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PART I. COMPARATIVE AVAILABILITY OF PHOSPHORUS

I NATIVE GRASS HAY PRODUCED IW

SOUTHEASTERN AND RORTH CEWTRAL OKLANONA
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gluten meal as a protein ﬁupplement; Th§ hay fed was produced near.
Wilburton, in southesstern Oklahoma, om soil very low in avalloble
phogphorus. HNone »f these symplons was shown by cows and heifers fed
prairie hay which contained sbout the gasne percentage of vhosphorus,

but which was grown near Stillwater on & soil higher in available phogs-
phorus. Since there was no great differsnece in the totel phosphorus
coutent of these forages, differences in the availablility of the ghos-
phorus [or beef catile soamed likely. %he need [or informztion concerning
the a#ailability of the phosgphorus in these two hays provides the basis of
this study., In addition, hay from & meadow near the Lake Carl Blackwell
area which had been fertilized with 200 pounds of superphogphate per acre
was included in the study in an effort to determine possible effects of

such fertiligzer trestuent on phogphorus avallability.



REVIEW OF LITERATURE

Certain plants are able to grow on soils that are very infertile and
low in available phosphorus, This is particularly true of many native
pasture plants of low economie value, such as the Aristida species, commonly
known as the pqmrty _grum,azﬂ Andropogon virginieus or broom sedge.
Among ‘the various harvested erops, there are alsc wide differences in the
ability of the erops to grow on seils low in phosphorus, Rye and oats,
for example, have been considered, generally, to be able to grow well on
soils where barley suffers from a lack of available phosphorus, Many
studies have been conducted in attempts to learn why certain crops can
obtain more phosphorus from the soils than others, and can make more growth
on soils low in phosphorus.

Sommer (1936) found that in solution eultures, wheat and buck wheat,

_ which have large root systems and a large absorbing surface, made a better
growth on low concentrations of phosphorus than cotton whieh has a rela-
tively poor root system, Pierre (1938) has shown that the solubility of
compounds of phosphorus in the soil has a great influence upon the avail-
ability of phosphorus in the soil to plants, The following groups of soil
phosphorus compounds are listed in what he believes to be the order of
decreasing availability for plant nutrition: (2) compounds of ealeium and
phosphorus or magnesium and phosphorus, (b) combinations of phosphorus with
organic matter, (¢) compounds of iron and aluminum with phosphorus and

(d) compounds of phosphorus present in the form of the parent reck from
which the soils are formed.



There are numerous references in the literature in genmeral agreement
concerning the effect of soil reaction on plant nutrient availability,
Whitson and Stoddart (1927) studied the response of soils to phosphate
fertilization and found that acid soils gave a much greater response to
phosphorus fertilization than non-acid soils, They suggested that in
acid soils the phosphorus was largely present as iron and aluminum phos-
phates instead of the more available caleium phosphate,

Truoz (1947) has illustrated graphically the general trend of the
relation of pH and sccompanying soil eonditions to the availability of
plant nutrient elements, lis work indicated that soil phosphorus is most
readily available to plants when the pH range is between 6.5 and 7.5,
Harper (1947) reported the results of a study in which over 3000 Oklahoma
soll samples were classified according to pH value and available phosphorus
content, This study showed that a soil whose parent rock material was low
in available phosphorus was also very likely to be low in available phose
phorus, Under average Oklshoma conditions, the availability of inorganie
phosphorus to plants was found to decline with increasing soil acidity.
According to Browne (1938), although plants are dependent upon the soil
for their mineral mutrients, elimacie conditions so affect respiration,
assimilation, photosynthesis, metabolism and other physioclogiecal rrocesses,
that the composition of both the mineral and organic matter of crops may
be greatly modified even though they are grown on identical soils.

Beeson (1941) reviewed the work of Kunze in Germany who found no
significant differences in the phosphorus content of wheat grain, but about
half as mueh phosphorus was found in the straw and chaff produced in dry
years as compared to years of average rainfall, Daniel and Harper (1935)



roporﬁad the results of a study concerning the relation between effective
rainfall in Oklahoma and total ealeium and phosphorus in alfalfa and
prnir:ie hay which support these findings, Although the mathematical
correlation between the sctual amount of rain and the phosphorus content
of alfalfa was not high, their data show that phosphorus content fluctu-
ated with the rainfall, McCreary (1939) at the Wyoming Station reported
that pastures in the laramie Plains clipped in April during a season of
sufficient moisture for maximum growth contained 0,73 per cent P05 and
18,61 per cent crude protein on the dry basis, while forage clipped from
the same area on July 23 (after a period of low preecipitation) contained
0.47 per cent P,0; and 9.3 per cent erude protein, Another sample from
the same area representing the growth of forags between August 16 and
September 3, after a period of high preeipitation and more than sufficient
moisture, contained 0,74 per eent P,05 and 15,97 per cent erude protein,
Schrieber (1948) in findings concerning phosphate fertilization in Germany,
stated that in unusually dry years, beet erops have proved low in phos-
phorie aeld because insufficient rainfall caused a great reduction in the
solubility of phosphate fertilizers, On the other hand, normal rainfall
produeed erops of an phosphorus content, |

Numerous references in the literature cite the effect of lime and
fertilizer applications in increasing plant nutrient availability as shown
by changes in chemical composition of pasture forage, Fertilizer treatment
of soils affects the composition of forage in two ways: (1) by favoring
in a mwixed forage the growth of certain species of plants in preference to
others, and (2) by directly promoting an increased absorption of the nutri-
ent or nutrients added, Pierre and Robinson (1937) found in West Virginia



that forage from an unproductive soll at the Vorganstown Station was oaly
&0 per cenit ag nish in phosphorus as the forace from the unbreated pists
of the more fEItilezséil ab the Worfield Station. Iliberal phosphate fer-
tilizatien increused the phosphorus content of the forsze to shout the same
level on the two aress, The pereentage increcses were 29 per cent at the
Horfield Ztation and 101 per cent abt the Forganstomn Station.  Pheschorps
fertilizetion inereszed the phosphorus content of shite slover sn everspge
of 10 per cent ns eompared with am-avarag@'mf’Aﬂ'per cont for Kentucky
blue grass, Thease workers also veportod that the percentass increase in
the phosphorus content of poverty grass from phosphate fortilization was
approximabely twlce o8 high as that of the blus oraass,

01Brien and Obenshain {1942) found that anvlawvfertiii%y soils,
phosphate fertilizétian inereased the weighted sverape percentasze of -
nitrogen, phosphoric seid and celeium oxide in the forage. On similar
soils, these workers yeporied thet di-ecsleium, tri-calelom and superphﬁsé
phate trestments a1l increased the averspge phosphorie seid content of the
forage by 50 per eent over the respective check plota,

Brown {1932) Pound substantial increases in the percentaze of clover
in pasture forage after the applicstion of phosphate and still a greater
ineresse after the =ddition of phosphate snd lime. From s low valve of
11.7 per gent protein in forsge from unfertilized plots, whieh conbsined
1ittle clover, phosrhate alone increaszed the elover o 14 per cent and the
probein of the mixture to 14 pér cent, Phospbate and lime increased the
elover to 41 per cent awl the protein to 21,1 per cont, Phosphate, lims
and potash together inorszsed the elover to 55 per cent and the protein to

2044, pey gentk,
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workers eoncluded that a 600 pound growing steer requires a daily intake
of 12,4 grams of phosphorus and a fattening steer of the seme weight
requires 16,4 grams of phosphorus,
Beeson and associates (1941) found that the phosphorus requirements
of growing and fattening steers in Idaho were met by feeding rations cone
taining 0,17 per eent of phosphorus or a daily intake of 2 grams of phos-
phorus per 100 pounds of body weight. These investigators suggest that
the minimum phosphorus requirement is nearer 1.8 grams per 100 pounds of
body weight than 2 grams, Mitchell (1947) concluded that for body weights
ranging from 150 to 1200 pounds, the phosphorus requirement of Holstein
heifers drops from 0,52 per cent on a dry matier basis to 0,13 per cent,
the ecaleium requirement drops from 0,85 per cent to 0,18 per ecent and the
ealeium-phosphorus ratio from 1,63 to 1.38:1. For later stages of growth,
the caleium requirement continued to decrease, while the phosphorus require-
ment remaired approximately constant, The optimum ealeium phosphorus ratio
at meturity was found by these workers to be about 0.5 or 0,631, Beeson,
et al. (1944) found thet lambs receiving rations with a phosphorus content
ranging from 0,15 to 0.23 per ecent were adequately supplied with phosphorus,
On the basis of phosphorus intake per unit of live weight, these percentages
ware equivalent to 2,17 to 3,8 grams daily per 100 pounds of live weight,
Gallup and Briggs (1950) condueted phosphorus balance studies in an
effort to determine the minimum phosphorus requirements for lambs weighing
from 55 to 70 pounds, These workers reported negative phosphorus balances
with rations which supplied 1.4 to 1.7 grams of phosphorus daily per 100
pounds of live weight, about an equal number of positive and negative
balances with those that supplied from 1.9 to 2,1 grams of phosphorus and



positive balances in every case with those rations that supplied from
2.4 to 2.9 grams of phosphorus per head daily,

Reviews of the literature dealing with the minimum and optimum phos-
phorus requirements of range beef eattle are presented by Robertson (1948),
Albert (1949) and Nance (1952).

The chief phosphorus-containinz constituent of cereals and legumes
and their by-products is phytin, the calcium-magnesium salt of inositole
bsxaphosphorie acid, Thus, the question of the availability of phytin
phosphorus is an important one in nutrition, worthy of considerstion,

According to leCance and Widdowson (1935) phytin phosphorus represents
46.4 per cent of the phosphorus of wheat, 52 per cent of ocats, 63 per cent
of barley, 58 per cent of yellow corn and 57.5 per cent of peanuts,

Hay (1942) reported that in wheat bran, the phytin phosphorus rep-
resents 90 to 100 per cent of the total phosphorus and that the phytin
phosphorus content of wheat by-products is direetly proportional to their
fiber content, |

Numerous experiments have shown that phosphorus utilization is impaired
in rations containing phosphorus largely in the form of phytin, There are
controversial theories which attempt to explain if and why such is the
case, Lowe, Steenbock and Krieger (1939) found that the addition of phytin
to a low phosphorus basal ration, thereby raising the phosphorus content te
0,68 per cent, resvited in no significant improvement in bone formation in
chicks as revealed by bone ash determinations, On the other hand, the
addition of phosphorus as di-sodium phosphate eguivalent to the phytin
phosphorus increased the bone ash approximately 10 per cent, The results
were obtained in both the absence of vitamin D and the presence of sube
optimal levels,
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by these workers to be oxplained by a lack of & dietary source of the
enzyne. Singsen and dltehell (1344) found thet the efficiency of the
chick in utiliging the ﬁhytic neid ghogpborus of soybeans wes satisfectory
when field cured sifgifa meal was included in the ration as & source of
phytase, whereas, commercially prepared dehylrsted nenl wss not efective.

It was pestulated by these workers that the phytese of the cormercially

prepured nesl had been destyoyed during processing.

dpitzer ant Phillipe (1945} concluded that o Azatarw gource of ghytase
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Williams, et al.

; reported the results of a2 study om the aveile
ability to the rot of shosphorae in lespedeze end alfolls hoy. In thie
gtudy it was found ithot when the eaperimentel dicts contained phoavhorus
at'a minizmel level of adequacy mnd »ll other nutrients were =t ontimal

levels, (the sawe for =21l diets), tbe phosphorus of a low-phosphorus lese
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bone development than was the phosphorus of a high phosphorus hay. These
workers also reported (1942) similar results with red clover hay. Their
work indicated that the ratio of iron and aluminum to phosphorus in the
hays was the disturbing factor in the utilization of phosphorus. Insole
uble phosphates of iron and aluminum were found in the hey which decreased
the amount of totel phosphorus available to the animal.

Sereanivasan (1939) studied the differences in availability of phose
phorus in two varietlies of rice and found that rice containing 1.12 per
cent P05 promoted greater growth than a rice containing 0.0l per ceant
P05,

Cox and associates (1931) fod guinea pigs a ration containing soluble
aluminum salts in excess of the total phosphorus of the diet, and obtained
a marked lowering of the inorgsnic phosphorus of the blood to a level of
15 per cent of normwal. The ash, calcium and phosphorus contents of the
bones were reduced to 70 per cent of the normal in a 10 week period.
Ferrie salts produced a simllar but less marked effeet. The addition of
monosodium phosphate equivalent to the aluaminum or iron content of the
diet entirely prevented the occurrence of the symptous of aphosphorosis.
These workers fed rabbits the same ration and observed that the inorganic
blood phosphorus dropped rapidly when the iron or the aluminum content of
the diet exceeded its phosphorus conteut. Within 9 days after the begin-
ning of this work, it was noted that the excretion of phosphorus in the
urine practically ceased. These observers postulated that the inability
of experimental animals in this study to utilize phosphorus was due to
the precipitation of the alimentary phosphorus as ferrie and aluminum

phosphates.



Strest (1942) fed rats a purified diet containing various lesvels of
phogphorus, aluminum sulfste snd sluminun hydroxide. Ee concluded that
when g soluble form of sluminum such as aluminum sulfzte was fed o rabs
in an amount equel to the phosphorus content of the ration (equimolar),
there wes almost complebe precipitation of the phosphoris in the intes-
tinal tract. %This conclusion was based on growth rates and inorganic
phosphorus levels in the blood plasma. Aluminus sulfate was more affece
tive in preecipitating the phosphorus than sluminum hydroxide.

" Ericver smd Steenbock (1940) in a study of the effect of caleium
and vitanin D on the availability of phosphorus, found in feeding experi-
mentbs with rats that the sveilebility of phyiic agid phosphoras was mark—
edly sffected by the caleium znd vitamin D coutent of the diet, ¥ith an
optimal inteke of phosph§rus and a calciunephosphorus ratio of l:l, phytic
acid phosphorus was slmost as readily utilized as the inorgsnie form,
However, when the ecsleciws-phogphorus ratic was incrsased to 2:1, the
avallebility of phytic seid phosphorus was meorkedly decrenzed. Vitamin U
vas found to improve the utilization of both the organie aﬁ&.inmrganie
forms of phosphoruse In the presence of vitamin D, phytic acid phosphorus
was not as resdily availeble as the inorgsnic forms.

