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ABSTRACT

Using ex p e rim en ta l d a ta ,  a p ro d u c tio n  fu n c tio n  f o r  f e e d lo t  c a t 

t l e  i s  e s tim a te d . This in fo rm a tio n , in  c o n ju n c tio n  w ith  p r ic e  in form a

t io n ,  i s  u t i l i z e d  to  determ ine  economic optimum fe e d in g  m ethods. A 

d e p a r tu re  from  c o n v en tio n a l economic d e c is io n  making th e o ry  i s  n e c e ssa ry  

due to  th e  n a tu re  o f  m arket p r ic e  d e te rm in a tio n s  in  th e  b e e f  c a t t l e  in 

d u s try . P ro d u c tio n  d e c is io n s  must be based  upon d isc o n tin u o u s  revenue 

fu n c tio n s , th e  im p lic a tio n s  o f  which a re  d isc u sse d  in  d e t a i l .

The h ig h e s t  c o n c e n tra te  tre a tm e n t examined was o p tim a l w ith in  a 

r e le v a n t  p r id e  ra n g e . A custom  fe e d lo t  owner w i l l  maximize h i s  n e t 

revenue by m axim izing th e  n e t  revenue o f  th e  owner o f  c a t t l e  b e in g  fe d . 

C a t t le  owners h av in g  t h e i r  an im als custom  fed  and f e e d lo t  owners fe e d in g  

t h e i r  own c a t t l e  re c e iv e  maximum n e t revenue over tim e by  fe e d in g  th e  

an im als u n t i l  average  n e t revenue i s  m axim ized. Maximum average  n e t  

revenue does n o t n e c e s s a r i ly  c o in c id e  w ith  th e  p o in t  a t  w hich t o t a l  n e t  

revenue i s  maximized fo r  one l o t  o f c a t t l e ,  a lth o u g h  b o th  p o in ts  occur 

when th e  average  g rad e , and th e re fo re  p r ic e  p e r  cw t. o f a l o t  changes.

I f  an im als a re  fed  beyond a g iven  grade  change, they  must be fed  a t  

l e a s t  u n t i l  th e  n ex t grade and p r ic e  change o c c u rs ,



CHAPTER I

INTRODUCTION

L iv es to c k  p ro d u c tio n  re p re s e n ts  a s ig n i f i c a n t  p o r t io n  o f A riz o n a 's  

a g r i c u l tu r a l  s e c to r .  In  1976, 41 .5  p e rc e n t o f th e  cash  r e c e ip t s  from 

a l l  farm  m arke tings were from l iv e s to c k  and l iv e s to c k  p ro d u c t s a l e s .

T o ta l cash  r e c e ip ts  from l iv e s to c k  and l iv e s to c k  p ro d u c t m arke tings were 

$534,4 m il l io n .  Fed c a t t l e  m arke tings in  A rizona to ta l e d  795,000 head 

in  1976.

Over 25 .7  b i l l i o n  pounds o f  b e e f  w ere consumed in  th e  U nited  

S ta te s  in  1976, and over 90 p e rc e n t o f  t h i s  meat was produced domes

t i c a l l y .  Average p e r  c a p i ta  consum ption was 129 pounds.

The sea rc h  fo r  o p tim a l b e e f  p ro d u c tio n  methods i s  th e r e f o r e  

h ig h ly  im p o rtan t n o t on ly  to  th e  b e e f  p ro d u ce r i n t e r e s t e d  in  su p p o rtin g  

h im s e lf , b u t a ls o  to  most Americans who ta k e  p a r t  in  th e  consum ption o f 

such a la r g e  q u a n ti ty  o f  b e e f .

A lthough economic th eo ry  has been u t i l i z e d  to  v a ry in g  degrees in  

th e  s tu d y  o f l iv e s to c k  p ro d u c tio n  d e c is io n s ,  many im p o rtan t q u e s tio n s  

rem ain unansw ered. W hile t r a d i t i o n a l  approaches to  l iv e s to c k  p ro d u c tio n  

problem s have p ro v id ed  us w ith  a framework f o r  a n a ly s i s , s t r i c t  adherence  

to  th e  g e n e ra l assum ptions o f  economic th e o ry  may le a d  one to  ig n o re  c e r 

t a in  knowledge s p e c i f ic  to  b e e f  p ro d u c tio n  prob lem s. This s tu d y  fo cu ses  

on th e  a p p l ic a t io n  o f th e  th e o ry  o f  th e  f irm  to  th e  b e e f  p ro d u c tio n

1
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p ro c e s s , keep ing  in  mind th e  n e c e s s i ty  in  an a p p lie d  s tu d y  f o r  th e  con

c lu s io n s  and recom m endations to  conform  to  r e a l i t y .

The a n a ly s is  b e g in s  w ith  a b r i e f  o u t l in e  o f  th e  th e o r ie s  and 

concep ts o f p ro d u c tio n  economics which n e c e s s a r i ly  a re  th e  b a s is  fo r  

any Study o f  t h i s  n a tu r e .  This o u t l in e  i s  fo llow ed  by a d is c u s s io n  o f  

some o f  th e  most im p o rtan t p a s t  s tu d ie s  o f  th e  economics o f  l iv e s to c k  

p ro d u c tio n . T his background a llow s fo rm u la tio n  o f  th e  a n a ly s is  so as  to  

c a r ry  o u t th e  s p e c i f i c  o b je c t iv e s  o f  t h i s  s tu d y .

O b je c tiv e s  and G eneral P rocedu res

The f i r s t  o b je c t iv e  o f t h i s  work i s  to  e s tim a te  a p ro d u c tio n  

fu n c tio n  fo r  c a t t l e  in  A rizona fe e d lo ts  in c lu d in g  a d e te rm in a tio n  o f  th e  

r a te s  a t  which fo rag e  and g ra in  s u b s t i t u t e  in  th e  b e e f - f a t t e n in g  p ro c e ss  $ 

a d e te rm in a tio n  o f  th e  r a t e  a t  which feed s  a re  tran sfo rm ed  in to  b e e f  

g a in s  fo r  d i f f e r e n t  fo ra g e -g ra in  r a t i o n s ,  a d e te rm in a tio n  o f  th e  tim e 

re q u ire d  to  produce d i f f e r e n t  le v e l s  o f g a in  fo r  d i f f e r e n t  r a t io n s ,  and 

a d e te rm in a tio n  o f  c a rc a s s  grade produced from v a r io u s  r a t i o n s .

The b a s ic  d a ta  on feed  co m p o sitio n , tre a tm e n t o f  ex p e rim en ta l 

an im a ls , w eight g a in s  and c a rc a ss  g rades were p ro v id ed  by th e  D epart

ment o f Animal S c ien ce , The U n iv e rs ity  o f  A rizona , from experim en ts  

c a r r ie d  ou t under R egional R esearch P r o je c t  W-145. Cost d a ta  were ob

ta in e d  from U.S.D.A. s t a t i s t i c s ,  and in fo rm a tio n  on a c tu a l  f e e d lo t  

o p e ra tio n  were o b ta in e d  from v a rio u s  so u rc e s  in c lu d in g  p e rs o n a l i n t e r 

v iew s.

M u ltip le  r e g re s s io n  a n a ly s is  i s  used to  e s tim a te  a growth r e 

sponse fu n c tio n  fo r  th e  ex p erim en ta l a n im a ls . M arginal r a t e s  o f
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s u b s t i t u t io n  a re  exam ined, and an e l a s t i c i t y  o f  p ro d u c tio n  c o e f f i c i e n t  

d e term in ed . E quations r e l a t i n g  feed  consum ption to  tim e a re  e s tim a te d  

fo r  d i f f e r e n t  r a t i o n s ,  and th e  r e la t io n s h ip  betw een c a rc a s s  grade and 

r a t io n  fed  a re  e s tim a te d .

The second and f i n a l  o b je c t iv e  o f  t h i s  s tu d y  I s  to  e s t im a te ,  

under d i f f e r e n t  p r ic e  c o n d it io n s , th e  com binations o f  fe e d , g a in , c a r 

c ass  g rad e , and th e  number o f l o t s  p e r y e a r  th a t  would maximize y e a r ly  

n e t  revenue. This o b je c t iv e  i s  c a r r ie d  o u t from th e  p o in ts  o f  view o f  

a f e e d lo t  owner fe e d in g  h i s  own c a t t l e ,  a  custom  f e e d lo t ,  and a c a t t l e  

owner h av in g  h i s  an im als custom fe d . In  each case  th e  o p tim a l s o lu t io n  

i s  c o n tra s te d  w ith  th e  optimum w hich would occur i f  th e  obj e c t iv e  were 

to  maximize n e t  revenue from one l o t  o f  c a t t l e .

T his o b je c t iv e  i s  accom plished  by com bining p h y s ic a l  in fo rm a tio n  

d e riv ed  under th e  f i r s t  o b je c t iv e  w ith  c o s t  and p r ic e  d a ta ,  and ap p ly in g  

accep ted  p r in c ip le s  from th e  th e o ry  o f  p ro d u c tio n . When t h i s  th eo ry  in  

some in s ta n c e s  p roves in a d eq u a te  th e  d e c is io n  ru le s  a r e  m o d ified  as 

n e ce ssa ry  to  com plete th e  d e te rm in a tio n  o f  economic optim a under condi

t io n s  conform ing to  r e a l i t y .



CHAPTER I I

THEORETICAL BACKGROUND

D ecison making a t  th e  f irm  le v e l  i s  based  upon what i s  commonly 

c a l le d  p ro d u c tio n  econom ics, a s c ie n c e  d e a lin g  w ith  th e  p ro d u c tio n  o f a 

commodity o r  com m odities from v a rio u s  com binations o f  i n p u t s , Or f a c to r s  

o f p ro d u c tio n . P ro d u c tio n  economics c o n s is ts  o f a s e t  o f  th e o r ie s  

based  upon b o th  p h y s ic a l and economic r e l a t io n s h ip s ,  and i s  u t i l i z e d  

in  dev e lo p in g  b u s in e ss  s t r a t e g i e s  w ith  spine o b je c t iv e ,  m ost commonly 

p r o f i t  m ax im ization , in 'm in d .

P ro d u c tio n  F u n c tio n  Concept

P ro d u c tio n  fu n c tio n s  p ro v id e  th e  p h y s ic a l  o r  b io lo g ic a l  inform a

t io n  n e c e ssa ry  to  th e  d e c is io n  making p r o c e s s . A p ro d u c tio n  fu n c tio n  

e x p re sse s  th e  v a rio u s  com binations o f  in p u ts  th a t  a re  needed to  produce 

a g iven  q u a n tity  o f  o u tp u t ,  o r  th e  maximum p o s s ib le  o u tp u t which can be 

produced w ith  any s p e c i f ie d  q u a n t i t i e s  o f th e  v a rio u s  n e c e s sa ry  in p u ts ,  

g iven  a p a r t i c u l a r  s t a t e  o f  tech n o lo g y .

P h y s ic a l p ro d u c tio n  may be a fu n c tio n  o f  any number o f re s o u rc e s , 

and may e x h ib i t  any o f  s e v e ra l  ty p es  o f  in p u t-o u tp u t  r e la t io n s h ip s  

(F ig u re  1 )• A d d itio n s  o f  each su c c e ss iv e  u n i t  o f  a re s o u rc e , o th e r  

in p u ts  h e ld  c o n s ta n t ,  may in c re a s e  o u tp u t a t  a c o n s ta n t r a t e ,  an in 

c re a s in g  f a t e ,  o r  a d e c re a s in g  r a t e .  I t  i s  a lso  p o s s ib le  f o r  a l l  o f  

th e  above r a te s  to  e x i s t  a t  some p o in t in  a g iven  p ro d u c tio n  p ro cess  as 

d e p ic te d  in  F ig u re  I d .  A ccording to  th e  law o f d im in ish in g  r e tu r n s ,
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where a t  l e a s t  one in p u t i s  h e ld  c o n s ta n t ,  some le v e l  o f  in p u t o f  any 

o th e r  f a c to r  o f  p ro d u c tio n  e x i s t s  in  any p ro d u c tio n  p ro c e ss  beyond 

which th e  a d d it io n  o f each su c c e ss iv e  u n i t  o f  an in p u t w i l l  in c re a s e  

o u tp u t a t  a d e c re a s in g  r a te  ( i . e . , p o in t  a in  F ig u re  I d ) .

Once a p ro d u c tio n  fu n c tio n  i s  e s tim a te d  fo r  any p ro d u c tio n  

p ro c e s s , a d d i t io n a l  p h y s ic a l  r e la t io n s h ip s  can be d e riv e d  from  th a t  

fu n c tio n  which a re  n e c e ssa ry  in  th e  d e c is io n  making p r o c e s s . The most . 

im p o rtan t o f th e se  r e la t io n s h ip s  a re  m arg in a l p h y s ic a l  p ro d u c t fu n c t io n s , 

average  p h y s ic a l  p ro d u c t fu n c t io n s ,  p ro d u c t is o q u a n ts ,  m arg in a l r a te s  o f  

S u b s t i tu t io n ,  and th e  e l a s t i c i t y  o f  p ro d u c tio n .

The m arg ina l p h y s ic a l  p ro d u c t o f  any in p u t i s  d e fin e d  as th e  ad

d i t io n  to  o u tp u t which o ccu rs  as th e  r e s u l t  o f  th e  a d d i t io n  o f  one more 

u n i t  o f  t h a t  p a r t i c u l a r  in p u t ,  a l l  o th e r  in p u ts  h e ld  c o n s ta n t .  Graph

i c a l l y ,  i t  i s  see n  as th e  s lo p e  o f  th e  t o t a l  p h y s ic a l  p ro d u c t fu n c tio n . 

M a th em a tica lly , m arg ina l p h y s ic a l  p ro d u c t (MPP) can be e x p re ssed  a s :

where TPP i s  t o t a l  p h y s ic a l  p ro d u c t, o r  a m athem atica l e x p re ss io n  o f  th e  

r e la t io n s h ip  betw een th e  p ro d u c t and th e  in p u t  X, a l l  o th e r  in p u ts  h e ld  

c o n s ta n t .

Buse and Bromley (1975, p . 1 0 9 ), d e f in e  average  p h y s ic a l  p ro d u c t 

(APP) as th e  t o t a l  amount o f  o u tp u t d iv id e d  by th e  t o t a l  l e v e l  o f  th e  

v a r ia b le  in p u t used to  produce t h a t  q u a n t i ty  o f  o u tp u t. A lg e b ra ic a l ly , 

average  p h y s ic a l p ro d u c t can be c a lc u la te d  a s :



G ra p h ic a lly , th e  average  p h y s ic a l p ro d u c t f o r  any l e v e l  o f  v a r ia b le  in 

p u t i s  th e  s lo p e  o f  a l i n e  from th e  o r ig in  to  th e  p o in t  on th e  TPP curve 

w hich i s  o f  i n t e r e s t .  F ig u re  2 shows a " tex tb o o k  ty p e"  t o t a l  p h y s ic a l  

p ro d u c t curve w ith  i t s  a s s o c ia te d  averag e  and m arg ina l p h y s ic a l  p ro d u c t 

cu rv e s .

In  any p ro d u c tio n  p ro c e ss  th e re  a re  l i k e ly  to  be v a r ia b le  in p u ts  

which s u b s t i t u t e  fo r  each o th e r  to  some degree  w ith in  c e r ta in  ranges o f  

b o th  in p u t s . The p h y s ic a l  concep t which in d ic a te s  a t  what r a t e  any two 

in p u ts  s u b s t i t u t e  fo r  each o th e r  i s  th a t  o f  th e  is o q u a n t , o r  iso p ro d u c t 

cu rv e . An iso q u a n t i s  a l i n e  in  th e  re so u rc e  p lan e  w hich shows a l l  pos

s ib l e  com binations o f  two v a r ia b le  in p u ts  which w i l l  p roduce a g iven  

le v e l  o f  o u tp u t .  An iso q u an t map shows a number o f  is o q u a n ts  fo r  d i f 

f e r e n t  le v e ls  o f  o u tp u t (F ig u re  3 ) . Iso q u a n ts  a re  d e riv e d  from a produc

t io n  fu n c tio n , in  th e  case  o f  two v a r ia b le  in p u ts ,  by a lg e b r a ic a l ly  

m an ip u la tin g  th e  fu n c tio n  so t h a t  th e  q u a n ti ty  o f one in p u t i s  ex p ressed  

as a fu n c tio n  o f  o u tp u t and th e  q u a n ti ty  o f  th e  o th e r  v a r ia b le  in p u t ,  

a l l  o th e r  in p u ts  ex cep t th o se  two h e ld  c o n s ta n t .  The m arg in a l r a t e  o f  

s u b s t i t u t io n  (MRS), o f  one in p u t fo r  a n o th e r i s  g iven  by th e  s lo p e  o f  

an is o q u a n t , and t e l l s  th e  amount by which one in p u t w i l l  change when 

th e  q u a n ti ty  o f  a n o th e r  in p u t changes and o u tp u t rem ains c o n s ta n t . I s o 

quan ts a re  g e n e ra lly  th o u g h t to  have n e g a tiv e  s lo p e , a s  i l l u s t r a t e d  in  

F ig u re  3 , and to  be convex to  th e  o r ig i n .

E l a s t i c i t y  o f p ro d u c tio n  i s  d e f in e d  as th e  p e rc e n ta g e  change in  

o u tp u t which w i l l  occu r as a r e s u l t  o f  a one p e rc e n t in c re a s e  in  in p u t ,
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P ro d u c tio n  i s  commonly d iv id e d  in to  th re e  s ta g e s  w hich a re  d e f in e d  by th e  

e l a s t i c i t y  o f  p ro d u c tio n . S tage one o f  p ro d u c tio n  e x i s t s  when th e  

e l a s t i c i t y  o f  p ro d u c tio n  i s  g r e a te r  th an  one and th e  MPP i s  g r e a te r  th an  

APP. In  s ta g e  one b o th  t o t a l  and average  p ro d u c t w i l l  be in c re a se d  by 

u t i l i z i n g  more o f  th e  v a r ia b le  in p u ts .  S tage two i s  t h a t  ran g e  o f  p ro 

d u c tio n  in  which th e  e l a s t i c i t y  o f  p ro d u c tio n  i s  a v a lu e  betw een ze ro  

and one. MPP i s  l e s s  th an  APP, b u t g r e a te r  th an  z e ro . When th e  e l a s 

t i c i t y  o f  p ro d u c tio n  i s  l e s s  th an  z e ro , p ro d u c tio n  i s  s a id  to  be in  

s ta g e  th r e e .  I f  p ro d u c tio n  i s  in  s ta g e  th r e e ,  d is c a rd in g  some o f  th e  

v a r ia b le  re so u rc e  w i l l  in c re a s e  th e  r e tu r n  to  bo th  f ix e d  and v a r ia b le  

re so u rc e s  (Heady and D illo n  1961, p . 4 0 ). E conom ically , as lo n g  as a 

f irm  i s  n o t in f lu e n c in g  p r i c e s ,  i t  shou ld  produce a t  l e a s t  to  th e  p o in t  

o f maximum APP, o r  th e  b eg in n in g  o f  s ta g e  tw o, and n o t p a s t  th e  p o in t  o f  

maximum TPP, i f  i t  p roduces a n y th in g  a t  a l l .

