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Figure l.-Phosphorus-deficient ,steer. Fed on a low phosphorus ration
containing 0.11 per cent phosphorus (Lot 5).

Figure 2.-Phosphorus·nol'm:l! steer. Fed identically the same ration as the
above steer excepting ample phosphorus was provided by adding boncmcat
to the ration (0.18 per cent phosphorus ill ]"atlon, Lot 6).



The Phosphorus Requirement for Growing
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UMEROUS experiments and observations have shown that beef
cattle require phosphorus in their diet for normal processes of

growth, fattening and reproduction. Howe,'er. a majority of the
studies have been of a qualitative nature and data submitted by
most of the investigators have been insufficient to establish the
optimum and minimum amounts of phosphorus required for ratten~

iog and growing beef cattle. The purpose of this present study was
to determine quantitatively the phosphorus requirement for fatten
ing and growing beef calves under feedlot conditions, and the effects
of a low phosphorus intake upon the rate of gain and feed utilization.

Since an excellent review of the literature has recently been
published by Theiler and Green (10) and Mitchell and McClure (9),
only the papers which have a specific bearing on the present studies
will be discussed. Forbes, French and Lentonoff (6) 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
phosphorus balance for maintenance. In contrast to this study,
Watkins (11) showed that 500·pound steers ingesting 11.03 grams
of feed phosphorus had a negative balance, but the steers receiving
14.7 grams of feed phosphorus, furnished either by natural feech
or disodium phosphate, showed uniformly positive phosphorus bal
ances. He found also that growing steers of 18 months of age could
not satisfy their phosphorus needs with a daily intake of 8.5 grams
of phosphorus. Kleiber, Goss, and Guilbert (7), conducting respira
tion trials on beef heifers, showed that they ceased to grow after 6
months on a diet containing 0.13 per cent phosphorus. They also
reported that a phosphorus deficiency lowers the total efficiency of
energy utilization. Maynard, Greaves, and Smith (8), in studying
the effect of adding phosphorus supplements to beet by-product
rations, found that yearling steers showed definite symptoms of
aphosphorosis with a daily intake of 1.96 grams of phosphorus per
100 pounds and that steer calves become phosphorus deficient when
ingesting 1.62 grams per 100 pounds live weight daily. Their
investigution also indicated that both calves and yearlings met their
daily requirement by receiving, respectively, 18.0 and 24.0 grams of
phosphorus per steer daily, but these values are not necessarily the
minimum requirement. In a preliminary report Beeson, Bolin, and
Hickman (2) showed that the minimum daily prosphorus re<luire
ment for fattening GOO-pound steer calves is slightly [e1~ than 12
grams of phosphorus daily or lin intake of about 2 grams daily per
100 pounds of live weight.
'A~I.le Animal HUsbandman. Idaho Agricultural experiment Station,
·A.....nt Chemist. Idaho Agricultural experiment Station.
>Anlmal Husblondman. Idaho Acrlcultura. Experiment Station,
·Superlnten.dent ot Caldwell Branch Sbtlon, Idaho Agricultural Experlll\C'nl Slatlon.
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Experimental Procedure
A uniform group of grade Angus steer calves was selected from

the range for this study. Eight ~teers \"'ere allotted to each pen as
equally as possible with respect to weight, type. and probable
outcome. They were kept in open, straw-bedded feedlots with free
aceess to water. All animals were weighed individually and blood
samples were taken from the jugular vein and analyzed for calcium
and phosphorus before the steers were placed on the experimental
rations. All feed was weighed and fed twice daily to all lots. The
mixture was fed nd libitum and the com silage intnke was limited.
The steers were fed as a group and not individually. At the end
of approximately 28-day feeding periods, the steeri\ were I'e-weighed
individually, and the amount of feed not consumed weighed back
for each lot.

