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ABSTRACT 

In order to study t he comparative values of alfalfa hay and fish liver 

oil as vitamin A supplements, thirty-eight steer calves divided into four 

groups , were fed common dry land rations throughout a wintering and fattening 

phase , separated by a summer range interval during which time the steers grazed· 

together in one pasture. Three of the lots received a cane ration while the 

fourth lot was wintered on range. Two of the cane fed lots were given a vita-

min A supplement, one receiving fish liver oil and the other a small quantity 

of alfalfa hay to provide carotene equivalent in vitamin A value to the fish 

liver oil supplement. I ndividual, one-day weights were taken monthly , and 

two-day weighi ngs were made at the beginning and conclusion of each phase of 

the experiment. Samples of all feeds including range grass were analyzed for 

dry matter, nitrogen, and carotenoids. :Blood serum was analyzed for carotene, 

vitamin A, calcium and phosphorus. 

TABLE I. ALLOTTING AlID FEEDING PLAN - .AXRO STEERS (1945-7) 

Lot No. 
No . of Animals 

Av. In. Wt . 
Winter 

:Ration 

Summer 
Ration 

Fattening 
Ration 

saw 

I 
10 

4!8,75 
Chopped Cane 
Soy :Sean I. ea). 
Mine3f1 Mix?-/ 
Salt 

II III 
10 10 

41s.50 420.a3 
Chopped Cane Chopped Cane 
Soy :Sean Meal Soy :Sean Meal 
Mineral Mix Mine ral Mix 
Salt Salt 
Vit. A Oil Alfal fa 'f!a;r4/ 

Native dry land pasture and salt 
(all steers together) 

Ground :Barley 
Ground Coes 
Chopped Cane 
Soy :Bean He~], 
.Une~il t!ir/ 
SaltJ 

Ground :Barley G~ound :Barley 
Ground Coes Ground Coes 
Chopped Cane Chopped Cane 
Soy :Bean Meal Soy Bean Meal 
aneral Mix Uineral Mix 
Salt Salt 
Vit. A Oil Alfalfa Hay4/ 

IV I 
gl/ 

432,50 

Soy :Sean Meal 
Mineral Mix 
Salt 
Native Pasture 

Ground :Barley 
Ground Coes 
Chopped Cane 
Soy :Sean Meal 
Mineral Mix 
Salt 

1. Only S animals on winter pasture because fire reduced pasture area prior 
to beginning of experiment. 

2. 2 parts limestone, 2 parts steamed bone meal , and 1 part salt self fed to 
all lots. 

3. Salt self fed to all lots. 
4. Fed as a supplement to supply carotene equivalent to vitamin A in oil fed 

to lot II. Chopped cane and soy bean meal reduced to equalize dry matter 
and protein intake . 
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Within the limitations of criteria such as weight gains, blood sertlln 

and liver carotene and vitamin A, and absence of deficiency symptoms , it may 

be concluded from this investigation that common dry land rations provided 

for adequate vitamin A nutrition in beef steers . Alfalfa hay as a vitamin 

A suwlement was equal to , and in some instances , more effective than fish 

liver oil i· t he maintenance of blood serum carotene and vitamin A levels . 

Further ore, alfalfa hay produced a better general appearance and appetite 

during wintering and fattening than did the oil supplement . 

While fresh green grass and cereal grains each increased strikingly , the 

ratio of serum vitamin A to serum carotene , generally an inverse relationship 

between this ratio and serum carotene level was observed. The establishment 

of serurn vitamin A level always lagged behind t hat fo r serum carotene with 

changine levels of carotene consumption. Depression of serum carotene and 

calciuiu levels was associated with increasing serum vitami n A, especially 

whe the level of serum vitamin A was relativel h i gh. 

Greater gains durin winter growth were reflected in smaller gains dur-

ing following summer growth, and vice versa, but with respect to overall 

gain or final slaughter value , no significant differences appeared between 

lot s or outcome groups . 

Ext re .. ely low serum phosphorus levels indicated that summer range was 

defic ient in phosphorus . 
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r :r~ROD CT I ON 

The researc::. reported. in i;,_is -c.1e,,is .. ~s derta. en to sec1.U'e 

im::orm::?.t ion :9ertine!nt to t,·o i port.-.,1t quest i ons c0 .frontin the 

ColorE,c.o cn.tt:i.e ::;:reducer , ri..wnely ; ( 1) I s it 11.ecessa.ry to sup""llement 

co:r.:no:1 dr,rla1!ci. oeef steer re,tions wi L.1 vi tr> .. 'i11 ? ; and ( 2) Should 

•ri t, . .:::in _ be :::up-Jliea. i n t_1e oeef steer ration in t_ e form or· caro-

tene i il. ~lf lf,., ., suppler:1ent, or , per se , ~:.'".L :ish liver oil con-

centrate ? T:_e i nvesti5eti on .ac: carried_ out ·:it._ He1eford steers 

wintered as calves , unstured during t';e su:.i.'Tler , and I·atte ed as 

yearlings t: e fol l o in_, di::ter . 

deficiency 'has been observed in 

cattle in C,'.)lo:i.· do . Such deficie1 cy bps a"'De:wed ',ore frequently 

i.1 t·_e ~rster·1 plai s sec,;ion of t:.P. state , -nich husb2nds sixty 

ner cent or t~':e cattle nop11.lation ( 57) e·.id produces feed of lo 

nrovi ta. in C"ritent (60) . General 1:- c~ .. of t rift , eye end r 

s iratory ;:.isorders , calf diarrhea , poor reprod11cti ve ·~erforL"' ce , 

and occa.doin cla.s~ic 1 vitamin A deficiency s;1T.1.1toms as described 

·o,/ Sc!'~idt ( 51 ), J ones , et al , (33), c:i.r..d Barron (1) .'lave been re-

ported. Unfortunately , only a. small pc.rt of trn .:.lfclfa, hay , 

corunonly recoc:nized as ric}_ source of vita; in A, n .. ic1l is :,rod-u.ced 

on f.:::.r:I.tc i..-ri adJaceLt areas , reac •• es t:1e })l~·ns cattle ret..ion w:1ere 

it r."' be often needed to supplement m..ner rn.tions . 



REVIEW OF TEE LITERATURE 

Considerable in1ormatio1 concer ing the vitamin A require~ent 

of cattle is now ayailable . 1. ost of t ' e perti ent literature , how-

ever , relates to minim vitamin A require~ents determined after 

depletion of vitar:ii A reserves . Results applicable to supplementing 

standard dry land ratios or cattle duri g wintering and fattening 

bave not been reported !or t · is area. 

Sc · idt (51) , and Dic.i.::son and Jones (13) observed vitamin A 

deficienc;y syrnuto~1s after ll6 da.r s ir: steer calves fed a slig1 tly 

modified iattening ra.tion . Jones and co- workers (33) o..emonstrated 

early stabe ni6bt bli,dness at 45 d.a sin steer calves receiving 

n fatteninc ration devoid oI· vi taruin A. Yearling bee steers )being 

attened on dried eet pulp , molasses , ·oa.rle - , and cottonseed meal 

in California ( 21 ) were found to develop acute vitamin A defici ency 

syndrooe in 225 days , ana t 16 vitamin A reserves ~ere practically 

exhausted a.t 2o2 days . L ter t e Cali±or ia investi6ators ( 22) 

publisned data showi 5 t· e mininum carote~e requirement for cattle 

to be 26 to 33 micro6 ra:-1s ::;,er kilogra.a of ood, 1 eight daily . In 

subseq_ue t trials (23), (24) t e minimum carotene requirement was 

confir:ned end tne minimum vitamin A require ent was set at 5. 1 to 

6. 3 microGrams per k i lo ram live weight per day . T ese workers also 

observed that carotene rom al alfa meal was equal to carotene in 

oil for CBttle (24), but state (23 ) til.at tne optirrnun level far 

exceeds tbe mini um require ent . Jones and co-workers (32) recom-

1endeJ. a r.iinimu.rn co SU!Il.ption of 1500 microgr • .ls of carotene :;er 



100 lbs. live weight per day , but later (31) found advanced vita.min 

A deficiency symptoms in calves and early symptoms in yearlings after 

196 days on a ration allowing 2000 micrograms of carotene per 100 

pounds daily , derived from alfalfa leaf meal , forage sorghum silage , 

or grain sorghum sil ge . These investigators reported that steers 

on a fattening ration were unable to consume enough grain sorghum 

silage to meet minimal carotene requirements , after the silage had 

been stored a few months . Riggs (49) found that a daily intake of 

1000 uicrograms of carotene per hundred weight dail y lengthened by 

only 15 d.8 -s the period before deficiency sym_toms occurred. 

Halverson , Hostetler , Foster, and Sherwood (26) indicated that 

43 to 55 International units of vita.min A per kilogram body weight 

daily is the minimum safe intake for cattle. ·ylund and With ( 46) 

reco ~ended 38-80 micrograms of carotene per kilogram body weight 

as a minimum for warm blooded animals . oore, Berry , and Sykes ( 42 ) 

suggested a minimum intake of 66 micrograms of carotene per kilogram 

for dairy calves, while Nelson (45) , working with the same group , 

found beef ce.lves to have slight l y but significantly higher plasma 

vitamin A and carote eat similar ages and levels of intake . Lewis 

and Wilson (39) published data recommended 250 U. S. P. units of 

vitamin A per kilogram of live weight as an optimum daily intake for 

dairy calves, whi l e Hilton , Wilbur , and Hague (30) stated that a 

dairy cow producing milk of high vitamin A potency should receive 

200 , 000 International units of vitamin A daily. 

A new field of research in vita.min A nutrition was introduced 

by foore ( 43) in 194o in a report on synergistic action of vitamins 



A , .. nd. E . r-. 1941 Davies "nd, oore ( 12) C')nriru1ed eerher oose ·v:::..-

t i or:.s , and lrter Earris , I'"' leJ , c. ci Hic:'n<>:. ( 27 ) ,.,_ '.:>lished. co:?:-

vincine, dn:;;p,, s_ owin ":;H!=>t c::i.rotene im;a .. ,::.e 1 vels in:::.,deq te for 

or . .c:l ro,,t.1 in rnts ·oeca, e deq_uate V:l:!en :ni::ed toco'J erols -ere 

acL ... ed t::i .:.. e diet . Gu;genheiu ( 20 ) renorted similar results dth 

rats o.urin0 t. e sc. e yer r . 



PR CEDURE 

Pureored Hereford steers purchased fror the Ft . Lewis bra.~cn 

of Colorado A end lI College Tiere allotted as uniformly as -possible 

,.1ith respect to weight , type , condition, and color , a _d 1ere fed 

in croups E:.S sr..orm in Table I . 

TABLE I. ALLOTTING .AN'D FEEDI!JG PT....,AN - Al\Ro.- STEERS ( 1945- 7) 

o . of A..~imals S 
.Av . I n . ',7t • 4 

in er 
Ration Soy :Bea-~ . eal 

um.mer 

ver..11:6 
c:,tion 

roun 
Ground Coes 
Chopped Cane 
So;v :aear • ~e~ 
, 1 i· eril l.iix 
Sa.lt3 

'~iner2 l ~ i x 
Salt 
Vit . A Oil 

ar ey 
Ground Coes 
Ch opped Cane 
Soy :Sean ·. eal 
ineral . ix 

Salt 
Vit . A Oil 

!. ix ,~ineral ,ax 
Salt 
Hati ve P2sture 
t 

ar ey 
Ooes 

Chopped Cane 
,. eal Soy :Sean ,, eal 

Hineral ix .. :inerel . ix 
Salt Salt 
Al !"l.li'a F y4/ 

1. Only 8 ani.aals on Y,inter pasture because fire reduced uasture 
area prior to beginning or eXDeriment . 

2 . 2 parts limestone , 2 narts steamed bone meal , and 1 nart salt 
self fed to a ll lots . 

3 , Salt self fed to e ll lots . 
4. Fed as~ su~pleuent to supnly carotene equivalent to vitar:1in A 

i _ oil fed to lot II. Chopped cane ~-'ld so bean meal reduced 
to eq_ualize dry r tter a :id pro-i;ein i nt2,.11..e , 

.All lots were fed t ice daily during wintering and fattening 

except t:ie pe.sture .;rou-p 'f."_1icr , s fed nrotein sunulement only once 

daily during the 'i7i11tering phase . All feeds o:. ered and refused 

1oere ~eiG_ed daily . Feed sa.~ules ta::.~en everJ 2S days during ~in-i;er-

ine; o.nd fattonin&; and four times during sU!:lr.ler grazinl· were analyzed 



for dry matter , total nitrogen and total carotenoids . Carotenoids 

were determined according to the method described by Peterson (47) , 

and the Kjeldahl method was used in determining nitrogen . A sample 

of blood wo.s taken from each steer at approximately two month in-

tervals . Serum carotenoids and vitamin A were determined color-

imetrically according to the Carr-Price method as modified by Dan 

and Evelyn (11) . A factor was applied in computation of vitamin A 

to correct for blue color developed by carotene (5) . The method of 

Bodansky and Fay (4) was used for determining serum calcium, and 

serum phosphorus wa s measured by the Harrow (28) modification of the 

Briggs me thod (8) . Liver samples obtained from all steers at time 

of slaughter were analyzed for carotene and vitamin A by the method 

of Gallup and Hoefer (16) . 

Each steer was weighed on two consecutive days at t he beginning 

and end of the wintering phase , at the end of summer erazing, and at 

the end of the experiment . Individual sine;le day v,eights were taken 

each month. 

The data were analyzed according to the procedure described by 

Snedecor (54) . Since t e animals were allotted according to three 

ty:pe of outcome groups , variation between these outcome groups was 

accounted for . Data for wintering , sunrner, fattening , and total gain , 

dressing percentage , blood serum carotene, vitamin A, and phosphorus 

for the final blood samples in each phase, blood serum calcium for 

each sampling period , and liver carotene and vitamin A were analyzed. 

Values ~ertaining to steer number 4o , Lot IV , which died, and steer 

number 21 , which was operated upon to relieve calculus , were 



disre.;arded . Tne . 05 level 01' 'Jrobrbilit ras used as a criterion 

for de"!ier::iini:i.'16 t: e sit,nificai:.ce 01 di nere::ices . 



RESULTS ..ium DISCUSSION 

Relationship of Blood Serum Carotene and Vitamin 
A to Carotene and Vitamin A Equivalent Intake• 

Blood serum carotene of lot III animals , a s shown by analysis 

of va riance (appendix Table 14), wa.s significantly hi gher than in 

the other lots at t he end of the wintering and fattening phases. 

