
Accordingly, the experiment reported herein was designed to compare
direct self-feeding methods with the indireet method of supplying
phosphorus theough fertitizadion of pastures in wreas deficiont in this
element.

EXPERIMENTAL PROCEDURE

This experiment was condueted From July 1041 Lo November 1946
at the Wing Ranch, Kingsville, Tex., by the Burean of Animal Indus-
try of the United States Departmont of Agriculture, the Texas Agri-
cultneal Lxperiment Station. and the King Rancl.  The Tennessee
Valiey Authovily foraished the superphosphate used for pasture
ferilimation. The seil was largely Nueees fine sand, 2 loose sand
subjecl to wind croston but not to waier crosion.

Four gronps of heifers approximately 20 months of age and of
Brahaan < Ilerelford breedig (fig. 3) were divided al random sauld
placed on 6l0aere pustoves, Gronps |20 and 3 averaged 42 head per
reur and group Loahont 50 pereent more. The aimals were lisndled
ax Tollows:

férmp § teanbialey . 00 nalive anee withe no aninersd .\Il;:}lfl'll!i'lli.

CGronp 2o by mintive mivge with acesss o bonemeal pivani in o well dis{eibuioed
self ferdors,
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trowp $.—U0n native runge and receiving supplenential phosphorus from di-
sodium phosphate (20 percent I%0:) dissolved In the drinking water in siich
guantity ng to provide 8.5 gm. of phusphorus (1488 gm. "0:) Iu G gullons ot water,

Group 4—O0n natlve range fertilized in July 1941 with tripie supervhosphate
npplied at a mite of 200 pounds per aere (96 pounds of I%0;).  However, s
about 12 peccent of the GH0-avre pusture was brush covered and not fortilized,
aproximately 113,280 pounds was applied to the open wreas, which dmounted to
177 pounds per aere for the section or 2060 pounds pey acre for about 564 neres.

The three untertilized areas used by groups 1, 2, and 3 were stocked
at the rate of approximutely 1 cow to 15 acres, whereas the fertilized
nrea grazed by group b was stocked ab a 50-percent greater rate, or
approximately L cow to 10 acres. The numbers were sﬁightl_y reciuced
between April 1943 and June 1945, Sauta Gertrudis bulls were used
with all groups.  Approximalely 20 cows were ullotted to 1 bull,

eous 3—Bralnan X liereford heifers geleeted In July 1841 for experiments on
methods of supplying phosphorus to range cattie.

Individual weights of nll experimental cattle were taken at monthly
intervals through April 194 and thereafter every 3 months. In
addition, weights of cows at time ol weaning calves were taken after
April 5, 1941 Individual weights were obtained for all calves when
weaned ot approximately 240 days of age. Blood samples were taken
at 28-day intervals from 10 representative cows in each group. The
whole blood was used for inorganic phosphorus determinations, Lhe
methad deseribed by Malan and Van Der Lingen {€) being used.

Foruge samnples were vollected at rather regular intervals through-
out the test.  An attempt was made to ablain material similar to that
heing caten by the vattle at the time.  The samples were sent to the
Texus Agriculiural Experiment Station for protein, catclum, and
phosphorus delerminations. .

All physical equipment. including eattle, fenced pastures, corrals,
senles, nineral supplements, and mueh of the labor involved in con-
ducting the study, was furnished by the King Ranch. The Bureau
of Animal Indlustry of the United States Depurtment of Agriculture
and the Texas Agriculiural Experiment Siation supervised the proj-
ect, colieeted andeanulyzed the Tornge and bland samples, and were
responsible Tor the teehnical phases of the experimental work in
general.
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RESULTS OF EXPERIMENTS

ANALYSES oF Forace

The protein, calcium, and phosphorus contents of the vegetative
samples taken from the experimental pastures are shown in table 1.
Tn comparatively few instances was the caleium content below 0.20
percent or the phosphorus content above 0.15, thus indicating suifli-
cient caletum but u deficiency of phosphorus. The samples with a
phosphorus content above 4.15 were for the most part from fertilized
areus. The protein and phosphovus content of most of the species
analyzed tended to be lowest during winter and drought periods,
when (here wus the least green feed. The protein content was
seldom above § percent andl averaged only about 4 peccent for most
speeies unalyzed.  The ealeium vontent wus seemingly not affected b
the rainfall. The annual rainfall ranged from approximately 1
to 25 inches and averaged about 20 inches for the 5-year period
164246 in the immediate neen where the investigation was conducted.
The averiye monthly rainfall on Lhe experimental pastures is shown
in table 1. The relation between avernge monthty rainfall and per-
centage of protein aund phosphorus in the most important grass
(Paspalum. plicatulum) in the experminental pastures is shown in
figuve 4.