The effect of eitrates upon the avallebility of phosphorus hag been
a topic of considerable study. Langford (19/2) found that the edministra-
tion of a mi#ture of eitric geld and potassium clitrates in aperoxiamastely
~ the proportions snd quantities whiech would be supplied with 10 c.c. of
fresh orange julce daily increased the rote of growth and ithe total aalcium.
retention of rats 53 a wheat and nilk diet. Day and MeSullum {(193%) on the

other hand, observed that when rats were fed z purified ratiocn high in
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ealsium»and low in phosphorus, the feeding of citrates did not promote
caleification. .Neither‘uaa it effactive when’the/&igt contained moderate
levels of celeium or chosphorus, or low calelum and high phosphorus, irrese
pactive of whether a.cereal ration or a purified ration was used. Uthea a
purified rotion containing phytin was fed to rats, cibtrates caused an in-
cresse in caicificatiaa when the ealeiumiphosphorus ratic was high, bub
there was no affect when the céleium:phoapharus ratio waz aboub 2u:l.

Hothaway and Meyer {1939) fed rats a rachitogenic diet and added
laetic acld and citric acid or the salts of these ncids to the dlet. Hach
of thegse acids increased the average bone ash valuess Chaney and Blunt
(1925) found that both caleium and phasgharns retsntlon was inereased vhen
orange juice was fed'tovgrowing girls. Yore than {hree tismws as oweh
phosphorus was assinilated vhen orange julce was gdded to the diet than
when none was addeég

Jones (1942) used the rat to study the relation of pH of the intes-
tingl contents tg»ﬂaiaium and phmspharas.utilizati@n‘, This worker found
that when given in eddition to a rachitogenic diet, lard, oleic aeid snd
vitamin D ell increased the geidity of the lower portion of the ileum end
loss consistently increased the acidity of the cecun mnd colon. The sane
substances also showed definite antirachitogenic action, which vas much
greater in the ease of vitamin © than either lard or oleic acid; The
addition ef aluminum sulfate 1o a stock diet resulted in severe rickels
ana 3 definite:inciéase in the pl throughout the grester pert of thé_ina‘
testinal tract of the rat.

Shohi (1%37) demonstrated with rats that the feeding of acid pro-

ducing salts such as HH 0l intengiflied rickebs, and had a definite but
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limited effect on production of ricketse. Hheﬁ gltrie acidesediun citrate
mixtures were added to rachitogenic diets they no longer produced rickets
‘in rats. | | N

Bunkfelt ané Steenbock (1943) found that when cotionseed oil was ine
eluded in a low-pbosphorus, cerezl-free, raghitogenie}ratiom for rats,
caleificstion was wniforaly decreased in proportion to the amount of
cottonseed oll fed, UWhen sdequate chosphorus was provided, however, the
feeding of c@ttansaed oil resulted in increased c&lqificati@m above that
without eotbonsesd oll. |

From this review, the major factors whieh affect phosphorus utilization
include (1) the Ca:P ratio, (2) vitamin I, (3) the chemical naturs of the
phosphorus conteining constituents in feedstuffs, (4) the pH of the intes-
tinal contents and (5) the presence of ebsence of egﬁtﬁin sgimble salts in

feedstufls.



EXPERIVMERTAL OBJECTIVES

This experiment was desigmed %o study the relative utilization of
phoaphorus in prairie hays produced in two different areas of Oklahoma,

17



EXPERTVENTAL PROCEDIRE

.. Exporimontal Fe

'hio g

Trsals 1, 2, 3 s0d 4s

Rations were formulated in these trisls to test the avallability of
ealeiun and phosphorus in three prairie hays. One hay was produced on an
unfertilized plot noar Uilburton, {Ration l}; snother was produced near
Stilluster on soil which had recocived 200 pounds of superphesphate por aeres
(Ration 2); anﬂ a third one wos produced on an unfertilized plot near Stille
water, (Ration 3}. Analyses of the soll of the two genersl areas appear in
Table 1. Froxinste analyses of the feads usafi in this study appesr in
Table 2.

The hays were incorperated in malntensnce rations, The content of
phosphorusg, protein and emergy was spproximately equalized among the rations.
fbout 50 per cent of the total phusphorus in each ration wes supplied by the
hay., This required edjustments in the amount of hay in ceeh rstion. The
other ration ingredients were dried molasses beet pulp, corn gluten meal,
stareh, salt and wopd cellulose.t The wood cellulose was added for bulk in
rations 2 and 3, which contained the szaller smounts of hay. The CasP rallos
for the rations in this experiment were approximstely 6.3t1, 3,651 and 4,.8:1
for lots 1, 2 and 3 respectively, Ho attempt was made in these trials to
equalize the caleium inbteke amonz lots, The phosphorus inteke per 100 pounds
of body weipht was gbout 0.80 grams, The phosphorus intake was kept at |

lg01ka-Flac, purchased from The Brosn Company, Derlin, New Hawpshire.

18
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low level, becavse it was thought that if differences in phosphorus availe
ability did exist between Stillwater and Wilburbton hays, these difforences
might be more obvious ot o low level of phosphorns ‘inteke, The composition

of the deily rations is shown in Table L.

Trials 5 ani e
The rations used in t.haae trials were tﬁa same as t’noae in trials i,

2, 3, 4 with mlcium equalized hy tho addition of eac%. Inssmuch a8 cale

cium and phesohorus are elamly rnlataé in mamy metabelie m@asses, it was
| thought that f.‘urtmer atudy should he nade with rations in whieh both the
amounts of azailcium“‘arﬁ phosphorus were squalized in all 'iat,iﬁns, In trials
5 and by sﬂi’fﬁ:ﬁent ealeium was added as Calig (Iﬁerck’sﬁeagegi}; erade) to
wake the ﬁntal ,i:ntaké ef ealeiunm nefarly 'aqﬁal in all lots, The Ca:zP ratio
was spproximately 6.3s1 in these trials. |

Trianls 7 anmd 8,

Retion 2 containing the prairie hay from the ferbilized plot mear
Stillwater waﬁ nob fed in thess trials. Rations 1 .-azzti 3 were compounded
similar to theose of previous trials ‘emep;t thot about 1,000 I.U. axd 300
1.0, of vitamins A and D, Tespectively, per 100 pounds of body welzht, vere
edded n the Porm of ¢ol liver oll. The compositien of feeds fod in these
trigles is presented in Table 5. New supelies of hay were used and it will
- be noted thab the Wilburton prairis hay was slightly higbey in ,ghcsg;h@rué'

than the $tillwater hay, The composition of the retions is presented in
Table 6.
Tricls 9 and 10.

Steers wore used ss experimental animals in these trials, The rations

were the same a3 those used in ¢trials 7 and 8 axeept that for reasons of



palatability, the cellulose was omitted from the Wilburton hay ration,
Also, different corn gluten real having the followingz percentage composie
tion was used: dry matter, 93.54; sroteln, 46.22; caleium, D,18; end

phosphorus, 0,33, The composition of retions is presented in Table 8,

Trisl 11, |

It was felt that inasmuch es the dsts obtaived in trials 1-10 with
nga;t?mal lamba éié not show grest differences in the utilization of phos-
phorus eontalned in Wilburton end Stillwater prairie bays, perhaps &
further refinement in taehniqua was nscessary, This triasl was designed
to simalate the eonditions of beefl cgttle in the Wilburton area by con- ‘
ducting balance trials with lambs low in body reserves of phosphorus,

To deplete the lambs in phosphorus preceding the balance trial, a
ration was fed which was composed of corn gluten meal, dried beet pulp,
cottonseed hulia‘ and a viterin A and D supplement of high poteney eed
liver oile This raftion was Ped for a pariod of seven months, At the end
c-f» this period, the lambs were divided into two groups. One group of lambs
was fezi the Hilburton hay which contained 0,052 per cent gahasgﬁhorus, and
*‘the cher group the Stillwater hay which eant-aimﬁ 6.@58 per cent. phos;yham
FUS, "“he remaim‘ier of the mtian aomisted of edrn cinten meal, mrieri '
beet palp, eod liver nil and suf”‘i@iant calcium carbonate to eoualize cale
elum intake, The e@n*positmn @i‘ the rﬁtwn is shwn by ‘i‘ahle T This |
mtinn %'ith g Casp ratie of 5,831 suppli@d 1.14« gramns of phas;;harus por
100 pounds of Live welght, appraximtely fif’ty per cent of the phosphorus

in ench ration was supplicd by the hay, The rations wers ﬂawﬂy equal in

protein, vhosphorus, energy asd bulke



Trials 1, 2, 3 and 4.

Wostern feeder wother lambs weighing between 60 ani 75 pounds were
used in these triale, Two weeks pricr to being placed on their respective
rations, the lambs were drenched with a phenothiszine preparation in order
to minimize the eoffsets of parasitic infestation upon the physiological
response of the lambs, The lsubs were weigbed on thres conseoubtive days
eight lambs were raniomly &ssigﬁed to each trentment by welght, Bloed
samples were tzken at intervals throughout these trials for the determinge

tion of ealcium and phosphorus.

Yiestern type wethor lambs welghing from 65 to 70 pounds were used in
these trials, ’Ia‘hé datalls degeribed in the previous trial vere followed

here except that blood samples were not taken for analysis,

Trials 7 and 8,
The animals which were used in the previous trials {5 amd &) were
used during these trials and the same details were followed in reference

to the ecare of the animsls,

Trials 9 and 10. ‘

Pour yearling grade Hereford steers weishing 600 to 630 pounds were
used in these trianls in an affort to determine if there is a difference in
the way in which steers metabolize phosphorus from Stillwater and Wilburion

prairie hays.



Trial 11, |

Western wother lambs weighing between 70 and 20 pourds were used in.
this study. These lambg were placed on the low phosphorus ration st about
osix monthe of age and were about thirteen months of age st the start of the
balance study. 35 is indiented for previous trials, the lambs wers treated
. for inbernal parasitism in order to diminish its possible effect upon the
- physiological responss of the lanmbs. Assignmont to trectment was ot random

in pairs of lanbs mear the same welght.,

Trials 1, 2, 3 and 4.

The term "riad%, as used in this writing, appliea’tc three lambs of
epproximately the same weight, each fed s ration in which shout Fifty per
cent of thalphasyherﬁs:was supplied by ono of thatdiffer@nt prairie hays
under investigation. - To keep lambs withln ezeh tried on the same level of
phosphorns intake, the smounts of rations fed were sdjusted in each triad
to the intake of the lamb esting the least.

Previous to eollection periods the lambs were fed their respective
rations st the barn in individusl sﬁanéhigns, and when not eating, were
 allowed um{ freedom of o large box stell, As soon as sll lambs were on
feéd, two trieds mera‘plaesﬁ in motebolism stalls ab the Animal Fusbandry
Areégmv The metabolisn stells were similer to those described hy'ﬁfiggs
 and gallup (1949). The lambs were fed only that smount of feed which they
would elean up in & reasonable length of ime, Teed refusals were left in
the feed béx for consumption during the following feeding period, The
met#bolism,pe?ioé consiztcd of & prelininary period of ten days and =

collestion period of twenty days, feees and urine being callécteé during



the latter poriod, A% the conclusion of the collsetion period, the two
triads wore returned to the barn and two mors triads vere placed in tke
matab@lism«atalls, Lamba al tho barn were conbtinued on their respective
rations ond individually fed until all twenty-~four lasbs hzd besn on
aollection,

Peces and uring were eclleeted in the usual manser ouee daily,
aeasured ond siisuoted for annlysiz. The sawples were meidified with
HOL and kept in tightly sesled jars under refrigeration at about 5° G,
A% the close of the Yrials, the lambs were slaughtered in an Oklahoma
Gity packinghouse and samples of bone taken Ebr~gmm¢@graphing and ash
determinabions, 4 ong-inch section near the center of the front cannen
bone was taken from the osreass of each lamb, The bones were cleaned of
tondon and lean bigsue ord extyacted in hoet aonhydrous ether for 42 hours.
The semples were dried in an oven at 100° € for 42 hours and ashed in 2

mufTle furnsee at 456° 6.

Triale 5 and 6,
The trisd feeding technique deseribed for the first four trials was
continued in the same manner in these trials, Other details of ths met-

sbolisn poriods were the same as bhose for earlier trials,

Trigls 7 and &,

Tnasmuch ae ration 2 was discontinued at the elose of trisl 6, the
triad feeding techuigue was also discontinued ard a paired feeding tech-
nique subsiituted. Further, the ccllection peried was divided inmte two
ten-day periods, 4t the conclusion of triasl 7, lasbs within pairs were

reversed and placed on the retion containing the othor test hay. Details .



of the collections ware the same ag for eérlier trials. Blood aﬁﬁ bone

gamples wers nobt tsoken for analysis,

Trials 9 and 10.

43 soon as the sbeers were on lesd, they wore plsced in setabolism
gtallo similar to theose wused Tor lawbs which provided for the separate
e@lieetinm ol urine and Teces, HRubker funnsls were used for ibs collee~
Atian Qf‘nminﬁ, These trials were of 30 days dumnti@n? ons ton-day nro-
Iininary preceding two suceessive ten-day collection oeriods. Urine and
feces wore messured end aliguobed once ﬁaily,'ﬁnd~ré§resentativm sampl@a'
tigﬁtly'aeéleé‘in jars an? stored at about 5° €, AL the end of two ton-
" day collection perieds, the steers were rotated and placed on the ration
eomtaiﬂiﬁg th@iether test hay., Two steers in triasl 9-4 went off feed and

the trisl was discontinmed.

Prial 11,

Ealamée trials were conducted with depleted lambs inyaiﬁing é tone
day @reiiminary peried Tollowed by o twenty-day colleetion pericd, Three
lambg were Ted eaech teat &atian and the brial wﬁajcaﬁclndaﬂ at the end of
%ﬁe twonty=-day collection periods Details @f}prcaedﬂra for the metebolism

pericds ware the same as those for earlier trials.