Gross i nspection of t he dat a also indica ted a higher level of serum 

carotene i n t his group at all sampling dates during both p.."1-iases . The 

lot wintere~ on pasture had the lowest serum ca rotene of any group on 

farch 6, 1946, t he l a st sampling date prior to t he appearance of 

spring gra ss . During fattening t he pasture lot maintained hi gher 

serum carotene levels than did lots I and II wbich received ap-

proximately t he same l evels of carotene i n t ake , indicating an in-

creased ability to convert carotene from pl ant sources to serum 

carotene . This may be due to a grea t e r depletion of reserves dur-

ing t he previous winter . Aver ge serum carotene l evels wer e lower 

for t he ,inter pastu re lot during the summer al though t he difference 

was 1ot s i enificant after 190 days an pasture. There was no apparent 

difference in serum ca rotene between lots I and II at any of t he 

sampling dat es . 

: ean serym vitamin A l evels showed wide differences on but two 

sampling c.ates . On .Iarch 6, 1946 , during wi nt ering , the higher 

vita.min A serum levels in t he supplemented lots (II and III) are 

• Vitami n A equivalent i nt al:e calculated as 3. 5 microgr ams carotene 
equ iva l ent to l Interna tional unit vitamin A. 



~ LE II . l.ELATI J SF.IP OF bLOOD s7R :.: CAR0rlCE £1) VL.k.I:, A TO 
C.A.ROTEl:E Alill VI .Al.,IH A .t.Q,1.J IVAIJ; a I ;T-4J<J!J (.AlIBO~ STEJifil.S 194·~ 7) 

CA.ROTE J E V I T A .. I l; A 
( 1) ( 2) (3 ) ( 4) ( 5) ( 6) <if. ( 5) 

Intake Eaui v . Intake 
(LlCgJUs/100 Blood Ser :1 Ratio ( I. U, / 100 1 b s . Blood Serum Ratio 

Date Lot lbs . bod·· wt . me, s 100 ml. Col. 4 Col. bo wt . r. u. /100 r.11. Col. Ool . 6 
1 9 46 I 5, 279 67 . 58 . 0128 1, 508 110. 1 . 0730 

II ~. 238 72 .00 . 0137 6,431 93 . 24 . 0145 
III 20 ,615 b/ 123. 90 . 0061 5, 890 100.04 . 0170 

IY ,; 0 46 102. 4 • 02 ·o 1 g2 o. 6 .oeo -
3/6/46- I 5,350 31. 92 . 0060 1, 529 117 . a1 . 07 7 

II a,279 24. 99 . 0047 4,906 206. 1 . 0421 
III l ,152 78. 58 . ooao 4,043 209 . 99 . 0~19 

4 l)>'iO 20 .16 .00 1 1 414 e: . i::;2 . 0, 7 0 
5 6 3,37 25. 32 . 0075 96 93. 20 . 0967 

3,426 23. 00 . 0067 3,895 99. 98 . 0345 
7,894 4. <:J7* . 0176 2,2i:;5 127. 64 . 0566 

16 qi::;· 44o. E'6* . O?cO 4 84": 16>5 . 6 . o 42 
7, 12 (82 , 566) 775. 75 . 009 23 , 590 31 . 35 . 013 

(82 , 566) 759. 25 . 00'.;)2 23 , 590 313. 56 .0133 
(8? ,566) 730 . 00 . ooes 23 , 590 215. 2oc./ . 0091 

IV 32 166. b?u . T ,()()76 2 0 1 2. 12e/ . ooi:;6 
9; 11; 6 I (98,902) 389. 50 . 0039 28 ,25 2 9. 77 .0088 

II (93 , '.}u2) 377 . oo . 0038 28 ,258 235. 73 .ooe3 
I II (98 ,902 ) 3:;7 -50 . 0036 28 ,258 235.17 . 0033 

IY ( ' E., '-)02) 32s . 64 .0033 2-., ,258 2 3.04 . oo ·o . ~ ' . 



TABLE II. ( 00 lTINUED) RELATIONSHIP OF I}LOOD SERUM CAROTENE .AND VITAl, IN A TO 
CAROT , 1lE Al]) VITA.HIN A EQ,UIV.ALE}i'ra/ Il~AKE (.AXROU STEERS 1946-7) 

CAROTE E 
(1) (2) (3) (4) 

Inte.ke 
(mc€!Jils/100 Bl ood Serum 

Date Lot lbs. bo wt . me s 100 ml . 
+-1-1-.-12-----I--(50, 230) 273. 90 

II (50,230) 299. 4o 
I II (50 , 230) 278. 56 

IV O 2 O 2 4. 
1 8 7 I 13 ,017 25. 71 

I I 13 ,012 21 . 72 
I II 14, 468 34. 80 

IV 11 800 1. 8 
3 5 7 I 2, 37 55. 11 

II 2,383 44. 77 
I II 4,229 71 . 93 

IV 2 4 0 4 . 44 
5 1 7 I 3, 115 30. 90 

II 3,147 28. 33 
III 4,842 64. 53• 

IV 8B8 • 
• Averages differ significantly from Lot I . 

( 5) 

Ratio 
Col . 4 Col . 

. 0055 

.oo6o 

. 0055 

.oo l 

. 0020 

. 0017 

. 0024 

. 002 

. 0232 

. 0188 

. 0170 

. 01 4 

.0099 

. 0090 

. 0133 

.01 ., 

(6) 
V I TAMIN 

( 7) 
A 

Equiv. Intake 
( I. U /100 lbs . 

bo ~ wt . 
1 , 366 
14, 366 
14,366 
14 66 

3, 719 
27, 415 
4,134 

1 
678 

1 , 459 
1 , 208 

00 

1 . ~~ 
1, 383 
l 111 

Blood Serum 
I.U. 100 ml. 

289.16 
249. 77 
256. 00 
282 . 8 
156. 15 
134. 36 
178. 38 
12 . 0 
l • 3 
174. 08 
183. 88 
l 1. l 
1 . 13 
171. 70* 
165. 21• 
1 .o 

a . Calculated 3. 5 micrograms equivalent to 1 International unit vitamin A. 
b. Total dry matter intake assumed equivalent to Lot I . 
c. AssU1.1ed dry matter intake from Ill . Agric . Expt . Sta. Bull . 454 (18) . 
d. Averace for 3 steers . 
e . Average for 2 steer s . 

(8) 

Ratio 
Col . Col. 6 

. 0201 

. 0174 

. 0178 

. 01 

.o 20 

. 0049 

.0431 

.o 84 

. 2 25 

. 1193 

. 1522 

. 24 6 

. 157 

. 1185 

. 1195 

. 12 1 



e.. 2axent (Tr;:ile II), c'nd at t: e close or' the fatte:::iii.6 nhase these 

sa e lots d i d. C:10'17 a sicnir'icontly h i ~.er seru:n vi tanin A level 

(Ap ,endi x Table 15a) . Tne di::' erences diso.,neared at t .e close of 

t ne , interin phase indic..,t i • .., ir~a e~1ate vitai:iin A equi val e1.t ir.-

toke to . .1e et rec_fJ.ir e ,1ents , while .uri n..., :atteni t, t. e data i..dica te 

lower 1:·e ···1ire. ents , re2ter storage , or less re--id depletion of 

vi tar:iin A ::.·eserves. Due to a .Jis derst.,ndi 6 lot II received 

sever 1 ti~es ce lcul~ted vitamin A oil i ntaLe for as ort tine ~ur-

in~ be,;i:n...'1inc: of 1 ttenin...;, but t · · s ,,as not reflected in }:li~her 

se!'U1D. vi t 2.!.~in A v lues t·,-o nontns later . It is inte:·esting to r..ote 

t ' e relatively r.icher seru:a vitanin A levels for all lots du:t i ng 

t : e faheY:.i:13; er iod. rs co p red to t o se or s imilar dates during 

tr1e 'Jrevious winterin0 ueriod. i::' c.ble II 2nd Fi ure I indic . te t 1 at 

t he h i t.;hes t r tios o_ serU!:1 vi t..,:nin A to c~rotene '17ere nifested 

i t e fai:;tenin6 · e:dod ·,7 1en t: e :tatio. cont :.. ed cere l r i n::; and 

t .e toc onnerol i n ta~e ,as ~rob~bly rp'Jrec iable . Dirferences PS~ 

Knole · et "een outco. e :_;rouus re ·&rain· blood serum vitcni :!1 A v lues 

c..t t 11e en::l of ninterir.g and fatt en i nc -,~'1-"ses v;ere si t·nific~..a t , ·but 

t. e i:tferences in /"'Vere es between oui:;co_ e ·roups wi tnin tre t ments 

ere not co. sis tent . 

A decli .e in efficienc,; of ::i.et.,":lolis.n o:: C.?.roi:;ene a.rici vi knin A 

wit .. increasin. · :L evels of i.11.; .:~e is SllOWI i:r.. '.i.'a le II a c.i. Fi ure I. 

·,mile absol-;;.te clood levels are : i.., er at hi h intase levels , tl1e 

values for seruo carotene and vi t2:r:li:1 A a.i·e reh,ti vel lower t 1e 

rea ter tL3 cons"G!'.l tio 11 of carotene or ;'i t ... !!lin equiv lent • . lso 

t Le ratio oi £erun vi ta,.'llin A to sel'U'l carotene ve,ries inversely r.i th 
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Ratio of Serum Vitamin A to Serum Carotene for Vitamin A Oil and 
Alfalfa Supplemented Lots -(Steers 1945-7; Heifers, Wintering 
Period 1946-7) 
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RATIO SERUM VITAMIN A/CAROTENE 
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•.... II + ALFALFA HAY 
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•  • 
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• 0 

390 

SERUM CAROTENE f'./100 ML. 

I 
• 

520 650 

0 

780 



carotene level . 

The relationship of blood serum carotene and vitamin A to 

carote· e intake for animals wintered on pasture and receiving no 

vitamin supplement _is illustr ted i n Figure II . Three important 

points are gra,phically represented, namely : (1) the relatively 

greater effect of early grass as compared to other carotene sources 

on the serum caxotene and vitamin A levels , ( 2) the apparent lag in 

establishment of serum vitamin A levels with respect to serum ca ro-

tene 1 vels , and (3) the relatively great enhancement of serum vita-

min A by early spring grass and cereal grains . 

Observations on Livers at Time of Slaughter 

Liver carotene values show significantly hi gher levels for the 

alfalfa supplemented and winter pasture groups . Such storage by 

the winter pastu re steers reflects a more efficient use of carotene 

from low carotene feeds , already noted in previous disuussion, and 

further validating the serum carotene values . Higher liver vitamin 

A values observed for lots II and III indicate greate r storage than 

occurred in lot I. The fact t hat vitamin A appeared i n the livers 

of all lots showed that the vitamin A equivalent intake was adequate 

to provide for some sto rage, and t hat t he animals were a parently 

not subjected to sub-minimal levels of consumption , at least for in-

tervals uell within the limits of the depletion period. The effect 

of the l a rger amounts of vitamin A oil during early fattening upon 

the liver vitamin A values are not lmown. 
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Figure II. Carotene Consumption, Serum Carotene and Vitamin A for 
Steers intered on Native Pasture, and Receiving No 
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TAELE III. LIVER CAR0.:1 ' .A.KO VI ~.H A COlF-E:"'T , .Alill vOlTDEl. ~AT IC.'. S 

C/U'o-cene 
• I . 1 ) .. c;,1s1 ·1· :1 :::'rei:11 _iver 

i tc:,.':li::i A 
(I.U. / ra. xresh liver) 

lJo. o::' J.i vers cor_de:"-Iled1/ 

Lot I 

1.085 

5. 913 
42/ 

Lot II 

* Avera~es dii':er significc.:1tly from lot I. 
1. U. S. Gov r ·1rnent ins·:iec-cion 

Lot III 

1. 526* 

13. 241* 

0 

2 . 2 "bsc":::;ses , 1 1ealed abscess , - .d 1 tel"nsiect~sis 
3. II ~-··c:L::t . 11 

ter 2:·2.tio:1 '12.0. bette::.· up c;:,i tes , \~ere u ore vigorous "' 

Lot IV 

1. 506* 

10 . S81 * 

0 

t!lri It~·, "'nd 

nroduced r .... il· Hit .• aore oloo duril.,., the letter ':)r>rt of -cr.e winter 

t.J..'.ln ·i.:. c...'1i -::1als in .::n o:c' -;; e ot:1er t .ree rou s . '.:1~.e aniu.£ls on 

nab.-re ui.1ter as-cure gener2.lly e::b.ibi ted a rou..,,h r..cir CO'lt , 1)ut et 

tile e:'.ld of the v-interin -· ph se t 1eir genernl ~p )eo.ra ce was ·oetter 

"l.i.c.ll "G~.at o::· celves i. the t ,o ca.ne fed t_l' OU::_)s to \.hie .. :10 lf lfa 

h.:>y ·:as ad.<ied . Sic.nir ic:..nt di:titc:rences in ener~l l e~l th .. uci. a 

:ca r2ncc bet· een ~ e lots ¥ErP. 0t "Y·· rer. t .., t the e1 d. of "'U: . .1er 

ra.zin-"' he .,.11 lots ,iere .p re.ise.d at the same Vclue . 

Wehht G, ins 

Averc3.t;e \,eit: ... ts o=' each lot of s';eers are snown for lilonthl;r 

i.1te:;.·· e.ls i ""'in.ire III. The re3.ter coins of t:·v,• cl:'clfa fed ::,rou-;:i 

~-.,.,.:_ b ·7:.·1terin0 and of the vr-.nter p sture fed ro1.: du:-ing t· e 

s ~ er 0 1·<>~i • .; ",J, ri0d were si "llific">"Jt ·rhe.1 co.J.pareci to t'1e o- sc l 

c·n.":.e fed lot. :·o si .ific:;,~t d.ifferenco 'l'&s observed. rit._ rerr,ect 



Figure III. Aver~e · eights of Steers by Lots. 
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to total ove:'.'"11 ains or to gains durin..:; fatten:'.. L between 0 roups . 

