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Abstract:
Two experiments were conducted to evaluate the use of diammonium phosphate as a supplemental
source of nitrogen and phosphorus for beef cattle.

Experiment I was designed to compare diammonium phosphate with mono-ammonium phosphate,
urea, and soybean oil meal, as an added nitrogen source to wintering and fattening rations fed to steers.
Thirty-two Hereford steer calves were used in this study. The steers were on the wintering trial for 112
days and the fattening trial 168 days. During the wintering trial, the steers were individually fed a low
protein ration once daily.

All of the steers in both trials received the same basal ration, the only difference among treatments
being in the added source of nitrogen in each of the eighteen percent protein supplements. Lot 1
received monoammonium phosphate; Lot 2, diammonium phosphate; Lot 3, urea; and Lot 4, soybean
oil meal. The basal ration fed during the wintering period consisted of steam-rolled barley, dried
molasses beet pulp, and grass hay. During the fattening trial, the high-concentrate basal ration was
self-fed, (eighty percent steam-rolled barley, twenty percent dried molasses beet pulp) . In both trials,
the steers received one pound of eighteen percent protein supplements furnishing the additional
nitrogen. The steers remained in the same lots and on the same sources of -supplemental nitrogen
throughout both feeding trials. There were no significant differences among the weight gains made by
the four lots of steers, during either the wintering or fattening trial. Only small differences were noted
among the four lots of steers during the wintering trial. In the fattening trial, steers fed part of the added
nitrogen as soybean oil meal required 7.5 percent less feed per pound of gain and gained 0.26 pound
more daily than those steers fed part of the added nitrogen as monoammonium phosphate.

In experiment I, diammonium phosphate and defluorinated phosphate were compared as supplemental
sources of phosphorus at three levels of percent phosphorus intake. The levels used were 0.18, 0.24,
and 0.30 percent phosphorus of the total ration. The thirty-two Hereford heifer calves used as the
experimental animals were divided into eight treatments of four head each. The heifers were
individually fed during the 140-day wintering trial. All of the heifers received the same
low-phosphorus basal ration, the only difference among treatments being in either the added source or
level of phosphorus in each of the twenty percent prothin supplements. The two control lots received a
0.12 percent phosphorus ration.

Differences between plasma-inorganic phosphorus levels of heifers fed the control ration and heifers
fed added phosphorus rations were significant (P<.05), and highly significant (P<.01) for the heifers
fed 0.30 percent phosphorus rations. The differences between the plasma phosphorus levels of heifers
fed 0.18 and 0.30 percent phosphorus rations were significant (P<.05). There were no apparent
differences between the heifers fed rations supplemented with diammonium phosphate or defluorinated
phosphate.
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ABSTRACT

Two experiments were cpnducted to evaluate the use of diammonium phos-
phate as a supplemental source of nitrogen and phosphorus for beef cattle.

Experiment I was designed to compare diammonium phosphate with mono-
ammonium phosphate, urea, and soybean 0il meal, as an added nitrogen source
to wintering and fattening rations fed to steers. Thirty-two Hereford
steer calves were used in this study. The steers were on the winterimg
trial for 112 days and the fattening trial 168 days. During the wintering
trial, the steers were individually fed a low protein ration once.daily.
All of the steers in both trials received the same basal rationm, the only
difference among treatments being in the added source of nitrogen in each
of the eighteen percent protein supplements. Lot 1 received monoammonium
phosphate; Lot 2, diammonium phosphate; Lot 3, urea; and Lot 4, soybean oil
meal. The basal ration fed during the wintering period consisted of steam-
rolled barley, dried molasses beet pulp, and grass hay. During the fatten-
ing trial, the high-concentrate basal ration was self-fed, (eighty percent
steam-rolled barley, twenty percent dried molasses beet pulp}. In both
trials, the steers received one pound of eighteen percent protein supple-
ments furnishing the additional nitrogen. The steers remained in the same
lots and on the samé sources of supplemental nitrogen throughout both
feeding trials. There were no significant differences among the weight
gains made by the four lots of steers, during either the wintering or
fattening trial. Only small differences were noted among the four lots of
steers during the wintering trial. In the fattening trial, steers fed part
of the added nitrogen as soybean oil meal required 7.5 percent less feed -
per pound of gain and gained 0.26 pound more daily than those steers fed
part of the added nitrogen as monoammonium phosphate.

In experiment II, diammonium phosphate and defluorinated phosphate |
were compared as supplemental sources of phosphorus at three levels of per-
cent phosphorus intake. The levels used were 0.18, 0.24, and 0.30 percent
phosphorus of the total ration. The thirty-two Hereford heifer calves
used as the experimental animals were divided into eight treatments of four
head each. The heifers were individually fed during the 140-day winterimg
trial, All of the heifers received the same low-phosphorus basal ration,
the only difference among treatments being in either the added source or
level of phosphorus in each of the twenty percent protein supplements. The
two control lots received a 0.12 percent phosphorus ration.

Differences between plasma-inorganic phosphorus levels of heifers fed
the control ration and heifers fed added phosphorus ratioms were signifi-
cant (P<<.05), and highly significant (P <Z01) for the heifers fed 0.30
percent phosphorus rations. The differences between the plasma phosphorus
levels of heifers fed 0.18 and 0.30 .percent phosphorus ratioms were signif-
icant (P<<.05). There were no apparemt differences between the heifers
fed rations supplemented with diammonium phosphate or defluorinated phos-
phate.
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INTRODUCTION

-The lower net returns, commonly experienced in the present day beef
cattle industry, greatly emphasizes the importance of providing adequate
levels of nutrients for maximum production. In several areas of Montana,
phosphorus plays a vital r§1e in liﬁiting the efficiency of béef production.
Cattle grazing.on'many of the state range land require a supplemental
source of phosphorus and in some ingtances additional érotein. The problem
of phosphorus and protein supplementation also exists when cattle are
wintered on higﬁ roﬁghage rations, especially when the roughage is grown on
low phosphorus soils,

Many of the inorganic phosphorus supplements commonly used are expen-
sive and besides phosphqrus, supplies bnly calcium. There;woﬁld be é
distinct feeding advantage if the inorganic supplement would not only'supply
phosphorus but also nitrogen. Diammonium phosphéte, a non-protein nitrogen
compound, contains twéntyrthree percent phosphorus and pwentyfone percent
nitrogen. This amount:of nitrogen gives a protein equivalent of 131 per-
cent or one-half of that furnished by urea. Diammonium phosphate has been
ﬁidely used as a phosphorus and nitrogen source in commercial fertilizer.
However, very little experiméhtal work has been conducted to determine its
use for ruminants.

‘Because diammonium phosphate may possibly bekpriced.competitively'with
urea and some sources of phoﬁéhoruS'aé é feeding ingredient there'is a
need to determine its feeding value in beef cattle rations. The objectives
of the experiments reported in this manuscript were to evaluate d;ammo;ium

phosphate as a source of nitrogen and phosphorus for beef cattle.
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REVIEW OF LITERATURE

An extensive amount of research has been conducted on the physiologi-
cal and economical importance of providing adequate mineral nutrition for
farm animals in order'to attain maximum production, Aécording to Maynard
and Loosli (1956), our specific knowledge of proper mineral nutrition is
due primarily to research cbnducted during the last thirty years.

The functions of mineral nutrients 'are varied and numerous. Mitchell
.(1947) conveniently classified the biological functions of minerals under
the following four headings: (1) minerals contribute to the structure of
the body, (2) they aid in maint;ining the status quo of the tissues
. already formed agaiﬁst the-constant'erosion of the-life processes, (3) min-
erals parficipate in fhe functional activities of the body, suéh.as
muscular activities, and (4) as integral parté of enzyme systems in the
tissues, minerals aid materially in the metabolizing of organic food
nhtrients; | N |
THE BIOLOGICAL FUNCTIONS OF PHOSPHORUS

Among the mineral elemenfs required by animals, phosphorus is foremost
in importance (Mitchell, 1947). 'Bohstedt (1940) étated that if cows need
extra minerals, phosphorus is the one elémgnt other than salt which they
need mos;. Phosphorus, thch is present to the amount of a fewitenths
percent in'nqn-mineralized tissues, is nécessary for alllformg of life and
is present in.all living celis (Greaves et gl.; 1934, Van Wazer, 1961)_°

Phosphorus has more funétions thén any other eiement in the body; at
least fourteeﬁ vital fuﬁctions have been‘determined for this versatile
glement° In liyiﬁg systems, pﬁOSphqrus functions both chemically and

physically.
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In general, eighty percent of the total phosphorus in the body is
found in bone and teeth.. One gross physical proéerty of phosphorus is the
mechanical strengthening of the bddy through the formation of mineralized
tissues (Harrow and Mazur, 1959 and White, 19595. According to Mitchell
(1947), phe phosphorus found in the bone is of minor importance in animal
economy and it is the phosphorus in the soft tissue that'is doing yeoman
service, |

Through the formation of hexose-phosphates, adenylic acid, and creatin
phosphate, phosphorus plays a primary role‘in carbohydrate metabolism.
Phosphorus also is vitally concefned with the metabolism of fat and is in-
vélved in some phases of protein metabolism. Hawk et al. (1954) reported
that the synthesis of body proteins, involving the linking together of
amino acids resulting from protein digestion, dccurs'onlyiafter phosphory-
lation. Mitchell (1947) stated that there exists a haﬁd—in-hand relation~
ship between phﬁsphorylation and oxidation and he further émphasized the
ability'of these functions té provide and distribute energy to body tissue.
Baremore and Luck (1931) suggested that phosphorus functions as a catalyz—‘
ing agent for biological oxidation, the degree of catalysis being propor-
tional to the phosphate concentration.

Phosphorus .is essential in muscular contractions and inlthe function=-
.ing of the central nervous system. It enters into the buffering powers of
the blood and other tissues. Phosphates have also been shown to be
involved with vitamin and enzyme activity (Grea%es et al., 1934, Hawk et

—

al., 1954 and Harrow and Mazur, 1959).
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PHOSPHORUS REQUIREMENTS OF BEEF CATTLE

The.requirement of farm animals for qalcium‘aﬁd phosphorus has become
much greater, as their rates of production have increased through breeding
and through more intepsive methods of feeding and management (Morrison,
1956) . |

Phosphorus requirements for animals are not well known because of the
complexities resulting from studies of different specieé, complications of
pregnancy, lactation, growth, and environmental éonditions. The recommend-
ed levels of phosphorus found in feeding tables and accepted publications
seem to be reliable but these tables are not éntirely consistent.

Van Wazer (1961) suggests that, in chsidering the requirement of beef
cattle for phosphorus, needs for maintenance, growth and fattening under
many different conditions must be taken into account.

Comparisons of phosphorus retention in dairy calves fed phosphorus, at
the rate of 1.8 and 3.25 grams per one hundred pounds of live weight, made
by Archibald and Bennett (1935), showed that the higher intake of phosphor-
us resulted in greater retent;on. ’These findings are comparable to those
of Huffman et al. (1933), who found that iO to 21 grams of phosphorus daily
were adequate for young dairy cattle from eighteen months to firét calving.

Forbes et al. (1929) conducted a balance study with 1,000-pound beef
steers and showed that an intake of'10.84 grams daily was necessary to
produce a positive ﬁhosphofus balance for maintenance. In contrast to this
study, Watkins (1933) showed that Soo-pound steers ipgestiﬁg }i.03 grams -
of feed phosphdrus had‘a negative balénce,'but the steers receiving 14.7

grams of feed phosphorus, furnished either by natutral feeds or disodium
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phosphate, showed uniformily positive phosphorus balances. He found aléo

that growing steers of eighteen months of age could not satisfy their phos-

=

phorus needs with a daily intake of 8.5 grams of phosphorus.

In studying the effect of adding phosphorus sﬁpplemen?é to beet by-
product Fations, Ma&nard et al. (1936) found that yearling steers showed
definite symptoms of aphosphorosis with a déily intake of 1.96 grams of
phosphorqs per one hundred pounds of:live weight daily. Their investiga~-
tion also indicated that both calves and yearlings met their daily require-
ment by receiving, respectively, ;8.0 and 24.0 grams of'phosphorus per
steer daily; however, they emphasized that these values are not necessarily
tﬁe minimum requirement. In a preliminary report, Beeson et al. (1937)
demonstrated that the minimum daily phosphorus requirement for fattening
six hundred pound steer calves is slightly lesé than twelve grams.of phos-
phorus daily or an int;ke Qf-gbout two grams daily per one hundred pounds
of live weight. Later, Beeson (1940) concluded that the minimuﬁ physio~
logical phosphorus requirement is possibly near 1.80 grams pef one hundred
pounds of live weight; however, he suggested that even though the recommen-

dation of two grams per hundred pounds of body weight is not necessarily

the minimum requirement necessary to support normal nutrition and health of

the animal, it is’as low a level as should be fed under practical feeding
conditions,

Tillman et al. (1959) obsefved that two grams .of phosphorus per hun-
dred'pounds of live weight did not meet the phosphorus'requirement for
four hundred pound séeers, when the-responée was measufed by weight gains,

feed consumption, or feed efficiency. If bone growth and plasma-inorganic

T 7.+
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phosphorus data were the response criteria, it was found that two grams per
hundred weight net the phosﬁhorus requirement for these functions. These
results are in agreemeng with those of Burroughs et al. (1956) and suggest
that phosphorus requirement for weight gains and feed response is greater
than for bone growth or maintenance of plasm&-inorganic phosphorus level.
Both Burroughs et al. (1956) and Tillman et al. (1959) indicated that the
phosphorus requirement may be higher than that reported by Beeson (1941).

According to Hagg (1940), rations for cattlé are not likely to be
se;iously deficienf in calcium and phosphorus, unless its dry matter con-
tains less than about 0.3 to 0.4 percent calcium and 0.2 to Q.3 percent'
phosphorus{

The National Research Council (1958) sugggsfgd that for high rates of
live weight gains a minimum of 0.20 percent phosphorus in fattening rations
and ‘0.15 pergent phosphorus in other rations be fed to beef cattle. These
are minimum requirements and allow no margin of safety, Wise et al. (1958)‘
recqmmended.an increase in the phosphorus level of the ration of 0.08 per-
cent phosphorus over the minimum requirements. Wise stated that Fh;s would

appear to be a reasonable safety factor under most conditions.

FACTORS AFFECTING THE UTILIZATION OF PHOSPHORUS

Calcium-phosphorusg ratio

Most literature pertaining to calcium and phosphorus indicates that
these two elements not only need to be present in sufficient amounts in
livestock rations, but also present in the proper proportion.

t-al. (1926) reported that phosphorus assimilation may be in-

Meigs

terfered with by an excess of calcium in the ration. These workers
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emphasized that two parts or more by weight of calcium to one of phosphorus
constitute an excess. Likewise, Turner-et al. (1927) obtained better
assimilation of Ealcium and phosphorus when the calcium-phosphorus ratio'of
the feed was 1.25 than when it was 2.5. Otto (1938) reported that varying
the intakés of calcium and phosphorus‘from the optimum resulted in less |
efficient retention of both elements by growing calves.

Experimental da;a reported by Theiler et gl; (1927) indicate that the
minimum requiréments for growth of cattle are higher in the case of phos-
phorus than calcium and a ratio of Ca0 to P,05 as high as one to three is
not necessarily disadvantageous.

Working with steers fed wintering ratipﬁs, Dowe et al. (1957) found
that when phospho?us was adeguate,'a high ;atio of calcium to phosphorus
resulted in lower gains. They suggested that if gains are used as a cri-
terion, a critical célciumjphosphorus ratio ma& exist between four to one
and nine to one. It was ob;erved that thé:feed required per pound of gain
incréased as éh; calcium to phosphorus ratio became gfeater.

Beeson et al. (1945) reported that a calcium-phosphorus ratio as wide
as nine to one was satisfactory for sheep when the raﬁioﬁ was adequately
supplied with calcium, phosphorus, and Qitamin D.

According to Fairbanks (1939), factors other than the ratio of calcium
-and'phosphorus must bé considered. He stated that the presence of calcium
and phosphorus in a ration does not assure availability of either, although
the ratio of these elements might be optimum.