Feeds wore amalyzed for ealcium, phosphorus and other constituents
.accmrdiug ﬁa procedurs described by-thevﬁﬂﬁ.ﬁmﬁ, {1945}, ¥eces and urine
 wore anslysed for caleium and phosphorus by similar procedures as modd Pied

in thke ﬁegﬁrbm&nﬁ 6f sgriculbural Chemistry Reseavrchs



Blood olasma ealeiun de
of Clark snd Collip (1925).

made according to the mothod

ay

termingtions wore made ascording bto the zethod
tlood plasns phosvhoruz determinotions were

PR )

of ™ake and Svbharew (1925},
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RESULTS AND DISCUSSION

Trisls 1, 2, 3 and 4,
The chisrieal analyses of bays show that en = dry matler basis the
percentage of caleiun was 0,65, 0,67, 0.56 and the phosphorus 0,056, 0.113,
ﬁ;aéé for the Wilburton, Stillwater fortilized and Stillwater unfertilized

hays, respestively. '

The phosphorus and ealelun intake of the lambs on the different
rations sre reported in Tsble 9. The average intakes of phosphorus in
grams for lanbs fed rations 1, 2 asd 3 were 15.57, 16,78 and 15,58, respec-
tively. Taeble 16 presents a summary of these datm. In every case, the
total phosphorus intske for the collection pericd was greatest for those
lambs fed rations containing the fortilized Stillwater bay. This higher
phosphorus inteke is sccounted for by the phesphorus present in the starch
and cellulose included in this ration. By the same token, the total phos-
phorus intakes for lambs of lot 3 was somewhat higher than that of lot L.

‘i’he average phosphorus retention in grems for the twenty-day collection
period was «0.54, F2.49 ond -0,09 for lets 1, 2 and 3, respectively, as
presented in Teble 16, The nepative phosphorus balances which occurred
during trial 4 are difficult to explain, aside from the fmet that the lembs
were nearly six months older and their maintenance phosphorus reguirements
wers possibly higher then those at the time trial 1 was initiated. Prace
tically all of the phosphorus sxcreted was present in the feces, In brial
4 the cozbinstion feces and urine samples were found to contain 9,223,
0.328, 0.260, 0,333 and 0,275 per cent phosphorus on dry matter basis for

lambs 1 through 6, respectively, while the feces analyzed alone contained



0,213, 0,319, 0,244, 0,220, 0,33 and 0,266 per cent phosphorus on dry
matter bagis. The reﬁﬂntian }a:-f’ phosphorus by lambs fed prafrie hay producsd
on soil fertilized with superphosphate was significantly grenter than that
by lambs fod sinilar hay produced on unfertilized soil. Uhen subjected to
an snalysis of variance as outlined by Snedecor (1948) the mean differences
wers aigmfieaﬁt at the five per cent level of gmba}ai}it% ‘ﬁi_fi‘éremas in
phosphorus retention by lambs fed the unfertilized Stillwater and Filburton
hays waxfe‘ small; however, the trend was for slightly higher retention values
for laubs fod the Stillwater hay. |
The average ealgtium retention in grams for the Wanty~éay gollection

period was ~0.04, {2, 32 and <3.04 for lots 1, 2 and 3 reapectively. Ho
explanation for the rather large negative ealcium halénees;; for lots 1 and
3 or the positive celeiom balance for lot 2 is offered.

Blood plasma phosphorus and caleiun levels at verious istervals thronshe
out trials 1, 2, 3 and 4 are presemei in Tabls 10, The average plasma
| 16%‘15 of Phﬁﬂphﬁru&-mm within normal limits in all cases except for lob
" 1 when bled on Hareh 3vd, Harch 25th and Uay 25th. Beginning with the
January 11th bleoding, it is noteworthy that lot 2 had the highest average
plagma phosphorus level throughout :t,!&ea remainder of the emerimnt. Fur-
ther, in all cases -‘éxeﬁp‘b the June 27th 'biea&ing, tbé lmxbs in lot 3 hed
cénsi-étenﬁly higher average plasma phé,sphoru& levels than thoso ia lot 1,
This would tend to indieste 'tglét- the lamba were malﬂng"the maat affieien@
- use of the phﬁspharms fron the i‘értilizeﬁ ﬂa,y al t;hai:'uaiér the conditions
of this experiment, blood plasma phosphorus l@ﬁels might sugrest that lenbs
fed Stillwater hay mede more ofiielent use of the hay phosphorus ‘than did

those fed Wilburton hay.



Photogranhis of the bone sauples were made and accompany this éise £ Gm
sione. (Figures 1 and 2} It appesrs quite obviocus upon exaninstion of the
photogrephs that leobs in lot 2 fed the fertilized hay ration baid bones
with bthicker, heavier walls thsn those of eitker lots 1 or 3. lhere seen
to be no grest differences betwess the boues of lots 1 aad 3.

ihe percenisge of ash 18 presented In Tsble il. Bone aah detercinss

tions were very uniforn otk within sud between lots. Average percentage

Z-ﬁ?

ash in bone sceticn m lotg i, 2 end 3 vere G7.03, 67.29 and £7.26

respectivelys

Triels 5 snd 6.
Phoprhorus and cgglclm' retention datas Por lsmbsg in these Lrials are
preseuted in seble 12. It will be noted hab the aversge vhosphorus ro-

tention values were pogitive enly ‘m ismha fed the fertilized Siillwater

fiss}

hay ration. 7The sversze phosphorns relention in grens for the twenby~day
celleetion veviod was =L 70, F0.73 snd -.55 for lots 1, 2 snd 3 respects
ively. &s in previouws wrials, negative culelum balances occurred, the

1 =ile2l, =3.67 and -12.15 for lots i, 2 awd 3 resvectively.

aversses L
fis was olso true in previouz trisls, the rotention of phosnborus by lamubs
fed prairie hay produced on woil Zertiliszed with superphosphete was zrester
then that by lembo fed siudlar hay sroduced on unfertilized woil et both

-

illwator. Jor this reason, the resnlbs o0 the six trials

Eilburton sad

vere pooled. The pooled retention resulbs of the six drisis revesled

statistically

ficant 4i

Tarences bebusen shogphoras mt& Lon velues
for lonbs fed praivie hay grous on fertilized ond anfertilized soil. The
following 1g the soalysis of verisance teble Jor these oooled retention

resultos
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Teisls 7 and 8, -
The phoschoros m@i,ﬂalﬁcﬁm retention é”xm for lanks in trial ‘ 9 ¥ oond,

8 are presented in Table 13, Ib appears m@n witemin & and D supplemente -
ation had o pronounced effeet upon.caleivm retention, Gorbrary to findings
in e&rlmr_t?iala; caledun baflnneea were positive with aversse ealeiun
retentions in ten-doy collootion periede of £6.33 and M,57 grovs for leubs
Ped unfertilizsaed Kj;i;bwmn ard Stillwater hay rations, respectively. FPhose
phorug retentlon wines on the other hard, were alightly negativs» with
3463 *vmi -ﬁ.é grams vhosphorss balasce in s ten-day collection period

for lambs fod rations of Vilburton and Stillwater hey, respectively,

Trials 9 and lﬂ.

" The phosphorud and ealeium retention deta for ‘stesrs in trials 9 and
10 are presented in Table M. These data are émraciter'ize& by a groaber |
preéémziams .a:é;‘ pogitive ?hasghams‘and snloium b&lamﬁé than was true
with lambs in 't‘sri'aﬂ:ls 7 and %, The uverage phosphorus caloimm reten-
tion in grans rmzw:mL thm ten—-dw collection mrﬁ.@dﬁ for steers in the

trials were as iellewss

‘ - Hp. O iverage B bverage
'Tr:nal ol Fay P ‘Ent.ah'» P Retained Ca Inteke Ca iewimc};
Ko, Steers Betion _{mms.)}. . lzms.d femeay L lemsl)
' Hilburton - 324 ‘i{: O Ale0 186,80 58.57
Stillwater 32.50 I 186,89 Fi5.34
Wilburton  44a04 ~(o 67 2335 #5061
’ Stiﬂwat@r Ll ity ?[6% 21 2335 }‘56:&
Wilburton 46,52 «5.86 233.5 #31.13
Stillwater 46,52 Fo.82 233.5 £41.72

Yo
5 &
k]

7
B OnR M MO



The mean vhoophorus retention in grans wae =1.53 rd J£72,97 Por stesrs

Pad the Uidhurion o

#11lunter hoy rations, resncotively, 21thonsh the
nunbers of animals invelved in thaee trials vers too suall snd the varige
tlon in phogphorus retentions tao rrast to rovesl stetinticalliv simifiesnt

differences, it vould ey

sere shaorg ntilized
the shogrhorns from the Stilluster hey mope effisiently then Tthet of tha

¥ilburton hoy. enld A3 Tero:

Mlood wlegmn caleiun ond phasrborue levels

L b

wihhin whet Iz someldere? o normal Msite, The

blood pleswe caleivm 18 walues sxnrosse? ne 2ill4srems per

gent. Fopr ohasro st | Al the cwxneorineat vere:

Phosrhoyis
£ 9B
5420
Goldhy

Trisl 1i.

cedly nho this trial are presented in

le 1%, in g eomopnrigon of sphorus retained

n bozb du every ceso was a slight advenbose
for the Stilluater hay retion, This sdvantaps was snsll, however, snd

ens reteution 1o grass wes #0.0% sad 0,11 for

Yawpbs

Hilburton aed Siillwalor bays, rescectively. The aversge dally

rhogphorns Inteke was G792 gre Yop larus Ped the ¥ilborton hay ration

and D472 grasns Yoz e ttillwater hey rstion. Thus, agein only
g trend im favor of the Stiliwabter bay is osteblished with respect to

shogphorus atilizstion by laobsg.



Trials were conducted with lambs and steers to determine the rel-
ative retention of phosphorus in prairie hays grown on soils of different
phosphorus content,

The retention of phosphorus by lambs fed prairie hay produeed on
soil fertilized with superphosphate was greater than that by lambs fed
similar hay produced on unfertilized soil, The difference was statis-
tically significant, Although statistically significant differences in
phoaphmnh&immmtowmdmnthmmmwm
were compared, phosphorus retention was slightly greater for those lambs
fed prairie hay grown on soil higher in available phosphorus, There was
no difference in the per cent ash in bones from lambs fed the three test
hays., From a gross examination, however, it appeared that the bones from
lambs fed the fertilized hay had thicker and more dense walls than those
from lambs fed the unfertilized hays, "rh-nmmobdmdu'm-
in the physiecal structure of the bones from lambs fed Wilburton and
Stillwater unfertilized hays.

The eddition of a vitamin A and D supplement to rations in trials 7
and 8 appeared to have a pronounced effect upon caleium retention, Vita-
min A and D supplementation increased the utilization of taleium in sll
rations as indicated by much higher ealeium retention values than were
obtained in trials 5 and 6, A4s in previous trials, phosphorus retention
was slightly greater by those lambs fed the unfertilized hay from Stille
water than by those fed the unfertilized hay from Wilbwrton.
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Hereford steers were fed Stillwater and Filburten hay rations %o
deternine comparative differences in the hays in phosphorus availabllity,
It appears from the rosults with steers, that the phosphorus frem the
Stillwater hay was wtilized more efficiently than that from the ¥ilburton
hay,.

In trial 11, lembe which had been on a low phosphorus diet were fed
rotions of Stillwater and Wilburton hay, It was found that 'ﬁndér these
conditions the lambs receiving the Stillwateor hay stored slightly more

phosphorug than those regeiving tﬁzal‘ﬁiilburtan haya.
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Table 1
Soil Analyses
; Organie Available Available
Deseription Secil Type Soil Reaetion Matter Phosphorus Potash
Ppie PPile
il LOUGon (southeast Jkla,
Depth 0"-8" gray very fine
sandy loam  strongly acid 2.9 14 5642
81.12% grey very fine
sandy loam strongly aeid 2.0 1= 83.4

loam moderately acid 3.5 2f 128,8
8%.12" brown sandy
loam moderately acid 2,7 2 96,0
Table 2
Proximate Analyses of Feeds
Composition of Dry Fatter

Dry Ether Crude
Matter Ash Protein Extract Fiber N,F.E, Ca P

B B . M. o el W

Wilbwrtom* 92,11 6.16 4.24 2.44 31.75 55.41 0.651 0,056 9.33
Stillwater®* 92,45 7.04 6,79 3.02 29,70 53,45 0,670 0,113 9.9%
Stillwatert 92.43 6.65 6.52 2,62 30,51 53,70 0.562 0,066 13,20

Corn Gluten
Meal 01.72 R.52 47.15 - 2,75 2.80 44,78 0,188 0,395

lolasses Beet

Salt 99- 59 e -_-— — - - 0. 092 0-00&

#iilburton hay from unfertilized land,

#*#3tillwater hay from land fertilized with 200 lbs, of superphosphate
per aere,
+Stillwater hay from unfertilized land,



Table 3
Average Daily Ration Fed Lambs in Trials 1, 2, 3, 4.
Dried
Corn MNolasses

Trial lot Lamwb Gluten Best Hayl Hay?® Hay’
No. No., No, Meal  Pulp No,l No.2 No.3  Starch Cellulose Sslt

: ghe 2 gme Eile 4™ gm. £Me gMe
1 1! 16 95.30 152,50 686.25 18,0
1 22 17 95,30 152.50 3677 114.37 76.02 18,0
1 33 18 95,30 152.50 582,17 38,12 38,12 18,0
1 1 19 97.18 155.50 699,50 18.0
1 3 21 97,18 155,50 593,62 38,87 38,87 18,0
2 1 1 97,50 156,00 702,00 18.0
2 2 2 97.50 156,00 376,16 119,00 78,00 18,0
2 3 3 97.50 156,00 595,56 39,00 39,00 18,0
2 1 22 9500 152,00 684,00 18,0
2 2 23 9500 152,00 366,51 116,00 76,00 18.0
2 3 2, 95,00 152,00 580,29 38,00 38,00 18,0
3 2 11 106,90 171.50 411,60 128,05 88,00 18.0
3 3 12 106,90 171.50 654,85 42,30 42.30 18,0
3 1 13 92,15 148,50 668,25 18,0
3 2 U 9215 148,50 356,40 110,90 72,25 18,0
3 3 15 92,15 148,50 566,35 36,65 36,65 18,0
4 1 1 89,85 145.50 654.75 18,0
L 2 .2 89,85 145.50 349,20 108,40 72,75 18.0
L 3 3 89.85 145.50 554,90 35.65 35.65 18,0
L 2 5 85,25 138,50 332,60 103,10 69.25 18,0
4L 3 6 8525 138,50 528,30 38,85 38,85 18,0

1y 1burton Hay.

pertilized Stillwater Hay.
3unfertilized Stillwater Hay.