So f a r  th e  d is c u s s io n  has on ly  in c lu d e d  p h y s ic a l  r e la t io n s h ip s  

in v o lv ed  in  p ro d u c tio n . In  o rd e r  to  com plete th e  d e c is io n  making p ro c e s s ,  

in fo rm a tio n  i s  needed about th e  v a lu es  o f  r e le v a n t  in p u ts  and o u tp u ts .

The fo llo w in g  s e c t io n  d e sc r ib e s  th e  use  o f  p r ic e  in fo rm a tio n  in  conjunc

t io n  w ith  in fo rm a tio n  d e riv e d  from p ro d u c tio n  fu n c tio n s  so as to  d e te r 

mine economic op tim a.

P r o f i t  M axim ization

A lthough p r o f i t  m axim ization  i s  n o t n e c e s s a r i ly  th e  o b je c t iv e  o f  

every  b u s in e ss  f irm , i t  i s  p ro b ab ly  th e  most e x te n s iv e ly  used c r i t e r i o n  

upon which economic d e c is io n s  a re  made. For t h i s  re a so n  i t  i s  assumed in
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th e  fo llo w in g  d is c u s s io n  th a t  th e  o b je c t iv e  o f  th e  f irm  i s  to  maximize

p r o f i t .

In  o rd e r  to  p roceed  w ith  t h i s  a n a ly s is  i t  i s  n e c e s sa ry  to  d e f in e  

c e r ta in  te rm s . Economic p r o f i t  i s  th e  d if f e r e n c e  betw een t o t a l  revenue 

and t o t a l  c o s t .  T o ta l revenue i s  th e  rev enue  re c e iv e d  from s e l l i n g  Y

p lu s  th e  c o s t  o f  w hatever amount o f  each v a r ia b le  in p u t i s  u sed , in 

c lu d in g  some payment to  th e  e n tre p re n e u r . M arginal f a c to r  c o s t  i s  de

f in e d  as th e  change in  t o t a l  c o s t  which occurs  w ith  th e  in t r o d u c t io n  o f  

one a d d i t io n a l  u n i t  o f  in p u t .  T o ta l v a lu e  p ro d u c t "(another e x p re ss io n  

o f  TR) i s  eq u a l to  th e  p r ic e  o f  th e  o u tp u t tim es th e  q u a n t i ty  o f th e  . 

o u tp u t o r  TPP. Average v a lu e  p ro d u c t i s  d e fin e d  as th e  p r ic e  o f th e  

o u tp u t tim es APP, and m arg in a l v a lu e  p ro d u c t i s  eq u a l to  th e  p r ic e  o f  

th e  o u tp u t tim es MPP. These r e la t io n s h ip s  a re  summarized below :

p ro d u c t shou ld  be produced? Second, how much o f  t h a t  p ro d u c t shou ld  be

u n i t s  o f  o u tp u t a t  a p r ic e  P . T o ta l c o s t  c o n s is ts  o f  a l l  f ix e d  c o s ts
y

ir = p r o f i t  = TR -  TC

TR = P « Y
y

TC = PC + P .xx

TVP = P • TPP
y

AVP = P • APP TVP
X

MVP = P ° MPP =
y

dTVP
dX

Buse and Bromley (1975) su g g es t t h a t  th e re  a re  th r e e  fundam ental

q u e s tio n s  to  be answ ered when making, p ro d u c tio n  d e c is io n s .  F i r s t , what

produced? And f i n a l l y ,  what i s  th e  b e s t  p o s s ib le  means to  accom plish
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th a t  p ro d u c tio n ?  S ince t h i s  s tu d y .fo cu ses  d i r e c t l y  upon c a t t l e  f e e d lo ts  

a lre a d y  in  e x is te n c e ,  th e  p ro d u c t to  be produced has a lre a d y  been  chosen 

and i s  l i v e  b e e f ,  o r  fed  c a t t l e .  The f i r s t  q u e s tio n  h av in g  been 

answ ered, th e  rem ain ing  two dese rv e  f u r th e r  a t t e n t io n .  S p e c if ic a t io n  

o f  th e  optimum q u a n t i ty  o f  in p u ts  a u to m a tic a lly  s p e c i f i e s  an optimum 

o u tp u t f o r  a g iven  t o t a l  p h y s ic a l  p ro d u c t fu n c tio n . T h e re fo re , by d e te r 

m ining th e  b e s t  p o s s ib le  means o f  p ro d u c tio n , one a lso  de te rm in es  how 

much o f  th e  p ro d u c t shou ld  be p ro d u ced .

Economic th e o ry  s t a t e s  t h a t  in  o rd e r  to  maximize p r o f i t s  th e  

f irm  should  u t i l i z e  each in p u t to  th e  p o in t  where th e  MVP o f  t h a t  in p u t  

i s  eq u a l to  th e  m arg in a l f a c to r  c o s t  o f  t h a t  in p u t (MFC). I f  th e  fe e d -  

l o t  can be assumed to  be buying  i t s  re so u rc e s  in  a c o m p e titiv e  m ark e t, 

th e  m arg in a l f a c to r  c o s t  o f  any re so u rc e  i s  eq u a l to  th e  p r i c e  o f  t h a t  

re s o u rc e . This n e c e ssa ry  c o n d itio n  fo r  p r o f i t  m ax im ization  can be ex

p re s se d  m a th em atica lly  a s :

p . ffl-- = p 
y dx.  x.

where P^ i s  th e  p r ic e  o f th e  o u tp u t Y, P _̂. i s  th e  p r ic e  o f  th e  in p u t X^,
dYand - r -  i s  th e  MPP o f  X. in  th e  p ro d u c tio n  o f Y. I f  o n ly  one v a r ia b le
uX^ 1

re so u rce  i s  u t i l i z e d  in  th e  p ro d u c tio n  p ro c e s s , and VMP i s  assumed to  be

d e c l in in g , th e  above c o n d itio n  i s  s u f f i c i e n t  fo r  p r o f i t  m ax im ization .

However, a p ro d u c tio n  p ro c e ss  in  which more than  one v a r ia b le  f a c to r  o f  

p ro d u c tio n  i s  used has th e  p o s s i b i l i t y  o f  s u b s t i t u t io n  o f  in p u ts .  I f  in 

p u ts  can be s u b s t i t u te d  fo r  one a n o th e r , an a d d i t io n a l  c r i t e r i o n  becomes 

re le v a n t  fo r  p r o f i t  m ax im ization . F a c to rs  shou ld  be u t i l i z e d  in  th e  

p ro d u c tio n  p ro c e ss  in  such  p ro p o r tio n s  th a t, th e  m arg in a l r a t e  o f



13

s u b s t i t u t i o n  o f any in p u t f o r  a n o th e r  i s  eq u a l to  th e  n e g a tiv e  o f  th e  

in v e rs e  p r ic e  r a t i o  o f  th e  two in p u ts ,  o r :

fi s  
dX2 "  "  %

where X- and a re  f a c to r s  of p ro d u c tio n  and P and P a re  t h e i r
X1 X2

r e s p e c t iv e  p r i c e s .  I f  b o th  th e  above c o n d itio n s  e x i s t  s im u lta n e o u s ly , 

th e  com bination  o f  in p u ts ,  q u a n t i ty  o f  each in p u t and q u a n t i ty  o f  o u tp u t 

which shou ld  be produced i s  s p e c i f ie d  so as to  maximize p r o f i t .  These 

p r o f i t  m axim izing c o n d itio n s  a re  i l l u s t r a t e d  in  F ig u re  4 .

. Revenue M axim ization over Time 

W hile p r o f i t  m axim ization  fo r  a s in g le  p ro d u c tio n  p e r io d  may be 

accom plished  u s in g  th e  te ch n iq u es  d e sc r ib e d  above, p r o f i t  m axim ization  

over tim e i s  n o t accom plished  by sim ply  r e p e a t in g . th e  above p ro cess  o v er 

and over a g a in  i f  th e  f irm  runs a co n tin u o u s o p e ra t io n . A f e e d lo t  i s  a 

good example o f such an o p e ra tio n . " In  a con tinuous o p e ra t io n ,  in  which 

each l o t  o f  c a t t l e  i s  re p la c e d  im m ediate ly  by a new l o t ,  th e  o p e ra to r  i s  

concerned w ith  m axim izing h i s  average  n e t  revenue over tim e"  (P a r is  

1960, p . 755 ). P a r is  (1960, p . 766) s t a t e s  th a t  th e  optimum tim e to  

re p la c e  e n te r p r i s e s  t h a t  can be h e ld  v a r io u s  le n g th s  o f  tim e  i s  when th e  

"m arg ina l n e t  revenue from th e  p re s e n t  e n te r p r i s e  i s  eq u a l to  th e  h ig h 

e s t  am o rtized  p re s e n t v a lu e  o f  a n t ic ip a te d  n e t  revenue from  th e  f o l 

low ing e n t e r p r i s e . "  I f  e n te r p r i s e s  a re  to  be re p la c e d  w ith in  th e  span  

o f  a y e a r ,  as th ey  a re  in  f e e d lo t s ,  i t  can be assumed t h a t  th e  d isc o u n t 

r a t e  fo r  tim e p re fe re n c e  i s  z e ro , and am o rtized  p re s e n t  v a lu e  becomes 

eq u a l to  ex p ec ted  maximum average  n e t re v e n u e . The optimum rep lacem en t
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Tangency o f d o tte d  l in e s  and i s o 
quan ts  in d ic a te s  optimum combina
t io n  o f i n p u t s .
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F igure  4. Optimum p ro p o r tio n s  o f in p u ts  and t o t a l  q u a n t i ty  o f in p u ts  
which w i l l  maximize n e t re v e n u e .



tim e th en  o ccu rs  when m arg in a l n e t  revenue from th e  p r e s e n t  l o t  e q u a ls  

ex p ec ted  maximum average  n e t  revenue from th e  n ex t l o t .  I f  fe e d in g  i s  

co n tin u ed  beyond t h i s  p o i n t » m arg ina l n e t  revenue w i l l  be l e s s  than  

maximum average  n e t  revenue f o r  th e  n e x t l o t , red u c in g  t o t a l  revenue 

fo r  th e  y e a r .

The p re c ed in g  p a rag rap h s  have ex p lo red  th e  b a s ic  p r in c ip le s  o f  

p ro d u c tio n  th e o ry  n e ce ssa ry  to  any s tu d y  o f  p ro d u c tio n  and economic 

op tim a. Because o f  th e  n a tu re  o f  th e  a c tu a l  b e e f  c a t t l e  p ro d u c tio n  

and m ark e tin g  p r o c e s s e s , th e  above th e o ry  may need to  be m o d ified  in  

e m p ir ic a l a p p l ic a t io n .  Such m o d if ic a tio n s  a re  p re se n te d  in  C hapter IV.



CHAPTER I I I

LIVESTOCK PRODUCTION STUDIES:
THE STATE OF THE ART

A nalyses o f  th e  many f a c e ts  o f  l iv e s to c k  p ro d u c tio n  have tak en  

p la c e  over many y e a r s ,  and have in c lu d e d  p u re ly  p h y s io lo g ic a l  as w e ll  as 

economic s tu d ie s .  The p re s e n t  p ap er i s  concerned w ith  d e te rm in in g  th e  

p h y s io lo g ic a l  re sp o n se  o f  f e e d lo t  c a t t l e  to  v a r io u s  e x p e rim en ta l t r e a t 

m ents, and th e  economic im p lic a tio n s  o f  th e  observed  re sp o n se . How

e v e r ,  b e fo re  t h i s  an a ly s is  ta k e s  p la c e  i t  may be u s e f u l  to  examine some 

o f  th e  p a s t  work in  t h i s  a re a  to  o b ta in  an h i s t o r i c a l  background and 

p re s e n t  s t a t u s  o f  l iv e s to c k  p ro d u c tio n  s tu d ie s .

C onven tional Approach

A d e ta i le d  s tu d y  o f  th e  c a t t l e  feed in g  in d u s try  in  A rizona was 

c a r r ie d  o u t by M enzie, Hanekamp and P h i l l i p s  (1973). A d is c u s s io n  o f 

p h y s ic a l  and economic c h a r a c t e r i s t i c s  o f  com m ercial c a t t l e  fe ed in g  o p era 

t io n s  was em phasized w ith  in v e s t ig a t io n s  in to  custom fe e d in g  p r a c t i c e s , 

th e  A rizona feed  s i t u a t i o n ,  su p p lie s  o f  fe e d e r  c a t t l e ,  governm ental 

c o n tr o ls ,  so u rces  and methods o f f e e d lo t  f in a n c in g , and f a t  c a t t l e  

m ark e tin g . A lthough some o f  th e  n u m erica l v a lu es  p re s e n te d  have changed 

s in c e  th e  tim e  o f  th e  s tu d y , a firm  b a s is  fo r  an u n d e rs ta n d in g  o f  th e  

way fe e d lo ts  in  A rizona o p e ra te  i s  p re s e n te d .

Some o f  th e  e a r l i e s t  and most com prehensive econom ic s tu d ie s  o f  

l iv e s to c k  p ro d u c tio n  w ere c a r r ie d  o u t by E a r l  0 . Heady in  c o n ju n c tio n
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w ith  v a rio u s  o th e r s .  The most s i g n i f i c a n t  o f  th e se  w ere "P ro d u c tio n  

F unctions and S u b s t i tu t io n  C o e f f ic ie n ts  fo r  B eef" (Heady and D illo n  

1961) and " B e e f-C a ttle  P ro d u c tio n  F u n c tio n s . in  Forage U t i l i z a t io n "

(Heady e t  a l .  1963). The f i r s t  o f  th e s e  s tu d ie s  u t i l i z e d  e x i s t in g  

e x p e rim en ta l d a ta  in  th e  e s t im a tio n  o f  b e e f  c a t t l e  p ro d u c tio n  fu n c tio n s . 

The second u t i l i z e d  d a ta  from experim en ts designed  s p e c i f i c a l l y  fo r  

th a t  s tu d y . The o b je c t iv e s  and p ro ced u res  f o r  b o th  s tu d ie s  were 

s im i la r .  T h e re fo re , a  d is c u s s io n  o f  th e  1963 s tu d y  covers th e  p ro ced u re  

and f in d in g s  o f  b o th  ex p e rim en ts .

The experim ent was c a r r ie d  o u t to  d e term ine  th e  com binations o f  

p a s tu re  fo rag e  and co m  which would maximize p r o f i t s .  S p e c i f ic a l ly ,  

th e  problem s ad d ressed  were o f  s e le c t in g  th e  l e a s t - c o s t  p a s tu r e  fo ra g e -  

corn  r a t i o n ,  t h a t  would p la c e  th e  b e e f  c a t t l e  on th e  market f in is h e d  to  a 

g iven  g ra d e , a t  th e  tim e when th e  ex p ec ted  m arket p r ic e  would maximize 

p r o f i t s .

S e v e ra l a l t e r n a t iv e  l e a s t  sq u a res  r e g re s s io n  e q u a tio n s  were 

used to  e s tim a te  p ro d u c tio n  s u r fa c e s  w ith  th e  b e s t  r e s u l t s  b e in g  o b ta in e d  

from  q u a d ra t ic  fu n c tio n s . The fu n c tio n s  e s tim a te d  in c lu d e d  b e e f g a in  as 

a fu n c tio n  o f pounds o f co rn , pounds o f  roughage and te m p e ra tu re  d ev ia 

t io n s  from th e  mean maximum tem p era tu re  f o r  th e  o v e r a l l  fe e d in g  p e r io d .

From th e  e s tim a te d  p ro d u c tio n  fu n c tio n s  were d e riv e d  th e  m arg in a l 

r a te s  o f  s u b s t i t u t io n  o f  co m  fo r  s o i la g e  a t  v a rio u s  l e v e l s  o f  b e e f  g a in . 

These m arg in a l r a te s  O f  s u b s t i t u t io n  were found to  be d im in ish in g .

Time e q u a tio n s  were e s tim a te d  which ex p ress  th e  t o t a l  tim e r e 

q u ire d  to  consume a g iven  q u a n t i ty  o f  co rn  and s o i la g e  as  a fu n c tio n  o f  

th e  c o m  and s o i la g e  fe d . These eq u a tio n s  were used to  p r e d ic t  th e  tim e
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re q u ire d  to  produce v a rio u s  l e v e l s  o f g a in  f o r  d i f f e r e n t  s o i la g e -c o m  

r a t io n s .  I t  was found th a t  th e  tim e re q u ire d  to  produce a g iven  le v e l  

o f  g a in  d e c rea se s  as th e  p ro p o r tio n  o f  co rn  .in  th e  r a t io n  in c re a s e s .

A lso , fo r  a g iven  fe e d in g  p e r io d , th e  maximum le v e l  o f  g a in  i s  a t ta in e d  

w ith  th e  h e a v ie s t  com  r a t i o n .

The s t e e r s  w ere g raded  a t  d e f i n i t e  i n te r v a l s  d u rin g  th e  feed in g  

p e rio d  and a fu n c tio n a l  r e la t io n s h ip  th a t  ex p ressed  grade as a fu n c tio n  

o f th e  corn  and s o ila g e  fed  was e s t im a te d .

P r ic e  fu n c tio n s  which re p re se n te d  th e  grade o f th e  s t e e r s  d u rin g  

th e  fe e d in g  p e r io d  as w e ll  as th e  m arket p r ic e  a s s o c ia te d  w ith  th a t  g rade  

were d e riv e d  and used in  p r o f i t  e q u a tio n s . E stim ated  p r o f i t s  from feed 

in g  s te e r s  v a r io u s  r a t io n s  f o r  fe e d in g  p e r io d s  o f  v a r io u s  le n g th s  under 

v a r io u s  fe e d -p r ic e  assum ptions were p re se n te d  in  t a b u la r  form . U su a lly , 

th e  g r e a te s t  p r o f i t s  were o b ta in e d  by fe e d in g  th e  h e a v ie s t  co rn  r a t i o n ,  

b u t when th e  p r ic e  o f  s o i la g e  was low r e l a t i v e  to  th e  p r ic e  o f  c o m , th e  

most p r o f i t a b l e  r a t io n  in c lu d e d  le s s  co rn .