Vitamin D

The animal body can use calcium and phosphorus independently of each

(ot TT - ]




-8-
other only to a limited extent. The utilization of both calcium and phos-
phorus is intimately-tied up with Vitamin D (Maynard and Loosli, 1956).

.Accordiﬁg to Hagg (1940), an ample supply bf.vitaﬁin D (or its equiva-
lent in sunsﬁine) is necessar& for the p;opervutilizatiop of the calcium
and phosphofus contained in the rationm. Resﬁlts obtained by Bethﬁe (1932)
showed that vitamin D has a marked influence 6n the réténtion of calcium
and phosphorus; - Wallis (1935) reported that the a&erage calcium retention
by dairy calves may be increased fourteen-fold and the phobphorus retention
eleven-fold by yitamin‘D therapy, |

Bethke et al. (1932) and Shohl (1936) studied the relationshipbeuéet;,n
vitamin D and calcific#tidh and concluded that wider cglcium-phﬁsphorus
ratios could be utilized by animals when ample vitamin D was present.

Trace minerals

Large intakes of iron,'aluminum,-magnesium,,and zinc h#ve been found
to reduce phﬁsphorus absorption in monogastéic-ahimals by fbtming 1;solub1e
phosphates in the 1ntéstina1 tract (Maynard and Loosli, 1956).

| Thomas (1951) observed that varying the amount of trace mineralé in
beefAsteei rations containihg 0.20 percent phosphorus had an effecf on rate
of gain, ‘

Recent results with lambs by Thoﬁpson et al. (1959) showed th#t die-
tary aluminum had a negligiﬁle effect on phosphorus absorptioh, although
zinc was found to reduce phosphorus retention.

MTHEODS OF DETERMINING THE AVAILABILIIY OF PHOSPHORUS FOR BEEF CATTLE

The inorganic bhosphorus content of blood of cattle has been studied
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for several years as a measure of the adequacy of this mineral.

Palmer and Eckles (1927) and Green and DuToit (1927) reported work
demonstrating that the blood of cattle suffering from phosphorus deficiency
is very low in inorganic phosphorus. Hendersoﬁ and Heakely (1930) reported
that a low concentration of inorganic'phosphOtué iﬁ the blood is,reliable
indication of a ration inadequate in this element,

Van Landingh;ﬁ et al. (1935) fouﬂd that the concentration of inorganic
phosphorus in the blood was aﬁ important index of the severity of phosphor-
us deficiency in the ration of dairy heifers. These workers observed that,
‘when heifers were fed low-phosphorus rétions, the lowering of‘the blood
phosphbrus levels were roughly proportional to the severity of phosphorus
deficiency. This is in aéreement with work reported by Greaves et al.
(1934), who demonstrated that there is a close correlation between phos-
phorus intake and inorganic pho;phorus.of the blood.

Malan et al. (1928) showed‘that the less pronounced phosphorus éefi-
ciency syﬁptoms, manifested as malnutritién and stunting of growth, can be
detected by blood analysis with alreééonable degree of éertéinty.

A study with lambs by Beeson et al. (19445 indicated that the inorgan-
ic phosphorus in the bloodjéffsheep remains remarkably constant when the
phosphorus content of the &iéé is unchanged. They found that a change in
the dietary phosphorus intake causes an immediate chgnge in the blood
phosphorus level.

. Two-year-old heifers showed a normal level of five mg. of inorganic
phosphorus per 100 ml. of whole blood according to Malan et al. (1928).

Normal levels for blood serum inorganic phosphotuslpf 7.30, 4.76, 5.07, and

e
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4,89 percent were reported by Payne et al. (1946) for yearling bulls, herd
bulls, two-year-old heifers, and aged cows, respectively.

Payne et al. (1946) showed that the inorganic¢ phosphorus level of
blood fluctuates with age and to a lesser extent with sex. Anderson et al.
(1930) and Palmer et al. (1930). observed that the plasma-inorganic ph;S@
phorus. content of calves increases qntil about six months of age, after
which 4 decrease sets in which a decrease segs in which contiques until the
normal range for mature cattle is reached. ' |

Long et gl. (1952) noted a decline in plasma-inorganié phosphorus in
heifers from a high of 7.5 mg. percent at approxima;ely six months of age
to 4.5 mg. percent two years later. Milligram percent is éhe numBer of
milligrams pef 100 cc. of blood or plasma.

Weight gains and ﬁggg utilization

Resﬁlts obtained by Beeson ét al. (1944) showed that, when phosphorus
was fed at a suboptimal level, the rate of growth of lambs was closely
correlated Qith phosphorus intake.

Kleiber et al. (1936) found that beef heifers fed a phosphorus~defici-
ent rgtion (0.13 percent phosphorus) ceased to grow, and when the same
heifers weré fed a ration still lower in phosphorus (0.068 percent phos-
phorus), thgy lost weight. These authors reported that the control
heifers fed the same ration but supplemented with dicalcium phosphate, so
that the phosphorus content was about 0.4 percept, gained weight.

Lewis (19§Ol_reported that in a study with beef steers, where the cal-

cium to phosphorus ratio was near the recommended range (2:1 or 1:2), the

rate of gain was almost proportional to the level of phosphorus fed.

|l
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_Siﬁiler results were obtained with steers by Long et al. (1956). These
worhers observed that feed intake, weight gains, and plasma-inorganic
phosphorus leyels.incteased in a linear manner (statisticelly significant,
(P<<.05)) with increased.amounts of supplemental phosphorus over the range
of 0.07, 0.11, and 0.15 percent.

Hughe et al. (1933) and Riddel et al. (1934) reported that a short~
age of phosphorns in the ration becomes.a limiting factor in the economical
utilization of teeds. |

Kleibe . (1936) found that phosphorus deficiency in beef heifers
decreases the efficiency of energy utilization. Work conducted earlier by
Eckles and Gullickson (1927) also dndicated'that cattle receiving rations
inadequate in phosphorus utilize their feed less efficiently than animals

on adequate phosphorus rations. These workers suggest that at least twenty

percent more digestible nutrients are required in rations for cattle under

phosphorus~deficient conditions.

Beeson et al. (1944) reported that lambs receiving a low-phosphorus
ration required 20.6 percent more air-dry feed to grow and fatten than
lambs receiving rations.containing ampte phosphorus. They emphasized that
lambs are similar to steers in their reaction to low-phosphorus diets.in
that a phcsphorus inadequency interfers more with the utilization of food
than amount eaten.

Bone studies
'The influence of feed on the bone strength of cattle has been studied

by Becker and Neal (1930). They found that breaking strength determina-

tions on the bones were reliable measures of the extent of calcium and
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phosphorus deficiency in cattle. Shrewbury and Vestal (1943) demonstrated
that total weight of bone ash, percentage of ash, and bone wall thickness
were significantly relgted to. the amount of calcium and phosphorus in the
rations. They found that. the amount of calcium and phosphorus in the
ration had no significant effect upon the length of the bones. These find;
ings are further‘substaﬁtiated by Maynard and Loosli (1956). The§ reported
that the measurement of density, hérdness, and determination of breaking
strength are useful measures in detecting the degree of calcium and phos-
phorus utilizationm.

Wise gﬁ al. (1960) found that bone growth, as measured by autoradio-
graphs of femurs and ribs, was a sensitive method of determining the amount
of phosphorus supplied by various phosphorus sourqés. They reported that
calves fed rations supplemented with eiéher dicalcium phosphate or dgfluor-
inated phosphate exhibited significanély more rib and femur growth than
calves fed soft phos;ihate°

Balance studies

Balance studies invqlve a quantitative gccounting for the intake of a
given nutrient in the food and for its outgo in the excreta (Maynard and
Loolsi, 1956) . Van Wazer (1961) stated that much useful information may be
obtained by the balance method, for it provides a means of measuring the
availability of a specific nutrient to the animal body.

Van Wazer emphasized that, in phosphorus balance studies, it is impor-
tant that the level of dietary phosphorus not exceed more phosphorus than
the animal can utilize. Archibald and Bennett (1935) found that there is

lower efficiency of utilization with higher intakes even though the total
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retention is greater.

Laboratory methods

The advantages would be quite apparent, if the results obtained from
laboratory determinations of phosphorus availability could serve as a
reliable index of phosphorus availability of supplements fed to ruminants.

Reynolds et al. (1944) developed a procedure to test the solubility
of phosphate materials using 0.25 percent hydrochloric acid_asta solvent
fo; the phosphate.

Working with boultfy, Bird and Mattingly (1945) concluded that the
parallelism between availability and solubility was such that a determina-
tion of solubility could be used as a quick approximate measure of
availability.

According to Gillis et al. (1948), the solubility test, developed by
Reynold;, is useful only in that the insoluble compounds may be eliminated.
They emphasized ‘that the solubility of a compound is no indication of its
biological availability.

Anderson et al. (1956) described an artificial rumen technique adapted

for measuring phosphorus availability of supplements used in ruminant

rations. Results obtained by Long et al. (1956) indicate close agreement

between phosphorus availability studies with cattle involving growth, blood

and bone analysis and the laboratory method;of determinating phosphorus
availability reported by Anderson. |
BIOLOG;&AL AVAILABILITY OF DIFFERENT SOURCES OF PHOSPHORUS

The questiop of availability of phosphofus f;&m different sources for

ruminant animals is one that has not been completely answered. The

my .k
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recommended allowances of phoséhorus of various feeding standards are stat-
ed in terms of total pho$phorus with no.consideration being given to avail-
ability. Chemical analysis for phosphorus is meaningless if animals can
‘not assimilate the phosphate.

Gillis et al. (1954) indicated that equivalent-amounts of phosphorus
from different sources are not necessarily of. equal nutritional value. He
emphasized that the content of availability rather than total phosphorus
determines the usefulness of a ph&spﬂorus supplement .

Van Wazer (1961) repoftéd thaE tﬁe only true measure of a feed phos-
" phate compound is a test which determines how much of the phosphorus in
the compound can be usea by animals for its calcification and other life-
sustaining processes.

Defluorinated products

Perhaps one of the earliest evaluations of phosphorus supplements was °

that gf Theiler (1927) who observed that bone meal, sodium phosphate, cal-
cium phosphate, phosphoric acid, and wheat bran were effective in alleviat-
ing the osteophagia of phosphorus deficient cattle, whereas ground rock
phosphate had little curative effect.

Differences in availability of inorganic phosphorus are attributable
in large part to the vafiatioﬁ of pyrophosphate, metaphosphate, and
orthophosphate (Beeson, 1960).

Gillis et al. (1948) reported that the meta- and pyro-forms of phog-
phates are likely to occur in the defluorination process of rock phosphate.

They indicated that all three chemical forms of phosphorus are capable of

existing singly or together in the end product 'of -defluorination.
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In a series of studies with either rats or chicks, Ellis et al. (1945)

and Bird et al. (1945) have shown that the calcium metaphosphate and calci-
um pyrophosphate are less available than the orto form of phosphate. In
other studies also with rats and chicks, Barrentine et al. (1944), Cabell

et . (1950), and Gillis

et al. (1948) revealed that although most pyro-
and metaphosphates were poorly utilized or completely unavailable, all
orthqphosphates such as bone meal, mono-, di~, and tricalcium phdsphates
were excellent sources for animal feeding.

In a study of availability to lambs of phosphorus from different
sources using the balance technique, Ammerman et al. (1957) found that cal~-
cium pyrophosphate was essentially unavailable for lambs. They reported
that the phosphorus from monocalcium phosphate, calcium metaphosphatéf and
calcium pyrophosphate was absorbed to.the'extent of sixty-three, thirty-
four, and zero percent, respectively. Ammerman et al. suggested that some
of the calcium metaphosphate may be hydrelyzed to calcium monophosphate in
the intéstinal tluids and thus become available. Further evidence of this
chemical reaction taking place is indicated by Van Wazer (1961).

Ellis and Cabell (1944) indicated that the temperature of the defluor-
ination process was a critical factor in'reducing.the availability of
phosphorus to the apimal, They observed a wide range in feeding value of
defluorinated superphosphate, when the defluorination process was conducted
under varying degrees of temperatures. The feeding valﬁes ranged from
relatively poor in the case of the lowest to very good for the highest
temperature. |

Results obtained by Ammerman et al. (1957) showed that calcined-
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processed, defluorinated products were equal to dicalcium phosphate in
promoting phosphorus retention and maintaining phosphorus blood levels in
yearling steers. However, these workers observed iﬁ balance studies with
lambs that the phosphorus from dicalcium phosphate and defluorinated phos;
phate did not exhibit equal avaj.lability° They reported that oné-hundred
percent of the phosphorus from dicalcium phosphate was absorbed, whereas
only fifty-four percent of the phosphorus in defluorinated phosphate was
utilized bynlambsu

Experimental results reported by Wentworth et al. (1960) involQing
feeding trials with dairy‘heifers indicated that the phosphorus from
dicalcium phosphate was the most available{ followed closely by defluorin-
ate& phosphate and Curacao Island phosphate. However, from a series of
studies with dairy calves, Wise et al. (1961) concluded that the phosphorus
in the defluorina£ed phosphate tested was only slighﬁly less .available to
the ca}f tgan that in chemically pure dicalcium phosphate. Availability of
the phosphorus in Curoacao Island phosphate appeared to closely approach
that of defluorinated phospﬁate. |

qulickson and Olsen (1946) reported that no significant difference
was observed between defluorinated phosphate and bone meal in available
phosphorus for &airy calves.

Other inorganic phosphates

The-main phospﬁatic'mineral supplement for animal feeds is dicalcium
phosphate (Van Wazer, 1961). He emphasized that soft: phosphate with col-
loidal clay is by far the poofest phosphorus supplement. Although there

i

are some contradictory results reported, most experimental data coincides
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with Van Wazer's conclusion. Soft phosphate with colloidal clay is a
mixfure of fine particles of rock phosphate and clay.

Working with poultry, Gillis et al. (1954) determined the biological
values of several inorganic phosphates. The biological values, expressed
as the percentage of the value of 100, assigned tricalcium phosphate, were
as follows: dicalcium phosphate, 98; steamed bone meal, 70 to 100; defluo-
riﬁated phosphate, 82 to 89; Curacao Island phosphate, 87; and soft phos-
phate with colloidal clay less than 50.

Results obtained with cattle seem to indicate that several of the
sources of phosphorus exhibit relatively similar biolo;ical availability.

In studies with growing beef cattle, Beeson et al. (1946), Hodgsbn
et al. (1947) and Plumlee and Beeson (1953) failed to show any signific;ht
difference in the availability of phosphorﬁs from steamed bone meal, dical~
cium phosphate, defluorinated phosphate, and Curacaoc Island phosphate.

Ammerman et al. (1957), using phosphorus balance and blood phosphorus
levels as criteria reported mo significant differences betwegn the avail-
ability of the phosphorus in soft phosphate and that in bone meal, defiuor-
inated phosphate, and imported rock phosphate. In contrast, Long et al.
(1956) found that the availability of phosphorus, as measured by bone ash,
Iplasma-indrganic phosphorus levels, and weight gain, was greater from di-
calcium phosphate than tha; froﬁ soft phosphate. Likewise, Raun et al.
(1956a) and Burroughs et al. (1956) reported that cattle gained more rapid-
ly when supplemented with dicalcium phosphate than when fed soft phosphate.

Watkins (1933) reported that disodium phosphate was superior to boﬁe

meal as a source of phosphorus for yearling steers. Green (1936) found
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that phosphorus from monocalcium phosphate was fetained better than phos- -
phorus from bone meal. |

Tillman and Brethour (1958b) reported the availability of phosﬁhorus
supplied by phosphoric acid to be in the same order of magnitude as that
supplied by dicalcium phosphate when fed to beef cattle. Likewise,
Richardson et al. (1957) and (1961) concluded that phosphoric acid is an
acceptable source of phosphorus for cattle,

Phytin phosphorus

The available evidence indicates that ruminants have the ability to
make use of phytin phosphorus more effectively thaﬁ do monogastric animals,

Reid et al. (1947) have shown that rapid hydrolysis of phytin phos-
phorus occurs in the rumen, and Raun et al. (1956b) found that phytase was
produced by rumen microorganisms. The conclusion is drawn that rumen
microorganisms prodﬁce phytase in sufficient quantities to hydnolyzexthe
phytate present in the plant feedstuffs.