A ration consisting of alfalfa, dried molasses beet pulp, corll
silage and blood meal was used as a phosphorus.deficient ration.
The alfalfa was chopped finely and mixed with the dried beel pulp
and blood meal. The intake of alfalfa hay was limited and the
major portion of the ration was made up with dried molasses beet
pulp in order to establish a low phosphorus diet. Blood meal. which
is one of the few concentrate.~ high in protein and low in phosphoru,!;,
was used to increa<;e the protein content of the ration. This type of
ration proved adequate in all nutritive essentials with the exception
of phosphorus. Corn silage was weighed and fed separately, For
calculation of total dry matter intake the corn silage was reduced to
the moisture content of the basal ration.

Ta.ble l.-ConlJloslUon or rations.

• Bop, Bo~' Baul I
+ , + Bop'

Be~t pulp
0.30'%. ,... I.O~ + +

Compon~nl Bop' bo"' """' """' ,,~ Control alfalfa
ratIon

m~al meal m~' C, S. M ration ""'
< " ~ " ~ ~ '"BHt pulp. drl~ .n, , "oo ".. "... .", "Barl~v "'"AlIalf•• choppcod ,.ro ,..ro ,.ro ,.ro ,.ro ..... oo

Bloodmeal ,ro '.ro ,ro ,ro
ColtOfllOeed meal 10,00
Meat meal ,...
Bon~ ~al '-"> ". ,ro
Outer stl~1l ,... '.oo ,... ,."
50" ,... '''' ,... ,." ",
Total 100.00 100,00 100.00 100.00 100.00 100.00 10000

Corn silage-Fed at the rate of I to 2 lb. pt·r 100 lb. live wI.

The composition of the rations used is shown in Table 1. Lots
1, 5, and 10 received the basal ration. The same proportion of
ingredients was used in the basal ration COl' three sllccessive yearH
of experimental feeding. The basal ration varied in phosphorus
content from one year to another, largely due to the variation in
the phosphorus content of the alfalfa. This accounts for the differ
ence in total intake of phosphorus for the various years. The per
cent phosphorus for each lot is shown in Table 2.

Lot 11; Lol<~ 2, 6, and 12; and Lots 3, 7, and 13 received 0.30,
0.66, and 1.0 per cent bonemeal, re!'lpectively, a!'l a supplement to

-
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the basal J'aLion. Lots 4, 8, and ]4 were fed 10 per cent cottonseed
meal as a protein-phosphorus supplement in place of blood meal
and bonemeal as a standard ration for the comparison of other lots.
Steers in Lot 9 were fed beet pulp and alfalfa hay, a ration which
is used in many sections of the western states. All feed analyses
were made according to the methods of the Official Agricultural
Chemists (1) with the exception of phosphorus, which was deter
mined colorimetrically by a slight modification of the Fiske and
Subbarow (5) method.

Blood samples were analyzed for phosphorus by the Fiske and
Subbarow (5) method and for calcium by precipitating the calcium
from the tri-chloracetic acid filtrate, at a pH of 4.0, and using brom
cresol green as an indicator. The contents were filtered through a
number 4 fritted cintered crucible, and washed with small portions
of 2 per cent aqueous ammonia solution. The precipitate was dis
solved from the crucible with hot, normal sulphuric acid into the
flask in which the calcium was precipitated. The contenb; were
titrated with 0.01 normal potassium permanganate from a micro
burette.

Results
The average weight of 8 steers and the average daily intake of

feed per steer for three successive years from the different lots
during the feeding tdal are shown in Table 2, and a combined sum
mary of the three experiments is presented in Table 3. From these
results, the average daily feed consumed per 100 pound~ of live
weight, the amount of feed required to make 100 pound:". of gain,
and the total average daily intake of phosphorus in grams per fiteer,
and the grams per 100 pounds of live weight, were determined as
shown in Table 2. At the end of each year's experiment. the result::!
are averaged and are shown for each lot. In the last column of
Table 2, the average inorganic phosphorus content of the blood
plasma of the 8 steers is shown for each lot at different time inter
vals during the experimental feeding trial, and the average calcium
values are given in Table 3.
Influence of Phosphorus
on the Rate of Gain and Food Utilizatiun

Examination of the data in Table 2 shows that those lots receiv
ing an excess of 2.00 grams daily intake of phosphorus per 100
pounds of live weight, did not make any more rapid or efficient
gains than those receiving a 2.00 grams daily intake of phofiphorus.
Those lots which received 1.63 grams daily or less of phosphorus per
hundredweight failed to make good gains and utilization of their
feed. H is therefore assumed for the present that steers receiving
2.00 grams daily of phosphorus per 100 pounds live weight, aloe
receiving sufficient phosphorus to meet the normal body require
ment for growth and fattening.