Table 4
Composition of Rationg —- Trisls 1, 2, 3, 4.

Lot ‘ Estimateﬁi
Nos Feed fmount  Protein Neb. | Ca b4

S g, . therms  gm.  @fw
1 Gorn gluten meal 125 58,93 ' | «230 487

. Holasses beet pulp 200 19,00 926 L1l
. j4lburton hay 900 | 38,16 JTbL, 54553 « 504

osalt e |
Total 1243 116,09 b 7.015 1,105

2  Corn gluten mesl 125 58,93 <230 L487
Holasses beet pulp 200 19.00 « 326 <114
e, 2 Hay 482,3 32,7 <301 3.231 504
(stillwater Pertilized) :
Starch O 150,0 -w .325 — -
Cellulose 1000 - 022 —— -
Salt N 18
Total 1075.3 110,67 o738 4,387 1,105

3  Corn gluten meal = 125.0 52,93 L2300 A
Molasses beet pulp 200,29 19,00 926 L1134
Yo, 3 ilay 763.6  49.7% 625 4.291 504
{stillwater Unfertilized)
Starch 50,0 e J108 — S
Cellulose 00w #0211 e -
Salt 18 |

Total 1206.6 127.71 JThd 5447 1,105




Table 5
Proximate Anslyses of Feeds =-- Trials 5 end 6.

Feed Dry Hatter promin' ¢a P

R e e e ae o e
- i lburton Hay¥ 93,62 4e95 0,69 0.60
Stillwater Hayws Ve 11 7.91 0,57 0,82
. Stillwater Hay! oy 0T 5.41 00 0.52
Corn gluten meal . 93,22 K0 8412 0,86
Dried. nolasses boet pulp - 92.55 7.61 - 0,81 0.08

&?ilhurtna hav from unfartilizad land.

v #%5%illwater hay from land fertilized with 200 1bs, of superphosphate
per 803;9 »

H3tiliwater hay fram-ﬁmfertiiized land,

Table 6
Gumpesitiop of Hatxons - Trials 7 and 8,

Betimated
‘ ot _
Foed o  Amount  Protein  Inevpy - Ca R

Ty gn,  ‘thorms  gm, e
Ration 1 : ~ v
Corn gluten meal 136 58,39 0,23 G.4200
Dried molasses beet pulp 120 8.45 - 0230 0.0900
filburton hay 540 25,01 D447 3.510 0.30%4
Starch 24 ——— 0,082 i e
Cellnlose B0 e 0013 e S
Salt 18 e -, o —
Total 91.85 0,512  L.674L 0,812

- Ration 3 _
Gorn gluten meal 136,00 58,39 Dul¥, 200
Dried molasses bect pulp 120,00  8.45 0,930 0,090
BHiliwater hoy 616,00 31.35 0,505 24346  0.3024
Caleium carbonate : 291 — — 1,164 —
821t 128,00 J— ) o — o
Total 892,91 92,19 0.506 4,674 0,812




Table 7

Composition of Rations == Trial 11.

Feed , Amount  Proteln - Lo

. s Eily 2m, Bl
Eation X

Gorn glutea meal 105 47,02 0,12 0,556
Dried beet pulp 160 | 12,16 1.296 | 5,090
t11burton hay 20 4158 - R.0088 - D36
Salt - 10 - - —

Total 1115 100,76 4,110 1,082

Ration 3 ‘ v
Corn gluten meal 105 4702 0,126 0,556

Dried best pulp 140 12,16 1.296 . 0.0%
Stillwater hay Th28 402,72 2,408 0,436
 CaCo, L0 s 360 ——
Balb 10 L e - S

- Total 1022,7 - 99,90 4390 1.082

Cod liver oil to supply about 300 I.U. of vitamin D and 1000 I.U, of

vitemin 4 per 100 pounds of body weisht were added to each ration.



Table &

__Composition of Rations Yed o Stesrs -~ Trisls 9 and 10,

l’amamt ___Frotein

Estimsbed
Net

2% gl
_ ation (Ration 1) |
ﬁern; gluten meal 540
Yolasses best pulp 480 33.80
wWilburton hay 2160 100,00
Starch 96 —
8alt 0

233,54

Total 3296 367,34

therms gme

372
1,786 14,04
E 3 2@6 -

2.

1,68
W36
1.21

s

3.25

Cod liver oil to supply about 300 I,U. of wvitamin D end 1000 I,U. of

vitamin 4 per 100 pounds of body welight.,

Stillwater hay ration (Ration 2)

233.54
folasses boet pulp 48D 33.80
Stillwater hay 2468 125,40
Cal0y - . W53

Sult 70

3569,54 392,74

- Gora gluten meal 540

Total

0.92

372

)

2,026 18,68

9,38

1.68
«36

325

Cod liver oil to supuly about 300 I,U. of vibtawin D and 1000 I,4. of

vitarin & per 100 pounds of body weight.




Table 9
?haaphcrus and Galclﬂm Letention Lata - Trials 1, 2y 3, Ao

Trial Ratien Lamb Totel P Total P Total P Daily b Total Ga Total Ca Total Ca Daily Ca

Bo. ¥os  No., Intske  Hxcreted Retained Retention Intake  Excreted Retalned Retention

S N - am, 8Ty ' B @il rm. 2%,
1 1% 16 15.61 12,72 289 a1 98,84 91.87 5,97 « 35
L 2% 7 16,73 1322 351 o 15 a?.lB 56,11 6,02 +30
" JEes 18 15,82 13.49 2:33 12 77.03 59473 7.30 « 37
u 1 1 15,91 14.22 1,89 «08 100,79 IARAS £.30 #32
# 2 20 17,85 11,71 6,09 « 30 563,36 50694 12.42 62
W 3 21 15,31 1417 1,14 ) 7160 7345 ~1.85 -, 09
& 1 i 15,96 15,537 59 03 101.11 162,30 «1.19 - 06
" 2 2 17,312 14.79 2.33 ¥4 63,56 69,54 3,02 15
# 3 3 lé.lg M;?E ) 1:45 q@? Tgo gc glp 97 ‘120 2‘? ";63.
" 1 22 15,587 14434 1.23 ' 06 98,52 103,12 wlye &0 ~e 23
i 2 23 156,70 12.81 3489 «18 61,93 60,09 1.84 - W09
o 3 "2 15,78 15,29 o145 02 76,79 82,06 =547 =26
3 1 10 17.53 16,22 S 2 1 LO7 110,19 124.74 YA =, 73
n 2 11 18,77 16,37 2.40 12 59,58 T0.17 =, 59 -,03
" 3 ¥ 17476 15,84 i.92 «10 85,59 91,93 «3434 e 27
f 1 13 15,15 16,60 wledB w07 96, 24, 118,22 21,98 -1:10
u P 14 16,22 13:35 2,87 «14 60,29 62,68 2439 w12
i 3 15 15,35 14,37 »98 05 7495 50,94 ~5,39 -« 30
FA 1 1 14,81 1850 w3,69 =18 Qhe 29 G0, 54 =525 -, 26
L 2 2 3»5- 86 150 iD » ?6 * 9&2 59# 07 ‘9v 36 -y 29 - 1
" 3 3 15,01 1750 w2449 -y 12 7343 106,32 26,89 =1, 34
" 1 4 14,09 20,90 »b, 61 =, 34 89,46 103,39 «132,93 -0
" 2 5 15.08 16,9 w171 - 10 56,2 57.71 S PYAG =07
n 3 6 1,27 20.83 «6,56 =33 _ 69,88 91,82  «21.94  =l.10

#Lot 1 « Unfertilized Wilburton Hay
*%Lobt 2 - Pertilized Stillwater Hay
#%%Lot 3 ~ Infertilized Stillwaber Hay



Table 10
Average Blood Plasma Fhosphorus snd Caleium Ievels «- Trials 1, 2, 3, 4.

Hov, 6

Doe, 12

Par, 25

Hay 25

Jung 27

s B4,
470
5408

2,21
11,19
11,80

3455
4470
478

10,68
11,54
10.59

me. ll Feh. ll

{mg. phosphorus per 100 ml. of plasma)

*‘?i»l 6!1-

4aD4,

0%

3,48
5,18
3.94

2,74
3.28
2,93

3.92
3.06

{mz, celeium per 100 ml, of plssma)

Lot

1143
11l.12
11,68

1144

11,09
11,50

11,19
llﬁgg
11.57

3.52
5474
La'T7

11,30
11,40
11.65

11.30

11,40
11.65

4,07
5,02
2:79

- 11,67

11,39
11,97

o7



-

Table 11

Bone Ash Data {Sther Extracted Sections) == Trials 1, 2, 3, 4.

Tlot 1 Lamb
Pone
H0.

ish

ot 2

Lanb
Pong
Ko

bah

Lot 3

Lamb
Bene
Ho.

4Ash

Lvarage

i',

65.99
66,88
67,55
67,88
68442
66450
66412
67,31

67.08

woon

22

11
14
17

20

plLr

oy
23

Lverage

i

58,57

iweragse

66,52
67.9%
&7, 17
57448
67,15
56,57
67.33
67.94
67.26




Table 12
?hesph&?ug and Caleium;ﬁetentlan Pata - Trwals % and 6

Total Ca

Daily Ca

Trial Ration ILamb Tet&l P Tobal P Tbtal P Baily P Tetal Oa xetal Ca
No. Hoe Ho. Intake Exereted Retaired Retention _Intske  Exeroted Retaoined Retention
5 bt 1 16,36 16, 56 - 30 «.015 103473 116,40 »12.87 -, Bid
" 2u% 2 17,51 14,47 3.04 152 107.0% 105,59 1.4 .073
" g 3 16.57 17,28 - 68 s 034 105,86 134,14 «2B,28 1,414
" l i‘} 165 37 17, Ga‘ﬁ:; "Q‘EJ’? bl 631{;- 1@3-7&‘; 11%.4)8 "‘ll{-g?é& - 73?
u 2 5 17.51 13.82 1,69 084 107,05 109,95 =290 wy 145
t 3 & 16,57 16,35 22 011 105,86 137,02 21415  ~1.048
6 2 7 11.82 1284 «1,02 wy D51 87,50 £3,27 w3 s 211
" 2 8 12,11 11,71 #40 020 83,81 91,50 =769 ~y 384
u 3 9 11,67 13,07 «1,40 - 078 83,51 85,006 1455 =077
v 1 10 18,92 15,98 =5.06 we 253 75453 92,97 17444 « 872
n 2 ll 11181 lzyigl '2. 20 *;lln 82. 39 8‘7,";‘1 - )‘ 39 un‘}’?é
W 3 12 11; 63 lgq 06 - ﬁ!i'.é L] * 9?3 815 ??g? ’79 ® 3@ hu D f’ -~y 13@
*Lot 1 « Unfertilized Wilburton Hay
*#Lot 2 = Partilized Stillwater Hay
*»#%Lot 3 = Unfertilized Stillwater Hay

2y
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Table 13
Phosphorus and Caleium Netontion Data »- Trials 7 amd &,

Trial Bation Llanmb Total P Tobel P Total ¥ Daily P Total Ca Totzl G Totsl Ca aily Ca

D
Ho,  Ho, %o, .. Inbtake  Excreted [Rebained Hetention = Inteke  Ixereted Hobained Retention
Lide Bl e £, Bl 20 28 0

Teh  1# Bel24 9,390 “1,266 =, 1066 L6.7h ADLOBD 46,68 £, 668

f I 8,122 8,242 ~0,118 -.5118 4674 49,810 «2,07 ~e 307

" 7,718 1, 320 «1,202 w1202 L0403 41,448 #2,955 £+ 2955
W 7718 8,386 (1, 268 wy OBGE Lo 603 42,7306 £2.007 £, 2097
% )?.?lg «%. r?é‘l "113!},\3 -, }-QLB ‘!llzia 4{}3 *‘L{Pt 524’: “OQ 123. - 3121

8,12, 5.843 - 19 =079 467 43,00 43,68 £.368

TR
L 2,124 8,893 . 169 -,0789 BT, 43,01 41.73 £.173

Nad B R0 bk had b TG b B

" 8% 9,360 ~1,236  .,123% WaTh 496 {178 L178
" 9,124 B.657 “0.533 =,0533 BoaTh 41,22 #5452 #e552
" Col24 9,035 ~1, 317 =2 1317 L4403 A2.538 £, 865 #1865
]

WM O ONE B e N

8,124 8900 »1s 182 -, 1182 444403 L5168 =0, 705 =, 0705

et $.12 £ O0L 4,009 LB 40,15 #5459 #4559
W So 124 £ 53 0534 46,74 39479 #6.95 £.695
f S, 124 - J126° -, 0126 1574 41,36 £5.38 4,538
u 2,124 «lua66 e, 1406 46,74 35,80 £10,94 £1.094
" 2,124 - 926 - 0925 46,74, 36,75 #9,99 #4999
" 14 ~ 2236 ~«0236 46474 37,98 2,76 £.876

Sﬂﬂ 8 ¥ 124 fl s*]Q{# ;[ ¥ 5:‘!;‘5}[4, f:é’ *® 7& ’ 37 . #] t‘ % 9 * 69 #‘ 969
£ 42k #0424 4674 37,98 £5.76 £.876

A PGS b A R
VR B 20 B G B G 1

u 8,124

0 $.124 £ 066 4.0066 A6, 36,94 £9+80 #4998
" 8.124 - o Hk =, 0626 4674 40,70 £6.04 £ 604
# 2,124 w306 0306 4674 35,16 £11.58 (1,158
Gl 8,124