.

Beeson et al. (1941) and (1944) reported that steers and lambs receiv~
ing cottonseed meal as a source of phosphorus grew and fattened as fapidly
and efficiently as steers and lambs receiving bone ﬁeal as a source of
phé;phqrus,

Lofgreen and Kleiber {1953) found the digestibility of alfalfa hay in
their lamb experiment te be ninety-one percent in virtue of which ﬁhey con-
cluded that the phosphorus in alfalfa hay appeared to be highly available.

Tillman and Brethour (1958a) found ﬁé significant differences between

calcium phytate and mono-calcium phosphate as sources -of phosphorus for

lambs .
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PALATABILITY OF PHOSPHORUS SUPPLEMENTS

Becker et al. (1944) reported that defluorinated superphosphate proved
to be unpalatable for cattle to the extent that it was necessary to mix it
with common salt to get them to eat it. Consumption of the mixtures was
directly in proportion to the salt content. They found that the dairy
heifers chose a seven to one mixture of salt and defluorinated superphos-
phate over.mixtures containing progressively lesser mixtures of salt.

Gullickson and Olsen (1946) found mo differences in the palgtability
of supplements containing steamed bone meél or defluorinated phosphate.

t al. (1948) demomstrated that both steam bone meal and de-

Hodgson
fluorinated superphosphate proved to be sétisfactory supplements when
fo?cé;fed by mixing with the feed. However, when fed free choice bone meal
was far more palatable than superphosphate, either alone or mixed with salt,
anise, or licorice. Both mimerals were eaten more readily when mixed with
salt at the rate'of one to two parts mineral to one part salt than when fed
alone. The addition of anise or licorice did not appear to have any - advan-
tage over the mineral-salt mixture from the standpoint of increasing the
rate of minefal intake. .

Riphardson et al. (1961) observed thét steer wintering and fattening
ratioms containing six grams of phosphorus as phosphoric acid were as high-
ly palatable as when bone meal supplied six grams of phosphorus,
UTILIZATION OF NON-PROTEIN NITROGEN BY RUMINANTé

The digestive tract ofla ruminant differs'from other classes of .anim-
als because a highly symbiotic relationship exists between the ho§t animal

and the microorganisms which are found in the digestive tract. The
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distinguishing-feature of the alimentary tract of a ruminant is the large
rumen or paunch located in the anterior portion of the digestive‘tract,_

The microbes found in the rumen make it possible for ruminants to use
low-quality roughages and synthetic compounds such as urea. Some classes
of bacteria are able to obtain part or all of their protein requirements
through the use of ammonia and other forms of nitrogen. Protein synthesis
by the microorganisms in the rumen of cattle and sheep make it possible for
these animals to utilize non-protein mitrogen and proteins of low biologi-
cal vgiue.

Looper et al. (1959) reported that the utilization of nitrogen com-
pounds in ruminants is influenced by three processes: (1) thé conversion
of dietary protein to microbial protein; (2) the release of ammonia from
dietary protein and non-proteinvnitrqgen-sources and the subséqugnt absorp-
tion of a portion of amﬁonia‘throﬁgh the rumén; and,(S) the synthesis of
microbial profein from non-protein nitrogen sources.

Urea

There is a considerable amount of literature published pertaining to
the utilization of urea by ruminmants., It is the author’s opinion that a
certain amount of care musﬁ‘be taken in interperting the data feported on
the utilization of different nom-protein nitrogen compounds. Factors such
as energy intake, fiber¥, and protein -content of the basal ration are but a
few of the factors which may affect mon-protein nitrogen utilization and
thus must be given consideration when comparing the utilization of differ-
ent sources of nitroggn°

Mills et al. (1942) reported that only when adequate fermentabie
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carbohydrates are included in the ration can urea be utilized at a maximum
rate and efficiency in the rumen of the cow. These worke;s féund that,
when timothy hay was fed as the sole ingredient of the basal ration, utili-
zation of added urea took place only partially, if at all. Iﬁ the presence
of starch,; a suitable subsé#te was proviged for the development of aﬁ

active flora, and urea was efficiently utilized. Lofgreen et al. (1951)

and Beil et al. (1953) reveal further evidence of the influence df energy
intake én'utilizatipn of non-protein nitrogenous compounds.

Johnson et al. (1942) and Arias et al. (1951) observed that small
‘amounts of a readily available carbohydrate aided cellulose digestion,
which in turn increased urea utilization, whereas large amounts of such
materials i&hibited cellulose digestion.

$ome of the first work conducted to investigate the hxpothesis that
protein‘in useful amounts could be synthesized from non-protein nitrogen
sources through microbial action was reporte§ by Voltz (1922). He observed
that lambs receiving a low-protein basal ration made_sgtisfactory growth
when ‘the ration was supplemented with urea. | .

Work and Henke (1939) reported that growth obtained on a ration for
dairy héifers in which four precent urea was substituted for thg p;otein
supplement was inferior to growth obtained by heifers on a normal protein
ration but Wa§ superior to that on a low-protein, eight percent, gation.

' Using yearling steers in nitrogen balance stqdies, Weber and Hughes
(1942) found that the retention of uréa nitrogen was equal to that of

cottonseed meal niérogen} Briggs et al. (1947) reported that urea alone

was a poor suﬁplement to prairie hay fed to yearling and two-year-old

1
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steers. However, steers fed rations containing not more thén fifty percent
of the total nitrogen from urea and the remainder from cottonseed meal
gained as well as steers fed rations of straight cottonseed meal. Briggs
et al. (1948) demonstrated that pelleted wintering rations for lambs with
four percent urea permitted about the same storage of nitrogen as was
stored from cottonseed meél. Nitrogen storage was decreased as the propor-
tion of total nitrogen supplied by uréa increased in the pellet to-fifty
and seventy-five percent. |

Miller and Morrison (1942) found that lambs receiving a low-quality
roughage ration (six percent protein) in which urea furnished more than
one-half of the total nitrogen were distinctly less efficient than }ambs
fed similar rations contaihing linseed meal mixtures or mixtures of linseed
meal and smaller éroportions of urea., Except when urea furnished over one-
half of the total nitrﬁgen, lambs stored approximately thirty-two percené
of the digested nitrogen, and the biological value was reported to be
around sixty-two.

Johnson et al. (1942) reported that the products formed in the rumen
from urea are as well utilized in metabolism as the nitrogen of soybean
oil meal. Similar observations were noted by Gallup et al. (1954) with
yearling steers fed a basal ration (five percent proteinj supplemented with
either two percent urea or thirteen percent soybean 0il meal. .Steers fed
only the basal ration lost an average of sixty pounds over a period of,
_three months. Those fed the supplemented ration maintained their weight
and retained similar amounts of nitrogen. Contrary to these reports, Light

et al. (1956) found that lambs fed a soybean oil meal ration gained twenty

L
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percent faster and consumed twelve percent more feed than those fed the
urea supplement. Urea made up approximately forty-one percent of the pro-
tein equivalent of the ration. The faster gains made on the soybean o0il
meal supplemented ratiom was significant (P<<.0l) when compared to gains
made on the urea supplemented ration.

Amnoniated products

I

An impértant problem in the feeding of non-protein nitrogen compounds
~is the production of ammonia in the rumen at a rate greater than that of

effective utilization by rumen microorganisms. Several attemps have been
made to chemically bind ammonia with many feeds and industrial by-products
in order to reduce the release of ammonia in the rumen.

For some reason, which is as yet ﬁot fully undérstood, animals fed
ammoniated molasses develop a nervous cohdition, and it appears that
ammoniated molasses products tested thus far are of limited value as pro-
tein extenders in ruminant feeds.

Tillman et al. (1957) found that yearling steers fed a basal ration

plus two pounds daily of ammoniated cane molasses (thirty-twﬁ percent ﬁfo-
tein equivalent) showed. severe signs of a nervous disorder within five to
six days. The steers reacted with violence and in several inmstances injur-
ed themselves by‘charging into gates and fences in a manner of extreme éx-
citement. Similar observations were noted with dairy calves according to
ﬂartlett and Broster (1958). These workers noticed symptoms of toxicity
when the ammoniated molasses was fed at the rate of one pound per day.
Parham et al. (1955) observed no physiological effects in dairy cows due to

feeding of ammoniated molasses in the twelve percent protein concentrate
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mixture. The ammoniated molasses replaced thirfy percent of the protein.

Knodt et al. (1951) reported that calves fed an eleven percent protein
ration in which twenty-two percent of-the total nitrogen was from ammoniat-
ed molasses (twent&-six percent protein equivalent) that the nitrogen from
the ammoniated molasses was as digestible as equivalent amounts of nitrogen
from soybean oil meal. Tillman and Swift (1953) conducted a nitrogen bal-
ance study with lambs and found that lambs receiving equivalent am0unts.of
nitrogen from urea or soybean oil meal stored significantly (P<C 05) more
nitrogen than did lambs receiving ammoniated cane molasses. Feedlot trials
conducted by Tillman et al. (1957) with yearling steers fed fattening ra-
tions containing ammoniaﬁed cane molasses,indicated that the nitrogen of
this product is not wel} utilized. The results were confirmed in digestion
and nitrogen balance trials with fattening type rations.

Repp et glﬁ'(1955a) reported that growth data obtained from a lamb-
feeding experimént suggested a period of two to fhree weeks was required
for the lambs to become fully adapted to non-protein nitrogen compounds .
Ac;ording to these investigators in-vitfo studies in which rumen micro-
organisms from lambs previously fed propionamide released significantly
more ammonia nitrogen from propionamide than did the rumen microorganisms‘
fgom'lambs which had not been so fed. These findings may explain why there
is a period of adaptation.

Urea toxicity

Dinning et al. (1948) were the first to make a study of the manifesta-

tions of urea overdosing. They reported that the entrance of large quanti-

ties of urea into the rumen and its subsequent rapid hydrolysis results in

~
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the release of ammonia at a rate which does not permit complete use of the
nitrogen by rumen microorganisms for the synthesis of cellular protein.
They found that ammonia, not utilized by the rumen flora, is rapidly ab-
sorbed into the blood stream where it may reach toxic level.

Repp et al. (1955b) suggested that animals actually succumb to an
ammonia toxicity. Repp's work showed blood ammonia is a valid measurement
of the toxicity of non-protein nitrogen compounds. Lambs~in this study
were able to endu;e blood ammoﬁia-nitrogen values of about 1 mg. per 100
ml. of wh91e blood without showing outward symptoqs'of toxicity. When
lambs were drenched with toxic doses of urea, it Qas possible to measure an
increase in the blood ammonia fifteen minutes after dosing. The. first
clinical symptoms appeared at approximately thirty to fortyﬁfive minutes
after dosing.

Different values for the toxic level of sinéle doses of urea may be
found in the literature. Clark et al. (1951) found it to be as low as
eighteen grams per one-hundred pounds body weight for lambs. Repp et al.
(1955b) reported ataxia im lambs given thirty-five grams per one-hundred
‘pounds of body weight but no death loss below forty grams. Davis and
Robgrps (1959) found the toxic dose 1evé1 of urea to be between fifteen
and tﬁenty grams per one-hundred pounds body weight for cattle.

Urea and diammonium phosphate were compared with respect to their
toxicitf to lambs by Russell et al. (1962) . Much higher nitrogen equiva-
lent doses of diammonium phosphate thgn of urea were required to produce

adverse effects in lambs. In this experiment, diammonium phosphate could

be given via stomach tube at levels up to fifty grams, urea-equivalent, per
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one~-hundred pounds body weight, with no adverse effects ;ttributable.;o
diammonium phosphéte, They reported fhat one lamb died after a dose of
fifteen grams of urea and urea doses above twenty grams had to be
discontinuéd because of the severe incidence of urea toxicity.

UTILIZATION OF DIAMMONIUM PHOSPHATE IN RUMINANT RATIONS

It was mentioned previously that Russell et al. (1962) found that urea
nitrogen appeared to be more toxic than diammonium phosphate. Using nitro-
gen balance studies with lambs, these workers found no significant differ-:
ence in the retention of nitrogen supplied by either urea or diammonium
phosphate. In the balance studies, the basal ration contained ten percent
with thirty-one percent of Ehe nitrogen from non-protein origin.

The results of a digestion and nitrogen balance triél with dairy
heifers indicated that diammonium phosphate was utilized as well as a ni-
trogen source as urea or soybean oil meal (Lassiter et al., 1962). It was
also demonstrated by these workers that dairy heifers fed grain rations
in which diammonium‘phosﬁhate supplied thirty-five percent of the nitrogen
grew at a rate coﬁparable to heifers fed rations in which urea supplied a
gimilar level of nitrogén.-

‘Shaw-_g al. (1946) conducted some limited palatability studigs-and
found that dairy cows wguld consume rations containing one: percent diam-
monium pﬁoséﬁate, The palatability trials reported by Lassiter et al.
(1962) indicated that some problem with palatability exists when diammonium

phosphate is incorporated into grain rations at levels higher than two"

percent.
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EXPERIMENT I -- DIAMMONIUM PHOSPI_-IATE AS A NITROGEN SOURCE FOR BEEF CATTLE
" Experiment I was designed to evaluate the use of diammonium phosphate
as a supplemental sourcé of nitrogen to wintering and.fattening type
rations for steers. The experiment consisted of a 112-day wintering trial
and a 168-day fattening trial.
PROCEDURE
Wintering trial

The wintering trial was designed to compare diammonium phoéphate and
‘'monoammonium phosphate as a source of nitrogen for steer calves receiving
a wintering ration., The experimental animals used in the experiment con-
sisted of thirty-two head of Heréford steer calves weighing approximately
four hundred énd.forty pounds. The steers were bred and raised by the
Montana Experiment Station, Red Bluff Ranch, Norris, Montana. The steers
were weaned October 28,'1960 and t;ucked‘to the steer barn, located on the
Montana State College Campus, Bozeman,fMontana, on December §, i960. On
arrival at the steer barn, the stéers were grouped into two pens and fed
native grass hay until the wintering trial was initiated.

The experimental area used at the steer barn consisted of four separ-
ate but adjoining, dry-lot pens, each having an adjoining loafing shed.
Individual feeding stalls were located within each shed. Each pen contain-
ed a common water tank, and sait and mineral boxes were located inside the
sheds.

On Deéember 22, 1960, the thirty-two head of steers were allotted to
their respective lots. The steers ﬁéfé stratified according to individual
weights and randomly assigned to one of the four lots. Each lot was |

randomly assigned to receive one of the four treatments. The eight steers
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assigned to each treatment were rgndomly assigned to individual feed stalls
within their respective lots. Each steer was fed in its respective feeding
stall throughout the wintering period. All of the steers were ear-tagged
for identification and numbered with a black livestock dye which‘éorres-
ponded’ to the respective feeding stall within each lot.

The steers were individually weighed, December 27, 1960, and started
on their respective experimental ratioms. All of the calves recéived the
-same basal ration, the only difference among treatments beiﬁg the source of
supplemental nitrogen. The sources of added nitrogen in each treatment are
as follows=-- Lot 1 received monoammonium phosphate; Lot 2, diammonium.phosr
phate; Lot 3, urea; and Lot 4, soybean oil meal. The design of theiexperi~
ment is given in Table L.

Table I. Experimental Design and Sources of Supplemental Nitrogen Fed
During Wintering Trial of Experiment I.

m

Lot No, 1 2 3 4
Supplemental source Monoammonium - Diammonium Soybean
of nitrogen phosphate phosphate Urea oil meal

No. of animals | 8 8 8 8

l The supplemental protein pellet was calculated to furnish one and one-
half percent phosphorus, two and one-half percent calcium and eighteen per-
cent protein. Vitamin A was added to sqppiy 5,000 I. U. ber pound of feed.
Sodium sulfate was added to suppléments 158, 159, and 160, so the sulfur
‘content of the four supplements was equal. The composition of the supple-
mental pellets are shown.im Table II. |

Approximately one~-third equivalent crude protein was from a non-
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protein nitrogen source in supplements 158 and 159. Monoammonium phosphate
supplied one-sixth of the protein equivalent in supplement i60. About six-
ty percent of the phosphorus was supplied by either defluorinéted phosphate,

diammonium phosphate or monoammonium phosphate in the four supplements.