HoY:-ever , i;~:c r·cceler2ted cro,vt:h of t __ e winter asi;ure lot in tne 

d.i;.ri::~ earl, fattenL O · y cbr; aL.Flf SU"'Jjle::tented. roup are wort:w 

of e tio·1. Dir:ere_ices ~.s a ruole oetr"een outcor.ie ~roups ,:i thin 

trect ;:ents ·,:ere d_;.1ifica.nt for fatte1:i c in a:r d seemed to .tavor 

t e l-r6er steers in t. "18 Group one , ·oui; t~.is o·bservation '--icl not 

hold trae in ~.11 lots . 

TABLE IV. ',iEL:,PT I:: s :PER u:. I T DRY _f.ATTER - 'D PRO'l'EI:T L :i:1.AJ:,..'"E 

Dry 1fa.tter 
Protein 

D:i.7 _:at~er 
Protein 

~rv ... r ttor 
Protein 

( Gain in 'lOund.s ')er 100 nounds i:.nake) 

Lot I 

r::. . 73 
4.26 

( 4. 93)2/ 
53 . ee 

9. 51 
95 .10 

Lot II Lot III 
V/i1 terinf; 

r. 71 7. 64 
6~.03 C0. 22 

Su.."".'1 '.e r Ren.c;e 
(5. 38) (4. 30) 
5s. 71 47. 02 

Fa i;enin,; 
9. 75 10. 37 

92. 76 91 . 4o 

Lo t I V 

( 5. 57) 
60 . 97 

Q. 87 
90 .17 

1. Dr,' . atter co 1su;.:i•)ti-:, ssl.lt!ed to ·oe equal to t~10t for lot I . 
2 . Ca lculc ted on ·uci.si s o± G.r.,- natter con~i;.r:rntion '.o ·':.. for steers 

o .• pasture t2.-Pn ·ro.n Ill. -ric . Exr.>t . St2 . Bull . 454 (l b) . 

lei i1t ins er unit of dr.,7 ' tter ::nd ro1:;ei1. i -k~:e (T..,ole I V) 

Y, r, c.irectl~- Fit' :c tes o"'" .ain du1·1?1'"' t· e three has es . T: ese u.ata , 

however , clearl illustrete t e reater rL te of 0 "in as::ociated ·:i th 

to gr.::-.ze too lone on a i ve1 alloi., ent . Ii; !'"ust ·oc notea. t1 st z,ci.::,ht 

lo£.£€£ the l.ast r:iontn o!l s1.u 1er "Sture (Fi ure III) --.~:,- hove been 



due _c.rtially to lice d r :evere ~°"OV: StO!'!l C.'.l:Cil: t. e first ·.•eel: 

'.)f :r'.)-;e::-1::ier . rn ... ece l os ses rerlect :.1 cm the eir"icienc.r of ...,2 in for 

tne C!ltire period ?,S SalO'm i n r:1a le IV. 

Re,::l: of lots 2ccording to sla·, ~iter va lue on foot c.2.1d. later as 

to ce.rcc.ss value ,'a!> not uniJ.or:n , ut ell steers v:ere sold on the 

Denver :-1: r'-:et at t_.e s arr:e :9rice er undre ,-:-ei , 1t , "!:ci anal~·si s 

of veri ance a:p')lied to iressi... <.:, percent es ~, owec. no d.ifierences 

bet,·,een lots . SL ilar uniforrni t \las a,l so evi{ .. ent "J. tr. res-.,ect to 

indi vi<lw 1 slau,.;hter e.r,d carers;:, r:,rad.es s ow.a i n Apnendix T ble 1. 

Steers in i:he ..,lf 1:::n sup le:1ent ed ._;rouu U!'esented t:.e ap:!.)ean ir.ce 

of vi!l lon,.;er le.,s t: r- s. onn OJ .s.ni m.:,l s i n the otber lo·cs. W-nen 

tne bo.1F, i:::. t .... ~ nlfa.hc:- f ed lot r.-2" q_ ; te hard. and r'lL1t - like . I n 

cross section t. e bone s .. o~·ec. t t} e peri )hery a t h i :1 , .r~rc.. , 1 yer 

v{nich 1.:-c:~ed. o_r,ci t , si.1ilar to bones observed o:i. ten i 1 older 

Bo::es =·r0,. the other t··ree lots c:::hi b iteci c. !> Ofter , r:iill~· white 

"De:ciuher a l layer . 

Lot 
I 

II 

II I 

I V 

C'.AELE 

s, .. _, :1ter1/ 
Rm:ll: 

2 

1 

3 
4 

v. SLAU _,-H:.'::..;R 

Sellin; 
Price/C·;:t . 

$24. 75 

24. 75 

24. 75 

24.75 

.l' CARCASS OBS RV.A:2IO rs 

C3.rca.ss2/ 
ilc..:.2: Dre ssi ·. Percert 

1 61. 57 

3 61.41 

2 61 . 95 

4 60 . 56 

1. &,n;.:od b;;: ,. r . Vlar::.·en .~onr'ort , Greeley , Colorado r'1ci. ;.:r . A. VT . 
Aver ·, Eaton, Colora o pro~inent catt le ieeders . 

2 . U. S. Jo ern~e1t grades . 



Cost of C¥t.i~ 

Table VI indicates that the least expensive gain was made by 

steers receiving alfalfa during t he winter growth period. Reversal 

in the cost of a in was evident in the subsequent summer grazing 

period, tending to equalize between lots the tota l cost per unit 

gain. During fattening , the pasture fed lot showed the least economy 

of gain , but considering the wide variations in rate of gp,in observed 

between steers , differences between lots with respect to cost of 

total gain appeared not to be significant . 

TABLE VI. COST PER 100 POUNDS GAIN 

Period Lot I Lot II Lot III Lot IV 
Wintering $13 . 54 $14.oo $12.08 $15. 72 
SUmrner Range 6. 85 6. 17 7. 46 5. 94 
Fattening 22 . 68 22.08 22 .12 23. 81 

Overall 18. 19 11.~s 1z. 6~ 1s. z9 

Other Observations 

Moderate general i nfes tation by lice was evident i n all groups 

at t he time these animals were moved from summer pasture to t he fat-

teni ng lots . Severe infesta tion was apparent on some steers as in-

dica t ed by the appearance of eggs on all parts of t he body , being so 

numerous on the brisket , neck , and face t hat whi t e hair presented a 

dirty yellow appearance . Eleven of the t hirty- eight steers exhibited 

infestation to t his degree . Of these , two were in lot I , three in 

l ot II, t wo in lot I II , and four of the eight animals i n lot IV. Un-

fortunately , accurate observations were not made at this time . While 

t he infestation appeared to be general , it was believed that the 



winter pasture group was most seriously affected. Severe weather 

and inability to contract sprayers prevented correction of this con-

dition until late winter , but with one exception t he hair color im-

proved after steer s were placed on fattening rations . Steer number 

24 in lot IV became so ~eak even on CTa.Xinrura fattening ration that a 

blood transfusion was administered on December 26, 1946. Although 

t he ste~r recovered rapidly , heavier infestation by lice i n lot IV 

prevailed until the steers were sprayed with Ro tenone and Lethane 

on March 24 , 1947 . Practically all lice and eggs were destroyed. 

Steer nu.~ber 4o , lot I V, developed pulmonary edema and died, prob bly 

as a result of the spraying . 

On April 17 , 1947 , steer number 21 , of lot III, exhibited 

s ~)toras diagnosed as urinary calculi . Following surgical correction 

of t he couQitio1 the ani mal appeared to respond with normal weight 

gain , and no discrimination was made by the buyers at the time of 

purchase on t' e Denver market or by the inspectors at slaughter. 

On a windy day, February 6, 1946, when much dust and sand was 

bein0 blo,n through the lots , t he eyes of all animals except the 

vitami n A oil supplemented lot , lacrirnated badly. The area immedi-

ately under the eyes was caked with a thick layer of mud extending 

to the lov:er jaw bone . 

Blood ~e~ Calcium and Phosphorus 

Low sermn calcium was noted for t he two supplemented groups at 

the last two wintering sample dates , and for t he pasture group on 

Note : The diagnoses , transfusion , and surgery were perfonned by 
Dr. LeRoy Johnson and Dr . Rue Jensen of the Veterinary Staff, 
Colorado A and M College . 



l. arch 6, 1946. Explanation of the differences appears to depend on 
I 

some factor other t han consumption or serum levels of ca rotene or 

vitamin A. Si gnificant differences observed between outcome groups 

as a whole are not consistent with the differences observed between 

outco e Groups between lots. These variations may be associated 

somewhat rri th degree of fattening . A sharp increase in serum cal-

cium late in fattening suggests i ncreased demand fo r ca lcium i n fat 

deposition ( 61) . 

TABLE VII. :BLOOD SERUU CALCIUM AND PHOSPHORUS 
,fgms/100 ml. 

Date Lot I Lot II Lot III Lot IV 

Ca. P. Ca. P. Ca . P. Ca. P. 

1/9/46 7. 80 16. 63 7.39 17.04 7. 82 16. 32 7. 78 15.35 
3/6/46 7. 55 16. 56 6. 60* 17.12 6. 31* 18.28 6. 32• 18.06 
5/6/46 7.13 10. 78 6. 54• 11. 21 6.49• 10.92 7. 24 9. 67 
7/12/46 7.34 4. 35 7.49 4.36 7. 82* 4.13 8.12• 3.96 
9/11/46 6. 86 5. 48 7.31• 6.05 7. 35• 5. 66 7. 39 5.27 
11/12/46 9. 56 3. 4o 9.31 3. 48 9.09 3. 29 8. 71 3. 20 
1/8/47 8. 35 8.14 7.90 7. 92 7. 661' 7. 81 7.19• 7. 75 
3/5(47 8. 32 7. 86 7.96 8.02 8.19 7. 82 7. 89 7.95 
5/1 /47 10.04 10.12 11.1!2 11. 06 11. 82 10. 89 11. 38 8. 11 
* Averages differ significantly from lot I. 
f Significant at 90% level • 

.Anal ysis of variance studies of the levels at the close of each 

phase , and Gross i nspection of individual data (Table 6) wi th one 

exception , indicate no differences with respect to blood serum phos-

phorus between lots or outcome groups . At t he close of the experiment 

lot IV exhibited lower serum phosphorus levels than did the other 

groups . This may be attributed somevn1at to stage of fattening , while 



!,r.? • 

the differences between outcome groups within treatments must be 

attributed entirely to chance . Abnormally high serum phosphorus 

levels on the first two sampling dates may be due to physiological 

age , sex, pas t nutritional history , and consumption of relatively 

large runounts of mineral mixture after arrival at t he station . The 

sharp increa e in serum phosphorus during early fattening following 

very low levels while on summer pasture , appears to support this ex-

plana tion . The very low serum phospho rus levels at termination of 

summer grazing indicate a need for phosphorus supplementation on na-

tive S1:JI!1~er pasture . 

Inspection of the calcium and phosphorus levels indicates a low 

seruo Ca:P ratio in young animals . The ratio changed from approxi-

mately 1:3 t hrough 2:1 to 1 :1 during t he course of these experiments . 

It is believed that the extreme reversal of the Ca:P ratio during 

summer grazin was the result of an accelerated growth rate together 

with lack of phosphorus . 



SU11 tARY AND COlJCLUSIONS 

In order to study the comparative values of alfalfa hay and fish 

liver oil as vitamin A suppl ements , thirty-eight steer calves divided 

into four groups , ~ere fed co on ry land rations consisting of cane , 

protein supple~ent , barley , and grain sorghum throughout a wintering 

and fattening phase , separated by a sunrner range interval during 

which tie the steers grazed together in one pasture. Three of the 

lots received a cane ration while t he fourth lot was wintered on 

range . T\~·o of the cane fed lots were given a vitamin A supplement , 

one recei vine fish liver oil and the other a small qua..~tity of al-

falfa, hay to provide carotene equivalent in vitamin A value to the 

fish liver oil supplement . Individual . one-day weights \7ere taken 

monthl , and two-day weighings were made at the beginning and con-

clusion of each phase of the experiment . Samples of al l feeds in-

clud.i n6 ra11se grass were anal ,-zed for dry at ter , i trogen , and 

carotenoids . Blood serum was analyzed for c rote1e, vitamin A, cal-

cium and p..rios.:phorus . 

Within the limitations of criteria such as 17eight gains , blood 

serum and liver carotene and vitamin A, and absence of deficie cy 

symptoms , it may be concluded from t i1is investit.,ation that common 

dr:; land rations including cane, protein supplement , barle , and 

grain sorghum provided for adequate vitamin A nutrition in beef 

steers . Al falfa hay as a vitamin A supplement was equal to , and in 

some instances , more effective than fish liver oil i n t he maintenance 

of bloou serum carotene and vita.min A levels . Furtherillore , alfalfa 

hay produced a better general appearance and appetite during vdntering 



I 

and fattenin t han did t he oil supplement . 

While fresh gre en grass and cereal grains each increased strik-

ingly the ratio of serum vitamin A to serum carotene , gener lly an 

inverse relationship between t his ratio and serum carotene level was 

observed. The establishment of seruru vitamin A level always l agged 

behind t hqt for serum ca rotene vith changing l evels of ca rotene con-

sumption. Depression of serum carotene and ca lcium levels was 

associat ed v,i t h increasing serum vitamin A, especially when t he 

level of serum vitamin A was relatively high. 

Greater 'a.i ns during winter growth were reflected in smaller 

gains during following summer growth , and vice versa, but with respec1 

to overail gain or final slaughter value , no significant diff erences 

appeared between lots or outcome groups . 