- 076 « 0076 46,774 37.36 #9.3% £.938

#Lot 1 « Unfertilised Wilburton Fay
#%lot 3 « Unfertilized 3tillwater Hay

£y



Table 14
Phosphorus aud Caleiun Retention Date =~ Trials 9 and 10,

Trial Rstion Steer Total P Total P Totel P Dally P Total Ca Toltal Ca Tobtal Ca Daily Cae
Hos ¥oe  Hoy  Intake Excreted Retained Retention Intake  Fxoreted Hetained Hetention

£e Eila Zla gitw e gt gite Zite
9B 1® 32.5 29442 £3.08 #0308 136,83 118.83 - 467.97 £6.997

i DEF

32.5 27459 #4091 £ed91 136,8 136,90 £19.90  £#4.990
32,5 3175 £0.72 £:072 156.3 137.62 #1918 #4918
325 27 487 £hot3 £ed63 © 15868 146,02 #40,78 £4.078

(I SR

i 1

=
ha
B~

hiabdy 40462 #4402 #4402 23345 184,06 FLFehd, FL944
el 4223 A2441 £a24d 233.5  197.70  £35.30  ¢#3.580
Lisbh  50LOL  =B.37 =837 233.5  17L.72  #6L3 46,178
Ly .62 A10,02°  £1.002 233.5  155.62  AIT.53 7,788

N e N
R w2

46452 - 50,27 «3:75 ~s 375 23345 1938.27 £35:23  £3.523

10-B 1 4
“ 2 3 4652 43422 #3430 £.330 23345 188,98 £hl 52 Pl oi52
o i 2 46.52 54445 -7497 -797 2335 205,47 428,03 #£2.803
L 2 1

4652 46,18 ~1.66 166 233.5 19457  £38.93 £3.893

#¥iilburton hay ration

#¥3¢illvater hay ration
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Table 15

The Average Daily Retention of Phosphorus by
Depleted Lambs Fed Wilburton and Stillwater

Prairie Hay
Fhosphorus
Lot Lamb No, Intake Exeretion Retention
gne em. gm.
P 1 0.70 0.65 #0,05
1 3 0,71 0,70 40,01
1 5 0.76 055 £0.21
Average 0,72 0.63 40,09
7 2 0.70 0.61 #0.09
3 4 0,71 0.69 £0.02
3 6 076 0.53 #0.23

Average 0,72 0.61 40,11

l§ilburton hay ration
2stiliwater hay ration



Table 16
Summsry:s Average Phosphorus and Calcium Retention Data,

Phosphorus Caleium
Trial Ration Intake Excretion Retention  Daily Inteke Excretion Retention  Daily
Nos No per per per Retention per per per Retention
- ~period period _ veriod period ___ period
1 ghe ge gite gl g g, ENe gy
1. 2’ 3 M ‘ 1 15.57 16.11 -0054 -00027 98.67 104.71 -6-04 -0.302
ml"ﬁ.‘;.’)“u““"“ 22 1678 14.29 4249  £0.12%4 62,02  59.70 42,32 40,116
(Lanbs) 33 15,68 157 <0.09  =0,005 76.13 85,17 904  =0.452
5 and 6 1 13,87 15,63 «1.76 -0,088 92,62  102.83 -10,21 «0,511
f,fr"i:;{)”m"““ 2 T3 L.00 4073 40,03 95,07 98,74 =367  =0,183
(Lambs) 3 14,10 14468 0458 -0,029 94420 106438 -12,18 0,609
'{;, 78, 84 and 88 1 8,06 84,69 «0.63 -0,032 46,15 39.32 #6433 £0,633
0

WM')“(M.) 3 8,06 852  -0u8  =0,02 46015 ALeA7 FheST  F0.57
98, 10A and 108 41423 42,76 =1,53 =0415 217.9 169.3 £L8.6 #4486
10 4 llecti
I(,,md‘{,'?wm? 41623 3730 4393 £0.39 217.9 16949  F48.0  £4.80
11 1 14440 12,60 £1.30 £0.09
(20 day eollssbion o - il - AR . e AL

periods)

liot 1 - Approx, 50% of total phosphorus intake from prairie hay grown in southeast Oklahoma - Wilburton.

2101'. 2 - Approx. 50% of total phosphorus intaeke from prairie hay grown in central Oklshoma - Stillwater.
This hay was grown on land which had previously received 200§ Superphosphate per acre.

3ot 3 - Approx. 50% of totel phosphorus intake from unfertilized prairie hay grown in central Oklshoma -

Stillwater.



LITERATURE CITED

Association of Official Agricultural Chemists, 1945, Official and tenta-
tive methods of analysis, 6th edition, Washington, D.C,

Albert, W, W, 1949, The effects of improved pastures upon mineral metab-
gli.umdg‘mvthorhefstur. laster's Thesis, Oklahoma A, and M,

Beeson, Kenneth, 1941, The mineral composition of crops with particular
rcfo;z!gmtobhosdh in which they are grown, U,S.D.A, ¥ise, Pub,
No. .

Beeson, W. M., D. W, Bolin and C, W. Egyckman, 1941. The phosphorus require-
ments of growing and fattening beef steers., Idaho Aor, Exp, Sta, Bul,
240.

Beeson, W, M., R. F, Johnson, D, W, Bolin and C, W, Hickman, 1944, The
phosphorus requirements for fattening lambs, Jour, An, Sei, 1:63.

Black, W, H., L. H, Tash, J, M, Jones and R, J, Kleberz, Jr, 1943, The
effects of phosphorus supplements on cattle grazing on range defieient
in this mineral, U,S.D.4, Tech, Bul, 856,

Boutwell, R, K., R, P, Geyer, A, W. Halverson and E, B, Hart, 1946, The
availability of wheat bran phosphorus to the rat, Jour, Nut. 31:193,

Briggs, H, M, and W, D, Gallup. 1949. HNetabolism stalls for wethers and
steers, Jour., An, Sei, 81479,

Brown, B, A, 1932, The effects of fertilization on the chemical composie
tion of wegetation in pastures, Jour, Am, Soc, Agron, 24:1129-145.

Browne, C, A. 1938, Soil relationships to plant and animal nutrition,
United States Department of Agriculture Yearbook. p. 777-789.

Bunkfeldt, R. and H, Steenbock, 1943, The effect of dietary fat on bone
caleification in the growing rat. Jour, Hub, 25:479.

Chaney, i, S, and H, Blunt., 1925, The effect of orange juice on caleium,
phosphorus, magnesium and nitrogen retention and urinary organic acids

of growing children, Jour, Biol, Chem, 66:529,

Clark, E, P, and J, B, Collip, 1925. A study of the Tisdall method for the
determination of blood serum calcium with a suggested modification,

Jour, Biol, Chem, 63:46l.

Cox, Ge J., M, L, Dobbs, H, B, Wigman and F, J. Murphy. 1931, The effects
of high doses of aluminum and iron on phosphorus retention, Jour,

Biol. Chem, XII. 92,

47



48

Paniel, Harley 4, and Horace J. Harper. 1935, The relstion between effec~
tive rainfell and tolal caleium end phosphorus in alfalfa and prairie
hay. An. 8ot &zron, Jour, 27:644-552.

Bay, He Ba and Be Ve VeCullusm, 1939. ¥Minoval metabolism. Growlh and sympe
t@malogy of rats on o dieb extremely defieisnt in phosphorus, Joure
Biol, Chems 1301209,

DuTelt, <. P. and J, il Bisschop, 1929. Catile graziny on phosphorus defi-

clent veld. Huited OStates Donertment of feviowlturs Yesrbook, 1939.
Ps 33&@

Piske, C. H. and Y. Subbarow. 1925, The eoloremetric determimation of vhos-
phorus. Jour, Biol, Chom, 65: 5. .

Pudge, J. Fo and G. 3. Traps. 1944. The chewical compesition of forase
grasses from the (ulf Coast Preirie asz related %o soils and require-
monts for wange cattle. Toxas fare Dipbe Sta. Bule S44. pe 30

Gallup, W, D, and He B, Driggs. 19250. The niniwum phosphorns roguirement

iy

of lambs for phosphorus equilibrivm, Jour, fn. Stle 91426

Harper, Horace J. 1947. Sell roaction and avallability of plant nutrients,

Oklﬁa v_ e o, St{; Bu}“ =) - 315i

Hart, B, B., P. A Beach, D, J, Deliviehe and E. U. Bailey. 1927, Fhos-
phorus defieiency and a deiry cottle "dicsesse™. Wisc. fpr. Hrpb, Sta
Bul, Ho. 389 . ta,
WLy 1T 0T . AF

Harb, B, Bay Be V. YeCollum mnd JF, 4, Tullors 1909 The vrole of inorganic
gh@sﬁharus in the nubrition of animals. ey, Aoz, Erobe Sba. Dul,
LQe 4w

Hathaway, . L. and P, Lo Heyer, 1930, Citric zeid and its galls es cale
aifying agents in rats, Jour, Mub, 1¥:419,

Hay, Js By 1942, 7The distribublion of phylic acid in whoat and a-§reliﬁia
navy study of the ealeiun sslis of this acid, Ceresl Chem, 19:326,

Houser; (s F.y Le Co Horris, James JeGimnis and H. L. Seott, 1243. PFure
ther evidence of the need for supplewenting soybesn meal chick rations
'With yhs&pﬁ(}l‘ g Pgul e @i :22: 2 {3 {;}. '

Jones, James H. 1942. The relation of the pil of the intestinal contents to
caleium and phosphorus ubilization. Jour, Biol, Chem., 142:557.

Krieger, 0. ¥. and H, Steenbock. 1940. The eoffect of calclum and vitemin D
on the availability of phosvhorus. Jour, Hub. 20:1235.

Krioeger, C. H., R. Bunkfeldt and H, Steenboek., 1940, Cereals and Rickets,
¥, The availability of phytic acid phosphorus. Jour, Hut, Vol. 20:7.




Langford, C. 3. 1942,

acid-pobnasion

lation of eitrie

é‘:‘-erm:ls and Rickets, VIIT, The
Ylochem, Jowmr, 30:1991,

fows, J. T.y , g and ki
TX, The aveillability of phy horis o the chick, goul, 8o

18:20,

A tﬁne, ‘,’F;i, LGV‘ BYY: )t’;a (’{p ?&t@‘l’SOﬂ, l- H,
1949, Studies on the GI"{("(‘{I of = sbe
gition nutritive velue of ecru
gele 1:41-5 v

Hmith and J. A. Veybrewm.
rerbilization op the oo
a8 for ;:".Awmg. Jeggrg ?,;n,

wbhrition,

Em, ard obhey fosds.

3. 1945, hhe u tiem of pﬁmﬁ
[

Irom plant

Ths Gorneld ¥

sabion of
:’:éﬂt -

ifitchell, H. 4
i i q-m'}- »~G,3»m £

eatile. Ph. Dy

Fhos ph.m*nw
; b I T R4
u A ANORE e ﬂﬁg

“

O'3rien, B, L. and T,‘ ;;:‘. Chenshain. 1942, The elfect of different phos-
phete fertilis w yiledd, plant ummul ztv:;‘*z and chemizal com-
position of e oh Dunmore and v aollse  Yna

\
”f". - - o
o E) 3 3 r'_.i"-’da oL ¥ ﬂrfj &

inson. 19%. el zﬁ}‘awr‘;w?’*ws content
af verious m,.:m:e species ag effected by fore
Jonr, An. Soc, fApron, 29:477-497.

Tobertsen, V. 0, 3"‘*./\»:“»‘. Phosphorus
Thegia, \ fe znd




‘Bossy O« B., ¥ Do Gallup, D. P, 3tephens, C. C. Chamberlain and %. D.
Campbell, 1942. Phospherus studies of range Leel gatitle. 2kla

Agry Exot, Sha, M1

Sehreiber, 1948, The Americsn Fertilizer. Vol. 108, Ue. 7.

Sereenivasan. 1939, The availablility of phosphorus in rice, Habture.

14-3 ¥ 24-%

Sheldon, ¥, l., W, . Dlue and ¥n, Lbrechb. 1948, Diversity of amino
acids in legumes according to soil fertility. Seience, Vol. 108

Shohly A. T 1937. The effeel ol the acid-basge content of the diet upon
_ the produckion and cure of vickebts with special reflerence to eitrates.

Jour. Hub. 14:69.

Singsen, &, P. ond H, U, Wibehell, 1944, Soybean mesl chick rations need
no inorganic vhosphorus suppletent. Poul, Sel, 235152,

Snedecor, G. W. 1948, Statisbical Uethods. The Iowa State College Press,
Fourth Bdition, third prinking, -

Somer, Anng L. 1936, The relstionship of the phosphate concentration of
solution eultures to the type and size of roobt gystems and the bime
of maturity of certain plants. Jours A, Hes, 35:361-383,

Spitzer, R. R. and P, H, Phillips, 1945. The availability of soybean
phosphorus to the rat, Jour, lub, 30:117,.

Street, Hareld K, 1942. The influence of alvminum sulfate and alumimum
hydrg@@ﬁa‘cn the absorption of dietary ghosphorus by the rat. Jour,

Sullivan, J. T. and R. §. Carber, 1947. Ghemical composition of pasture
plants, Pemn, Ay, Zxpb,
Truog, Bmil, 1947, Inited ZStates Do

Sha, fule 45%.

culture Yearbook.

arbnent of

Whitson, 4. R. aod G, W, Stoddext. 1927. Seil eeidity and 1lts relation
to aveilable phosphorus. Jour. An, Chem. Soc, 22:1737-759,

Williams, D. B., B, L. Heleod and B, Horrell. 1940, The availability of
- phesphorus to vhite rats in lespedeze serecia and slfalfa hay. Jour,
Hut, 19:251.

Willlams, D, B.; B. L. Jeleod and B. Norrell. 1942. The availabilityto
white rats of phosphorus in red clover hays of widely varying phospho-
rus content., Jour. Hub, 23:501.