Lots receiving 2.00 grams or mOl'e pel' hundredweight were
compared to other lots receiving less than 2.00 grams daily intake
for determining the influence of phosphorus on the rate of gain
and feed utilization. To eliminate as many other factors as possible
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Table 2.-The eHeet of phCtSphorus intake on the rate of gain, feed utilization
and blood phosilhorus of steers.

Basal rallonLot - I

Feed consumed Phosphorus Intake Ws ,,..
Feeding Dally per 100 lb'rer 100 lb. per 100 lb. phos-
period WeiJlht gain Dally [live wt. gain I Oaily live wt. phorus

--,D"••y".,--~--,,,•.~_--,,,O'._-,-;~lb. lb. lb. gm. gm. go/IOOml

Experiment 1-1936-37
(0.14% phosphorus), ... - -- -- -- - - 6.71

" ." .." 11.40 2.46 ." 1.13 1.67

" ..., 2.12 12.75 2.49 '" '.<0 "M 5.89

" '" ,." 13.15 2.31 '''' '.06 1.59 .....
" .93 ,." 12.14 ,,,

"" 7.49 .." 4.74

" .., 1.10 14.28 2.31 '" .." ..36 4.31

" '" 1.05 15.47 '.35 1475 .... ..30 '.<0
Average ,.35 '.36 '''' 8.20 1.46

Lot-2 Basal ration + 0.66% bonemeal (0.20% phosphorus), .., -urlrl- 6.19

" .., U6 11.15 2.36 601 10.13 '.36
36 '50 2.10 12.64 2.39 603 12.08 ...., 7.10

" '" 1.29 14.37 2.49 1110 13.64 '.36 ....
36 .., 1.76 12.05 1.95 684 11.30 1.83 ,...
" ... 1.83 15.41 2.32 845 14.33 2.13 '.06

"
,., 1.10 16.72 2.33 985 15.32 2.12 '.00

Average '" 1.76 [ 13.73 [ 2.31 [ '" 12.90 2.19

Lol-3 Basal ration + 1.0% bonemcal (0.24% phosphorus)

"...93',."14.201.6153.

, .., - I -- -- -- - - ,...
" .., ..06 "." 'M ". 12.56 2.70

" .IL ..06 13.14 2.59 .., 14.60 2.87 U,

" 53' 1.61 13.82 '.06 ." 15.39 2.76 7.11

" .., .." I 12.83 2.19 '''' 14.29 ,." 1.11

" '" ,." 16.08 2.53 '" 17.69 '" '.99

" '"' .." 18.00 ,." ,... ..." ,." 1.79,Average

Lot - 4 Basal raUon + 10% cottonseed meal (0.22% phosphorus), ...
i TlJ- '.06

" ." 1.17 11,38 '<0 641 11.36 '.<0

" '" 2.16 13.50 2.51 625 13.34 ,.... ,."
" ,.. 0.93 14.30 2.41

1
1533 14.13 'M 1.27

" ." 1.25 11.70 ..06 936 11.51 .." ,."
" ." .." 15.96 ,." 804 15.52 2.42 .."
" n, 1.61 "." ->---2.33 1009 15.89 ,." 5.81

Average ... .." 13.84 [ 2.37 [ '" [ 13.63 ,,,
Experiment 11-1937·38

Lot - 5 Basal ration (0.11% phosphorus)

."•••

-- - - '.30, '06 ,."' ..35 .."
'" ,." 1,26

1109 ,." 1.11 4.15

"" 6.15 .."• 5.16 ,... 3.00, , ,

,
'",.",.".,U.12.0,."'99

, .30 - --
"