Extremely low serum phosphorus levels i ndica ted t hat summer 

range was deficient in phosphorus . 
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APPENDIX TABLES 



T.A:BLE 1. IlUT I.AL AlJ) FI :AL rrEIGHTS A.ND GB.ADES 
DRESSIUG ~ ;u::D OUTTI m cc» IENTS 

f (AKRON S EERS 1945-7) 

Initial Initial 1/ 
Condition 2/ Color3/ 

Final Slaughter Carcass Dressing Cuttine4/ Lot Steer# wei -"'ht rade wt . grade .<,;rade 1 Col!l!!lents I 550. 0 1 2 L 1202. 5 G -f Ch 61.97 V. G. 6 502 . 5 1 1 L 1225. 0 Gt Ch 63. 90 V. G. 16 390. 0 2 2 L 975. 0 Ch- Ch 6o . 75 Good ~i 367. 5 2 3 L 1022. 5 Oh- G f 60 . 31 Good5/ 
470 . 0 2 2 _! 1077 . 5 Gf Gf 6o . 91 Good 25 417. 5 2 2 D 972 . 5 " G 65.35 Good V: 26 435.0 2 2 1,1 10$0. 0 Cl1- Ch 6o ~ 1 G')od6/ 

a; 305 . 0 3 4 L 935. 0 G G f '.)6 . 3 Good, 
400 . ') 3 3 1 1027 . 5 ,., 1 ,,, J. 61 .03 Good7/ ..r I "3 I 3 350. 0 3 3 p 1045. 0 G " J. 62 . 53 Good .. ...r I 

II 962 a12. 5 1 1 .I 1152. 5 Gt Ch 6o . 39 • G. 10 82. 5 1 2 L 1062. 5 G Gt 61 . 80 Fir 11 435. 0 2 2 L 1132.5 Gt Ch 62 . 31 V. G. 44 440 .o 2 2 L 1082 . :5 Oh- Ch 59 . 67 V . T. 123 392. 5 2 2 1032 . 5 Gt ,., 6o . 42 Poor V: 122 447. 5 2 3 L 11?7. 5 Gf Ch 61 . 33 •T , , • "1' . 20 4s7 . 5 2 2 1: 1132. 5 ,., Gf 51 . g; :,,La.ir V: 29 347. 5 3 3 890 . 0 G G 63.14 Fair 3:5 347. 5 3 3 950 . 0 G G 61.32 Poor 3:) 292 . 5 - 4 L 1005. 0 Gf G f 61 . 88 ) 
V . ~ • 



TABLE 1 . ( C0;!'1HWED) I ! TI .AL AlID FI tAL HE I GHTS AND GRADES 
DRESSIUG % .A1!'D CUTT I NG COiC. NT S (AKRO r S EERS 1945- 7) 

I nitial I . t · 1 l/ Final Sle.ughter Ca.rcass Dressing Cutting4/ 11 1 le-
Condition 2/ Color3/ Lot Steer.# . 'lei :·ht rG de ·rade -rade di.. Comment s 

III 7 a15 . o 1 2 L Ch Ch 62 . 06 Good. 
8 97 . 5 1 2 D G G .L 6o . 50 Good I 

93 472 . 5 2 1 1· 1220 . 0 G .L Ch 61.98 V. G. I 92 412 5 2 3 .1 1100. 0 G Ch 62. 31 V. G. 20 4'5 . 0 2 3 " 11 ,:r:; . o G G f 62 . 49 Gooc:. ! . ., -21* 4-z7 - 2 2 L 102?. :_; G G .L 63. 22 Good .) I • J 
96 3~2 . 5 2 3 1c47. 5 G " 1 6o . 99 Good IX / 

Fair8/ 91 3 5. 0 3 2 L 8 o.o G - G 63. 59 ,:., 365 . 0 ,: 2 L 1000 . 0 " I " I 61 . 09 Good ..,1) ..,I \.1' T IX -I 90 322 . 5 3 3 L S·2~. c G - G, 62 . 51 Good 

I 492. 5 1 1 L 1122 . 5 Gt Ch 57 . 80 Good 9 465. 0 1 1 l 1085. 0 Gt Ch 62 . 33 Good 12 420. 0 2 2 L 1052 . 5 G t G t 6o . 44 Fair 
17 417 . 5 2 2 905. 0 G G 61 . 09 Fair 9/ z4 4t)7 . 5 2 2 .! 10L.7. 5 G Gt 59 . 39 Good 
30 7il,2 . 5 3 3 1os,5. c Gt Ch 0 . 21 Good 69[' 342. 5 3 3 .! E:S,5 . 0 G G 5'.;i . 54 Poor 4o• 34o.o 3 3 L :Ci ec . 

• i:Tot calculated i r- avercl{;es 

1. 1 - C1:.oice , 2 - Good , 3 - edium 5. Smooth eye 
2 . 1 - Excellent , 2 - Good, 3 - Fair , 4 - Poor 6 . SJ:12 11 eye 
3. L - Light , - 1- edium , D - Dark 7. Li f;ht coverine 
4. v.n. - Very nice , V. G. - Very good 8. Off color 

Q ro t1D.rbling ., . 



TABLE 2 . ., .• STEER WEI HT S - f I iTERnG PF.ASE (1945--6) 

Total 
ot Steer# 12 11-12 1 2 6 3 6 4 tr Gai n 

I 550 .0 595 605 620 625 6o2. 5 52. 5 6 502. 5 550 555 a15 575 600.0 97. 5 16 390~0 425 450 60 460 465.0 75.0 94 367 •· 5 4o5 415 415 430 455.0 37. 5 43 470 .0 490 "'05 ~~ a20 517. 5 47 . 5 25 417. 5 430 460 85 500.0 82. 5 26 435.0 475 490 515 525 ~5.0 120.0 32 305.0 345 360 380 390 o.o 95.0 45 4oo .o 425 4i:;o 450 460 485.0 85.0 .,I 

36 350.0 395 415 425 440 460. 0 110.0 
II 962 ~12. 5 560 550 570 570 595.0 82 . 5 10 .8'2 . 5 a15 a25 a35 525 552. 5 70.0 11 435.0 65 80 70 a10 522. 5 87. 5 44 lt4() . 0 470 465 465 90 507. 5 67 . 5 123 3::J2 . 5 430 465 4so 495 505.0 112. 5 122 447 . 5 480 480 515 515 542. 5 95;0 28 4 7. 5 510 530 54o 550 ~2. 5 75.6 29 347. 5 370 380 390 ~§ 5.0 57 . 5 35 347. 5 395 420 415 452.0 102 .5 
II 7 a1, .o 555 580 605 650 662. 5 147. 5 8 97. 5 515 565 565 595 602. 5 105.0 

93 472. 5 a20 560 ago 630 637. 5 165.0 92 412 . 5 55 485 90 5 5 55c. . 5 14o.o 20 465.0 485 520 525 555 565.0 100.0 21 437. 5 475 200 a10 530 542. 5 105.0 96 392. 5 420 50 70 ao5 a27 . 5 135.0 91 345.0 370 380 4oo 
~ 32. 5 87. 5 

33 35r .o 390 4oo 420 442 . 5 71 5 90 3' 2.5 355 380 395 440 445.0 122 .• 5 
IV 1 492. 5 475 ao5 aoo aoo 555.0 62. 5 

9 465.0 460 90 95 90 537. 5 72. 5 12 420.0 410 450 455 455 a~o.o 90.0 
17 417 . 5 390 425 425 425 07 . 5 50.0 24 497. 5 470 ag§ ~§ a20 a50.o 52. 5 30 392. 5 380 20 77. 5 85.0 698 342. 5 355 380 390 390 422. 5 80.0 4o 34o.o 33 3 O 4 4 82 . 42 . 



TABLE 2b. STZER GAINS - SUH1!ER GRAZING (1946) 

Total 
ot d3 12 8 11 10 11 11 11 l Gain 

I 58 52 668 718 736 682 696.0 93 . 5 6 ~ 686 724 762 794 764 759 .0 159.0 16 518 562 590 612 584 577.0 112 . 0 ~; 43 522 558 592 632 604 577 .0 122.0 
4°2 590 602 658 684 648 647.0 129. 5 ./ .I 

25 472 572 618 632 678 64o 618.0 118.0 26 54o ass 638 658 708 694 690 .0 135.0 32 384 78 522 562 592 578 560 .0 160.0 
45 ~-52 

4
26 560 606 ~~ 608 609 .0 124.o 

36 430 98 554 606 618 621. 5 161 . 5 
II 962 562 584 642 696 72';) 750 710 717.0 122.0 

10 a26 554 630 658 712 752 714 696.0 143. 5 11 96 434 582 630 668 6:34 668 668.0 145. 5 44 480 88 554 588 644 . 674 636 635 .0 127. 5 123 486 528 584 628 670 704 650 673 .0 168.0 122 520 566 610 654 696 732 712 7Q'J . 5 167 .0 28 546 474 622 678 692 744 700 668.0 105. 5 29 388 12 480 524 556 604 560 562 . 5 157. 5 
35 422 454 

4
10 544 576 620 604 579 .0 129.0 

39 374 416 94 538 582 608 580 576.0 193. 5 
II 7 620 632 696 758 792 814 788 779. 0 116. 5 8 570 596 654 692 738 766 722 717 .0 114. 5 

93 632 624 676 724 742 778 750 758. 5 121. 0 
92 534 544 612 644 686 74o 694 668.0 135. 5 20 534 560 614 672 684 722 688 675.0 110.0 
21 520 574 632 658 702 730 696 6S6 .0 143. 5 96 ~~ a2s a16 600 626 652 626 619 . 5 92 .0 91 36 98 526 546 604 562 548.0 115. 5 33 l.~26 462 490 5a4 566 600 578 570 .0 127. 5 90 420 446 512 5 6 580 622 600 598.0 153.0 

IV l 538 592 6
4
2 678 696 734 700 700. 5 145. 5 

9 a10 582 6 6 678 700 738 744 713 .0 175. 5 12 82 544 624 656 688 710 684 668.0 158.0 17 444 500 564 558 616 628 592 682. 0 114. 5 24 a20 600 652 666 704 728 680 679 .0 129 .0 30 50 a34 586 624 672 684 688 666 .o 188. 5 698 39~- 76 524 556 582 596 590 573 .0 150. 5 4o 3 8 432 468 488 06 24 12 10.0 12 . 



T.A.BLE 2c . STEER WEI HTS - FATC:EIU !G (194 7) 

Total 
ot Steer# 11 1 12 11 1 8 2 3 Gain 

I 696.0 795 850 9 5 10 1105 Total ~06. 5 6 759 .0 830 910 990 1070 1135 Lot 1225.0 66.o 
16 577.0 655 700 785 825 895 Weights 975.0 398.0 
94 577 .0 660 745 825 890 945 Only 1022. 5 445. 5 
43 647.0 720 765 845 900 990 1077. 5 430. 5 
25 618.0 675 74o 785 865 915 972. 5 354. 5 26 690 .0 770 805 860 94o 995 1080.0 390.0 
32 · 560.0 625 655 740 780 845 935. 0 375.0 
45 609 .0 675 720 810 860 930 1027. 5 418. 5 
36 621 . 5 700 735 830 910 965 1045.0 423. 5 

II 962 717.0 755 800 900 970 104o 1152. 5 435. 5 10 696.0 76o 785 875 94o 980 1062. 5 366. 5 
11 668.0 720 800 880 965 1045 1132. 5 464. 5 
44 635 .0 710 775 835 900 985 1082. 5 447. 5 

123 673.0 730 730 815 875 94o 1032. 5 a59. 5 122 709 . 5 76o 800 900 985 1030 1127. 5 18.0 
28 668.0 785 830 910 995 1035 1132. 5 464. 5 
29 562. 5 595 625 685 765 790 890.0 327. 5 
35 579 .0 625 665 725 800 860 950.0 371 .0 
39 576.0 61.Jo 690 780 845 920 1005. 0 429.0 

II 7 779 .0 895 955 1060 1175 1255 134o. o a61 .o 8 717.0 790 875 905 1000 1080 114o.o 23 .0 
93 758. 5 835 895 995 10~ 1115 1220. 0 461 . 5 
92 688.0 760 805 800 9 1025 1100.0 412.0 
20 675.0 785 845 915 1000 1060 1135.0 460.0 
21 6e6.o 770 820 905 970 1045 1022. 5 336. 5 
96 619 . 5 685 755 84o 920 990 1047. 5 428.0 
91 548.0 595 630 675 ~~ 790 870 .0 322.0 
33 570.0 630 705 780 900 1000.0 430.0 
90 598 .0 655 705 765 795 875 925.0 327.0 

IV l 700 . 5 750 835 920 970 1060 1122. 5 422 .0 
9 713.0 785 830 890 965 1000 1085.0 372.0 

12 668.0 750 785 850 915 985 1052 . 5 384. 5 
17 682 .0 610 630 720 780 84o 905 .0 323.0 
24 679.0 700 680 795 880 960 1047. 5 368. 5 
30 666.o 74o 750 880 915 1000 1095.0 429 .0 

698 573 .0 625 625 ,690 750 800 895.0 322.0 
4o 10.0 0 610 68 0 Died ------



T.A:BLE 3. FEllD cos .. •s - AKROU STELRS ( 1945-7) 

\7interi1 o- (1 6 days ) 
Ch onoed Cane 
Soy Bean Oil .. eal 
Alfalf Hay 
Fis:i.1 Oil 
Pasture 
. :i11erri,l : Iixture 
Sa lt 

Summer (190 d.a,vs ) 
Pasture 
AV. ,, ' . 

Fattening ( 186 days ) 
Ground Coes 
Ground :Bar]ey" 
Chop1)ed Ca ne 
So;, Bee.n Oil ; ieal 
Alfalfa Hay 
Fis. Oil 
:!inerA l :.fixture 
Salt 
To:rAL 
.A.v . /hd 

GRAHD 10T.AL 
Av. /hd 

LT I 

10. 58 'l1 $ 79 . 35 
l , 099'/f= 34. 61 

6 mo. 

------, 70.J!. 6oir 

• 85 
60 

115. 41 
l l. -4 

90. 00 
. oo 

421.91 
373. 25 
78, 30 
78. 78 

1. 49 
• 60 

954. 33 
95. 3 

1159. 74 
11 . 

10. 58'l,1 $ 79. 35 
1, 102rr 34. 73 

l ,890c . c. 2.02 

6 mo. 

JJ. 
13 , 71~ 
12,99(1 
10. 39 rr 
1, 36271" 

117. 55 
11 6 

90.00 
.oo 

390. 88 
344.39 

77. 92 
7s . 34 

901.47 
90 . 15 

1109. 32 
110. 

1/ St eer nu.Dber 4o (Lot IV) 
1945-6 
$ 7. 50 
25.00 
3.15 

died 24 1arch 1947. 
Feed cost/u..-iit 

Ch oyr'?ed Cane(Ton) 
Al falfa Hay ( · on) 
SBOl: (Cwt ) 

1946-7 
$ 7. 50 
25.00 
5. 75 

Fi sh Oil (Lb . ) 
::inera l :.Iixture (Cwt) 
Sa lt (Cwt 

9. 50 j $ 71.25 
80'.)11 25. 36 

1.88 T 47 .00 

6 mo. 

14,281$ 
13 ,570' 
9. 61 ! 

9121r 
1. 84 T 

1945-6 
$ . 54 
2. 13 
1.00 

90 .00 
.oo 

4o7. 01 
359. 60 

72.09 
52 . 47 
46.oo 
1.70 
. 90 

939 . 77 
93,98 

1174.92 
11 . 4 

879# $ 26. 79 

6 mo. 