The figure shows that both the protein il phosphorus contents of
the vegelation are rather clagsely associated with ruintall,  In gencral
inereastd seasonal rainfall over w S-month period, for example, was
refleeted in higher protein and phosphorus percentages in the vege-
tation for about the sume periad. '
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In 1945 with a low ansual rainfall of 16.77 inches, 12 samples of
Paspalum. plicatulum taken monthly throughout the yenr had an
average protein coittent of 4.78 percent and a phosphorus content of
abont 040 percent in the unfertilized vegetation, whereas m 1943
when the annnel rainfall was 2L80 inches, the protein content aver-
ngreet 5.30 pereent, with no inerease in the pereentage of phosphorus,
indicating the lack of available phosphorus in soluble form in the sotl.
Four smnples of the vegetaiion talen in March. June, September, and
December (943 from the Fertrlized aveas had nu average phosphorus
content of (.09 as compared with only 0.07 for the same months of
1945, In 1946, when the rainfatl was abont the average, and following
a comparalively dey year, 10 samples of Pagpalum plicatudum fron
the fertilized areas had a phosphorus conlent of 8,11, as compared with
0.09 for the unfertilized vegetution, This finding indieates that some
available phosphornsstill remained in the soil as a vesult of the applica-
tion of tripte superphosphate in the stumer of 1941, but according to
present stundards even this higher level of phosphorus was not ade-
nuate for nornat requirenents of range eattte when subsisting solely
on lhe range,  Figure + shows that the phosphorus content of the
fertilized grass wis consistently highee for essentially the duration
of this siudy, the only exceptions being in two or three instances
during the dey year of 1945,
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TABLE l~—Average protein; cdlcium, and phosphorus content, on an air-dty basis, of some o;t the more imporiant forage plante‘aconsumed
by the cattle inthe experiment and rainfall during the experimental period
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TaBLE 1. —Average protein, calcium, and phosphorus content, on an air-dry basis, of some. of the more important forage ;plants consumed
by the callle in the experiment and rainfall during the experimental period—Continued
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Inoncanic PHosPHORUS IN WHOLE BLoon

The average antounts of inorganic phosphorus in whole-blood sam-
ples taken af regular intervals are shown in figure 5. In only o few
instances did tho inorganic phosphorus eontent of the blood of the

G5

[ T -
i [=] (1Y o m (-]

IWORGANIG PHOSPHORUS {H WHOLE
-
Qo

ELOOD [MILLIGRAMS PER 100 CC)

m
<o

JULY 30
ALUGET
[F1 A ]

L DEG.A?

~ FEB.1

W W W L3
taa) 1942 1943 . 1844 1245
s GROUP 1 - [GONTRULS} ON HATIVE RANGE WITH NG PHOSPHORUS SUPRPLEMENT
v w— GROUPZ - QN MATIVE RANGE WITH ACEESS TD HONEMEAL IN SELF-FEEDERS
GAQUP 3- BN NATIVE RANGE WITH DHINKING WATER TREATED W(TH DISODIUM PHOSPHATE
= = = GROUP 4 -0N NATIVE RANGE FERTILIZED WITH TRIFLE SUPERFHOSFHATE APPLIED TO SURPLY
96 POUNDS OF P04y PEA ACHE .
Iriguer do—Average inorgnnic phosphorus in whole-bleod sumples tnken from
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contro! cows {group 1) rise above 4 mg. per 100 ce. of whole blood,’
which is considered the minimum amount for cows without showing
evidence of effects of phosphorus deficiency. As a rule these followec
henvy rainfall, when there was an abundance of fresh green grass or
when most of the sainples were from <1y cows.