.,. ,.., 11.8 ,
" '" ,... 12.9

" ... ..93 12.1

" on ..93 12.5

" '" ,." 10.2 ,
Average

'.00

2.4413.81

9

10.18'll> phosphorus)

.3

2.44 773

10.22% phosphorus)
-- -- - - •.ro

•• '.M '" 11.74 '.06 ,.".3 '" '" 13.21 ,....., 2.46 ,.. 13.92 ,." ...., ,." ,.. 14.73 2.37
.3 ,., ." "... ". ,.30

Basal ration + 0.66% bonemeal... - -- -- -- - -- 6.21

'" .." n.8 '.06 m '.06 2.14 6.13

'" 2.02 13.1 '.06 .., 10.19 2.12

'" .." 13.9 ,." '" 11.52 ,,, ,...,.. 2.16 14.1 2.28 '" 11.60 .."." 1.00 14.6 ,.ro '" 12.01 1.61 ,..,
• '" , ,.

"
, ,1.74 3.~

Lot - 7 Basai rallon + 1.0% bonemeal

:: :~ 2.11 I "28 54ll 1.90 13
28 589 1.41 14
28 651 2.14 L"

A;;;;';"0;;-1--1'~"l-+ 1.55 I~Average ~ 1.53 I 138

Lot - 6,
"""""Avcrag
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Feed consumed Phosphorus Intake .",.,.,
Feeding Dally ~r lOll lb. per ioo lb. per 100 lb. phO:l-
Period Weight gain Dally live wt. gain Dally live wt. phorua
Daya ... ... ... ... ... em. em. Ing,looml

Experiment 11-1937-38 (cont·d.)

Lot-8 Basal ralJon + 10 cottonseed meal (0.21tl- phosphorua)

• ." ..,.. .., 1.74 ,,, ,... ". "... ,... ..... ." ,... ", ,... .., ,,., ,..... ". '''' ... 2.61 ". "... 2.47 ...... '" 2.H 14.7 2.42 .. ".. ,..... '" ,.. 15.7 ,... ,." .... ,... 1.10
Average ... l.7ol 14.1 ,... .. 13..:;7 ,..
Lot_9 Beott pulp + allalfa hay 10.14"" phosphorus)

• [
... ...... on '" ". ,." '" ,." ,.. ..... '" 1.74 13.1 ,." '" 8.17 ,.... ... ,... ". u, m, .... '''' '".. "', ,... 14.7 ,..,

'" ... ,,,.. 1 ." .." ... 2.43 "" . iU5 ,... ".
A~·e....e ... '" 13.7 ,... ,... ." '"

Experiment rn-1938-39

Lot - 10 Basal ration (Oil' pha.phorus)

• '" ....
" ... ,,, ", 2.0:> '" .., '".. '" 1.)2 12.15 ,... ,.. .m 1.19 ...... ... 0.74 11.71 2.11 ".. .... ,.... ... .... ..... ,." "" .... "" '.28.. ... 1.07 10.71 ,.. .... .... ...
" .. 0.14 10.12 '" ,... 5.19 .... 3.11

AverqeT '" T ... 10.79 ,.. "'" :'.411 ,...
Lot - 11 BauJ ralJon + .30 bonemeal (0.15:' phosphorua)

• ." .n
" ... ,... .... ,... '" ,... ,..... '" '" 12.06 ", 741 8.11 '''' U<.. ... ." "... ,.. "" .... ,..... '" ,... "... 2.la '" .... '" ..... 1 '" 1.72 12.43 ,." '" .... '"" '" .... 12.:>3 ,.. ""

.,. ,.. ."
Avera,:e I ... 1.15 11.83 2.18 102~ ,.00 '"
Lot - 12 Basal ration 0.66'll bonemeal (0.19' phosphorus)

• .., --

1
....

IJ '" '" '" ".1
... .... ,."