# 9, 95?dl: 
9, 494'' 
8. 48 T 
1,05011' 

60 .00 
. 43 

88. 52 

72.00 
.oo 

283. 58 
251. 59 

63 . 60 
60. 36 

1.70 
• 70 

661 . 83 / 
89.151 __ 

8~2. 35 / 
112 81 
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TABLE 4. :BLOOD SERU1 CAROTEHE - ( 194 7) 
:.{C..]J.S /100 ml. 

Steer 
tLot lfo . 1L2 a~~l 2L6 7L12 ~Ln 11112 1L8 aL2 2L14 

I 4 67.0 23 .0 697. 5 315.0 213 .0 20. l a k 51. 0 ' ..,I . _; 

6 86. 3 24.o ?4.o 847. 5 4o2. 5 258 .0 22.2 48.0 33.0 16 70. 2 55 .2 1:; . 5 790 .0 432 . 5 318.0 24.o 69 .0 42 .o 
i~ 50 .1 19. 7 2LL k 7s7 . 5 4o7 i::; 264.o 21.0 48.9 19. 5 .. .) I • ,, 

66 . 6 15. 8' 21.5 905 .0 l.K)7 . 5 261 .0 21.0 60 .0 21.0 
25 79. 8 35.0 20 .0 6oc .o -82 . 5 237.0 16. 8 54.0 21.0 26 a7. 8 ...,7 4 29 .0 682 . 5 430 .0 4r4 Q 45.0 57.0 42.0 ) I • _, C. • a~ 2.9 42 . 7 30.5 682. 5 430.0 300.0 a .o 63 .0 30.0 63 . 6 23 .0 30 .0 892. 5 a10.o , o4.o 27 .0 41.7 18.0 36 91.4 20 .2 31 . 2 867. 5 17. 5 3cO.O 39.0 60 .0 31.5 

II 952 73 .1 33. 1 28. 0 762. 5 342. 5 345.0 7. 5 1. 1 30.0 10 8E, . 8 ---- 18. 5 517. 5 332. 5 243·. o o.·o ---- ----
11 ---- 15. s 18. 5 662. 5 357. 5 276.0 37. 5 39 .9 34. 5 44 100. 8 21.6 24.o 980 .0 422. 5 369 .0 37. 5 a1. o 24.o 

123 89. 7 27. 6 29 . 5 915 .0 422. 5 33i.o 31.2 8. 9 30.0 122 56. 6 ---- 17. 5 610.0 392. 5 23 .o o.o 4s.9 31.5 28 ---- 38. 6 17.0 782. 5 395.0 315.0 42.0 51.0 33 .0 
29 46. 4 15. 6 18. 5 682. 5 302. 5 276.0 24.o 36. 6 21.0 
35 56.3 18. 2 20 .0 847. 5 367. 5 3a1.o .o 36. 6 16. 5 
39 64. 3 29 .3 38. 5 832. 5 435.0 2 6.o 3t • 5 48.9 34. 5 

III 7 150.1 106.0 98. 8 967 . 5 4oo.o 312.0 50 .1 100. 8 45.0 8 109. 4 4o . 3 48. 5 547. 5 307. 5 204.o 63.0 6o .o 67. 5 
93 ~ -0 64.3 79 .0 742 . 5 377. 5 339.0 20. 4 78.0 57 .0 
92 1 .o 91.9 92. 5 520.0 345.0 237.0 20. 4 48.0 70 . 5 20 102. 7 94. 8 79 . 5 575.0 242. 5 228.0 1i. 5 78.0 55 . 5 21 136.0 85.9 83 . 5 727. 5 3ao.o 282.0 2 .o 67. 8 69.0 
96 128. 6 so. 6 62 .5 755 .0 3 5.0 273 .0 27 .0 99 .0 69 .0 
31 126. a 111. 6 100.2 817 ~5 397. 5 276.0 42 .0 52 . s 55. 5 
33 122. 52 . 8 87. r;, 692.5 38:i.O 258.0 48. 6 78 .0 72 .0 
90 136. 3 64. 8 116. 2 952 . 5 417. 5 3g1. O 22. 2 ·52. s 88. 8 

IV l 144. 2 ---- 356.0 682. 5 330 .0 300.0 18. 6 49 . 5 63.0 
9 128. 7 26. 4 565.0 625.0 335.0 246.o 24. 6 66.o 57.0 12 204. 5 19 .0 5s7. 5 872 . 5 4o7 . 5 363.0 27 .0 69 .0 117 .o 

17 ~6.3 19. 2 520.0 ----- 397, 5 288.0 41 .1 ,5 .1 54.o 24 13 . 2 19. 2 337. 5 a15.o 26::, .0 156.0 30.0 5.0 54.o 
30 60.9 16. 6 352. 5 62 . 5 272. 5 177.0 48. 9 30.0 39.0 

698 38. 6 20. 6 367. 5 555 .0 300.0 252 .0 33 .0 37. 5 33 .0 4o _ 54.8 24. res 352. 5 605.0 262. 5 213 .0 50. 4 34.1 Died 



n ABLE 5. ]LOOD SER'Ul VITA;, I T A - (1946- 7) 
I. U. /100 ml. 

Steer 
ot No . 1L~ }l6 5.L6 zL12 ttL11 11f12 1L8 2L5. 5~14 

I .. 4 96. 3 253 . 8 116. 2 270. 5 2 8. 2 281 . 5 182.0 206. 6 1 9. 
6 9s. 7 104. o 346. 6 284.o 229. 2 195. 8 175 . 4 150. 

16 116. 7 so . 6 94. 2 266. 8 217.0 249 . 5 127. 2 146. 
i4 117.1 112. 6 91.2 482. 2 235. 6 280. 5 102. 7 153. 5 156. 
3 65. 7 9a-5 66 . 8 213 . 6 2f:i2 . 7 263 .0 174. 5 150 .9 134. 

25 105. 7 11 . 5 92. 5 221. 8 24-7 .0 377. 3 151.3 181.1 110 .' 
26 141. 6 138. 9 94. 5 304. 8 294. 2 428. 5 146. 
32 136. 5 82. 6 86.o 212 . ? 235. 8 238. 0 135. 8 186. 2 166. 
45 86. 7 95. 8 91. 8 430 . 2 250.3 23t-7 17( .0 126. 6 123.9 36 139.3 81.6 94. 8 414. 7 233 .1 30 !. 2 13 . 1 172 . 4 117.9 

II 962 106. 8 187. 4 n5. o 262 . 4 239 . 5 190 . 8 191.3 195.0 10 80. 4 110 . 8 301. 6 272 . 6 296.9 
11 ??1 . (' 91,.. 5 3~5. 7 237. 9 277 . a 134. 7 191.6 156.9 44 95. 5 231 . 4 99 . 8 356. 8 237. 2 221. 177. 8 214.o 169.2 123 120.1 208 .0 107. 5 319 .0 262 .0 268 . 5 85. 9 146 . 4 151.5 122 84.6 82 .0 251. 1 239 .1 191. 2 181. 7 201 .'.;J 28 188. 5 80 . 2 273 . 210. 6 207.3 127.9 149 . 4 139.5 29 89 .3 232 . 6 106. 2 283 . 5 197. 0 205. 5 145.1 163. 7 162.9 
35 7s. 4 193 .0 96. 8 360 . 5 203 . 4 338. 5 . 75.1 183.0 
39 90. 9 189 . 4 107. 0 331.2 257. 260 .2 13 • 7 153. 6 185.4 

II 7 109.0 172 . 8 117. 0 95. 9 267. 5 415. 4 206. a 237 . 5 188.1 8 104.1 114. 4 131.0 292 .1 249. 9 227 .1 203 . 122. 1 206.7 
93 110. 2 138. 2 147. 0 257 . 6 252. 3 239 . 9 200. 0 182. 
92 151. 0 292 . 0 110. 2 203 . 8 214. 8 182. 6 122. 20 9s. 2 257 . 7 123 . 8 184. 2 217. 2 200. 0 1a5· 21 89 .1 277 . 2 122. 8 230. 7 305. 3 223. 9 1 8. 
96 71.4 226. 9 122. 8 222 . 6 189. 2 173. 2 185. 9 123. 
91 74. 9 243 . 5 137. 2 254.9 328. 9 14o. 8 145. 5 201. 
33 86. 3 200. 5 152. 2 218.2 253 . 0 168. 0 207 . 2 1l.,.7. 
90 95. 2 243. 8 107. 5 263. 2 218. 5 174. 2 161.1 

IV 1 105. 1 226. 2 294.1 249 . 2 97. 5 160. 4 70. 
9 91. 0 153. 5 234. 2 231. 9 94. 5 208.1 ll8. 12 17s. 5 85 . 3 192. 5 252. 7 317. 8 184. 2 202. 0 223. 2 

17 72 .2 35.9 1~·2. 5 266. 4 337. 6 164. o 166. 2 24 72.0 71.5 125. 8 223.0 238 . 5 141.0 161. 6 184.2 
30 59. 8 59 . 9 160. 6 166.1 258. 2 192. 9 122.1 81. 6 

698 56. 2 80.1 159. 2 98.1 242 . 7 362. 2 185. 0 129 .0 4o 114. 2 95. 7 163 .0 121 . 4 223 . 5 329 .1 172. 5 217 . 4 



4~ 
:'ABLE 6. :BLOOD SEP'ffi . CALCIUl - (194 7) 

:{;ps/100 ,11 . 

Steer 
Lot No . 1/~ 7. IC:. sL6 1L12 9.Ln nL12 1/8 )fr:, 5L14 ...:; l "-' 

I 4 8.21 ---- 7 . 10 7. 85 6. 85 9. 25 9. 81 1:¼5 7.21+ 
6 6. 84 7. 84 7.10 6. 70 6. 70 9. 65 8.35 7. 55 10. 48 16 7.38· 7. 64 7. 01 7.15 6. 85 9. 25 8. 68 8. 10 10. 76 it 7.26 6. 93 7.06 7. 20 6. 70 9. 85 9. 08 9. 30 9. 68 7.02 7. 32 7-a9 7. 90 6. 50 9. 80 7. 94 8. 80 9. 53 25 6.96 7. 64 6. 1 6. 50 7.15 8. 60 7. 64 8. 90 13 . 72 26 7.94 7. 32 7. 36 8. 15 6. 75 9. 65 8. 96 ---- 10.04 32 10. 82 7. 56 6. 94 7. 50 6. 60 9. 25 8. 96 s. 4o 10. 32 

45 7. 75 8. 11 7.58 7.25 7. 35 11 .10 7. 04 7. 4o 8. 86 36 ----- ---- 7. 34 7. 20 7.10 9. 25 7.02 9. 05 9. 72 
II 962 9.94 6. 48 6. 81 6. 85 8. 30 9. 85 7. 62 8. 10 10 . 38 

10 5.56 ---- 6. 51 7. 50 8. 00 9. 75 7. 47 ---- -----
11 ----- 6. 60 ,.. _ 61 6. 70 7. 50 10. 10 8.35 7. 45 13.09 44 '.J . 4o 6. 30 6. 75 7. 25 7.10 9. 35 7. 47 8. 15 9. 58 123 ----- 6. 62 6. 42 7. 50 7. 50 6. 60 7. 70 7. 85 9. 54 122 6. 84 ---- ~-Ba 8. 00 6. 65 0. 95 --- 7. 70 13 . 98 215 ----- 6. 46 b. 9 7. 80 7. 35 9. 85 8. 12 3. 15 11.90 29 ----- 6. 38 6. 92 7. 20 7. 4o 10. 60 7. 64 8. 45 10 . 02 
35 5.99 6. ~ 6. 95 7. 90 7.00 9. 10 8. 25 8. 00 10. 4~ 39 6. 62 7. 6. 68 7. 20 6. 30 8. 95 8. 52 7. 75 13.8. 

I II 7 7. 90 6. 73 5.11 7. 95 7. 20 9. 75 9. 00 8. 10 10 .;:61 
8 7.90 6. 86 5. 4o 8 . 20 7. 35 8. 60 8. 08 8. 25 15. 74 

93 7.57 6. 79 5. 83 7. 75 8. 20 9.10 7. 32 8. 20 11.94 
92 8. 39 5. 51 6. 31 8. 30 7. 25 8. 60 --- 8. 30 10. 87 20 8. 21 5. 99 6. 74 7. 70 7. 60 s. 50 7. 12 7. 50 10.29 21 8. 06 0. 26 6. 63 7. 25 8. 20 9.15 7. 27 7. 85 11 . 48 
96 6. 69 5. 98 7.04 7. 35 8.00 8. 90 8. 10 8. 25 11 .00 
91 8. 21 6. 96 7. 22 7. 60 6. 80 9. 85 7. 60 8. 30 10. 48 
33 7.51 ---- 7. 65 7. 45 6. 65 9.00 8. 50 8. 25 12. 63 
90 7 96 5. 65 7. 10 8 . 10 7.10 9. 50 5. 53 8. 55 12 . 82 

IV 1 7.94 ---- 7. 12 8. 65 7. 35 8. 50 6. 94 7. 95 10. 30 
9 7. 75 6. 30 7. 28 7. 95 8.~ s. 65 6. 7~ ---- 11.04 12 7. 60 5. so 7. 42 7. 6o 7. 8. 80 7. 3 7. 70 12. 26 

17 7. 96 6. 38 7. 4o ---- 6. 75 8.15 8.05 7. 4o 13. 54 24 ---- 6. 76 6.84 7 . 4o 6. 80 l l. 4o 6. 99 7. 45 8. 96 
30 7. 90 ,.. _30 7. 53 3. 65 7. 20 7. 70 --- 8. 30 11 . 48 

698 7. 54 6. 4o 7. 06 8. 45 7. 75 7. 75 7.02 8. 55 12.08 4o z. 69 5. 83 8. 08 8. 10 7. 41'.5 o.4o 7.17 7. 81'.5 ---



T BLE 7, BLOOD SERUif PHOSPHORUS - ( 191+6-7) 
.. _ s/100 !'ll. 