E quations and a p ro ced u re  a ls o  a re  g iv en  in  th e  t e x t  fo r  ob

ta in in g  the optimum fe e d in g  p e r io d  fo r  any g iven  r a t i o n  under d i f f e r e n t  

f e e d -p r ic e  c o n d it io n s , and fo r  o b ta in in g  th e  optimum r a t i o n  w ith  d i f 

f e r e n t  f e e d -p r ic e  a ssu m p tio n s .

Goodrich e t  a l .  (1974) d id  s t a t i s t i c a l  and economic an a ly se s  o f  

17 u n iv e r s i ty  experim en ts to  de term ine  th e  in f lu e n c e  o f  co m  s i la g e  

le v e l  on th e  perform ance o f  s t e e r  c a lv e s  fed  to  m arket w e ig h t. They 

found th a t  average d a i ly  g a in  was in flu en ced , in  a q u a d ra t ic  manner by 

p e rc e n t com  s i la g e  in  th e  r a t i o n ,  and a g iven  in c re a s e  in  th e  amount o f  

com  s i la g e  d ec reased  d a i ly  ga in  to  a g r e a te r  e x te n t when h ig h  le v e ls  o f
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corn  s i l a g e  w e re .fed  th an  when th e . r a t io n  c o n ta in ed  low le v e l s  o f corn  

s i l a g e .  . Amount o f  feed  p e r  100 pounds o f  g a in  in c re a s e d  l i n e a r l y  as 

th e  amount o f  co m  s i la g e  in c re a s e d .

Nonfeed c o s ts  f o r  600 pounds o f  g a in  in c re a s e d , b u t feed  c o s ts  

d e c rea se d , as  th e  amount o f  co m  s i la g e  in  th e  r a t io n  in c re a s e d . Feed 

c o s ts  u t i l i z e d  in  t h i s  s tu d y  fav o red  th e  fe e d in g  o f  h ig h  s i l a g e  r a t io n s  

f o r  one l o t  o f  c a t t l e ,  b u t i t  must be r e a l iz e d  th a t  an im als fed  80% co m  

s i la g e  ta k e  about 2 -1 /2  months lo n g e r to  re a ch  m arket w e ig h t th an  th o se  

fed  10% s i l a g e  dry  m a tte r .  For fe e d e rs  t h a t  keep t h e i r  l o t s  f u l l  a t  

a l l  t im e s , th e  co m  p r ic e  a t  which h ig h  s i l a g e  r a t io n s  sh o u ld  be fed  i s  

dependent on th e  m agnitude o f  th e  g ro ss  m argin (m arket v a lu e  minus 

i n i t i a l  c o s t ) .  At la r g e  g ro ss  m arg in s , h ig h  g ra in  r a t io n s  sh o u ld  con

t in u e  to  be fed  even though th e  com  g ra in  p r ic e  i s  h ig h .

Z u lb e r t i ,  Reid and C as le r  (1973) s t a t e  th a t  " b io lo g ic a l  e f 

f ic ie n c y "  i s  e q u iv a le n t  to  th e  "av erage  p h y s ic a l  p ro d u c t” o f  econom ics. 

They p re s e n t  th e  co m p u ta tio n a l e q u a tio n s  to  c a lc u la te  th e  v o lu n ta ry  

d a ily  in ta k e  o f b e e f  c a t t l e  fo r  a g iv en  s e t  o f v a lu es  o f  th e  v a r ia b le s  

in v o lv e d , and th e  r a t e  o f g a in  any in ta k e  p ro d u ces . T h e ir  f in d in g s  

in d ic a te  th a t  as d a i ly  in ta k e  o f  feed  o f  a g iven  q u a l i ty  in c r e a s e s ,  

b io lo g ic a l  e f f ic ie n c y  (body w eigh t g a in  p e r  kg, o f feed ) a ls o  in c re a s e s .  

This in c re a s e  occurs  b ecause  a la rg e  p o r t io n  o f th e  feed  in ta k e  i s  

used fo r  m aintenance and only  a r e l a t i v e l y  sm all p a r t  f o r  p ro d u c tio n .

The above im p lie s  t h a t  average  p h y s ic a l  p ro d u c t i s  co n tin u o u s ly  in 

c re a s in g  fo r  feed  o f  any c o n c e n tra tio n  u n t i l  th e  d a i ly  v o lu n ta ry  in ta k e  

r e s t r i c t i o n  i s  reach ed . As a r e s u l t ,  ad l ib i tu m  fe e d in g  system s a re . 

always th e  optimum way o f  feed in g  i f  fe e d in g  i s  to  ta k e  p la c e  a t  a l l .
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A s tu d y  which examined th e  choice* o f  th e  optimum ty p e  as w e ll 

as  th e  econom ically  optimum amount o f  r a t i o n  fo r  fe e d in g  c a t t l e  in  A ri

zona was c a r r ie d  o u t by F a r r is h  and M archello  (1976). They found th a t  

th e  optimum w eigh t s t e e t  to  produce in c re a s e s  w ith  e i t h e r  in c re a s e s  in  

th e  p r ic e  o f  fed  c a t t l e  o r  d e c rea se s  in  feed  p r i c e s ,  f o r  e i t h e r  a low 

o r  a h ig h  c o n c e n tra te  r a t io n .  However, fo r  th e  h ig h  g ra in  r a t i o n ,  th e  

optimum w eigh t o f  s t e e r  to  produce n ev e r exceeds 1 ,000 pounds under any 

o f th e  p r ic e  c o n d itio n s  exam ined. The c la im  i s  a lso  made th a t  th e  l i k e 

lih o o d  o f th e  low g ra in  r a t io n  b e in g  more econom ical in c re a s e s  as th e  

w eigh t o f s t e e r  produced in c r e a s e s .  T h e ir  r e s u l t s  in d ic a te  t h a t  in  th e  

r e c e n t  p a s t  i t  may have p a id  c a t t l e  fe e d e rs  in  A rizona to  produce some

what l i g h t e r  an im als and to  u t i l i z e  o th e r  th an  h igh  g ra in  r a t i o n s .

A lthough th e  F a r r is h  and M archello  s tu d y  d e a l t  s p e c i f i c a l l y  w ith  

c a t t l e  fe e d in g  in  A rizona and u t i l i z e d  d a ta  from th e  same p r o je c t  as 

t h i s  s tu d y , t h e i r  r e s u l t s  a re  q u e s tio n a b le  f o r  s e v e ra l  re a so n s . F i r s t ,  

th e  d a ta  u t i l i z e d  were i n s u f f i c i e n t  c au s in g  th e  e s tim a te d  p ro d u c tio n  

fu n c tio n s  to  be s t a t i s t i c a l l y  i n s i g n i f i c a n t .  S econdly , a c o r r e c t  d i s 

t i n c t io n  betw een f ix e d  and v a r ia b le  c o s ts  was n o t made and co n seq u en tly  

d e te rm in a tio n s  o f  economic optim a were in a c c u ra te .  F in a l ly ,  rep lacem en t 

o f c a t t l e  fo r  y e a r-ro u n d  feed in g  and im p lic a tio n s  o f  th e  ow nership o f  

c a t t l e  b e in g  fed  were n o t examined as d e c is io n  making f a c to r s .

The C a l i fo rn ia  Net Energy System

In  1968, L ofgreen  and G arre tt in tro d u c e d  th e  C a l i f o r n ia  n e t 

energy system  designed  fo r  use  in  th e  grow ing and f in i s h in g  phase o f 

th e  b e e f  c a t t l e  in d u s try .  This system  was te s t e d  over th e  y e a rs  a t
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experim ent s t a t i o n s ,  in  com m ercial f e e d l o t s 5 and by n u t r i t i o n  c o n s u lta n ts  

w orking w ith ' th e  c a t t l e  fe e d in g  in d u s try  and i t s  a d a p ta b i l i t y  to  p ra c 

t i c e  has been d em o n stra ted . The system  was f i r s t  p re s e n te d  in  th e  

s c i e n t i f i c  l i t e r a t u r e  in  1968 by L ofgreen  and G a r re t t .

The system  s e p a ra te s  th e  req u irem en ts  fo r  m ain tenance from th o se  

fo r  body w eigh t g a in  and e x p re sse s  a n e t  energy  v a lu e  f o r  each o f  th e se  

two fu n c t io n s .  This s e p a ra t io n  i s  n e c e s sa ry  because  th e  p a r t i a l  e f 

f ic ie n c y  o f  energy  u t i l i z a t i o n  fo r  m ain tenance i s  h ig h e r  th an  i t  i s  f o r  

p ro d u c tio n . The n e t energy  o f  a feed  v a r ie s  w ith  th e  l e v e l  o f  fe e d in g , 

b e in g  h ig h e r  a t  low le v e l s  o f  fe e d in g  and d e c rea s in g  as feed  in ta k e  i n 

c re a s e s . I t  i s  o b v io u s , t h e r e f o r e ,  t h a t  a system  based  upon n e t energy  

must ta k e  t h i s  d if f e r e n c e  in to  c o n s id e ra t io n  by l i s t i n g  s e p a ra te  n e t 

energy v a lu e s  fo r  d i f f e r e n t  p h y s io lo g ic a l  fu n c tio n s  o r  in c o rp o ra tin g  

e f f ic ie n c y  o f  u t i l i z a t i o n  v a lu e s  fo r  th e se  fu n c tio n s .

The most re c e n t  and most com prehensive p r e s e n ta t io n  o f  th e  above 

system  i s  g iven  in  a p u b l ic a t io n  e n t i t l e d  N u tr ie n t R equirem ents o f  B eef 

C a t t le  (N a tio n a l Academy o f S ciences 1976). In c lu d ed  a re  d is c u s s io n s  o f  

feed  consum ption and r a te s  o f  g a in , n u t r i e n t  req u irem en ts  o f  growing 

c a t t l e ,  and th e  com position  o f  fe e d s tu f fs . in c lu d in g  th e  energy  v a lu e  o f  

v a r io u s  fe e d s .

Ewen M. W ilson (1976) u t i l i z e d  th e  C a l i fo rn ia  Net Energy System* 

to  t e s t  th e  h y p o th e s is  th a t  f e e d lo t  c a t t l e  p ro d u c tio n  ta k e s  p la c e  in  

S tage I  and to  an a ly ze  r e l a t i v e  economic e f f i c i e n c ie s  o f  two energ y - 

s p e c i f ic  r a t i o n s .  He concluded , as d id  Z u lb e r t i  e t  a l .  (1973) th a t  c a t 

t l e  fe ed in g  i s  c o n s tra in e d  by v o lu n ta ry  a p p e t i te  to  S tag e  I  o f  produc

t io n ,  where th e  p ro d u c tio n  fu n c tio n  i s  ex p ressed  as th e  d a i ly  fe e d -g a in
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r e la t io n s h ip  f o r  r a t io n s  o f  s p e c i f ie d  energy  d e n s i ty .  The im p lic a t io n  

i s  th a t  in  a p o s i t iv e  p r o f i t  s i t u a t i o n  c a t t l e  ought to  be fed  f o r  maxi

mum d a i ly  g a in , s in c e  t h i s  i s  e q u iv a le n t  to  th e  lo w est a t t a in a b le  p o in t  

on th e  average  c o s t cu rv e . When two r a t io n s  o f  d i f f e r e n t  energy  concen

t r a t i o n s  were com pared, th e  h ig h e r  energy  r a t io n  was p r e f e r r e d  on grounds 

of p h y s ic a l  and economic e f f ic ie n c y  o v er a r e le v a n t  range o f  com  and 

c a t t l e  p r i c e s .

The most e x te n s iv e  a p p l ic a t io n s  o f  th e  C a l i f o r n ia  n e t  energy  

system  have been made by Ray Brokken and a s s o c ia te s .  They a s s e r t  t h a t  

t r a d i t i o n a l  models f o r  a s s e s s in g  te c h n ic a l  and economic e f f ic ie n c y  o f  

c a t t l e  fe e d in g  have been found to  be in a d eq u a te  (Brokken e t  a l .  1976).

H is o b je c t iv e ,  th e r e f o r e ,  i s  to  develop an a l t e r n a t iv e  framework fo r  

e s t im a tin g  e f f e c t s  o f  changes in  r a t io n  n u t r i e n t  c o n c e n tra t io n  on an im al 

perform ance under a  range o f  p ro d u c tio n  c o n d itio n s  and ty p es  o f  an im a ls . 

The framework i s  in c o rp o ra te d  in  a dynamic p r o f i t  fu n c tio n  and i t s  use 

d isc u sse d  and dem onstrated  under v a r io u s  o p tim iz in g  c r i t e r i a .  Brokken 

shows th a t  h ig h  energy r a t io n s  rem ain econom ical even a t  r e l a t i v e l y  h ig h  

g ra in  p r i c e s .  This framework im p lie s  sigm oid  shaped g ra in -ro u g h ag e  

iso q u a n ts  concave to  th e  o r ig in  over th e  f in i s h in g  range  o f  g ra in -  

roughage r a t i o s ,  and convex a t  low er g ra in  to  roughage r a t i o s . In  ad

d i t i o n ,  t r a d e - o f f  curves f o r  su c c e ss iv e  le v e l s  o f g a in  become p ro g re s 

s iv e ly  t ip p e d  in  fav o r o f  g ra in .  This p ro g re s s iv e  t ip p in g  su g g es ts  

th a t  a h ig h  roughage r a t io n  i s  r e l a t i v e l y  more e f f i c i e n t  in  th e  e a r ly  ; 

s ta g e s  o f  a f in i s h in g  program  (a lth o u g h  such a r a t io n  may n o t  be optimum) 

and th a t  a h ig h  c o n c e n tra te  r a t io n  becomes r e l a t i v e l y  more e f f i c i e n t  

as th e  f in i s h in g  program  p ro g re s se s .



23

A stu d y  by Sonka, Heady and Dahm (1976) e s tim a te d  g a in  iso q u a n ts  

to  be used in  a  d e c is io n  model fo r  swine p ro d u c tio n . H is to r ic  e s tim a te s  

o f  l iv e s to c k  p ro d u c tio n  fu n c tio n s  have used re p e a te d  o b s e rv a tio n s  on th e  

same anim als to  e s tim a te  th e  o v e r a l l  g a in  s u r f a c e .  These e s tim a te s  

th e re fo re  in v o lv e  a u to c o r r e la t io n .  To circum vent t h i s  problem  th e  

a u th o rs  e s tim a te d  g a in  iso q u a n ts  d i r e c t l y  by means o f an in s tru m e n ta l  

v a r ia b le  approach . A swine experim en t was designed  f o r  th e  purpose 

w ith  p r o te in  supplem ent and corn  s e rv in g  as th e  s u b s t i t u t e  in p u ts ,  and 

w ith  p ro te in  supplem ent e s tim a te d  as th e  in s tru m e n ta l  v a r ia b le .  Is o 

quant e q u a tio n s  were th en  p re d ic te d  f o r  v a r io u s  w eigh t i n t e r v a l s .
' / .

A lthough t h i s  experim en t was w ith  sw ine, i t  seems t h a t  a v a l id  

method fo r  o b ta in in g  good e s tim a te s  o f  g a in  iso q u a n ts  has been  documented 

which can be a p p lie d  to  any l iv e s to c k  fe e d in g  ex p erim en t w hich i s  de

s ig n ed  a c c o rd in g ly .

The s tu d ie s  which have been m entioned in  t h i s  s e c t io n  a re  by no 

means a l l  o f  th o se  d e a lin g  w ith  th e  economics o f l iv e s to c k  p ro d u c tio n . 

They do, how ever, d is c u s s  most o f  th e  p r in c ip a l  developm ents in  t h i s  

f i e l d  o f  r e s e a rc h . The in s ig h t  p ro v id ed  by th e  a u th o rs  m en tid n ed ,as  

w e ll  as o th e r s ,  se rv e s  as  a s t a r t i n g  p o in t  fo r  t h i s  s tu d y .



CHAPTER IV

ANALYSIS OF THE PHYSICAL/BIOLOGICAL DATA

The d a ta  u t i l i z e d  in  t h i s  s tu d y  w ere g en era ted  th ro u g h  th e  co

o p e ra tio n  o f  th e  Experim ent S ta t io n s  o f  The U n iv e rs ity  o f  A rizo n a , New 

Mexico S ta te  U n iv e rs ity  and Utah S ta te  U n iv e rs ity  as a p a r t  o f  W estern 

R egional R esearch P r o je c t  W-145, e n t i t l e d  "Im pacts o f  R e la t iv e  P r ic e  

Changes o f  Feeds and C a t t le  on M arketing o f  U. S. B e e f ."  In  a d d i t io n ,  

c o o p e ra tio n  was re c e iv e d  from th e  Chavez County C a t t le  Company o f  Ros

w e ll ,  New Mexico, in  ex ec u tio n  o f  th e  feed in g  t r i a l s  (M archello  1976).

E xperim en ta l D esign

S ix tee n  s t e e r  c a lv e s  o f  mixed b reed s  were o b ta in e d  from each o f  

ty e lv e  c o o p e ra tin g  ranches in  Texas, U tah , New Mexico and A rizona . At 

th e  o u ts e t  o f  th e  experim en t th e se  c a lv e s  were about s ix  months o ld ,  

weighed betw een 450 and 500 pounds and had been weaned app ro x im ate ly  

th re e  weeks b e fo re . Of th e  s ix te e n  c a lv e s  from each h e rd  fo u r  were 

s la u g h te re d  to  g ive  i n i t i a l  c a rc a ss  com position  in fo rm a tio n , and th e  

rem ain ing  tw elve were randomly a ss ig n e d  to  th re e  f e e d lo t  tre a tm e n ts  arid 

two r e p l i c a t i o n s .

The th re e  tre a tm e n ts  b a s ic a l ly  c o n s is te d  o f  a low , medium and 

h ig h  c o n c e n tra te  r a t io n .  Table 1 shows th e  com position  o f  th e  fo u r  

b a s ic  r a t io n s  th a t  were fed  in  v a ry in g  p ro p o r tio n s  to  make up th e  th r e e  

tre a tm e n ts .  A ll r a t io n s  in c lu d e d  Rumensin and S t i l b e s t e r o l .  Animals 

on th e  low c o n c e n tra te  r a t io n  ( tre a tm e n t I )  were fed  r a t io n  1. o r  r a t io n

24



Table 1 . Com position o f  ex p e rim en ta l r a t i o n s .
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R ation  No. 1 2 3 4
( in g re d ie n t)

Corn 56 .0

-  -  -  p e rc e n t -  — -  

56 .0  40 .0 77.5

A lf a l f a 35.0 32.5  50 .0 12.0

B eet s o lu b le s 3 6 .0 6 .0  8 .0 6 .0

Fat .5 »5 —- 1 .0

P remix*3 2 .5 2 .5  2 .0 3 .5

Bay Mix3 2 .5

TOTAL 100.0 100.0  100.0 100.0

a . S te f f e n ’s F i l t r a t e .

b . Prem ix S u p p lie s : Pro/NPN, GA, P , K, Mg, S a l t ,  AmSO^, V it .  A.

c . Bay Mix c o n s is ts  o f  hay and a wormer.