Table II. Composition of the Supplemental Pellets Containing the Different

Sources of Supplemental Nitrogen Fed During the Wintering Trial
of Experiment I, .

Lot No. 1 2 3 4
MSC Formula No. 160 159 158 157
- i (MAP) (DAP) (UREA) (SBOM)
Ingredients: Percent of Ration
Barley .75 85 86.5 69
Molasses 5. 5 5 5
Soybean o0il meal 11 - - 20
Urea -- -- 2.5 -
Defluorinated phosphate -- -- 6 6
Diammonium phosphate -- 5 - -
Monoammonium phosphate 4 -- -- --
Limestone 5 5 -~ --
Trace mineral supplement 0.1 0.1 0.1 0.1
Vitamin A L/ X X - X X
Sodium sulfate 2/ 1.50 3.35 3.15 --

1/ Vitamin A was added to supply 5,000 I.U.. per pound of feed. _
2/ Sodium sulfate was added so the sulfur content of the four supplements
were equal,

Ihe steers were started on one pound of the concentrate mixture, one-
half pound of the eighteen percent protein pellet, and eight pounds of
native grass hay. The concentrate mixture consisted of equal parts of
steam-rolled barley with molasses added and dried molassés beet pulp. The
stéam-rolled'bérley contained five percent molasses, which was added during
the rolling process.

Each steer was hand-fed oncé daily in its respective feeding stall.

The steers were put into their feeding stalls at approximately eight

o'clock every morning and allowed to eat the feed allotted them. The daily
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ration was weighed out and put into‘the feeding boxes each afternoon. At
approximately one o'clock every day the calves were turned out of their
stails and remained out until the following'morning. Feed not consumed

was weighed back and recorded.

The level of concentrate feeding was gradually increased as the calves

would accept it and the hay feeding was simultaneously decreased. When
the calves had been on the trial fift&-six days, the'daily ration was
increased to five pounds of concentrate mixture and one pound of protein
supplement and the hay was decreased to five pounds daily. This level of
feeding was ;hen m;intained throughout the remainder of the trial without
further alteration,‘ Accordiﬁé to the feeding standards of Morrison (1956)
and the National Research Couqcil (1958), the daily ration fed in this
~trial should produce approximately one pound of gain per day.

The steers were given an overnight shrink prier to the initial and
final weighing. The wintering period terminated Apfil 18, 1960. Every
twenty-eight days throughout the 112-day wintering period, the calves were
in&ividually weighed and blood samples from the jugular vein were taken.
Plasma-inorganic phosphorus, plasma carotene, and plasma vitamin A levels
were determined by the colorimetric meéhods‘of Fiske and Subbarow (1925)
for phosphorus and Kimble (1939) for carotene and Qitamin A. The methods
used were modified for the Bausch and Lomb "Spectronic 20" colorimeter.

Fattening trial

The thirty-two head of Hereford steers previously wintered for 112-
days on the diammonium phosphate trial were used in a fattening trial.

The steers remained im the same lots and on the same sources of nitrogen
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they received during the wintering trial. On April 18, 1961, the final
weights fér the wintering trial were taken, these weights being used as
the initial weights for the fattening trial.

The same experimental area was used as had been used dufing the win-
tering period. The eight steers per treatment were group-fed the concen-
trate ration in a conventional feed bunk. At the beginning of the fatten-
ing trial, the steers were hand-fed a ration consisting of five pounds of
concentrates, five pounds of native grass hay, and one pound of an eighteen
percent protein pellet; The supplemental pellet served as a carrier for
the various sources of nitrogen and phosphorus béing eQaluated, Each-lot
of calves received the same supplememtal pellet as they had during the
wintefing period, with the exception that-thg phosphorus and calciuerOn-
tent were increased to two and three percent respectively and the levellof
vitamin A was increased to 30,000 I. U. per pound of supplement. The
composition of the protein sﬁpplements is given in Table III.

The concentrate mixture used during this trial consisted of eighty
percent steam-rolled barley, with five.percent molasses added and twénty
percent dried molasses beet pulp. The concentrate mixture was gradually
iﬁcreaséd until the steers reached a full-feed. The hay feeding was
-gradually decreased and was discontinued after the 28th day of the trial.

On June 3, 1961, the steers were changéd from hand-feeding twice daily
to a self-feeder. At this time, the steers were consuming sixteen pounds
of concentrates and one pound of the suppleﬁental protein pellet per head
daifyn The protein pellets were self-fed with the comceanatesrand mixéd
so the steers would receive épproximately one pound per head daily. ’
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Table III. Composition of the Protein Supplements Containing the Different
Sources of Supplemental Nltrogen Fed During the Fattening Trial

of Experiment I. -

Lot No. 1 2 N 3 4
MSC Formula No. 164 163 162 161
(MAP) (DAP) (UREA) (SBOM)
Ingredients: Pexcent of Ration )
Barley 73 83 84.5 67.5
Molasses 5 5 5 5
Soybean 0il meal 11 - -- 20
Urea -- -- 2.5 --
Defluorinated phosphate -- - 7.5 7.5
Diammonium phosphate - 5 -- --
Monammonium phosphate 4 - -- --
Limestone - 7 7 e- --
‘Monosodium phosphate ‘ -- - .5 --
Trace minerals 0.1 0.1 0.1 0.1
Vitamin A 1/ X X X X

1/ Vitamin A was added to supply 30,000 I.U. per pound of supplement.
Sodium sulfate was added to supplements 162, 163, and 164, so the
sulfur content of the four supplements was equal.

Individual weights were obtained every twenty-eight days throughout
the experiment. The steers were shrunk overnight prior to the initial and
final weighing. The steers were weighed off the eiperiment, October 3,
1961, after a 168-day fattening period. The steers were sold on the basis
of carcass grade and yield to a slaughtering plant at Butte, Montana.

Carcass weights and federal carcass grades were obtained at the time of

slaughter.
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RESULTS AND DISCUSSION
Wintering trial
The pertinent data of this 112-day wintering trial, concerning the
avefage daily gains, feed coqsuﬁptidn, and feed utilization are.summarized
in Table IV.
Table IV. Average Weight Gains, Daily Feed Intake, and Feed Efficiency of

Steers Wintered on Rations Differing in Sources of Supplemental
Nitrogen. Experiment I. (December 27, 1960 to April 18, 1961

-~ 112 days).

Lot No. 1 2 3 _ 4
Urea + Soybean o0il
defluor- meal +
Monoammonium Diammonium . inated defluorinated

Treatment _phosphate phosphate phosphate _phosphate
No. Steers 8 8 8 8
Average weights (1bs.) '

Initial 439 - 436 455 450

Final 562 563 563 560

Gain 123 127 108 - 110 .

Avg. daily gain 1.10 1.14 0.97 . 0.98
Average daily feed consumption (1bs.)

Concentrates 3.7 3.7 3.5 3.6

Supplement 0.88 0.89 0.87 0.91

Hay - _ 5.7 5.7 5.7 5.5

Total 10.28 10.29 10.07 10.01
Feed required/cwt. gain

Concentrates’ 318 323 351 364

Supplement 80 78 . 90 93

Hay . 526 200 594 561

Total 924 901 1035 1018
Feed cost/cwt. gain L/ .  $15.80 $15.54 $17.58 $17.75

1/ The cost of feeds used in this experiment is given in Appendix Table
xIAO .

The steers used in this experiment were of relatively similar size and
age at the initiation of the trial. Table IV shows that there existed a

nineteen pound spread between the average initial weights of the four lots
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of steers. When the average initial weights of the steers for all lots
were subjected to analysis of variance, the differences among treatments
were not significant (P<05). |

The total weight gains ﬁade by the steers receiving either monoammon-
ium or diammonium phosphate as a par;ial source of nitrogen in an eighteen
percent protein supplement, (Lots 1 and 2, respectively) were slightly
greater than the gains made by'steers receiving either urea or soybean oil
meal, (Lots 3 and 4, respectively). Table IV shows that the average total
gain made by the steers in Lot 2 (diammonium phosphate), the highest gain-
ing group, was only 21 pounds greater than the average gains made by the
steers in Lot 3 (urea), the lowest gaining lot of steers. The two lots of
steers receiving the.ammoniated products aslsources of nitrogen made simil-
ar gains'during the wintering period. The steers receiving diammonium
phosphate made 0.04 pounds greafer averagé daily gain than the Lot 1 steers
on monoammonium phosphate. An analysis of variance showed no statistically
signifiéant differences in.the weight gains made by the four lots during
the 112=d5y wintering period. The analysis of variance for total weights
gains is shown on Table V.,

Table V. Analysis of Variance of Total Weight Gains of Steers Wintered on
Rations Differing in Sources of Supplemental Nitrogen.

Variation D.F. S.S. M.S, F-Value
Between treatments 3 2,102 . 700.7 2.08
Within treatments 28 9,441 337.2

Total 31 11,543

At the béginning of this winter trial, it was observed that some of

the steers in Lots 3 and 4 were very slow in learning to eat their
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experimental ration. It was also noted that the calves in these two lots
were considerably more nervous and more difficult to put into their in~-
dividual feeding stalls as compared to the calves in Lots 1 and 2, especi-
ally during the first 28-days of the experiment. This may explain in part
the 1ésser gains made by the steers.in Lots 3 and 4 during the wintering |
period. Appendix Table I and Table VI shows th;t the calves in these two
lots lost on the average of 0.05 pounds'pef heéd daily during the first 28
days of the experiment. An analysis of variance revealed tha£~the gaips
mgde by the steers in Lots 3 and 4 during the first 28-day period were sig-
nificantly smaller (P<<.05) than the gains made by the steers in Lots 1

and 2 for.the same period. However, there were no significant differences
among treatments in total gains in the subsequent three és-day periods.
Table VI. Average Daily Gains of Steers by 28-day Periods of Steers Fed

Different Sources of Supplemental Nitrogen During the Wintering
Trial of Experiment I.

Lot No. 1 2 3 4
Treatment (MAP) {DAP) (UREA) (SBOM)

Average daily gain by
28-day periods (1lbs.)

ist 0.36 0.40 . =0.05 -0.05
2nd - . 1.14 1.21 1.36 1.34
3rd 1.42 1.63 1.23 1.27

"~ 4th 1.49 1.27 1.35 _ 1.39

Average daily gain for : .o
112-day period (1bs.) 1.10 ‘ 1°14. 0.97 ~0.98

The difficulty encountered in getting some of the calves in Lots 3
and 4 started to eat their experimental ration did not appear to be due
to the paiétability of any one' ingredient in the ration. Once the calves

became accustomed to the concentrate mixture, they readily accepted the -
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one pound of protein supplement. There were no significant differences in
ghe total amount of feed consumed among the steers on the four treatments,
either by 28-day periods or for the entire 112-day feeding period. Indivi-
dual steer feed records are given in Appendix Tablé II. The average
daily feed intake by periods is shown in Table VII.

Table VII. Average Daily Feed Intake by 28-day Periods of Steers Fed
Different Sources of Supplemental Nitrogen During the Winter-
. ing Trial of Experiment 1.
Lot No. 1 2 3 4
Treatment _ (MAP) (DAP) (UREA) (SBOM) _

- Average daily gain intake
by 28-day periods (lbs.)

1st 9.5 9.4 8.8 9.3

2nd 10,0 10.0 9.9 9.7

3rd 10.7 10.6 10.8 10.4

4th 10.6 10.8 10.8 10.6
Average daily gain for

112-day period (lbs.) 10.3 10.3 10.1 10.0

Table IV shows -that the-average daily feed consumption was approxi-
mately 3.7, 5.7, and 0.90 pounds for the concentrate mixture, hay, and
protein supplement, respectively. Using the average daily feed consumption
figures from Table IV and the proximafe chemical analysis of the feed
ingredients used in this experiment, (see Table VIII), the average daily
intake of the various nutriéhts were estimated. The proximate chemical |
analysis of the feed ingredients fed during this wintering trial aré
shown in Table VIII.

When the one-pound of prqtein supplement was added to the basal rationm,
the phosphorus and calcium requirements of the steers were adequately met,

according to the recommended nutrient allowances purposed by the Natiomnal
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Table VIII. Proximate Chemical Analysis of the Feeds Fed During the
Wintering Trial of Experiment I. L

Mois- Crude Ether Crude Phos- Cal-
ture Protein Extract Fiber . Ash phorus cium

Ingredient: Percent

Dried molasses beet pulp 6.4 8.6 0.6 11.3 1.5 0.15 0.68
Steam-rolled barley 9.6 11.6 2.4 5.2 4.2 0.37 0.32
Grass hay 5.8 8.1 3.2 25.6 7.4 0.14 0.64
Supplements

MSC 157 (Lot 4, SBOM) 8.3 18.5 2,2 5.6 11.4 1.55 2.70
MSC 158 (Lot 3, Urea) 9.6 18.6 2.2 5.0 9.9 1.40 2.88
MSC 159 (Lot 2, DAP) 9.0 19.6 2.2 4.9 11.5 1.70 2,33
MSC 160 (Lot 1, MAP) 8.5 19.5 2.1 5.4 11.0 1.80 2.38

1/ The feed analysis was conducted by the Montana State College Chemistry
Department -~ Station. ‘

Research Council (1958), (sée Table IX). The phosphorus from defluorinated
phosphate suéplied approximately 34 percénf of the total daily phosphorus
intake for the §teers'in Lots 3 and 4. Likewise, monoaﬁmonium and diammon-
ium phosphate furnished about 30 and 33 percent of the daily phosphorus
intake for the steers in Lots 1 and 2, respectively. The total daily in-
take of protein, phosphorus, and calcium furnished by the wintering ration
is shown in Table IX. |

The experimental ration fed during this trial supplied approximately
78 percent of the amount of protein required by the experimental animals
in Lots'l and 2 and about 76 percent of the protein requirement in Lots 3 .
and 4. Table X gives the average daily pounds of crude proteih consumed
during each of the 28-day periods. The smaller amounts of prbééiu consumed

daily by the steers in Lots 3 and 4 during the first 28 days resulted

primarily from the smaller amounts of total ration eaten during this period.