Steer 
Lot ro . 1/g 3l6 2l6 1[12 ~[11 11L12 1/8 3L5 5 14 

I 4 15. 84 16. 65 10. lki 5.15 • 20 2.9 9. 60 8. 75 9. 35 6 16. 36 . 15. 4o 10. 18 3. 95 5. 65 3. 58 7. 35 8. 15 10. 90 
16 19. 24 ·18. 95 8,05 4. 90 6.05 4. o4 7. 35 7, dO 10. 60 q4 16 . 80 14. 75 9. 26 4. 80 6. 05 2. 4o 7. 50 7. 30 9. 65 ., 
43 l:; . 76 14. 45 11. 86 3. 85 a·50 2. 4o 7.15 6. 4o 9, 80 
25 17,56 19. 20 11. 50 4. 45 . 20 2. 98 8. 35 7. 4o 11 .10 26 15. 72 16. 4o 11 . 80 3. 65 5. 00 3. 60 7, 80 8. 80 
32 16. 56 16. 15 10. 04 3. 90 5. 4o 3. 70 s. 4o 7. 90 9. 20 
45 13.0 17.15 12 . 6o 4. 35 5. 95 4. 20 8. 6o s. 75 10. 75 
36 19. 4o 16. 55 12. 08 4. 50 6. 85 4. 16 9. 35 8, 25 11.10 

II 962 15. 84 17. 00 10. 68 4.oo 5. 55 3. 62 6.15 8, 00 9. 35 10 18. 08 10. 26 5. 45 6. 20 3. 62 6. 90 
11 · 16. 85 11.94 4. 4o 5. 65 3. 60 9. 75 7. 80 10. 90 44 16. 24 13.05 11.30 4. 4o 5. 30 3. 12 6. 05 8. 00 10. 75 123 18, 30 11. 66 4. oo E. 65 3. 8" 8. 85 7. 30 11 . 10 

122 16.08 10. 43 3, 95 4. 80 3. 62 s. 75 7. ~ 14. 50 28 18, 72 17. 4o 11 . 62 3.90 3, 85 3. 02 8. 25 8. 9. 80 
29 16. 24 19 . 70 11. 16 a, oo 6. 50 3, 4o 7. 90 B. 4o 9. 65 
35 15 .48 18. 4o 11.02 . 20 4. 05 3.04 7. 90 7. 90 11. 4o 
39 19 . 60 16.15 12. 00 4. 35 6.05 3, 84 B.70 9.10 12.05 

III 7 13.~ 19. 85 9. 06 3. 95 5. 45 3. 20 7. 50 7. 4o 9. 35 8 15. 20 . 30 12. 18 3. 95 5. 05 2. 90 7. 80 8.00 10. 75 
93 16.08 15 . 50 12. 22 4. 50 6. 55 3, 94 5, 85 7. 80 10. 90 
92 17. 04 15. 30 9. 17 3, 85 a·85 3, ~4 7. 65 8. 50 15 . 20 20 16.l+B 20. 90 10. 71 4. 80 • 80 2. 2 8, 25 8, 75 13. 15 21 15 . l+s 9, 84 4. 50 5. 30 2. 30 s. 25 8. 15 9, 80 
96 17. 84 17. 45 11. 55 3. 90 5. 95 3. 50 3. 20 7. 65 11. 10 
91 17. 12 18, 45 12 . 18 4. 35 5. 20 4. 76 . 8. 00 7. 05 8, 00 
33 16. 96 10. ,.-4 3. 90 5, 85 8. 00 7. 90 9. 65 
90 1'" . 40 18. 4o 10. 54 4. oo 6.20 2.06 9. 00 7. 30 9. 95 

IV 1 10. 54 4. 20 4. 70 2. 66 7. 25 8. 4o 9, 20 
9 16. 48 17.05 9. 24 3. 65 6. 25 3. 24 6. 95 7. 80 11. 10 

12 14. 24 16. 70 9.00 3. 35 5. 00 2. 90 9. 35 7. 65 0 , 80 
17 16. 04 15. 85 9. 45 5. 65 3.2 6. 90 5. 85 6. 25 24 14.oo 20 . 50 11 .02 4. 70 5. 30 3. 80 5. 55 9. 00 7. 85 
30 16. 24 19. 05 9. 24 4.10 • 85 3, 86 9. 25 8. 50 6. 35 698 15. 12 19 . 20 . 24 3. 75 :) , 15 2. 72 9. 00 8. 50 7. 20 4o 1 . 48 14. 10. 60 4. o 4. 8. 4o 



TABLES. LIVbR. CARCTK1i; , VIT;..:.:nr A, A!:D C0~1)IT IOH 
(20 .·ey 1947) 

Steer Carotene Vital!!in A 
ot :.o . nc I.U. .~ ran Li ver Condit ion 

I 1.350 . 365 OK . 
6 1.125 5. 665 0 . 

16 1.150 6. 005 bscess - Condemned 
94 0. 725 4. 645 Telang - Conde1:med 
43 1. 100 ) . 650 OK. 
25 0. 825 6. 855 Abscess - Conder.med 
26 1. 275 7. 700 OK. 
32 0. 900 7. 295 OK. 
45 1.200 4. 860 Abscess•- Oorrdermed 
36 1. 200 2. 135 0 . 

II 962 1. 350 3. 34o OK. 
10 0. 825 :i . 625 C . 
11 1.125 .3 . 295 OK . 44 1. 050 9. 230 OK . 

123 0. 700 9. 630 OK . 122 0. 775 8. 725 S2u dus t - Corrdermed 23 0. 750 2. 860 0 • 
29 0. 700 11.310 OK. 
35 o. s75 11.360 OK. 
39 '0.950 16.045 OK. 

II 7 1. 835 11. 825 OK. 8 1. 600 11 . 205 OK. 
93 1. 225 13. 700 OK . 
92 1.150 6. 680 OK. 20 1. 300 6. 770 OK. 21 2. 000 2. 800 OK. 
96 2. 025 11.665 OK. 
91 1. 350 l '.;J . 645 OK. 
33 1. 650 8. 760 OK . 
90 1.550 28. 900 0 L o 

I V 1 1. 950 5. 595 OK. 
9 1. 700 9.015 Ok . 12 2.100 23 . 955 0 . 

17 1.100 10.1:,5 OK. 24 1. 950 J. l70 OK. 
30 0. 950 9. 5::io CK . 

698 1.150 13 . 230 OK. 
4o ------........ ~ ... -

* Scar tissue !rom old ~oscess . 



45. 

TA.BL3 9. FE3JD A:TALYSIS (19u.5--7 ) 

n~te 1.c.ster Pe1·cent L1s . Protein .foE1CS C..,rotene 
~,~'l.)e o: Feed Sr.;::- le Hu:"!lber Dn' ,~atter Per 1, .n.:L Per l°J . D. ~- · 
Ci~op;iea. C.sne 1"/21445 1066 87. 76 .0726 3, 206 

2/6/ 6 1104 88. 22 .0557 2,161 
3/6/46_ 11:32 s9. 26 . J602 1,981 
4/3/46' 1202 79 .04 .0668 1, gl.13 
5/7/46 1259 83 . 51 .0548 1,491 11/14/46 1352 3<.~4 .0562 2,755 12/12/46 1~!:l ao-~ .07s3 9,128 

12/23(46 1364 9. 95 .074o 11 ,222 
l/8/.7 1379 65 . 78 .0797 l+ ,968 
2/5/47 1396 79 -a8 .0765 2,170 
3/5/47 145TB 80 . 6 .0716 ( ,330 
4/2/47 ljOO 88. 66 .0828 4,738 
4/30/47 1532 94. 68 .0562 586 5/14/47 1558 93 . 52 .0759 4,077 

Ali' Jfa 1L,:· 12/21/45 1062 89. 90 . 1339 36 ,859 12/22 145 1065 86. e4 .1176 13 ,108 --r/46 1183 92 . 81 . 149E 21 ,041 ~/3/46 1201 94. 24 .1371 14,628 
5/7(46 1253 37. 35 .112a 10 ,850 

ll/1 /46 1354 S2 .26 .148 17 ,461 12/12/46 1362 83. 68 .1388 12 , l.114 1?./')3 146 1-r~ 89. 93 . 1799 :3 ,357 .... _,,v_, 
1/e/47 13E:0 80. 12 .1862 11 ,508 
? /5/47 1397 88. 54 .1842 12 ,346 
3/5/47 1456 90. ')8 .184o 9,173 4/2/47 1501 91. 74 .1888 9,972 4/30/47 1533 gs. 22 . ?044 12 ,178 
5/14/47 1559 87. 62 .1908 11 , 604 

::t~_;:lbG Gr-~ s s 12/22,45 1061 90.42 .0380 517 2 15 I ,.. 1106 '30 . E .0384 0 I I o 
413 146 1204 88. 64 ~0553 5,327 I . , 
5/7/1+6 125 88. 4o . os37 29 ,?47 
5/7 /l.:6 12~~ 79 . 15 .0753 29 , s15 7/12/45 13 '8 90. 79 .oe70 35 ,975 9/11/46 1350 90 . 68 . 12?1 42 ,831 11/14/46 13'1'1 90.46 .o~o4 7,95§ _ _ 

D •. . - Dr,/ !:a tter 



T.AELZ 9. ( oc:--r::r:1G ) FE'°'D A;~ l.LYSIS (1s4 7) 
Date .faster P ercer..t 1.., . Protein 1.'c 1s CGrotene 

T·roe Q f Feed Sa.r.i---,le lifu:uoer Per rb . D. : . • 
C. See ::eai 12/21/45 1066 89 . 3g 0 
So-· J::.Gn;.1 .. ,ec:.. l 2/6/46. 1107 91.44 . ~789 0 

3/6/46 1181 93 .04 . 47a5 466 
4/3/46 1?04 90 . 83 . 46 7 0 
5/7,46 1251 89. 76 . 47llo 0 

C. Seed !. eel 11/14/46 1:51 91. 21 . 3881 93 
1 ,.. 12c..1C., 1357 90 . 56 . 4330 10,; I - ,_ .,; 

1td 7 374 89. 84 . 4521 0 I ~1 
2/5/47 1391 8:3 . 37 . 4754 0 
3/5/47 1478 1.1.,. . 4a26 0 
4/2/47 1496 8. 77 . 4 07 0 
11-'~o 'lJ.7 1529 89 . 64 . <+352 0 I .,1 I ' 

Barle!' 12/12l4E 1359 ~7 .20 .1170 128 
1/8/ 17 1375 s7. 3s .1103 0 
2/5/47 1a93 87. 22 .1124 0 
3/5/47 1 79 87. 55 ,1;,10 308 
4/2/47 1497 84. 06 . 1285 423 

I 30, 47 v;Jo 87.08 .1137 0 

Sor ·hum 12/12446 135e 8'6. 55 .1146 163 ( '\ . 1/8/ 7 1376 86. 52 . n65 0 1r;,1n 

2/5/47 1-92 86. 54 .1017 0 
3/5. 47 1480 36. 50 . 10'.;l 0 
4'2'47 14.18 sC.90 .1096 0 I t 

4/30/47 1531 87. 25 -Vi31 0 

11'is_1 Liver 12/14/45 Vi te:nin A - 11 ,550 I . U. '.)er cram 0·1 1/1s/46 II 10 ,200 I. u. II II 
2/22 14r II 10 , 600 I. u. II II 

4/3 .1!1-6 II 29 ,050 r. u. II II / '4 II ?6 ,ono r. u. II II 3/15, 6 
8. 1c 14 II 1 000 I . U. II II ,.., 

J.) . J."' . - Dry ,:ctter 



'2.ABLE 10a. '2<:JrAL FEE:i) CO"JSUiIPTIO J - 1 I f.:'EBI iG PERIOD ( 1945- 6) 

Chopi;,ed Protein Al fal a Vi ta.'11in .!iner2.l 
Cane Supplement Hay A Oil Salt .!ixture 

Lot Dates Lbs . Los . Lbs . ml. L-os . Lbs. 
I 12Ji2--·1· 9· (4104. 60)• 210 . 00 10 . 00 20 . 00 

1/ 9- 2/6 4700~00 210 . 00 10. 00 
2/ 5-3/6 39s5. oo 210 . 00 10. 00 
3/ 6-4/3 3120 . 00 210 . 00 10 . c.no 10 . 00 
4L 3-2LZ 2iza. oo 258 .z5 10 . 00 20 . 00 

Ta:rAL 196S . 30 1098. 75 4o . oo 60 . 00 
Av./hd. /d..?7 13. 48 0 . 75 0 . 03 o . o4 

II 12/12- 1/9 ( 4o99 . 20 )* 210 . 00 420 10. 00 20 . 00 
1/ 9- 2/6 4700 . 00 210 . 00 420 10 . 00 10. 00 
2/ 6-3/6 39s5. oo 210 . 00 420 20 . 00 
3/ 6- 4/3 3114. oo 210 . 00 420 10 . 00 20 . 00 
4 -:5} 800. 00 262 . 0 210 10 . 00 20 . 00 

r'1 ~AL 19698. 20 1102. 50 1890 . oo 90 . 00 -
v . /:1d. / day 13 . 49 0 . 75 1. 30 0. 03 0. 06 

III 12/12- 1/9 (2660 . 00)* 210. 00 10 . 00 20 . 00 ·, 4212 . 50 142. 50 10. 00 10. 00 1, 9- 2/6 
2/ 6-3/6 3495. 00 14o. oo 10.00 
3/ 6- /3 3145. 00 140. 00 10.00 30 . 00 
4LJ:- 4121. O 172. 0 10 . 00 

~ffi!AL 17 3 . oo so5 . oo 30. 00 80. 00 
Av. /hd. . /d...-zy 12 . 08 0 . 55 0. 02 0. 05 

IV 12/12- 1/9 ------ 198. 00 10. 00 20 . 00 
1/ 9- 2/6 ------ 168. 00 10 . 00 
2/ 6- 3/6 ------ 16B. OO 10 . 00 10. 00 
3/ 4/3 ------ 168. 00 
4 7 _ / ------ 20 . oo 

TDrAL ------ 879 . 00 20. 00 o . oo 
Av. /nd. / <l2.y ------ 0. 75 0 . 02 0. 03 

• Ass~..1med roo cane consu:.nption records of winterir.!J; _1eifers 19 16- 7 , 
by the forr.iula : 

Cane Consumntion of Heifers X m .• t ~ 
m • ' t f'H '-"' 1,e101. o Sveers .,eibn o ei.i.ers 



ABLE 1o·b. ~OTAL Fb. D cc_iSU:.IT'l' IOH - FATT"' 1aNG ( 1946- 7) 

Ground Ground Protein Cnop-ped Ci.1opped Vitar:i.in .Iiner el 
Coes Barley SUpple:,. e t Cane Al x'alf A Oil Salt :'ixture 

Lot Detes Lbs . Lbs . Lbs . H - L".::s . 1. L·us. Lbs . 
I 11 13- 12 11 268 . 75 192 . 50 7, 010 . 00 20 . 00 20 . 00 

12/11- 1/8 1 , 707 . 50 210 . 00 4 , 185. 00 10 . 00 
1/ 2/5 2 , 22a. oo 206. 25 2 ,062 . 52 10 . 00 10 . 00 
2/ 5- 3/5 2 , 68 . oo 210 . 00 2, 100 . 00 10. 00 20 . 00 
3/ -+,'2 2 , sa2 . oo 210 . 00 2 ,100 . 00 10 . 00 10. 00 4 2- d 1 4 8. 00 41. 2i::; 412 . 0 ____ .... 