The blood samples frot the cows in group 8, which received phos-
phorus through the use of disodium phosphate dissolved in their
drinking water, had the most consistent uniformly high phosphorus
level. After November 1942, this group had the highest blood-phos-
phorus level for most of the remsinder of the experiment, the one
prineipal exception Leing from November 1943, to May 1944, when
the cows in group 2, fed bonemenl, and those in group 4, grazing the
fortilized pasture, had slightly higher blood-phosphorus levels. In
only two instances did the phosphorus level of the group 3 cows drop
Lelow 4 my,, and then for only very short periods 1n cows with Jarge
calves. The cows receiving bonemea!l from self-feeders (group 2)
maintained 2 safe phosphorus level for most of the time. Only oe-
casionally did the phosphorus drop below & mg. per 100 ce. of whole
blood, and when this oceurred it was usually associated with lactating
cows that scemingly did not consume sufficient bonemetl to meet their
phosphorus requiremnents during the time when their calves were the
heaviest drain on them.  On the other hand, some cows in the group
apparently consumed considerably more bouemenl than they needed.

'Inorgaule phosphorus i usunlly somewhat lower In whole blood than in
serun.
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The phosphorus content of the blood from cows in group 4, which
grazed the fertilized pasture, showed a downward trend after the
tivst venr. It was close to or below £ ing. per 100 ce. of blood mest of
the time after Moy 1944, showing rapid deelines practically every
Lime grazing conditions became adverse, "The phosphorns conteut was
extremely low following the dry smnnner of 1515 nud veached » danges-
ously low point of ubout 2.2 my, in the midwinter of 194546, Physi-
end symptons of aphosphorosis were common smong the lactuting cows
in this group during this pevied. T was always possible to dingnose
nphosphorosis definitely in the cows in group 1, which grazed un-
fertilized range and received no pliosphorus supplement, nixd in group
b, which grazed the fertitized range, by bload analyses before actual
clinical symptoms of the condition appeared.  Figure 5 shows thab the
biood phosphorts levels of these two groups puadieled ench other
very closely after Lthe lirst year of the experiment,

Rursarson oF Carens Waisises ro Puosrionus InTaks

The average initinl weighls and suceessive yearly weights of {he
cows in ench group, the average weaning weiglits ol {he calves ui ap-
proxinmtly 210 diys, the weights of thetre dams at thne of weaning,
and Lhe quantities of phosphorus supplement used are shown in table
2. "The {Llily phoaphorus intake per cow in groups 2 aud 3 is shown
in figure 6.

A comparisen of the control group and groups 2 and 3, fod supple-
mentn! phosphorus, shows that the inilial weights of the cows were
esseutially the snme 2l the heginaing of ihe test, und there were no
essentiad differences ab the end of the first year ending in November
1942, The greatest difference was hetween the control cows and those
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grazing the fertilized pasture, the latter averaging 65 pounds more
at the end of the first year. By the end of the third year the cows
on the fertilized pasture averaged 293 pounds more than the control
cows, and 53 and 57 pounds more, respectively, than the cows fed
bonzineal and thoss fed disodium phosphate in the drinking water.
After the third year, however, the cows in these two groups were
heavier than those in group 4, indicating that the fertilizer was losing
its effectiveness. At the end of the fifth year the differences between
the controls and other grotips were smaller than at any time after the
firgk year. These average yearly weights for atl cows in eanch group
do not reveal the teue picture, however, as there was always a higher
percentage of dry cows in the control group. Dry cows have a ten-
dency Lo carry more flesh than lactating cows, and accordingly this
contrel group, owing to » lower percentage colf crop, would possess
a little mora average weig
had more of them produced calves. :

Manng 2——drerape itiul weighty ond swceceding wearky weighly of the cows
i ench growp, weaning weights of cuives, weights of their daig ob tine of
weaning, aad grandities of sipplenicents supplied

. " .1 Group 3 (di- | Group 4 {range

Gromptno | Group 8 Omae- | ot “wos. | Srdizea Wil
i & " frifk- riple supor-

Lherm suppkeinent] foeilors) InE water) phosphate)

Clows | Onlves | Cows | Cnlves | Cowa | Calves | Cows | Calves

Pounds| Ponnids| Poundy] Pounds| Pounds| Ponnds
Average injtia] weight of cows.... ... 706 708 708
Averege weight of cows at ond of—
First yonr. ... I [ - 1,050
Heennil year 910 |, . 1,05
hird year.. . 867 |. 1, 103
Fonurth yenr R32 | 1158
Tith yenr.... . R N P48 b, 148 1,195
Avernge welghts of cowsd and ealves -
al wenning tima:
Firstenll cron . .0 oeeeeen. oo B B5G
Seenmd enlf erop. ..o y
‘Phird enlferap. .. .. -
Frgrih enlf eron, - ooe.

