
The plane of nutrition in relation to milk production
by Joseph C Shaw

A THESIS Submitted to the Graduate Committee in partial fulfillment of the requirements for the
Degree of Master of Science in Animal Husbandry
Montana State University
© Copyright by Joseph C Shaw (1933)

Abstract:
A pertinent problem in dairy cattle nutrition in the Western states is the selection or formulating of a
practical method of feeding dairy cows whereby they may be fed more closely to theoretical
requirements. The nutrients required can be estimated with a fair degree of accuracy by referring to the
feeding standards which have been prepared by various investigators. These standards agree rather
closely, and for all practical purposes they may be relied upon.

The usual method of apportioning grain is to feed each cow 1 pound of grain to each 3 or 4 pounds of
milk produced, depending upon the richness, regardless of the quantity or quality of roughage
consumed. This method of feeding is at fault, especially under Western conditions, because cows will
get enough nutrients from good roughage alone to provide for the maintenance of their bodies as well
as for the production of a certain amount of milk, and because 1 pound of grain does not provide
enough nutrients for as much as 3 pounds of milk.

Western dairy husbandmen have attempted to work out a method of feeding that would be more
satisfactory under their conditions. Since alfalfa hay Is usually the cheapest dairy cattle feed that can be
produced in large quantities in many Western states, the methods suggested have been based upon the
assumption that the majority of dairymen feed alfalfa hay In large quantities as the sole roughage. In
making up these feeding rules an attempt Is made to determine the amount of nutrients In the faom of
alfalfa hay that dairy cows will consume, In excess of their maintenance requirements. Acting upon the
accepted principle that the nutrients consumed by dairy cows in excess of their maintenance
requirements are converted Into milk, providing the cow does not make more than a slight gain In body
weight, the number of pounds of milk that can be produced on this excess of nutrients Is determined.
Concentrates are then fed in sufficient amounts to provide the nutrients required, according to a certain
feeding standard, for each pound of milk produced above this amount.

The object of this thesis, "The Plane of nutrition in Relation to Milk Production", is to give a summary
of the present available information which may be of value, In working out a more satisfactory method
of apportioning concentrates to dairy cows in Montana, or in the revisal of the present method. A brief
review is given of certain phases of dairy nutrition which deals more or less indirectly with the subject.

A more detailed review Ie given of the literature more directly applied to the subject, together with a
discussion of an experiment conducted bytthe author under the direction of tha Animal Husbandry
Department of the Montana Experiment Station.

For the convenience of the reader, this thesis Is divided Into five parts; Part I gives In condensed form a
review of the Important daily cattle feeding stuff* in Montana.

Part II presents a review of the literature in regard to feeding methods, and experimental work dealing
with the important problems involved in the feeding of alfalfa hay to dairy cows as the sole roughage.



Part III reviews very briefly the more important findings regarding the protein, energy, and vitamin
requirements of dairy cows.

Part IT presents in detail the methods of procedure and the results of an experiment which the author
conducted under the direction of the Staff of the Animal Husbandry Department of the Montana
Experiment Station.

Part T presents the general conclusions of the review of the literature and the results of the experiment. 
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T

THS PLANS OP NUTRITION IN USLATION TO MILK PRODUCTION

In tro d u c tio n

A p e r t in e n t  problem  in  da iry  c e t t l o  n u t r i t io n  in  the  Western 

s t a t e s  is  th e  s e le c t io n  o r fo rm u la tin g  o f  a p ra c t ic a l  method o f  feed ing  

d a iry  cows whereby they  may be fed  more c lo se ly  to  th e o r e t ic a l  r e q u ire ­

m ents. The n u tr ie n ts  re q u ire d  can be e stim ated  w ith  a f a i r  degree o f  

accuracy  by r e f e r r in g  to the  feed ing  stan d ard s  which have been p repared  

by various in v e s t ig a to r s .  These s tan d a rd s  ag ree  ra th e r  c lo s e ly , and 

fo r  a l l  p r a c t i c a l  purposes they may be r e l ie d  upon.

The usual method of ap p o rtio n in g  g ra in  i s  to  feed  each cow I 

pound o f  g ra in  to  each 3 o r 4 pounds o f  m ilk  produced, depending upon 

the  r ic h n e s s , re g a rd le s s  o f  th e  q u a n tity  or q u a li ty  o f  roughage consumed. 

This method o f feed ing  i s  a t  f a u l t ,  e s p e c ia l ly  under W estern c o n d itio n s , 

because cows w ill g e t  enough n u tr ie n ts  from good roughage a lo n e  to  

p rov ide  fo r th e  m aintenance o f  th e i r  bod ies as w ell as fo r th e  p roduction  

o f  a c e r t a in  amount o f m ilk , and because  I pound o f  g ra in  does not 

p rov ide  enough n u tr ie n ts  fo r  as much a s  3 pounds o f m ilk .

W estern d a iry  husbandmen have a ttem p ted  to  work ou t a method of 

feed ing  th a t  would be more s a t i s f a c to r y  under t h e i r  c o n d it io n s . Simoe 

a l f a l f a  hay i s  u su a lly  th e  cheapest d a iry  c a t t l e  feed th a t  can be p ro­

duced in  la rg e  q u a n t i t ie s  in  many W estern s t a t e s ,  th e  methods suggested  

have been based  upon the  assum ption th a t  th e  m a jo rity  o f  dairymen feed
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a l f a l f a  hay in  la rg e  q u a n t i t ie s  as * ie  so le  r o o f a g e .  In  making up 

th e se  feed ing  ru le s  an a ttem p t i s  made to  determ ine th e  amount o f  

n u tr ie n ts  in  th e  facm o f  a l f a l f a  hay th a t  d a iry  cows w i l l  consume, 

in  excess o f  th e i r  m aintenance req u irem en ts . A cting upon th e  accep t­

ed p r in c ip le  th a t  th e  n u t r i e n ts  consumed by d a iry  cows in  excess o f  

t h e i r  m aintenance requ irem en ts a re  co n v erted  in to  m ilk , p ro v id in g  the  

cow does not make more th an  a s l ig h t  g a in  in  body w eigh t, t h e  number 

o f pounds of m ilk th a t can be produced on t h i s  excess o f  n u tr ie n ts  

i s  d e term ined . C o n cen tra tes  a r e  then fed  in  s u f f ic ie n t  amounts to  

p ro v id e  the n u tr ie n ts  re q u ire d , acco rd ing  to  a c e r ta in  feed in g  s tan d a rd , 

fo r  each pound o f  milk produced above th is  amount.

The o b je c t o f  th i s  t h e s i s ,  ’T he  P lane o f N u tr i t io n  in  R e la tio n  

to  Milk P ro d u c tio n " , is  to  g iv e  a summary of th e  p re sen t a v a i la b le  

in fo rm atio n  which may be o f  v a lu e , in  working out a more s a t i s f a c to r y  

method o f ap p o rtio n in g  c o n c e n tra te s  to  d a iry  cows in  Montana, or in  th e  

re v is e  I o f  th e  p re se n t method. A b r i e f  review  i s  given o f  c e r ta in  phases 

o f  d a iry  n u t r i t io n  which d eals  more o r le s s  in d i r e c t ly  w ith  th e  s u b je c t .

A more d e ta i le d  review  is  g iv en  o f  th e  l i t e r a t u r e  more d i r e c t l y  ap p lie d  

to the s u b je c t ,  to g e th e r w ith  a d isc u ss io n  o f  an  experim ent conducted 

by th e  au th o r under th e  d ire c t io n  o f th a  Animal Husbandry Department o f 

th e  Montana Experim ent S ta t io n .

For th e  convenience o f  th e  re a d e r ,  t h i s  th e s is  i s  d iv id ed  in to  

f iv e  p a r ts  I

P a r t  I  g iv e s  in  condensed form a review  of th e  im portant d a iry  c a t t l e

feed in g  s tu f f s  in  Montana.
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P a r t  I t  p re s e n ts  a review  o f  th e  l i t e r a t u r e  in  reg ard  to  feed in g  methods, 

and experim en tal work d e a lin g  w ith  th e  im portan t problem s invo lved  

in  th e  feed in g  of a l f a l f a  hay to  d a iry  cows as th e  s o le  roughage.

P a r t  I I I  review s very  b r i e f l y  the  more in p o r ta n t fin d in g s  reg ard in g  th e  

p ro te in ,  m e rg y , and v itam in  requ irem en ts o f d a iry  cows.

P a r t  IT p re se n ts  in  d e ta i l  the  methods o f p rocedure  and  th e  r e s u l t s  o f 

an experim ent which th e  au th o r conducted under th e  d i r e c t io n  o f  

th e  S t a f f  o f th e  Animal Husbandry Department o f  th e  Montana 

Experim ent S ta t io n .

P a r t  T p re se n ts  th e  g e n e ra l co n c lu sio n s  o f  th e  review  o f th e  l i t e r a t u r e  

and th e  r e s u l t s  o f  th e  experim ent.



PART I

FEEDS AVAILABLE POR DAIRY CATTLE PEHDItC IW MOMTAIft

Roughagea

Roughages are  th e  c o a rse r  feeding  s t u f f s ,  which a re  h ig h  in  f ib e r  

and supply  a low p e rcen tag e  o f  d ig e s t ib le  m a tte r . They may be d iv ided  

in to  two c la s s e s  depending upon th e  amount o f p ro te in  th ey  c o n ta in . N itro ­

genous roughages a r e  h igh  in  p ro te in  and in c lu d e  hay and fo rag e  from th e  

legum es. The carbonaceous roughages a re  low in  n itro g e n  and in c lu d e  th e  

non-legum e hays, g ra in  hays, and s traw s from c e r e a l  g r a in s . Roughages may 

be fu r th e r  d iv id ed  in to  d ry  roughages and g reen  roughages«

In  d a iry  c a t t l e  feed ing  th e  roughages u su a lly  fu rn ish  from h a l f  

to  a l l  o f the  n u t r i e n t s .  Throughout th e  W est, d a iry  c a t t l e  a r e  fed  much 

la rg e r  q u a n t i t ie s  o f  roughages th an  i s  th e  case  fa r th e r  E a s t . While under 

W estern c o n d itio n s  i t  i s  a common p r a c t ic e  to  feed a l f a l f a  hay as th e  

ex c lu s iv e  r a t io n ,  th is  p r a c t ic e  is  p r a c t i c a l ly  unheard o f in  th e  m iddle 

W estern and E as te rn  s t a t e s  where g ra in  feed ing  is  u n iv e rs a l ly  p ra c t ic e d .

D ried Legume Roughages. P ro p erly  cu red  a l f a l f a  hay e a s i ly  ranks 

f i r s t  among hays fo r d a iry  c a t t l e .  I t  i s  v e ry  p a la ta b le ,  la x a t iv e  in  

c h a r a c te r ,  and i s  h igh  in  p ro te in ,  c o n ta in in g  th re e  t Ines as  much as 

tim o thy , and is  th e  h ig h e s t o f  a l l  common feeds in  ca lc ium . D airy  c a t t l e  

in  th e  W estern s t a t e s  a r e  a b le  to  consume la rg e  q u a n t i t ie s  o f  a l f a l f a  due 

to  t h e i r  ruggedness and a lso  due to  th e  fa c t  th a t  m ost o f  them a re  fed
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la rg e  q u a n t i t ie s  o f  i t  from the  tim e th e y  a re  a few weeks o ld  u n t i l  they  

a r e  m atu re .

A legume hay IiaTing advantages s im ila r  to  a l f a l f a  i s  re d  c lo v e r , 

but i t  i s  not q u ite  as  p a la ta b le ,  nor so abundant in  p ro te in  and m in e ra ls . 

Sweet c lo v e r  p ro p e rly  cu red  has a feed ing  value about th e  same as  th a t  o f 

re d  c lo v e r , a lthough  i t  i s  n o t q u ite  as  p a la ta b le .  A c o n s id e ra b le  pro­

p o r t io n  o f  th e  stems i s  u s u a lly  re fu se d  by th e  cow. I t  has been found 

th a t  sweet c lo v e r hay may cause death  in  c a t t l e  due to  th e  f a i lu r e  o f  the  

b lood to  c l o t  norm ally . A s l i g h t  cut may allow  th e  anim al to  b le ed  to  

d e a th . For t h i s  reaso n  sweet c lo v e r cannot be considered  us b e ing  e n t i r e ly  

s a f e .

While not grown so abundantly  fo r  hay a s  i s  a l f a l f a  ard  th e  c lo v e r s ,  

o a t and pea hay when c u t a t  an  e a r ly  s ta g e  i s  p a la ta b le  and n u t r i t i o u s .  The 

p ro te in  co n ten t i s  about th re e - fo u r th s  th a t  o f  a l f a l f a ,  w hile th e  t o t a l  

d ig e s t ib le  n u t r ie n ts  a re  about e q u a l.

7)ried Non-Legume Roughages. Altiiough tim othy Iiay in  th e  Rocky 

M ountain S ta te s  is  a l i t t l e  h ig h e r in  p ro te in  than  the  tim othy  hay in  o th e r 

s t a t e s ,  i t  i s  no t a very s a t i s f a c to r y  feed  fo r d a iry  cows. I t  i s  no t only 

low in  p r o te in ,  b u t i s  th e  low est in  m in e ra le o f  a l l  common fe e d s . When I t  

i s  used a s  th e  roughage, i t  i s  necessary  to  add c o n s id e ra b le  amounts of 

h ig h  p r o te in  feeds to  th e  r a t io n .  Blue jo in t  ranks above tim othy  as a hay 

fo r d a iry  c a t t l e ,  being  more p a la ta b le  and h ig h e r  in  m in e ra ls , p ro te in  and 

t o t a l  d ig e s t ib le  n u t r i e n ts .

One o f  the  b e s t  non-legume hays i s  o a t hay, c u t fo r  hay when in  th e  

s ta g e .  I t  is  q u i te  p a la ta b le  and has about th e  same fe e d in r  v a lu e  fo r
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d a iry  cows as b lu e  j o i n t .  Another c e re a l hay sometimes ueed fo r d a iry  

c a t t l e  feed ing  i s  ry e  hay . However, t h i s  hay i s  low in  p r o te in  and le s s  

p a la ta b le  th an  tim o th y . Oat straw  is  a ls o  sometimes fed to  d a iry  c a t t l e ,  

b u t i s  very  u n s a t is fa c to ry  feed , being  low in  p ro te in  and t o t a l  d ig e s t ib le  

n u t r ie n ts  and la ck in g  p a ! s t a b i l i t y .  Wheat, ry e , and b a r le y  straw  can be 

counted  on as fe e d s , b u t make good bedding m a te r ia l .

Corn fodder i s  used to  sorb e x te n t fo r  d a iry  c a t t l e  feed in g  in  

Montana. As i s  commonly known, corn  fodder i s  th e  s to ck  w ith  the ear 

a t ta c h e d . I t s  c h ie f  v a lu e  i s  in  th e  ear c o m . Aside from th e  g ra in  in ­

c lu d ed , i t  is about equal to  tim othy hay in  t o t a l  d ig e s t ib le  n u t r ie n ts ,  

b u t is  le s s  p a la ta b le .  S ila g e  made from the  co rn  p la n t  c u t w h ile  s t i l l  

in  th e  g reen  s ta g e  is  one of th e  h e a t d a iry  c a t t l e  roughages, heing very 

p a la ta b le  and su c c u le n t. However, th e r e  i s  very  l i t t l e  co rn  pu t up in  

th e  form o f s i la g e  in  Montana.

C o n ce n tra te s . C oncen tra tes  a re  feed ing  s tu f f s  in  condensed n a tu re , 

which a re  low in  f ib e r  and hence fu rn ish  a  la rg e  amount o f  d ig e s t ib le  

m a tte r . W hile co n ce n tra te s  do n o t supply  a very la rg e  p o r t io n  of th e  t o t a l  

d ig e s t ib le  n u tr ie n ts  fed  to  d a iry  cows in  Montana, they  a re  n e v e r th e le ss  

very v a lu ab le  in  supplem enting th e  roughages. I t  is  g e n e ra lly  considered  

th a t  h a l f  o f  th e  c o n c e n tra te  r a t io n  should he made up o f r e l a t iv e ly  bulky 

foeds such a s  ground o a t s ,  b ran  and wheat sc ree n in g s .

Corn forms a p a r t  o f  th e  g r a in  r a t io n  on some Montana d a iry  farm s, 

in  th o se  s e c tio n s  where th is  g ra in  i s  grown. I t  i s  n u tr i t io u s  and p a la ta b le  

and a sp len d id  feed  fo r  th e  cow in  m ilk . However, i t  should  no t make up 

over h a l f  o f the  r a t io n .  Corn and cob meal was re p o r te d  by McCandlish (37) 

o f  th e  Iowa S ta t io n  to  be v a lu ab le  fo r d a iry  cows in  j u s t  th e  p ro p o rtio n



o f  corn g r a in  i t  co n ta in ed . One hundred pounds o f  cracked  corn was equal 

to  125 pounds o f  co rn  and cob m eal. B arley and wheat compare very fav o r­

ab ly  w ith  co rn  as a d a iry  c a t t l e  feed and a re  much more common in  Montana 

th an  i s  c o rn . The b a r le y  shou ld  be  ground oar crushed because o f the tough 

o u te r  co v erin g . Wheat has more p ro te in  th a n  co m  and is  s l i g h t ly  su p e r io r  

as a so u rce  o f  m in e ra ls . I t  may s a fe ly  make up h a lf  o f  th e  r a t io n  (4 3 ). 

hye has a com position n o t g r e a t ly  d i f f e r e n t  from co rn  b u t  ranks below i t ,  

be ing  r a th e r  u n p a la ta b le . I f  mixed w ith  o th e r  feeds i t  may be fed in  

amounts up to  th r e e  pounds p e r  day. When fed  in  la rg e  q u a n t i t ie s  i t  tends 

to  produce b u t te r  w ith  a hard  body.

Of th e  more bulky c o n ce n tra te s  b ran  i s  one o f  th e  most va lu ab le  

fo r d a iry  c a t t l e  feed ing  because i t  i s  p a la ta b le  and b u lk y , has a d e s ir a b le  

la x a t iv e  e f f e c t ,  and i s  one o f th e  b e s t so u rces  o f phosphorus. O ats, 

however, a r e  f u l ly  as  v a lu ab le  as bran  and may be s u b s t i tu te d  fo r  bran  in  

th e  r a t io n  pound fo r pound. S creen ings from wheat a r e  a v a i la b le  in  la rg e  

q u a n t i t ie s  in  t h i s  s t a t e .  T h is p roduct c o n s is ts  m ainly o f broken and 

shrunken wheat k e rn e ls  and a v a r ie ty  o f  weed seed s . High g rad e  sc reen in g s  

have a feed in g  v a lu e  o f about te n  p e r c en t below th a t  o f o a ts  accord ing  

to  iitekles ( 8 ) .  S creen ings have a r a th e r  b i t t e r  t a s t e  and a re  f o r  th is  

re a so n  s onewhat u n p a la ta b le . C a t t le  ta k e  them re a d i ly ,  however, when 

mixed w ith  o th e r  ground fe e d .

Most o f  the  b e e t pulp  fed  in  th e  s t a t e  i s  fed a s  wet p u lp , 

e s p e c ia l ly  in  th e  v ic in i ty  o f the  f a c to r i e s .  I t  i s  h ig h ly  valued  by 

dairym en bo th  in  th e  wet and dry  s t a t e .  The d r ie d  pulp compares favo r­

a b ly  w ith  co rn  a s  a c o n c e n tra te . I t  is  e s p e c ia l ly  flavored fo r t e s t  cow



fe e d in g . The d isad v an tag e  o f  wet pu lp  Is  t h a t  I t  s p o ils  ra p id ly  on 

exposure to  th e  a i r .  I t  i s  n ecessa ry  t o  s to r e  i t  in  la rg e  ta n k - l ik e  s i lo s  

s traw  s i l o s  o r w e ll d ra in ed  tre n c h  a l i o s .  The pulp is  low in  m inera ls  a a i  

p ro te in  and must be fed w ith  feeds h igh  in  th e se  two c o n s t i tu e n ts .

B eet m olasses i s  a v a lu ab le  carbonaceous feed  th a t  i s  fed  to  some 

e x te n t in  Montana# I t  has about th e  same feed in g  v a lu e  a s  corn  when not 

fed  in  too  la rg e  amounts. Compared to  b la c k  e tr a p  m olasses i t  i s  aone- 

what b i t t e r .  D airy cows should  n o t re c e iv e  more than  th r e e  pounds p e r 

day  because o f  i t s  la x a t iv e  e f f e c t .  M olaeses i s  u se fu l ae an ip p e t i s e r  

fo r  cows re c e iv in g  a  heavy r a t io n  and i s  used e x ten s iv e ly  in  t e s t  cow 

feed in g .

N itrogenous C o n cen tra te s . The most common m istak e  in  feed in g  

d a iry  cows i s  th e  f a i lu r e  to  g iv e  enough feed  to  make use o f  th e  m ilk - 

producing  a b i l i t y  o f  the  an im al. Next to  th e  f a i lu r e  to  feed l i b e r a l l y  

enough is  th e  f a i l u r e  to  g iv e  enough p ro to in .  I f  a cow, having enough 

o th e r  m a te r ia l to  produce 50 pounds o f  m ilk , g iv e s  only 20 on account o f  

a sh o rta g e  o f  p r o te in ,  i t  is  u se le s s  t o  in c re a s e  th e  r a t io n  f u r th e r .  The 

a d d itio n  o f  a sm all amount o f  c o n c e n tra te , high in  p ro te in ,  would allow  

th e  cow to  make f h l l  use o f  a l l  th e  r a t i o n .