10. 00 
TCJ.rAL 1 , 085 . 75 1 , 370. 00 20 , 870. 00 :.)0 . 00 70 . 00 
Av. /hd. /dry 7. 56 0. 74 11 . 22 0. 03 o . o4 

II 11/13- 12/11 263 . 75 268. 75 192. 50 7 , 010. 00 1 , 620 20 . 00 20 . 00 12/11- 1/8 1 , 667 . 50 1, 667 . 50 206 . 25 4 , 147. 50 370 20 . 00 
1/ o- 2/5 2 , l 73 . 50 2 , 173 . 50 202 . 50 2 , 025 . 00 70 10 . 00 10. 00 
2/ 3/5 2 , 666 . 1)1) 2 , 666 . 00 210 . 00 2 , 100. 00 64 20 . 00 30 . 00 3/ 5- 4/2 2, 372 . 50 2 , ..{72 , 5) 210 . 00 2 , 100 . 00 56 10 . 00 30 . 00 4/ 2- '1 0 - . oo '+ -1+~ . QI) 41. '"'r - 412 . 0 88 2') . JO lJ . 00 ~OTAL 13 , 71J . 25 12, 99 . 25 1 , 3 2. 50 20 , 795 . 00 2 , 2 8 100.00 100. 00 / . / 7. 37 6. 99 0. 73 11 . 13 1. 22 0 . 05 0. 05 V . 110. . , day 



Lot 
I II 

Dates 
11, 13- 12 11 
12/11- 1,18 
1/ 3- 2/5 
2/ 3/5 
3/ 5- 4'2 
4 2- ~/1 

TO:i.AL 
Av. ,'.1d. / day 

IV 11/13- 12/11 
12/11- 1/8 
1/ 8- 2/5 
2 / 3 '5 I ' 3/ 4/2 
l.L / 2- r 'l 7 

QrAL 
,. V 1,, _, /day 

r ... • J J. ... \l. • / 

TABLE 10· . ( Oll'TilT ... D) T<Yl'AL FJ,Eli) co::su.. _r or - ATT1: LiG (194 7) 

' Ground 
Coes 
Los . 

263 . 75 
1 , 707 . 50 
2 , 212 . 50 
2,486 . 50 
2 , 732 . 50 
4 8 o, 0 

14, 281. 25 
7. 68 

211. 00 
1, 067 . 00 
1 , 593 . 00 
1 , 928 . 00 
1 , 921. 50 

22() . 0 
9 , 950 . 00 

6. 94 

Ground 
Barley 

1-os . 
263 , 75 

1 , 707. 50 
2 , 212 . 50 
2 , 4~6 . 50 
2 , 732 . 50 
4 16~. ')0 

13 , 570. 25 
7. 30 

215. 00 
1 , 067 . 00 
1 , 593 . 00 
1 , 928 . 00 
1 , 921.50 
2 6c, , 0 
9, 

Protein 
Su1;;:,l ement 

Lbs . 
127 . 50 
14o.oo 
137, 50 
140. Ju 
11.\(.) , 1) 
2~7. ("fJ 

912. 50 
o. 49 

154, 00 
16s.oo 
lb8 , 00 
16a.oo 
155. J2 
2-") . so 

1 , 0 9 , 72 
0 . 80 

CllOpned 
Cane 
Lbs , 

6 , 470 . 00 
3 , 625 . 00 
l , Jl2. 50 
2 , 100 . 00 
2 , 100. 00 

'+12 . 0 
19 , 220 . 00 

10 . 33 

5, 648 . 00 
2 , 550 . 00 
l ,'J80 . 00 
2, 123 . )0 
1 , 971. 25 
2 g 2. 0 

16 , 969 . 75 
11 , 83 

Chopped 
Alfalf 
Ha 0- Lcs . 

54o .oo 
560 . 00 
550. 00 
560. O,J 
560 . }o 
10 . 00 

3 , 680 . 00 
1. 98 

Vi te "lin 
Oil Salt 

Lbs . 
20 . 00 
10 . 00 
10 . 00 
20 . 00 
10 . ·O 
21) . '...0 
90 . 00 
0.05 

20 . 00 
10. 00 
10 . 00 
11:; . 0C 
10 . 00 
10 . 00 
70 . 00 
0 . 05 

,_inerc:.l 
.. ixture 

L.)S , 

20 . 00 

10 . 00 
::in nn - - ' ...,....,, 
2() , .::0 
10.1)1) 
30 . 00 
o.o4 

20 . 00 

20 . 00 
20 .ao 
10 , ')'.) 
u . ..., 
80 . 00 
0 . 06 



T.A:BlE lln .• TOTAL JRY :!.ATTER, PRC':' L , AI1) C.AR 0':1 lE I ·JT.AKE 
' I::'.:.'Eiff~G PERIOD (1945- 6) 

Total D •• '. . Totc3l Pro- Tote.l Caro- Tot"' l 
I t...,l-e _ v . /1.d/day teL1 ~ te]::e Av. /hd./da ten~ I nta.ke Av. /hd/ dc.·w Vit . A Av. /hd/dey ates 1-...,("', . Lbs . Lbs . Lbs . I. :J. I.U. 

12 12- 1 9 2 , 9 8. 91 23 . 0 . 837 22 , 105 ------1 I 0 _ ? 16 3, 291 11 . 75 285 . 5 1. 020 29 , 725 ------I .J ~ I 
2/ 6- 3/6 2 ,959 10. 57 253 . 0 0 . 904 20 , 613 ------
3/ 6- 4/3 2 , 818 10. 06 257 . 4 0 . 91) 18 ,086 ------4/ 3- ~/7 a a}02 9-Il 21 6. 4 o. 2 1 042 ------C10C'AL 1 ,s66 10. 18 1 , 32 . 7 0 . 909 20 , 865 ------

II 12/12- 1/3 2 , 477 . 85 233 . 2 0 . 833 21 , 923 4 , 410 ,000 15 , 750 1/ 9- 2/6 3 , 224 11 . 51 261. 2 1. 004 29 ,083 4 , 410 ,000 15 , 750 2/ 3/6 2 , 872 10. 26 247. 9 0 . 805 l J , 5354 4 , 410 ,000 15 , 750 3/ 4/3 2 , 813 10. 05 257 . 1 0 . 918 18 , 0~1 4 , 410 ,000 15 , 750 4 - -26 2 9. 1 0 . 880 1i:: 1 . 4 2 2 00 12 0 .., 1 , 712 10 . 08 1 , 31s. 5 0 . '.:;10 3 20 , 600 21 , 892 , 500 14, 995 -
2, 306 8. 24 301. 5 1. 077 24, 288 , 634 86 , 754 -----3 , 266 11 . 66 2.)8 . 3 1.065 21 , 361 ,944 72 , 721 ------
2, ::;39 10 . 14 256. 3 0 . 915 17 , 677 , 9s7 63 ,136 ------
3 , 233 11. 55 2~4. 3 1 . 051 13 , 251 , 227 47 , 326 ------4 o 4 11. 2 4') . 4 1.016 12 0 422 6 81 ------

~ 15 , b98 10. 75 1. 025 89 , 1 5 , 21 61 ,058 -------
IV 12/12---

- 5/7 iT tive Pasture (actual q_uD..i."ltities m11:::nowr.). 



~ot<>l D. · • Tot"l ro- Totrl Ca!'o- r:'otal 
I r.ta,.;:e v . /hd/da.y tei. I nt;:-:;.-;::e Av. /~:.d/da.y tene I nkJ.re v . /hd/d.c.::,r Vit . A Av. /hd/day 

Lot Dates Lb2. Lbs . Lbs . i c 7:1s . .fcrc:is . I . U. I . U. I ll/J.3- 1-?, l-::.-=-3::....:.,...:...9...,14 ___ 1=3....;. 9-'-8- - - -_;___,,....-- -1-.-3-..6.,;-4---- "----l-0_7_, 1.....,5~9...:;.,:_ ____ _;;_::....:._ -=-__ .;:___---.::..;_:;_;::..,__ 

12/11- 1/ 8 ~.500 19. 64 2. 154 77 ,811 
1/ 8- 2/ 5 5,551 19. 82 2. 281 20 ,552 
';)/ 5- 3/ 5 6,537 23 . )5 2. 655_ 19 ,410 
3/ 5- ~/ 2 6, 85 24. 59 2. 848 28 ,970 

_____ 4j 2- 11 11 628 2 . 2 2. 40 1 
TCm.AL ,015 21 , 51 2. 379 6,03. 

I I 11/13- 12/11 3,914 
12/11- 1/ 8 5,410 
1/ -_ 2/ 5 5,431 
2/ 5- 3/ 5 6,507 
3/ 5- 4/ 2 6,920 
4 2- 1 11 628 

~OTAL 39 ,810 

13. 98 
19. 32 
19.40 
23 . 24 
24. 71 
2 . 2 
21. 

3 1. 96 
593 , 73 
624. 94 
739 . 87 
i:>01. 55 

1 260 .1 

1. 364 
2.120 
2. 232 
2. 642 
2. 863 
2 . 4o 
2. 367 

30 ,004, 597 
21 ,586 ,913 
5,651,008 
5,432 ,420 
o,118 ,369 

14 1 141 

107 ,159 
77 ,096 
20 ,182 
19 ,4o2 
23 ,994 

1 8 
5,873 

43 , 74o ,ooo 
9,990 ,000 
1,890 ,000 
1, 728 ,000 
1,512 ,000 
2 6 000 

59 ,0'.37 ,000 

156 ,214 
35 , 679 
6,750 
6,171 
5,4oo 
i:;- 16 

31 ,773 



':I.ABLE llb . (oc_~r Wli'....D ) r.rOTA.L DRY :.A':'':' R, PROTEI1\ Alm O.AF.OI1E:1E IlJ?.AXE 
:E'ATTK r:·r:. F ... m.IOD ( 194E:- 7) 

Total D.::. Totr-1 Pro- Tot 1 Caro-
I nt2}_e Av. /hd/cl.D:y tein I 1-take Av. /ha./d:ay tene -nta:.rn Av. /hd/day 

Lot Dates Lbs . Lbs . :c ':D.S . .le 1s . 

IV 11/13- 12,'ll 
12/11- 1/ B 
1/ s- 2/ 5 
2/ 5- 3/ 5 
3/ 5- 4/ 2 
4 2- ~/1 

T ~AL 

J ,150 
3,434 
4,141 
5,208 
5,122 
3 241 

29 ,236 

14.06 
15. 33 
18. 49 
23 . 25 
24. 05 
2 • 
20 . 39 

307.04 
38'.j . 12 
477. 64 
578. 10 
579 .27 
B 0. 22 

3,201. 39 

1. 372 
1. 737 
2. 132 
2. 581 
2. 720 
2 . 0 
2. 232 

24,171, 705 
13 ,287 ,894 
4,687 ,419 
5, l.1-()2 , 550 
7,374,£34 

12 61 26 -
67 ,541 ,608 

107,909 
59 ,321 
20 ,926 
19 ,29~ 
34, 62lJ. 

184 

Total 
Vit . .A 

r. u. 
v . /hd/dey 

I.U. 



TABLE 128 . V.ARI.A::~CE .Ai ALYS IS - ~CfrAL .. !Ilr.:'ER '.}Ai r s 
( 1945- 7) 

"'lr ""ir'r...ce De._;rees of Su:'! of ,!ean Observed 
:~-:e to : Freedom S i'J..".!' C :.3 Souz.res F 

Tok- l s 35 27, 020.14 
:Betv·ee1: "(;l'eatments 3 11 ,369.16 3, 789 . 72 7. 792° 
Within tre t .1ents 32 15 ,650 . s,s 
:Bet,~ee:1 Outco:ne e;rou:)S 8 3,977. 96 497. 24 1. 022 
Wi t,1in Outcoi e "'Tou-ps 24 11 ,673 . 02 436. 38 

ABLE 12b. ,,_ I.Al!CE .A:i;ALYSIS - TCfrAL su.~: . .,-IB. GAi r s 
(1946) 

[VG.r ia.nce 
D .... e to : 

lrot.::.ls 

Ee tweer: tree tment s 
Within treat~ents 

:Beh,ee:;. Cutco, .e groups 
Vii thin Outcome G o -;:is 

Degrees o:f 
Freedom 

35 

3 
32 
8 

24 

Sum of 
Squ._qres 

22 ,049 .08 

5,041 . 70 
17 ,034. 38 

4,413. 28 
12 ,621 . 10 

foe.n 
Squares 

1,671. 56 

551. 66 
525. So 

Observed 
F 

3.179•• 

1.049 

·-

1------ -----------------------------f 



.. /1 

TABL:.J 12c . VARIA1iCE .A:_TALYSIS - TO'.:'AL FATT.l!,: r G GAiliS 
( 194E,_ 7) 

Yr'ri:-,.1-ce Degr eeE of SU'll of . . ean Observed 
:o-~:e r,::, : Freedo;.1 SC'1..a.res Souare£ F 

Tota l s 35 103 , 527 . 31 

Bet'\-ee_l ti,eut ents 3 12 , 046. 22 4 , 015 . 41 1. 924 
·;·i thin tren.tL'lents 32 91 , ~-81. 09 

]et'\7een Outcol7le 3rou-ps g ~-1 , 37s . 2a 5 , 172. 48 2. 478•• 
Ti t:i.ir. ·tco,.1e t:,TOUUS 24 _")0 , 101 . 2 2 , 087. 55 

-

~ 

TABLE 12d.. · VARIAlTCE .ANALYSIS - TOTAL GAINS 
( 1945- 7) 

VDricr..ce Degrees of Scr.1 of "!ean o·oserved 
Dl:.-c: -~o : Freedom S01.1.2res Souares F 

lr ot als 35 _56 , 297 . 75 

:Set,:reei trertraent s 3 lJ , 901. 69 6 , 633 . 90 1. 876 
ili t_1i11 treat .• ent s 32 136 , 396. 06 