AWOAT BVOrOfE. s e mcammmmas

Suppictient or fertiiizer used per cow
ut cud of-
Tirst yenr. . aeoeaian-
weennd yonr
“Thlrd year..
Fourth year. ..
Fifth yenr - .

Syenrtolnl o Lo L oo caas U, : 1,530
AVORHLE Ter YUNF . el [ ! 370

L]

The weights of the cows that weaned calves, at the time their calves
were taken from them, give a much truer pieture of the comparative
weirhts of cows in eachi of the groups. AL the time of weaning the
first calt crop, the control cows averaged 219 pounds less per head
than the cows that grazed the fertilized pasture and 165 pounds and
182 pounds, respectively, less than the cows fed honemeal and diso-
dium phosphate. At the time of weaning the second calf crop, the
cows on Lhe fertilized pasture that weaned calves averaged 227 pounds

eht ]])er cow than weuld have been the case
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more than the control cows. Differences between the controls and the
other two groups were slightly less. The cows that received phos-
phorus in their drinking ‘water were the henviest of any of the groups
at the time »f weaning their third calt crop and continued to be so
for the remainder of %he experiment. At the time of weaning their
fourth walf crop these cows averaged 221 pounds more per head than

- the controls, 51 pounds more than those fed bonemeal, and 92 pounds
more than those on the fertilized pasture. This extra poundage would
bring considerable additional reverue to the producer if the cows were
to be disposed of for market purposes. In addition, these henvier cows
becnnse of supplemental feeding produced much heavier calves at
weuning time.

The culves from the control group were the lightest in weight. each
year, and with one exception (the fourth culf crop) the ealves from
the cows on the fertilized pastnre were the heaviest. Tor the fonr
calf crops the calves from the fertilized pasture group averaged 62
pounds more per head than those from the control cows, 16 pounds
more than thoge from the cows fed bonemeal, and 9 pounds more than
those from the group receiving phosphorus through the drinking
water,

Table 2 shows (hat the general trend of the phosphorus intake by
groups 2 and 3 was upward as the experiment progressed. When the
average wnounts of bonemenl or disodium phosphate consumed by
groups 2 and  Tor the H-year period are converted to phosphorus, the
cows in gronp 2 ronsumed 6.8 go. ot phosphorus Fer head daily
throughout the experiment and the cows in group 3 utilized 8.9 gm.

As shown by the table, about 376 pounds of superphosphaie per
yeur was used on the pasture grazed by the cows in group 4. In terms
of phosphorus, this amounts to about 100 gm. per cow daily.
© Figwe 6 indicates n general increase in the consumption of the
supplements durving the midsummer, when vainfall is usaally at & low
point and the grass is in a low productive state. The extremely high
poiuts of consumption, such ag nearly 32 gm. of phosphorus per head
daily by group 2 in May 1946, immediately followed the end of the
severe drought extending back to October 1945 (fig. 4).

Carr ProbucTion

The percentage of calt crops, average weaning weights of calves,
and value of weaned calves for the four groups arve given in table 3.
The percentage calf crops with few exceptions were Lighest in each
of the four groups for the first two crops of calves. For the third calf
crop, there were slightly reduced percentages in the groups supplied
phospliorus through the drinking water and grazing the fertillized
range ancd about 15 percent reduction in the control group. The group
fed honemeal, however, showed no veduction. For the control cows
the calf crop in the fourth year dropped to 22 percent as compared
with an average of about 84 pevcent for the first three crops. For
groups 2 and o the decline In culf erop in the fourth year was only
b and £ percent respectively, In group ok the percentage ealf crop was
the same as the avernge lor the 3 preceding years. :
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‘Tannk 3, —Culf production daie of the  experimental groups

t .
i First | Secand | Thisd [Fourth 3‘;;?5?