26

2 fo r  th e  f i r s t  37 day s, and r a t io n  number 3 fo r  th e  rem ainder o f  th e  

feed in g  p e r io d . Calves on tre a tm e n t XI, o r  th e  medium c o n c e n tra te  

r a t io n ,  were fed  r a t io n  1 o r r a t io n  2 fo r  37 d ay s , r a t i o n  3 f o r  57 d ay s, 

r a t io n  1 o r  2 fo r  61 days and f i n a l l y  r a t io n  number 4 u n t i l  te rm in a tio n  

o f th e  fe e d in g  p e r io d . S te e rs  on th e  h ig h  c o n c e n tra te  r a t io n  ( tre a tm e n t 

I I I )  were fed  r a t io n  1 o r  r a t io n  2 f o r  94 days and r a t i o n  4 fo r  th e
*

rem ainder o f th e  fe e d in g  p e r io d . These th r e e  tre a tm e n ts  w ere fed  in  

s ix  pens w ith  24 s t e e r s  p e r  pen .

The ca lv e s  were group weighed by pen and e n te re d  th e  f e e d lo t  on 

December 1 , 1975. T erm ination  o f  th e  fe e d in g  p e r io d  o c cu rred  when th e  

in d iv id u a l  an im als a t t a in e d  an o u ts id e  f a t  th ic k n e ss  o v er th e  tw e lf th  

r ib  o f  n o t more than  0 .4  o f  an in c h , as de term ined  by u l t r a s o n ic  

m easurem ent, o r  when th e  an im als had been on feed  fo r  a t o t a l  maximum 

p e rio d  o f  220 days.

The an im als were group w eighed by pens a f t e r  30 days on feed  and 

th en  a t  28 day in te r v a l s  u n t i l  March 23, 1976. B eg inn ing  a t  t h i s  p o in t 

th e  s te e r s  were weighed w eekly u n t i l  a l l  an im als were removed from th e  

f e e d lo t .  The an im als w ere fed  "ad l ib i tu m "  and d a i ly  o b se rv a tio n s  w ere 

made on th e  amount o f  feed  in ta k e  by each pen .

At th e  c o n c lu s io n  o f  th e  fe e d in g  t r i a l s  c a rc a s s  d a ta  in c lu d in g  

y ie ld  and q u a l i ty  grade were assem bled . In  a d d i t io n ,  a consumer ac

cep tance  survey  was c a r r ie d  o u t to  d e term in e  i f  th e re  w ere s ig n i f i c a n t  

d if f e r e n c e s  in  th e  a c c e p ta b i l i ty  o f  th e  b e e f  r e s u l t in g  from d i f f e r e n t  

fe ed in g  re g im e s .
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E xperim en ta l In ad eq u ac ie s  

D esign ing  an ex p erim en t, th e  r e s u l t s  o f  which w i l l  le n d  them

se lv e s  to  economic a n a ly s i s ,  i s  an im p o rtan t s te p  in  a p p lie d  re s e a rc h . 

Design i s  o f te n  a d i f f i c u l t  t a s k ,  b u t one d e se rv in g  c o n s id e ra b le  a t t e n 

t io n  s in c e  in fe re n c e s  d e riv e d  from im p roperly  o r  in a d e q u a te ly  g en era ted  

d a ta  can o n ly  a t  b e s t  be weak.

T his p a r t i c u l a r  experim en t was designed  w ith  v e ry  l i t t l e  though t 

about th e  economic a n a ly s is  which would fo llo w . A lthough one o b je c t iv e  

in  th e  p ro p o sa l fo r  t h i s  p r o je c t  was to  " a s c e r ta in  th e  economics o f  d i f 

fe re n ce s  a s s o c ia te d  w ith  fe e d in g  re g im e s ,"  i t  appears  t h a t  th e  e x p e r i

ment was designed  p r im a r i ly  to  d e term in e  and e v a lu a te  d if f e r e n c e s  in  

c a rc a s s  c h a r a c t e r i s t i c  r e s u l t in g  from d i f f e r e n t  fe e d in g  reg im es . An 

adequate  economic e v a lu a tio n  o f  v a r io u s  feed in g  regim es would re q u ire  

t h a t . c e r t a i n  e x p e rim en ta l p ro ced u res  be changed .

The most im p o rtan t d e te rm in a tio n s  t h a t  need to  be made in  o rd e r  

to  maximize n e t  revenue in  a f e e d lo t  s i t u a t io n  a r e : what r a t io n  to  feed

and fo r  how long? N ecessary  in fo rm a tio n  in c lu d e s  d a ta  which a llow  e s 

tim a tio n  o f  a p ro d u c tio n  fu n c tio n  from which m arg ina l r a t e s  o f  s u b s t i t u 

t io n  o f  v a r io u s  feed s  can be d e r iv e d , as w e ll as a p e r io d ic  a p p ra is a l  o f  

th e  an im als to  de term ine  a t  what p o in t  in  th e  feed in g  p ro c e ss  changes in  

q u a l i ty  o ccu r. I f  new in fo rm a tio n  i s  d e s i r e d ,  e x p e r im e n ta tio n  should  

a lso  ta k e  p la c e  in  ranges o u ts id e  o f  c u r r e n t ly  accep ted  p r a c t i c e s .

The. c u r re n t  experim en t p ro v id ed  d a ta  which a llo w  e s tim a tio n  o f  a 

p ro d u c tio n  fu n c tio n , b u t one w ith  l i t t l e  s t a t i s t i c a l  s ig n i f ic a n c e .  Had 

th e  an im als been weighed more o f te n  a b e t t e r  r e g re s s io n  eq u a tio n  pos

s ib ly  could  h a v e .been f i t  sim ply  due to  th e  in c re a se d  number o f



o b s e rv a t io n s . An in c re a se d  number o f  r e p l ic a t io n s ,  o f  each  tre a tm e n t 

would in c re a s e  th e  deg rees  o f  freedom  a v a i la b le  fo r  h y p o th e s i s . t e s t in g  

and g ive more s ig n if ic a n c e  to  such t e s t s .  S ince an a n im a l 's  w eigh t de

pends g r e a t ly  upon rumen f i l l  a t  th e  tim e o f w e igh ing , more a c c u ra te  

o b se rv a tio n  o f  w eigh t cou ld  be o b ta in e d  by w eighing  th e  an im als on each 

o f  two s u c c e ss iv e  days and u s in g  th e  average  o f  th e  two observed  w eig h ts  

as th e  ex p e rim en ta l o b s e rv a tio n .

Iso q u an ts  showing th e  m arg ina l r a t e s  o f  s u b s t i t u t i o n  o f  v a r io u s  

feed s  cou ld  n o t be e s tim a te d  from th e  c u r re n t  d a ta  b ecau se  o f  th e  n a tu re  

o f  th e  th re e  ex p erim en ta l tre a tm e n ts .  S p e c if ic a t io n  o f feed  iso q u an ts  

would re q u ire  t h a t  a minimum o f  th re e  s e p a ra te  r a t io n s  be fe d . A ccura te  

s p e c i f ic a t io n  o f  iso q u a n ts  would r e q u ir e  th a t  more th an  th re e  s e p a ra te  

r a t io n s  be fed  co v erin g  th e  range betw een th e  p h y s io lo g ic a l  minimum 

amount o f  roughage (abou t 10%) and 100% roughage. A lthough th e  c u r re n t  

experim ent in c lu d e d  th re e  fe e d in g  tr e a tm e n ts ,  th e se  tre a tm e n ts  only  in 

cluded  r a t io n s  w ith  c o n c e n tra te  le v e l s  o f  betw een 50% and 85%. This i s  

th e  range th a t  i s  most l i k e l y  to  be u t i l i z e d  acco rd in g  to  c u r r e n t  fe e d -  

l o t  p r a c t i c e s ,  b u t i t  t e l l s  us n o th in g  o f  th e  p o s s i b i l i t i e s  o f  fe e d in g  

low er th an  50% c o n c e n tra te  r a t i o n s .  The th re e  tre a tm e n ts  a ls o  were s e t  

up in  such a manner t h a t  o n ly  d u rin g  a. 61 day p e r io d  in  th e  m iddle o f  

th e  experim en t were th re e  d i f f e r e n t  r a t io n s  fed  s im u lta n e o u s ly . S ince 

th e  an im als on th e  th re e  r a t io n s  d u rin g  t h i s  p e r io d  had been t r e a te d  

d i f f e r e n t ly  p r i o r  to  th e  p e r io d , l i t t l e  can be s a id  abou t roughage- 

c o n c e n tra te  t r a d e  o f f s  even d u rin g  th e  tim e when th re e  s e p a ra te  r a t io n s  

were b e in g  fe d . One method o f  e x p e r im e n ta tio n  which w ould a llow  e s tim a 

t io n  o f ro u g h ag e -g ra in  iso q u a n ts  would be to  p la c e  a l l  an im als  in  a
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fe e d lo t  s i t u a t i o n  and feed  them a s t a r t i n g  r a t io n  fo r  a g iv en  le n g th  o f  

tim e so t h a t  they  would become accustom ed to  some g ra in  consum ption. At 

th e  c o n c lu s io n  o f  t h i s  ad ju stm en t p e r io d  an im als shou ld  be randomly 

a ss ig n e d  to  a t  l e a s t  s i x  tre a tm e n ts  v a ry in g  in  c o n c e n tra te  le v e l s  from 

zero  to  90%, w ith  as many r e p l ic a t io n s  as p o s s ib le .  Once an  anim al i s  

a ss ig n e d  to  a p a r t i c u l a r  r a t io n  i t  shou ld  rem ain on th a t  r a t io n  fo r  th e  

rem ainder o f  th e  fe e d in g  p e r io d .

The le n g th  o f  th e  fe e d in g  p e r io d  can be determ ined  in  many pos

s ib l e  ways, b u t some c r i t e r i o n  fo r  te rm in a tio n  o f  fe e d in g  must be chosen 

which re q u ire s  a l l  o f  th e  an im als in  a g iven  pen to  be fed  f o r  th e  same 

le n g th  o f  tim e , s in c e  th e  pen must n e c e s s a r i ly  be th e  e x p e rim en ta l u n i t  

in  t r i a l s  o f  t h i s  n a tu r e . T his experim en t allow ed  an im als to  be removed 

from any pen a few a t  a tim e o v er a p e r io d  o f  35 d ay s, re n d e r in g  any ob

s e rv a tio n s  tak en  a f t e r  th e  f i r s t  group o f  an im als was removed u s e le s s .

The average  w eigh t o f  th e  an im als upon te rm in a tio n  o f r e le v a n t  

d a ta  g a th e r in g  was 947.5  pounds. T h is w eigh t e lim in a te s  exam ination  o f 

th e  p o s s i b i l i t y  th a t  th e  economic optimum w eigh t o f  anim al to  produce i s  

g r e a te r  th a n  950 pounds. E x p erim en ta tio n  o u ts id e  o f  th e  ran g e  o f cu r

r e n t ly  accep ted  p r a c t ic e s  i s  d e s i r a b le .

The t r a n s i t i o n  o f  an anim al from fe e d e r  c a l f  to  l i v e  b e e f i s  a 

p ro d u c tio n  p ro cess  which in v o lv e s  n o t o n ly  a d d itio n s  to  w e ig h t, b u t a ls o  

changes in  c a rc a ss  co m position . These c a rc a s s  c h a r a c t e r i s t i c s  a re  j u s t  

as im p o rtan t as f i n a l  w eigh t in  th e  d e te rm in a tio n  o f  th e  m arket v a lu e  o f 

th e  p ro d u c t. An economic a n a ly s is  o f . th e  optimum fe e d in g  p e r io d  must 

th e re fo re  in c lu d e  n o t on ly  in fo rm a tio n  abou t w eight g a in , b u t a lso  in 

fo rm atio n  abou t c a rc a s s  c h a r a c t e r i s t i c s ,  th e  most im p o rtan t o f  which a re



q u a l i ty  g rade  and y ie ld  g ra d e . An ad eq u a te  experim en t would p ro v id e  ob

s e rv a t io n s  on w eigh t g a in  as w e ll  as p e r io d ic  a p p r a is a ls  o f  th e  grade 

o f  a n im a ls . The c u r re n t  experim en t in c lu d e d  no o b s e rv a tio n s  on grade 

u n t i l  th e  end o f  th e  fe e d in g  p e r io d . T h e re fo re , i t  canno t be d e te r 

mined a t  what p o in t in  th e  feed in g  p ro c e ss  th e  an im als made th e  t r a n s i 

t io n  from a p ro d u c t o f  one v a lu e  to  a p ro d u c t o f a d i f f e r e n t  v a lu e .

P ro d u c tio n  F u n ction  E stim a tes

In  o rd e r  to  e s tim a te  a p ro d u c tio n  fu n c tio n  f o r  any p ro d u c tio n  

p ro cess  one must have some p reco n ce iv ed  n o tio n  o f what a re  th e  im p o rtan t 

in p u ts  and o u tp u t. In  th e  b e e f  p ro d u c tio n  p ro cess  th e  tra n s fo rm a tio n  

i s  made from a l i g h t  w eigh t an im al o f  g iv en  q u a l i ty  to  an anim al o f 

h e a v ie r  w eigh t and perhaps o f . a  d i f f e r e n t  q u a l i ty .  The a p p ro p r ia te  

dependent v a r ia b le  in  a b e e f  p ro d u c tio n  fu n c tio n  th en  ap p ea rs  to  be 

w eigh t g a in ed . Changes in  th e  q u a l i ty  o f  b e e f  t h a t  occu r d u rin g  th e  

fe e d in g  p ro c e ss  a re  r e f l e c t e d  in  th e  v a lu e  o f  th e  anim al and need n o t 

be a p a r t  o f  th e  p ro d u c tio n  fu n c tio n  i t s e l f .

A lthough many f ix e d  and v a r ia b le  f a c to r s  o f p ro d u c tio n  a re  in 

volved  in  c a t t l e  fe e d in g , th e  main d e te rm in a n ts  o f  w eigh t g a in  appear 

to  be th e  amount and type  o f  feed  fe d , th e  le n g th  o f  th e  fe e d in g  p e r io d , 

and th e  w eath er c o n d itio n s  d u rin g  fe e d in g . For t h i s  re a so n  th e se  f a c to r s  

w ere u t i l i z e d  in  v a r io u s  ways as in d ep en d en t v a r ia b le s  in  e s tim a tio n  o f  

a l t e r n a t iv e  b e e f  c a t t l e  p ro d u c tio n  fu n c t io n s .  S ev e ra l d i f f e r e n t  a lg e 

b r a ic  forms o f e q u a tio n s  were e s tim a te d  from th e  d a ta  g e n e ra te d  in  th e  

experim en ts d e sc r ib e d  above, u s in g  th e  tech n iq u e  o f o rd in a ry  l e a s t  

sq u ares  r e g re s s io n .



B asic  E quations I

An e q u a tio n  o f  th e  q u a d ra t ic  form was e s tim a te d  and i s  p re se n te d

below:

2G -  -3 .37085  + 14 .76367C. -  .10515C -  2.15051R + .02490CR -  .49842T (1)

where G i s  pounds o f  b e e f  g a in , C i s  pounds o f  c o n c e n tr a te s , R i s  pounds 

o f  roughage and T i s  th e  d e v ia t io n  from norm al tem p e ra tu re  d u rin g  each 

o b se rv a tio n  p e r io d . The c o e f f i c i e n t  o f  d e te rm in a tio n , s ta n d a rd  e r r o r s  

and " t "  s t a t i s t i c s  fo r  e q u a tio n  (1) a re  p re se n te d  in  T ab le  2 . The quad

r a t i c  form was chosen because  o f  i t s  a b i l i t y  to  p o r tr a y  th e  d im in ish in g  

re tu rn s  which a re  su sp e c ted  to  e x i s t  d u rin g  th e  r e le v a n t  p o r t io n  o f  a

fe e d in g  p e r io d . A lthough th e  c o e f f i c i e n t  o f  d e te rm in a tio n  f o r  t h i s

2e q u a tio n  i s  q u i te  h ig h , on ly  C and C have e s tim a te d  c o e f f i c i e n t s  w hich 

a re  s t a t i s t i c a l l y  s ig n i f i c a n t  a t  th e  90% le v e l  o r  b e t t e r .  The p a r t i c u l a r  

com puter program  th a t  was used fo r  t h i s  a n a ly s is  does r e g re s s io n  in  a 

s tep w ise  manner. T h e re fo re , th o se  in d ep en d en t v a r ia b le s  w ith  th e  h ig h 

e s t  sim ple  c o r r e la t io n  w ith  th e  dependent v a r ia b le  e n te r  f i r s t  in to  

th e  r e g re s s io n  e q u a tio n . C o n cen tra te  was th e  v a r ia b le  w hich e n te re d  

on th e  f i r s t  s te p  o f  t h i s  r e g re s s io n .  The c o e f f i c i e n t  o f  d e te rm in a tio n  

a f t e r  s te p  one was .96878, in d ic a t in g  th a t  th e  a d d i t io n  o f  th e  o th e r  

v a r ia b le s  in  su b sequen t s te p s  added l i t t l e  to  th e  o v e r a l l  e x p lan a to ry  

power o f  th e  r e g re s s io n  e q u a tio n . T his phenomenon p ro b ab ly  occu rred  

because  o f  m u l t i c o l l i n e a r i ty ,  o r  a s t ro n g  c o r r e la t io n  betw een th e  in 

dependent v a r ia b le s .  The sim ple  c o r r e la t io n  c o e f f i c i e n t  betw een rough

age and c o n c e n tra te s  i s  0 .6 9 8 . This c o r r e la t io n  betw een roughage and 

c o n c e n tra te s  i s  one which i s  u navo idab le  in  an experim en t such as t h i s ,  

because fo r  any amount o f  c o n c e n tra te s  consumed by a pen o f  anim als oh a
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Table 2. C o e f f ic ie n t  o f  d e te rm in a tio n , s ta n d a rd  e r r o r s  and " t "  v a lu es  
fo r  eq u a tio n  1.