Where l i b e r a l  q u a n t i t ie s  o f  good q u a l i ty  a l f a l f a  hay i s  fed , as 

is  o fte n  th e  case  in  Montana, th e  a d d i t io n  o f  h igh  p ro te in  c o n ce n tra te s  

should no t be necessary*  Vhon the roughage c o n s is ts  o f  a non—legume 

hay o r a  legume hay o f poor q u a l i ty ,  i t  i s  u su a lly  necessary  to  add a 

h ig h  p r o te in  c o n c e n tra te  to  th e  r a t io n .  The two most im portan t purchased 

p ro te in  eupp lancn ts used in  Montana a re  co tto n seed  meal and l in s e e d  m eal.
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Bran ia  somewhat h ig h e r in  p ro te in  c o n ten t th an  a re  th e  c e re a l  g r a in s , tout 

i t  must n o t toe looked upon a s  a sou rce  o f p ro te in  to  b a lan ce  home grown 

r a t io n s .  L inseed  meal i s  one o f  th e  b e s t  p ro te in  feeds fo r  d a iry  c a t t l e ,  

toeing p a la ta b le  and la x a t iv e  and has a wonderfh I e f f e c t  upon a l l  kinds o f  

anim als to  which i t  is  fe d . While co tto n seed  meal co n ta in s  th e  h ig h est 

amount o f  p r o te in  o f  any feed  o r d in a r i ly  fed to c a t t l e ,  i t  i s  no t q u ite  

as popu lar among dairymen as is  l in se e d  m eal. When fed  in  to o  la rg e  amounts 

i t  has a c o n s tip a tin g  e f f e c t  and when making a la rg e  p o r t io n  o f  a r a t io n  

la ck in g  v a r ie ty  i t  may have a to x ic  e f f e c t .  R esu lts  o f  E xperiments toy 

Woodward, Shepherd and Graves (61} show th a t  la rg e  q u a n t i t ie s  o f  co tto n seed  

meal may toe fed  t o  d a iry  cows w ithou t any ap p aren t i l l  e f f e c t s ,  i f  good 

roughage, such as  p a s tu re  g r a s s ,  green fo ra g e , o r  n ic e ly  cured  hay is  fed

w ith  i t
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METHODS OP FEEDING -  DAIRY CATTLl: EXEKRIMIBITS (TITH AlFALPA HfcT

Methoda o f  Feeding by Prom inent Dairyman

Roughages u s u a lly  form th e  major p o r tio n  o f  d a iry  c a t t l e  r a t io n s .  

The d a iry  cow i s  very  w ell adap ted  to  th e  conversion  o f  la rg e  q u a n t i t ie s  

o f  roughage in to  e d ib le  food for man. With a  few p o s s ib le  ex cep tions th e  

ch eap est and most economical feed  fo r d a iry  cows is  good q u a li ty  roughage 

and I t  may w ell make up from h a l f  to  a l l  o f th e  n u tr ie n ts  re q u ire d . 

C oncen tra tes  th en  c o n s t i tu te  th e  balance o f th e  r a t io n .

A lthough i t  is  u s u a lly  co n sid ered  th a t  th e  most econom ical pro­

d u c tio n  o f m ilk can be secu red  by feed in g  la rg e  amounts o f  roughages and 

com paratively  sm all amounts o f  c o n c e n tra te s , th e re  a re  tim es when the  

d ig e s t ib le  n u tr ie n ts  su p p lied  by means o f  roughages a re  h ig h e r  in  p r ic e  

th an  th e  same amount o f  n u t r ie n ts  su p p lied  by means o f c o n c e i t r a te s .  In  

t h i s  case  i t  would be more economical to  feed  la rg e  q u a n t i t ie s  o f  g ra in  

and a minimum amount o f  roughages. Feeding ru le s  o r methods a re  u su a lly  

based on th e  fa c t  th a t  i t  i s  u su a lly  more economical to  feed  la rg e  

q u a n t i t ie s  o f roughage and make up the  a d d itio n a l requ irem en ts by means 

o f  c o n c e n tra te s .

The o b je c t o f  feeding ru le s  i s  to  fd r n is h  a p r a c t ic a l  method of 

feed in g  d a iry  cows so as to  enab le  th e  feeder to  supply  the  p roper 

amounts o f  the  s e v e ra l n u tr ie n ts  necessa ry  fo r m aintenance, g row th , develop­

ment o f  th e  fe tu s  and p ro d u c tio n  o f m ilk , a s  shown by an accep ted  feed ing

PART II
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s ta n d a rd . I t  ie  g e n e ra lly  co n sid ered  th a t f o r  th e  most economical produc­

t io n  o f  m ilk , d a i ry  cows should  he fed  in d iv id u a lly  and as  c lo se  as 

p o ss ib le  to  th e i r  requ irem en ts as shown by one o f  th e se  accep ted  s ta n d a rd s .

A method o f feed in g  re c e n tly  p u b lish ed  in  b u l l e t in  form by Keadlqy 

(S i)  o f  th e  Nevada S ta t io n  is  t o  feed  d a i ry  cows a l l  th e  a l f a l f a  hay th ey  

w ill  e a t ;  a id  t o  H o ls te in s ,  g ra in  in  th e  p ro p o rtio n  o f I pound to  every 

pounds o f  m ilk  th ey  produce in  excess o f  30 pounds; and t o  J e rsq y e , I  pound 

o f g ra in  t o  every 3 pounds of m ilk they produce in  excess o f  35 pounds.

Another method, somewhat s im ila r  to  t h i s .  I s  t o  feed d a iry  cows a l l  

th e  a l f a l f a  hay th ey  w il l  e a t ,  and g ra in  to  low te s t in g  cows i n  th e  propor­

t io n  o f  I pound to  every 3 l / s  pounds o f milk produced in  excess o f 16 to  

30 pounds, and to  h igh  te s t in g  cows, I pound o f g ra in  t o  every 2 pounds of 

m ilk they g ive  in  excess of 10 to  14 pounds. T retsven  (52) o f  th e  Montana 

S ta t io n  is th e  a u th o r o f  th is  method. When connected w ith  th e  C a lifo rn ia  

S ta t io n ,  Woll (58) proposed a feed ing  ru le  f o r  W estern dairym en in  which 

d a iry  cows, re c e iv in g  a l l  th e  a l f a l f a  hay they  would e a t ,  were to  re c e iv e  

I  pound of g ra in  to  every  4 o r  5 pounds of milk produced, when th e  cows 

p ro d u c tio n  o f  b u t t e r f a t  exceeded I  pound p e r  day.

The fo llow ing is  a method suggested  by Eckles (8)» "Feed a l l  the  

roughage a cow w il l  e a t .  This shou ld  in c lu d e  a su cc u le n t feed  and a legume 

bay . In  a d d i t io n ,  feed  a Je rse y  o r  Guernsey I  pound o f g r a in  to  each 2 l / 2  

to  3 pounds o f  m ilk , and a H o ls te in , Brown Sw iss, or S h o rth o rn , I  pound o f 

g ra in  fo r  each 3 to  3 l / 2  pounds of m ilk . When s i la g e  ie  not a v a i la b le ,

feed  th e  same g ra in  m ix tu re  b u t in  somewhat la rg e r  amount a " .

A method d i f f e r in g  very  l i t t l e  from th a t  suggested  by Kckles was
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advocated ty  Weavei (67) o f  th e  Iowa S ta t io n ,  w eavor'e method was to i  

^ e e d  a l l  the  legrano hay » cor w ill  e a t .  I f  lerrane hay Im th e  only 

roughage fed . th e  cow w il l  e a t  n e a r ly  2 pounds o f  i t  d a l ly  fo r  each 100 

pounds o f  l i r e  w e ig h t. I f  used a lone  w ith  o i l  age, aha w ill  ea t about 

I  pound per 100 pounds o f  l iv e  w eight a rd  3 pounds o f  s i l a g e  per 100 

pounds o f  l iv e  w e ig h t. With legume hay and s i la g e ,  feed J e rse y s  and 

Guernseys I pound o f  g r a in  fo r every 3 pounds o f  m ilk and a H o ls te in , 

A ryeh ire  o r  Brown Swiss I  pound fo r every 3 l / a  pounds o f  m ilk produced’*.

A method which has given v e ry  eetieO B ctory  r e s u l t s  under e x p e ri­

m ental c o n d itio n s  a t  t h e  Government S ta t io n  a t  B e l t s v l l l e , M aryland, 

i s  th e  fo llo w in g  as  s ta te d  by Woodward (6 1 ): “When cows a re  g iv en  3 pounds 

o f  ollafTo a day fo r each 100 pounds o f  l iv e  w eight and a l l  th e  Ho. Si or 

Ho. 3 a l f a l f a  thqy w il l  e a t ,  g iv e  g ra in  to  Je rse y  cows a t  th e  r a t e  o f 0 .6  

pound fo r  each  pound o f  milk produced above 10 pounds, and t o  H oluteins 

g iv e  0 .4  pound o f g ra in  fo r each pound o f  m ilk  above 16 pounds.'*

From the  rev iew  o f  methods o f feeding o ffe re d  by prom inent dairym en 

i t  l a  ev id en t th a t  two methods o f  feed in g  a re  commonly advocated : ( I )  The 

method suggested  by Hckles and w eaver, based on a p r a c t ic e  o f  feed ing  a 

c e r t a in  amount o f  g ra in  fo r every  pound o f  milk produced! (2) The method 

which I s  advocated by Woodward, T ro tsven  and Headley based on a p r a c t ic e  

o f  feeding  a c e r t a in  amount o f  g ra in  f o r  every pound o f  m ilk produced in  

excess o f  th a t  p rov ided  fo r by the  roughage. The amount o f { ra in  fed fo r  

each pound o f  milk t s  j u s t  enough to  produce th a t  pound o f  m ilk . I t  i s  

assumed th a t  th e  roughage in  a d d it io n  to* p ro v id in g  fo r m aintenance w il l  

a ls o  p ro v id e  n u tr ie n ts  fo r a c e r ta in  amount o f  m ilk . Woll proposed a 

method th a t a tte m p ts  t o  in c lu d e  b o th  methods o u tl in e d , w ith  th e  r e s u l t  

th a t  i t  i s  p robably  no t as a cc u ra te  as e i th e r  one. The method worked out
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t y  Woodward Ie  th e  only  one th a t  take*  in to  c o n s id e ra tio n  th e  q u a li ty  o f 

th e  hay.

The second method can he v a rie d  so as to  in c lu d e  bo th  Western 

and W estern c o n d it io n s . The p la n  suggested  by Woodward a p p l ie s  only to  

E as te rn  and Mid-W estern c o n d it io n s , and th e  p lan  suggested  by T retsvcn  

and B eadley a p p lie s  only to  W estern c o n d it io n s . Both a r e  based on th e  

same p r in c ip le ,  however. I t  i s  in te r e s t in g  to  n o te  th a t  a lth o u g h  th e i r  

feed ing  ru le s  a re  based upon th e  same p r in c ip le ,  Headley and T re tsven  

d is a g re e  as to  th e  p o in t where g ra in  feed ing  should b eg in .

Woodward (61) s t a t e s  th a t  th e  o rd in a ry  method of ap p o rtio n in g  

g ra in  la  to  g ive  each cow I  pound o f g r a in  to  each 3 o r 4 pounds o f m ilk 

produced, depending upon th e  r ic h n e ss  o f  th e  m ilk . This method i s  in ­

a c c u ra te  fo r  two reasons: ( I )  Because cows w i l l  g e t  enough n u tr ie n ts  from 

good roughage a lo n e  to  p ro v id e  fo r the  m aintenance o f  t h e i r  b o d ie s , as 

w ell a s  fo r  th e  p ro d u c tio n  o f a c e r t a in  amount o f  s i l k ,  and (2 ) because 

I  pound o f  g ra in  does n o t c o n ta in  s u f f i c i e n t  n u tr ie n ts  fo r  as  much as 

3 pounds o f  m ilk .

In  th e  review  o f  exp erim en ta l work in  which one o r th e  o th er of 

th e  two system s of feeding  were u sed , th e  f i r s t  method w i l l  he r e fe r re d  

to  as  " th e  u su a l m ethod", and th e  second w i l l  b e  re fe r re d  t o  as 

"Woodward’s Method".

Woodward’s Method Versus th e  U sual Method. In  a l l  th e  l i t e r a t u r e  

review ed th e re  was no work re p o rte d  in  which an experim ent was conducted

to  compare th e  e f f ic ie n c y  o f th e  d i f f e r e n t  methods o f fe e d in g . However,



in  moat o f  th e  d a iry  feed ing  t r i a l s  re p o r te d , a  d e f in i t e  r u le  fo r  fe e d iig  

was fo llo w ed . I t  shou ld  "be p o s s ib le , th a n , by making a  review  o f th is  

work to  g le an  some in fo rm atio n  th a t  may be o f  value in  comparing the  

method worked ou t by Woodward and th e  one suggested  by Weaver and o th e r s .  

The work which should  be more a p p lic a b le  t o  Montana c o n d itio n s  is  th a t  in  

which a l f a l f a  hay is  fed  as  a p a r t  o r  a l l  of th e  roughage.

In  th re e  feed ing  t r i a l s  o f  from f iv e  to  s ix  weeks each , V oll (59) 

and a s s o c ia te *  o f  th e  C a lifo rn ia  S ta t io n  found th a t  the  method of feed in g  

g ra in  to  d a iry  cows a t  th e  r a t io  of I  pound fo r  every 5 pounds o f  m ilk 

y ie ld e d  w ith in  5 per c e n t as good r e s u l t s ,  on th e  average , as a  r a t i o  o f  

I  pound o f  g r a in  to  every 3 pounds o f  m ilk . The roughage fed  c o n s is te d  

o f  equal p a r t s  o f corn  s i l a g e  and a l f a l f a .  The " f u l l  g ra in "  trroup averag­

ed 22 .8  pounds o f  m ilk  p e r  day c o n ta in in g  .894 pound o f  b u t t e r  fa t  and th e  

same group on th e  " l im ite d  g ra in "  r a t io n  averaged  21 .8  pounds o f m ilk and 

.869 pound o f  b u t te r  fa t  p er day . I t  i s  th e re fo re  q u i te  e v id en t th a t  th e se  

experim ents were conducted w ith  cows o f very  average  p ro d u c tio n . S ince 

g ra in  a lo n e  in  th e  p ro p o r tio n  of e i th e r  I  to  3 or I to  5 does n o t p ro v id e  

enough n u tr ie n ts  to  produce I  pound o f  m ilk , i t  i s  ev id en t th a t  th e  

roughage fu rn ish e s  p a r t  o f  th e  n u t r i e n ts  fo r  m ilk p ro d u c tio n  a s  w ell a s  

m ain tenance.

In  a l l ,  during  a p e r io d  o f 214 cow days, th e  heavy g ra in  group 

consumed an average  d a ily  r a t io n  o f 22 pounds o f s i l a g e ,  22 pounds o f 

a l f a l f a  hay, 5 pounds o f  b e e ts ,  1 .8  pounds o f  b e e t p u lp , and 7 .6  pounds 

o f g r a in .

The l im ite d  g r a in  group in  a p e rio d  o f  214 cow days consumed
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an av erag e  d a i ly  r a t io n  o f  2% pounds o f  s i l a g e ,  21 .3  pounds o f  a l f a l f a  

hajrt 5 .£  pounds o f  b e e ts ,  1 .9  pounds o f  b e e t pulp  and 4 .2  pounds o f  g ra in . 

Table I  g iv e s  th e  average p ro d u c tio n  o f  m ilk  and a comparl son o f th e  

n u tr ie n ts  consumed w ith  th e  n u t r ie n ts  re q u ire d .

Table I  -  Heavy Versus L igh t C ra in  Feeding
Group M ilk T est Average Wt. TotaT D igestibY e N u trle irE s^ n o rease  Tn

Tiequired Consumed D iffe ren ce  P roduction  
Heavy grain  22 .8  3 .9  1157 16.4? 22 .84  v O T  6^
Light grain  2K 8_ S .£  _  _1JL58____  20^.00___________v3^78

Tro co n c lu sio n s  may be a r r iv e d  a t  from th e  d a ta  in  t h i s  ta b le :  ( I )  

Both groups were fed  in  excess o f req u irem en ts, when fed  in  the  p ro p o rtio n  

o f  I  to  3 and I  to  5 , and (2) th e re  was an In c re a se  in  p ro d u c tio n  when an 

a lre a d y  l i b e r a l  r a t io n  was made more l i b e r a l .

At th e  Huntley F ie ld  S ta t io n ,  M oseley, S tu a r t ,  and Graves (46) fed  

a  group o f  10 H o ls te in  cows on a  r a t io n  o f a l f a l f a ,  b e e t s i l a g e ,  and b e e t 

p u lp ; th e  n ex t y e a r th e  group was fed  th e  same roughages and ^ r a in  in  th e  

p ro p o rtio n  o f  I  pound to  each 6 pounds o f  m ilk ; th e  th i r d  y e a r  th e  g »  up 

rece iv ed  th e  same roughages and in  a d d i t io n ,  I  pound o f  g ra in  to  each 3 

pounds o f  m ilk . Ten cows in  a l l  com pleted a  365-day t e s t  on each o f  tb s  

th re e  r a t i o n s .  S ince  th e y  were on p a s tu re  in  th e  summer th e  comparisons 

were made o f th e  th re e  groups du rin g  th e  w in te r feeding  p e rio d  o f  201 dyys.

The group fed  g r a in  a t  th e  r a t e  o f I pound to  6 pounds o f  m ilk 

consumed very c lo se  to  t h e i r  th e o r e t ic a l  req u irem en ts , acco rd in g  to  th e  

Meigs and Converse s tan d a rd  (3 9 ) , t h e i r  average consumption o f  t o t a l  

d ig e s t ib le  n u tr ie n ts  b e in g  2 .4  p e r  c e n t In  excess o f  t h e i r  req u irem en ts .

They a ls o  produced 19.2 p er cen t more b u t t e r f a t  th a n  the  group fed  

roughages e x c lu s iv e ly , and gained  an  average o f  87 pounds in  l i v e  w e ig h t.
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The group fed  roughages e x c lu s iv e ly  f a i le d  by 4 .6  p e r cen t to  

consume enough n u tr ie n ts  acco rd in g  to th e  Meigs and Converse ta b le s ,  and 

l o s t  an  average  o f  23 pounds o f  l iv e  w eight during th e  201 d ay s.

The th i r d  group, o r  th e  group re c e iv in g  I  pound o f  g r a in  f o r  each 

pound o f m ilk , produced on ly  6 .7  p e r c e n t more b u t t e r f a t  th a n  th e  group 

fed  a t  th e  r a t e  o f  I  pound o f  g r a in  to  each 6 pounds o f  m ilk . This group 

consumed 29 .2  p e r cen t more n u t r ie n ts  th a n  were re q u ire d  and gained  an 

average o f 106 pounds in  l i v e  w eight during  th e  w in te r  fe ed in g  p e r io d .

A ll o f  th e  cows in  t h i s  eoperim ent were h igh  producers and th e re  

was b u t very l i t t l e  v a r ia t io n  in  th e i r  p ro d u c tio n  d u rin g  th e  y e a r .  During 

th e  y e a r th ey  rece iv ed  g ra in  a t  th e  r a t e  o f  I pound to  6 pounds o f  m ilk , 

th e s e  10 cows produced an  average o f  676.46 pounds o f  b u t t e r f a t ,  vary ing  

in  p ro d u c tio n  from 471.88 to  627.08 pounds o f  b u t t e r f a t  in  t h e i r  365-day 

p e r Io d.

S ince  a l l  o f  th e se  cows produced a t  about th e  same l e v e l ,  i t  i s  

very  probable th a t  in  th is  case  th e  p ro p o r tio n  o f I pound o f  g r a in  to  

6 pounds o f  m ilk  was about th e  c o r re c t  p ro p o r tio n  for cows producing  

th a t  q u a n tity  o f  m ilk and b u t t e r f a t .  Three d i f f e r e n t  r a te s  o f  feed l%  

were t r i e d  on th e  same group and one proved to  be about r ig h t  fo r  th a t  

g roup . However, would th i s  experim ent have proved so s a t i s f a c to r y  i f  th e  

cows had v a r ie d  w idely  in  p ro d u c tio n  as i s  more o f te n  the  case?  Due 

to  th e  f a c t  t h a t  th e  roughages fu rn ish ed  such a la rg e  p ro p o r tio n  o f  th e  

n u t r i e n ts  and th e  cows were such h ig h  p ro d u c e rs , th e  d a ta  may be l n t e r -  

i r  e ted  a s  in d ic a t in g  th a t  low producers would re c e iv e  a s u f f i c i e n t  

amount o f  n u tr ie n ts  from th e  roughage a lo n e . The f a c t  th a t  th o se  high
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p ro d u c e rs , when fed  no th in g  h u t roughage, consumed alm ost enough n u tr ie n ts  

to  supply  t h e i r  requ irem en ts a ls o  In d ic a te s  th a t  such Is  th e  c a se . The 

consum ption o f  such  la rg e  amounts o f  n u tr ie n ts  In  th e  form o f  roughage was 

p robab ly  due to  th e  g r e a t  v a r ie ty  o f  roughages fe d .

D airy  c a t t l e  feed in g  t r i a l s  were conducted by P o s te r  and L a tta  (16) 

o f  the  lew Mexico S ta t io n ,  In  which s t r i c t l y  a l f a l f a  hay fe e d in g  was com­

pared  w ith  a l f a l f a  hay and g r a in  fe e d in g , by use o f  the  r e v e r s a l  method.

The a l f a l f a  was fed  ad lib itu m  to  both  groups and th e  g ra in  'fas fed in  

th e  p ro p o rtio n  o f  I pound o f g ra in  to  each 3 pounds o f  m ilk produced. The 

g ra in  fed  group produced 10 p e r  c en t more b u t t e r f a t  th an  th e  s t r i c t l y  

a l f a l f a  group*

The cowe used in  th e s e  experim ents were m ostly g rade  Je rse y s  w ith  

a few pure b red  J e r s e y s ,  Guernseys and I Io ls te in s . The g ra in  fed  c o n s is te d  

o f  equal p a r ts  o f  co rn  and b ra n , c o n ta in in g  73*3 p er cen t t o t a l  d ig e s t ib le  

n u t r i e n ts  acco rd ing  to  th e  Henry and M orrison ’s ta b le s .  The cows fed 

a l f a l f a  and g ra in  over a p e r io d  o f four months averaged 14 .7  pounds o f 

4 .8  p e r cen t m ilk  on 2 5 .6  pounds o f a l f a l f a  and 6.66 pounds o f  g ra in ,  and 

gained  26 pounds in  l i v e  weight p e r  month. S ince t h e i r  average  weight was 

about 1 ,100 pounds, t h e i r  requ irem ents fo r  t o t a l  d ig e s t ib le  n u tr ie n ts  

acco rd in g  to  th e  Meigs and Converse ta b le s  was 14.23 pounds p e r day; 

whereas th ey  received  48 .08  pounds o f  t o t a l  d ig e s t ib le  n u t r i e n ts  por day.