Iiom ol caif calf enlf o it

[igeiy] Lrop CIop

€lronp | (oo suppismental phesphoras);
1 number. .
Calf eron wama [IETCONEL.
Cnlves wonsed . IR : [ T
Acvenasge wendd g welghtl perenit L o prarnls, .
Wenzned-tnlf weilpght g vow o0 o i a0
Wenned-cnil welght per sere, e
Value of wonoed ealf pot aem. oooooenvns caoo v atléillars b,
Group 2 (honesnenl, self-fed):
Clowy fmeee numlier.,

v .
Woenned-onlf welght per cow . .
Woensad-calf wolghi purnere.
Value of weangd enlf por nere .. ... ... B

Croup 3 (lsod lusn phagphade by debking water):

COWS. oo e sesnbaer
Clferop, ..., N L 1A
£alves woentold oL e e ciem e
Avernge wennng welghb por enll o o0 L C
Wenned-er)f welpht poreow ... L oL tdoos
Weaned-enlf welght pur nere .. PR (- T
Valuo of weancd sudf s gone. ddolinrs b
tlron P {fertillzed psture):
Onws, . .-

. dotiars .

Ltaetinber.
. eresit. .
Calves weaned. . oo,
Average woennling wolzht jer el oopnrdso.
Woenned-cail welwhb poreow . (oL.. . ORI | T
Wenaed-calf weirht per tere. . .

Vaioe of weaned enlf per aore

Wentter] culves vadned at 50,15 per potind,

The cumulative cileet of a deficiency of phosphorus on calf ({)1‘0-
duction is indicated by the decline in number of calves produced by,
the conbrols from year to year. The calf crop for this group ranged
from a high of 91 percent in the first crop to a low of 22 percent in
the fourth with an average of 69 percent for the fonr calf crops. The
percentage calf crop in the groups receiving phosphorus remained
rather consistent throughout the 4 years. 'The most pronounced
decline was in the fourth crop, and this may be atfributed to the dry
season of 1045 during which time some cows failed to get with calf
owing to their poor condition.

For the 4 years, the calves in the groups veceiving phosphorus
through the eating of bonemeal, drinking of water treated with di-
sodium phosphate, and grazing of vange fertilized with superphes-
phate had 46, 33, and 62 pounds, respectively, higher average wenning
weights than those in the control group. Furthermore, the uverage
weights of the cows at Lime of wenning the calves in these groups
were 209, 227, and 213 pounds, respectively, more than these of the
controls (tuble 2}. The cows that consumed bonemenl produced an
average of 149 pounds more weaned ecalt per cow and 10 pounds more
ealf per acre for each of the four eaif crops than the cows in the con-
trol group, wherens the cows gelting disodinn phosphate in their
drinliing waler produced 181 pounds more weaned calf per cow and
12 pounds wmore per aere, and those srazing the fertilized rnge pro-
duced 208 pounds more weaned calf weight per cow and 26 pounds

-
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more per acre Lhan the control cows. The average increased weight
of weaned ealves per acre for the groups getling bnpplemcnt.ll phna-

phorus over thy tt ot the eontrol group amounted to $1.52 for the gronp

fed bonemeal, 8177 for the group receiving disodinm pirosphate, and
$3.05 for the frwup on Tertilized pasture,

The cows supplled with phosp[l?mrus directly by supplementabion
or indirectly through fertilized vegetation got setiled in calt move
readily than the nonsupplemented group, as shown by tuble 4.

During the experiment cows in all the groups had equal opportunity
to conceive and drop four ar five ealves. The amount of time between
coneeplions, ag determined from the average dates of the calvings,
wias materially greater for the contrel "‘LUII]) than for any of the
Uroups rotting pho-,pluuns supplements.  Although the group on
Tertilized pmtm(- hid v greater number of cows than the group that
received no wdditionad phmpluu us supplement, this Lu:ror zroup of
cows was abnost 8 weeks earlior in gotting soltled in ealf ‘the frst year
than the smaller groups. This inmnedi o effect is also noted for the
other (wo fflnlll)‘-. ihat were riven a phosphorus supplement.

For groups 2, 3, and 4, getling ndditional phosphoerus, the average
time between enlvings was 1 year, or approximately 100 days less
than for the control aroup. By the end of the experiment, ull the
fourth calves and some of the fifh ealves had been dropped in groups
2, 3, and 4, whereas in gronp | so much tiine had been mqmled for
mn(('ptmns that only 10 cows in that group hnd dropped their fourth

calt,

TamLy - Arervge deles of cairings end average number of duys between
secexsive colees fo: el af the groins

i Ctranm 3
{disoell- { Group 4
i phos- (fertil-
tilinle En § bzedd pna-
drinklng | ture)
wiler)

I Giroupr L
{1 palis- 0 o |!
phorus
supple-
ment)y Et'uler.-s ]

: I
Avernoe dute of first endf Tre 143, . . e el b Fely, Jun, 31
) ST E 458

Averige minber of duy s hetwey 1 fivst nod seeumul vl es !