PART II, EFFECT OF MANGANESE INTAKE ON CAICIUM
AND PHOSPHORUS UTILIZATION BY LAMBS



INTRODIGTION

Provious diseusslion hus indieated the natwe of differences in nutrie
tive condition of beef cattle at the Range Cattle Winerals Station, near
Wilburton, and those at the Lake Carl Blackwell Range, near Stillwater,
thought o be due to differences in nutritive valve of the vange feorape at
these two aress, Beol catile at Wilburton displayed symptoms typleal of
aphosgharasis but remained unthbrifty even when phosphorus wes suprplied,
Chemieal analysis showed thet forage from the two arezs conteained similar
gmounts of the maj@%lnuﬁrients tub that the Willurton forace was somewhat
lower in phosphorus and was uwnusuaelly bigh in manganese, The hays eollected
during one year were found to have the {ollowing nineral eompesition, exe
pressed ag percentagess

La.. 2. S JFe. . Ha He. X fa. _ 4
Hilburton Hay — 0.524 053 Z.04 0095 L0253 L5816 450 144 0152

Stillwater Hay 0.422 061 5.43 L0051 L0075 159 L6883 161 .0L48

From these dste, it esn bé-saen that the pralrie hay grom in the
Wliburbon area contained mapy times a8 much manganese snd magnesium as the
hay prown in the Stilleter'arqﬂ@ Smaller differences were Tound in other
mineral comstituentss In other veports, Tidesll {3951} foumd thabt preirie
hay produced near ilburton contained from 150 to 270 ppi. of manganese,
whereas prairie hay producsd in dhe Stillwator area conbained only 25 te
75 ppm. The grass species which mede wp the botanical ecomposition were
similar in the two hays. The WHilburton hay contained a greater proportion
of weeds.

It was supgested therefore that manganese, or facteors associzted with

it in the Wilburtom forage, possibly interfere with the ubilization of

5%
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nutrients, including phosphorus. Numerous references have indicated &
posaible intevferencs ol ma‘éaaese, especially at high levels @f‘inﬁﬂke,
with the proper absorption end assgimilation of other mineral elements,
BEvidence of somewhat low phosphorus avallability in Wilburton rrairie hay
is presented in Part I of this thesis.

The purpese of this investigabion was to determins the effect on

rhosphorus and calecium retention, of manganege added in ineressing amounts

to & rstion of natural fecds for growing lambs,



REVIEW OF LITERATURE

The easpentiazlity of menganese as & dietary element has bsen denone
strated, Weddell (1930) reported that whole cows'! milk, as the sole diet
of znimals, failed to support growth and well being., JYoung rats, for ine
stance, when fed guch a diet, developed a severe ancmia in the course of
a few weeks® time. To the diet of one group of female rats, this worker
added mangeneze as & sslutlon of mangenose chloride at the level of 0.5
milligrams of mangenese per 100 ¢.c. of ailk; to gpother, iodine as a
solubion of potassium iodids st the level of 0.2 milligrams ol lodine per
100 e.c. was added; while the third female rat group received both mange-
nese and iodine in the sbove forus and concentrations. Immedietely folw-
lowing the addition of eithor wminersl or the combinstion, the femsle rats
began to ovulate at regulsr intervals.

Daniels and #merson (1935) in a study of the relation of manganese to
congenital debility reported thet the death of youngz rats reered on wmilk
diets modified with copper sand lron was the result of too little manganese
in the dist of the mother, Younyg borm of these milk-fed females were
found to contain 65 per cent less manganese than the young from females
receiving a smilar ration with added mangenecse.

Becker and MeCullum (1938) fed diets contsining the following levels
of manganese chloride to rats: 0.18, 0,30, 0.9, 1.8 and 3.6 per cent.
Animals grew well on all diets, except the ome containing 3.6 per cent
manganese chloride. The diets contained 0.75 per cent phosphorus. These
workers postulsted that the high level of phosphorus effectively prevented

symptoms of toxleity by reducing the amount of absorbed mangsnese, and

53
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further stated thet the condiiion in the intestine which influences the
absorption of manganese comstitutes the controlling factor in determining
- the level abt which mangenese 1s toxica

Blumberg and co-workers (1933) demonstrated that mangenese compounds
which are easily soluble in the gastro-intestinsl tract sre capsble of
producing rickets in.rats, the apomnts of manganese fed, however, were
far grester than thoss whieh would be found in astursi foodgtuffs. These
workers were of the opinion that the cesential fnetor in the production of
manganage rickets is the formetion of relstively insoluble sund pboriy
absorbable msngenese phosphate in the infestinal traeb, with o consequent
decrease in the amount of rhogphorus available for bone formation,

Chornoek and co-uorkers (1942} studied the effects of various smounts
of mongenese ln the diets of young growing rats, with specisal reflerence to
the influence of thig elenment on caleium and phosphorus metebolisn in the
presence and ebasncee of vitamin L. They foond that the growbth of rats on
high manganese intekes (L.12 and 1.75% per cent wangasess in the diet} was
retarded in propovriion to the cuouwnt of nengenese in the diet. The nmangse
nese was feod as mangansse carbonsbe. High msnganese intokes (0.66 to 1.12
per cent) in connection with high-caleium and low-phosphorus diets increased
the excretion of phosphorus in all cspes, and of ealclum at %he‘highest‘
nanganese iﬁﬁ&keﬂ They reoported that phosphorus retention was sffected
more than caleiunm retention. A aore favérabla caleiunsphosgphorus ratio
in the diet, produced by increasing the phosphorus content, tended to
inprove retention of these elements sven in the pregence of manganegeé.
Animsls fed large amounts of mangeuese developad severe rickets as evie
denced by low blood plusma phosphorus levels and by the condition of'ﬁha

bones. Vitenin D administrotion resulted in an improved eonditlon.
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Blmmberg'anﬂ}associates (1938) reported that mangenese rickets in
rats was produced by the substitution of sn equimoler amount of manganese
carbonate for 2.5 per cent of caleiun carbonate in a high-calcium and low-
phésphorus rachitogenic diet, and also by the addition of 2.9 per cemt of
Qaﬁgaﬁeée carbopate to adock diet of optimel caleium and phosphorus cone
tgnti Tﬁese workers reported that a soluble manganese salt, mangenese
chloride, wea rachitogenic, but thst a less soluble szlt, manganese dionide,
was not. In thgsé étuéias, vitamin U was found fo be elfective in curing
menganese rickets when added to a dict optimal in caleium and phosphorus,
but only slightly effective wien added to a diet low in both colclum and
phosphorus. |

Smith,_g§ ale (2944} reported that m&ﬁganese‘deficiency in_the rabliit
sericusly interfered with normsl tons development. These workers reported
& decrease in bresking strength, weisht, density, length and ash content
of the humerl of defiecient animaig. 0L microscopic study of the humeri
| revesled extensive deviations from the normal which was inﬁgrpreted a8
‘suppressed osteogenesis. There was a eignificant decrease in growth end
g Gecreased conbenbt of wenganess in the liver of mﬂnganése deficlent rsbbits
ag compared to the controls. Testicular ﬁegenerﬁtian was found in the de~
ficient snismlis. .Although the ovaries and uteri of the female rsbbits were
found to éa_aigaificantly.smaller than the controls, sicroscopic studles
&id not reveal any significant elterations in structure.

£l1lis and co-workers {1@4?} studied mangenese deficlency in the rabbit
uging the pelred-feeding technique with @ basal diet of milk. ior rabbits
on the unsupplemented &iet, these workers found & lowered arginase aetive

ity in the liver and a lower alksline phasphateéa activity of the ulna.



_56

The fresh weight, percentage ash, total ush, denglty ané length of the
hunurus was significently lower in the manganese deficlent snimsls,

Carratala,’gg §;,>(1?35) réportgé thet chronic poisoning developed
in r&bbitsvaftéﬁ feeding @.?‘o 0.9 milligrans of nenganese sulfaute daily
or 0.10 « 3.9 miliigramé»af'manganeﬁe chloride, dally for 20 » 25 days.
idver tissue showed the g?eateat damage.

Grummer, et al. (1959} fed a lov menganese (12-13 ppm.) basal rotion
eonsisting af‘carﬁ, soybosn 0il meal, corn glu@earma&l, ground alfalfs,
salt and limestone 1o 4 lots of pigs. The bssal ration Qa& supplemented
with 3 levels of manganese, 40, 50 and 160 parts per milliﬂﬁg The pigs
fed 40 parts pér million of mengenese tnde the aost rapld daily gain and
ranked highest in efficlency of gain in sach of ﬁ‘irials, Thé retion eoﬁu
teining 20 parts per nillion producsd SIighﬁly faéﬁer gaiﬁé'thénltha basal
ratién, while tha'raﬁicn conbaining 160 parts per miilian.proéuéed gains
which were ap@faximately eq&al'ﬁa that of the besal, Uhen sows were fed
rations containing 40, 30 znd 140 parbs ner million of neugenese, fertile
ity was slightly improved, but therc was ae improvement in miiking ability.
When 500 ppue of mangmusse was aéﬁeﬁ't@-the basal,ratian, pigs averageé'
0.97 pound daily gain ond reguired 453 pounds of feed ﬁar cwL. galn as
compared to 1.21 pounds gain and 423 pounds of feed for the unsupplemented
group. According to these workers, 500 ppu. definitely retarded appetite
and gréwth, especizlly during the letter part of the trizl. Plgs fed the
rztion containing the supplevental mangsness developed & stiffness of
linmbs snd o stilted gait touar&'tﬁe eﬂa of the sxperiment.

Keith and associates (1942) reported stiffness in 40 to 100-lb. pigs

on diete high in ash (6 to 9 per’aeht} and low in m&aganese’(llaik DPDite) »
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Manganese sulfate was then added to the rations in amounts to sm?plf 50

to €0 parte per million of mangsnese. As a result, the 15 pigs which
received mangencse supplemented raetions showed no gigns of stiffness.
Fifty ver cent of the litter mates, however, fed the unsupplemsnted ration,
becane stiff. These workers reported that the oddition of wsngsnese to the
ration was ineffective in curing stilffness in pigs aiter the stiffuness had
developed.

Jokinston (1943) found that pigs grew ncrmelly on & ration containing
7less than 0.5 ppne of menganese which produced high incidence Qf.peréais
in ehicks. Reproduction in swine on thisg raﬁimﬂ wee unsuccessiule This
worker reported (1944) that pigs can be growm st Satisfact@ry rates from
weaning to slaaghtér weights on rations of pstursl feedstuffs containing

7 to 10 parts per million of manganess. tthen the total ssh content of the
ration exceeded 10 ver cent, there appeared to be a slight beneficial
effect from the eddiilon of mangensse. ¥From these results, it was cone
ecluded thet mangenese deficiency will mot ocour wnder conditions of normal
swine mansgement practices where pigs have access Lo pasture or manganese
éarryiag fecds such as oats, bran or shoris.

Reid and associstes (1947} studied the sflect of mengenese and other
trace siements on the metabolism of caleluwn and phosphorus during early
lactation in the dairy cow. During the firsgt 5 months of lactation of 8
Holgtein and 4 Guernsey eows, caleium equilibrium vas mainteined most
frequently in the group of cows fod Mico (& minerel supplement of the
following percentsze compogition: ocalelum, 33: megnesium, 2; msnganese,
0.20; iron, 0.203 iodine, C.045; copper, 8.025; ziﬂc, 0.01 and cobalt,
0.002) s o supploment to & basal ratien of grain, eorn 5ilagé, gnd time

othy hay. Supplementation of the basal ration with manganese sulfate im
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addition to caleium carbonste resulted in megative calelum balances in
avery cuss, whereas scveral positive balances occurred when the basal
retion was supplesented with calcium earbonate aleme. The marked deprese
glon of caleiuﬁ metabolisn appesred to be affected by the manganese gulw
fate supplementation. Phosphorus metsbolisn was wob appreciably affected.

Caskey, Gallap and Horris {1939) revorted thot a deficiency‘mf nangaw
nese in the diet of chicks reoulted in & signiflicant shortening of bones
of the legs and wings ss well as a shortenlag of the spinal colusm, It
was also found in theme studies thwt the ash content of the bones was
significantly lower in chicks fed = low mangsness dlet {5.5 parts ver
million) than in thoss Ted s diel adeguate in mengenese (lOJ varts per
million).

Amdur, gt al. (1945} have shows the nesd for manganese in bone de-

i,
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velopment of the rat. They vop ! thet the length, density, bresking

strength, snd phogphatase coutent of the bones of manganese defielent rats
were low as compared to pairmszics of the sans weight receiving adeguate
BANGANeSE, 1HEre Was no diffeﬁence:betwaea the itwo groups in percentage
of ash, calclum snd phosphorus in the fat-free dry bone.

Lardy and associates (1942) found that bull calves fed to the age of
18 months on low-mangsnese rations were able to produce only poor quality
sperm. Other bulls on the sase raotion supplemented with manganese sulfate

protuced normal sperm.



EXPERIMENTAL PROCEDUBRE

LA Experimental Retions

Experinent 1.

‘The rations fed to lambs in this experiment were couposed of nrairie
hay, 46493 yellow corn, 23.3; corn gluten meal, 23.5 and calelum esrbonats,
043 per cent, This ration on g dry natter basis contaiped 15.5>§er cent
protein, G;BZ,Eer cent celeian ond 0.25 per‘cent phoﬁpharus ané had & CasP
retio of asbout 1.3 to 1. It suppiied‘abouﬁ 1.5 gr&mé of pho&@horus per
1@9’poan&slaf bc&y welght. The praxiﬁate analysis of feed constituents
are preseﬁted in Table 1. Hanganese sulfate (reagent gréaé} was added to
the basal ration in amounts to S&p?ly mangangse gt levels of about 300,
600, 900, 1200 and 1500 ppm. in the test rations. fﬁtamzis 2 and D were
sdded in the form of eof liver oil at.tha,rate of sbout iﬂ@l I.ﬁ; and 300

I.4s per 100 pounds of body weight, respectively,

Table 1

Proximate Analyses of Feeds

Lomposition of bry Watter

Feeds o Ury Vatter Protein OCaleium Phosphorus lﬁanganese_
% % 5 . mg/100
Prairie hay 92.75 hebde  0JFT 0406 7.3
Yellow corn - 91.6/ G4l (.01 0e31 O.6
Cottonssed meal 9305 45420 0,10 0.58 -
Cald; 100,00 — 40400 e —




Ex;erimen&_g;

Further investization into the PﬁSSibiiiﬁi‘ef manganese interference
with normel caleiun snd phosphorus metabolism in lanbs was conducted with
a basal ration composed of prairic hay, 45,6; soybean meel, 20.4; yellos
cora, 26,9 salt, L7 ond esleiun carbomate, O.4 pex cenb. This ration
supplied 15.06 per eent protein, 0.48 por cent caleium and 0,28 per cent
phosphorues (dry satter bmsis). Sufficient mansenese sulfate was added to
. the basal ration %o vrovide mengansse ab levels of 0, 500 and 1000 ppu.
of ration. Supplessnts of vitemin & sl D weve fed in the same smounts as

in experiment 1.