The cows fed a l f a l f a  a lone  averaged 13.1 pounds o f  4 .8  p er cen t 

m ilk  on 31.25 pounds o f good a l f a l f a  hay, and ga ined  2 pounds p e r  month 

in  l iv e  w e ig h t. C onsidering  th e  weight a g a in  a t  1,100 pounds, th e  r e ­

quirem ents o f  t o t a l  d ig e s t ib le  n u tr ie n ts  would be 13.6  pounds p e r  d ^ ;
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whereaa they  a p p a re n tly  re c e iv e d  16.1 pounds p e r  day .

Thia experim ent fu rn ish ed  a good example o f one o f  th e  camion 

f a u l t s  o f  feed in g  a c e r ta in  amount o f  g ra in  fo r every pound o f  m ilk produc­

ed . The a l f a l f a  a lo n e  p rov ided  s u f f ic ie n t  n u tr ie n ts  fo r th e s e  low produc­

ing c owe. The f a c t  t h a t  th ey  gained 2 pounds p e r month on a l f a l f a  a lone  

in d ic a te s  th a t  they  were re c e iv in g  about the p roper amount o f  n u t r i e n t s .

The groups re c e iv in g  g ra in  consumed about th e  p roper amount o f  n u t r ie n ts .  

The groups re c e iv in g  g ra in  consumed co n sid e ra b le  more to t a l  d ig e s t ib le  : 

n u tr ie n ts  than  was re q u ire d  and ga ined  29 pounds per month in  l i v e  w eigh t. 

The in c re a se  in  p ro d u c tio n  by the g ra in  fed  group may have been due to  a 

com bination o f f a c to r s ,  namely: th e  supernorm al p lane o f  n u t r i t i o n ,  and thV% 

in c re ase d  v a r ie ty  and p a l a t a b l l l t y  o f  th e  r a t io n .

The feed ing  o f a l f a l f a  hay as th e  e x c lu s iv e  r a t io n  fo r  d a iry  cows 

was compared w ith  th e  feed ing  o f  b a r le y  and a l f a l f a  hay by T rue, Woll and 

V oorhies (53) during  two su ccess iv e  w in te r feeding  p e r io d s . F ourteen  cows 

were fed  in  th e  f i r s t  t r i a l  and 18 were fed  in  the second t r i a l .  In  b o th  

t r i a l s  th e  re v e rsa l  method was u se d . The r a t io n  c o n s is te d  o f a l f a l f a  

hay, g re e n  a l f a l f a  and b a r le y , in  th e  case  of th e  cows on th e  grtd n r a t io n .  

The group on roughage e x c lu s iv e ly  rece iv ed  green a l f a l f a  and a l f a l f a  hay.

In  bo th  t r i a l s  th e  a d d it io n  o f  b a r le y  to  th e  r a t io n  in c reased  th e  p ro d u c tio n  

o f  m ilk  13 p e r  c e n t .

The cows in  th is  experim ent would b e  considered  a s  lew producers 

s in c e  t h e i r  av erage  d a ily  p ro d u c tio n  of b u t t e r f a t  was only 0 .6  pounds.

B arley  was fed  a t  th e  r a te  o f I pound to  each 6 pounds o f m ilk  produced.
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S ln ea  th e  In fo rm atio n  w»s a v a i la b le  on th e  average l i v e  w eight o f  th e  cow, 

P ro d a c tIon o f  m ilk , p e r  c e n t o f  b u t t e r f a t ,  and average  d a i ly  feed  eoneun&p- 

t l o n ,  i t  wae a o a s lb le  to  oonpare th e  amount o f  to ta l  d ig e s t ib le  n u tr ie n ts  

e a te n  by the harlqy fed  groups w ith  the  th e o r e t ic a l  requ irem en ts  o f  th e se  

cows acco rd ing  to  th e  Helgs and Converse s ta n d a rd .

The r e s u l t s  show th a t  In  th e  f i r s t  t r i a l s  th e  cows re c e iv e d  enough 

n u tr ie n ts  to  produce 36 pounds o f  m ilk and g a in  s l ig h t ly  In  w e ig h t. How­

e v e r , t h i s  group averaged only KB pounds p e r  day . In  th e  second t r i a l s  

th e  cows re c e iv e d  enough n u t r i e n ts  to  p ro v id e  fo r  36 pounds o f  m ilk  bu t 

produced only  19 .2  pounds.

H ere, a g a in , low producers were fed  In  excess o f  t h e i r  requ irem ents 

when a llow ed a c e r t a in  amount o f  g ra in  fo r  every pound o f m ilk  produced.

Woll (60) fed  one group o f  h e i f e r s  e x c lu s iv e ly  on a l f a l f a  and 

an o th er group a l f a l f a ,  u lla g e  and consent r a t e s .  The feed ing  began one y e a r 

b e fo re  fre sh en in g  and con tinued  th rough  t »  l a c t a t io n  p e r io d s . The ex­

c lu s iv e  a l f a l f a  r a t io n  c o n s is te d  o f  t s o - f i f t h s  g reen  a l f a l f a  and th r a e -  

f l f t h s  a l f a l f a  hay . The mixed r a t io n s  wore made up o f  c l  fa I fh  bay , g reen  

a l f a l f a ,  s i la g e  and concent r a t e s .  The c o n c e n tra te  r a t io n  c o n s is te d  o f  b ran , 

b a r le y , d r ie d  b e e t palp  and coconut n a i l .  The method o f  feed in g  th e  g ro in  

wae n o t g iv e n .

The r e s u l t s  shor th a t  th e  group on th e  mixed r a t io n  gained  20 par 

c e n t more In  w eight and showed a  tendency tow ards a s l i g h t ly  g r e a te r  body 

developm ent, as shown by th e  measurements o f  th e  h e ig h t o f  shou lders  and 

h ip s ,  w id th  between h ip s ,  le n g th  from Hip bone to  p in  bona, le n g th  from 

sh o u ld er to  p in  bones and h e a r t  g i r t h .



•17-

B urlng th e  f i r s t  l a c t a t i o n  p erio d  th e  group on th e  mixed ra t io n s  

produced 40 p e r cen t more b u tte r  f a t  th an  th e  a l f a l f a  fed group, and in  th e  

second la c t a t io n  perio d  produced 25 per cen t more. Except fo r some 

tro u b le  in  th e  second y e a r  w ith  one cow in  th e  mixed r a t i o n  group, which 

cu t h e r p ro d u c tio n  in  I ia lf ,  t h i s  group would have shown about th e  same 

in c re a se  in  p ro d u c tio n  over th e  a l f a l f a  fed group a s  i t  d id  th e  p rev ious 

y e a r .

Here again  a l l  th e  f ig u re s  a re  a v a i la b le  to  compare th e  two groups 

on th e  b a s is  o f n u tr ie n ts  re q u ired  and n u tr ie n ts  received  by th e  u se  o f  

th e  'Je ig s  and Converse s ta n d a rd . The a l f a l f a  fed  group re c e iv e d  enough 

t o t a l  d ig e s t ib le  n u tr ie n ts  above m aintenance fo r  th e  p roduction  o f 2 1 .E 

pounds o f m ilk ; whereas t h e i r  average  p ro d u c tio n  was 17 pounds o f m ilk .

The mixed r a t io n  group rece iv ed  enough n u t r ie n ts  above m aintenance to  

p ro v id e  fo r  54 pounds o f  m ilk , whereas t h e i r  p ro d u c tio n  was only  2 4 .E 

pounds o f  m ilk .

A pparently  th e  mixed r a t io n  Had a tendency to  in c re a se  th e  pro­

d u c tio n . However, s in c e  th e  group on mixed ra t io n s  were fed  co n sid e r­

ab ly  in  excess o f  t h e i r  req u irem en ts , some o f  t h i s  in c re a se  may have 

been due to  th e  super-norm al p lane  o f  n u t r i t i o n .

Vernon (66) o f  th e  Hew Mexico S ta t io n  fed  one group o f cows a l l  

th e  a l f a l f a  th ey  would e a t  and e ig h t pounds o f  b ran  and an o th er group 

a l f a l f a  e x c lu s iv e ly , u s in g  th e  re v e rs a l  method, du ring  two p e rio d s  o f 

s ix  weeks each.

The groups on a l f a l f a  and b ran  produced 16.5  per cen t more m ilk , 

b u t a t  a low er e f f ic ie n c y  o f 8 per cen t due to  an excess o f  n u tr ie n ts



—1 8 —

above req u ire m e n ts . The cows in  th i s  g ro u p  consumed 33.3 pounds o f  

a l f a l f a  p e r  day» or 22 pounds o f t o t a l  d ig e s t ib le  n u tr ie n ts  and produced 

16.6  pounds o f m ilk per day.

The groups on a l f a l f a  e x c lu s iv e ly  consumed an average o f  3 3 .Q 

pounds o f a l f a l f a  per day or 17.44 pounds o f  to ta l  d ig e s t ib le  n u tr ie n ts  

and produced 13 .7  pounds o f  m ilk p e r  day.

S ince  th e  cows used were m ostly  g rad e  J e r s e y s , i t  is ev iden t th a t  

th e  p ro d u c tio n  and m ain tenance was w ell p rov ided  fo r by th e  33 pounds o f  

a l f a l f a  consumed. The e ig h t pounds of b ra n  fed  was ap p a ren tly  in  excess 

o f re q u ire m e n ts . In  sum m arising th i s  work then  i t  i s  ap p aren t th a t  the  

in c re a se  in  p ro d u c tio n  fo llo w in g  th e  a d d it io n  o f  b ran  may have been due 

n o t only  to  th e  in c re a se d  v a r ie ty  and p a l a t l b i l l t y ,  b u t a ls o  to  an excess 

o f  n u t r i e n t s .

A fte r  conducting  con tinuous feed in g  t r i a l s  covering  four y e a r s ,  

Headley (28) o f th e  Nevada S ta t io n  concluded th a t  when a pound o f  t o t a l  

d ig e s t ib le  n u t r ie n ts  in  th e  form o f  a l f a l f h  hay i s  cheaper th a n  a pound 

o f  t o t a l  d ig e s t ib le  n u tr ie n ts  in  th e  form o f  g ra in , th e  amount o f  g ra in  

fed  should  co rrespond  to  th e  m ilk and f a t  produced , and i t s  use  should be 

d isco n tin u ed  when p ro d u c tio n  d e c lin e s  to  th e  p o in t *  e re  roughage alone 

w i l l  supply  th e  n u t r i e n t s .  The in c re a se  in  b u t t e r f a t  from feed in g  g ra in  

amounted to  .2  pound d a ily  fo r 260 days fo r  fo u r cows consuming an average 

o f  8 pounds o f  g ra in  p e r  day.

The r e s u l t s  o f  an experim ent w ith  71 H o ls te in s  and Je rse y s  over a 

p e rio d  o f  th re e  w in te rs  were re p o r te d  by Woodward, Shepherd and Graves (6 1 ) )  

du ring  which tim e  th e  cows were fed  a cc o rd in g  to  Woodward’s method which
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was p re r lo u e ljr  ex p la in ed  in  th e  t e x t  o f  t h i s  t  heel a.

From experim entB in  which cows had been g iv o i a l l  th e  roughage 

thev  would e a t ,  they  determ ined  th e  amount o f  a l f a l f a  hay la rg e  cows and 

sm all cows would e a t when i t  was fed  in  a d d itio n  to  a d e f in i t e  q u a n tity  

o f  s i l a g e .  Thqy found as expected , th a t  th e  la rg e  cows consumed more 

roughage th a n  th e  sm all cows and th a t  Jo reeya and H o le te ine  o f th e  same 

s i t e  a te  about th e  same q u a n tity  o f roughage. When cows were fed 3 pounds 

o f  s i la g e  a day per 100 pounds o f  l i v e  w eight and a l l  th e  good a l f a l f a  

h ty  th e y  would e a t ,  th e  sm all cows a te  about 8 pounds o f a l f a l f a  per day 

above the  amount re q u ire d  fo r  m aintenance, and th e  la rg e  cows a te  about 

10 pounds of a l f a l f a  p e r  day above m aintenance req u irem en ts , or enough 

to  produce 10 and 16 pounds o f  Je rsey  end H o ls te in  m ilk r e s p e c t iv e ly . 

Je rse y s  producing over 10 pounds o f m ilk  per day were fed  .6  pound of 

g ra in  fo r  each pound o f m ilk over th a t  amount and H o ls te in s  were fed .4 

pound o f  g r a in  fo r  each pound of m ilk over s ix te e n  pounds.

They s t a t e  th a t :  "For com parison o f  th is  new method o f feed ing

g ra in  to  d a iry  cows w ith  th e  usual method o f  feeding I  pound of g ra in  fo r  

each 3 or 4 pounds o f m ilk produced, i t  would have been d e s ir a b le  to  have 

had s im ila r  da ta  on th e  p ro d u c tio n , d e c lin e  in  m ilk y ie ld ,  and g a in  or lo s s  

in  body w eight o f  cows fed  by th e  Usual Method, However, i f  th e  n u tr ie n ts  

p rov ided  by each o f  th e se  two methods o f  feed Irg  a re  compared w ith  those  

p rov ided  by th e  Haecker and Savage s ta n d a rd s , i t  w ill  be  f o u n d ^  ^

r u le ,  th is  new method more n e a r ly  su p p lie s  the  n u tr ie n ts  in  th e  amounts 

p re sc r ib e d  by th e  s ta n d a rd s  th an  the  one in  common u se . F u r th e m o re , th e  

r e s u l t s  o f  experim ental fe ed in g  h e re  re p o r te d  show th a t  th e  n u tr ie n ts  were
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a c tu a l ly  su p p lied  i n  vezy n e a r ly  th e  c o r re c t  am ounts".

"This method does n o t app ly  w ith  accuracy  t o  the I r r ig a te d  s e c t io n s  

o f th e  West where hay o f  e x c e lle n t q u a li ty  i s  grown, nor w i l l  i t  apply 

to  th o se  s e c tio n s  where a poor roughage is  used, as s tra w , corn s to v e r , 

co tto n seed  h u l l s ,  or c o a rse  or weather damaged hay. In  th e  former case 

th e  e x c e lle n t roughage a lo n e  w il l  su p p o rt a p roduction  much in  excess o f  

10 pounds fo r  J e rse y s  and 16 for H o ls te ln s t in  th e  l a t t e r  case  th e  poor 

rougxage w i l l  n o t p ro v id e  fo r th e  n u t r i e n t s  fo r 10 to  16 pounds 

r e s p e c t iv e ly ."

Experim ental work conducted a t  th e  Havre S ta t io n , under th e  d ire c t io n  

o f  Vinke (66) shows th a t  40 p regnan t bu t dry m ilk ing  sh o rth o rn  cows made an 

average  d a ily  g a in  o f ,37  pound, on 18.3 pounds of a l f a l f a  hay, du ring  a 

p e rio d  of 111 d ay s . S ince they averaged 1,082 pounds in  body w eight th ey  

a p p a re n tly  consumed only 1 .1  pounds o f  t o t a l  d ig e s t ib le  n u tr ie n ts  in  ex­

cess o f  m aintenance req u irem en ts , acco rd in g  to  th e  Meigs and Converse 

s ta n d a rd . Moat o f  th e se  cows ca lved  s h o r t ly  a f t e r  th e  com pletion  of the 

experim ent so i t  I s  ev id en t t h a t ,  a lthough they made an a c tu a l g a in  o f  .37  

pound per day in  body w eigh t, t h i s  would re p re se n t a lo se  in  f le sh in g  o f  

approxim ately  .6  pound per day, due to  th e  f a c t  th a t  th e  .37  pound per day 

would not account fo r th e  to ta l  In c re a s i i^  w eight o f  th e  f e tu s .  From th is  

work, i t  is  a p p a ren t th a t  a l f a l f a  hay fed  no t to  exceed req u irem en ts , 

acco rd in g  to  the  Meigs and Converse s ta n d a rd , would very  n e a r ly  p rov ide  

fo r th e  m aintenance o f  a cow.

ConeI u s lone. I .  In a l l  th e  experim ents review ed, except th e  Huntley
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work, th e  cows were com paratively  low p ro d u c e rs . The m a jo rity  of them 

were fed  by th e  u su al method and th e  r a t i o  o f  pounds o f  g ra in  to  pounds o f  

m ilk was I to  3, I  to  4 , or I  to  5 . A ccording to  th e  Meigs and Converse 

t a b le s ,  th e  low p roducing  cows in  a l l  c ase s  rece iv ed  an excess of n u tr ie n ts  

ran g in g  from a few pounds to  alm ost double t h e i r  req u irem en t.

2 . The h ig h  producing  cows a t  Huntley rece iv ed  s u f f ic ie n t  n u tr ie n ts  

from a g re a t  v a r ie ty  o f  roughages, and g r a in  fed  a t th e  r a t e  o f  I pound 

to  6 pounds o f  m ilk . we must conclude, th e r e f o r e ,  th a t  th e  roughage pro­

vided th e  n u tr ie n ts  fo r th e  m ajor p o r tio n  o f  th e  m ilk  and th a t  low produc­

e rs  fed th a t  same v a r ie ty  o f  roughages would not need g ra in .

S. In  a l l  experim en ta l work re p o rte d  in  which a l f a l f a  was fed ad 

lib itu m  to  d a iry  cows as  th e  only roughage, bo th  low and high t e s t i n g  cows 

consumed enough a l f a l f a  to  tak e  c a re  o f m aintenance and a t  l e a s t  20 pounds 

o f mi lie p e r day.

4 . When s u f f i c i e n t  n u tr ie n ts  were being  prov ided  acco rd in g  to  the  Meigs 

and C onserse ta b le s ,  th e  a d d it io n  o f  c o n c e n tra te s  to  th e  r a t io n  in c reased  

th e  p ro d u c tio n  from 10 to  4 3 p e r c e n t.

5. P ro d u ctio n  wqs in c re a se d  by a supernorm al p lane  o f  n u t r i t i o n ,  but 

n o t  in  p ro p o r tio n  to  th e  n u tr ie n ts  su p p lie d .

6 . Feeding t r i a l s  a t  B a l t s v i l l e ,  M aryland, showed th a t  th e  method 

o f  feed in g  suggested  by Woodward more n e a r ly  su p p lie s  th e  n u tr ie n ts  in  

th e  amounts p re sc rib ed  by the accep ted  feed ing  s tan d a rd s  th an  th e  one in  

common use .

Amount o f  A lfa lfa  Hay th a t  D airy  Cows w i l l  Consume. The ms thod o f  

feed in g  suggested  by Woodward, Shepherd and Graves (61) re q u ire s  th a t  th e
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must be known. They determ ined what th e  average  consumption o f  a l f a l f a  

hay o f good q u a l i ty  would be when th e  cows were fed s i la g e  in  th e  pro­

p o r tio n  o f  3 pounds p e r  day fo r  each 100 pounds o f  l iv e  w e ig h t. In  

o rd e r to  fo rm ulate  a method fo r  W estern c o n d itio n s  by using  th i s  same 

p la n , i t  i s  d e s ir a b le  to  de term ine  how much a l f a l f a  th e  cows o f th e  

v a rio u s  b reeds w i l l  consume when co n ce n tra te s  a re  inc luded  in  th e  r a t io n .

From th e  r e s u l t s  o f  s e v e ra l  experim ents w ith  a l f a l f a  hay feed in g ,

Headley (28) concludes th a t  th e  c a p a c ity  o f  th e  average cow fo r hay is  

l im ite d  to  about 30 pounds p e r  day fo r  a 1 ,000 pound cow or 36 pounds fo r  

a 1,300 pound cow.

T able  I I  g iv es  th e  average  consum ption o f  a l f a l f a  hay by d a iry  cows 

a t  th e  Nevada S ta t io n  du ring  1931 in  an  experim ent conducted by Headley (2 9 ) . 

These cows d id  no t re c e iv e  any o th er feed  th an  a l f a l f a  hay from th e  tim e 

they  dropped th e i r  f i r s t  c a l f .  Numbers I and 2 dropped t h e i r  f i r s t  ca lv e s  

in  1928 and did n o t re c e iv e  any o th e r  feed  th an  a l f a l f a  u n t i l  1932.

T able I I D aily  Consumption o f  A lfa lfa
Hay liaten P er Pay Average m ilk

Cow H ighest fo r Average for p ro d u c tio n  p er Average Weight
Number any one month Y arr 1931 day fo r year 1931 o f Cow

Lbs. # Lbs.
T  " 44 .2 3879" -----------  2076----------- "  "  1430-----------
2 41 .8 36.0 18.6 1336
3 43 .2 38.9 24.0 1160
4 33.1 30.6 17.6 966
5 36.9 31.0 16.7 1035

Headley (30) s ta te d  t h a t  he had observed th a t  cows e a t th e  most 

a l f a l f a  haor du rin g  p e rio d s  o f high p ro d u c tio n  and le a s t  when they  were d ry . 

He a ls o  s ta te d  t h a t  th e  amount o f  hey v a r ie s  w ith  th e  amount o f  m ilk
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produced a s  w e ll a s  w ith  th e  weight o f th e  cow.

In  fe e d in g  t r i a l s  conducted a t  th e  Now Mexico S ta t io n  by P o s te r  and 

Heidks 117) Where d a iry  cows were fed  a l f a l f a  ad lib itu m , 16 cows averag­

ing  1 ,057 pounds in  w e ig h t, a t e  35 pounds o f  a l f a l f a  hay and 5 .8  pounds 

o f  g ra in  p e r  day during  a period  o f 50 days. Grain was fed  in  th e  p ro ­

p o r tio n  o f  I pound to  every 5 pounds o f  m ilk  produced.

Cows a t th e  Hunt ley  S ta t io n  (work n o t y e t  p u b lished ) have consumed 

as  much as  50 pounds o f  a l f a l f a  per day when a l f a l f a  hay c o n s t i tu te d  

th e  only  feed .