Because the ration fed during this wintering period was appérently ad-

equate in all nutrients except protein, it would appear that'any measurable

T
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Table IX. Total Daily Protein, Phosphorus, and Calcium Intake of Steers
Wintered on Rations Differing in Sources of Supplemental

Nitrogen. e _ -
Lot No. NRC 1/ 1 -2 3 4
___.__|Requirements—' |(MAP) . (DAP) (UREA) _ (SBOM)
Average daily intake:
Protein
Pounds 1.3 1.01 1.01 0.97 0.99
Percent of ration 10.3 9.8 9.8 9.6 9.9
Phosphorus .
Pounds : 0.02 0.035 0.034 0.031 0.033
Grams 10.0 16.1 15.6. 14.3 .14.9
Percent of ratiom- - 0.17 0.34 .0.33 0.31 : -0.33
Calcium
~  Pounds - - 0.03 0.076° 0.075 - 0.081° 0.079
Grams 1 13.0 34.4 34.2 36.7 35.9
Percent of ration 0.22 0.74 0.73 0.80 0.79

1/ Nutrient requiremeﬁts based on those reported by the NationalJResearch
Council for wintering a 500 pound weanling calf,

Table X. Average Daily Crude Protein Consumption During Each 28-day Period
of Steers Wintered on Rations Differing in Sources of Supplement-
al_ Nitrogen,

28~-day periods T 1st 2nd 3rd - 4th  Average for

Daily protein requirement (lbs.) 1.1 1.1 1.3 1.3 112-days
Pounds Consumed

Lot No. 1 (MAP) e 0.91 0:98 - 1.04 1.08 1.01

Lot No. 2 (DAP) : 0.90 0.98 0.99 1.09  1.01

Lot No. 3. (UREA) . 0.81 0.98 . 1.06 1.07 0.97

Lot No. 4 (SBOM) 0.86 0.91 1.00 1.07 0.99

differences among the steers fed thelQarious sources of nitrogen miéht be
attributed to differences in nitrogen utilizétiog. 'When weight gains'wefe
used és the criferia for comparing the different nitfogen sources in £his
expetiment, it appeared that the additional supplemental nitrogen supplied
by éhe ammoniated products; méno- and diammonium phOSphate, were utiiized

by the steers as well as the nitrogen from urea or soybean oil meal.
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Similar results were reported by Lassiter et al. (1962). Thés; workers
concluded, frdm a growth study with dairy heifers, that tﬁe animals effi-
ciently utilized diammonium phosphate as a paftial source of nitrogen.
Russell et al. (1962), with lambs, found that diaﬁﬁoﬁium phosphate was
utilized as well as urea. | |

An analysis of covariance revpaled that the plgsma-inorganic phosphor-
us levels of the stéers in Lot i were significantly higher (P<:.05).than
were the plasma-inorganic phosphorus 1e§els.of.the steers in Lot 3,_at the
conclusion of the 112-day wintering period.' Thgre wefe no signifigant
differences in the final plasma-inorganic phosphorus levels among the
steers in Lots.l, 2, and 4, Table XI shows thé analysis of plasma-
inorganic phosphorus levels, | -

Table XI. Analysis of Covariance for final (Y) and Initial (X) Plasma-
Inorganic Phosphorus Levels for Steers During Wintering Trial

of Experiment I. :
‘ Sum of Products Y Adjusted for X

Variatien df. XX XY YY | df. 8s. MS. ¥,
Total 31 21.06 4.57 24.37

Treatment 3 7.49 2.69 6.62

Error 28 13.57 1.88 17.75| 27 17.49 0.65

Treatment & error 31 21.06 4,57 24.37 30 23.38

Treatments adjusted ' ' 3 5.89. 1.96 3.02"

# Significant (P<Z05).

The average plasma-inorganic phosphorus levels of the steers for each
28-day period is shown in Table XIi and individual steer plasma-phosphorus
levels are given in Appendix Table III. '

The plasma~-inorganic phosphorus levels recorded during this experiment
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Table XII. Average Plasma-inorganic Phosphorus Levels of Steers During

Wintering Trial of Experiment I.
) Mg . phosphorus per 100 ml. blood

28-Day Period 12-27-60  1-24-61 2-21-61 3-23-61 4-18-61
Lot No. 1 (MAP) 7.76 7.79  8.57 7.57 7.89
Lot No. 2 (DAP) 6.78 8.15 9.04 7.74 7.61
Lot No. 3 (UREA) 7.46 7.67 8.32 7.73 6.82

Lot No. 4 (SBOM) 6.66 7.97 8.04 7.20 6.98

indicated that the ration furnished adequate amounts of phosphorus. The
plasma-inorganic phosphorus levels obtained during thislexperimeﬁt were

t al. (1952).

within the normal range reported by Long
Plasma carotene and plasma vitamin A levels were determined the first
three 28-day periods. Individual steer élasma.carotene and vitamin A
levels for the first three periods are represented in Appendix Table IV,
The vitamin A levels of the calves on this experiment were well ab;ve the
minimum of 16 mﬁg. of vitamin A per 100 cc. of plasma and 25 mcg. of

carotene per 100 cc, of plasma, as reported by Davis et al. (1941).

~Fattening trial

Table XIII summarizes the pertinent data of this 168-day féttening
trial concerning the average daily weight gains, feed conéumption, effici-
ency of feed utilization, and carcass grades of the experimental animals.
Individual steer performance records are given in Appendix Table V.

The steers receiving soybean oil meal as a partial source of the sup-
plemgntal nitrogen made the greatest weight gains during the 168-day fat-
tening period., The steers receiviﬁg the soybean oil meal (Lot 4) averaged
approximately 45 bounds more gain than did the lowest gaining group of

steer§ fed -monoammonium phosphate, (Lét,L). However, when the total gains
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Table XIII. Weight Gains, Feed Consumption, and Feed Costs‘of Steers Fat-

tened on Rations Differing in Sources of Supplemental Nitrogen.

(April 18, 1961 to October 3, 1961 -- 168 Days).

——

Lot No. 1 2 3 - 4
Monoammonium Diammonium Urea & Defl. Soybean oil meal
Ireatment .. __ phosphate phosphate phosphate & Defl. phosphate
No. of Steers "8 8 8 8
Average weights (1lbs.)
Initial 562 563 563 560
Final 1034 1059 1063 1076
Gain 472 496 500 516
Avg. daily gain 2.81 2,95 - 2.97 3.07
Average daily feed consumption (lbs.)
* Concentrates 17.30 18.20 18.10 17.60
Supplement 1.08 1.10 . 1.10 1.10
Hay -1/ 0.58 0.58 0.58 0.58
Total 18.96 19.88 - 19.78 19.28
Feed required/cwt. gain
Concentrates - 616 615 609 574
Supplement 38.3 37.5 37.3 35.7
Hay 20.5 20.5 - 19.0 ‘ 18.8
Total 647.8 673.0 665.3 628.5

Feed cost/cwt. gain $15.46 $15.51 $14.38 $14.61

Labor and yardage
cost/cwt, gain (9¢

/head per day)2/ $3.20 $3.05 $3.02 $2.93
Total cost/cwt. , .

gain $18.66 $18.56 $18.40 $17.54
Carcass grades

Choice 8 7 6 6

Goed - 1 2 2

1/ Hay feeding was discontinued after the 28th day of the experiment,

2/ The labor and yardage cost per day is based on the costs reported by
Snapp and Neumann (1960).

made by the steers were subjected to an analysis of variance, the differ-

ences among treatments were not significant. The steers receiving diam-

monium phosphate or urea made similar total gains for the 168-day feeding

|
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period. .

Because the steers within each lot were group-fed in a self-feeder, a
statistical analysis of the amount of fee& required tb produce 100 pounds
of gain could not be conducted. However, as shown in Table III, approxi-
mately fifty pounds less feed were reqﬁired to produce 100 poupds of gain
for the steers in Lot 4, than was required by the steers in Lot 1. On a
percenéage basis, the steers in Lot 4 required 7.5 percent iess feed to
produce a pound of gain than the steers .in Lot 1, Only slighf differences
were noted in the feed requirement per 100 pounds of gain amont the steers
receiving either monosammonium phosphate (Lot 1), diammgnium phosphate (Lot
2), or urea (Lot 3). |

The hay feeding was discontinued after the first 28-days of the exper-
iment. Following the removal of the hay from the ration, no digeséive dis-
turbances or particular craving for hay was abserved-during the remainder
of the experiment. Similar observations have been reported by Thomas et )
al. (1961). |

) The average daily feed consumption for the 168-day feeding period was
approximately nineteen pounds of total fee& for the steers on all treat-
ments. The average daiiy intakes of protein, phosphorus, 'and calcium are
given in Table XIV. This table shows that requirements for protein, calci=~
um, and phosphorus were met by the rations fed during the”trial° The four
rations contained approximately the same levels of calciﬁﬁ and phosphg:usr
The basal ration, consisting of the concentrate mixture, met the protein
requirement .

After the 168-day fattening period, twenty-eight of the thirtyFtwo
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Table XIV. Average DPaily Imtake of Protein, Phosphotrus, and Calcium for

Steers Fed Rations Differing in Sources of Supplemental

Nitrogen During the Fattening Trial of Experiment I.

Lot No. - : . NRC 1

2 3 4
Requirementsl/ (MAP) (DAP) _ (UREA) _ (SBOM) .

Average daily intake:

Protein (1lbs.) 2,2 2.41 2.51 2.50 2.16

Phosphorus (gms.) 20.0 30.6 32.6 32.6 32.5

Calcium .(gms.)- 20.0 58.8 60.5 59.0. 59.6
Percent of Total Ration:

Protein (%) 10.0 12.7 12.6 12.6  11.2

Phosphorus (%) . 0.20 0.36 0.36 0.36 0.37

Calcium (%) 0.20 0.68 0.68 0.65 0.68
Protein equivalent from
" non-protein nitrogen

(%) . 1.4 2.9 2.5 ————

1/ National Research Council requirements for fattening an 800-~pound

yearling calf.

head of steers yielded carcasses in the choice grade.

of the steers in each lot are shown -in Table XIII.

The carcass grades

The proximate chemical analyses of the feed ingredients used in the

experiment are given ‘in Table XV,

Taﬁie XV, Proximate Chemical Analyses of the Feeds Used During the Fatten-

ing Trial of Experiment I.

Mois-~ Crude Ether Crude Phos-~- Cal-
ture Protein Extract Fiber Ash phorus cium _
Ingredient:
‘Dried molasses beet pulp 6.5 8.4 0.4 0.7 5.8 0.09 0.75
Steam~-rolled barley 9.2 13.5 2.3 5.7 3.1 0.34 0.45
Grass hay 6.0 7.9 1.9 1.0 9.3 0.18 1.30
Supplements
MSC 161 (Lot 4, SBOM) 7.9 15.9 1.7 6.4 13.0 1.88 3.00
MSC 162 (Lot 3, UREA) 8.2 17.1 1.4 6.6 11.3 1.67 2.70
MSC 163 (Lot 2, DAP) 8.7 17.9 2.0 7.2 11.1 1.65 3.00
MSC 164 (Lot 1, MAP) 7.8 17.5 1.8 5.6 11.2 1.50 3.10

1/ The feed analyses was conducted by the Montana State College Chemlstry

Department -- Statiom.

T
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SUMMARY

- Diammonium phOSphaFe was compared to monammonium phosphate, urea, and
soybean oil meal, as a partial source of’supplemental nitrogen for steer
calves. The experiment consisted of a 112-day-winteringltriél and a 168;
day fattening.trial. The thirty-fwo Hereford steer calves used in this
study were grouped into four lots of eight head each. Each lot of steers
remained in the same lot and on the same source of nitrogen during botﬂ
feeding trials. | |

The experimental sources of nitrogen served as a part'of the total
nitrogen in eighteen percent protein supplements. The protein supplements
were fed at the rate of one pound per head daily throughoﬁt.both trials,

During the winfering trial, the éteers'were individually fed in feed=-
ing stalls oﬁce daily. The basa} ration consisted of five pounds of a
barley-beet pulp concentrate mixture and five pounds of gfass_hay. The

phosphorus and calcium content of the four rations were balanced and sup-

‘plied adequate amounts. of each element. All of the rations were low in

crude protein. The ratioh§ contained approximately 9.8 percent protein.

The weight gains made during the Wintering perio& by the steers in Lot
1 (MAP) and Lot 2 (DAP) were slightly greater than the gains made by the
steers in Lét 3 (UREA) and Lot-4 (SBOM). The steers receiving part of the
supplemental nitrogen from diammonium phosphate made the greatest daily
gains (1.14 pounds) during the trial and required less feed per pound of
gain. However, the differences obtained in weigﬁt gaing and feed-required
per pound of gaih among the four lots of steers were not significant.

Blood samples taken and analyzed every 28 days showed that the steers
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maintained normal plasma-inorganic phosphorus levels throughout the winter-
ing triél. The plasma-phosphorus levels at the conclusion of the trial
were significantly higher (P<(.05) for the steers in Lot 1 (MAf), than
Qere the levels for the steers in Lot 3 (UREA). Although the differegces
were not significant, the steers in Lot 2 (DAP) did show slightly higher
plasma-phosphorus levels at the end of the trial, than those of steers in
Lot 3 (UREA) and Lot 4 (SBOM).

During the fattening trial, the steers were self~fed a high-concen-
trate basal ration supplemented with one pound pér head daily of. the
supplement, which furnished the additional nitrogen. '

All of the steers made satisfactory gains during the fattening trial.
The steers in Lot 4 (SBOM) made the greatest4dai1y gain (3.07 pounds) énd
required less fed per pound of gain. The steers in Lot 1 (MAP), the lowest
gaining lot (2.81 pounds per day) requiréd 7.5 percent more feed to produce
100 pounds ofugain than ﬁhe steérs in Lot 4 (SBOM). Similar gains were
made by the steers in‘Lot 2 (DAP) and Lot 3 (UREA).

From the results obtained'in this experiment, only small diffgrences-
were noted among the steers fed the sources of nitrogen compared. Diammon-

ium phosphate appeared to be a satisfactory source of nitrogen, when used

to furnish part of the suppleméntal nitrogen for steers.
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EXPERIMENT II -- DIAMMONIUM PHOSPHATE AS A SOURCE OF PHOSPHORUS FOR WINTER-
ING HEIFER CALVES

Experiment II was designed to compare,diammoninh‘phosphate with de-
fluorinated phosphate, as a supplemental -source of phoephorus for heifer
calves‘receiving a wintening ration.

PROCEDURE

The experimental animals used in this experiment consisted of thirty-
two head of Hereford heifer calves weighing approximately 370 pounds. The
experimental animals were from two sources: twenty-four head of heifers
were from the Kyd Cattle Company, Three Forks, Montana and eight heed came
from the Montana Experiment Station, Red Bluff herd, Norris, Montana. Tne
experiment was conducted at the steer barn loeated‘on the Montana State
College Campus. On arrival at the"s;eer barn, the first week of November,.
the heifers were divided into four groups and‘fed'nati§e~grass had ad
libitum.

The heifers were allotted to their respective lots on December 15,
l961. The thirty-two head of heifers were randonly.selected to receive one
of the eight treatments used in this experiment on the basis of individual
weights and source. The four heifers assigned to each treatment were ‘ran-
domly assigned to one of the four pens and w1thin eacn pen the helfers were
assigned to one of the eight individual feeding stalls at random.

In order for the heifers to become accustomed to their respective
feeding stall prior to the initiation of ehe experiment they were put into
their stalls once daily seerting December 20, 1961 and startee on the
concentrate mixture they were to receive during the experiment.

All..of the heifers received the same Basal ration, the only difference
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among treatmenfs being either the added source or level of phosphorus in
each of the supplements. Diammonium phosphate and.defluorinaged phosphate
were compared as supplemental sources of phosphorus at three differenﬁ
levelsqu total phosphorus intake, The three levels selected wefe 0.18,
0.24, and.0.30 percent phosphorus of thg totai ration. A phosphorus in-
take of 0.12 percent of the total ration sgrved as the control ration.
Lots 1 and 2 received the control rafion and received no inorganic source
ofzadditional phosphorus. The heifers in Lots 1 and 2 received a total
phosphorﬁs intake of approximately 0.12 percent of the daily ration. Inl
the remaining lots, the heifers received either 0.18, 0.24, or 0.30 pefceﬁt
phosphorus. of ;he total ration. Part of the additional phosphorus at each
level of intake was suppliéd by either diamménium phosphate or defluorin-
ated phosphate. The design of this experimgnt is shown in Table XVI.

Table XVI. Experimental Design of Experiment II Comparing Two Sources of
Supplemental Phosphorus Fed to Heifers at Various Levels.,

Lot No. ‘ 1 2 3 4 5 6 7 8

Percent phosphorus
in total ratiom 0.2 0.12 0.18 0.18 0.24 0.24 0.30 0.30
Supplemental source of -
phosphorus : . ,
Defluorinated phosphate 0 0 X 0. X 0 X 0
Diammonium phosphate 0 0 0 X 0 X 0 X
No. of animals - 4 4 4 4 4 4 4 4

~ The heiférs were started on the basal ration consisting of two pounds
of dried molasses beet pulp, one pound of steam-rolled corn and five pounds
of native grass hay. In addition the heifers received one pound of the

twenty percent protein supplement, which served as a carrier for the added

Rl St | | !
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phosphorus sources. The composition of the protein supplements is given'
in Table XVII. |

The heifers were fed their experimental ration once daily in the in-
dividual feeding stalls. They were put into their feed stalls at.approxi-

-mately eight o'clock every morning and turned out at about one o'clock in
the afternoon. Individual daily feed records were obtained and any feed
not eaten was weighed back and recorded.