Experiment 3,

Hanpanvse sulfate {the source of “UPpiﬁmsnaal manganese in rxperimanta
1 and 2) i5 an scid salt and tends to prouste an acidic condition. It was
felt that perhaps thls micht fﬁw@%-’hevﬁnluﬁility of mireral elements in
the gastro-intestinal tract snd thus render them nore easily absorbed,
Yanganese cerbonate iz z besie galt and was used as the source of supple-

nental mancansse in this ewporimend. The bassl ration consisted of prairle

hay, 47.6: soyboan m@&lt'ﬁﬁwﬁ;~yellaﬁ Lo, 2507 salbt, 1.5 and caleium
earbonate, 0.3 ger cent, This vabion suppiied 15.44 per cent rrotein, D46

per cent caleium and 0,27 per cent phosphorus (dry patter bazis). The levels
of manganese supplementation used in this experiment were ithe same as for
experiment 2. umplemantal vitenine 4 and D wore fed daily as previously



Experiment 1, ¢

Twelve native type wether lambs weighing between 65 and 95 pounds were
used in this experiment, Two weeks prior to being placed on the test rations,
the lambs were drenched with a phenothiazine preparation in order to minie
mize the effect of parasitic infestation upon physiological response, The
lambs were weighed and randomly, by weight, assigned to each test ration,
The trisd feeding technique was used, The lambs in four triads were fed
rations containing O, 300 and 600 ppm, of manganese, Later, they were fed
rations containing 900, 1200 and 1500 ppi. of manganese,

Experiment 2,
Twelve western wether lambs weighing between 54 and 77 pounds were used

in this study, The lambs were divided, according to weights, into three
uniform groups of four lambs each, They were drenched for internal parasites
as in the previous experiment, and fed in triads during the experiment,

Experiment 3,
8ix native type wether lambs weighing from 60 to &4 pounds were used in

this experiment. The detailsof treatment were the same as during the second

Experiment 1,

The lambs were fed the test rations for a period of ten days prior to
being pln&d in the metabolism stalls, During this 10-day period each lamb
was Ted in an individual feeding stanchion and given the freedom of a large
box stall between feedings. The triad feeding techmique deseribed in Part I



62

wag used In an atlempt to keep lambs in esck tried on the azsme vhosshoruas
inteke ag is shown in Teble 2, After the larhs were on feed, they were
placed in metsholism stells for a tenwdoy nreliminery znd twnﬁtyadny ey
lsetion period. The urine =nd feces were collectesd dailv,. The nrine was
measured sand o ten rver cent slicust tsken for snalyelz:r the Teens wos

welghsd, and 5 five ner econt slicust teken, The deilyr slimuntas of roth

¥ eovhingd ints corpositer vwhich were

keld under refrigerstion until enalyzcd for ealeinm and nhomshorus,

Beperinent 2.

leotails of orogedure followed during melsholism sordods In thig exe

periment were the same as Tor cwperiacnt 1, excest thet the oollsetion

&

Tarther, the lsvhe were ro

period wag reduced to

sgeond =nd third trisls in such e way thet at the end of the swreriment

esch lanb had received sll three lovels of ma

wzperinent 3.

The triad feeding techknious

wag also nsed in ithis exnerisent. 5% urine 527 Tacns sooe
es fron experimesnt 2, it onoeared bt ranese wag balne earried

Thic wag smmesially trie

when the lanbs p in ome trisl vere guiiobed

to the zero levsl in the Tollowing trisl. 7n en sbttermmt to Aeorense this
carry=over effect of manganese, the nreliminery Tseling period usg chanped

to twenty days. 4t the conclusion of the first twenty-day preliminery end

ten-doy collection poriod, the larbs were robtoted st rendom within triads

and placed on a rsdion conboinine anntiher level of manga&as&. At the end

of ithe experiment each lanb had reeccived 211 three levels of menganece,
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In thiz ewperiment, water consweption wes msasured in order to obtain
@ more accurate masurewsnt of caleiuvm intake, since it was found that the

water supply contained about 7,03 grams of calelum per liter.

Dy Chemical Analysis of Peeds and Hxcreba

Experiments 1, 2 =nd 3.

Feed. calelun and phosphorps ﬁa&@gmin@tians were mode sesording to the
procedure deseribed by the R.0.4,C. (1945). The caleium and phosphorus in
foces and urine were detormined by the saﬁa‘érﬁcedwr&vaa modified bﬁ the

Department of Agrienliural Chemistry Resenrch. The nethod used in delters

mining mangenese was @ modificotien of that used by TUillard apd Creathouse
(1917). The method of amelysis for othoy feod consbituents are doseribed

BY A0, AC. (1945).



RESULTS AND DISCUSSION

Bxperiment 1

Dalance trials were completed with 4 lambs on the basal ration and on
each level of added mengarese, Table 2 presents the caleium ané phnsﬁhﬂrus
retention data for the entire cxporinente Table 3 presents a sumnary of
the averarze calcelum end chosphorus balanecs in‘rélaﬁian to the lewels of
manganese fed.

It is mﬂtewcrthy that the rations contalning 300 and 600 Ppie 0F mane
ganese gave lowsr phosphorus retontion valves than the basgel retion., These
resulis are in agreement with the generasl observation that bigh levels of
mznganese decresge caleium and phosphorus ubtilizetion in animals, When
highey levels of munganese were fed, however, there was no decrease in cale
ciun and phosphorus retention, In fact, these latber resulis indicate that
the higher levels of mangsnese (900, 1200 epd 1500 ppm.) favored ealelum
and phosphorus retention. Focause of irresularities on‘tha part of the

feedor, there is some question reparding the valldity of these latter resmlts.

IEE ayinerth 2

The individual dats for lambs in experiments %-anﬁ 2 mre prosented by
veOsker {1953). Tabls 4 presenbs the affﬁetvgf &iff@rént lewels of mansa-
nese inteke on the rotemtion of calefum ond phosphorus by the lewbs in the
gecond experivent. It will be nobed that only three lambs were ineludsd In
the 300 ppr. l@ﬁ@iw Ong Jamb was-ramavaﬁ[frmm-tha experinent bogsuse of
failure to stay on feed, Tsble 5 presents a suwwnary of the resulis obbained
in this experiment, Differenses in ecalciunm and phosphorus Lalances botween

treatments were small; howaver, the resuiis tend bo confirm the vesults of

2



experiment 1, in which the higher ievalb of manganese gave slightly higher
retention valuss for these elements.

There uas no indiecestion thet the high lavels of msnganess intoke ol
tered the pathway of sueretion of caleinm or rhosvhorus sines the feesl
exeretion of both mlrersls wes essentially wis.wama gt all levels of mgne

ganese intske.

Experiment 3.
Teble & presents the cverags dsily coleiwn and vhosphoerus retention

of lazbs fed rations containing suom

1 mangonese a8 QSNZANESS CAT-

Y

honate. One loge in trisl 3

failure to gtoy on

g

& re

‘her in thils oxperie

feed. feeal exsretions of

wopkorus ware sonswbst his
ment then in sxperimsnt 2, in wiich nanganess was suyelizd as mengenese

sulfate; however, ss in sxper all of the phoaphorus

wag volded in the fecas. & phogphorus retention

values for this exverimesnt =

O R S SN TS AL WS ]
P oRPegenved Lk vable T »

According to the aver ¢ a trend towsrd a decreased

retention of phosphorus with
containing O3, ¥
vhorus retenticn of fi,La, A3.15 snd £0.02 prass deily, respectively, These
phosphorus retention vsiuss srs somewhat lower than those for lasbs fed
swmlenentsl Banganese in the fora of mengenese gulfste. Table 8 oresents
8 swaeary of the caleium and phosphorus balances for lambg In ezperimenta
2 and 3. It can be seen from this table that lambs fef the 500 and 1000
vpiia levels of mangeness in experiment 3 had lower shosphorus retention

values, expressed us & percent of intake, than lacbs in sxperimesnt 2.
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The affect of high levels of menganese lotake on caleiun snd phose

phorag retontion was stedied in three baluuce experizents with lasba.

In experiment 1 manganese salfate wag =lced to 2 hased rabion st

levels of O, 300, 633, 900, 1203 anéd 1500

e 08 the ratlon. data

froiw this experiment iadicsted that vengas

2 lewsls of 300 znd G690 ppm.

foit

slightly decreased vhosvhoras retention.

evels of pongsneose
{909, 1200 and 150D ppa.) were Ped, however, there was & slisht imereas
in caleium and phosphorus robentios,

in the gocond experinment, ;

500 ané 1800 ppm. had

no apprecisble effect wn ihe retention
In experimsnt 3 whore sunple

nese czrbonate, thers

the retention of phosphs

lsvels of 530 =nd 1000 npu.



Table 2
Effeet of Manganese Intake on the Daily Retention of Caleium and Phosphorus by Lambs,

(Mangenese as manganese sulfate)
Approx., No, of Lalclum Phosphorus
20 1 2 1.40 1.48 «0,08 1.13 1.25 «0,12
0 2 2 1,38 1.26 40,12 1.04 0,80 40,24
—lYOTRZE e 20 1,37 £0,02 1,08 —2a02 £0,06
300 1 2 1,40 1,60 «0.20 1,13 1,31 -0,18
300 2 2 1,38 1,47 «0,09 1,04 1,00 £0,04
iverage 1.39 1,33 =0,14 1,08 Lsl0 =0,07
600 1 2 1,40 1,67 «0,27 1,13 1.43 «0,30
600 2 2 1,38 . 1,43 «0,05 1,04 1,02 #0.02
e AYSTAEO —radd 120 =0,16 1,08 1,22 =0.14
900 3 2 1,77 1,52 #0,25 1.41 1.26 £0.15
900 4 2 1,28 0,91 #0437 0.99 0.79 #0.20
e AVOTagE da32. 1,21 £0,31 1,20 1,02 £0,18
1200 3 2 1,77 1.43 #0434 1,41 1,08 40,33
1200 4 2 1.28 0.87 #0.41 0.99 0.91 #0,08
e YOS 132 Aeld 37 1,20 1,00
1500 2 2 1,77 1,57 #0,20 1,41 1,26 #0.15
lsm 4 2 1.28 1.0'? !0.21 00% 1012 "0013
. Average 1,52 1.32 £0.20 1,20 1,19 #0,01

L9



. Table 3
iverage Daily fetention of Csleiun and Phosphorus {experiment 1)

‘ Caleiun Phosphorus
Retion in ppm. Fetentlon @ Retention

30 | - 40,02 £0,07
300 ‘ w0l | 0,06
400 =016 . 0,1
Ceop . ... foum . foas
weo o o
1500 - £0.20  fo.01




Table 4

Effeet of Hancenese Intake at levels of O, 500 z2nd 1000 mpm. on Average Dally Retention
0f Cslcinm and Phosphorus by Iav%s. (ﬁamﬂaweﬁe as ﬂanﬁaness ul”ate)

 Ration o, of egtelon R
i dombg  Intake  Feees ~ Urine  Hetentien W Inte Taces
gy Pl Fihs e Sﬁ' Zm, A
o 2,6' 2,55 0,30 -0, 2 )f, 1,60 0.02 ,/a 92

'»
£
3%

&
-

065‘3 - ..1{.3,,);}3 e 3—16—: s 3-;‘6»{% - @gal ! ! "'{}. @1

2, A2 r.s 4 ‘9.01 1.59 1.52 - 0,01 #0.,06
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0 #0.03 43,08
1000 - f0.05 - 40,10
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Table 6 v
Effeet of Hanganese Intake et levels of €, 500 and 1000 ppu, on Average Daily Retention
o of Calelum and Phosphorus by Lamba. (Wanganese as Manganese Garbonabe)

Ration Ho. of B Jalciun R——— , i QS THOTYS
Lopnm, Mo Jdadbs Intake  Teces  Urine  Fetenbion ~ Intake = Teces  Upine 7

‘ 2y pidatN ER, % #iy 2,

2,55 0.19 «13,06 1.60 1.59 0,02

2,87 D.25 0,52 1.54 1.84 0,01

&

.‘
3
Lo

5o B3 B

2 Flu B
A

HEE P

»

192 0,05 40,33 1,38 1,26 0,07
2,31 0,06 #0058 1,48 1.49 0,03
PO -T% 1A T ENNINR... Y SO T, 4 La03 . 0,00

500
1000

T3 DI W)

82 Dy By
o
&

0,11 40,92 1.61 1o 24 0.03
(3,03 #0454 1.62 1,58 0,00

500
0.00 . A8e1 o 1.62 1,29 0,07

1000

Lo w ’m B0 il-—-‘i—'é?i-—*

| R

Table 7
¥ Retention of Galcimn and Phoavhorus (exveriment 3},
Geleium Phosphorus
Hettonpeme n L Retenblon Gotention
| £, g

0 2 F0.40 #0.13

500 . #0.02 ~0,10

1000 £0.19 #,02
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Table 8

Summary of Caleium and Phosphorus Excretion and Retention Values,

(Experiments 2 and 3)

2 0 2,7 2.7 N 1,61 1.53 5.0
500 2.7 2,70 1.5 1,61 1,51 6,2
1000 2,74 2,68 2.2 1,61 1,51 642
3 0 2,62 2.23 14.9 1,53 1.40 8,5
500 2,63 2,61 0.8 1,55 1.65 ~bod
1000 2465 2,46 Tl 1.54 1,52 1,3

1

expressed as a per cent of intake

T4
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WY LABE AS

RADEOACTIVE



TUTRODICTION

Low soil fertility has been associated with poor plant growth and
inefiicient livestock preduction. The importance of adequate phosphorus
nutrition of planis and factors which affect phasPharua utilizabion 5n
cattle and sheep are problens which have boen given spseisl attention by
many investigstors iz pest years.