I f  legume hay i s  th e  only  rouglmge fe d , th e  cow w il l  e a t  n e a r ly  2 

pounds o f i t  fo r  each 100 pounds o f l i v e  weight acco rd in g  to  Weaver (5 7 ).

In  an experim ent conducted by P o s te r  and L a tta  (1 6 ) , two groups o f  

g rade  Je rse y s  and a few pure b red  J e r s e y s ,  Guernseys and H o ls te in s  were 

fed  on ex c lu s iv e  a l f a l f a  hay r a t io n  versu s  an  a l f a l f a  hay and c o n ce n tra te  

r a t io n ,  d u rin g  a pe rio d  o f fou r months, fh e  body w eights were no t g iv en . 

The group on th e  a l l  hay r a t io n  a t e  33 pounds o f  good q u a l i ty  a l f a l f a  hay 

p er day. The group on th e  hay and g r a in  r a t io n  a te  25 .6  pounds o f  good 

q u a l i ty  a l f a l f a  hay and 6.66 pounds o f  co n ce n tra te s  per day . Each pound 

o f g ra in  decreased  th e  consumption o f a l f a l f a  0 .9  pound.

The re p o r t  o f  Vernon’s experim ent (65) shows th a t  th e  group on th e  

a l f a l f a  hgjr r a t io n  a te  33.8  pounds o f a l f a l f a  hay p a r Asy ,  w hile th e  

same group on a l f a l f a  hay and b ran  a te  33 .3  pounds o f  a l f a l f a  p e r day and 

8 pounds o f  b ra n . One pound o f  bran  lowered th e  consum ption o f  a l f a l f a  

hay .15 pound.
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ITeadl^y (28) re p o r ts  th a t  during  a two y ear feed in g  p erio d  each pound o f 

g ra in  in  th e  r a t io n  decreased  th e  consum ption o f  a lf a l  fa  Iiay o n e -h a lf  

pound p e r day. However, th e  e f f e c t  was n o t c o n s is te n t .  ?he f i r s t  y ear 

th e  sav ing  was only  o n e -te n th  pound o f hay fo r  each pound of g ra in  fed .

The second y ear th e  sav ing  was one pound of hay p er pound o f  g ra in  fed#

Data from th e  experim ent by T rue, W oll, and Voorhies (53) show 

th a t  when th e  two groups were re c e iv in g  30 pounds o f  g re e n  a l f a l f a  and 

a l f a l f a  hay a t  w i l l ,  each pound o f  b a r le y  fed decreased  th e  consumption 

o f hay 0 .3  pound. The cows were e a t in g  abou t 20 pounds o f  a l f a l f a  hay.

An experim ent conducted by Woodward, Shepherd and Graves (61) 

t o t a l l i n g  seven months. T able I I I ,  shows th a t  th e  b e t t e r  g rad es  of 

a l f a l f a  hay a re  ea ten  in  la rg e r  q u a n t i t ie s  th an  a re  th e  p o o re r g rad es .

Also th e  b e t t e r  g rades o f  a l f a l f a  were th e  most e f f e c t iv e  in  m ain ta in ­

ing  th e  m ilk flow .

Table I I I  E f fe c t o f  the  q u a li ty  o f  a l f a l f a  hay upon th e  amounts o f  hay 
ea ten  and d e c lin e  in  m ilk  y ie ld .  (Average fo r  10 cow s).

Average q u a n tity  o f hay Average d em in e  in  
Kind o f  hay fed  e a te n  d a ily  p e r cow M ilk y ie ld
A lfa lfa  Pounds P er cen t
Ho. I  14 .4  No d e c lin e
Ho. I  14.8 2 .6
Ho. 2 13.0 5 .0
Ho1 3 ___  _______  ___  12.8 _ ___ 3 .6

S ila g e  was fed  a t  th e  r a t e  o f  3 pounds* 

d a ily  p e r 100 pounds o f  l iv e  w eigh t. In  Hie case  o f  Hols t e i n s ,  g ra in  was 

fed  a t  a n  average r a te  o f  0 .4  pound o f g ra in  fo r each pound o f  m ilk p ro­

duced above 16 poundsj and in  th e  c ase  o f  J e r s q r s ,  0 .6  pound o f g ra in  fo r  

each pound o f  m ilk produced above 10 pounds, adjustm ent b e in g  made the  

f i r s t  o f each month.



C onclusions. I .  D airy cows w i l l  consume Detwoan 25 and 35 pounds o f

good q u a li ty  a l f a l f a  Iiay per day whan i t  i s  fe d  ad lib itu m  w ith  g ra in .

2 . O ther fa c to rs  be ing  c o n s ta n t th e  amount o f a l f a l f a  hay eaten  

v a r ie s  acco rd in g  to  th e  w eight o f th a  cow.

3 . Oood q u a li ty  a l & l f a  hay is  ea ten  in  la rg e r  q u a n t i t ie s  than is  

poor q u a li ty  a l f a l f a  hay .

4 . Good q u a lity  a l f a l f a  hay is more e f f e c t iv e  in  m ain ta in in g  the  

m ilk flow th an  i s  poor q u a li ty  a l f a l f a  hay.

5 . C oncen tra tes  added to  th e  r a t io n  o f  a cow in  m ilk w i l l  not de­

c re a se  th e  consum ption o f  a l f a l f a  more th an  one pound fo r  each  pound o f  

c o n c e n tra te s  added.

E ffe c t o f  G rain in  R ation  on E ffic ie n c y  o f P ro d u c tio n . The e f f e c t  

o f  g r a in  in  th e  r a t io n  upon th e  e f f ic ie n c y  o f  p ro d u c tio n  was determ ined by 

means o f th e  Meigs and Converse s tan d a rd  from th e  d a ta  in  a  long  tim e ex­

perim ent re p o rte d  in  th e  1929 re p o r t  o f th e  Huntley Experim ent S t a t i o n .14 5 ) . 

The cows on th e  roughage r a t io n  re q u ire d  15 .2  pounds o f  t o t a l  d ig e s t ib le  

n u tr ie n ts  p e r  pound o f  b u t te r  f a t  produced. The roughage group was fed  4 .6  

p e r  c en t under requ irem en ts  w h ile  th e  l im ite d  g ra in  group was fed  2 .4  p e r 

cen t over th e  req u irem en ts . Thus th e  a d d it io n  o f  g ra in  a p p a ren tly  made no 

d if fe re n c e  in  th e  e f f ic ie n c y  o f  p ro d u c tio n  when th e  cows were fed  so  as 

no t to  m a te r ia l ly  exceed req u irem en ts . However, th e  t h i r d  group was fed  

29 .2  p e r cen t in  excess o f  req u irem en ts, and consumed 19 .3  pounds o f  t o t a l  

d ig e s t ib le  n u tr ie n ts  p e r pound o f b u t t e r  f a t  produced.
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Re s u i t  s o f a n  experim ent eenducted tyr Headley (28) ah owe t> » t th e  

average  requ irem ent o f  g r a in  fed cows waa 19 .6  pound a o f  t o t a l  d ig e s t ib le  

n u tr ie n ts  p e r pound o f b u t t e r  f a t  produced aM  th a t  th e  av erag e  re q u ire ­

ments fo r  th e  cows fed e x c lu s iv e ly  on a l f a l f a  waa 18.7 pounds o f  t o t a l  

d ig e s t ib le  n u tr ie n ts  p e r  pound o f b u t te r  f a t  produced. Headley concludes 

t h a t ,  "Each pound o f  d ig e s t ib le  n u tr ie n ts  fed  to  cows e i th e r  in  the  form 

o f g ra in  o r o f  a l f a l f a  hay re tu rn s  equal amounts o f  b u t t e r f a t  to  the  

dairyman p ro v id in g  11) th e  r a t io n  co n ta in s  s u f f ic ie n t  p ro te in ,  (2) th e  

r a t io n  i s  p a la ta b le ,  (3) th e  cows re c e iv e  a l l  th e  hay th ey  w i l l  c lean  up, 

and (4) g ra in  i s  n o t fed  in  excess o f  th e o re t ic a l  n u t r ie n t  req u irem en ts" .

Working w ith  cow t e s t in g  a s s o c ia t io n  reco rd s  from 18 h erds in  

w estern  Montana, Johnson, Sherman, T re tsv en , E zek ie l and W ells (34) re ­

p o rte d  a  r a th e r  d e f in i te  r e la t io n s h ip  between th e  p e r c en t o f  g ra in  In  

th e  r a t io n  and th e  e f f ic ie n c y  o f p ro d u c tio n . T heir r e s u l t s  show an in ­

c re a se  in  e f f ic ie n c y  o f 2 .8  p e r cent when 10 p e r cen t o f th e  to ta l  

d ig e s t ib le  n u tr ie n ts  a re  in  th e  form o f  g r a in ,  8.4 p e r cen t when 20 per 

cen t o f  th e  t o t a l  d ig e s t ib le  n u tr ie n ts  a re  fu rn ished  by g r a in  and 14 per 

cen t th en  30 per c en t of th e  t o t a l  d ig e s t ib le  n u tr ie n ts  a re  fu rn ish ed  

by g r a in .

ConeI u s io n s . I .  The only c o n tro l le d  experim ent found in  th e  l i t e r ­

a tu r e ,  on th e  e f f e c t  on th e  e f f ic ie n c y  o f  b u t te r  f a t  p ro d u c tio n  by the 

a d d it io n  o f  g ra in  to  an a l f a l f a  r a t i o n ,  was th a t  re p o rte d  by Headley (2 8 ) . 

Hls co n c lu sio n s  a re  th a t  g ra in  in  th e  r a t io n  does not a f f e c t  the  

e f f ic ie n c y  o f  p ro d u c tio n  when the g ra in  i s  p a la ta b le  and th e  cows re c e iv e



a l l  th e  hay th ey  w ill  c le a n  up*

2« Due to  th e  la ck  o f  c o n c lu s iv e  d a ta , no d e f in i t e  co n c lu sio n s  

can  be made a t  t h i s  t i n e  reg a rd in g  th e  p o s s i b i l i t y  o f in c re a s in g  th e  

e f f ic ie n c y  o f  p ro d u c tio n  o f  b u t t e r f a t  by th e  a d d it io n  o f  g ra in  to  th e  

d a iry  c a t t l e  r a t io n .
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A d a iry  cow uaea feud f o r  r ia in ta in in g  th e  body, to  supply m a te r ia l 

fo r m ilk , fo r  development o f  th e  f e tu s ,  fo r  growth in  case  th e  aniraal is  

imrnature and a t  tim es to  produce g a in  in  w eigh t. The g en era l c la s s e s  o f  

food m a te r ia l fo r  th e s e  purposes a r e  p ro te in ,  carbohydrates  and f a t ,  and 

m ineral m a tte r  and v ita m in s .

P ro te in  R equirem ents. Of a l l  th e  food n u t r i e n t s ,  p r o te in  i s  th e  

most com plex. I t s  d i s t i n c t i v e  f e a tu re  i s  th a t  i t  c o n ta in s  n itro g e n  along 

w ith  many o th e r chem ical e lem en ts . P ro te in s  have some very  im portan t 

fu n c tio n s  t o  perform . They fu rn ish  th e  e s s e n t ia l  c e l l u l a r  m a te r ia l  fo r  

b u ild in g  m uscular and o th e r  body t i s s u e .  They a re  co n seq u en tly  n ecessa ry  

fo r  growing an im als . P ro te in s  a re  a ls o  re q u ire d  by m ature anim als for 

th e  re b u ild in g  o f  worn out t i s s u e s  t h a t  a r e  b e in g  c o n s ta n tly  to rn  down. 

Pregnant anim als demand p ro te in  fo r  th e  p ro p er development o f  th e  f e tu s .  

The curd  o f  th e  m ilk i s  la rg e ly  p r o te in .  P ro te in  i s  a lso  used fo r th e  

e la b o ra t io n  o f the  flat and sugar o f m ilk .

I t  is  g e n e ra lly  u n derstood  th a t  as long  as a l f a l f a  hay c o n s t i tu te s  

f i f t y  per cen t o f  th e  roughage fed, th e  p r o te in  requ irem ents w il l  be 

f u l ly  met w ithou t th e  a d d i t io n  o f  h igh  p r o te in  feeds (31) and when 

a l f a l f a  c o n s t i tu te s  th e  on ly  roughage, p r o te in  i s  su p p lied  co n sid e rab ly  

in  excess o f  req u irem en ts . Recent work has shown th a t  th e r e  i s  good
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reaso n  t o  b e l ie v e  th a t  th e  p r o te in  requ irem en ts o f  e x is t in g  feed ing  s tan d ­

a rd s  a re  too  high* Zf th i s  is  th e  c a se , th e  W estern dairyman must be 

co n sid e red  a s  b e ing  even more fav o rab ly  c ircum stanced  as concerns th e  

problem o f  supp ly in g  s u f f i c i e n t  p r o te in .  I t  would be w e ll then  to  r e ­

view , in  b r i e f ,  th e  developm ents in  ex p erim en ta l re se a rc h  on p ro te in  

requ irem en ts  o f  d a iry  cows.

Jo rd an  (35) was o f  th e  op in ion  th a t  a n  excess o f  p ro te in  has a 

B tim ais t in g  e f f e c t  on th e  mammary g lan d .

Haecksr (21) fed  cows on le s s  p ro te in  th an  was p re sc r ib e d  by 

e a r l i e r  in v e s t ig a to r s .  His p ro te in  requ irem ent fo r m ilk p ro d u c tio n  in  

i t s  f i n a l  form was o b ta in ed  by observ ing  th e  consumption o f  feed p ro te in  

by the cows in  th e  herd  a t  th e  U n iv e rs ity  o f  M innesota. A fte r  deducting  

a l ib e r a l  m aintenance req u irem en t, th e  rem aining feed  p ro te in  was found 

to  be approx im ately  1.38 tim es th e  observed p r o te in  co n ten t o f  th e  m ilk . 

B e liev in g  th a t  h is  cows were handled  under more fav o rab le  co n d itio n s  th an  

th e  av e rag e , Haecker a r b i t r a r i l y  in c reased  th e  observed fa c to r  1 .38  to  

1 .76  as th e  p ro p e r r e la t io n  betw een fedd p ro te in  and m ilk p r o te in ,  in  

e s tim a tin g  th e  amount o f  feed p r o te in  necessary  to  produce m ilk o f  

d i f f e r e n t  g rades under average c o n d itio n s .

A fte r  a s e r ie s  o f experim ents w ith  r a t io n s  o f  d i f f e r e n t  p ro te in  

c o n te n t , Lindsey (86) no ted  th a t  w h ile  an excess o f  p ro te in  seemed to  

in c re a se  th e  p ro d u c tio n  o f m ilk , th e re  was l i t t l e  b e n e f i t  d e riv ed  in  

feed in g  more th a n  f i f t y  p e r  cen t in  excess o f  t h a t  re q u ire d  f o r  m ainten­

ance and p r o te in  in  m ilk .

The s tan d a rd  d eriv ed  by Savage (49) in  a s im ila r  manner, from
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p ra c t ic a l  o b se rv a tio n s  co v erin g  only th e  w in te r  feed ing  p e r io d  in  th e  

C ornell U n iv e rs ity  h e rd , c a l l s  fo r  approx im ate ly  36 p e r c e n t more p ro te in  

th a n  th e  H aecker s tan d a rd  o r s l ig h t ly  more than double th e  p ro te in  con­

te n t  o f m ilk .

Armsby ( I )  was o f  the o p in io n  th a t  1.60 t i r e s  th e  p ro te in  in  th e  

m ilk  pluo m aintenance wae s u f f i c i e n t .

In  a d d i t io n  to  m aintenance, L to rrieo n 's  (32) s tan d a rd  fo r m ilk 

p ro d u c tio n  e a ts  K aecker’e f ig u re s  as th e  lower l im i t  and Savage’s 

f ig u re s  as the upper l im i t  o f  d ig e s t ib le  crude p r o te in .

Very e x te n s iv e  experim ents on p r o te in  requ irem ents o f  d a iry  cows 

were conducted by H ille  (23) and a s s o c ia te s  o f  th e  Vermont S ta t io n .

They fed  very  low, low, medium, and high p r o te in  r a t io n s  t o  106 d i f f e r e n t  

cows du rin g  450 y ears  o f  cow l i f e ,  ex tend ing  over a p e rio d  o f  10 y e a r s .  

Judging by the r e s u l t s  o f  t h i s  e x te n s iv e  work th e re  la  every  in d ic a t io n  

to  b e l ie v e  th a t  th e  p re s e n t s tan d a rd s  a re  too  h ig h  in  t h e i r  p ro te in  re ­

qu irem ents, bo th  fo r  oaintenazice and fo r m ilk p ro d u c tio n . The p ro te in  

requ irem en ts  fo r  m ilk p ro d u c tio n  w ere only v e ry  s l ig h t ly  above th a t  which 

i s  in  th e  m ilk .

The work o f Buschmami (6) and a s s o c ia te s ,  aa reviewed by P orkina (47) 

have shown in  t h e i r  s h o r t  tim e experim ents th a t  feed  p ro te in  equal in  

amount to  th e  m ilk  p ro te in  produced .is a d e q u a te  to  meet th e  p ro d u c tio n  

requirem ent* In  Buachmann’s s ta n d a rd , an  allow ance of tw e n ty -f iv e  per 

c en t above th i s  amount la  in c lu d e d .

Perk ina (47) o f the  Ohio S ta tio n  conducted e x ten s iv e  experim en ts, 

in  which the  amount o f  d ig e s t ib le  crude p ro te in  fed in  th e  r a t io n s  v a rie d  

very  much the  same a s  in  th e  r a t io n s  fed  by H llle  (3 3 ) . The r e s u l t s  o f
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t h i s  work agroes very  w all w ith  th e  r e s u l t s  o f  H ills*  work. P erk in s 

s t a t e s  t h a t ,  "These r e s u l t s  support th e  c o n te n tio n  o f Buaolmann and 

a s s o c ia te s  th a t  the  o ld e r s tan d a rd s  c a l l  fo r u n n e ce ssa rily  h i^h  amounts 

o f  p ro te in ,  th a t  the a c tu a l  m aintenance reqn irerosn t is  le s s  than  

p re sc r ib e d  in  th e se  s ta n d a rd s , and th a t  above t h i s  m aintenance re q u ire ­

ment a n  amount o f  d ig e s t ib le  p ro te in  on ly  s l ig h t ly  g r e a te r  th a n  the  

p ro te in  c o n ten t o f  m ilk  appears to  be  a d eq u a te ."  In  t h i s  work, the  

p ro d u c tio n  seemed to  follow  t o t a l  d ig e s t ib le  n u tr ie n ts  r a th e r  than 

d ig e s t ib le  crude p ro te in  c o n te n t . The cows in  t h i s  experim ent rece iv ed  

a good v a r ie ty  o f feeds and P erk in s  a t t r i b u t e s  a good d e a l o f  th e  r e s u l t s  

to  t h i s .  This work su g g ests  th a t  much o f  the  d if fe re n c e  in  | r  o d u c tiv e - 

ness o f  r a t io n s ,  which in  th e  p a s t has been a t t r ib u te d  to  v a r ia t io n  

in  d ig e s t ib le  crude p ro te in  c o n te n t , may be a t t r ib u te d  to  t o t a l  food 

consumed due t o  p a l a t a b i l i t y .

Jixperim ental work to  determ ine th e  minimum p ro te in  requ irem ents 

o f  d a iry  cows was conducted by Savage (SO) o f  C o rn e ll, who superv ised  

experim ents w ith  th re e  groups o f d a iry  cows o f  tw elve cows each, over a 

p e rio d  o f  th r e e  y e a r s .  The th re e  p la n es  o f  d ig e s t ib le  crude p ro te in  in ­

ta k e  was 12.69 p e r c e n t ,  16.34 per c e n t ,  and 19.60 p a r c e n t .  The amount 

o f  t o t a l  d ig e s t ib le  n u t r i e n ts  fed was th e  mama fo r a l l  th r e e  groups.

Tne low p ro te in  r a t io n  was j u s t  as e f f e c t iv e  as th e  h igh p ro te in  ra tio n s  

in  p roducing  m ilk . When 7 pounds o f d ig e s t ib le  crude p r o te in  per 1,000 

pounds o f  l iv e  w eight was s u b tra c te d  fo r m aintenance, th e  p e r  c en t o f 

d ig e s t ib le  crude p ro te in  consumed to  th e  p ro te in  produced in  th e  m ilk 

the  f i r s t  two years  was 127.8  for tn e  low p ro te in  r a t io n .
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A te n ta t iv e  feed in g  s tan d a rd  was worked out by Forbes and K riss  (15) 

in  which two d i f f e r e n t  p lanes o f  p ro te in  in ta k e  a re  su g g ested . The lower 

s tan d a rd  is  fo r m oderate p ro duction  ,under th e  b e s t co n d itio n s  and th e  

d ig e s t ib le  crude p r o te in  suggested  is  equal to  1 .25 tim es th e  p ro te in  in  

th e  m ilk . The h ig h e r s tan d a rd  i s  fo r maximum p ro d u c tio n  under average con­

d i t io n s  and re q u ire s  d ig e s t ib le  crude p ro te in  eq u iv a len t to  1 .75  tim es th e  

m ilk p r o te in .  They suggest .600 pound d ig e s t ib le  crude p ro te in  fo r  the  

m aintenance of a 1 ,000 pound cow and s t a t e  th a t  i t  i s  a l i b e r a l  e s tim a te  

l ik e ly  to  be din,ins bed . Forbes s t a t e s  t h a t ,  "The p ro te in  requirem ent

fo r m ilk  p ro d u c tio n  in  a d d it io n  to  th e  requ irem ent fo r  m aintenance, i s  

th e  p ro te in  c o n te n t o f m ilk p lus th e  lo ss  o f  absorbed p ro te in  in  u t i l i z a ­

t i o n .  Thie must vary w ith  the makeup and th e  b io lo g ic a l  v a lu e  o f the  

p ro te in  o f  the  r a t i o n . "

The f a c t  th a t  n itro g e n  b a lances have been  secured , when feeding cows 

on r a t io n s  having a  lower p ro te in  c o n ten t th a n  o rd in ary  feed ing  s tan d a rd s  

c a l l  f o r ,  i s  s ig n i f ic a n t  in  th a t  i t  shows the  p o s s ib i l i t y  o f  low ering 

th e  p r o te in  req u irem en ts .