In order to keep the phosphorus content of the basal ration as low as
possible, on February 27, 1962 the grass hay which had been fed the first
56 days of the experiment was discontinued and the heifers were fed five
poudds of grass hay which contained 0.13 percent phosphorus Also, at this
t1me, one more pound of dried molasses beet pulp was added to the concen-

trate mixture, making a total of three pounds of beet pulp fed daily.

On March 27, 1962, the hay feeding was reduced to four pounds per head’

daily and the concentrate mixture was increased with the additiou of an-
other pound of dried molasses beet pulp. At this time, the heifers were
consuming daily four pounds of dried molasses beet pulp, one pound of
steam-rolled corn; one pound of the twenty percent protein supplemeht, and
four pOuuds of grass hay. This level of feeding was then ma;ntained for
the remaining 56 days of the experiment. |

The heifers were given an overnight shrink prior to the initial aud
final wedghing. Every 28 days, throughout the 140-day wintering period,
the heifers were individually weighed and blood samples obtained. Plasma-

inorganic phosphorus levels were determined by ‘the colorimetric method of

Fiske and Subbarow (1925). Plasma cardtene and plasma vitamin A levels
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Table XVII,

Treatment

Composition of the Protein Supplements Containing the Various Levels of Phosphorus
. From the Two Sources Fed During Experiment II.

Level of phosphorus 0.12% 0.18%  0.18%  0.24%  0.24%  0.30%  0.30%
__Source Control Defl. DAP Defl. DAP Defl. DAP
MSC Formula No. 236 237 240 238 241 239 242
Lot No, 1&2 3 4 ) 6 7 8
Ingredients: Percent of ration
Barley
Light (17% protein) 92.75 90.50 92.00 86.50 70.00 83.20 —m——-
Heavy (13% protein) mem- s--- ———- === 20.00 ——— 87.50
Molasses . 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Urea - 1.75 2,00 1.00 2.00 ——-- 2.30 ———-
Diammonium phosphate - === '1.50 s=oe 4.50 et 7.00
Defluorinated phosphate —-os- 2.00 ——— 6.00 ——— 9.00 .———
Salt 0.50 0.50 0.50 0.50 0,50 0.50 0.50
Trace minerals 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Vitamin A & D L/ X X X X X X X
“Total 100.05 100,05 100.05 100.05 100.05 100.05 100.05

1/ Vitamin A added to provide
I. U, per 1b, of.feed,.

10,000 1. U. per 1b:. of feed;;Vitamin D added to provide 1,000

- 6-}7-
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were determined by the method of Kimble (1939),

An analysis of variance was used to test the differences among fréat-
ments in amounts of feed consumed and weight gains made by the heifers.
The final heifer weights and plasma-inorganic phosphorus levels were ad-
_justed by analysis of covariance, (Steel and Torrie, 1960), for differences
existing at the beginning of the experiment. Differences among adjusted
treatment means were tested for significapce:by using the Multiple range

test (Duncan, 1955).

=T TT 4

T T i




-51-
RESULTS AND DISCUSSION

This study was designeﬁ to evaluate &iammonium‘phosphate as a supple-
mental source of phosphorus, when compared to defluorinated phosphate.

The pertinent data of this wintering trial concerning average weight gains,
feed consumption and feed utilization are given in Table XVIII. Appendix
Table VI and VII show individual heifer weight gains and feed consumption
records. | |

On;f small differences were noted among the eight treatments in aver-
age total gains made by the heifers for the 140-day‘feeding period. An
analysis of covariance revealed that there were no statistical significant
differences in the weighte of the heifers at the conclusion of the experi~
. ment. When the totel gains made by the heifers were subjected to an
analysis of variance, no significant differences Qere found among treat-
ﬁents; ﬁowever, there were statistically significant'differences (P<<.05)
in the total weight gains made by the heifers in the four replicated pens.
‘The average total weight gains made by the heifers in experimental pens
1, 2, 3, and 4 were 126, 138, 131, and 148 pounds, respectively. The gains-
made by the heifers in pen & Qe?e signifieantly greater (P%:.OS) than gains
made by the heifers in pens 1 and 3.

An underground drain pipe broke in pen 3.during this wintering trial,
causing extremely adverse conditions for several weeks. 30wever, it is
doubtful if these conditions resulted in‘the differences £e£ween total
gains made by the heifers in pens 3 and 4, because the drainage fromhpen
3 also caueed pen 4 to become extremely muddy. ‘

Using weight gains as the criteria for meaSufing the response of the
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Table XVIII, Average Weight Gains, Feed Consumption, and Feed Efficiency of Heifers on Experi-
ment II Fed the Various Levels of Phosphorus from Two Sources. (January 2, 1962

to May 22, 1962 ~-=- 140 Days). p

Lot No, - - - 1. 2 3 . 4 5 6 7 8
Treatment-
Level of phosphorus 0.12% 0.12% 0.18% 0.18% 0.24% 0.24% 0.30% 0.30%
Source _Control Control Defl. DAP Defl, DAP Defl. DAP
No. Animals 4 4 4 4 4 4 4 4
Average weight (lbs.) ,
Initial 369 379 381 363 368 374 370 375
Final 498 510 529 501 503 516 506 501
Gain 129 131 148 139 135 142 136 126
Average daily gain 0.92 0.94 1.05 0.99 0.96 - 1.02 ° 0.97 0.90
Average daily feed consumption (1lbs.)
Concentrates L1/ . 3,90 3.90 3.90 3.90 3.90 3,90 3.90 3.90
Supplement 0.97 0,97 0.97 0.97 0.97 - 0.97 0.97 0.97
Hay 4,50 4.41 4.47 4.38 4,38 4.46 4.42 4.46
Total 9,37 9.28 9.34 9.25 9.25 9.27 9.29 9.33
Feed required/cwt., gain . . .
Concentrates ’ 428 420 374 397 408 388 400 436
Supplement : 106 104 92 98 101 89 100 108
Hay 484 471 423 44l 454 438 432 484
Total 1018 995_ 889 936 963 915 922 1028
Feed cdst/éwtn gain 2/ $18.56 $18.15 $16.22 $17.14 $17.73 $16.74 $17.64  $19.26

l/ Thé concentraée mixture consisfed of dried molasses beet pulp and steam-rolled corn.
2/ Feed costs are shown in Appendix Table XI,

_Zg-




-53-
heifers to increased levels of phosphorus, the heifers receiving either the
~0.18 or 0.24 percent phosphorus rations made slightly greater gains than
did the heifers receiving the conrrol ration (0.12 percent phosphorus).
The gains made by the heifers receiviag the 0.18 and 0.24 percent phosphor-
us rations were nearly the same, and there appeared to be no particular
differences between the gains made by the heifers receiving part of the
added phosphprus either from diammonium phosphate or from defluorinated
phosphate.

Table XIX showa the average daily gains of the heifers by 28-day
periods.

Table XIX. Average Daily Gains of Heifers by 28-day Periods Fed Various
Levels. of Phosphorus :frém Two: Sources.

Lot No. 1 2 3 4 5 6 7 8

Treatment
. Level of phos-

phorus '0.12% 0.12% 0.18% 0.18% 0.24% 0.24% 0.30%Z 0.30%
Source . Control Control Defl., DAP Defl. DAP Defl. DAP
28-day periods : Average'.daily gain (1lbs.)

1st (1-2-62) '0.80 0.49 0.94 0.76 0.71 0.71 0.49 0.40
2nd (2-27-62) 1,21 1.07 1.25 1.16 1.03 1.38 1.21 1.25
3rd (3-27-62) 1.12 1.34 1.16 0,94 1.12 0.8 0.98 0.89
4th (4-24-62) 1.07 1.25 1.21 1.47 1.07 1.42 0.47 1.25
5th (5-22-62) 0.40 0.54 0.71 0.63 0.8 0.71 0.71 0.71

Cumulative average daily
gains (140-days)0,92'. 0.94 1.05 0.99 0.98 1.02 0.97 0.9

The average daily gains made by the heifers on all eight treatments
were con51derab1y smaller durlng the last 28 days of the experiment than
the gains of the previous perlqd - The extremely rainy weather and muddy

conditions of th experimental pens during the last 28 days of the
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experiment, may explain to some extent.the lesser gains made by the calves
during the last period. '

The experiméntal rations used in this experiment were originally cal-
culated to contain either 0.12, 0,18,.0.24, or 0.30 percent phosphorus.
However, the rations fed during the experiment did ;ontain‘slightly higher
levels of phosphorus than was expected. The difficulty encountered in
obtaining the desired levels of phosphorus in the egperimental rations was
corrected to some extent by the feediné of a gréss'hay‘of lower phosphorus
content, (0.13 percent), following the first 56 days of the trial; never-
theless, the rations still contained apprbximately 0.03 percent more phos-
phorué than was desired to evaluate critically the Supbleméntal phospharus'
sources. Plumlee et gl..(195§) pointed out that in order to evaluate
critically phosphorus supplements the basal ration to which the supplements
are_to,be aaded should be as 16; in phosphorus as possible. The' basal
ration fed in this experiment contained approximately 0;12 percent phos-
phorus. Table XX gives the estimated aﬁounts of'phosphorus supplied by
the experimental ration. |

Table XX. The Estimated Amounts of Phosphorus Furnished by the Experiment ~
al Rations Differing in Level and Source of Supplemental

Phosphorus Fed During Experiment II.

Percent ‘Grams Lbs. Phos, Grams Phos.
phos-~ phos -~ per 100 lbs. 100 1bs.
Lot No. Treatment - phorus phorus __ body wt. body wt.
1 0.12% P. .153 6.95 .0034 1.52
2 0.12% P. . .153 6.95 . .0034 1.51
3 0.18% P. Defl. .193 8.60 © .0040 1.81
4 0.18% P. DAP .200 9.08 .0045 2.04
5 0.247% P. Defl. .253 11.35 .0056 2.52
6 0.247% P. DAP .250 11.33 .0055 2.49
7 0.30% P. Defl. .285 12.94 .0064 2.90
8 . 0.30% P. DAP .291 13.21 . 0065 2.95
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The proximate chemical analysis of the feed ingredients used in the
experiment is shown in Appendix Table XII.

Sgpplemenﬁipg the basal ration with additional levels of phosphorus
seemed to improve feed utilization. The heifers receiving the 0.18 and
0.24 peréent phosphorus rationg required less feed per pound of gain than
did the hgifers receiving the control rations (0.12 percent phosphorus).
As shown in Table.XVI and Appendix Table VII thefheifgrs in Lot 8 were the
only heifers which received ad&itional phosphorué (0.30 percent total
phosphorus) that did not show an improvemenﬁ in feed utilization above
the control Lots i and 2,

Althbugh the feed utilization differences among treatments were not
statistically significant in this experiment, the results do tend to agree
with work reported by Eckles and Gullickson (1927) and'Klieber et al.
(1936) . These workers found that cattle receiving rations inadequate in
phospﬂbrus utilize their ration less efficiently than cattle fed adequate
ph&sphorus rations.

The plasma-inorganic phosphorus levels of the heifers receiving sup-
plemental phosphorus revealed further that the control rations fed Lots 1
and 2 were low in phosphorus. Average plasma-inorganic phosphorus levels
- by 28-day periods are shown in Table XXI. 1Individual heifer plasma-
inorganic phosphorus data are shown in Appendix Table VIII.

The plasma-inorganic phosphorus levels of the. heifers receiving the
rations containing added phosphorus were significantly higher (P<T.05) at
the conclusion of the experiment than plasma-phosphorus levels of the

heifers in Lots 1 and 2. The differences between the plasma-phosphorus
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levels of the heifers in Lot 1 and the two lots receiving 0.30 percent
phosphorus were highly significant (P<Z.01). When the plasma-phosphorus .
levels of the heifers in Lot 2 were compared with the levels of the two
lots receiving 0.30 percent phosphorus, the differences were highly signif-
icant (P<.,01) for the lot of heifers (Lot 8) receiving diammonium but
only significant (P<.01) -for the lot of heifers (Lot 7) receiving

-

defluorinated phosphate.

' Table XXI. Average Plasma-inorganic Phosphorus Levels of Heifers Fed

Different Levels and Different Sources of Phosphorus by 28-
Day Periods.

Lot No. 1 2 3 4 5 6 7 . 8

Treatment
Level of phos~ A . L. )
phorus 0.12% 0.12% 0.18% ©0.18% 0.24% 0.24% 0.30% 0.30%
Source _ Control Control Defl. DAP Defl. DAP Defl. DAP
gg:da§ periods Mg . phosphorus per 100 ml. blood

Initial (1-2-62)7.09 6.78 6.95 7.26 6.50 7.24 7.06 6.59
lst (1-30_62) 8.63 8.33 9.54 8.88 9.34 9.62 9.17 9.02
2nd (2-27-62) 7.79 8.27 8.93 8.78 9.41 10.05 8.79 9.30
3rd (3-27-62) 7.13 7.19 6.24 7.03 8.46 7.71 7.85 8.66
4th (4-24-62) 5,52 6.16 7.28 6.96 8.23 8.60 7.98 8.61
5th (5-22-62) 5.07 5.89 .-6.77 6.79 7.60 . 7.52 7.62 8.04

The only significant differences in plasma-phosphorus levels among the
lots of heifers getting added phosphorus were ‘that the heifers in Lot 8
had significantly (P<.05) higher 1e§els than those éf'heifers in Lots 3
and 4 (0.18 peréent phosphorus) . The ﬁeifers in Lot 5, receiving defluor-
inated phosphate in a 0.24 percent'phosﬁhorus:ration, had siightly higher
plasma-phoéphorus levels than those of heiféfs~feceiving the same level of
phosphorus but part of the phosphorus coming from diammonium phosphate.

The plasma-vitamin A levels of the heifers were well above the minimum
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of 16 mcg. of vitamin A per 100 cc. of plasma reported by Davis et al.
(1941), until the last part of the experiment. When thé blood samples were
analyzed for plasma-vitamin A on the 112th day of the experiment, it was
Afound Ehat the levels were consideraﬁly lower than.fhey had been the
previous 28.days=(see Appendix Table X). The heifers had Been receiving
10,000 I. U. of vi}amin A daily in the one pound of proéein supplement.

The vitamin A levels in the supplements were increésed to 20,000 I, U, per
pound duriné the iast 28 days of the experiment. The final plésma-vitamin
A analysis sﬁéwed the levels had increased and were within the nofmal
range.

The plasma-carotene levels were higher throughout the experiment than

the minimum level of 25 mcg. of carotenme per 100 cc. of plasma reported by

t al. (1941).

Davis
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SUMMARY
Diammonium phosphate was compared to defluorinated phosphate as a
suppyemental source of phosphorus for heifers fed a 1o§.phosphorus winter-
ing rat;on. Thirty-two Hereford heifers were used to conduct this 140-
" day wintering trial.

The two phosphorus compounds were compared at thrée levels of phos-
phorus in the ration. The levels used were 0.18, 0.24i and 0.30 percent
phosphorus of tﬁe ration. A ration éontaining 0.12 percent phosphorus
served astkhe control ration. All of the heifers receiyed the same basal
ration, the only differ;ncé among treatments being either the added source
or level of phosphorus in each of the twenty percent protein supplements.
One pound of the supplement, furnishing the added phosphorus, was fed per
head daily. The heifers were individually fed the experimental rations
once daily‘du?iﬁg the feeding:trial.

The heifers iniLots 1 and 2 receiVéd the control ration, (0.12 percent
phosphorus), In the remaining six lots, the heifers were fed rations con-
_taiﬁiné gither 0.18, 0.24, or 0.30 percent-phOSphorus. Part of the-added
phosphorus at each level was supplied by either diammonium or defluorinated
phosphate.

' The differences among the eight lots of heifers in weight gains and
feed efficiency were ngt significant. There was a trend for the heifers
fed rations with added phosphorus Eo require less feed per péund of gain
and ﬁake greater gains than the heifers fed the control ration. However,

“this trend was only evident for the heifers receiving the 0.18 and 0.24

percent phosphorus rations.
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The differences between plasma-inorganic phosphorus 1evel§ of heifers

fed the control gations and the heifers fed adéed'phosphoruS‘rations were

signific#nt (P<:305), and highly significant (P<Z0l) for the heifers fed
0.30 percent phosphorus rations. The differences between the plasma
phosphorus levels of the heifers fed 0.18 and 0.30 percent. phosphorus

rations were significant (P<Z,05).