R Independent
v a r ia b le

S tandard  
e r r o r  o f 

re g re s s io n  
c o e f f i c i e n t

”t "
v a lu e

,98459

R

CR

T

1.18023 

0.02272 

1.41429 

0.03861 J 

0.05214 

0.65480

12.509

4.627

1.521

0.249

0.478

0.761
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p a r t i c u l a r  r a t i o n ,  th e re  i s  a co rre sp o n d in g  g iven  q u a n t i ty  o f  roughage

which w i l l  be consumed.

A u to c o r re la t io n , o r  an in te rd ep en d en ce  among s u c c e s s iv e  v a lu es

o f  th e  d is tu rb a n c e  term  was a lso  p r e s e n t ,  as  ev idenced  by a Durbin-*

Watson s t a t i s t i c  o f  0 .66176 , a v a lu e  below th e  c r i t i c a l  v a lu e  o f  1 .3 9 .

A u to c o rre la tio n  i s  to  be ex p ec ted  when th e  d a ta  c o n s is t  o f  su c c e ss iv e

o b se rv a tio n s  on any one l o t  o f  s t e e r s .  A u to c o r re la t io n  i s  a v io la t io n

o f  one o f  th e  b a s ic  assum ptions o f  th e  r e g re s s io n  model and r e s u l t s  in

g r e a te r  th an  minimum v a r ia n c e  e s t im a to r s  o f  th e  r e g re s s io n  c o e f f i c i e n t s .
2The r e s u l t s  a re  " t "  r a t i o s ,  R and F s t a t i s t i c s  t h a t  a re  b ia se d  upwards 

re n d e rin g  in v a l id  o u r s t a t i s t i c a l  h y p o th e s is  t e s t s .

There a re  methods which may be used  to  c o r r e c t  fo r  a u to c o r re la 

t io n .  The p ro ced u re  s e le c te d  h e re  i s  one d e sc r ib e d  by K e le j ia n  and 

O ates (1974, p . 195). When eq u a tio n  1 i s  c o r re c te d  fo r  a u to c o r r e la t io n  

th e  r e s u l t in g  eq u a tio n  i s :

G =? 27.17538 + 9.85075C + .05065R -  '.04308C2 +
(1 .844) (4 .391) (0 .025) (1 .323)

( 2)
o

.02424R -  , 03663CR + .03946T
(0 .394) (0 .477) (0 .125 ) . -

w here th e  v a r ia b le s  a re  as d e sc r ib e d  fo r  th e  p rev io u s  e q u a tio n  and th e

numbers in  p a re n th e se s  a re  th e  r e le v a n t  " t "  v a lu es  fo r  th e  e s tim a te d

c o e f f i c i e n t s .  The Durb in-W ats on s t a t i s t i c  fo r  t h i s  e q u a tio n  i s  2 .21492,

a v a lu e  le s s  than  th e  c r i t i c a l  v a lu e  o f  2 .30  in d ic a t in g  no a u to c o r r e la -  
2

t i o n ,  b u t th e  R v a lu e  d ecreased  to  0.57585 and th e  s ig n if ic a n c e  le v e l

2o f b o th  C and C d ec rea sed .

The ex p lan a to ry  power and s ig n if ic a n c e  le v e l s  o f  th e  above 

p ro d u c tio n  fu n c tio n  e s tim a te s  a re  l e s s  th a n  com plete ly  s a t i s f a c t o r y .  .
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O ther a lg e b ra ic  forms o f  th e  p ro d u c tio n  fu n c tio n  were e s tim a te d  u s in g  

th e  same v a r ia b le s .  These forms in c lu d e d  s q u a re - ro o t and e x p o n e n tia l 

fu n c tio n s . None o f  th e se  fu n c tio n s  f i t  th e  d a ta  q u i te  as w e ll  as does 

th e  q u a d ra tic  form, and a l l  e s tim a te s  a re  p lagued  w ith  m u l t i c o l l i n e a r -  

i t y ,  a u to c o r r e la t io n  and low s ig n if ic a n c e  o f  e s tim a te d  re g re s s io n  co ef

f i c i e n t s .  E rroneous s p e c i f i c a t io n  o f  th e  im p o rtan t in d ep en d en t v a r i 

a b le s  i s  in d ic a te d  by th e  c o n s is te n t  la c k  o f s ig n if ic a n c e  found. Tem

p e ra tu re  d e v ia t io n s  seem to  have no e f f e c t  on g a in , and a lth o u g h  feed  

must be in c lu d e d  as an e x p la n a to ry  v a r ia b le  perhaps th e  ex p e rim en ta l 

d e sig n  i s  such t h a t  th e  breakdown in to  roughage and c o n c e n tra te s  i s  in 

c o r r e c t .

The C a l i fo rn ia  Net Energy System as developed by L ofgreen  and 

G a r re t t  (1968) p ro v id e s  an  a l t e r n a t iv e  to  t h e , t r a d i t i o n a l  breakdown o f 

feeds in to  roughage and c o n c e n tr a te s . S ince  energy i s  th e  p rim ary  feed  

in g re d ie n t  which c o n tr ib u te s  to  w eigh t g a in  i t  seems re a so n a b le  to  ex

p re s s  feed  v a lu e s  in  term s o f  energy when d is c u s s in g  c o n tr ib u t io n s  to  

g a in . The a p p ro p r ia te  energy  m easure fo r  g a in  e s t im a tio n  i s  n e t en erg y , 

which C o n sis ts  o f  th e  energy  l e f t  in  th e  d ig e s t io n  p ro c e ss  a f t e r  a l l  

lo s s e s  such as  u n d ig e s ta b le  feed  r e s id u e ,  u r in e ,  gases and h e a t a re  r e 

moved. Net energy  must be f u r th e r  d iv id e d  in to  n e t energy  f o r  main

ten an ce  (NE^) and n e t energy  fo r  g a in  (NE^), The d iv is io n  accounts f o r  

th e  d if f e r e n c e s  in  e f f ic ie n c y  o f  d ig e s t io n  th a t  occu r depending upon 

w hether energy  i s  used to  meet th e  an im a l’ s m ain tenance needs o r  fo r  

w eigh t g a in  (N a tio n a l Academy o f Sciences. 1976).

In  o rd e r  to  d e te rm in e  i f  some r e la t io n s h ip  does in deed  e x i s t  

betw een th e  n e t  energy  fo r  g a in  v a lu e  o f  a r a t io n  and th e  w eigh t gained
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by anim als on th a t  r a t i o n ,  th e  feed  d a ta  from t h i s  exp erim en t were con

v e r te d  to  NEg v a lu e s  and p lo t te d  g ra p h ic a l ly  a g a in s t  g a in  (F ig u re  5 ) . 

Such a r e la t io n s h ip  appears  to  e x i s t  and l e a s t  sq u ares  r e g re s s io n  was 

used to  e s tim a te  th e  fu n c tio n  d e sc r ib in g  i t .

F u n c tio n a l forms e s tim a te d  in c lu d e  l i n e a r ,  q u a d r a t ic ,  s q u a re -  

r o o t ,  e x p o n e n tia l and sem ilo g . Only th e  most s a t i s f a c t o r y  o f  th e se  

form s, th e  q u a d ra tic  and e x p o n e n tia l a re  d isc u sse d  h e re .

The q u a d ra tic  form e s t im a te  o f  th e  p ro d u c tio n  fu n c tio n  i s :

G = -5 .01280  + 15.88774N -  0.12398N2
(0 .361) (13.400) (5 .373) K }

where G r e f e r s  to  pounds o f w eigh t g a in ed , N r e f e r s  to  M C al. o f  NE ,
S

and th e  v a lu e s  in  p a re n th e se s  a re  th e  co rre sp o n d in g  " t "  s t a t i s t i c s .

The Durbin-W ats on s t a t i s t i c  fo r  t h i s  e q u a tio n  i s  1 .7 0 9 , a v a lu e  g r e a te r

th an  th e  c r i t i c a l  v a lu e  o f  1 .700 in d ic a t in g  a la c k  o f  a u to c o r r e la t io n .

The c o e f f i c i e n t  o f d e te rm in a tio n  fo r  e q u a tio n  (3) i s  .9 4 6 . The c o e f-
2

f i c i e n t s  o f  b o th  N and N a re  s ig n i f i c a n t l y  d i f f e r e n t  from  zero  a t  a one 

p e rc e n t l e v e l  o f  s ig n i f ic a n c e ,  and th e  s ig n s  o f  th e  c o e f f i c i e n t s  a re  as 

ex p ec ted .

From th e  p ro d u c tio n  fu n c tio n  e s tim a te d  in  e q u a tio n  (3) can be 

d e riv ed  an e x p re ss io n  fo r  m arg ina l p h y s ic a l  p ro d u c t:

= 15.88774 -  0.24796N (4)

S e t t in g  e q u a tio n  (4) eq u a l to  zero  and s o lv in g  fo r  N g iv e s  th e  q u a n ti ty  

o f  n e t  energy  fo r  g a in  which m aximizes t o t a l  p h y s ic a l  p ro d u c t. T h is 

v a lu e  i s  eq u a l to  64,072 M Cal., and co rresponds to  a g a in  o f  504 pounds 

o r  a t o t a l  maximum w eigh t o f  947 pounds. However, t h i s  v a lu e  i s  incon

s i s t e n t  w ith  lo g ic .  Animals fed  beyond a w eigh t o f  around 950 pounds
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w i l l  n o t b eg in  to  lo s e  w e ig h t. W hile th e  q u a d ra t ic  fu n c tio n  f i t s  w e ll 

w ith in  th e  l im ite d  range o f  th e  d a ta ,  i t  i s  r e je c te d  on th e  b a s is  o f  

th i s  lo g ic a l  in c o n s is te n c y .

A nother e q u a tio n  e s tim a te d  was o f  th e  form:

G = aNbeu (5)

where G and N a re  as d e fin e d  above, e i s  th e  b ase  o f th e  system  o f 

n a tu r a l  lo g a r ith m s , "u" i s  a d is tu rb a n c e  term  and "a" and "b" a re  th e  

p a ram ete rs  to  e s t im a te . To e s tim a te  th e  n o n lin e a r  r e l a t i o n s h ip ,  i t  i s  

n e ce ssa ry  to  tra n s fo rm  i t  in to  a l i n e a r  form u s in g  th e  lo g  tra n s fo rm a 

t io n .  Taking th e  lo g  o f  each s id e  o f  (5) r e s u l t s  in :

InG = In a  + blnN + u (6)

where In  i s  th e  n a tu r a l  lo g a rith m  o f  th e  v a r i a b l e . E s tim a tio n  o f  t h i s  

e q u a tio n  u s in g  th e  e x p e rim en ta l d a ta  g iv e s :

InG = -2 .82300  + 0.841751nN m
(16.139) (48 .818)

where th e  numbers o f  p a re n th e se s  a re  " t ” v a lu e s  in d ic a t in g  t h a t  th e

e s tim a te d  p a ram ete rs  a re  d i f f e r e n t  from zero  a t  a one p e rc e n t  le v e l  o f

s ig n i f ic a n c e .  The c o e f f ic ie n t  o f  d e te rm in a tio n  fo r  t h i s  eq u a tio n  i s

0 .9 7 1 , th e  F s t a t i s t i c  2383.231, and th e  Durbin-W atson s t a t i s t i c  i s

1 .7 4 2 , in d ic a t in g  th a t  a u to c o r r e la t io n  i s  n o t a problem . To pu t th e

p ro d u c tio n  fu n c tio n  in  i t s  o r ig in a l  form i t  i s  n e c e s sa ry  to  ta k e  th e

a n t i lo g  o f e q u a tio n  (7 ) .  Doing so one o b ta in s :

G = 0.059427N0 ' 84175 (8)

where a "b" v a lu e  t h a t  i s  p o s i t iv e  and l e s s  than  one in d ic a te s  d im in ish 

in g  r e tu rn s  to  th e  v a r ia b le  in p u t as ex p ec te d . The e s t im a to r  o f  "a"
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a ls o  I s  p o s i t iv e  as e x p e c te d . However, when th e  a n t i lo g  o f  In  a i s  tak en  

to  o b ta in  an e s tim a te  o f  " a ,"  a b ia s  i s  in tro d u c e d  in to  th e  e q u a tio n  

s in c e  E(a) f  eE (ln a) _ e ln a  _ Q ( ^ e le j i a n  and Oates 1974, p . 9 8 ).

The m agnitude and d i r e c t io n  o f  t h i s  b ia s  a t  th e  mean can be .

c a lc u la te d  by s u b s t i t u t i n g  th e  mean v a lu e s  o f g a in  and NE in to  th e
8

e s tim a te d  p ro d u c tio n  fu n c tio n  and s o lv in g  fo r  " a ."  I f  th e re  w ere no 

b ia s  th e  r e s u l t i n g  v a lu e  would be th e  same as th e  r e g re s s io n  e s tim a te  

of " a ."  I f  b ia s  e x i s t s  i t  i s  o f  th e  m agnitude and d i r e c t io n  in d ic a te d  

by th e  d if f e r e n c e  betw een "a" as c a lc u la te d  above and th e  re g re s s io n  

e s tim a te  o f  " a ,"  From e q u a tio n  (8) "a" i s  seen  to  be 0 .059427 . The 

mean v a lu e  o f  G(G) i s  332.78 and N = 2 8 ,8 3 3 .0 . Using th e s e  v a lu e s  and 

so lv in g  e q u a tio n  (9) f o r  "a" g iv es  a v a lu e  o f  0 .058620.

332.78 = a (2 8 8 3 3 .0 )0,84175 (9)

The d if f e r e n c e ,  o r  c a lc u la te d  b i a s ,  i s  0 .000807 , a v a lu e  n o t  s i g n i f i 

c a n tly  d i f f e r e n t  from z e ro . Thus, b ia s  o f  "a" i s  n o t an im p o rtan t 

problem  in  t h i s  a p p l ic a t io n .

Im p lic a tio n s  o f  th e  E stim ated  E x p o n en tia l 
P ro d u c tio n  F u n c tio n

C onventional iso q u a n ts  cannot be d e riv e d  from th e  e s tim a te d  

p ro d u c tio n  fu n c tio n . S ince  iso q u a n ts  show th e  m arg ina l r a t e  o f  s u b s t i 

tu t io n  o f  one in p u t f o r  a n o th e r i t  i s  n e c e ssa ry  to  have a t  l e a s t  two 

v a r ia b le  in p u ts  in  a p ro d u c tio n  fu n c tio n  i f  iso q u a n ts  a re  to  be d e riv ed

d i r e c t ly  from th a t  fu n c tio n . This p ro d u c tio n  fu n c tio n  c o n ta in s  only

one v a r ia b le  in p u t ,  NE . In  a d d i t io n ,  th e  d a ta  from t h i s  ex perim en t
S

cover on ly  a sm all range o f  th e  p o s s ib le  roughage to  c o n c e n tra te  r a t i o s ,.
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w ith  few o b se rv a tio n s  w ith in  t h a t  ra n g e . T h is  problem  re n d e rs  i t  im

p o s s ib le  to  e s tim a te  iso q u a n ts  from th e  d a ta  even i f  a  p ro d u c tio n  func

t io n  c o n ta in in g  v a r ia b le s  fo r  a t  l e a s t  two ty p es  o f  feed  w ere a c c e p ta b le .

An e x p re ss io n  f o r  m arg in a l p h y s ic a l  p ro d u c t can be o b ta in e d  from 

e q u a tio n  (8) by ta k in g  th e  d e r iv a t iv e  o f  g a in  w ith  r e s p e c t  to  NE^ as in  

eq u a tio n  (1 0 ) .

H  = .050023N- 0 *15825 (10)

This fu n c tio n  i s  d e c re a s in g  a t  a d e c re a s in g  r a t e ,  and approaches b u t 

n ev er reach es  z e ro . This r e la t io n s h ip  im p lie s  t h a t  the t o t a l  p h y s ic a l  

p ro d u c t fu n c tio n  in c re a s e s  a t  a d e c re a s in g  r a t e  b u t n e v e r reach es  a 

maximum. A lthough i t  seems u n r e a l i s t i c  t h a t  c a t t l e  w i l l  c o n tin u e  g a in 

in g  w eigh t i f  fed  i n d e f i n i t e l y ,  i t  does seem re a so n a b le  t h a t  they  w i l l  

c o n tin u e  to  g a in  fo r  some p e r io d  beyond th e  range o f  t h i s  ex p erim en t, 

which t h i s  fu n c tio n  a llo w s . F igure  6 shows th e  e s tim a te d  b e e f  c a t t l e  

p ro d u c tio n  fu n c tio n , and F ig u re  7 shows i t s  co rre sp o n d in g  m arg ina l 

p ro d u c t fu n c tio n .

The e l a s t i c i t y  o f  p ro d u c tio n  i s  o b ta in e d  d i r e c t l y  from eq u a tio n  

(9 ) . T his e l a s t i c i t y  i s  c o n s ta n t and eq u a l to  th e  e s tim a te d  "b" v a lu e  

as dem onstrated  i n  e q u a tio n  (1 1 ) .

The e l a s t i c i t y  o f  p ro d u c tio n  i s  0 .84175 , in d ic a t in g  d e c re a s in g  m arg in a l 

p r o d u c t iv i ty ,  and th a t  p ro d u c tio n  i s  ta k in g  p la c e  in  s ta g e  I I  where n e t  

revenue m axim izing p r in c ip le s  can be a p p lie d .
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Time E qua tio n s

As shown above, one eq u a tio n  can be used to  show th e  r e l a t i o n 

sh ip  betw een g a in  and n e t  energy  f o r  g a in  fo r  a l l  o f  th e  ex p e rim en ta l 

tre a tm e n ts .  However, t h i s  eq u a tio n  i s  n o t adequate  to  d e term ine  economic 

optim a because  th e  r a t e  a t  w hich energy i s  consumed fo r  feed s  v a ry in g  

in  c o n c e n tra te  l e v e l  i s  d i f f e r e n t .  T h is d if f e r e n c e  in  th e  r a t e  o f  

energy  consum ption causes a co rre sp o n d in g  d if f e r e n c e  in  r a t e s  o f  g a in . 