Aovernge dnte of second aadf o 1941 L G Ape A el M 7 .‘ Jan. "l
Averuge gunber af doys botween setonid nad Lhind vatves | 67 334 Hiyt] 377

Avernge tate of Lhicil onlf i 1813 : v, Felbs, 17 e, Teb, 4
Averipe amber af days between thind aml fonrth enlhves. . HE R S Jan 344
Averppe date of fone{ e epdl in 1R - Jun, 971 . Jun, 1}
Avornge it of duys bevwveen ol enly e 4ah E \5 ‘ Bin JiH

GENERAL DISCUSSION

The genceal condition of the cows in each group ab approximately
the nn(lpmnl of the experiment (November LO44) is indicaled in
figures 7, 8. 9, and UL Lt is clearly evident (hat the supplement-fed
groups antd the group on the Fertilized pasiuve were in hetter condi-
tion than the control cows, asseveral cows in the control group showed
evidence of aphosphorasis, There was no mnterial difference in the
general appearnnce of the groups geiting additional phosphorus by
suppleventation and the group grazing fortifized pasture, exeepl in
the hest year when the l-mn|| ot Tertilized ranioe was somewhal infer-
o in condition 1o the other fwo gronps,
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The avernge value of the weuned calf weight for the supplement-
feid and fertilized-pasture groups amounted te 58 percent more on
the busis of calf weight per cow and 77 percent more on the basis of
calt weight per acre than for the contro‘ group. Differences on the
busis of calf weight per cow between the groups getting additional
phosphorus were not great, whereas the differences between these
groups and the controls were significant.

In terms of phosphorus, the amount consumed by the cows fed
bonemen} was 5.6 pounds per head per year and by the cows supplied
Qisodiuns phosphiate in the deinking water, 6.4 pounds. If the phos-
phorus applied to che pasture vsed by group 4 had been comp*etely
utitized duving the catire expevimental period, nearly 78.6 pounds
would have heen consumed pey cow per vear.  Although there were
fdications that the phosplioras in the soil was seriously depleted at
the end of the experiment, as deteemined by bloed and vegetative
analyses and the condition of the cattle., vet these conditions may
not have heen due entively o low phosphorus content in the soil, as
the vegetative wrowth during the fast vesr and a half of the experiment
wis el belaw normal owing to Tow rainfail in this period.

AL the prices of the supplements and fertilizer used in this experi-
maent, the cost of the bonemenl fed to group 2 amounted to $1.71 per
row per year; of the disoditen phosphate fed to group 3, $2.78; and
of the superphosphate on the fertilized pasture of group 4. $14.53.
After the cost of supplements or fertilizer used had been dedieted, the
eows i gronp 5 oreturned $537.22 per head for each of the 5 years;
thnse in gronp 2 returned $3L51; those in group 4. $48.69; and those
i group 1, 39804,

When the velue of weaned calf weight is provated on a per acre
basis. the fertilized area beenuse of its higher vate of stocking {50
pereent greater than the others) made a relurn, after deduction of
cost ol supplement or fertilizer, of $4.20 per acve per year, as com-
pared with $3.53 per sere for the group receiving disedinm phos-
phate, §3.60 for the group fed bonemeal, and $2.50 for the control
group.

SUMMARY AND CONCLUSION

An experinent was condueted cooperslively by the Burenu of
Aninal Industry of the United Stares Department of Agriculture,
the Texas Ngrieultural Experiment Station, and the King Ranch in
sottthern Fexas fony July 194 (o November 1946 Tor the purpose
of comparing methods of ~upplying phosphorns o range cattle,
Three groups woere grazed an unfertilized native range—group 1 re-
ceiving no additionad phosphoras: group 2 having aceess to bone-
meal placed in well-distribted ~elf-feoders: and group 3 supplied
phospharus thirough the nse of dirodium phosphate dissolved in the
drinking water. X Tourth group orazed winge fertidized in July
B with {riple superphosphate. The pastoares meszed by groups 1,
2ond Bowere stocked ot the e of approxinately 1 eow (0 13 aeres,
wheveas the TertGilized pusture grwzed by gronp Fwas stocked at ap-
proximetely & 50 pereent grester eale,