There were no apparent differences between the heifers fed added phos-
phorus supplied either by diammonium phosphate or defluorinated phosphate,

as measured'by weight gains, feed efficiency, and plasma-phosphorus levels.
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APPENDIX TABLE I. INDIVIDUAL PERFORMANCES OF STEERS WINTERED ON RATIONS

DIFFERING IN SOURCES OF SUPPLEMENTAL NITROGEN,

Initial Final : Average
Steer Weight Weight Total Gain by Periods Total Daily
No. (12-27-60) (4-18-61) 1 2 3 4 Gain Gain
. Lot No. 1 (Monoammonium Phosphate)
17 510 630 10 30 50 30 120 1.07
21 425 535 5 25 35 45 110 0.98
12 420 575 25 30 45 55 155 1.38
70 360 470 15 25 35 35 110 0.98
41 475 610 5 40 50 40 135 1.21
27 465 570 -5 45 40 25 105 0.94
85 - 410 530 10 30 30 50 120 1.07
52 445 515 15 30 35 30 130 1.16
Total 3510 4495 80 225 340 310 985
Avg. 435.75 561.8 ' 123.
Avg. Daily Gain ' 0.36 1.14 1.42 1.49 1.10
Lot No. 2 (Diammonium Phosphate)
14 480 610 ' 10 30 55 35 130 1.16
16 450 575 5 30 45 45 125 1.12
46 365 490 0 35 45 . 45 125 1.12
35 460 595 20 40 55 20 135 1.12
54 425 530 10 20 " 50 25 105 0.94
18 510 645 15 50 40 30 135 1.21
57 455 575 5 45 40 30 120 1.07
80 345 485 25 _20 _60 _35 140 1.25
Total 3490 4505 90 270 390 265 1015
Avg. 436.25 563.1 127 :
Avg. Daily Gain 0.40 1.21 1.63 1.27 1.14
- Lot No. 3 (Urea and Defluorinated Phosphate)
20 480 605 15 35 45 30 125 1.12
9 535 635 0 50 25 25 100 0.89
8 490 590 ~-10 35 30 45 100 0.89
77 365 495 5 45 50 50 130 1.16
11 440 570 10 50 40 30 130 1.16
34 485 585 -10 =50 - 135 25 100 0.89
32 475 540 =25 25 35 30 65 0.58
56 370 . _485 0 15 45 55 115 1.03
Total 3640 4505 -15 305 395 280 865
Avg. 455 563.1 ' 108
Avg. Daily Gain 0.97

-0.05 1.36" 1.23 1.35
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APPENDIX TABLE I. (CONTINUED),

]

Initial Final ) Average
Steer Weight Weight Total Gain by Periods Total Daily
No. (12-27-60) (4-18-61) 1 2 3 4 Gain Gain
Lot No. 4 (Soybean Oil Meal and ‘Defluorinated Phosphate)
58 420 510 0 30 . 30 30 90 0.80
65 455 575 15 30 45 30 120 1.07
22 510 625 -5 40 35 45 115 1.03
75 460 . 570 -10 50 35 35 110 0.98
72 400 490 -15 25 35 45 90 0.80
68 380 520 0 45 50 45 140 1.25
61 475 610 15 45 35 40 135 1.21
31 500 580 -15 35 _40 _20 _80 0.71
Total 3600 4480 -15 300 305 290 880
Avg. 450.0 560.0 110
. Avg. Daily Gain -0.50 1.34 1.27 1.39 0.98
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APPENDIX TABLE II, INDIVIDUAL STEER FEED RECORDS FOR STEERS WINTERED ON
RATIONS DIFFERING IN SQURCES OF SUPPLEMENTAL NITROGEN,

-72-

Steer Gain Concen- Supple-
No. (1bs.) trates= ment _ggyl/ Totgll/ Feed/cwt.
Lot No. 1 (Monoammonium Phosphaté)

17 120 414 105 657 1176 946.6

21 110 414 ‘ 102 607 1123 1020.9

12 155 414 105 658 1177 759.3

70 110 382 63 623.5 .1068.5 971.3

41 135 414 105 631 1150 811.2

27 105 414 103 645.5 1162.5 1107.1

85 120 414 . 929 660.5 1173.5 977.9

52 130 414 105 601 1120 861.5

Total 985 3280 787 5083.5 9150.5

Average 123. 410.0 98.4 635.4 1138.8 928.9

Lot No. 2 (Diammonium Phosphate)

14 130 414 105 635.5  1154.5 888.0

16 125 402.5 76 625 1103.5 882.8

46 125 392.5 101 615 1108 820.7

35 135 411 . 104 656.5 1171.5, 867.7

54 105 414 105 629.5 1148.5 1093.8

18 135 414 105 667.5 1186.5 878.8

57 120 414 105 . 635.0 1154 ~961.6

80 140 411 104 605.5 1120.5 800.3

Total 1015 3272 805 5069.5 9147.0

Average 126. 409 100.6 633.6. 1143.3 901.1

. Lot No. 3 (Urea)

20 125 414 105 651 1170 936.0
9 100 411 105 658 1174 1174.0
8 100 414 105 647.5 1166.5 1166.5

77 130 414 105 602.5 1121.5 862.6

11 130 410 104 647 1161 893.0

37 100 414 105 661.5 1180.5 1180.5

32 65 332 78 649.5 1059 1629.0

56 115 229 14 619.5 992.5 798.3

Total 865 3108 781 5136.5 8954.4

388 97.6 642 1118.8 1035.2

Average 108

i
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1119.9

APPENDIX TABLE IX., (CONTINUED)..

Steer Gain Concen- Supple- ;

No, (1bs.) tratesl/ ment Hayl/ Totall/ Feed/cwt.
. Lot No. 4 (Soybean 0il Meal)

1 20 401.5 104 607.5 1113 1236.7
65 120 410 104 626.5 1140.5 950.4
22 115 414 105 621.5 1140.5 991.7
75 110 414 105 596 1115 1013.6
72 90 358 92.5 609.5 1060 1177.8
68 140 406 103 600 1109 792.1
61 135 414 104 624 1142 845.9
31 _80 - _388.5 99 652 1139.5 1424 .4
Total 880 3206.0 816.5 4937.0 8959.5
Average 110 400.8 102,1 617.1 1018.1

1/ Feed not consumed was weighed back to the nearest one-half pound.
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4-18-61

3-23-61

e aaqictt

2-21-61

Phosphorus per 100 ml. blood

1-24-61

-74-

Mg,

12-27-60

——

PLASMA -INORGANIC PHOSPHORUS LEVELS OF STEERS WINTERED
ON RATIONS DIFFERING IN SOURCES OF SUPPLEMENTAL

NITROGEN. .

APPENDIX TABLE IXI.

Steer No.
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APPENDIX TABLE IV, PLASMA-CAROTENE AND VITAMIN A BLOOD LEVELS OF STEERS
WINTERED ON RATIONS DIFFERING IN SOURCES OF -SUPPLEMENT

___NITROGEN. ‘ - e
" Steer Mcg. Carotene per 100 ml., blood gggJ'Vitamin-A per 100 ml. blood
No. _12-27-60 _1-24-61  2-21-61 12-27-60  1-24-61 2-21-61
Lot No.' 1 (Monoammonium Phosphate) '
17 107 95 104 A 19 34 53
21 102 112 117 33 40 24
12 . 76 118 192 ' 25 42 20
70 152 189 198 53 68 16
41 136 174 - 147 50 62 25
27 113 102 154 46 36 29
85 158 123 249 34 44 36
52 108 159 -: 219 36 37 41
'Average 119 134 172 37 48 48
Lot No. 2 (diammonium Phosphate)
14 : 183 . 128 193 ' 18 46 31
16° - 158 196 243 23 70 33
46 154 152 148 17 55 38
35 110 154 5. 195 40 . 535 27
54 145 113 - 147 46 . 40 23
18 117 181 204 28 65 - 20
57 ‘ 103 ' 112 .. 95 . 21 - . 44 - 38
80 - 120 112 17 35 40 41
Average 136 . 145 168 29 52 31
, . Lot No. 3 (Urea)
. 20 119 - 137 201 . 14 49 33
9 171 174 147 27 62 26
~ 8 108 139 162 19 50 22
77 113 104 123 18 37 31
11 . 108 - 171 92 - 34 61 31
37 110 183 165 : 36 65 20
32 137 159 .. 146 34 .37 23
56 115 238 144 .42 8 32
Average - 123 163 147 28 58 27
: - Lot No. 4 (Soybean 0il Meal)

58 - 138 219 234 ' 19 . . 79 34
65 ' 156 198 180 - 56 66 34
22 159 178 100 50 64 32
75 76 117 . 113 15 42 30
72 97 208 206 48 74 - 27
68 132 159 177 - 34 57 22
61 S 117 198 ° 148 25 71 22
31 137 147 175 32 33 32

Average 127 178 167 38 63 29
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APPENDIX TABLE V.
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INDIVIDUAL WEIGHT GAINS OF STEERS FATTENED ON RATIONS
DIFFERING IN SOURCES OF. SUPPLEMENTAL NITROGEN.

Initial Final Average
Steer Weight Weight Total Gain by Periods Total Daily
No. (4-18-60) (10-3-61) 1 2 3 4 5 6 Gain Gain
Lot No. 1 (Monoammonium Phosphate)
17 630 1130 70 100 120 100 75 35 500 2.98
21 535 ° 945 15 105 55 95 90 50 - 410 2.44
12 575 1120 65 135 115 110 70 50 535 3.24
70 470 960 50 85 110 95 85 65 490 2.92
41 610 1130 40 135 120 85 90 50 520 3.10
27 570 1000 70 95 60 100 75 30 430 2.56
85 530 975 90 70 80 90 60 55 445  2.65
52 575 1015 75 95 100 60 75 35 440 2.62
Avg. Wt. 562 1034 621 724 819 911 988 1034
Avg. Gain (lbs.) 59 103 95 92 78 46 473
Avg. Daily Gain 2.21 3.66 3.39 3.28 2.77 1.65 2.81
Lot No. 2 (Diammonium Phosphate)
14 610 1120 60 100 110 95 100 45 510 3.04
16 575 1020 45 105 100 105 45 45 445 2,65
46 490 985 60 115 75 110 80 55 495 2,95
35 595 1160 75 120 120 110 100 40 565 3.36
54 530 955 70 105 85 75 70 20 425 2.53
18 645 1175 115 110 125 110 85 -~15 530 3.16
57 575 1065° 75 110 110 85 95 15 490 2.92
80 485" 995 65 85 120 130 65 45 510 3.04
Avg, Wt. 563 1059 634 740 846 948 1028 1059
Avg, Gain (lbs.) 71 106 106 103 80 31 496
Avg. Daily Gain 2,52 3.79 3.78 3.66 2.86 1.12 2.95
: Lot No. 3 (Urea and Defluorinated Phosphate)
20 605 1060 75 105 80 105 55 35 455 2.71
9 635 1160 90 115 110 90 100 120 525 3.13
8 590 1045 80 80 80 75 105 35 455 2,71
77 495 980 80 75 135 95 - 75 25 485 2.89
11 570 1115 100 100 95 100 90 60 545 3.24
37 585 1100 20 75 90 85 110 35 515 3.07
32 540 1020 110 75 115 85 40 55 480 2,86
56 485 1020 35 140 105 115 95 45 535 3.18
Avg. Wt. 563 1063 - 649 745 846 940 1024 1063
Avg. Gain (1bs.) 86 96 101 94 84- 39 499
2.98 3.42 3.62 3.35 2.99 1.38°

Avg. Daily Gain

2.97
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APPENDIX TABLE V. (CONTINUED).

Initial Final o . Average

Steer Weight Wéight Total Gain by Periods Total Daily
No. (4-18-60) (10-3-61) 1 2 3 & 5 6_ Gain Gain
Lot No. 4 (Soybean 0il Meal and Defluorinated Phosphate)

58 510 1045 100 95 100 100 95 45 535 3.18
65 575 1145 105 110 140 90 70 55 570 3.39
22 625 1085 65 110 110 -30 130 75 460 2.74
75 570 1015¢ 85 100 95 55 65 45 445 2.65
72 490 1005 « 65 75 120 100 80 75 515 3.07
68 520 1060 105 115 105 85 60 70 540 3.21
61 610 1160 60 90 120 110 100 70 550 3.27
31 580 1090 85 70 105 105 80 65 510 3.04
Avg. Wt. 560 1076 644 ~ 739. 851 928 1013 1076

Avg. Gain (lbs.) 84 96 112 77 85 63 516

Avg. Daily Gain 2.98 3.42 4,00 2.75 3.04 2.23 3.07
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APPENDIX TABLE VI.
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INDIVIDUAL WEIGHT GAINS OF HEIFERS WINTERED ON RATIONS
DIFFERING IN SOURCES AND LEVELS OF SUPPLEMENTAL
PHOS PHORUS . :

e

Initial Final Average

Heifer Weight Weight Total Daily

No. (1-2-62) (5-22-62) Gain Gain
Lot No. 1 (0.12% Phosphorus)

1798 400 510 110 0.79
153 375 500 125 0.89

1851 365 , 505 140 . 1.00
178 335 475 140 1.00

Average 369 497 ' 129 0.92

Lot No. 2 (0.12% Phosphorus)

1795 405 535 130 0.93
215 325 465 - 140 1.00

1785 400 510 110 0.79
158 385 ' . 530 155 Co L1

Average 379 510 131 0.94

Lot No. 3 (0.18% Phosphorus-Defluorinated Phosphate)

1790 430 575 145 1.04
142 380 : 535 155 1.11
216 365 500 - 135 0.96

1792 350, 505 155 1.11

Average 381 529 148 1.05

Lot No. 4 (0.18% Phosphorus-DPiammonium Phosphate)

1809 320 440 120 0.86
1800 420 ) 535 115 0.82
151 355 525 170 1.21
1799 355 505 150 1.07.
Average 363 ot 501 139 0.99

Lot No. 5 (0.24% Phosphorus-Defluorinated Phosphate)

1860 440 560 - 120 - 0.86
130 380 530 150 1.07

1794 345 470 125 0.89
206 305 450 145 1.04

Average 368 503 135 : 0.96
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APPENDIX TABLE VI, (CONTINUED).

. Initial . Final Average
Heifer Weight Weight Total Daily
No, (1-2-62) (5-22-62) Gain Gain
Lot No. 6 (0.24% Phosphorus-Diammonium Phosphate)

124 405 535 130 0.93
1856 365 505 140 1.00
1858 395 530 _ 136 0.96
1791 330 495 165 1.18
Average 374 516 142 1.02

Lot No. 7 (0.30% Phosphorus-Defluorinated Phosphate)

241 . 315 450 : 135, 0.96

148 - 395 530 135 0.96
1797 410 540 130 0.93
1854 360 505 145 1.04
Average 370 506 136 0.97

Lot No. 8 (0.30% Phosphorus-Diammonium.Phosphate)

146 ‘ 400 520 120 0.86

189 385 530 145 1.04
1796 410 520 110 0.79
1793 305 435 130 0.93
Average 375 501 . 126’ 0.90

|
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'APPENDIX TABLE VII,
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INDIVIDUAL FEED RECORDS OF HEIFERS WINTERED ON RATIONS
DIFFERING IN SOURCES AND LEVELS OF SUPPLEMENTAL

PHOSPHORUS .
Total
Heifer Gain Feed Consumption Feed/cwt.
No. (1bs.) Concentrates _ Supplement Hay Total Gain -
Lot No. 1 (0.12% Phosphorus)
1798 110 551 T 136 633 1320 1200
153 125 551 136 623 1310 1048
1851 140 551 136 628 1315 939
178 140 551 136 608 1295 925
Total 515 2204 544 2492 5440
Average 129 551 136 623 1360 1018
Lot No. 2 (0.12% Phosphorus) .
1795 130 551 ‘ 136 637 1325 1019
215 140 551 136 610 1298 927
1785 110 551 136 615 1303 1185
158 155 551 136 609 1280 826
Total 525 2204 54ty 2471 5206
Average 131 551 136 618 1302 995
Lot No. 3 (0.18% Phosphorus-Defluorinated Phosphate) .
1790 145 . 551 136 635 - 1322 912
142 155 551 136 - 615 - 1302 840
216 135 551 136 620 1307 968
1792 155 551 136 626 1213 847
.Total 590 2204 544 2496 5244
Average 148 551 136 - 624 1311 899
Lot No. 4 (0.18% Phosphorus-Diammonium Phosphate)
1809 120 551 136 614 1301 1084
1800 115 551 136 621 1308 1137
151 170 551 136 591 1278 752
1799 150 551 136 620 1297 865
Total 555 2204 544 2446 5184
Average 139 551 136 612 1296 936
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APPENDIX TABLE VII. (CONTINUED).