R ate o f  g a in  i s  im p o rtan t in  th e  d e c is io n  making p ro c e ss  p a r t i c u l a r l y  

when th e  o b je c t iv e  i s  revenue m axim ization  over tim e .,

The r e la t io n s h ip  betw een tim e and in ta k e  o f  n e t  en erg y  fo r  g a in  

was e s tim a te d  fo r  each tre a tm e n t u s in g  l e a s t  sq u ares  r e g re s s io n .  Var

io u s  fu n c t io n a l  forms were t r i e d  w ith  th e  e x p o n e n tia l form y ie ld in g  th e  

most s a t i s f a c to r y  r e s u l t s .  The e s tim a te d  e q u a tio n s  a re  p re s e n te d  in

e q u a tio n s  12 th rough  14 fo r  th e  low , medium, and h igh  c o n c e n tra te  t r e a t 

ments r e s p e c t iv e ly :

E£ = 0.07111T1 ’26201 (12)

Em = 0.06291T1"’26952 (13)

Eh = 0.04894T1 °31161 (14)

In  th e  above e q u a tio n s , E r e f e r s  to  in ta k e  o f n e t  energy  fo r  gain  and 

T i s  tim e in  days. Each o f  th e  th re e  e s tim a te d  eq u a tio n s  has c o e f f i -  

c ie n t s  t h a t  a re  h ig h ly  s i g n i f i c a n t  a t  th e  one p e rc e n t le v e l ,  c o e f f ic ie n t s  

o f d e te rm in a tio n  g r e a te r  th an  0 .9 9 , and F v a lu es  g r e a te r  th an  3 ,000.

These t e s t s  in d ic a te  t h a t  th e  o v e r a l l  e x p lan a to ry  power o f each  o f  th e  

eq u a tio n s  i s  q u i te  h ig h .



These e s tim a te d  energy  v a lu e s  fo r  each tre a tm e n t o v er tim e were

co n v erted  to  th e  a p p ro p r ia te  amount o f feed  u s in g  c o n v e rs io n s  o f  52.53

MCal. NEg p e r  cw t. o f  feed  fo r  r a t io n s  1 and 2,  48.39 MCal. NE^ p e r

cw t. o f  feed  fo r  r a t io n  3 S and 60.14 MCal. NE p e r  cw t. o f  feed  fo r
8

r a t io n  4 . W eights u t i l i z e d  were g e n e ra te d  th rough  e q u a tio n  (8) u s in g  

energy  v a lu e s  as  c a lc u la te d  above. These r e s u l t s  a r e  l i s t e d  in  th e  

f i r s t  th re e  columns o f T ab les  6 , 7, and 8 (pp . 6 1 -6 6 ).

The p h y s ic a l r e la t io n s h ip s  e s tim a te d  in  t h i s  c h a p te r  a re  sum

m arized  in  F ig u re  8. F ig u re  8b shows th e  r e la t io n s h ip  betw een tim e and 

consum ption o f n e t  energy  f o r  g a in  fo r  th e  low , medium and h ig h  con

c e n tr a te  t r e a tm e n ts . At any p o in t  in  tim e ( f o r  example t^ )  d u rin g  th e  

fe e d in g  p e r io d ,  an im als on th e  low c o n c e n tra te  tre a tm e n t w i l l  have con- 

sumed th e  l a r g e s t  amount o f  n e t  energy  fo r  g a in  (L ) , and an im als on th e  

h ig h  c o n c e n tra te  tre a tm e n t th e  s m a l le s t  amount (H ). These n e t  energy 

fo r  g a in  v a lu es  may th en  be t r a n s f e r r e d  to  F igu re  8a where th e  ga in  

a s s o c ia te d  w ith  each o f  th e  th re e  tre a tm e n ts  a t  tim e t  i s  shown. The 

h ig h e s t  n e t  energy  fo r  g a in  consum ption, and c o rre sp o n d in g ly  th e  h ig h e s t  

g a in  p e r  p e r io d  o f  tim e occu r as a r e s u l t  o f  fe ed in g  th e  low c o n c e n tra te  

t r e a tm e n t .

C onceptual Is su e s  R e la tin g  
to  P h y s ic a l R e su lts

Heady e t  a l .  (1963) and Brokken e t  a l .  (1976) a re  among th o se  

who have shown th a t  fo r  a g iv en  feed in g  p e r io d  th e  maximum le v e l  o f  g a in  

i s  a t t a in e d  w ith  th e  h e a v ie s t  c o n c e n tra te  r a t i o n .  Heady e t  a l .  (1963, 

p . 883)s ta te s  "the tim e re q u ire d  to  produce a g iven  l e v e l  o f  g a in , fo r
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F igure  8. Summary o f e s tim a te d  p h y s ic a l r e la t io n s h ip s .



th e  r a t io n s  b o th  w ith  and w ith o u t s t i l b e s t e r o l ,  d e c rea se s  as th e  p ro 

p o r t io n  o f  com  in  th e  r a t io n  in c re a s e s

The work o f  Brokken e t  a l .  (1976) shows an in c r e a s in g  r a t e  o f  

g a in  as energy  c o n c e n tra tio n  in c r e a s e s .  F ig u re  9 shows th e  r e l a t i o n 

sh ip s  betw een energy  c o n c e n tra tio n  and dry  m a tte r ,  d i g e s t i b l e  energy  

and n e t  energy in ta k e .  In  th e  re g io n  to  th e  r ig h t  o f  p o in t  A, rumen 

f i l l  has ceased  to  l i m i t  in ta k e  and f u r th e r  in c re a s e s  in  energy  c o n -■ 

c e n tr a t io n  r e s u l t  in  a d e c lin e  in  d ry  m a tte r  in ta k e .  A lthough dry 

m a tte r  in ta k e  i s  d e c lin in g  w ith  f u r th e r  in c re a s e s  in  energy  c o n ce n tra 

t io n ,  d ig e s t ib le  energy in ta k e  rem ains ap p ro x im ate ly  c o n s ta n t .  S ince 

i t  i s  known th a t  n e t energy  as a p ro p o r tio n  o f  d ig e s t ib l e  energy  in 

c re a se s  as th e  energy c o n c e n tra tio n  in c r e a s e s , th e  n e t en erg y  in ta k e  

curve in  F igu re  9 i s  im p lie d . I f  n e t  energy  in ta k e  in c re a s e s  w ith  

energy c o n c e n tra t io n , th en  i t  i s  f u r th e r  im p lied  t h a t  th e  r a t e  o f g a in  

w il l ,  be h ig h e r  from h ig h e r  c o n c e n tra te  r a t i o n s . This same co n c lu s io n  

was reached  by Montgomery and Baumgardt (1 9 6 5 ), D inius and Baumgardt 

(1969) and D in ius e t  a l .  (1976).

These r e s u l t s  a re  in  d i r e c t  c o n f l i c t  w ith  th e  f in d in g s  o f  th e  

c u r re n t  a n a ly s is  as d e p ic te d  in  F ig u re  8 . A lthough th e  m a jo r i ty  o f  

ev idence  p re se n te d  in  p re v io u s  s tu d ie s  in d ic a te s  th a t  th e  m ost ra p id  

g a in  i s  to  be ex pec ted  when fe e d in g  a h ig h  c o n c e n tra te  r a t i o n ,  th e  

o p tim iz a tio n  a n a ly s is  p re se n te d  in  th e  fo llo w in g  c h a p te r  i s  b ased  upon 

th e  p h y s ic a l r e la t io n s h ip s  d e riv e d  from th e  c u r re n t  ex p erim en t. 

Economic im p lic a tio n s  o f  t h i s  c o n f l i c t  w i l l  a ls o  be d isc u sse d  in  

th e  fo llo w in g  c h a p te r .
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A ENERGY CONCENTRATION

F igure  9. Feed and energy in ta k e  r e g u la t io n  in  r e l a t i o n  to  d ie ta ry  
energy c o n c e n tra tio n .

Source: Brokken e t  a l .  (1976).



CHAPTER V

ECONOMIC OPTIMA

The two e s tim a te d  e x p o n e n tia l p ro d u c tio n  fu n c tio n s  r e l a t i n g  g a in

to  NE and r e l a t i n g  NE to  tim e , to g e th e r  w ith  c o s t  and p r ic e  d a ta , en - 
© 8

a b le  us to  de term ine  th e  economic optimum fe e d in g  method under v a rio u s  

c ircu m stan ces  and from d i f f e r e n t  p o in ts  o f  v iew . This c h a p te r  ex p lo re s  

th e  d e c is io n s  a p p ro p r ia te  to  th e  o b je c t iv e s  o f  n e t  revenue m ax im iza tio n , 

e i t h e r  from a s in g le  l o t  o f  c a t t l e ,  o r  o v er a p e r io d  o f  one y e a r ,  con

s id e r in g  th e  q u e s tio n  o f  when to  s e l l  one l o t  o f  an im als and re p la c e  i t  

w ith  a n o th e r . Both o f  th e  o b je c t iv e s  a re  examined from th e  p o in t o f 

view of a custom fe e d lo t  ow ner, o f  a p e rso n  owning c a t t l e  t h a t  a re  b e in g  

custom fe d , and o f  a f e e d lo t  owner who owns th e  an im als he  i s  fe e d in g . 

The a n a ly s is  i s  based  upon c o s t  and p r ic e  d a ta  which e x is te d  a t  th e  tim e  

o f th e  ex p erim en t, b u t re p e rc u s s io n s  o f  p o s s ib le  p r ic e  changes a re  a lso  

exam ined.

Cost and P r ic e  Data 

Value d a ta  n e c e ssa ry  to  d e term in e  economic optim a in  a f e e d lo t  

s i t u a t io n  in c lu d e  nonfeed  v a r ia b le  o p e ra t in g  c o s ts ,  feed  c o s t s ,  c a t t l e  

p r ic e s  and in fo rm a tio n  re g a rd in g  charges made by a custom  fe e d lo t  owner 

to  h is  c l i e n t .  A lthough s u b s ta n t i a l  f ix e d  c o s ts  e x i s t  w ith in  th e  c a t t l e  

fe e d in g  in d u s t ry ,  s h o r t  run  p ro d u c tio n  d e c is io n s  a re  b ased  upon v a r ia b le  

c o s ts  and a d is c u s s io n  o f  f ix e d  c o s ts  i s  n o t w ith in  th e  scope o f  t h i s  

s tu d y .

" ; A ;  „■ ■ . ' .



4.8

F e e d lo ts  in  A rizona have developed an acc o u n tin g  system  based  on 

th e  c o s ts  a s s o c ia te d  w ith  each to n  o f  feed  fed  (Menzie e t  a l .  1973, p . 8 ) . 

For t h i s  reaso n  th e  d e s c r ip t io n  and a n a ly s is  o f  c o s ts  in  t h i s  c h a p te r  

a re  based  on c o s ts  p e r  to n  o f  feed  fe d .

Nonfeed v a r ia b le  c o s ts  a re  th o se  c o s t s ,  ex c lu d in g  fe e d , which 

change depending on th e  number o f c a t t l e  b e in g  fe d . These c o s ts  in c lu d e  

la b o r ,  i n t e r e s t  on o p e ra tin g  c a p i t a l ,  power and f u e l ,  v e te r in a r y  and 

m edical s u p p l ie s ,  a d m in is t r a t io n ,  c o n s u lta n t  f e e s ,  m ain tenance and r e 

p a i r s ,  and m isce llan eo u s  e x p e n d itu re s . These c o s ts ,  fo r  v a r io u s  s iz e s  

o f o p e ra t io n , a re  p re s e n te d  in  Table 3.

Feed c o s ts  u t i l i z e d  in  t h i s  s tu d y  a re  th o se  re p o r te d  by th e  co

o p e ra tin g  f e e d lo t  as  a c tu a l ly  b e in g  p a id  fo r  feed  u t i l i z e d  in  th e  ex

perim en t (T able 4 ) .  In d iv id u a l  r a t io n  c o s ts  based  on th e s e  feed  in 

g re d ie n t c o s ts  a re  p re se n te d  in  Table 5 .

L iv es to c k  p r ic e s  were o b ta in e d  from a w eekly summary o f  f e e d lo t  

and range s a le s  in  Phoenix as  p u b lish e d  d u rin g  th e  week* o f  January  13 

by th e  U. S. Departm ent o f  A g r ic u ltu re  (1977). The an im als a r e  assumed 

to  have a v a lu e  eq u a l to  th e  p r ic e  o f  mixed good and ch o ice  fe e d e r  

s te e r s  a t  th e  o u ts e t  o f th e  experim en t and u n t i l  they  re a ch  an approx

im ate  w eigh t o f  650 pounds. This p r ic e  i s  $35.00 p e r cw t. Animals 

h e a v ie r  th an  650 pounds a re  t r e a te d  fo r  p r ic in g  purposes as fed  s t e e r s ,  

b u t u n t i l  they  reach  an approxim ate  w eigh t o f  840 pounds a re  d isco u n ted

$2 p e r  cw t. T his d isco u n t i s  based  on a c a t t l e  b u y e r’ s p r a c t ic e  o f

pay ing  $2 p e r cw t. l e s s  th an  th e  m arket p r ic e  fo r  an im als w hich w i l l  

y ie ld  a c a rc a s s  w eighing  l e s s  th an  500 pounds. Over f a t  an im als a re  a ls o
‘ t " ‘ " -

d isc o u n te d , b u t hone o f th e  anim als in  th e  c u r re n t  experim en t reached
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Table 3. Average nonfeed  v a r ia b le  c o s ts  p e r  to n  o f  feed  by s iz e  o f  
o p e ra t io n , 1975 .a .

Item
10,000

to
20,000
head

20,000
to

30,000
head

Over
30,000
head

-  $ /to n  o f  feed  fed  - - - - - -

Labor 4 .47 3.37 3.69

I n t e r e s t 2 .00 1 .97 1 .28

Power and fu e l 1 .33 1.19 .69

Vet and m ed ical su p p lie s 1 .57 1.52 1 .49

A d m in is tra tiv e  s t a f f  and 
su p p lie s 1 .12 1.77 1 .55

C o n su ltan t fe e s .23 .31 .75

M aintenance and r e p a i r s 1 .69 1.57 1.54

O ther .23 .26 .74

TOTAL VARIABLE COSTS 12.87 12.24 11.99

a . Updated from 1971 d a ta  u s in g  r e le v a n t  in d ex  numbers by U. S. D epart
ment o f A g r ic u ltu re  (1975).

S o u rce ; Menzie e t  a l .  1973, p . 9 .



50

Table 4 . Feed in g re d ie n t  c o s ts  p e r  to n .

In g re d ie n t D o lla rs /T o n

Com 103.50

A lf a l f a  ' 64.00

B eet S o lu b les 64.00

F at 294.00

Prem ix 149.50

S ou rce : M archello  (1976)

Table 5 . Cost p e r  to n  o f  ex p erim en ta l r a t i o n s .

R ation  Number D o lla rs /T o n

1 89.41

2 89.41

3 81.51

4 99.90

Source: M archello  (1976)
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t h a t  s ta g e .  Id e a l ly  p e r io d ic  o b se rv a tio n s  o f q u a l i ty  g rade  would have 

been made th ro u g h o u t th e  experim en t so t h a t  th e  p o in ts  a t  w hich grade 

changes and accompanying changes in  v a lu e  o ccu rred  cou ld  be d e term ined , 

b u t s in c e  th e se  o b se rv a tio n s  were n o t made, th e  p r ic e s  u t i l i z e d  a re  

th o se  a s s o c ia te d  w ith  th e  grade o f th e  an im als upon te rm in a tio n  o f  th e  

ex p erim en t. The anim als on th e  low c o n c e n tra te  tre a tm e n t graded  good 

and a re  p r ic e d  a t  $37.25 p e r  cw t. S te e rs  on th e  medium c o n c e n tra te  

tre a tm e n t graded  m ostly  good, end  c h o ic e , and a re  a ss ig n e d  a v a lu e  o f  

$38.25 p e r  cw t. The grade o f  th o se  an im als fed  th e  h ig h e s t  le v e l  o f

c o n c e n tra te s  was mixed good and c h o ic e , w ith  an a s s o c ia te d  p r ic e  o f
1 .

$39.00 p e r  cw t.

A d d itio n a l c o s ts  which a re  r e le v a n t  in  a custom fe e d in g  s i t u a 

t io n  in c lu d e  charges o th e r  th an  feed  th a t  a re  made by th e  f e e d lo t  to  

th e  owner o f  th e  c a t t l e .  In te rv ie w s  w ith  p e rso n n e l a t  s e v e r a l  A rizona 

fe e d lo ts  in d ic a te d  th a t  in  most cases  c a t t l e  owners a r e  charged  fo r  th e  

feed  fed  to  t h e i r  an im als p lu s  a c o n s ta n t d o l la r  markup on each to n  o f 

feed  fe d . W hile th e  q u e s tio n  o f  th e  optimum markup in  v a r io u s  s i t u a 

t io n s  could  be th e  focus o f  an e n t i r e  s tu d y , t h i s  s tu d y  assumes a markup 

o f  $16 p e r  to n , a f ig u re  r e p r e s e n ta t iv e  o f  c u r re n t  A rizona  fe e d lo t  

p r a c t i c e s .  A d d itio n a l charges a re  made fo r  s e rv ic e s  such  as c a s t r a 

t io n ,  deh o rn in g , v a c c in a tio n  and b ra n d in g , b u t th e se  fe e s  a r e  charged 

o n ly  i f  th e  s e r v ic e  i s  n e c e ssa ry  fo r  a p a r t i c u l a r  an im a l, and only  

cover th e  f e e d lo t  c o s t  o f  p e rfo rm ing  th e  s e r v ic e .

1 . L ots o f  c a t t l e  a re  ty p ic a l ly  graded Choice (> 70% C h o ice ), 
Good to  m ostly  Choice (60-70% C h o ice ), mixed Good and Choice (30-60% 
C ho ice), m ostly  good, end Choice (10-30% C h o ice ), o r  Good (<10%  C h o ice).



52

" T h e o re tic a l  Approach 

C hapter I I  o u t l in e d  th e  t r a d i t i o n a l  methods w hich may be used to  

determ ine  economic op tim a. However, due to  th e  n a tu re  o f  th e  e m p ir ic a l 

r e s u l t s  o f  t h i s  p a r t i c u l a r  ex p erim en t, some d e p a r tu re  must be made from  

co n v en tio n a l m ethods.

S ince is o q u a n ts  cannot be d e riv e d  from th e  e m p ir ic a l  d a ta , 

m arg ina l r a te s  o f  s u b s t i t u t io n  o f v a r io u s  feed s  cannot be e s tim a te d . 

T h e re fo re , a d e te rm in a tio n  o f  th e  optimum com bination  o f  feed  in p u ts  

cannot be made. However, one can d e term in e  which o f  th e  th re e  e x p e r i

m enta l tre a tm e n ts  i s  optimum under v a r io u s  c irc u m sta n c e s , w ith o u t an 

exam ination  o f  o th e r  p o s s ib le  f e e d s tu f f  co m b in a tio n s.