'" '''' "... ". ..'" 10.81 '" .."
'" '" 112.81 ,... .. "... '.00." 1.18 13.10 '" "" 11.51 '" '"'" 2.41 1513 "" on 13.30 ,."
'" '" 1561 ". '''' 13.76 t. '" 6.31

Average I '" 1.57 I 13.02 ,." ." 11.45 '"Lot _ 13 Ba$al raUon + 1.0'll bonemeal (0.24% phosphorus)

•

i
",

1- -1 11 1
..".. ." 094 952 ,,, 1016 '''' 2.22

" ". '" 1"" ,... '" '''' 2.46 7.44.. ." 129 1241 ,." '" '''' ,."
"

.,. 1 50 13.20 ", ." ,,,. 2.26 ,."
" ... 1.96 1466 ", ". 1587 2.44

" '" 198 1512 ", ". '''' ,... 7.11
Average ." '" I 12.64 ,,, ." 13.62 ,."
Lot - 14 Baul ration + 10~ cottonseed meal (0.17% phosphorus)

• ... .."
" .W L" 10.03 :U4 ." 8.14 L"

" ." ,." 13.70 ,... '" 11.10 2.07 ....
"

.,. L" 13.10 U. '" 10.81 L"

" '"
,,, 13.52 2.18 1121 JO.91 1.76 8.10

" '"
,., 13.72 ,.'" .. 11.11 l.70

" '" LO> "" 2.17 '" "... 1.75 6.21
A"erage ... L" 13.15 U, '" 10.62 ,.eo
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which may have an influence on the rate of gain and feed utilization,
lots were compared which consumed about the same amounts of the
basal ration but with different phosphorus content, and in the same
year's experiment. Steers in Lots 2 and 3 receiving ample phos
phorus and an average consumption of 2.31 pounds of feed daily
per 100 pounds of live weight, showed an average percentage in
crease in weight of 32.5 per cent over the steers in Lot 1, which
consumed the same amount of feed daily but had only 0.14 per cent
phosphorus in the ration. The steers in Lots 6 and 7 ingesting,
respectively, 11.12 and 13.81 grams of phosphorus daily showed
an increase in gains of 54 per cent over steers in Lot. 5 receiving only
5.91 grams of phosphorus daily for the first. 112 days on the
experiment. The animals in Lots 12 and 13 showed a 40 per cent
increase in live weight over Lot 10, which was phosphorus deficient.
The per cent increase in daily gains was not considered for the
entire feeding period because of the decrease in consumption of
fe€d for Lots 5 and 10 in the latter part of the feeding period.
Steers receiving 2.00 grams or more of phosphorus daily per 100
pounds live weight showed an average increase in weight, for the
three years, of 37 per cent over the phosphorus-deficient lots.

These data clearly indicate that nnimals given ample phosphorus
utilize their feed better and gain more per unit of feed consumed
than do steers on n phosphorus-low diet. The fact that on the same
food intake the phosphorus-low steers make less gains pel' unit of
food eaten indicates that. a low phosphorus regime intel'Ceres with
the utilization of the food, even before the appetite has decreased.

In Lot 10, at the beginning of the feeding period, steers on the
low-phosphorus diet made a pound of gain on 6.33 pounds of fe€d,
but t.he feed requirements inCI'eased as the phosphorus deficiency
progressed and at the end of the period the feed requirement rose
to 74.04 pounds per pound of gain. The steers on the phosphorus
deficient rations required on the average about 12 pounds of feed
to produce 1 pound of gain. while steers on a phosphorus sufficient.
ration required only 8 pounds of feed per pound of gain.

These results confirm the findings of Theiler (JO), who con
cluded that animals given sufficient phosphorus ut.ilized their feed
bet.ter and gained more per unit of feed consumed than do animals
on the phosphorus-low diet. Eckles and Gullickson (3) report that
cows on a low phosphorus diet need at lel.lst 20 per cent more diges
tible nutrients to maintain live weight. Kleiber, Goss and Guilbert
(7) hl.lve reported that animals 14 to 15 months of age on a low
phosphorus ration consumed the same amount of feed and gained
the same as animals 011 a phosphorus sufficient diet for the first 6
months. These results show thnt the rate of gain decreased within
the first 2 months, and in several cases, the loss of appetite occuned
at the end of 4 months. The explanation of the difference between
our results and those of Kleiber, et aI., (7) is that younger animals
were used in our studies, Younger animals are expected to make a
greater demand for phosphorus than older animals. Therefore, the
symptoms of phosphorus deficiency should appear sooner with
younger animals than with the older animals,
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In 1937-38 a positive check lot (Lot 6, Table 3) was included
to determine whether the gains of the steers on the basal ration
plus phosphorus were as good as would be e.xpected from steers on
an excellent fattening ration. Steers on the control ration gained
1.76 pounds daily, and the steers on the basal ration with a phos
phorus supplement gained 1.74 pounds per steer daily, which is not
significantly different. These results substantiate the first assump
tion that the basal ration is ample in all known dietary essentials
except phosphorus.