Bet\.'es:1 Outco •le roups 6 51 , 522 . 10 6 , 44o . 26 1 , 821 
li t:':li n O-c1.tc 1)':8 .Tou::,s 24 s4 , 8T5 . 96 3 , 536. 42 



T.AJ313 13 . VARI ANCE .A.YALYSI S - D SSITG - ·RCID:T 
( ',., , 2n 1nl.J.7) ,h_..,.., V ' .,,/ I 

·1.rrric-ce Degrees o:t Swa of i . ean Observed 
...; :=- to : Freed.au Squares SaUDres F 

~otals 35 79. 62 

Eet -:eei: treat~ .ent s 3 7. 93 2. ,.-4 1. 060 
Wit.Dir.. treat .. 1ents 32 71. 69 

Bet veen Outco.r.e TOU}_JS ll. 9i 1.~o Less tha.-11 1 
;ii t :-iin Outcotne ,..;rou s 24 .~.- 71 

•I-'- 2 . ,9 



• ~-. t 

TAJ3I..E 11'!"' . VARI.A.YCE 1tALYS I S - SERU:I C.ARarENE 
(1 ey 6. 19~6) 

Variance Degrees of Sum of Hean Observed 
D·"' to : Freedom Sru2res S01,1?res F 4- - --
Totaln 35 993 ,648. 56 
3et r;ee1 tl·ea ti.1ent s 3 915 ,405. 77 305 ,135. 26 108. 376** 
Jithin trea~1en~s 32 "" ~,u2 79 6C> ' c.. • • 

Eet;·,een tco ... erouus 8 20 , 670 .11 2, 583 . 76 Less thanl 
ht: in Ot...tco::ie "rOil.}'.)S 24 67 ,572 . 63 2,815. 53 

TABIJJ 14' . VARI.A.!WE .A:.ALYSI S - SERU, 1 CAR0rElIB 
(~:ov. 12 , 1946) 

Ve riance 
Dt..e to : 

Totals 

Eet~een treat~ents 
Wit~in treat~ents 

:aet·,reen 0-.,. come crouus 
Within Outcome t:,Toups 

Degrees of 
Freedom 

35 

3 
32 

24 

Sum of 
Scuares 

110 , 732 .75 

8,587. 74 
102 ,145.01 

0 4;:.. 12 ' ., .,.,, . 
93 ,193. 89 

l.;ean Observed 
Sou.:::.res F 

1,118.14 
3,883. 33 

-----------------------------------

TABLE 14c . V ARI.ANCE .AJ::rAL YSI s - sERm,. CAROTEl1TE 
( ,fay 14, 1947) 

!lariance Deo-ees of Sum of !ea..'l Observed 
(}u.c to : 'll'r e i:>n nm s,,u!'> ,·es Sruares F 

~otals 34 16 ,695 .96 
Bet··iecn treatnents 3 9,403 , 37 3,134. 46 12. 110** 
Wi t nin treatnentn 31 7,292. 59 
]ct ,.-ce:1 1 tco::1e groups 8 2, :i39 , 60 317 . 4'..5 1. 236 
',7ithL Outco: .. e croups 23 :' ,7~?. 99 25s. s3 

- -



T LE 15a. 

IVn.ri?.nce 
.!)-~e t o : 

Toi:.als 

Betr;eeL treati.1ent s 
'ii t ~:in treatments 

:Between Cutco:ue 1::, roups 
iii thin 0\1tco. e c roups 

V - IA!TCE AFALYSI S - S:.'JRU .• VITA,. LT A 
(Hay 6 , 1946) 

Degrees o Sum of .Jean 0 
Freedom SyUEres Sq11.?res 

35 37 , 530 . 25 

3 1 , 782 . 69 594. 23 
32 35 , 647 . 56 

8 27 , 554. 27 3 , 444. 28 
24 ~, 19~ .-,9 341. 39 0 ' .,) • c.. 

served 
F 

1. 741 

10 . 089*"' 

TABLE 150. 1.TARI~~CE A:.. .ALYSIS - SERU!! VI T.A.!!Ir A 
( lov. 12 , 1;46) 

Vari2.J1ce Degrees of Sum of .!can o-o served 
D-..~e to : Freedom. Sow.re£ Sauares F 

Totals 35 146 , 654. 57 

::i3eh-eell treatments 3 ll , 456. 14 3 , 818 . 71 1. 014 
1ithin tre~toents 32 135 , 198. 43 

Betree::c. c- ._tcot:e ;ro'ips 8 4h, 827. 11 5 , 603 . 38 1 . 433 
·, itnin Ou.tco_ e rouus 24 90 , 371.32 3 , 765 . 47 

. TABLE 15c . VARIA1';CE .ANALYSI S - SERlH VIT.AlIIH A 
( 12~{ 14 , 1946) 

!Variance Degrees of Sura of l.1ean Ob served 
i)LLG to : 'li'reeil"rn Sa,, "'-,,ec: Sou,, res F 

tr otl:'\,l s 34 4o , 107 . 20 

Bet,·:een treato e ts 3 6 , 817 . 60 2 , 272 . 53 3 . 426** 
. .-itj.1in treatments 31 33 , 2s9 . 60 

:Set,·,een Cute n e t;roups g 1 , 031.15 2 , 253 . 89 3 - 397** 
Within Outcor:ie groups 23 15 , 25s. 45 663 . 41 



':'ABLE 16c: . VARI.AI'.CE _ --ALYSIS - SFRU:: C.ALCIUH 
(bn. 9, 1946) 

Vcri..,_nce Degrees of Su.>:1 of He~ Observed 
Due to : Freedom S ,1:,,,res S0u......, res F 

Totals 29 31.82 

:Betr:ecm tr-eck1ents 3 • 81 . 270 Less tha2.1 1 
Wit_ in tl'eat 1e~t s 26 31.01 

Eet\7een Ou.tcome 5 r:mps 8 9 . 51 l.18~ Less than 1 
./itbin Outco,e t,Tm:::;s 18 21 . 50 1.19, 

TABLE 16b . TAR I.A:TC:8 ArALYSIS - SERIB C.ALCIU:J 
("-..1.~r . 6, 1:,46) 

VBriance Debrees of Sum of .!ean Observed 
): ... e to : Freedo.1c1 S,nmrec So·.1,:i,res F 

rotals 29 12. 50 

Bet ··ee1:: treet . .1ents 3 7 . 90 2 . 633 13 . 714•• 
',7it"i1in +:tect, ents 26 4 . 60 

Betv;een O.::,tcone rr01 ... "".ls 8 1.14 • 142 Lees Lan l 
\/ithin Outco1e r roups 18 3 . 46 . 1:32 

TABLB 16c . VARIAHCE .AfT.ALYSIS - SERU:: CALC I UH 
('. -- 6 ... .. ' ' 1946) 

Tc.ria,nce Degrees of Sum of :iean Observed 
Due to : FrP.PdOJ'l ~nun res Snuares F 

~o tals 35 14. 88 

Betr:een treatments 3 4 . 02 1 . 34o 51. 538** 
·;i ,;hi - treat • .1ents 32 10 . 46 

Eet-..:eei: C..:tco._e 0 roue>s 8 9 . 83 1 . 170 45 . 000** 
,'ithir.. Ou. tcor:ie -rouns 24 • 63 0 . 02 '--' ... 



T L.:. 160 . VARIA:'CE .Al-AL SIS - SBR'ffi: C.ALCI Ui.! 
(July l? , l'.-;46) 

Variance 
Due i:iO ! 

':'otcls 

Between tre~t~ents 
Yi'i t:"-ir. treatments 

Bethee~ Outcome Graus 
',"i thin C1.., tcome roups 

De_;:tees 
:'reelo . .1 

34 

3 
31 

8 
2~ 

.) 

of Su.r:i of 
s t1Pres 

8 . 82 

2 . 78 
6. 04 

l. f,7 
4 . 37 

•• eon 
Sou,.,. r es 

. 926 

• 209 
. 196 

'1ABLll 16e . V.ARIA1 1CE .A:.-ALYSIS - SERUi. CALCrm: 
(se~t . 11 , 1946) 

B t-e8il trer~mnts 
'i t:1in tre'-'t::tent s 

et,:ee11 Outco .. \e 0 roups 
'i;i thin 0-.:i:iCOr.J.e 0 rOU-;JS 

'1ABLE 16::. 

treat·1ents 
i t~1fr1 t:tectr.ient s 

Bet,,ee:-;_ Cutco;1e ._;rou-os 
!i t hiic J. tco 1e ...;.:.·ouus 

Dezrees of Su;n of 
Freed.om Scn.~.res 

35 9 . 80 

3 1.77 
32 &. 03 

8 5. 24 
24 2. 75 

VARIAFC .Al.ALYSIS - s 
(Yov. 12 , 1940) 

De,;roes of Su.":! of 
Frecdon Squrires 

35 ?U 42 .) . . 
3 3 , 26 

32 20.16 

8 C. 03 
24 2-L.- . 07 

: ean 
Scua.res 

RU:" 

. 5 O 

. 655 

. 116 

C.ALCIU 

.. 1ean 
S 0 uares 

1. 087 

• 761 
• __,36 

O"oserved 
F 

4 . 837** 

1 . 100 

Observed 
F 

5. 0S6** 

5. 646** 

Observed 
F 

1 . 300 

Less t1-:.an 1 



Varie.nce 
Dt.e to : 

Totals 

Bet~een trea~ ents 
;~thil trert~ents 

:Setuecr .. 01.1.tcome groups 
'.'[it:1i1: 0-C.tco.-e groups 

V.ARI.ArCE .AYALYSIS - SERU: '. CALCI . 
( Ji:,Tl. 8, 1947) 

De"'rees of 
F:·e ,do:-.i 

32 

8 
21 

Sum of 
Sc, 1.:.r·.1· e £ 

23. 29 

5. 42 
17 . 87 

5. 60 
12 . ?7 

Sou'-'.rcs 

1. 307 

. 700 

. 5s4 

Observed 
F 

1. 198 

•------------------------------------

~.A13LE 1611.. 

IVa:::-iance 
J- ... e to : 

r:1 otals 

:. e t 1.1ee:1 treetments 
\.i t11in treetments 

:Bet,_--een tC0~'1e rou:Js 
'7i thin Ou.tcrn.:.e t..rou::_:,s 

VARIAHCE 
( .:!"' r . 

Dec:rec>s 
Freedon 

32 

3 
29 

8 
21 

" ALYSIS - S3RUI: CALcrm 
5, 1947) 

of Sum of 
Sauares 

7. 81 

. 96 
6. 85 

3. 51 
3. 34 

.ean 
Saua.res 

. 3?0 

. 439 

.159 

TAELE 16i. VARI.Al!CE .Al ALYSIS - SERU: .. CALCIUi~ 
(L2,' 1l~ , 1~47) 

V&r i :.:nce 
J-~:e to : 

Bet,.--ree,1 tre<>tnents 
iithin treatments 

Betweer. Outcome ._;rou?s 
Wi t~1i n O.;;.tco.!:le , roups 

Degrees of 
Freedor1 

34 

3 
31 

s 
23 

Su.in of 
Sr,ua res 

105.09 

17 . 47 
87 . 62 

14. 78 
72 . c:4 

1. ea;n 
Souares 

1. 848 
3.167 

Observed 
F 

2.013 

2 . 761** 

Observed 
F 

1. 838 

Less than 1 



Variance 
Due to : 

Totals 

Between treat .. ents 
~~thin treat ents 

BctY:een Outcome brou.ps 
i:ithin Ou tcorr:e E7oups 

VARI.it: .. CE ~:ALYSIS - SERm.i PHOSPHORUS 
( . ._,y 6, 1946) 

De5rees of Sun oI 
Freedom Sc;u.a.res 

35 

3 
::;2 

g 
24 

4S. ll 

9. 98 
33. 13 
4. 34 

33 . 79 

.:e.9n 
Somres 

3. 330 

o.54o 
1.410 

Observed 
F 

Les s t:i.1an 1 

TABLE 17b . VARIAlTCE AFALYSIS - SERUH PHOS ORUS 

~Taria ce 
iD11e to : 

Bet,·een treatr:ients 
Jithi n treatments 

Bet~een wtcome uroups 
ithin Cutco 1e f rouns 

(Nov. l? , 1947) 

De._rees of 
Freedom 

34 

3 
31 

g 
23 

Sun of 
Snuares 

. 37 
12. 59 

2 . 12 
10. 47 

1 ean 
Souares 

.123 

Observed 
F 

Less t_an 1 

Less t'1;:in 1 

TABLE 17c . VARI.AHCE A.. -ALYSIS - SERUl, PHOSPHORUS 
(;.iey 14, 1947) 

, 
fariaI1ce De6rees 0 Sum of fo2n 0 served 
D-..ic to : Freed.on Sc1c.."'res ~ares F 

11 otals 34 122 . 75 
Betv·ee:: treatments 3 41. 59 13. 860 7. 357 

i t11in treati:1ents 31 81.16 

B8 tTee:1 Outcoue grou.ps 8 37. s3 4. 728 2. 510 
Within 011tCOLle roups 23 3. 33 1. ssl~ 



TABLE 18. VARIANCE .A:"ALYSIS - LI Vi C.AROI1EHE 

Dei;ree of Su.:r. of ! ean o·oserved 
-:_t. to : Freea.o., S uare~ Sr,urres F 

71 11 . 54 
Bet .,.een treat'nents 3 5. ln 1. 803 20 . 488111* 
'iii thin 1;re<>t,:1ents 68 6.13 

Betv·een Oi.tco-ne grot.ps B 1.10 0.137 1. 557 
itbin C tco,.1e ).'OU:;JS 6o 5. 03 o.ocs 

T.A....LE 19 , VARI .A:7CE AI:ALYSI S - LIV_R 7IT.AJ:I F A 

Degree"' of 
F1·eed.o ,_ 

71 
Betwee~1 "treatmen t s 3 
Within tre2tments 68 

Between 0,1.tcorae .:;rou?s g 
'Ji t:.i.n 0:.1tcome OUl)S 60 

S1., 1 O! 
Sau.ares 

?,252. 89 

531 . 29 
1,721. Go 

52'.2. 53 
1. , 1 •. 0 ( 

!1e.., 
Sou.Pres 

177.10 

65 .32 
l'.] , 98 

Observed 
F 

cS . 363** 

3. 269** 
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