Economic th e o ry  su g g e s ts  t h a t  p r o f i t s  w i l l  be maximized f o r  one 

l o t  o f  c a t t l e  when t o t a l  revenue exceeds t o t a l  c o s t by th e  g r e a te s t  

am ount. This c o n d itio n  norm ally  co rresponds to  th e  p o in t  a t  which mar

g in a l  c o s t  eq u a ls  m arg ina l rev en u e . However, d i s c o n t in u i t i e s  i n t r o 

duced in to  th e se  fu n c tio n s  due to  th e  n a tu re  o f m arket p r ic e s  in  th e  

b e e f  c a t t l e  in d u s try  cause th e  co n tin u o u s m arg in a l approach to  be in 

v a l id .  At c e r t a in  p o in ts  in  th e  p ro d u c tio n  p ro c e s s , as g rade  and w eigh t 

change, th e  p r ic e  p e r cw t. o f  th e  an im al ch an g es . T h is p r ic e  change i s  

n o t only  on a d d i t io n a l  g a in s  beyond th e  p o in t  o f change, b u t on th e  en

t i r e  w eigh t o f  th e  an im al. As a r e s u l t ,  th e  m arg in a l revenue fu n c tio n s  

d e riv e d  from a con tin u o u s MPP fu n c tio n  have la rg e  p e a k s , and a depar

tu re  from th e  c o n v en tio n a l m arg in a l method o f  a n a ly s is  becomes n e c e s sa ry .

F ig u re  10 shows th e  d isco n tin u o u s  m arg ina l revenue fu n c tio n  and 

th e  m arg in a l c o s t  fu n c tio n  a s s o c ia te d  w ith  th e  e x p e rim en ta l h igh  concen

t r a t e  t re a tm e n t. The d e c lin e  in  m arg in a l c o s t  betw een th e  th i r t e e n th
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and fo u r te e n th  weeks o c cu rred  as a r e s u l t  o f  a s h i f t  to  a h ig h e r  con

c e n tr a te  r a t io n .  A lthough th e  u n i t  c o s t  o f  th e  second r a t i o n  was h ig h e r ,  

l e s s  o f  t h i s  r a t io n  was consumed p e r  u n i t  o f  tim e which more than  o f f 

s e t  th e  in c re a s e  in  u n i t  p r i c e . The m arg in a l c o s t  and m arg in a l revenue 

fu n c tio n s  fo r  th e  o th e r  two e x p erim en ta l tre a tm e n ts  a re  o f  th e  same 

g e n e ra l shape a lth o u g h  th e  a c tu a l  v a lu e s  a r e  d i f f e r e n t .

A lthough th e  t o t a l  revenue and c o s t  fu n c tio n s  fo r  each  o f th e  

th re e  e x p e rim en ta l tre a tm e n ts  c o n ta in  th e  same d i s c o n t in u i t i e s  as th e  

m arg ina l fu n c t io n s , t h e i r  u t i l i z a t i o n  makes d e te rm in a tio n  o f  economic 

optim a p o s s ib le .  T o ta l v a r ia b le  c o s ts  and t o t a l  revenue w ere d e te r 

mined fo r  each  o f  th e  th re e  feed in g  reg im es , and th o se  o f  th e  h ig h  con

c e n t r a te  tre a tm e n t a re  p re se n te d  in  F ig u re  11. Again th e  co rre sp o n d in g  

fu n c tio n s  fo r  th e  o th e r  two tre a tm e n ts  a re  o f  th e  same g e n e ra l  c o n fig u ra 

t io n .  Net revenue i s  de term ined  from t h i s  t o t a l  c o s t  and revenue in fo rm a

t io n  and i s  d isp la y ed  in  F ig u re  12. A com parison o f  n e t  revenue v a lu es  

shows th e  p r o f i t  m axim izing p ro d u c tio n  p o in t  fo r  t h i s  s in g le  l o t  o f  

c a t t l e .

C hapter I I  p re se n te d  th e  c o n cep tu a l method o f m axim izing n e t 

revenue over tim e fo r  a con tin u o u s f e e d lo t  o p e ra tio n . T h is  method con

s i s t s  o f re p la c in g  one l o t  o f c a t t l e  w ith  a n o th e r  when m arg in a l n e t 

revenue from th e  p re s e n t  l o t  eq u als  ex p ec ted  maximum av erag e  n e t  revenue 

from th e  n e x t l o t .  F ig u re  13 shows th e  average  and m arg in a l n e t revenue 

fu n c tio n s  fo r  th e  h igh  c o n c e n tra te  t r e a tm e n t.  These fu n c tio n s  a re  

p lagued  w ith  th e  same d is c o n t in u i t i e s  as th e  p re v io u s ly  d isc u sse d  func

t io n s .  M arginal n e t  revenue i s  a t  no p o in t  eq u al to  maximum average  n e t  

revenue, and ag a in  a d e p a r tu re  from th e  s ta n d a rd  co n ce p tu a l approach i s
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n e c e s sa ry . Optimum rep lacem en t tim e must be c a lc u la te d  by com paring th e  

average  n e t  revenues p e r  u n i t  o f  tim e which would r e s u l t  from re p la c e 

ment a t  each  o f  th e  p o in ts  a t  w hich th e  m arket p r ic e  o f  th e  anim al 

changes. The maximum i s  s e le c te d .  In  F ig u re  13 i t  ap p ea rs  t h a t  average  

n e t  revenues p e r  week a re  h ig h e s t  and ap p ro x im ate ly  eq u a l a t  11 and 20 

weeks o f  fe e d in g . Thus, e i t h e r  tim e would be an optimum rep lacem ent 

d a te .  F ig u re  13 shows average  n e t revenue to  be h ig h e s t  a t  11 w eeks.

In  r e a l i t y  th e  11 week tim e would p ro b ab ly  be too  e a r ly  and may appear 

as optimum h e re  on ly  because  O f  in a c c u ra c ie s  in  th e  p r i c e - q u a l i ty  a s 

sum ptions on which no a c tu a l  o b se rv a tio n s  were a v a i l a b le .  I t  i s  a ls o  

p o s s ib le  t h a t  a n o th e r average  n e t  revenue lo c a l  maximum co u ld  appear 

a t  a tim e beyond th e  range o f  th e  observed  d a ta .

Com putation o f  average  n e t  revenue v a lu es  which w i l l  occu r a t  

v a r io u s  p o in ts  i n  tim e , i f  th e  p re s e n t  l o t  o f  c a t t l e  c o n tin u e s  to  be 

fe d , must be based  upon p r ic e  e x p e c ta t io n s .  C a lc u la tio n  o f  expected  

average  n e t  revenue v a lu e s  from any a n t ic ip a te d  f u tu r e  l o t s  m ust a lso  

ta k e  p r ic e  e x p e c ta tio n s  in to  a cco u n t. Thus, m axim ization  o f  th e  average  

n e t revenue f o r  each in d iv id u a l  l o t  w i l l  maximize y e a r ly  n e t  revenue 

i f  p r ic e  e x p e c ta tio n s  a re  a c c u ra te .

The above a n a ly s is  was developed to  r e f l e c t  c u r r e n t  m arket p ra c 

t i c e s .  At th e  p re s e n t  tim e most f e e d lo t  an im als a re  graded  and s o ld  on 

a p e r l o t  b a s i s .  However, i t  has been su g g es ted  th a t  an im als be so ld  

and th en  in d iv id u a l ly  graded a f t e r  s la u g h te r  in  an e f f o r t  to  more ac

c u ra te ly  r e f l e c t  th e  t r u e  v a lu e  o f  th e  f i n a l  p ro d u c t. I f  th e  anim als 

were s o ld  on an in d iv id u a l  y ie ld  and grade  b a s i s ,  th e  r e s u l t i n g  revenue 

fu n c tio n s  would n o t be s u b je c t  t o . t h e  p re v io u s ly  d is c u s se d  d i s c o n t i n u i t i e s .



However, i f  th e  c a t t l e  owner so ld  h i s  an im als on an in d iv id u a l  y i e ld  and 

grade b a s i s , he would have no knowledge o f th e  p r ic e  he  would re c e iv e  

fo r  h is  an im als u n t i l  a f t e r  th ey  a re  s o ld .  He th e r e f o r e  would n o t be 

a b le  to  e s tim a te  a revenue fu n c tio n  and would not be a b le  to  make 

p ro d u c tio n  d e c is io n s  based  upon economic c r i t e r i a .  R a th e r , he would 

have to  r e ly  On d e c is io n  ru le s  based  upon ex p o s t a n a ly s e s .

Economic Optima —  The V iew point 
o f  th e  Custom F e e d lo t Owner

The e lem en ts which c o n tr ib u te  to  th e  t o t a l  revenue o f  a custom 

fe e d lo t  owner a re  feed  s a le s  and th e  markup on feed . T o ta l v a r ia b le  

c o s ts  to  th e  f e e d lo t  owner in c lu d e  th e  c o s t  o f  feed  p lu s  nonfeed  v a r ia b le  

c o s ts  as o u t l in e d  in  T able  3& Net revenue above v a r ia b le  c o s t  i s  t o t a l  

revenue minus t o t a l  v a r ia b le  c o s t .  S ince  revenue from feed  s a le s  and 

th e  c o s t  o f  feed  o f f s e t  one a n o th e r , n e t  revenue above v a r ia b le  c o s t  

p e r  to n  o f  feed  can be ex p ressed  as th e  markup p e r  to n  o f  feed  minus 

nonfeed  v a r ia b le  c o s ts  p e r  to n  o f  fe e d . As long  as t h i s  v a lu e  i s  

p o s i t iv e  th e  f e e d lo t  owner w i l l  maximize h is  p r o f i t s  o r  m inim ize h i s  

lo s s e s  (by making a c o n tr ib u t io n  to  f ix e d  c o s ts )  by k eep in g  c a t t l e  in  

h i s  l o t .

A ccording to  c u r re n t  p r a c t i c e s ,  th e  r e p r e s e n ta t iv e  A rizona feed 

l o t  charges a markup o f  $16.00 on ev ery  to n  O f  feed  s o ld .  T his markup 

minus t o t a l  nonfeed  v a r ia b le  c o s ts  o f  $12.87 p e r to n  o f  feed  y ie ld s  a 

n e t  revenue above v a r ia b le  c o s ts  o f  $3.13 p e r to n  o f  feed  f o r  a f e e d lo t  

w ith  10,000 to  20,000 head c a p a c ity . T o ta l nonfeed v a r ia b le  c o s ts  fo r  a 

f e e d lo t  w ith  20,000 to  30,000 head c a p a c ity  a re  $12.24 p e r  to n  o f  fe e d , 

r e s u l t in g  in  a n e t revenue above v a r ia b le  c o s ts  o f $3,76 p e r  ton  o f  feed..
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F e e d lo ts  w ith  a c a p a c ity  o f  over 30,000 head have a t o t a l  nonfeed  v a r i 

a b le  c o s t  o f  $11.99 p e r  to n  o f  feed  w hich , when s u b tra c te d  from $16, 

y ie ld s  a n e t  revenue above v a r ia b le  c o s ts  o f  $4.01 p e r  to n  o f  fe e d .

. I t  i s  c le a r  th a t  s in c e  n e t  revenue above v a r ia b le  c o s ts  in c re a s e s  

l i n e a r l y  w ith  th e  q u a n t i ty  o f  feed  s o ld ,  i t  i s  th e  p rim ary  i n t e r e s t  o f  

th e  fe e d lo t  owner to  s e l l  as much feed  as p o s s ib le  r e g a rd le s s  o f  th e  

r a t io n .  Such s a le s  a re  p ro b ab ly  b e s t  accom plished  by keep in g  th e  l o t  

as n e a r ly  f u l l  as  p o s s ib le  a t  a l l , t i m e s ,  t h a t  i s ,  by showing a re co rd  

o f  m axim izing th e  p r o f i t s  o f  th e  owners' o f  th e  c a t t l e  b e in g  fe d . How

e v e r , th e re  i s  a b a s ic  c o n f l i c t  o f  i n t e r e s t  g en e ra ted  by ch arg in g  a 

c o n s ta n t c o l l a r  markup on th e  tonnage o f  feed  fe d .

The most feed  p e r  u n i t  o f  tim e w i l l  be  s o ld  by fe e d in g  th e  low 

c o n c e n tra te  t re a tm e n t.  However, n e t  revenue to  th e  c a t t l e  owner w i l l  be  

s u b s ta n t i a l ly  decreased  i f  th e  low r a th e r  th an  th e  h ig h  c o n c e n tra te  

tre a tm e n t i s  u t i l i z e d .  T ab les  6 , 7 , and 8 (column 9) show th e  n e t  

revenue p e r  head which w i l l  be r e a l iz e d  by th e  c a t t l e  owner in  a custom 

fe e d in g  s i t u a t io n .  The low c o n c e n tra te  tre a tm e n t y ie ld s  a maximum n e t  

revenue o f $13.61 p e r  head  a f t e r  128 days w h ile  th e  h ig h  c o n c e n tra te  

tre a tm e n t g iv es  a maximum n e t revenue o f  $30.57 p e r head a f t e r  142 d ay s , 

a d if f e r e n c e  o f  $16.96 p e t  head . I t  i s  c le a r ly  to  th e  advan tage  o f  th e  

c a t t l e  owner to  have h is  c a t t l e  fed  th e  h ig h  c o n c e n tra te  r a t i o n .  As 

long  as an im als a re  in  th e  f e e d lo t ,  th e  g a in  to  th e  f e e d lo t  owner from 

feed in g  th e  low c o n c e n tra te  tre a tm e n t f o r  128 days i s  $4.74 p e r  h ead .

I f  fe ed in g  i s  co n tin u ed  fo r  142 days th e  g a in  to  th e  f e e d lo t  owner i s  

$5.58 p e r head and t h i s  g a in  in c re a s e s  w ith  tim e .



Table 6 . C osts and retu rn s fo r  th e  low co n cen tra te  treatm en t on a custom feed in g  b a s is .

Net Total Average Total Total Marginal Average
Feeding . Energy Feed per Cost per Marginal Weight per Revenue Marginal Net Net Net
Period Intake a/ Head b j Head c/ Cost d/ Head e/ per Head f/ Revenue jg/ Revenue h/ Revenue i_/ Revenue j/
(days) ■ (MCal) ~  (tons) ($) ($) (lbs.) ' ($) ($) ($) ($) . ($)

0 0 0 169.75 485.0

30 5200.827 0.20626 191.46 5 .44 564.8

37. 6776.679 0.26876 198;08 6 .59 584.7

. 44 84 33.044 0.0713,1 205.03 6.95 604.9

51 10160.178 0.14567 212.28 7.25 625.2

58 11950,729 0.22276 219,80 7.52 645.7

65 13798.930 0.30233 227.56 7.76 . 666 .4

72 15700.115 0.38418 235.54 7.98 687.2

79. 17650.417, 0.46815 243.74 8.19 708.2

86 19646.583 0.55409 252.11 8.38 729.2

93 21685.818 0.64188 260.67 8.56 750.4

100 23765.701 0.73143 269.40 8.73 771.7

107 25884.112 0 .82 2o3 278.29 8.89 793.1

114 28039.169 0.915 11 287.34 9.05 814.5

121 30229.198 1.00970 29 o .54 . 9 .20 836.1

128 32452.691 1.10543 305.87 9.33 857.7

135 34708.285 1.20254 515.34 9.47 879.4

142 36994.748 1.30098 324.94 9.60 901.1

149 39310.939 1.40070 334.66 9.72 922.9

156 41655.831 1.50165 344.51 9.85 944.8

163 44028.463 1.60380 354.47 9.96 966.8

170 46427.948 1.70711 364.54 10.07 988,8

16.9.75 0

197.68 6 .98 6 .19 1.54 1.55

204.65 6.97 6.57 0.38. 1.31

211 .70 7.05 6.67 0.10 1.11

218.82 7.12 6.54 -0 .13 0.93

226.01 . 7.19 6.21 . -0 . 33 0.78

254.92 8.91 7.36 1.15 0.82

242.25 7.33 6.71 -0 .65 0.67

249.64 7.39 5.91 -0.80 0.45

257.07 7.43 4.96 -0.95 0.41

264.53 7.46 3.86 -1 .10 0.30

272.03 7.50 2.63 -1 .23 0.19

279.56 7.53 1.27 -1 .56 0.08

287.12 7.56 -0 .22 -1 .49 -0 .01

294.71 7.59 -1 .83 -1 .61 -0.11

319,48 24.77 | 13 . 61 j 15.44 0.76

327.56 8.08 12.22 -1 .3 9 0.64

335.67 8.11 10.73 -1 .49 0.54

343.80 8,13 9.14 -1.59 0.44

351.95 8.15 7.44 -1 .70 0.34

360.12 8.17 5.65 -1 .79 0.25

368.32 8.20 3.74 -1 .87 0.16

cr>H



Table 6. (con tin u ed )

a. E = .07111t1-26201
where E = net energy intake; t •= time

b. Cumulative amount of each ration with a change in ration after 37 days.

c. Based upon ration costs given in Table 5.
d. MC = ATVGAt

e. Calculated from equation (8) using energy values calculated as in footnote a.

f. Price changes occur after the 58th and 121st days. Prices were $35.00, $35.25 and $37.25 per cwt.

g.  M R - g S

h. TNR = TR - TVC

i. MNR - MR - MC

j. ANR = ™

Oxto



Table 7. Costs and retu rn s fo r  th e  medium co n cen tra te  treatm en t on a custom feed in g  b a s i s .