Appetite of Steers
The lack of appetite was ulSually evident in the steers after 112

days on the phosphorus-low ration. This was associated with a
depraved appetite which was manifested by wood chewing and
eating dirt. The steers on inadequate phosphorus diets became very
emaciated, thin, and listless (compare Figures 1 and 2). Table 2
shows by 28-day periods the a\'erage daily intake of feed of steers
fed on phosphorus-deficient and sufficient rations. Alter 4 months
on the phosphorus-deficient rations, the daily feed consumption of
the steers decreaged until the end of the feeding period. while the
steers reeeh'ing enough pho~phorus ate more feed as their weight
increased. The feed consumption of the steers receiving ample
phosphorus increased from ahout 9.5 to 15.0 pounds per steer daily
during the course of the experiments, whereas the consumption of
the steers on the pho<;phorus-!ow ration showed no increase. These
IStudies show that it takes considerable time for the appetite of
steers to be depressed by low phosPhorus diets. Therefore, the fir:.'\t
effects of a phosphorus-low diet is the poor utilization of feed. slow
gain, and depraved appetites. The inefficient utilization of feed in
the first stages of aphosphorosis is due to some disturbed metabolic
process and not to low food intake. However, after the appetite is
affected the feed requirements per unit gain increase, because a
larger percentage of the nutrients is used for maintenance, thus
leaving less food for building new tissues.

The exact physiological action associated with the loss of appe
tite is not known, but this phenomenon is common to most nuiri·
tional deficiencies.

Blood Phosphorus (wd Calcium
The dat.... on the inorganic phosphorus and calcium conteni of

the blood plasma Me presented in Tables 2 and 3. These data are
based upon an avel'age of 8 analyses of the blood aamples from the
individual sieers. Steers fed on rations containing 0.15 per cent or
less phosphorus 8howed a definite lowering of the blood phosphol'US
io deficient levels. The I.\verage phosphorus level for steers on the
phosphorus-low ration was lowered from a normal of 6.47 mg. per
100 mi. of plasma to an abnormal !e\'el of 3.59 mg. It required
from 51 to 69 d~lYs for the inorganic blood phosphorus to drop
below normal when the steers were fed on a ration with 0.11 per
cent phosphorus and a period of 100 days was required when the
steers received 0.15 per cent phosphorus in the ration. A phosphorus
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intake of 1.46 grams or less per 100 pounds of live weight did not
support normal phosphorus levels in the blood plasma.

The blood phosphorus values for the steers on the rations con
taining 0.18 per cent or more phosphorus (Table 2), corresponding
to an intake of 2.00 grams or more of phosphorus per 100 pound,;
of live weight, were all within the normal range. There was no
evidence of a calcium deficiency among any of the steers (Table 8).

Individual variations were found among the steers in regard
to their response to low phosphorus rations. This was indicated by
the variation in time required to reduce the blood phosphorus to
an abnormal level. Furthermore, the feeding prior to starting the
experiment has a definite influence on the time required to deplete
the animal's phosphorus reserve.
Table 3.-Summary of results for three experiments on the phosphorus

requirement lor fattening steers.

"",pcrilnCl1t,,1 dny,;-16l'

,
",
'"'"1.76

15.1

'"0."
""4.19
51.6,.,
5.22
7.10

9.37
10.7(1

,
."
'"'"1.71

13.8
010

0.20
12.57
2.15

52.4..,
6.44

''"9.70
10.60

,...
'"'"L"13.6

'".."14.38
2.49

52.7
3.'
6.15,..,
9.19

10.60

6.",...