New technigues hove been dovised which have had o grest impact upon

the fisld of miner aninal nebrition. 4mong these new

techniques is the uos jsobope of phosphorus (PBZ} as a

coriments have proven useful because they

Ttraeer? substance.
bave confivned, in mawy lnshtoooes, behavior which had bson hevetofore only
suspechbed, They heve provided a basis for more rigidly controlled nutri-
tional experiments and heve opened up mew avernes of approach to many probe
lons,

The investigation reporied horein waz desigved to study the metgbe

pliss of radiczetive phosphorus by phogphorus deficient lumbs fed hey of
nigh and low wanganese conbent, The high monganese hay was produced neor

Filburton; and the lov wanzanese hey was produced near Stillwater,

T4
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of renal tubular phosphate sbsorption, thoreby increasing the concentration
of this ion in the plesma, Swith apd coe-workers (1951) studied the distri-
buticon of intravenously injected radiosctive phosphate in the tissues of
swine, These workers found that older oniumals had a slower rate of uptake
of p32 than young animals., The rank of soft tissues with respect to their
affinity for $32 weg shown to be: bile, liver, kidney, thymus, 1ymph node,
heart, sylsen,-tangua, masele, lung, swoobb stomach musele and hﬁaln,
Pevesy and asseeiabes (1942) mede use of vediouctive phiosvhorus in a study
of the rate of regeneratien of tue rvablit snd frog skaleton, Radioactive

phosphorus was administered to robiite and frogs repeatedly éuring the

experinent to kesp the rsdiosctive plasima inorganic phosphorus st a cone
stant activity level, Within 50 days, 29 per ceunt of the epiphysis of the

ferur wes found to be regencrabed,; while the corresponding fizure for the
disphysis was 7 per eents Only hall of the mineral econstituents of the
scapula wera fourd to bo unchanged.

Spinks and associates (1943} studied pliosphorus ubilizgtion in four

laying hens by means of redlozotive ghosoiorus. This subsbance was incor-
porated inte tme leyine mesh &3 tri-caleins ghosphste, replacirc the hone

shaorbed swd appoarsd in

“meal in the vation, Hadiocactive phoophorus
the yolh, white and shell of the spp wibhin 24 hovrs after fesdins, The
raximan recovery of P32 following a single fecding was within 24 hours in

. the enge of the shell, 4$_té~72 heprs in the case of the white ond 124
hours for the yolk. Thoy reported thet a considersble guantity of the
abgorbed phosphorns was stored in the tibme 40 days after Teeding the pI2,
'gscarding io this work, the per@antage uptale of phosphorus fron tri-

e&ieium rhosphate rose gradually in‘ﬁhg egg and became relatively eonstant

in about 14 %o 15 days after the first feeding of the tri~caleium phosphate,



O'ell, st al. (1943} found that 5 per cent of the radiosctive phos-

phorus, in tri-esleiun shosphate, apheared in the egg over a 25-day period.
32

The P was fed daily for the emntire 25-day neriod.

shiriey, & ieller (1951} fertilize? an arca of readow with a

suser phosphate fertllizer conteining radiosetive phosphorus. The har-
vested forags was fed to o slesr in 2 setabolisn otall snd the steer was
saerificed alfter @ nerioed of 35 hours., ihe conteuts ol the various sege

sents of the digective tract, as well sz the orincingl orpans: ané tissues,

were seoarabed and sssayed for rediosctlivity. ”‘graximaielg’gﬁ ner cent

the lsotore in the pross wag orse: ohe slinentary trast and 36.3

‘per cent in the r xo izotope was Jound in the

ng, but 0,92 per eent of
Lo and of the first 12 hours

» grigs, The wide distribubion

of the radioseciive © in tho 1 slear xﬁﬁlcﬁt ? that the isotope

was present in the plant in o Pors readlly sssivdlated by avizels,

5%

Spdth and co-uorkers (1 heave reported on the uptake of intrave-

acugly iajoctel m gues of sheep of differw

eylonaly z cwine, bile, thymas, llver snd kide

ney were found to bsve a

peyr untake than lung, sswoth stomsch musele and

braln. They 5¢

Wrus nataka were generally

groster Yoy & previously : oted for corrag-wonding

swine tiosusg. that the effect of apes upon the

phoasphoras uptsks rate was lecs oronounced in &t

3 between four and ten
months of age than in swine.
Lofgreen and Kleiber (1953} reasoned that if the body phosphorus of

an anizal weare labeled with an isotope of phosphorus, it would be cogsible
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to determine the proportien of the Fecal phosphorus which was originsting
from the body since that fraction would bo lsbeled, while that passing
through the zastre-intesiinal tract would not be labeled. In experiments
with lanbs, these workers made use of radioszctive phosphorus to datermine
the true dlpgestibility of the vhosphorus in alfzlfa hay. Thay found that
an average of £8 pay cent of the facal rhosphorus of lembs fed 21fnlfa hay
was of metabolic arigiﬁ sad 1R ver cent was undirssted phosphorus from the

hay. While the mpuarernt 41 aaphorus of the hay averw

ced 22 per ecent, the true digs Theoy concluded
that the phosrherus v 2lfolfs hay was Lighly aveilsble for absorplion by

Tambs,.



EXPERINENT AL PROCEDRE

JBxperimontal Rations

E&tiem 1 contained prairie nay (0.052 per cent phosphorus) from
i 1hurton, Oklshoms, while rabtions 2 &ﬁd 3 eontained prairiashay {0.088
per cent phsapharus) from Stillwaher, Oklahoma, The remainder of each
ration consisted of eorn . Iuten wcal, dried beet pujh, ecd Iiver oil anﬁ
ealoiun carbonste. The ratiens noj : ealeiumsphosphorus ratio of 3.8:1

and supplied 1,16 grazs of phesphorus per 1”@ pounds of live weipght.

Approximately Tifty per cant of the mphoruﬂ in ench o tzou was swnnliea

by the hays. '?:? ion 3, a control rabion, was the same as ration 2 except

Lﬂ

that steamed bone meal was suppliod Lo such animal in ﬁmcanta te supply

two grams of phespherus per 100 pouniq of live welsht daily.

2

frior Treatment

The six lazbs used in Trizl 12 in Pert I of this thesis were alse

used in this experiment. At the Trinl 11, the lanbs wop

givon a six-day rest period in = irdividually fed the

tilburton and S31llunter hay tesght robion the above trial. 4t
theAené of the rest seried, the lambe wers roburmed to the metebolis:
gtalls for treatment. 7The tiree lowbs rTeceivin: the eontrol ratien (ra-
tion 3} weve of sinilar bresding and ap?rciimaiely the same meight =3

those used in trial 11, These lauwbs received adeqguate phosphorus in the

rotion thirty-six days prior to the bepinming of the p32 sxperiment,

s Procedy

The nine lambs were given phosphoric aeid contalning radicseiive phosw

phorus in a gelabtin eapsule durirg the morning feeding. A uniform dosage

Vi)



was used for each lamb in the group in accordance with body weight as
follows:

& Control 3 79 500
B Control 3 110 700
c Control 3 111 700
1 Wilburton lay 1 81 500
2 Stillwater Hay 2 78 500
3 Wilburton Hay 1 86 500
4 Stillwater ilay 2 86 500
5 #ilburton Hay 1 73 450
6 Stillwater Hay 2 82 500

Blood and saliva samples were taken at various intervals after admine
istration of the isotope. At time intervals of 8, 13 and 49 hours after
administration of the isotope, one lamb from each group was sacrificed for
samples of parotid gland, cannon bone, liver, rumen solids and rumen lig-

uids.

Dy HMethods
Total phosphorus determinations were made by the same procedure as

referred to in Part I,

Samples for P32 jeterminations were weighed in a beaker upon removal
from the carcass and digested in nitric aeid, After digestion, the mate-
rial was transferred to a Syracuse type watch glass and placed under the
open window of the Geiger counting device, The number of counts per mine

ute per unit (e.ec, or gm.,) of sample was calculated, and are expressed as



per cent of sdministersd dose in 100 units (e.c. in the Table 1
and figures 1 and 2.

TPRT - 3 - T V=N > 32 33 “ L g & ) " )

The setivity of the PY° admdnistered to the lambs was determined by

the use of the Gelger counter st the tlme the lambs mere given the capsule

1 - . 3 T 3
containing the P32



The percentage of the sdministered redioactive phosphorus found st 3,
13 end 49 hours later ir the various msterisls anslyzed is presented in
Table l. Certsin tissues appeared to hove s very high affinity for the
radiocsctive phogphorus. It will be nobted thet at eight hours, there were

relatively suell differences in the emount of pIR

in the saliva, bone,
liver and rumen solids from lambs fed rationg 1 and 2., The lauwb fed ration
3, however, contzined less =32 in the bone, livér’and ngrotid glaads than
the laabs fed raliong 1 and 2.

;. 1

Bt thirteen houre after dosage wilh ?32, there sppezred greater dif-
ferences inm the rate of »o% apbake botwsen lausbs fed different rations.
It will be nuted {rom Table 1 thet at this time the saliva from the lamb
fod retion 1 combeised more than bulce the amowt Ffound ia the lasb fed

ration 2, and mores than Mg tineg the apownt afi?Bz found in the salive
]

of the eontrol larnb. [Further, the parotid gland, bone end liver of the

lamb fed retion 1 ked storsd move P” than corregponding tissues of the
laub fed vation 2. The content of P32 in the parotld zlend, bone and
liver from lsmbs fed rations 1 sud 2 wes sppreciably higher than corres—
ponding tissuwes of the conlrol lasb.

Sauples of materisis taken from leubs sacrificed ab the end of forty-
nine hours revealed even grester differsnces in the content of s R in cer-
tein tissues. ‘The bone, for example, from ithe lamb fed ration 1 eontained
about twice as much sz as that of either of ibe lambs {ed rotions 2 or 3.
Both the saliva and parotid gland from the lsab fed ration 1 were sgppre—
32

cigbly bigher in content of P than that of the lanb fed ration 2.
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Flgurcs 1 and 2 present in graphic forim the relative rates of p32
uptake by tissues analyzed In thls experiment.

The totel phosphorus present in the bone, saliva and parotid la pre-
sented‘in Table 2, There was no difference botween the three groups of
lanbs in the per cent phosphorus {dry matter basis} in the ether extracted

bones. The aversge percentage of phosphorus in the bones was 12.57, 12.07
and 12.14 Tor lasbs fed Wilburton hey retions, Stillwater hay rations and
ihe control retions, respectively. Likewise, there was no difference in
the ash content of bones stiributable to troatment. There apoeared to be
a differeance in the amount of phosphorus present in saliva due to trest-
ment. OSamples of sslive telen at three intervals following sdainistration

2

ol ?32 avernget £32.7, 95,

and 72.5 mge of phogohorus per 100 ml. for
lambs 5, & and C, respectively.
If thess trends reflect the gtate of nutrition of the lombs with

respeet to phosphorus, the lumbs fed the Uilburton hay for s perisd of

thirty-six deys were in a more deplsted state snd therefore had a graster

need for supplesentel phosphorug then thoge fed the Stillwater hay.



o Figure 1. The percentage of radiocactive phosphorus in 100 grams of material
E:E at 8, 13 and 49 hours after administration
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%i Figure 2. The percentage of radiocactive phosphorus in 100 grams of material
o at 8, 13 and 49 hours after administration
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SUMMARY

Raediosetive phosphorus was used.as a "tracer" substaunce to stucy the

affinity of tissues and materiasls from lawbs low in phosphorus and fed

for 36 dsys on Wilburton and Stillwater hay test rotions. Certain tlssues
and materials were found to have a high =affinity for PBz.i,ﬁaliva and bone
from the lambs fed Wilburton hay contalaed more ra&ieaﬂtiQe phosphorug
than that of lasbs fed stillwater hay or the control lambs. 7This sanme
trend also apnesared, bubt was less pronounced, in the case of blood, paw
rotid gland, and liver. <ihese Gota may be interpreted as ladicating that
the lashs fed the Wilburton hay vation wsre in greater need of phosphorus

then those fed the Stillwater hay.
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Table 1
The Percentage of Radioactive Phosphorus in 100 Grams of Haterigl
at 3, 13 and 49 lours sfter Administration
' : ‘ ~ Source of Material
Haterisl Analyzed Lambs fed: fHation 1 Hation 2 Aetion 3

At 8 Hours :
Blood 2003 L0003 <0001
Salive (100 ce.c.) L0021 D018 0021
Perotid gland 019 021 <3008
Bone LO005 09 <002
Rumen solids L00EY D085 «0100
Rumen liquid : R 3053 0397

A% 13 Hours
Bloeod
Seliva (100 c.c.)
Parotid gland

L0094, L0012
L0024 L0011
003 L0007

Bone D017 005
Liver L0052 ~0017

Humen solids
Hugen liguid

.0105 0072
0067 7 .0053

At 49 Hours _
Blood L0326 8001 22003
Saliva (100 c.c.) L0030 L0011 «2017
Parotid gland L0330 #3018 2028
Liver SIO57 #0735 L0557
Rumen solidg ~O044, <0025 050
Ruzen liguid <0026 +0016 L0026




Table 2

Chemical nalyses of Tissues snd Haterials

Material

fS@urca

basb gz 1 = 3 =

o

Bone {ether extracted)
Average

13.34, 12,20
' 12.57

i

Per cent phosphorus, dry matter basie

12,19 11.96 12,14 12,11 12,05

12.07

12.55

Salive
63530 p.me (1=12-52)
10:30 pane {1-12-52)
9100 z,m, (1~13-52)

#1lligrans vhogphorus cer 100 ml,

55,6 97 o
F1¢6 109.6
5040 P84

6576
6742
84.8

Sy

Average
Salive
Average

3640

32,0

Bone
Aversge

57.99 67454
67,63

Per cent ash, dry matter basis
G723 63437 G796 60,96 67439
& .76

62434

Parotid

Aversze

0.26  0.22
0.12

Per cent phogphorus, fresh basis
0.07 B.14 0,17 O.17 GaR0
2416

'Qiig

Hl

Lambs fed Wilburton hay ratioun {(ration 1).

2Lambs Ped Stillwater hay ration (ration 2),
3Lasbs fod cantrol ration {ration 3).
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