P o s i t iv e  n itro g e n  b a lan ces  were o b ta in ed  w ith  cows on a  p ro te in  in ­

ta k e  o f  24.5 p e r cen t le s s  th an  th a t  which th e  M orrison s ta n d a rd  c a l l s  fo r  

by F r ie s  and a s s o c ia te s  (1 8 ) . The r a t io n  c o n s is te d  o f  a l f a l f a ,  cornm eal, 

l in s e e d  o i l  m eal, peanut m eal, oa t s traw  and c o r n s t a r c h .  These workers 

conclude th a t  1.25 tim es th e  p ro te in  in  th e  m ilk  is  s u f f i c i e n t  to  feed 

above m aintenance to  e s ta b l is h  a nitrogen, b a lan c e .

F o r ty - f iv e  n itro g e n  b a lan ces  were ru n  on d a iry  cows by Forbes and



S w ift (1 2 ) , th i r ty - tw o  o f which showed p o s i t iv e  on r a t io n s  c o n ta in in g  a 

lower p ro te in  th a n  the  M orrison s tan d a rd  c a l le d  f o r .

Haag e t  a l  (19) re p o rte d  t h a t  in  some cases cows were found to  he 

in  n e g a tiv e  n itro g e n  b a lan ce  w hile on a r a t io n  o f  a l f a l f a  hay .

The Supplem entary R e la tio n s  Among th e  P ro te in s  o f  F eeds, The im­

p o rtan ce  o f  th e  supplem entary r e l a t io n s  among p ro te in s  has been a p tly  

p o in ted  out by M itc h e ll (4 2 ) . When two feeds a re  fed  to g e th e r ,  i t  w il l  

fre q u e n tly  be found th a t  th e  b io lo g ic a l  v a lu e  o f  the  m ix tu re  o f  p ro te in s  

i s  g r e a te r  th a n  th e  mean b io lo g ic a l  value o f  th e  c o n s t i tu e n t  p ro te in s ,  

and o c c a s io n a lly  i t  w il l  prove to  be much g re a te r*  I f  th e  amino ac id  

l im it in g  th e  u t i l i s a t i o n  o f th e  p ro te in s  o f  one feed i s  n o t th e  l im it in g  

fa c to r  fo r th e  p ro te in s  of an o th e r fe e d , i t  i s  ev id en t th a t  when mixed 

th e  b io lo g ic a l  v a lu e  o f  the m ix tu re  w i l l  be g r e a te r  th an  th e  mean b io ­

lo g ic a l  v a lu e . No supplem entary r e la t io n  w il l  e x i s t  when th e  l im i t in g  

amino acid  is  a b se n t o r  low in  b o th  fe e d s . Also th e  b io lo g ic a l  value 

may be only s l i g h t ly  enchanced, because th e  u t i l i s a t i o n  o f th e  m ixture may 

be s e r io u s ly  l im ite d  by the  r e l a t i v e  d e fic ie n c y  in  each feed  o f  some 

common in d isp e n sa b le  amino a c id .

The m ost ex ten s iv e  e a r ly  in v e s t ig a t io n s  were conducted by H art and 

Humphrey (23, 24, 25, 26) o f  th e  W isconsin s ta t io n *  They found th a t  when 

co rn  s to v e r  and co rn  s i la g e  were used as a roughage, th e  e f f ic ie n c y  o f 

h ig h  p ro te in  supplem ents added to  th e  b a sa l r a t io n  v a r ie d  co n sid e rab ly ; 

w hereas, when c lo v e r  or a l f a l f a  hay and corn a l le g e  were fed  as th e  

roughage th e re  was very l i t t l e  v a r ia t io n  in  th e  r e l a t iv e  e f f ic ie n c y  o f  th e  

same supplem ents* They-found th a t  i t  was p o s s ib le , when feed in g  equal
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tout l im ite d  amounts o f p r o te in ,  to  m ain ta in  n itro g e n  e q u ilib riu m  and hlfijh 

m ilk p ro d u c tio n  in  d a iry  cows, w ith  a r a t io n  composed o f  e i th e r  b a rley  o r  

corn supplem ented w ith  corn s i la g e  and a l f a l f a  hay, bu t n o t w ith  th e  whole 

o a t g ra in  so supplem ented. They concluded th a t  b io lo g ic a l val uea o f 

p ro te in s  a r e  more q u a l i t a t iv e  th an  q u a n t i ta t iv e  m easures. These ex p eri­

ments a ls o  show th a t  *  a re  th e  feed in g  o f  a r a t io n  r e s u l te d  in  a n eg a tiv e  

b a lan ce  th e re  was a ra p id  d ecrease  in  m ilk y ie ld  u n t i l  a  p o s i t iv e  ba lance  

was secu red .

The work o f  Cary and Meigs (7) shows th a t  th e  m ilk y ie ld  can be 

a f fe c te d  m arkedly by changes in  e i th e r  th e  q u a n tity  o r q u a l i ty  o f p ro te in s  

fe d .

Ths r e s u l t s  o f  combining in  a l l  p o s s ib le  ways th e  p ro te in s  o f  co rn , 

c o t to n s -ed meal and a l f a l f a  was re p o r te d  by Nevens (4 6 ) . For only  one 

com bination , th a t  o f  co ttonseed  meal and a l f a l f a ,  was any supplem entary 

e f f e c t  in d ic a te d  and t h i s  e f f e c t  was s l i g h t .  Nevens o b ta ined  a b io ­

lo g ic a l  value o f 62 fo r a l f a l f a  p ro te in s  when fed to  r a t s  a t  a 9 per c e n t  

le v e l  of in ta k e .

M itc h e ll (42) made th e  fo llo w in g  s ta tem en t in  1924, '’W hile many 

in s ta n ce s  o f  supplem entary r e l a t io n s  between anim al and v eg e ta b le  pro­

te in s  have been in d ic a te d  o r  dem onstrated  by feed ing  experim ents or 

m etabolism  s tu d ie s ,  few in s ta n c e s  o f  any ap p re c ia b le  supplem entary  

e f f e c t  o f  th e  p ro te in s  o f  one v eg e tab le  p roduct upon th o se  o f  ano ther 

have been re p o rte d " .

A b io lo g ic a l  v a lue  o f 56 fo r a l f a l f a  p ro te in s  was re p o r te d  by 

S a to la  (48) o f  th e  W ashington S ta tio n  when a l f a l f a  hay was fed  to



lambs a t  a le v e l o f  in ta k e  e q u iv a len t to  approx im ately  14 p e r  can t o f 

the  dry m a tte r  consumed. He found th a t  a com bination o f one p a r t  

a l f a l f a  hay and th re e  p a r t s  corn  s i la g e  had a b io lo g ic a l  v a lu e  o f BI, 

w h ile  th e  m athem atical v a lu e  c a lc u la te d  on th e  b a s is  o f  th e  n itro g en  

each c o n tr ib u te d  was 64, a d if fe re n c e  o f  17, due to  th e  supplem entary 

v a lu e  o f the  p r o te in s .

C ry s tin e  was added to  a n  e x c lu s iv e  a l f a l f a  r a t io n  by Haag (2 0 ), 

who conducted experim ents w ith  r a t s  a t  th e  Oregon S ta t io n .  These ex­

perim en ts dem onstrated  a d e fic ie n c y  o f c y s t in e  in  th e  mixed crude pro­

te in s  o f a l f a l f a .

Conclusions .  I .  P r a c t ic a l  feed ing  experim ents in d ic a te  th a t  the  

p re s e n t feeding stan d ard s  fo r d a iry  c a t t l e  a r e  too  high  in  r o t e in  re ­

quirem ents fo r  bo th  m aintenance and m ilk p ro d u c tio n .

2 . Above th e  Armsby m aintenance requ irem en ts an amount of 

d ig e s t ib le  crude p ro te in  only s l i g h t ly  g r e a te r  th an  th e  p ro te in  co n ten t 

o f m ilk , appears  to  be ad eq u a te .

3. H itro g en  b a lan ce  experim ents su p p o rt th e  c o n te n tio n  th a t  th e  

p re s e n t p ro te in  requ irem ents In  a l l  accep ted  feed ing  s tan d a rd s  a re  too 

h i # i .

4 . D eterm inations o f  b io lo g ic a l  v a lu es  o f  p ro te in s  show th a t  p ro­

t e in  requ irem ents a re  q u a l i ta t iv e  as w e ll as q u a n t i ta t iv e .

6 . A lf a l f a  hay appears to  be d e f ic ie n t  in  c y s t in e .

•energy Requirem ents o f D airy Cows. C arbohydrates and f a t s  a re  le s s  

complex in  com position  than  a r e  th e  p ro te in s  and a re  more abundant and 

cheaper in  th e  usual fe e d s . C arbohydrates and f a t s  a re  th e  main sources

—35“
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o f  h e a t and energy needed by th e  an im al. I f  they  a re  fed  in  amounts 

g r e a te r  th an  a re  re q u ire d  to  meet th e  energy need o f an an im al, th e  carbo­

h y d ra te s  and fa ta  w i l l  be  s to re d  up as body f a t .  O arbohydratea and f a t s  

a re  a ls o  invo lved  in  m ilk s e c re t io n  in  th e  e la b o ra tio n  o f  m ilk sugar and 

m ilk f a t .  T heir fb n c tio n a , w h ile  im p o rtan t, a re  no t so in sep a rab ly  

lin k e d  w ith th e  w e ll-b e in g  of the  anim al as a r e  th o se  o f  th e  p ro te in s .

I f  b some chance th e  amount o f carb ohydrates  and f a t s  in  th e  r a t io n  i s  

reduced to  a very low le v e l ,  p ro te in s  can fu rn ish  th e  n ecessa ry  energy . 

T his is  an ex trav ag an ce , however, fo r  th e  p ro te in s  a re  too  c o s t ly  to  be 

used fo r t h i s  purpose. Under no co n d itio n s  can carb ohydrates  se rv e  th e  

e sp e c ia l  fu n c tio n  o f  grow th , t i s s u e  r e p a i r ,  and m ilk s e c re t io n  th a t  a re  

a sc r ib e d  to  th e  p r o te in s .

The ex p erim en ta l work on which e x is t in g  feed ing  s tan d a rd s  a re  based 

Ie o f  th re e  ty p e s . Haecker (21) and i& kles (9) determ ined th e  q u a n ti t ie s  

o f food necessa ry  to  keep m ilk ing  cows a t  uniform boty w e ig h t. Armsby 

(40) b ases  h is  standard  on an experim ent o f K e lln e r , in  which th e  com­

p le te  energy ba lan ce  was determ ined fo r a  m ilk cow. Savage (49) r a is e s  

th e  q u e s tio n  as to  what w i l l  happen i f  cows a re  fed  more th an  i s  

n e ce ssa ry , acco rd in g  to  H aecker’s r e s u l t s ,  t o  keep them a t  uniform  

body w e ig h t. Follow ing th i s  a r t i c l e  by Savage, s e v e ra l experim ents were 

conducted to  answer t h i s  q u e s tio n , some o f which a re  review ed in  l a t e r  

paragraphs in  t h i s  t h e s i s .

U sing reco rd s  which had been kep t a t  th e  B e l t s v i l l e  farm fo r fou r 

y e a r s ,  Meigs and Converse (38) compared th e  n u tr ie n ts  re q u ire d  in



th e se  experim ents w ith  e x is t in g  feed ing  s ta n d a rd s . They found th a t  t h e i r  

r e s u l t s  were in  c lo se  agreem ent w ith th e  e x ten s iv e  in v e s t ig a t io n s  o f 

Haecker in  reg a rd  to  th e  q u a n t i t ie s  o f  to t a l  d ig e s t ib le  n u tr ie n ts  r e q u ir ­

ed to  keep m ilk ing  cows a t  uniform  body w eig h t. When the r e s u l t s  o b ta in ed  

by Bckles (9) i n  th e  same f i e l d  were c a lc u la te d  in  term s o f  t o t a l  d ig e s­

t i b l e  n u t r i e n t s ,  they  were a ls o  found to  be in  c lo s e  agreem ent w ith  th e  

r e s u l t s  ob ta ined  by Meigs and Converse.

Both th e  Armsby and th e  Bckles s tan d a rd s  a re  s ta te d  in  term s of 

n e t energy . Tho Amaby s tan d a rd  is  from 11 to  23 per c o a t h ig h e r  in  r e ­

qu irem ents, however. Meige and Converse, th e re fo re , camo to  th e  con­

c lu s io n  th a t  th e  requirem ents as  s ta te d  by Armsby wero too l o r .

Meigs (40) review ed th e  work o f  Armsby, Be k ie s , Raack e r, and th e  

work a t  B e l t s v i l l e  and came to  th e  co n c lu s io n  th a t  t o t a l  d ig e s t ib le  

n u t r ie n ts  were more s a t i s f a c to r y  fo r fo rm u la tin g  feed ing  s tan d a rd s  

th an  n e t energy , because th e  m uscular a c t i v i t y  in  n e t energy determ ina­

t io n s  c o u ld  not be c o n tro l le d  and th i s  in  tu rn  causes a la rg e  v a r ia t io n  

in  th e  h ea t o u tp u t o f th e  an im al.

In  the  study of the Armsby s ta n d a rd , Meigs (40) s ta t e d  th a t  i t  was 

not based on azy experim ents c a r r ie d  out under co n d itio n s  approaching 

th o se  o b ta in ed  in  p r a c t i c e ,  bu t on an  experim ent o f K e lln e r in  which 

th e  com plete energy balance  was ob ta in ed  in  one m ilking cow fo r  a p e rio d  

o f  two w eeks. Although two o th e r  cows w ere co n sid ered , b o th  were some­

what le s s  econom ical, and wore n o t used in  th e  c a lc u la t io n s .

In  th e  Armsby, E oklea, and Savage feed in g  s ta n d a rd s , the  m ainten­

ance requ irem ents a r e  g iven  fo r 1,000 pound cows. In  c a lc u la t in g  th e
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reqa irem en ts  fo r cows th a t  weighed more o r l e s s  than  a thousand pounds, 

*fcigs and Converse used c o r re c t io n s  based on th e  assum ption th a t  main­

tenance requ irem en ts a re  p ro p o r tio n a l to  body s u r fa c e , t h e i r  re q u ire ­

ments being c a lc u la te d  from the  formula* X = j—-IL__j ' where

X i s  th e  m aintenance requ irem ent t o  be determ ined . It, th e  m aintenance 

requ irem en t o f  a 1 ,000 pound cow, and W th e  body w eight o f  th e  cow whose 

requ irem ent i s  to  be  de term ined .

In  fo rm u la ting  th e i r  feed ing  s ta n d a rd , Meigs and Converse a lso  took 

in to  c o n s id e ra tio n  the  e f f e c t  o f  feeding  a t  a p lan e  o f  n u t r i t i o n  h igher 

than th a t  c a l le d  fo r  by th e  e x is t in g  s ta n d a rd s . T his feed in g  s tan d a rd  i s  

a  l i t t l e  more l ib e r a l  in  b o th  p ro te in  and t o t a l  d ig e s t ib le  n u tr ie n ts  

than  the M orrison s ta n d a rd .

The e f f e c t  o f  th e  p la n e  o f n u t r i t io n  on m ilk  y ie ld  was s tu d ie d  by 

S ck les and Palmer (1 0 ) , in  w e ll re g u la te d  experim en ts. Both under­

feed ing  and overfeed ing  were s tu d ie d . The f i r s t  in flu en c e  o f  underfeed­

ing  was to  cause a d ecrease  in  w eigh t. The m ilk  flow was n o t m a te r ia lly  

a f fe c te d  during  th e  f i r s t  s ix ty  days. The in flu en c e  o f underfeed ing  be­

came g r e a te r  w ith  th e  advance in  th e  l a c t a t io n  p e rio d . They a lso  con­

cluded th a t  th e  in c re a se  in  th e  p lane  o f  n u t r i t io n  above normal d id  not 

r a i s e  th e  m ilk  flow to  any ap p re c ia b le  e x te n t .  In  th e  l a t t e r  p a r t  o f 

th e  la c ta t io n  p e r io d  th e  m ilk  flow  did n o t decrease so  ra p id ly  a id  they  

concluded th a t  here  over feeding  does help  s l ig h t ly  in  ho ld in g  m ilk 

p ro d u c tio n  to  a h ig h e r l e v e l .

In  a re p ly  to  M eigs, Forbes (141 s ta te d  th a t  th e  Armsby s tan d a rd



was based no t only  on K e lln ers  work, but a ls o  upon th e  work o f  numerous 

o th e r  w orkers. In c lu d in g  H aecker, E ck le s , Evvard, Jo rd an , W oll, and 

H art and Humphrey.

Converse (6) re p o r te d  th a t  th e  r e s u l t s  o f  r a th e r  e x te n s iv e  ex p eri­

ments In d ic a te  th a t  feed ing  cows accord ing  to  th e  Savage o r  Haecker 

s tan d a rd , th a t  i s ,  so th a t  they w ill  j u s t  m ain ta in  uniform  body w eight, 

does n o t keep them a t  th e i r  maximum m ilk y ie ld .  The th re e  e ^ e r lm a n ta  

re p o rte d  were in  c lo se  agreem ent in  showing th a t  an above s tan d a rd  r a t io n  

very  m a te r ia l ly  in c re a se s  p ro d u c tio n . Two sh o r t tim e experim ents w ith 

cows w ell a long in  l a c t a t io n  gave a 16 p e r cen t in c re a se  in  m ilk y ie ld ,  

as the  r e s u l t  o f feed ing  12 p e r cen t more than  req u irem en ts; w hile  th e  

t h i r d  experim ent in  which whole l a c t a t io n  p e rio d  com parisons were used , 

showed from 14 p e r cen t to  16 per cent in c re a s e  in  p ro d u c tio n  as  the  

r e s u l t  o f feed in g  17 p e r  cen t more th an  th e  req u irem en ts .

In  a review  o f th e  work o f Eckles and Palmer (6) Converse 

in te rp re te d  th e  d a ta  from t h i s  work as r e a l ly  showing th a t  in  fo u r o f  

th e  f iv e  experim ents re p o rte d  by them, th e r e  was no t only an a r r e s t in g  

o f  th e  normal d e c lin e  for th o se  cows in  advanced l a c t a t i o n ,  bu t an 

a c tu a l  in c re a se  in  p ro d u c tio n  due to  o v e rfeed in g .

The r e s u l t s  o f in v e s t ig a t io n s  by Cary and Meigs (7) show th a t  

cows, even in  the  f i r s t  months of l a c t a t io n  a re  q u ite  s u s c e p tib le  to  

an in ad equate  energy su p p ly .

Forbes and K riss (13 , 16) proposed a  te n ta t iv e  feed ing  standard  

in  which th e  to ta l  d ig e s t ib le  n u tr ie n ts  re q u ire d  a re  lower th a n  th e  

M orrison s tan d a rd  fo r both m aintenance and m ilk p ro d u c tio n . The

—59—
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c a lo r lm e tr ic  d e te rm in a tio n s  o f  th e  m aintenance requ irem ents o f  d ry  cows 

in  term s o f  t o t a l  d ig e s t ib le  n u t r i e n t s ,  averaged  5,551 pounds; w hile  th e  

d e te rm in a tio n s  of th e  m aintenance requ irem en ts  o f  l a c t a t ln g  cows com­

p ile d  from an experim ent re p re se n tin g  approx im ately  c o n d itio n s  o f 

p ra c t ic e  averaged  5,972 pounds, they  a r b i t r a r i l y  accep ted  th e  higher 

f ig u re  as t h e i r  s ta n d a rd  fo r th e  requ irem en t for a 1,000 pound cow.

C onclusions. I .  Due to  th e  l im ite d  number o f  n e t energy determ ina­

t io n s ,  t o t a l  d ig e s t ib le  n u tr ie n ts  a rc  more s a t i s f a c to r y  fo r  fo rm ulating  

feed ing  s tandards a t  th e  p re sen t tim e .

2 . The Meigs and Converse feed ing  s tan d a rd  i s  one o f  th e  l a t e s t  

s tan d a rd s  and is  based upon a c tu a l r e s u l t s  a t  B e l t s v i l l e ,  as w ell ae 

upon o th e r  im portan t experim ental work which has been conducted 

p rev io u s ly  by o th e r  n u t r i t io n  e x p e r ts .

3 . Feeding above th e  Haocker and Savage requ irem en ts ten d s  to  in ­

c re a se  p ro d u c tio n  and to  r e ta r d  th e  d e c lin e  in  th e  m ilk flow .

4 . Experim ents by Forbes and K rias in d ic a te  th a t  th e  energy r e ­

quirem ents o f e x is t in g  feed ing  s tan d a rd s  nay be too h ig h , acco rd in g  to  

t h e i r  d e te rm in a tio n s .

6 . W hile th e  n e t-en e rg y  ccn oep tlon  i s  th e o r e t ic a l ly  more n e a r ly  

c o r r e c t ,  experim ental work does n o t w arran t i t s  use as  y e t .

M ineral and V itam in R equirem ents. P robably  no phases o f d a iry  

c a t t l e  feed ing  have re c e iv e d  more a t t e n t io n  during  th e  p a s t  few years  

th a n  the  use o f m in e ra l supplem ents and th e  im portance o f v ita m in s .

S ince  m inera l and v itam in  req u irem en ts  a r e  only in d i r e c t ly  o f  im portance 

in  co n n ec tio n  w ith  the s u b je c t  o f  t h i s  t h e s i s ,  the  p re se n t s ta tu s  o f th e
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knowledge o f  th e se  two phases o f  n u t r i t i o n  In  t h e i r  r e l a t i o n  to  d a iry  

c a t t l e  feed in g , w i l l  be reviewed very b r i e f l y .  A lso due to  th e  fa o t 

th a t  s e v e ra l volumes cou ld  be w r it te n  on th e s e  two phases o f  n u t r i t io n  

w ithout f u l l y  covering  th e  s u b je c t ,  th e  au th o r w ill  rev iew  only the  

work th a t  p e r ta in s  to  th e  feed ing  o f  a l f a l f a  hay to  d a iry  cows, in  

which a l f a l f a  hay c o n s t i tu te s  th e  e n t i r e  r a t io n  o r makes up a la rg e  

p o r t io n  o f  th e  r a t io n  and i s  supplem ented w ith  c o n c e n tra te s . The 

review  o f  th is  f i e ld  w i l l  f a r th e r  be l im ite d  to  only th o se  m inera ls  

and v itam in s  th a t  a re  o f  m ajor im portance under th e se  c o n d itio n s .