,...
'"""1.74

13.5

'"0.19
11.87

'""52.0..
5.67
3."

6.47
3.59

, ,
443 451... '"177 187

1.10 1.16
12.0 11.8

1129 1025
0.12 0.15
6.~ 7.90
1.23 1.45

44.7 44.8
6.8 5.7

Steers per lot
Av. Initial weight. lb.
Av. final weight. lb. .
Total gain per steer. lb.
Av. dally gain. lb .
Av. dally ration. lb _ ..
Feed per 100 lb. gain. lb.
Phosphorus In ration. per cent.
Dally phosphorus Intake. grams
Phosphorus Intake per 100 lb. live wI. grams
Dally calcium Intake. grams
ea P ratio
Blood prn'r::f~orus. mg/lOO m~. PI~~~.~:..

Final __ _._
8lood calcium. mg/loo ml. plasma

Inilial ._...... 9.50 9.05 8,37
Final t1.2O 11.40 10.30

'The data presented In Lots 2 and 6 represcnt only one experiment.
"Steers In lot 6 led 141 da~·s.

Calcium-Phosphorus Ratio
The calcium intake was maintained at approximately the same

level in all lots by the addition of ground oyster shell. This caused
a variation in the calcium-phosphorus ratio, ranging from 6.8:1
to 2.2:1 (Table 8). If a more favorable calcium-phosphorus ratio
had been maintained in the low phosphorus lots, this might have
lowered the minimum requirement for phosphorus. However, under
practical feed conditions, aphosphorosis occurs under less favorable
calcium-phosphorus ratios than used in this experiment. For ex
ample, alfalfa hay has a calcium-phosphorus ratio of 6.8 :1, which
is the same as the ratio in the deficient lot. Since alfalfa hay is fed
as the sole roughage and many times the only feed for cattle, we
are led to conclude that requirement for phosphorus determined
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with a wide ratio is more applicable to conditions as they exist, than
if the ratio was optimum in all lots. Analyses of a large number of
range plants in Idaho have shown that cattle feed in the late summer
and fall on plants having calcium-phosphorus ratios ranging from
20:1 to 6:1, which further substantiates the fact that optimum
relations between calcium and phosphorus seldom exist under
natural feeding conditions. A recent review of the importance of
calcium-phosphorus ratio in animal nutrition by Fairbanks (4) has
pointed out that an optimum calcium-phosphorus ratio has greater
importance when the vitamin D of the ration is inadequate. Since
the steers on the experiment were fed in open lots and on good
quality sun-cured alfalIa hay, the vitamin D intake should ha\'e
been ample.

Cottonseed Meal 1:8. Bonemeal as a Phosphorus Supplement
Lots 4, 8, and 14 were designed to compare the effectiveness of

an organic form oC phosphorus such as found in cottonseed meal
with an inorganic phosphorus, when fed at approximately the same
leveL The close agreement of the results in the three experimenl~

shows that cottonseed meal is a very good source of phosphorus and
therefore is useful in preventing aphosphorosis. These data indicate
that an organic form of phosphorus is just as effective in preventing
aphosphorosis as the inorganic form (Table 2). The steers fed
the basal ration plus cottonseed meal made gains comparable to
the lots supplemented with bonemeal, and the blood phosphorus
levels were normal. Thus cottonseed meal lends itself to serve not
only as an excellent protein supplement but also 3S a suitable
phosphorus supplement.

PhosphCYrU8 Requirement lor Growing and Fattelling Steer~

The optimum phosphorus requirement as determined by the
rate of gain, feed utilization, appetite and inorganic blood phos
phorus level is shown to be 2.00 grams daily intake per 100 pounds
of live weight or about 10 grams daily for a 500 pound steer calf.
This is not necessarily the minimum physiological phosphoru!'
requirement necessary to support normal nutrition and hetllth of
the animal, but is as Iowa level as should be fed under practical
feeding conditions.