‘ thal
Heifer” Gain Feed Consumption Feed/cwt.
No., (1bs.) Concentrates  Supplement Hay Total Gain

-

Lot No. 5 (0.247% Phogphorus-Defluorinated Phosphate)

1860 120 551 136 643 1328 1107
130 150 551 136 626 1311, . 874
1794 125 551 136 585 1270 1016
206 145 _551 136 597 1283 885
Total . 540 2204 544 2451 5192

Average 135 551 136 613 1298 - 963

Lot No. 6 (0.24% Phosphorus-Diammonium Phosphate)

124 130 551 136 641 1328 . 1022
1856 140 551 | 136 614 1301 929
1858 135 551 100 620 1271 942
1791 165 551 136 620 1307 . 792
Total 570 2204 . 508 . 2495 5207
Average 142 551 127 624 1302 915

Lot No. 7 (0.30% Phosphorus-Defluorinated Phosphate)

241 - 135 551 136 599 1285 952
148 135 551 136 615 1301 964
1797 130 551 . 136 637 1323 1018
1854 145 551 136 625 1113 768
Total 545 2204 544 2476 5022
Average 136 551 . 136 619 1255 922

Lot No. 8 (0.30% Phosphorus-Diammonium Phosphate)

146 - 120 551 : 136 630 . 1317 1098
189 145 . 551 136 626 1311 904
1796 110 551 136 629 1316 1196
1793 130 551 132 612 1245 958
Total 505 2204 540 2495 5189
Average 126 . 551 135 624 1347 1028
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APPENDIX TABLE VIII. PLASMA-INORGANIC PHOSPHORUS LEVELS OF HEIFERS .
WINTERED ON RATIONS DIFFERING IN SOURCES AND LEVELS
OF SUPPLEMENTAL PHOSPHORUS.

Mg. Phosphorus per 100 ml. blood

Heifer No. - 1-2-62 1-30-62 2-27-62 3-27-62 4-24-62 5-22-62
Lot No. 1 (0.12% Phosphorusz

1798 6.2 8.4 7.6 8.0 -5.9 4.7
153 6.2 8.3 6.5 6.8 5.2 4.7

1851 8.6 8.6 9.7 6.2 6.2 5.7
178 1.4 2.2 1.3 1.5 4.9 2.2

Average 7.1 8.6 7.8 7.1 5.5 5.1

Lot No. 2 (0.12% Phosphorus)

1795 6.4 8.5 9.6 7.8 6.0 4.7
215 - 7.1 9.5 8.9 7.2 6.7 5.7

1785 6.2 7.1 7.0 7.1 5.9 6.7
158 1.4 8.2 1.5 6.7 6.1 6.5

Average 6.8 8.3 8.3 7.2 6.2 5.9

Lot No. 3 (0.18% Phos Ehorus-Defluorinated Phq;phate)

1790 6.6 10.2 9.4 5.8 7.3 5.8
142 7.9 9.6 10.0 6.2 7.3 6.0
216 7.1 9.6 8.9 6.1 7.5 8.2

1792 6.2 8.8 7.4 6.9 7.0. 7.2

Average 7.0 9.5 8.9 6.2 7.3 6.8

Lot No. 4 (0. 18% Phosph horus -Diammonium Phosphate)

1809 6.3 . 9.6 9.7 ‘ 7.1 7.1 6.2

1800 7.0 9.0 9.5 8.3 8.0 7.1

151 7.5 9.4 9.1 5.7 6.4 6.7

1799 8.3 1.3 6.8 . 1.0 6.3 2.1

Average 7.3 .9 8.8 7.0 7.0 6.8

Lot No. 5 (0.24% Phosphorus-Defluorinated Phosgh e)

1860 4.7 10.2 11.2 8.2 9.1 7.3
130 6.0 9.6 9.9 10.1 8.3 8.2

1794 7.5 8.7 8.0 7.5 7.9 7.0
206 7.8 8.9 8.6 8.1 7.6 7.8

Average 6.5 9.3 9.4 8.5 .2 7.6
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APPENDIX TABLE VIII. (CONTINUED). o -
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Mg, Phosphorus per 100 ml. blood

)

Heifer No. 1-30-62  2-27-62  3-27-62_ 4-24-62
6_(0.24% Phosphorus-Diammonium Phosphatel
124 7.3 9.3 . 8.9 7.4 7.8 8.2
1856 7.7 9.5 11.0 8.5 - 9.4 7.6
1858 6.2 10.2 10.3 7.1 8.0 6.9
1791 7.8 9.6 10:0 7.8 9.2 7.3
Average 7.2 9.6 10.1 7.7 8.6 7.5
Lot No. 7 (0.30% Phosphorus-Defluorinated Phosghate)
241 8.7 9.2 9.2 8.9 8.2 7.8
148 6.2 8.3 8,2 7.8° 7.5 7.1
1797 5.5 8.6 9.6 6.7 7.1 6.4
1854 1.9 10.5 8.2 2.9 3.1 9:2
Average 7.1 9.2 8.8 7.9 8.0 7.6
Lot No. 8 (0.30% Phosphorus-Diammonium Phosphate)
146 6.5 8.6 8. 7 8.9 8.0 8.6
- 189 6.1 9.2 10.0 9.4 8.9 7.8
1796 6.2 9.5 8.6 7.9 8.2 7.0
1793 1.7 8.8 9.9 8.4 9.3 8.7
Average 6 9.0 9.3 8.7 8.6 8.0
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APPENDIX TABLE IX. PLASMA-CAROTENE LEVELS OF HEIFERS WINTERED ON RATIONS
DIFFERING IN SOURCES AND LEVELS OF SUPPLEMENTAL

PHOSPHORUS .
, Mcg. Carotene per 100 ml, blood
Heifer No, . 1-2-62 1-30-62 2-27-62 3-27-62 4-24-62 5-22-62
Lot No. 1 (0.12% Phosphorus)
1798 296 238 275 74 33 47
153 150 128 100 44 23 53
1851 204 201 144 32 22 37
178 198 186 198 37 28 43

Average 212 188 179 47 26 45

Lot No. 2 (0.12% Phosphorus)

1795 178 127 140" 32 25 25
215 150 144 131 31 25 42
1785 195 193 177 68 33 44
158 114 127 132 32 37 39

Average 159 148 145 41 30 37

. Lot _No. 3 (0.18% Phosphorus-Defluorinated Phosghate)

1790 184 T 154 - 143 32 27
142 - 214 137 137 50 32 ' 30
216 144 169 ' 169 53 19 26

1792 154 - 102 165 25 28 38

Average 174 141 154 40 26 30

Lot No. 4 (0.18% Phosphorus-Diammonium Phosphate)

1809 . 178 150 155 40 22 28
1800 198 147 89 40 29 28

151 221 164 - 224 61 - 25 22
1799 209 1281 250 I 34 - 23
Average 201 185 180 53 27 26

Lot No. 5 (0.24% Phosphorus-Defluorinated Phosghate)

1860 217 162 189 29
130 - 175 101 126 38 14 21
179 - 113 101 129 34 26 38
206 114 117 145 - 30 . 33 33

.Average 155 - 120 147 38 27 30 -
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(CONTINUED)
‘Mcg. Carotene per 100 ml. blood -

APPENDIX TABLE IX.

Heifer No. 1-2-62 1 30-62- 2-27-62 3-27-62 4-24-62 5 22~62
Lot No. 6 (0.24% Phosphorus-Diammonium Phosphate)

124 . 228 214 152 52 30 30
1856 147 104 122 50 25 33 .
1858 177 159 177 52 26 . 37
1791 183 150 192 36 20 20
Average 183 157 161 48 33 - 38

Lot No. 7 (0.30% Phosphorus-Defluorinated Phosphate)

241 186" 148 - 156 34 25 --35

148 201 124 131 48 36 27
1797 148 145 172 43 24 19
1854 175 112 196 20 22 20
Average 177 132 164 . 44 27 - 25

. t No. 8 (0.30% Phosphorus-Diammonium Phosphate)

146 154 104 ' 81 “52 26 30

189 109 " 120 119 35 20 23
1796 177 127 108 35 23 29
1793 _82 104 128 43 22 17
Average 130 114 109 42 23 25

W‘ = 3 : -




APPENDIX TABLE X.
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PLASMA-VIATMIN A LEVELS OF HEIFERS WINTERED ON RATIONS

DIFFERING IN SOURCES AND LEVELS OF SUPPLEMENTAL

PHOS PHORUS ,
Mcg. Vitamin A per 100 ml. blood
Heifer No. 1-2-62 1-30-62 2-27-62 3-27-62 4-24-62 5-22-62
Lot No. 1 (0.12% Phosphorus)

1798 51 47 22 35 25 29
153 44 23 26 - 33 14 22

1851 29 42 16 26 17 24

178 27 40 33 49 19 29

Average 38 38 24 36 19 26

Lot No., 2 (0.12% Phosphorus)

1795 34 22 14 56 22 21
215 79 34 22 21 15 34

1785 41 24 25 "33 19 18
158 35 37 18 26 22 25

Average . 47 29 20 39 19 25

Lot No. 3 (0. 18% Phosphorus-Defluorlnated Phosphate)

1790 45 32 16 43 8 26
142 44 38 26 37 17 23
216 19 : 48 16 50 25 30 -

1792 25 24 3L 31 20 25

Average 33 36 22 40 17 26

Lot No 4 (0.18% Phosphorus-Diammonium Phosphate)

1809 46 45 32 . 41 27 28

1800 34 43 38 32 29 28
151 31 25 23 39 20 22

1799 48 . 82 25, 41 20 25

Average 40 44 30 38 24 26

Lot No. 5 (0 24% Phosphorus-Defluorinated Phosphate)

1860 42 . 24 32 50 22 19
130 51 33 23 43 19 30

1794 53 26 21 34 18 35
206 39 25 36 37 17 24

Average 46 27 28 41 19 27
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APPENDIX TABLE X. (CONTINUED).

Mcg. Vitamin A per 100 ml. blood :
Heifer No. 1-2-62 1-30-62 2-27-62 3-27-62 4-24-62 5-22-62

e

Lot No. 6 (0.24% Phosphorus-Diammonium Phosphate)

124 38 26 16 52 12 19
1856 23 25 12 40 24 18
1858 54 33 - 24 36 28 29
1791 38 39 23 48 26 2
Average 38 30 19 44 22 23

Lot No. 7 (0.30% Phosphorus-Defluorinated Phosphate)

241 44 36 36 , 49 19 35
148 82 37 28 34 20 27
1797 33 29 21 : 30 15 19
1854 36 28 15 44 19 20
Average 48 32 25 39 . 18 25

Lot No. 8 (0.30% Phosphorus-Diammonium Phosphate)

146 38 38 16 52 26 30
189 : 25 20 24 35 20 23
1796 ) 32 33 30 35 23 29
1793 18 46 - 20 43 22 17
Average 28 34 23 42 23 25

e e——— ]
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APPENDIX TABLE XI.

COST OF FEED INGREDIENTS,
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Ingredient

Cost per ton

Experiment I

Steam Rolled Barley with Molasses

Dried Molasses
Grass Hay

Beet Pulp

Supplements used in Wintering Trial
Supplement No. 157 (SBOM)
Supplement No. 158 (Urea)
Supplement No. 159 (DAP)
Supplement No. 160 (MAP)

Supplement used in Fattening Trial
Supplement No. 161 (SBOM)
Supplement No. 162 (Urea)
Supplement No. 163 (DAP)
Supplement No. 164 (MAP)

Experiment II

Steam Rolled Corn

Dried Molasses
Grass Hay

Supplement No.
Supplement No.
Supplement No.

Supplement No.
Supplement No.

Supplement No.
Supplement No.

Beet Pulp

236 (0.12%
237 (0.18%
238 (0.24%

239 (0.30%
240 (0.18%

241 (0.24%
242 (0.30%

Phosphorus)

Phosphorus-Defluorinated)

Phosphorus-Defluorinated
Phosphate)

Phosphorus-Defluorinated

Phosphate)

Phosphorus-Diammonium Phosphate) 70.60

$47.00
43.00
23.00 -

75.02
72.06
73.35
67.80

72.80 -
68.00
68.25
61.25

45.00
43.00
23.00
69.27
70.16

71.44

72.58

Phosphorus-Diammonium Phosphate) 73.38
Phosphorus-Diammonium Phosphate) 76.10

\
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APPENDIX TABLE XII. PROXIMATE CHEMICAL ANALYSEs OF THE FEED FED TO THE
HEIFERS WINTERED ON RATIONS DIFFERING IN SOURCES
AND LEVELS OF SUPPLEMENTAL PHOSPHORUS .

Moist- ‘Crude Ether Crude Phos-
ure Protein Extract Ash Fiber phorus Calcium

Percent
Dried molasses beet pulp
Chemistry MSC 1/ 4.4 9.3 0.3 5.4 16.7 0.08  0.83
Monsanto 2/ - 9.4 -— ——- em-- 0.09 0.50
Steam~-rolled corn ,
Chemistry MSC 8.6 9.1 4.4 6.5 2,2 0.30 0.29
Monsanto -—— 9.7 - --- --- 0.27 0.07
. y .
Grass hay
Chemistry MSC 4.4 8.8 1.5 5.8 29.5 0.14 0.65
Monsanto ' —-——— 9.4 - e eeew 0.13 0.24
Supplement No. 236
(0.12% phosphorus) : ,
Chemistry MSC 4.0 22.4 2.2 3.5 4.8 ° 0.37 0.03
Monsanto - 22.4 --- - ——— 0.38 0.14
Supplement No. 237 _
(0.18% phosphorus-defl.) o
Chemistry MSC 5.6 23.6 2.2 - 6.0 4.8 0.74 0.96
Monsanto --- 24,1 - - ——— . 0.74 0.82 .
Supplement No. 238
(0.24% phosphorus~defl.) )
Chemistry MSC 5.6 22.7 2.1 9.9 4.5 1.38 2,50
. Monsanto —— 22.7 , =-- .- -——— 1.35 2.01 -
Supplement No. 239
(0.30% phosphorus-defl.) :
Chemistry MSC 5.3  23.1 2.0 12.9 4.9 - 1.88 .- 3.56
Monsanto -— 23.2 - ———- --- 1.86 2.93
Supplement No. 240
(0.18% phosphorus-DAP) ' -
Chemistry MSG. 5.8 22.3 2,2 5.0 4.9 0.93 ~ 0.46
Monsanto - 23.8 - - - 0.93 0.50
Supplement No. 241
(0.24% phosphorus-DAP) \
Chemistry MSC 6.1 22.1 2,2 6.9 5.4 1.63 - 0.46
Monsanto - 23.0 T -

- _—— 1.44 ,. 0.29
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APPENDIX TABLE XII. (CONTINUED).

Moist- Crude  Ether Crude  Phos-
ure Protein Extract Ash Fiber phorus Calcium

Percent
Supplement No. 242
(0.30% phosphorus-DAP)
Chemistry MSC 6.3 22.3 1.7 7.8 4.2 2.80 0.42
Monsanto --- 23.8 - ——- - 1.54 0.19

1/ Feed analyses conducted by the Chemistry Department, Montana State

College--Station. .
2/ TFeed analyses conducted by the Monsanto Chemical Company, St. Louis,

Missouri. :
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