The elem ents on which much in fo rm atio n  i s  a v a ila b le  in c lu d e  

sodium, po tassium , calcium , phosphorus, magnesium, su lp h u r , i r o n ,  copper, 

c h lo r in e , io d in e , f lu o r in e ,  z in c , and manganese, acco rd ing  to  Becker (2) 

in  h is  re v ie s  o f experim ental re sea rc h  on m in e ra ls . That many o ther 

elem ents a re  p re se n t in  l iv in g  th in g s  was a ls o  shown in  t h i s  review . 

However, l i t t l e  le  known o f t h e i r  fu n c tlo n e  in  n u t r i t i o n .  Among th e  

l a t t e r ,  Becker c i t e s  l i t e r a t u r e  showing th a t  th e re  a re  p re s e n t in  l iv in g  

th in g s : aluminum, a r s e n ic ,  boron , l i th iu m , rubidium , s i l i c o n ,  s tro n tiu m , 

ti ta n iu m  and vanadium.

The m inera l elem ents g e n e ra lly  co n sid e red  o f  major im portance in  

d a iry  c a t t l e  n u t r i t i o n  a re  calc ium , phosphorus, sodium and c h lo r in e .

The need o f  sodium and c h lo r in e  in  th e  form o f ccmaon s a l t ,  as a m in era l 

supplem ent, i s  more w idely  recogn ized  th an  th a t  o f any o th e r  m in e ra l. In  

a review  o f  l i t e r a t u r e  on m inera l supp lem ents, o th e r than  s a l t s  o f  calcium  

and phosphorus, Ham ilton (22) re p o rte d  t h a t  th e re  was no experim en tal 

evidence in d ic a t in g  th e  g e n e ra l n e c e s s ity  o r d e s i r a b i l i t y  o f  supplem enting
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o rd in a ry  farm ra t io n s  w ith any o f  th e s e  w ith  th e  excep tion  of sodium and 

c h lo r in e , th e  elem ents o f o rd in a ry  s a l t .

At th e  W isconsin S ta t io n ,  H art and a s s o c ia te s  (27) fed  a h igh  lim e- 

h ig h  phosphorus r a t io n  to  one group o f d a iry  cows and a low lim e— low 

phosphorus r a t io n  to  a n o th e r group over a p e rio d  o f f iv e  y e a r s .  The 

high lim e-h igh  phosphorus r a t io n  c o n s is te d  o f a l f a l f a  hay, co rn  s i la g e ,  

and a g ra in  m ix tu re  made up o f  35 p a r ts  o f yellow  c o rn , 30 o f o a ts ,  30 

o f wheat b ran , and 5 o f  o i l  meal. To 100 pounds o f th e  g ra in  m ix tu re ,

5 pounds o f bone meal were a lso  added . P a s tu re  fo r t h i s  group o f  anim als 

c o n s is te d  o f e i th e r  a l f a l f a  o r sw eet c lo v e r . The low lim e-low  phosphorus 

r a t io n  c o n s is te d  o f  tim othy  hay grown on a c id  s o i l ,  corn  s i l a g e ,  and a 

g r a in  m ixture  made up o f  40 p a r ts  o f  o a ts ,  40 o f yellow  corn  and 20 o f  

g lu te n  m eal. Tim othy-June g ra s s  p a s tu re  was a v a i la b le  a number o f  months 

du rin g  th e  y e a r .

Seven cows from each group were s la u g h te re d  a t  th e  c lo s e  o f the  

experim ent and th e  two humeri and th e  tw e lf th  p a i r  o f  r ib s  were removed 

and analysed  fo r a s h . T h e ir f ig u re s  do no t in d ic a te  th a t  th e  timothy 

hay r a t io n  used in  t h i s  experim ent f a i le d  to  develop as la rg e  a sk e le to n  

in  p ro p o r tio n  to  l iv e  weight as in  th e  case  o f  a l f a l f a - f e d  an im ala . In  

co n c lu sio n  they  s t a t e ,  wWe b e lie v e  th a t  th e s e  data a re  im portan t in  con­

t r i b u t in g  to  th e  problem  o f th e  lim e and phosphorus m etabolism  o f the  

m ilking cow and p o in t  t o  th e  f a c t  th a t  u n le ss  ra t io n s  w ith  a much lower 

lim e  c o n te n t than  our low lim e r a t io n  a r e  fed , th e re  would seem to  be 

no need o f  supplem enting th e  r a t io n  of d a iry  cows w ith  e x tra  lime and
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and Ino rgan ic  p h o sp h a te s . T his c o n c lu s io n , o f c o u rse , assumes th a t  th e re  

Is  a r e s t  p e rio d  o f  4 to  6 weeks w ith  l i b e r a l  feed ing  during  which s to r ­

age can  again  ta k e  p la c e .”

A r e p o r t  o f s i x  com plete calcium  and phosphorus b a lan ce  t r i a l s  fo r 

f u l l  l a c t a t io n  and g e s ta t io n  p e rio d s  by K llen b erg er, Kewlander and Jones

(11) o f  th e  Vermont Experiment S ta t io n  showed th a t  a l l  cows in  t h i s  ex­

perim ent ended th e i r  t r i a l s  w ith  p o s i t iv e  b a la n c e s . N egative balances 

appeared  to  be normal d u rin g  th e  e a r ly  p a r t  o f  l a c t a t io n  p e rio d s  and to  

be compensated by ra p id  s to ra g e  as th e  l a c ta t io n  and g e s ta t io n  p e rio d s  

p ro g re s s . When m inera l supplem ents were fed th e  n eg a tiv e  p e rio d s  were 

n o tic e a b ly  sh o rte n ed . Prom th o se  t r i a l s  th ey  concluded th a t  th e  

n e c e s s i ty  o f  feed in g  calcium  and phosphorus supplem ents w ith  good g ra in  

r a t io n s  fed  in  l i b e r a l  q u a n t i t ie s  may be s e r io u s ly  q u estio n ed .

Research work by B ohstedt (4) b o th  in  a c tu a l experim ental work and 

in  a reviuw o f  o th e r  experim en tal work co in c id es  w ith  th e  re c e n t work 

o f o th e r w orkers, as reg ard s  th e  n e c e s s ity  o f  adding a calcium  or 

phosphorus supplem ent to  th e  d a iry  c a t t l e  r a t io n .  He concludes, " I t  is  

p la in  th a t  th e  v a s t m a jo rity  o f  m inera l feed in g  experim ents u sing  

p r a c t ic a l  r a t io n s  as c o n tro l r a t io n s  have not shown a need fo r a d d itio n ­

a l  calcium  and phosphorus. D airy cows and o th e r c a t t l e  a re  much more 

freq u e n tly  in  need o f  a d d i t io n a l  phosphorus than  calcium , and i t  i s  

w ell a p p re c ia te d  th a t  phosphorus may be e a s i ly  su p p lied  th rough  wheat 

b ra n , co tto n seed  m eal, l in s e e d  meal or o th e r h igh  p ro te in  c o n c e n tra te s , 

which phosphorus fe e d s , from th e  m ineral s tan d p o in t ba lance  th e  lim e o f 

th e  mixed legume and g ra s s  hay , or legume hay, which most dairymen s t r i v e
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t o  feed*"

Meigs and Turner and c o lla b o ra to rs  (41) conducted calcium  and 

phosphorus t r i a l  b a lan ces  w ith  d a iry  cows, in  which ra t io n s  co n ta in in g  

a l f a l f a  hay, g reen  feed , tim othy hay, and bonemeal were compared. They 

concluded th a t  ( I )  calcium  from w e ll-cu red  o r f a i r l y  w ell cured  haya, 

bo th  tim othy  and a l f a l f a ,  Ie much b e t t e r  a s s im ila te d  th an  i s  th a t  from 

bonem eal; (2) calc ium  is  d ec id ed ly  b e t te r  a s s im ila te d  from fre sh  g reen  

m a te r ia l th an  from th e  same m a te r ia l a f t e r  I t  has been d r ie d ;  (3) th e  

manner in  which hay i s  cured makes a g re a t  d if f e re n c e  in  th e  r a t e  a t  

which calcium  is  a s s im ila te d  from i t ;  (4) phosphorus a s s im ila t io n  may be 

in te r f e r e d  w ith  by an excess o f  calcium  in  th e  r a t io n .  "Two p a r ts  or 

more by weight of calc ium  to  one o f  phosphorus c o n s t i tu te  an e x ce ss ."

That th r e e  c o n d itio n s  a re  im portan t fo r in su r in g  a p o s i t iv e  

b a lan ce  in  d a iry  cows in  re s p e c t to  calcium  and phosphorus was re p o rte d  

by Turner and a s s o c ia te s  (54) o f  th e  Bureau o f  D airy In d u s try . A fte r 

conducting  a s e r ie s  of m etabolism  experim ents they  came to  th e  conclu­

s io n  th a t  th e  c o n d itio n s  necessa ry  were, ( I )  th a t  a s u f f ic ie n t  q u a n tity  

o f calcium  and phosphorus must be su p p lie d  in  th e  r a t io n ;  (2) th e  c a l ­

cium and phosphorus should be su p p lied  in  about equal q u a n t i t i e s .  The 

amount o f  calcium  probab ly  should no t exceed th e  amount o f  phosphorus 

by more th an  50 per c e n t ,  and (3) th e  calcium  should be su p p lied  as  a 

c o n s t i tu e n t  o f  n a tu ra l  feeds in  a r a t io n  in c lu d in g  a good q u a l i ty  o f  

legume hay, p re fe ra b ly  a l f a l f a ,  and a good g ra in  m ix tu re .

Numerous experim ents have shown th a t  th e  a s s im ila t io n  o f  calcium
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and phosphorus i s  dependent upon the  a n t i - r a c h i t i c  v itam in  D. In  hie 

re c e n t review  o f  th e  l i t e r a t u r e  p e r ta in in g  to  calciura and phosphorus 

supplem ents, B ohatedt (4) o f  th e  U n iv e rs ity  o f  W isconsin cane to  th e  

fo llow ing  co n c lu s io n s : "S n a il animal work loads us to  assume th a t  only

in  th e  p resen ce  o f a generous amount o f  v itam in  D nay the  ca lc ium - 

phosphorus r a t io n  be d r a s t i c a l l y  d i f f e r e n t  from what i s  co n sid e red  th e  

norm al, and s t i l l  p erm it p ro p e r growth on th e  p a r t  o f th e  an im a ls .

P r a c t ic a l  r a t io n s  o f  rum inants due to  th e  la rg e  amount o f  sun-cured  hay 

consumed a re  so w e ll su p p lie d  w ith v itam in  D th a t  th e  two elem ente- 

calcium  and phosphorus, may s a f e ly  bo p re s e n t in  much lower percen tages 

and may vary  more w ith re fe re n c e  to  each o th e r ,  th an  th e y  may in  r a t io n s  

o f  th e  sm a lle r  anim als th a t  s u b s is t  alm ost e n t i r e ly  on c o n c e n tra te s ."

The most e x ten s iv e  and a c c u ra te  review  o f  th e  l i t e r a t u r e  found in  

r e l a t io n  to  calc ium  and phosphorus a s s im ila t io n  as  a f fe c te d  by v itam in  D 

is  th e  re p o r t  by Bethke (S) o f  th e  Ohio S ta t io n .  Bethke c i te d  a number 

o f  experim ents showing th a t  v itam in  D or u l t r a - v i o l e t  l ig h t  a re  a s so c ia te d  

w ith calcium  and phosphorus u t i l i s a t i o n  in  th e  r a t  and th e  ch ick  and th e  plg>  

and th a t  calcium  and phosphorus must be p re s e n t  in  th e  d ie t  and in  c o rre c t 

r e la t io n s h ip  to  each o th e r  b e fo re  th e  r a t ,  and probab ly  th e  ch ick  and th e  

p ig  cm  r e ta in  them in  p roper amounts fo r  normal bone d e p o s it io n , re ­

g a rd le s s  o f  v itam in  D. The r e la t io n  o f v itam in  D, or i t s  e q u iv a le n t, to  

calcium  and phosphorus m etabolism  in  la c ta t in g  anim als was s ta te d  to  s t i l l  

be an open q u e s tio n . Bethke s ta te d  th a t  a lth o u g h  the  l i t e r a t u r e  does n o t 

d e f in i t e ly  show th a t  v itam in  I) in c re a se s  th e  calcium  and phosphorus u t i l i s e -
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t i o n  in  th e  heavy m ilk in g  cow, no one has d e f in i te ly  dem onstrated  th a t 

th e  a d d itio n  o f an a n t i - r a c h i t i c  fa c to r  to  a v itam in -D -free  r a t io n  would 

no t fav o rab ly  in f lu e n c e  calcium  and phosphorus u t i l i s a t i o n ,

I i t h  th e  ex cep tio n  o f  v itam in  D, d a iry  c a t t l e  ra t io n s  a re  n o t ap t 

to  be lack in g  in  v ita m in s , accord ing  to  a b r i e f  review  o f  th e  work on 

v itam in s  by M orrison (4 4 ) . A pparently  n e i th e r  v itam in  C o r v itam in  0 

a re  im portant in  l iv e s to c k  feed in g .

C onclusionst I .  Sodium and c h lo r in e  in  th e  form o f  common s a l t  a re  

th e  two m ineral elem ents most a p t to  be lack in g  in  d a iry  c a t t l e  r a t io n s .

2 . R ecent work in d ic a te s  th a t  calcium  and phosphorus a re  fu rn ish ed  

in  s u f f i c i e n t  amounts in  normal d a iry  c a t t l e  r a t io n s  where m ineral de­

f ic ie n c ie s  a re  no t a problem .

3 . V itam in D i s  th e  v itam in  most a p t to  be la ck in g  in  d a iry  c a t t l e  

r a t io n s .

4 .  In  i r r i g a t e d  s e c tio n s  o f  Montana where co n sid e ra b le  a l f a l f h  hay 

i s  fed  to  d a iry  cows, m in era ls  and v itam ins should  be p re se n t in  th e  

r a t io n  in  s u f f i c i e n t ly  la rg e  amounts excep t in  m ineral d e f ic ie n t  a re a s .
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PART IT

RESULTS OP ^XPEBIMaiT AT THE MONTANA EKPhJRIMEMT STATION

A OomparlBon o f  Two Methods o f A pportioning  G rain to  M ilking Cows

Tho feed in g  s tan d a rd s  a s  th ey  now e x i s t  have been worked out a f t e r  

y e a rs  o f  re se a rc h  work a t  no sm all expense. Brery e f f o r t  has been made to  

o b ta in  d a ta  th a t  would be o f v a lu e  i n  determ in ing  th e  requ irem en ts o f  

d a iry  cows. As a r e s u l t  o f  t h i s  work i t  is  p o s s ib le  to  c a lc u la te  w ith  

re a so n ab le  accuracy  th e  req u irem en ts  o f in d iv id u a l d a iry  cows and by making 

use o f  th e  in fo rm a tio n  a v a i la b le  reg a rd in g  th e  d ig e s t ib le  n u t r i e n ts  o f  th e  

feed , to  p rep are  a r a t io n  th a t  w il l  supply what i s  needed.

I t  would be im p ra c tic a l to  c a lc u la te  th e  requ irem en ts  o f  each 

in d iv id u a l anim al in  th e  herd  by means o f a  feed in g  s tan d a rd , because o f  

th e  tim e  invo lved  and a ls o  because most dairymen a re  n o t s u f f ic ie n t ly  v e rsed  

in  the methods o f  working out a r a t io n  by means o f  a feed in g  s tan d a rd . For 

th e se  reasons feeding  ru le s  based  on a c e r t a in  feed ing  s tan d a rd  have been 

adop ted .

In  view of th e  enormous amount o f  work Involved in  o b ta in in g  the  

d a ta  fo r th e s e  s ta n d a rd s , i t  seems th a t  to o  l i t t l e  emphasis has been p laced  

on th e  n e c e s s i ty  o f  a c tu a l  exp erim en ta l work in  th e  s e le c t io n  o f feed in g  

methods whereby th e  f u l l  v a lue  o f th e se  s tan d a rd s  may be r e a l iz e d  under 

p r a c t ic a l  c o n d itio n s .
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Thc t e  methods o f  feed ing  d a iry  cows most commonly advocated were 

compared by means o f an experim ent conducted by the  au thor a t  th e  Kontana 

Experim ent S ta t io n  under th e  d i r e c t io n  o f Louis V inke. Boti: methods a re  

based  upon two fa c ts  which a r e  considered  fundam ental in  the  economical 

feed ing  o f  d a iry  cows* ( I )  Cows should be fed  a l l  o r  n e a r ly  a l l  th e  good 

roughage they  w il l  e a t ;  (2) Cows should a t  el I t i r e s ,  except fo r  a few 

weeks a f t e r  c a lv in g , re c e iv e  enough feed  to  p ro v id e  th e  n u t r i e n t s  re q u ired  

fo r th e  p ro d u c tio n  o f  m ilk  and th e  m aintenance o f  body w eight w ithou t any 

lo s s  o f  w eight bu t w ith  no more than  a sm all g a in . The Meigs and Converse 

s tan d a rd  was used i n  e s t i  a t in g  the  amounts o f  n u tr ie n ts  re q u ire d .

The u su a l method o f a p p o rtio n in g  co n ce n tra te s  i s  to  g iv e  each cow 

I  pound o f  g ra in  to  each 3 o r 4 pounds o f  m ilk  produced, depending upon 

the  r ic h n e ss  o f the  m ilk . T h is method i s  u n s a t is fa c to ry  under western 

c o n d itio n s  fo r two reasons $ ( I )  Because cows w ill  g e t enough n u tr ie n ts  

from a l f a l f a  hay a lo n e  to  p rov ide  for the  m aintenance o f t h e i r  bod ies as 

w ell a s  fo r  th e  p ro d u c tio n  o f  a c e r t a in  amount o f  m ilk ; and (2) because I 

pound o f c o n c e n tra te s  does n o t  c o n ta in  s u f f ic ie n t  n u tr ie n ts  fo r  as much 

as 3 pounds o f m ilk .

A method advocated  more re c e n tly  by W estern d a iry  husbandmen Is  to  

feed  d a iry  cows a l l  th e  a l f a l f a  hay they  w i l l  c a t ,  and In  a d d it io n  enough 

g ra in  to  p ro v id e  the  n u t r i e n ts  for every pound o f  m ilk produced in  excess 

o f  th e  amount th a t  w i l l  be provided fo r by the n u tr ie n ts  consumed above 

m aintenance re q u irem en ts , in  th e  form o f  a l f a l f a  hay. Low te s t in g  cows 

a re  fed  I pound o f  g r a in  fo r every Z l / z  pounds o f m ilk  th e y  produce d a ily
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in  exoeBB o f  a c e r ta in  am ount, and h ig h - te s t in g  cows a re  fed  I  pound o f  

g ra in  fo r  every  2 pounds o f m ilk they produce d a ily  in  excess o f  a c e r ta in  

amount. One pound o f  g ra in  fu rn ish e s  j u s t  enough n u tr ie n ts  fo r  th e  produc­

t io n  o f 2 and 2 l / 2  pounds o f  m ilk o f  a h igh  and low b u t t e r f a t  co n ten t 

r e s p e c t iv e ly .  This method w i l l  be r e f e r r e d  to  as  Woodward’ s Method.

According to  the  methods proposed fo r th e  feed ing  o f d a iry  cows in  

m ilk , some w orkers , n o tab ly  Woll and H eadley, a r e  o f  the  op in ion  th a t  Iow^ 

t e s t in g  cows w i l l  consume enough a l f a l f a  hay to p ro v id e  th e  n u tr ie n ts  fo r  

m aintenance and about 30 pounds o f  m ilk per day . T re tsv en  s t a t e s  th a t  low- 

te s t in g  cows w il l  not consume s u f f i c i e n t  a l f a l f a  hay to  p ro v id e  enough 

n u t r i e n t s ,  above m aintenance req u irem en ts , fo r th e  p ro d u c tio n  o f  more than  

16 to  20 pounds o f  m ilk par d ay . The same v a r ia t io n  e x is t s  in  regard  to  

h ig h - te s t in g  cows.

Due to  t h i s  lack  o f s u f f ic ie n t  d a ta  on th e  consum ption o f  a l f a l f a  

hay by d a iry  cows, i t  was n ecessa ry  to  a p p o rtio n  the g ra in  a t  th e  beg inn ing  

o f  each  week, in  the case  o f th e  second method d e sc rib e d , acco rd ing  to  th e  

average  d a ily  consum ption o f  a l f a l f a  hay during the  p rev io u s  week. A lthough 

t h i s  experim ent would p robab ly  have been a l i t t l e  more p r a c t i c a l  i f  th e  

d a i ly  consum ption o f  a l f a l f a  hay could  have been e s tim a te d  p rev ious to  

th e  experim ent, i t  i s  hoped th a t  th e  in fo rm atio n  con ta in ed  h e re in  w i l l  be 

o f c o n s id e ra b le  value in  th e  working out o f  a more s a t i s f a c to r y  method o f 

feed in g  d a iry  cows o r in  the  r e v is a l  o f  some o f th e  p re se n t m ethods.

O bjects o f the  Experim ent. I .  To compare a r e l a t iv e ly  new method o f 

a p p o rtio n in g  g ra in  to  d a iry  cows, when th e  roughage c o n s is ts  o f  a l f a l f a  hay



fad ad lib ito m  to  the  u su al method o f feed ing  a c e r ta in  amount o f  g ra in  

fo r  every  pound o f  m ilk produced; th e  com parison to  be made on th e  b a s is  

o f  g a in  o r  lo s s  in  m ilk  p ro d u c tio n , g a in  o r  lo s s  in  body w eig h t, and th e  

amount o f n u tr ie n ts  consumed above o r below requ irem en ts aa shown by th e  

Meigs and Converse s ta n d a rd .