The minimum physiological phosphorus requirement is possibly
nearer 1.80 grams per 100 pounds of live weight than 2.00 grams.
In Lot 1 it is definitely shown that 1.67 grams of phosphorus daily
per hundredweight during the first part of the feeding period is
insufficient. The steers in this lot became phosphorus deficient in
the latter part of the feeding period as shown by small gains and
the lowering of the inorganic blood phosphorus. This conclusion is
also substantiated by Lot 9. In Lot 14 the average daily intake for
the feeding period was 1.80 grams per 100 pounds. These animal:;
maintained normal gains, feed consumption, and blood phosphorus
levels. This lot would indicate the minimum physiological phos
phorus requirement to be 1.80 grams daily intake per 100 pounds
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in comparison to the data presented from other lots. In Lo~ 2, 6,
and 12. during some of the feeding period, the phosphorus lIltake
dropped to 1.80 gram:; daily intake of phosphorus. All these lots
maintnined normal food consumption, optimum blood phosphorus
levels, ~md made good gains.

It is, therefore, suggested that rations of the type fed must
contain 0.18 per cent phosphorus to supply a daily intake of phos
phorus of 2.00 grams per 100 pounds live weight. To meet the
requirement of 1.80 grams of phosphorus daily a ration must contain
0.17 per cent phosphorus under normal consumption. The 0.17
per cent phosphorus ration is too low for safety becam'e other
unknown factors could lower consumption of feed and thus lower the
intake of phosphorus below the minimum requirement.

These results are somewhat lower than reported b.y Mitchell
and McClure (9) in which they state that a 500-pound growing
steer requires a daily intake of 12.4 grams; a fattening steer of
the same weight 16.7 grams; and a growing Holstein-Friesian
(female) weighing 500 pounds required 10.4 grams of phosphorus.
The::e variations in phosphorus requirement of different tYI>C ani
mals are wide. It is not likely that a growing beef steer should
require more phosphorus than a growing dai!')' cnl£ at the same
weight.

Maynard, Grea\'es, and Smith (8) produced a phosphorus defi
ciency by feeding 1.96 grams of phosphorus per 100 pound!; of live
weight. while our .!'itudies indicate that this amount of phosphorus
was ample for fattening steers. Reports for the phosphorus re
quirement of beef steers \'ttry widely and the difference:; are greater
than can be accounted for b;r experimental error. In a recent report
by Williams, MacLeod, and Morrell (12) in studies with rats, it
has been shown that the availability of phosphorus varies within
the same forage. It is quite possible that this fact may <lccount for
the discrepancies between the various reports.
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Summary
A three<rear study using 112 head of steer cah'es ranging in

initial and final weights. respecth-ely, from 422 to 721 pounds and
fed on different le,'els of phosphorus for an a,'erage of 161 days has
given con~istent enough regults to permit the following interpre·
tations and conclusions:

1. A definite phosphorug deficiency was produced with steer
cah'es fed on rations containing from 0.11 to 0.15 per cent phos
phorus with an average daily phosphorus intake ranging from 1.04
to 1.63 grams per 100 pound~ of Ih'e weight,

2. Steer calves manifesting aphosphorosis required 30 per
cent more feed to make a pound of gain and gained 37 per cent
slower than calves receiving ample phosphorus.

3. An average of 60 days was required for the steers to show
signs of aphosphorosis as indicated by low blood phosphorus. efti
ciency of feed utilization, and depraved appetite, However, the
appetite of the steers was not retarded in most cases until after
112 days.

4. The fact that on the same feed intake the low phosphorus
steers made less gain per unit of feed eaten, shows that a low
phosphorus ration interferes with the utilization of the feed even
before the appetite has decreased.

5. Fed at the same phosphorus level, the organic phosphorus
of cottonseed meal was as effective in preventing a phosphorus
deficiency as the inorganic phosphorus in bonemeal.

6. The phosphorus requirement for fattening steers was met
by feeding rations containing 0.18 per cent 01' more phosphol'lls or
by supplying a daily intake of 2.00 grams of feed phosphol'US per
100 pounds of live weight,
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