The ealeim content of the forage was naqally sillicient, as H was
selden Bebow 020 pereent. On e ather bosd, the vegetation wsaadly
shiowed adeficieney of phosphorne, onky orcesionally being above (.15
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percent. For the most part, the samples from the fertilized pasture
were higher in phospliorus than similar samples from the unfertilized
areas. The protein content was seldom above 8 percent and averaged
only about 4 percent. Both the protein and the phosphorus contents
of the forage were closely associated with rainfall, being lowest during
winter and drought periods. when there was little green feed. The
vainfall ranged from a yearly low of about 17 inches to a high of 25
inches and averaged about 20 inches for the 3-year period in the wn-
mediale areq in which {he experiment was condueted,

T'o prevent phosphorus deficieney, the minimum amount of in-
organic phosphorus in fhe blood of cattle should be above 4 mg, per
100 ce. of whole blood. The cows grazing the unfertilized native
range with no additional phosphorus usually had less than this
amomnt,  The blood samples from the group supplied phosphorus
throwgh the drinking water had the most uniformly high phosphorus
level,  The cows Teid bonemeal maintained a safe phnsp‘iorus level
most of the tiime. Group 4 showed a downward trend in blood phos-
phorus after the first year, reaching dangerously low levels following
the droughts in the summer of 1945 and the midwinter of 1045-46.
However, Tor the greater purt of the experimental period, these
animals mrintained o faiely normal amount of inorganic phosphorus
in their blood. Physieal symploms of aphoesphoresis characterized
by ereepy econdition were common in this geoup among lactuting
vows toward the vlose of the experinment.

At the Uime of weaning the fourth calf erop, toward the close of the
experiment, fhe group 3 cows {hat weaned ealves averaged about 221
potnds more in weizht than those that weaned calves in the control
group, 5L potinds mere (han those in group 2, and 92 pounds more
than those in group 4. The heaviest cows at the close of the test were
in group 3, und their phosphorus intake was somewhat greaier than
those in group 2. The lalter group consumed, on the average, 5.6
pounds of sctunl phospharus per head per year, and the former group
consumed G4 ponnds, DifTerences in the weights of the calves Trom
the three groups recelving phesphorus were not significant,

A decrense in pereentage calf crop from yeaure to yenr in the control
group indicated s cumulative effect of phosphorns deficiency.  In the
grroups getting additional phesphorus the calf erop was salher constant
throughout the experiment, the one exeeption of importance being in
the Tourth year when there was some decrease, due in all probability
to the dry season of 1943 during which time a number of cows did not
cob with calf beenuse of their poor condition.  As compared with the
percenlage cadf crop of the control group, bonemeal feeding increased
the calf erop by 83 percent for the experimental period, disodium phos-
phate in the deinfiing water by 39 percent. and pasture fertilization by
449 pereent.

The weanoed ealf weight per cow per year on e basis of four ealf
rrops was incrensed by 149 pounds by the use of bonemeal as a supple-
ment, 181 peunds by disodium phosphate in the drinking water, and
9208 pounds by fertilizing the range. Bonemeal feeding inerensed the
wenned calf weisht per acre by 48 pereent., disodivm phosphate in the
drinking water by 57 percent, and pasture Tertilization by 128 percent.

Supplving phesphorus by the methods employed in this experiment
shortened the period between calvings. On the average, there was
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about.1 year between calvings in groups 2, 3, and 4, or a.p roxlmstely
100 days less than for the control group. T
ment groups 2, 3, and 4 had dropped four calf crops and part
fifth, whereas the cows in the control group had barely (:olnpleteclL
their fourth.
With weaned calves valued at 15 cents per pound and atter deductis
the cost of phosphorus supplement or fertilizer, group 1 retu
on the aversge, $.3s 34 per cow per year for the 5-year period, or $9.
per zere; group 2, §51.51 per cow, ok $3.60 per acre; group 3, $57.22
per cow, or $3.73 per uere; and group 4, $18.69 per cow, or $429 per
ucre.
Under the conditions of this experiment involving a 3-year perlod
the supplying of phosphorus by fertilization of pastute gave the
renlest returng per acre, but the use of disodium phosphate gﬂssolvod,

in the drinking water whu]tul in the highest net returns per cow. In

the lust yeur, howevur, the cows on Lhe fortilized r: ange were somewhat.-
inferior m condilion to the other two supplemented groups.
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