2 . To determ ine th e  amount of a l f a l f a  hay o f a known q u a li ty  th a t  

d a iry  cows w il l  consume when g ra in  is  inc luded  in  th e  r a t io n  and i s  fed 

as c lo se  to  requ irem en ts  a s  p o s s ib le  acco rd in g  to  the  Meigs and Converse 

s ta n d a rd ,

3 , To determ ine what f a c to rs  must be g iv e n  m ajor c o n s id e ra tio n  in  

working out a more s a t i s f a c to r y  method o f  a p p o rtio n in g  g ra in  to  d a iry  

cows under W estern c o n d it io n s .

Methods o f  E xperim en ta tion .

D ura tion  o f Experim ent* The f i r s t  p e rio d  o f  the  experim ent s ta r te d  

th e  evening o f December 14, 1932, and con tinued  u n t i l  th e  evening o f  

Jan u a ry  25, 1933. The second p e rio d  o f the  experim ent began th e  evening 

o f February I ,  1933, and con tinued  u n t i l  th e  evening o f Kerch 15, 1935.

The r e v e r s a l  method was used during  th e  two p e rio d s  o f  42 days each .

Cows Used; S ix  purebred  H o ls te in  cows and s ix  p u reb red  Je rse y  cows 

were s e le c te d  from th e  C o llege  d a iry  h e rd  f o r  t h i s  experim en t. A ll o f th e

cows had had access  to  a l l  th e  a l f a l f a  hay they  would e a t  from the  tim e/
they were h e if e r  c a lv e s  up u n t i l  th e  beg inn ing  o f  th e  experim en t. C rain  

was a ls o  fe d  l ib e r a l ly  d u rin g  th is  p e r io d .

A llotm ent C o n sid e ra tio n ; The tw elve cows were d iv id ed  as uniform ly
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as p o s s ib le  in to  two groups of 6 head each . Bach group c o n s is te d  o f  th re e  

H o ls te in s  and th re e  J e r s e y s , and were d iv id e d  as evenly as  p o s s ib le  w ith 

re s p e c t to  le n g th  o f tim e in  m ilk , age, w eigh t, m ilk p ro d u c tio n , per cen t 

o f b u t t e r f a t  in  m ilk , and p e rio d  o f g e s ta t io n .  The h is to r y  and p ro d u c tio n  

o f th e  experim ental cows i s  g iven  in  Table IV.

Table iy_Hi_story_and_?£ojiu£tion £ f_^jcp£rimenta^l £owa__a_t ^Beginning o f  Experiment

Name and Breed -  W eight-
Group I 

Age Due to -T lm T T in c T - —M ill WrTducTiTn-bn

-  -LEsT - -YFsT
Calve

"Months" -  -
l a s t  c a lv in g  

"MTnthT *
Dec. 8 - l4 , 1932. 

-ATeT TbT .-pTr-dTy-
B eauty , J e rse y 1127 Ge (12)* I 34.0
Stephanna, J e rse y 991 4 6 7 16.9
L atona, Je rse y 850 4 8 21.1
Amy, H o ls te in 1526 4* 6 7 27 .4
Amelia, H o ls te in 1314 si 5 Bi 44.1
F orbes, H o ls te in 1421 6 4 55.8

Average 1205 si 7 33.2

Group I l
Queen, J e rse y - T f o - ” 6-------- TIT)* - -  - i l --------------- -------- 27 .4
Id o w e ll, J e rse y 1061 7 16.0
Ona, Je rse y 973 B i 8 5 23.6
A lb e r ta , H o ls te in 1476 4& 4& 7 19.2
A d elin e , H o ls te in 1663 6 4& 7 30.4
Id a b e l le ,  H o ls te in 1271 5 3 /4  (11)* 3 53.8

Average 1217 6 7 5 28.4
•Hot bred at""beginning of experim ent.

Weight o f  Cows: Bach cow was weighed on th e  th re e  co n secu tiv e  days 

p roceed ing  bo th  p e r io d s . At th e  c lo se  o f  each p e rio d , in d iv id u a l w eights 

were tak en  on each o f th e  l a s t  th re e  days. The average o f th e  th re e

w eights was tak en  as the  average w eight o f  th e  cow a t th e  beg inn ing  and a t  

th e  end o f b o th  p e r io d s . I t  was n ecessa ry  to  g e t th e  average weight o f  

each cow b e fo re  th e  day th e  experim ental p e rio d  began in  o rd er to  determ ine
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th e  n u t r i t i v e  requ irem en ts o f each oow.

U ilk  and B u t te r f a t  R ecords; The cows were m ilked th re e  tim es each 

dey, th e  p e rio d s  o f  m ilk ing  b e in g  a t  I A. M., 8:30 A. M., and 4 P. M.

D aily  m ilk  reco rd s  were k ep t on th e  re g u la r  barn m ilk s h e e ts .  At th e  end 

o f th e  f i r s t  week com posite m ilk  samples were tak en  o f each in d iv id u a l 

cow fo r th e  th re e  m ilk ings and t e s t e d  f o r  b u t te r  f a t  by th e  members o f  the  

D airy  In d u s try  D epartm ent. The cows were te s te d  a t  th e  end o f  every two 

weeks th e r e a f te r ,  one t e s t  s u f f ic in g  fo r the  week p reced ing  and th e  week 

fo llo w in g  th e  t e s t .

Housing and Equipment: Ho change was made in  th e  h an d lin g  o f the  

exp erim en ta l cows from th e  usual h e rd  p r a c t ic e .  The cows had access  to  

w ater a t  a l l  tim e s . Except in  e x c e p tio n a lly  bad w eather they  were tu rned  

in to  a diy l o t  d u rin g  th e  a fte rn o o n  f o r  e x e rc is e * .

The mangers were very deep and d id  n o t a llow  th e  lo ss  o f  any c o n sid e r­

a b le  amount o f  hay, having been planned e s p e c ia l ly  fo r experim en tal p u rposes, 

A t i g h t  box was f i t t e d  to  a movable s c a le  fo r th e  w eighing o f th e  hay . A 

g ra in  c a r t ,  to  which was a tta c h e d  a sp rin g  s c a le ,  was used fo r  g ra in  feed­

in g . M ilking m achines were used th roughou t th e  experim ent on a l l  ex p e ri­

m ental cows and were handled by the  same man throughout th e  experim ent.

R atio n  Fed and Methods o f  Feed ing : The a l f a l f a  h*y was graded by 

A. H. P o s t, A sso c ia te  P ro fe sso r  o f Agronomy and L. P . R e i tz ,  A ss is ta n t 

in  Agronomy. During the  f i r s t  period  th e  a l f a l f a  was g raded  as Ho. 3 

g re e n - l ig h t  tim othy-m ixed. During th e  second period  th e  a l f a l f a  was graded 

as  Ho. 3 g re e n .
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The c o n c e n tra te  m ixture  c o n s is te d  o f 400 pounds o f m il l  run*, 300 

pounds o f  w heat, 200 pounds o f  b a r le y ,  60 pounds o f o a ts ,  26 pounds o f 

c o tto n see d  m eal, 10 pounds o f  s a l t  and 5 pounds o f bonemeal*

The two groups were fed  a s  fo llo w s:

Group I .  This group was fed  accord ing  to  th e  Usual Method. The 

cows in  th i s  group re c e iv e d  a l l  th e  a l f a l f a  hsy they  would e a t  and in  

a d d itio n  th e  H o ls te in s  re c e iv e d  I pound o f  g ra in  fo r  every 4 pounds o f 

m ilk , and th e  Je rse y s  re c e iv e d  I  pound o f g r a in  fo r every 3 pounds o f 

m ilk . The amount o f g r a in  fed  was c o r re c te d  a t  th e  end o f  each week 

acco rd in g  to  th e  average  m ilk  p ro d u c tio n  fo r  th a t  week. T h is  method i s  

c a l le d  th e  Usual Method by the au thor because  th e  m a jo rity  o f  d a iry  

husbandmen advoca te  th e  feed in g  o f  g r a in  acco rd in g  to  t h i s  g e n e ra l method. 

The p ro p o rtio n  o f g ra in  to  m ilk t a r i e s  in  d i f f e r e n t  feed ing  ru le s  from I 

pound o f g ra in  to  2 l / 2  pounds o f m ilk to  I pound o f g ra in  to  6 o r 6 

pounds o f m ilk . The p r in c ip le  i s  the  same, however, inasmuch as  a c e r ta in  

amount o f  g ra in  is  fed fo r every pound o f m ilk  produced re g a rd le s s  as to  

whether or n o t the  roughage a lo n e  p rov ides s u f f ic ie n t  n u tr ie n ts  for main­

tenance  as w ell as a c e r ta in  amount o f m ilk .

Group I I . Group I I  was fed  acco rd in g  to  Woodward's Method. This

group rece iv ed  a l l  th e  a l f a l f a  Iiay they  would e a t .  At th e  end of each

week th e  average  d a ily  consum ption o f  a l f a l f a  hay was determ ined fo r each

In d iv id u a l .  By ded u ctin g  th e  m aintenance requirem ent o f  t h a t  in d iv id u a l,

as g iv en  in  the Meigs and Converse s ta n d a rd , from th e  t o t a l  n u tr ie n ts

consumed in  th e  fbrm o f  a l f a l f a  hay, th e  amount o f m ilk th a t  could  be 
*The m ill run  c o n s is te d  o f a m ix tu re  of b ran  and s h o r ts .



produced from th i s  excess o f  n u tr ie n ts  was determ ined . For every pound 

o f  m ilk  produced above t h i s  amount the  H o ls te in s  re c e iv e d  0 .4  pound o f  

g ra in  and th e  Jo rsq y s re c e iv e d  0 .6  o f  a pound o f  g r a in .  For example, 

a 1 ,000 pound Je rse y  cow consuming 26 pounds o f a l f a l f a  hay p e r  day 

would be re c e iv in g  4 .9 8  pounds o f t o t a l  d ig e s t ib le  n u tr ie n ts  in  excess 

o f  h e r m aintenance requ irem en ts  as shown by the  Meigs and Converse 

s ta n d a rd . This 4 .98  pounds o f  t o t a l  d ig e s t ib le  n u tr ie n ts  i s  s u f f i c i e n t  

fo r  th e  p ro d u c tio n  o f  11 pounds of 6 .36  p e r c e n t m ilk accord ing  to  t h i s  

same s ta n d a rd . For every  pound o f  m ilk produced in  excess o f  11 pounds 

th i s  Je rse y  cow would rece iv e  0 .6  o f  a pound o f  g ra in .  I f  she d id  n o t 

produce more than  11 pounds o f  m ilk , no g ra in  would be fe d . For t h i s  

group the  change in  th e  amount o f  g r a in  fe d  was made a t  th e  end o f  each 

week acco rd ing  to  th e  average d a ily  consumption o f  a l f a l f a  hty a s  w all as 

the  av erage  d a i ly  p ro d u c tio n  o f  m ilk . In  determ in ing  th e  requirem ents o f  

t o t a l  d ig e s t ib le  n u t r ie n ts  fo r m ilk  p ro d u c tio n  the  g e n e ra lly  accep ted  

average  b u t te r f a t  t e s t  of 6 .35 p e r cen t fo r Jersqye  and 3.6 p e r cen t fo r  

H o ls te in s  was u sed .

At th e  end o f  the  f i r s t  p e rio d  o f  42 days, th e  two groups were r e ­

versed  w ith  re sp e c t to  th e  method o f  fe e d in g  and con tinued  fo r  an o th er 

p e rio d  o f 42 days.

A t r i a l  p e rio d  o f 7 days preceded each experim ental p e r io d . During 

t h i s  tim e bo th  groups re c e iv e d  a l l  th e  a l f a l f a  hay they would e a t and 

g ra in  a t  th e  r a t e  o f I pound to  each 3 and 4 pounds o f  m ilk produced.

The requ irem en ts  o f  t o t a l  d ig e s t ib le  n u tr ie n ts  fo r m aintenance 

and m ilk  p ro d u c tio n  was determ ined from the Meigs and Converse ta b le s .
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A lfa lfa  hay was fe d  a t  5:30 A. M., 11 A. M., and a t  6:30 P. M.

The l e f t  o v e r a l t o Ifa  hay was weighed hack  a t  6 A. M., and a t  3 P . M.

Feeds Used: The g ra in s  and a l f a l f a  hay were secured  from sev e ra l 

f f e re n t  growers i n  th e  G a lla t in  V a lley . The m ill run  and co tto n seed  meal 

was purchased from lo c a l  d e a le r s .  Table V shows th e  a c tu a l  a n a ly s is  o f  th e  

feeds as re p o r te d  by Cy I). Evans o f  the  Chem istry Department o f th e  

Montana A g r ic u l tu ra l  Experiment S ta t io n .

Tahiti V _Anal_ysis_ o_f_F^edsJ[Tj8ed

Feed M oisture Ash
Crude
P ro te in F ib er

H-Free
E x tra c t F a t

10.4
- f -

2 .06 13.23
---------

1.85Wheat 2 .99 59.47
M ill Run 8.80 5.39 18.65 10.61 48.35 5.52
Oats 8 .73 3.62 12.80 9.08 62.65 3.12
B arley 9.64 2.58 12.87 7.87 65.59 1.46
A lfa lfa  Hay 5.32 5.96 8 .4 4 44.12 35.09 1.07
C ottonseed  Meal* - - 43.00 12.00 23.00 6.00

These f ig u re s  w ere converted  in to  d ig e s t ib le  n u tr ie n ts  by th e  use 

o f  Henry and M o rriso n 's  t a b le  (32) on th e  average d i g e s t i b i l i t y  o f  American 

feed ing  s t u f f s .

According to  th e  a c tu a l  a n a ly s is  o f  th e  feeds by the  members o f  th e  

Chemistry Department and th e  average p e r c e n t o f  d i g e s t i b i l i t y  of th e se  

feed ing  s t a f f s  a s  given by Henry and M orrison, th e  c o n ce n tra te  r a t io n  con­

ta in e d  12.2  p e r  c en t d ig e s t ib le  crude p ro te in  and 72.3 p e r  c e n t to t a l  

d ig e s t ib le  n u t r i e n t s ,  and the  a l f a l f a  hay con tained  5.99 p e r cen t d ig e s t ib le  

crude p ro te in  and 47.14 p e r cen t t o t a l  d ig e s t ib le  n u t r i e n t s .

h e a u lts  o f th e  Experim ent. F or com parison o f Woodwards Method o f 

feed ing  g r a in  t o  d a iry  cows w ith  th e  u su a l method o f feeding  I pound o f  

g ra in  to  each  3 or 4 pounds o f  m ilk produced , reco rd s  were k ep t o f the  t o t a l  

•A nalysis g iv en  on commercial feed ta g .
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fe«d conaumsd by each group du rin g  b o th  p e r io d s , th e  consum ption o f  

d ig e s t ib le  n u tr ie n ts  as  compared w ith  th e  req u i reaen ta  g iv en  in  th e  Iieigs 

and Converse s ta n d a rd , th e  average d e c lin e  in  m ilk  p ro d u c tio n  and th e  

g a in  or lo s s  in  body w eig h t.

P ro d u c tio n . One Je rse y  cow and two H o ls te in  cows began t  he second 

p e r io d  a s  dry cows so th ey  were no t in c lu d ed  in  de term in in g  th e  average  

o f  the two g roups. The f iv e  Je rse y  cows in  m ilk , in  th e  group fed accord­

ing  to  Woodward's Method, averaged  21.1 pounds o f 5 .8  p er c e n t m ilk per 

day. The four H o ls te in  cows i n  m ilk averaged  38 .2  pounds o f  3 .2  p e r cen t 

m ilk  p er day .

The same f i v e  J e rse y  cows fed a cc o rd in g  to  th e  Usual Method averag­

ed 18.9 pounds of 6.03 p e r c e n t m ilk p e r  day and th e  same four H o ls te in  

cows averaged  33.6 pounds o f  3 .24  p e r cen t m ilk  per day.

Com parison o f  N u tr ie n ts  Consumed w ith  th e  N u trie n ts  R eq u ired . With 

b o th  methods o f  feed in g  a com parison was made o f  th e  n u t r ie n ts  provided  and 

th e  n u tr ie n ts  re q u ire d  acco rd ing  to  th e  Meigs and. Converse s tan d a rd .

P r o te in  was a p p a re n tly  su p p lied  in  s u f f i c i e n t  amounts to  b o th  g roups. 

The group fed  acco rd ing  to  Woodward's method lacked  only .2  p e r  cen t o f  r e ­

c e iv in g  enough d ig e s t ib le  c rude  p ro te in  and the o th e r group rece iv ed  an 

excess o f  7 p e r  c e n t .  According to  Henry and M orrison 's  t a b le s ,  th e  average 

p e r c e n t o f  d ig e s t ib le  crude p ro te in  in  a l f a l f a  hay is  1 0 .6 , whereas th e

average p e r c en t o f  d ig e s t ib le  crude p ro te in  in  the  a l f a l f a  hay fe °- ***

5*99 accord ing  to  the  a c tu a l  a n a ly s is  and th e  d i g e s t i b i l i t y  o f  crude

p ro te in  a s  g iv e n  by Henry and M orrison. I f  th e  a l f a l f a  Iiay e a te n  had been
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o f  average q u a l i ty ,  a s  shown by Heniy anti lio r r  la on ’s t a b le s ,  th e  former 

group would have e a te n  an amount o f d ig e s t ib le  crude p ro te in ,  47 p e r  cen t 

In  excess o f  t h e i r  req u irem en ts  and th e  l a t t e r  group would have eaten  

an excess o f 61 p e r  c en t d ig e s t ib le  crude p r o te in .

T ables VI and VII show th a t  when the  a c tu a l a n a ly s is  o f  a l f a l f a  

hay was used in  determ in ing  th e  amount o f  n u tr ie n ts  consumed th e re  

appeared to  b e  vary l i t t l e  d if f e r e n c e  In  th e  t o t a l  averages o f  th e  two 

groups in  the  amount o f  t o t a l  d ig e s t ib le  n u t r ie n ts  e a te n  above or below 

th e  requ irem ents g iven  in  th e  IIelgs and Converse s ta n d a rd . The cows fed 

acco rd ing  to  Woodward’s Method lacked  4 .7  p e r  c en t o f  consuming enough 

t o t a l  d ig e s t ib le  n u t r i e n ts  and the  group fed  accord ing  to  th e  Usual 

Method consumed 3 .76 p e r  cant more t o t a l  d ig e s t ib le  n u t r ie n ts  th an  were 

re q u ire d . The th re e  d ry  cows in  t a b le  VI were not inc luded  in  th e  t o t a l s .

When th e  in d iv id u a l cows were can pared  w ith in  t h e i r  re s p e c tiv e  

groups th e re  was a marked d if f e r e n c e ,  however. Table VII shows th a t  th re e  

high producing  cows. B eauty , Queen and I d a b e l le , fed acco rd in g  to  th e  

U sual Method, d id  n o t re c e iv e  enough t o t a l  d ig e s t ib le  n u tr ie n ts  acco rd ing  

to  the  Meigs and Converse s tan d a rd . Beauty and Queen lacked  9 .6  per can t 

and 12.6 p e r cent re s p e c tiv e ly  of consuming enough t o t a l  d ig e s t ib le  

n u t r i e n t s .  In  th i s  same group 5 cows o f com paratively  low p ro d uction  con­

sumed a c o n s id e ra b le  excess o f  t o t a l  d ig e s t ib le  n u t r i e n ts .  The th re e  

low est p roducing  cows, S tephanos, A lb e r ta , and  Amy, consumed an excess 

o f  t o t a l  d ig e s t ib le  n u tr ie n ts  above requ irem en ts amounting to  21 .7  per 

c e n t ,  20 .4  p a r cent and 17 .7  per c en t r e s p e c t iv e ly .

Prom th e  d a ta  in  Table V I, i t  was found th a t  accord ing  to  th e



a c tu a l  a n a ly s is  o f  th e  feeds re c e iv e d  by tiie cot's fed accord ing  to  

Woodward** Method, th e r e  were no la rg e  v a r ia t io n s  in  th e  p e rc en ta g e  o f 

t o t a l  d ig e s t ib le  n u tr ie n ts  consumed, the  g r e a te s t  excess above th e  

Iieiga and Converse requ irem en ts  b e in g  l . t i  p e r  cen t and the  g r e a te s t  

d e fic ien c y  below req u irem en ts  being  1 1 .8  p e r  c e n t .  I t  w il l  be noted  

th a t  w ith  one ex cep tio n  a l l  o f th e  ,Io la te ine  were fed  s l i g h t ly  above 

requ irem en ts and a l l  o f  the J e rs e y s  were fed somewhat below re q u ire ­

m ents. T h is was undoubtedly due in  p a r t  to  th e  fa c t  th a t  th e  Je rsey s  

produced m ilk co n sid e rab ly  h ig h e r in  p e r  c en t o f  b u t t e r f a t  th an  th e  

average  J e rse y  and th e  H o ls te in s  produced m ilk co n ta in in g  a low er per 

cen t o f  b a t te r  f a t  than  the average H o ls te in . The average t e s t  fo r  

J e r s e y s ,  used i n  determ in ing  th e  apportionm ent o f  g r a in ,  was 5.35 per 

c e n t ,  whereas th e  Je rse y s  on th e  experim ent averaged  above 5 .8  per cen t 

in  t e s t .  The av erag e  t e s t  fo r  H o ls te in s  used in  ap p o rtio n in g  g r a in  was 

3 .5  per c e n t ,  whereas th e  H o ls te in s  in  th e  experim ent averaged  le a s  th an  

3 .3  p e r cen t in  t e s t .  The r e s u l t  was th a t  th e  h ig h  t e s t in g  Je rse y s  in  

t h i s  experim ent re q u ire d  more n u tr ie n ts  per pound o f  m ilk  produced than  

th e  av erage  Je rsq y  and the  low te s t in g  H o la te in s req u ired  le s s  n u tr ie n ts  

p e r  pound o f  m ilk produced th an  the average H o ls te in , due to  the  f a c t  

th a t  th e  requ irem en t fo r n u tr ie n ts  in c re a se s  w ith  th e  in c re a se  in  th e  

per cen t o f b a t t e r f a t  in  th e  Millc (21) .  Amelia was th e  only  H o ls te in  

cow th a t  d id  not re c e iv e  enough n u t r i e n t s .  T h is was due p ro b ab ly  to  her 

h igh  average t e a t  o f 3 .8  p e r  c e n t .

A fte r deductI %  the m aintenance requ irem en ts  determ ined from th e
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H o ls te in s
Amy 863 27.4 147 1263
Amelia 1601 67 .4 360 1295
Fobes 2218 66.4 696 1347
A lb e rta Dry 1228
A deline Dry 1263
Id a b e lla 1839 62.9 483 1210

1535 *19 702 768 700
1325 *21 864 921 979
1439 *36 1065 1126 1061
1586 *3 579 634 452
1588 *3 696 662 452
1268 -2 920 972 902

tO.S r8 .S  
- 11.8  - 6.6  
f .5 7  »6.0  
r2 8 .0  * ** **•40.1 
*31.6  *44.0 
*1 .9  »7.9

Average 1205 51 .4 541 1116 1168 »7.6 773 822 811 -4*7 *1.4

♦Dry c a rs  n o t in c lu d ed  in  t o t a l s .

** The a c tu a l  a n a ly s is  o f  c o n c e n tra te s  was used in  bo th  columns. Actual r e f e r s  to  th e  a c tu a l  a n a ly s is  o f  th e  
a l f a l f a  fed  and Htif r e f e r s  to average a n a ly s is  o f  a l f a l f a  hay g iven  by Henry and M orrison.

**• Requirem ents determ ined by means o f  the  Meigs and Converse s ta n d a rd .



Table TH  PBODOCTIOS AND FtldD CONSUMPTION OF 12 COWS FED GRAIN ACCORDING TO THK USUAL METHOD OF I  POUND TO EACH
3 AHD 4 POUNDS OF MILK PRODUCED.

- 60-

P roduction___  Gain o r "" T o ta l D ig e s tib le  N u trien ts*
Com Milk B u tte r fa t G rain

M ixture
A lfa lfa

Hay
Average Loss in  

Weight Weight
Consumed 

A ctual Htil
Excess 

R equired* ** A ctual
o r D efic iency  

Htil

Je rse y s
Lbs. Lbs. Jjbs # Lbs. Lbs. Lbs# Lbs# Lba. Lbs • % %

Beauty 1204 76.1 434 1114 1113 ♦4 839 889 928 —9.6 - 4 .2
Stephana 204 14.1 91 985 1002 *3 530 574 435 +21.7 +31.8
Latmaa 691 39.7 245 1033 843 r4 664 710 603 +17.8 +17.8
Queen 998 59.6 343 912 949 -42 678 719 776 -1 2 .6 -7 .3
Idow ell 482 25 .7 189 823 1053 -17 525 561 547 -4 .2 +2.5
Ona 875 49 .5 301 1059 970 -6 717 764 711 + .8 +7.5

H oleteins
Aisy 496 16.8 140 1282 1549 -10 706 763 599 +17.7 +27.3
Amelia 1168 46 .3 308 1331 1327 +16 850 909 803 +5.9 +13.3
Fobes 1918 62.1 497 1419 1448 +18 1028 1091 1004 +2.4 +8.7
A lb erta 334 14.2 119 1248 1508 -36 674 730 560 +20.4 +30.3
A deline 752 24 .0 231 1285 1671 +36 773 830 674 +14.7 +23.2
Id a b e lle 2068 5 9 .2 539 1175 1264 -14 943 995 965 -2 .3 +3.1

Average 933 4 0 .5 286 1136 1216 —3 .6 744 795 717 +3.75 +10.8

* The a c tu a l  a n a ly s is  o f c o n ce n tra te s  was used in  both colum ns. A ctual r e f e r s  to  th e  a c tu a l  a n a ly s is  o f  th e  
a l f a l f a  fe d  and H&M r e f e r s  to  average a n a ly s is  o f a l f a l f a  hay g iven  by Henry and M orrison.

** Requirem ents de term ined  by means o f th e  Meigs and Converse s tan d a rd .



—61 —

Melg* and Converse s ta n d a rd , the group fed  accord ing  t o  Woodward's Method 

coisumed only 7.75 pounds o f  t o t a l  d ig e s t ib le  n u tr ie n ts  p e r  pound o f  

b u t t e r f a t ,  whereas th e  group fed  acco rd ing  to  the  usual method consumed 

9.06 pounds o f  t o t a l  d ig e s t ib le  n u t r ie n ts  per pound o f  b u t t e r f a t .  The 

f ig u re s  on th e  a c tu a l  a n a ly s is  o f  th e  feeds wore used in  making th i s  

com parison.

I f  th e  a l f a l f a  hay had been of average com position as  shown by 

Henry and ,o r r i s o n 's ta b le s  o r i f  th e  a c tu a l  pe rcen tag e  o f  t o t a l  

d ig e s t ib le  n u tr ie n ts  in  the a l f a l f a  hay had been known a t  th e  beginning 

o f th e  experim ent, the  cows in  m ilk fed acco rd in g  to  Woodward's Method 

would have been fed c o n s id e ra b ly  c lo se r  to  th e  Meigs and Converse s tan d a rd . 

Table T shows th a t  by u sing  Henry and M orrisons f ig u re s  o f  E l .6 per oen t 

t o t a l  d ig e s t ib le  n u tr ie n ts  fo r the a l f a l f a  hay, t h i s  group would have r e ­

ceived  an average  o f  on ly  1.4 per c e n t t o t a l  d ig e s t ib le  n u t r ie n ts  above 

req u irem en ts . The g r e a te s t  excess o f  t o t a l  d ig e s t ib le  n u t r ie n ts  w u ld  

have been 8 .3  p e r c e n t in  the case  o f  th e  H o ls te in  cow, Amy, and th e  

g r e a te s t  d e f ic ie n c y  would have been 5 .6  p e r  cen t in  the case  o f  th e  

H o ls te in  cow, Am elia.

However th e  group fed  acco rd ing  to  the H sual Method might not have 

fared  so  w e ll i f  th e  a l f a l f a  hay had been o f  average q u a l i ty  s in c e  th e  

average  excess o f  t o t a l  d ig e s t ib le  n u tr ie n ts  would have been 10.8  per 

cen t above requ irem en ts as shown by T able V II . Two cows. Beauty and 

Queen, would s t i l l  have f a i le d  to  re c e iv e  enough n u tr ie n ts  and s ix  cows, 

S tephanna, L a tona, Amy, A m elia, A lb e rta , and A d e lin e , w u ld  have con-
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soDdd to ta l  d ig e s t ib le  n u t r ie n ts  c o n sid e rab ly  in  excess o f requ irem en ts, 

ran g in g  from 13.3  p e r cen t to  31.8 p e r cen t in  excess o f  th e  MeLgs and 

Converse req u irem en ts .

Gain o r Loss in  W eight. Tatil es VI and VII show th a t  th e re  was l i t t l e  

d if f e re n c e  in  th e  change in  body w eight in  th e  two groups. Table VI 

shows th a t  th e  cows fed  acco rd ing  to  Woodward's Methdl gained  an average 

o f  7.5 pounds during  th e  42 days. T able VII shows th a t  th e  group fed 

accord ing  to  th e  Usual Method lo s t  an average o f  3 .5  pounds during  the 

42 days.

Although th e  da ta  in  Table VI shows t h a t  th e  th re e  d ry  cows, 

fed  an  ex c lu s iv e  a l f a l f a  r a t io n ,  consumed t o t a l  d ig e s t ib le  n u tr ie n ts  

co n sid e rab ly  in  ex cess  o f  th e i r  m aintenance req u irem en ts , they d id  n o t 

make as much g a in  in  weight as  some o f the  cows in  m ilk  t h a t  were r e ­

ce iv in g  g ra in  but were n o t re c e iv in g  an excess o f  t o t a l  d ig e s t ib le  

n u t r ie n ts  above t h e i r  req u irem en ts . The Je rse y  cow, Idow oll, gained  15 

pounds during  th i s  42 day p e r io d  and th e  two H o ls te in  cows, A lberta  and 

A deline, g a in ed  only 3 pounds each during t h i s  p e r io d . The two H o ls te in s  

did n o t make th e  g a in  in  w eight th a t  was expected  o f them co n sid e rin g  

th e  work o f  Vinke (56) and o f th e  o th e r  experim ental work review ed in  

th is  t h e s i s .  A lb e rta  and A deline consumed an excess o f 28 and 31 per 

Cont t o t a l  d ig e s t ib le  n u tr ie n ts  re s p e c t iv e ly ,  above th e i r  req u irem en ts , 

acco rd in g  to  the Melga and Converse s ta n d a rd , and were expected  to  make 

a more s u b s ta n t ia l  g a in  in  w eigh t.

D ecline in  M ilk Y ie ld . S ince  th re e  o f the  cows were tu rn ed  d ry  a t
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th e  end o f  th e i r  f i r s t  p e r io d , n e i th e r  they n o r the th re e  cows in  th e  

o th e r group, used a s  check cows, were used i n  comparing th e  two methods 

o f  fe e d in g , w ith  re s p e c t to th e  e f f e c t  o f  each upon th e  r a t e  o f  de­

c l in e  in  m ilk y ie ld .  F ig u re  I  shows the  d e c lin e  in  m ilk  p ro d u c tio n  o f  

s ix  cows, two H o ls te in s  and fo u r  J e r s e y s , t h a t  were fed  acco rd in g  to  

b o th  methods d u rin g  two d i f f e r e n t  p e rio d s  o f  42 days each . Beauty, 

Latona and Fobes were fed  acco rd in g  to  Woodward’s Method th e  f i r s t  

p e rio d  and acco rd ing  to  th e  Usual Method th e  second p e rio d . Queen, Ona, 

and Id a b e lle  were fed  acco rd in g  to th e  Usual Method during  th e  f i r s t  

p e rio d  and acco rd in g  to  Woodward’s Method du ring  t h e  second  p e r io d .

I t  w i l l  b e  no ted  from F ig u re  I  th a t  th e re  was very l i t t l e  

d if f e re n c e  in  the  r a t e  o f  d e c lin e  o f  th e  m ilk y ie ld  of th e s e  s ix  cams 

when fed accord ing  to  one o r t h e  o th e r  o f  th e  two methods. When fed 

acco rd in g  to  the Usual Method, th e se  s ix  cows d ec lin ed  in  m ilk  a t  a 

s l ig h t ly  more ra p id  r a t e  during  th e  f i r s t  p e r io d , but d e c lin e d  a t  about 

th e  same r a te  during  th e  second p e r io d .

I t  i s  in te r e s t in g  to  n o te  th a t  a lthough  th e  cows fed  accord ing  

to  th e  Usual Method re c e iv e d  t o t a l  d ig e s t ib le  n u tr ie n ts  in  excess of 

re q u irem en ts , they did  not ho ld  up In  m ilk  y ie ld  any b e t t e r  th an  when 

they  were fed  acco rd ing  to  Woodward's Method. When fed by th e  l a t t e r  

method they f a i l e d  to  re c e iv e  enough feed  to  meet t h e i r  requ irem en ts 

o f t o t a l  d ig e s t ib le  n u t r i e n ts  by a s l ig h t  m argin, acco rd in g  to  th e  

Meigs and Converse s ta n d a rd .
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USUAL M ETHOD

D E C L / M E  //y  AT/ZA Y / E LD B Y  W E E K S

F ig u re  I .  Average d e c lin e  in  m ilk p ro d u c tio n  o f  s ix  cows fed
acco rd in g  to  Woodward’s Method compared to  th e  average 
d e c lin e  in  m ilk  p ro d u c tio n  o f  th e  same s ix  cows when 
fed  acco rd ing  to  th e  Usual Method#
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Avarage Consumption of A lf a l f a .  The amount o f  a l f a l f a  hay eaten  p a r 

day d id  not vary w ith in  very wide l im i t s  from day to  day . The s ix  Je rse y  

cows consumed an av erage  o f 23 .2  pounds o f  a l f a l f a  hay p a r  day and th e

H o ls te in s  consumed an av erage  o f  30.4 pounds p e r day as shown in  Table V III*

T able V II I .  Average D aily  Consumption of A llh lfa  by 6 Je rse y s  and 6 
H o le te ina  and averag e  d a ily  m ilk  p ro d u c tio n  p rov ided  fo r 
by th e  n u tr ie n ts  consumed in  excess o f  m aintenance 

I l f a T f I  A v I ra g I -------- ------  T o ta l  D ig e I tT h lV N ltI iIn ts ---------------M ilk P ro d u I t io I
tiatan Body T V a T fIlfa "" Reqii I r  ed""for TJonaumed in  Excess "Provided fo r by
Lbs. Weight Eaten* Maintenance** o f  M aintenance Excess o f N u tr-
p e r
day Lbs. Lbs. per Lbs. per Lbs. per

le n ts  in  
A lfa lfa

23 .2 986

Day _

10.94

Day
Je rse y s  

7. W

Bay

3.07

Lba. p er Day 

7.3

30.4 1460 14.33
H o ls te in e  

I OTTT- 4 .17 13.

The Je rse y s  consumed only  enough t o t a l  d ig e s t ib le  n u tr ie n ts  above 

m ain tenance, in  the  form o f  a l f a l f a  hay, to  p rov ide  th e  n u t r i e n ts  fo r 7.3 

pounls o f  m ilk te s t in g  6 .35  per cent b u t t e r f a t ,  and th e  H o ls te in s  consumed 

only enough to  p ro v id e  th e  n u tr ie n ts  fo r 13 pounds o f  m ilk  t e s t in g  3 .5  per 

c e n t .

The a l f a l f a  hay would undoubtedly have been ea ten  in  much la rg e r  

q u a n t i t ie s  i f  i t  had been of b e t t e r  q u a l i ty .  The day fo llo w in g  th e  c lo se  

o f th e  experim ent a few lo ad s  o f  f lu e ,  b r ig h t ,  le a fy  a l f a l f a  hay were 

d e liv e re d  to  th e  d a iry  b a rn . The cows a te  such la rg e  q u a n t i t ie s  o f  th is  

hay th a t  a t  th e  end o f  th e  t h i r d  day one day t r i a l  w eights were taken  o f 

th e  amount o f  a l f a l f a  hay ea ten  by th e  cows which had been in  th e  ex p eri­

ment. During th * t  one day th e  Je rse y s  a t e  an average o f  28 pounds of

a l f a l f a  hay and th e  H olateina a t e  an av erag e  o f  40.5 pounds o f a l f a l f a  hay . 
* A ctual A n a ly s is . ** Determ ined from th e  Meigs ana Converse S tandard .



CONC Lire IONS

I* G rain  ap p o rtio n ed  to  d a iry  cows accord ing  to  Woodward’s Method 

su p p lie s  th e  t o t a l  d ig e s t ib le  n u t r i e n ts  to  each in d iv id u a l cow in  more 

n e a r ly  th e  c o r re c t  amounta, aa  g iv e n  in  th e  Meiga and Converse S tandard , 

th an  does g ra in  appo rtioned  to  d a iry  cows acco rd in g  to  th e  Usual Method 

o f I  pound o f g ra in  fo r  each 3 and 4 pounds o f  m ilk produced, depending 

upon the  r ic h n e ss  o f  th e  m ilk . Woodward's Method is  to  ap p o rtio n  g ra in  

a t  th e  r a t e  o f  0 .4  and 0 .6  pound, to  low and high te s t in g  cows re s p e c t­

iv e ly  fo r each pound o f  m ilk produced above th e  amount p rov ided  fo r by 

th e  roughage a lo n e .

2 . G rain  ap p o rtio n ed  to  d a iry  cows acco rd ing  to  th e  Usual Method 

o f  I pound o f g ra in  to  each 3 or 4 pounds o f  m ilk produced, re s u lte d  in  

th e  overfeed ing  of low producers by as much as 21 .7  p e r c en t and the  

underfeed ing  o f h igh  producers by a s  much as  12.6 p er c e n t .  There was

a g r e a te r  tendency to  o v erfeed  low p ro d u cers  th an  th e re  was to  under feed 

h igh  p ro d u ce rs .

3 . More e f f i c i e n t  p ro d u c tio n  was re a l iz e d  by feed ing  accord ing  to  

Woodward's Method than was r e a l iz e d  by feed ing  accord ing  to  th e  Usual 

Method. Above m aintenance requ irem ents th e  cows fed accord ing  to  

Woodward's Method averaged a pound o f  b u t t e r f a t  from 7.75 pounds o f  

t o t a l  d ig e s t ib le  n u t r i e n t s ,  whereas th e  cows fed  according  to  th e  Usual 

Method consumed an averag e  o f 9.05 pounds o f  t o t a l  d ig e s t ib le  n u tr ie n ts  fo r  

each pound o f b u t t e r f a t  produced.
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4 . There was l i t t l e  d if f e re n c e  in  th e  r a t e  o f  d e c lin e  o f  m ilk 

p ro d u c tio n  o f th e  cows fed  by e i th e r  one o r th e  o th e r o f  th e  two methods.

6. Good q u a li ty  a l f a l f a  Iiay was ea ten  in  much la rg e r  q u a n t i t ie s  

th a n  was poor q u a l i ty  a l f a l f a  hay.

6. S u f f ic ie n t  p ro te in  was a p p a re n tly  provided by the  poor q u a li ty  

a l f a l f a  hay and a g ra in  m ix ture  c o n ta in in g  12.2 per cen t d ig e s t ib le  crude 

p r o te in .
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PART V

OKHLPAL conclusions

1. When cow a a r e  fed  a l l  the a l f a l f a  hay they  w il l  e a t  and g ra in  a t  

th e  r a t e  o f  I pound to every 3 , 4 , or 5 pounds o f  milk produced, th e  low 

producers a re  overfed  because cows w ill  g e t enough n u tr ie n ts  from good 

a l f a l f a  hay a lone  f o r  the m aintenance o f  t h e i r  bod ies as w ell as  fo r  th e  

p ro d u c tio n  o f  a c e r t a in  amount o f  m ilk .

2 . There is  a g en era l tendency fo r h igh  producers to  be under fed 

when ap p o rtio n ed  g ra in  a t  th e  r a t e  o f I pound to  each 3 o r 4 pounds o f 

milk produced when a l f a l f a  i s  fe d  ad lib itu m  because I  pound o f  g ra in  

w i l l  no t fu rn ish  th e  n u tr ie n ts  fo r as much a s  3 pounds o f  m ilk .

3 . A s a t i s f a c to r y  method o f  feeding  d a iry  cows under W estern condi­

t io n s  th a t  can b e  worked out by Experiment S ta t io n s ,  is  to  determ ine

th e  amount o f  m ilk th a t  can b e  produced on a l f a l f a  hay a lo n e , fo r  h igh 

t e s t i n g  and low te s t in g  b re e d s , and th en  feed  cows o f th e  h ig h  te s t in g  

b reed s  0 .6  o f  a pound o f g ra in  fo r  every pound o f  m ilk produced in  ex 

c ess  o f th a t  amount and to  cows o f th e  low t e s t i n g  b reeds feed  0 .4  o f  a 

pound o f g ra in  f o r  every pound o f m ilk produced in  excess o f  th a t  amount.

4 . In  o rd e r to  fo rm u la te  a s a t i s f a c to r y  method of feed in g  d a iry  cows 

as d e sc rib e d  above, d a ta  must be secured  on th e  consum ption of a l f a l f a  

bay o f  both good and poor q u a lity *
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6 . Je rse y  cows cannot e a t  enough poor q u a li ly  a l f a l f a  hay to  p rov ide  

th e  n u t r i e n t s  fo r  m aintenance and more than  8 pounds o f  m ilk .

6 . H o ls te in  cows cannot e a t enot^h poor q u a lity  a l f a l f a  hay to  p ro­

v id e  th e  n u tr ie n ts  f o r  m aintenance and more th an  13 pounds o f m ilk .

7. Good q u a li ty  a l f a l f a  hay , because o f  i t s  g re a te r  p a l a t a b i l i t y ,  i s  

e a te n  in  much la r g e r  q u a n t i t ie s  than  i s  poor q u a l i ty  a l f a l f a  hay.

8. Good q u a lity  a l f a l f a  hay is  more e f f e c t iv e  in  m a in ta in in g  th e  

m ilk flow than  i s  poor q u a l i ty  a l f a l f a  hay .

9 . The accep ted  feed in g  s tan d a rd s  fo r d a iry  c a t t l e  a re  p robab ly  too 

high  in  p ro te in  req u irem en ts  f o r  both  m aintenance and m ilk p ro d u c tio n .

10. When good q u a l i ty  a l f a l f a  hay i s  fed  ad lib itu m  th e  v a lu e  o f 

add ing  h i p r o t e i n  c o n c e n tra te s  to  th e  r a t io n  i s  q u es tio n ab le .

11. F e e d ii^  s tan d a rd s  fo r d a iry  cows ag ree  more c lo s e ly  in  t o t a l  

d ig e s t ib le  n u tr ie n ts  th an  they  do in  p ro te in  req u irem en ts .

1 2 . T o tal d ig e s t ib le  n u t r i e n ts  a r e  more s a t i s f a c to r y  fo r  fo rm ulat­

in g  feed ing  s tan d a rd s  a t  th e  p re se n t time th a n  is  n e t energy .

13. Feeding a t  a p lan e  o f  n u t r i t io n  h igher th an  is  c a l le d  fo r  in  

th e  accep ted  feeding s tan d a rd s  r e s u l t s  in  an in c re a se  in  p ro d u c tio n  but 

no t in  p ro p o r tio n  to th e  amounts o f n u tr ie n ts  fe d .

14. Except in  m in era l d e f ic ie n t  a re a s ,  t h e  only  m in era l t h a t  is  

a p t to  be  lack in g  in  d a iry  c a t t l e  ra tio n s  i s  common s a l t .

15. When a l f a l f a  hay i s  fe d  to  d a iry  c a t t l e ,  none o f  th e  known 

v itam ins o f  im portance in  d a iry  c a t t l e  feed in g  w ill  be la c k in g .
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