Net Total Average Total Total Marginal Average
Feeding Energy Feed per Cost per Marginal Weight per Revenue Marginal Net Net Net
Period Intake a/ Head b / Head c j Cost d/ Hoad e/ per Head f/ Revenue g/ Revenue lv/ Revenue i/ Revenue 1/
(days) (MCal) ($) * ($) ($) (lbs.) ($) . ($) ' ($) ($) ~ ($)

0 0 0 174.48 - - 498.5 174.48 - - 0

.30 4720.137 0.18720 194.21 4.93 572.0 200.21 6,43 6 .00 1.50 1.50

37 6160.031 0.24431 200.23 6.02 590.5 206.68 6.47 6.45 0.45 1.29

44 7675.660 0.06525 206.59 6.26 609.2 213.23 6.55 6.64 0.19 1.11

51 9257.936 0.13337 2 .3 .24 6.65 628.2 . : 219.85 6,62 6.61 -0.03 0.94

58 10900.007- 0.20407 220.13 6 .89 647.3 226.54 6.69 6.41 -0 .20 0 .80

65 12596.486 0.27711 227.25 7.12 666.5 241.61 15.07 14.36 7.95 1 .60

72 14343.013 0.35240 234.58 7.33 685.9 248.65 7.04 14.07 -0 .29 1.41

79 16135.974 0.42949 242.11 7.53 . 705.5 255.73 7.08 13.62 -0.45 1.24

86 17972.319 0.50855 249.82 7.71 725.1 ' 262.86 7.13 13.04 -0.58 1.09

93 19849.434 0.58937 257.79 7.88 744.9 270.02 7.16 12.32 -0.72 0.95

100 21765.049 0.07597 265.71 8.01 764.8 277.22 7.20 11.51 -0.81 0.82

107 23717.174 0.15229 273.87 8.16 784.7 284.46 7.24 10.59 -0 .92 0.71

11 1 25704.048 0.23219 282.18 8.31 804.8 291.73 7.27 9.55 -1.04 0.60

121 27724.095 0.31231 290.62 8.44 824.9 ■ 299.03 7.20 8.41 -1 .14 0.49

128 29775.898 0.39368 299.20 8.58 845.1 1 323.26 . 24,23 24.06 15.65 LlhJ
135 31858.181 0.47627 307.90 . 8.70 865.4 • 331.02 7.76 23.21 -0.94 1.22

142 35969.783 0.56001 316.73 8.85 885.8 338.81 7.79 22.08 -1.04 1.10

149 36109.652 0.64488 325.68 8.95 906.2 346.63 7.82 20.95 -1 .13 1.00

156 38276.762 0.73083 334.74 9.06 926.7 354.47 7.84 19.73 -1 .22 0.90

163 40470.267 0.07599 343.55 8.81 947.3 362.34 7.87 18.75 -0.94 0.82

170 42689.314 0.15286 352.41 8.86 967.9 370.23 7.89 17.82 -0.97 0.74

OxW



Table 7. (con tin u ed )

a. E = .06291t1-26952
where E = net energy intake; t « time.

b. Cumulative amount of each ration with ration changes after 37, 93, and 156 days.

c. Based upon ration costs given in Table 5.

e. Calculated from equation (8) using energy values calculated as in footnote a.

f. Price changes occurred after the 58th and 121st days. Prices were $35.00, $36.25, and $38.25 per cwt.



Table 8. C osts and retu rn s fo r  th e  h igh  co n cen tra te  treatm ent on a custom feed in g  b a s is .

N et  T o t a l  A v era g e  T o t a l  T o t a l  M a r g in a l  A vera g e
■Feeding E n ergy  F e e d - p e r  C o s t  p e r  M a r g in a l  W eight  p e r  R evenue M a r g in a l  N et  N et  Net
P e r i o d  I n t a k e  a /  Head bj  Head c j  • C o s t  d /  Head e /  p e r  Head £ /  R evenue gf  Revenue \\f Revenue i f  Revenue j /
( d a y s )  (MCal) ( t o n s )  ($ )  ( $ )  ( I b s T )  ( $ )  * ( $ )  ( $ )  ($ )

- - 4(>6 ♦ 0 163.10 *—
4.42 . 533.2 186.60 5.88

0 0 0 163.10
30 4237.122 0.16804 180.81
37 5578.700 0.22125 186.42
44 7002.714 0.27771 192.37
51 ' 8498.261 0.33704 298.63
58 10059.902 0.39897 205.16
65 11681.516 0.46329 211.94
72 13358.565 0.52980 218.95
70 15087.267 0.59836 226.17
86 10864.421 0.66884 233.60
93 18687.269 0.74113 241.22
100 20553.412 0.06465 248.71
107 22460.736 0.13072 , 256.37
114 24407.365 0.19815 264.19
121 26391.622 0.26689 272.15
128 .28411.988 0.33688 280.26
135 30167.093 0.40807 288.52
142 32555.687 0.48042 296.90
14.9 34676.620 0.55389 305.42
156 36828.844 0,62845 314.06
163 39011.380 0.70406 322.82
170 41223.326 0.78068 331.70

5.61 550,7 192.73 6.13
5.95 568.5 198.97 6.24
626 586.6 205.32 6.35
6.53 605 . 0 211.77 6.45
6.78 623.7 218.29 6.52
7.01 642.5 224.89 6.60
7.22 661.6 244.79 19.90
7.4 3 680.8 251.90 . 7.11
7.62 700.2 259.07 7.17
7.49 719.7 266.31) 7.23
7.66 739,4 273.58 7.28
7.82 759.2 280.91 7.33
7.96 779.2 28.8.29 7.38
8.11 799.2 295.71 7.42
8.26 819.4 303.17 7.46
8.38 839.7 327.47 24.30
8.52 860.1 335.42 7.95
8.64. 880.5 343.41 7.99
8.76 901.1 351.44 8.03
8.88 921.8 359.50 8.06

0 -- --
5.79 1.45 1.45
6.31 .5 2 ; 1.26
6.60 .29 1 .10
6.69 .09 .96
6.61 -.08 .83
6.35 -.26 .71
5.94 -.41 .59
18.62 12.68 1.69
18.30 -.32 1.53
17.85 -.45 1.37
17.59 -.26 1.26
17.21 -.38 1.15
16.72 -.49 1.05
16.14 -.58 .95
15.45 -.69 .86
14.65 oCO .77
30.57 15.92 1.53 |
30.00 -.57 1.43
29.35 -.65 1.33
28.62 -.73 1.24
27.80 -.82 1.16

Ch
Ln



Table 8. (con tin u ed )

a. E = .OASMt1 *31161
where E = net energy intake; t = time.

b . Cumulative amount of each ration with a ration change after 93 days.

c. Based upon ration costs given in Table 5.

e. Calculated from equation (8) using energy values calculated as in footnote a.

f. Price changes occurred after the 72nd and 135th days. Prices were $35.00, $37.00 and $39.00 per cwt.

S' > - i f
h. TNR = TR - TVC

i. MNR = MR - MC

j  • AMR = ™

Ch
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B ut w h ile  th e  f e e d io t  owner m ight in c re a s e  h i s  n e t  revenue by 

fe e d in g  th e  low c o n c e n tra te  t r e a tm e n t , h i s  custom er w i l l  be d i s s a t i s f i e d  

and in  th e  fu tu r e  w i l l  have h i s  c a t t l e  fed  e lse w h e re , In  o rd e r  to  keep 

h is  l o t  as n e a r ly  f u l l  as p o s s ib le ,  th e  f e e d io t  owner m ust keep h i s  cu r

r e n t  custom ers s a t i s f i e d  and a t t r a c t  new custom ers by showing a re c o rd  

o f  m axim izing t h e i r  p r o f i t s .  Having an empty l o t  would be much more 

c o s t ly  th an  th e  s h o r t  te rm  g a in  from feed in g  th e  low c o n c e n tra te  r a t i o n .

Economic Optima — The V iew point o f  th e  
C a t t le  Owner in  a Custom Feeding S i tu a t io n

A p e rso n  owning c a t t l e  and h av in g  them custom fed  re c e iv e s  a l l  

o f h is  revenue from th e  s a le s  o f h i s  fed  c a t t l e .  H is t o t a l  c o s ts  in 

c lu d e  th e  p u rchase  o f  fe e d e r  c a t t l e ,  and th e  charges made by th e  f e e d io t  

fo r  feed  and s e rv ic e s  p ro v id e d . C osts and re tu rn s  to  a p e rso n  whose 

c a t t l e  a re  b e in g  custom  fed  a re  p re se n te d  f o r  th e  low , medium, and h ig h  

c o n c e n tra te  tre a tm e n ts  in  T ables 6 , 7 , and 8.

The maximum n e t revenue th a t  can be o b ta in e d  from any o f  th e  

th re e  ex p e rim en ta l tre a tm e n ts  i s  $30.57 p e r  head (se e  T ab le  8 , column 

9 ) . This maximum r e s u l t s  from fe e d in g  a l o t  o f  c a t t l e  on th e  h igh  con

c e n t r a te  tre a tm e n t f o r  142 days (column 1 ) ,  a t  which tim e th e  an im als . 

reach  an average  w eigh t o f  840 pounds (column 6 ) . A com parison o f th e  

n e t  revenue v a lu e s  p re se n te d  in  T ables 6 , 7 , and 8 in d ic a te s  th a t  i f  

c a t t l e  a re  to  be fed  a t  a l l ,  th e  h ig h  c o n c e n tra te  fe e d in g  regim e i s  

s u p e r io r .

I t  i s  im p o rtan t to  examine th e  sh arp  in c re a s e s  in  n e t revenue 

which occu r w ith  a change in  s e l l i n g  p r ic e  p e r pound. B ecause o f  th e  

l im i te d  n a tu re  o f  th e  c u r re n t  d a ta  o n ly  two such in c re a s e s  a re  observed
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fo r  each ex p e rim en ta l t re a tm e n t.  In  r e a l i t y  th e re  i s  a change in  p ro d 

u c t v a lu e  n o t only  a t  th e  w e ig h ts  u t i l i z e d  h e re ,  b u t a ls o  ev ery  tim e 

th e  average  grade o f  a l o t  changes, which cou ld  o c cu r as many as seven 

tim es d u rin g  th e  p ro d u c tio n  p ro c e s s . L i t t l e  can be s a id  in  t h i s  s tu d y  

about th e  o th e r  nonrecorded  p r ic e  in c r e a s e s , b u t th e  p r o f i t  m axim izing 

le n g th  o f  tim e to  feed  w i l l  occu r a t  one o f  th e  p o in ts  where th e re  i s  a 

change in  g ra d e . Each tim e a grade and p r ic e  change o ccu rs  a d e c is io n  

must be made to  e i t h e r  s e l l  th e  an im als o r  to  c o n tin u e  fe e d in g  them.

I f  th e  d e c is io n  i s  to  c o n tin u e  fe e d in g , th e  an im als must be fed  u n t i l  

th e  n e x t in c re a s e  in  q u a l i ty  g ra d e , u n le ss  c a t t l e  p r ic e s  a r e  dropping  

so ra p id ly  t h a t  i t  i s  ex p ec ted  t h a t  by th e  tim e th e  an im als  reach  th e  

n ex t h ig h e s t  g ra d e , th e  p r ic e  p e r  cw t. fo r  t h a t  grade w i l l  be  low er th an  

th e  c u r r e n t  p r ic e  f o r  th e  c u r re n t  g ra d e .

A c a t t l e  owner who i s  h av in g  c a t t l e  f e d , and who in te n d s  to  r e 

p la c e  t h a t  l o t  w ith  a new l o t ,  i s  concerned w ith  d e te rm in a tin g  th e  op

timum rep lacem ent tim e . H is o b je c t iv e  i s  to  maximize h i s  n e t  revenue 

o ver a g iven  p e rio d  o f  tim e r a th e r  th an  th e  n e t revenue from  a s in g le  

l o t .  For the purposes o f  t h i s  s tu d y  i t  i s  assumed t h a t  th e  c a t t l e  owner 

w ishes to  maximize h i s  n e t  revenue over a p e r io d  o f  one y e a r ,  a lth o u g h  

lo n g e r p e r io d s  could  be analyzed  u s in g  th e  same methods i f  some d isc o u n t 

r a t e  fo r  tim e p re fe re n c e  were in c lu d e d .

The p o in ts  a t  which sharp  in c re a s e s  in  average  n e t  revenue o ccu r 

a re  th o se  which re q u ire  exam ination  to  determ ine  th e  o p tim a l rep lacem en t 

tim e . Because o f th e  sev e re  d i s c o n t in u i t i e s  p re s e n t  in  fu n c tio n s  de

s c r ib in g  c a t t l e ,  fe e d in g  c o s ts  and r e t u r n s , c a lc u la t io n s  must be made o f  

th e  average  n e t  revenue p e r  week which would r e s u l t  from fe e d in g  th e
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anim als to  th e  p o in t  where each o f  th e  lo c a l  maxima o f  th e  t o t a l  n e t  

revenue fu n c tio n  fo r  each r a t io n  a re  re a c h e d . A com parison o f  th e  r e 

s u l t in g  average  n e t  revenue p e r  week v a lu e s  and a ch o ice  o f  th e  l a r g e s t  

y ie ld s  th e  o p tim a l rep lacem ent tim e .

In d ic a t io n s  from th e  c u r re n t  d a ta  a re  th a t  th e  maximum: n e t 

revenue o ver tim e w i l l  be  r e a l iz e d  by fe e d in g  th e  h ig h  c o n c e n tra te  t r e a t 

ment. Data from T able 8 in d ic a te s  t h a t  th e  optimum rep lacem en t tim e i s  

a f t e r  11 weeks o f  fe e d in g . The tim e re q u ire d  to  maximize n e t  revenue 

from  a s in g le  l o t  was seen  above to  be 20 w eeks. A lthough th e se  tim es 

a re  somewhat a r b i t r a r y  b ecause  o f  th e  la c k  o f  a c tu a l  o b se rv a tio n s  on th e  

tim e and m agnitude o f  grade induced p r ic e  changes, th ey  show th a t  th e  

tim e re q u ire d  to  maximize n e t  revenue from a s in g le  l o t  does n o t  n eces

s a r i l y  c o in c id e  w ith  th e  tim e re q u ire d  to  maximize n e t  revenue over tim e .

Economic Optima — The V iew point o f  th e  
F e e d lo t Owner Feeding  h i s  own C a t t le

The fe e d lo t  owner fe e d in g  h i s  own c a t t l e  r e c e iv e s  a l l  o f  h is  

revenue from th e  s a le  o f  fed  c a t t l e .  T o ta l v a r ia b le  c o s ts  in c lu d e  th e  

purchase  o f  fe e d e r  c a t t l e ,  feed  c o s ts ,  and nonfeed  v a r i a b le  c o s ts  as o u t

l in e d  in  T able  3 fo r  v a r io u s  s i z e s  o f  o p e ra t io n . A lthough f ix e d  c o s ts  

e x i s t ,  th ey  a re  n o t im p o rtan t to  th e  s h o r t- r u n  d e c is io n  making p ro c e s s .

I f  t o t a l  revenue i s  g r e a te r  th an  t o t a l  v a r ia b le  c o s ts  th e  f irm  w i l l  

maximize p r o f i t s  o r  m inim ize lo s s e s  by p ro d u c in g  fed  c a t t l e .  Any revenue 

rem ain ing  a f t e r  th e  payment o f  v a r ia b le  c o s ts  can be a p p lie d  to  f ix e d  

c o s ts ,  which must be p a id  re g a rd le s s  o f w hether p ro d u c tio n  ta k e s  p la c e .

T o ta l revenue v a lu e s  fo r  each o f  th e  th re e  e x p e rim en ta l t r e a t 

ments a re  th e  same fo r  a f e e d lo t  owner fe e d in g  h is  own c a t t l e  as th ey
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a re  fo r  a c a t t l e  owner h av in g  h i s  c a t t l e  custom  fed  (T ab les  6 , 7 , and 8) 

Two o f  th e  components o f  v a r ia b le  c o s t , fe e d e r  c a t t l e  p u rch ase  and feed  

c o s t s , a re  a lso  th e  sam e. The only  d if f e r e n c e  betw een th e  c o s ts  a sso 

c ia te d  w ith  t h i s  s i t u a t i o n  and th o se  o f  th e  custom s i t u a t i o n  d iscu ssed  

in  th e  p re v io u s  s e c t io n  i s  th a t  custom fe e d in g  c o s ts  in c lu d e d  a markup 

on fe e d , w h ile  th e  noncustom  fe e d e r  fa c e s  th e  nonfeed  v a r ia b le  c o s ts  

(T ab le  3 ) . S ince b o th  th e  markup and nonfeed  v a r ia b le  c o s ts  a re  con

s t a n t  v a lu e s  e x p re ssed  on a p e r  to n  o f  feed  b a s i s ,  th e  c u r r e n t  a n a ly s is  

becomes i d e n t i c a l  to  t h a t  u t i l i z e d  in  th e  p rev io u s  s e c t io n .  T o ta l 

v a r ia b le  c o s t  f ig u r e s  a r e  somewhat low er and n e t  revenue  v a lu e s  s l i g h t l y  

h ig h e r  because  nonfeed  v a r ia b le  c o s ts  a re  low er th an  th e  markup .o f $16 

p e r  to n . However, th e  p o in ts  in  tim e a t  which lo c a l  maxima and minima 

occu r in  th e  t o t a l  n e t  revenue fu n c tio n  a re  i d e n t i c a l .  The o p tim al 

p ro d u c tio n  d e c is io n s ,  th e r e f o r e ,  a re  a lso  i d e n t i c a l .  Whenever n e t 

revenue p e r  head v a lu e s  a re  p o s i t iv e  as  they  a re  in  t h i s  ex p erim en t, 

i t  i s  in  th e  i n t e r e s t  o f  th e  f e e d lo t  owner to  keep h i s  l o t  as n e a r ly  

f u l l  as p o s s ib le  a t  a l l  tim e s .

Im pacts o f  P o s s ib le  P r ic e  Changes 

The e m p ir ic a l s o lu t io n s  d isc u sse d  above a re  o p tim a l only  i f  

m arket c a t t l e  p r ic e s  and in p u t  c o s ts  a re  th e  same as th o se  u t i l i z e d  h e re  

The framework and method o f  a n a ly s is ,  how ever, rem ains v a l id  re g a rd le s s  

o f  changes in  p r i c e .  I t  i s  im p o r ta n t, p a r t i c u l a r ly  w ith  m arkets as sub

j e c t  to  change as th o se  f o r  feed  and c a t t l e , to  examine th e  consequences 

o f  p o s s ib le  p r ic e  changes.
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Y e a rly  g ra in  to  hay p r ic e  r a t i o s  in  A rizona s in c e  1968 have 

v a r ie d  betw een a minimum o f  1 .4 3  in  1976 and a maximum o f 2 .02  in  1974 

(T ab le  9 ) .  At th e  tim e o f  t h i s  experim en t th e  co rre sp o n d in g  r a t i o  was 

1 .6 2 . The h ig h  c o n c e n tra te  feed in g  regim e proved to  be th e  b e s t  g iven  

th i s  p r ic e  r a t i o ,  b u t i t  i s  p o s s ib le  t h a t  a low er c o n c e n tra te  tre a tm e n t 

would become op tim al i f  th e  g ra in  to  hay p r ic e  r a t i o  changed d r a s t i c a l l y  

In  o rd e r  to  t e s t  t h i s  h y p o th e s is  th e  p r ic e  o f  corn  was in c re a s e d  to  $128 

p e r  to n  w ith  a l l  o th e r  p r ic e s  rem ain ing  c o n s ta n t .  The r e s u l t i n g  g ra in  

to  hay p r ic e  r a t i o  i s  2 :1 , and th e  o p tim iz a tio n  a n a ly s is  was re p e a te d .

The r e s u l t s  o f  th e  a n a ly s is  in d ic a te  t h a t  a lth o u g h  a l l  n e t 

revenue v a lu e s  d e c l in e ,  th e  h ig h e s t  n e t  revenue i s  s t i l l  re c e iv e d  i f  

th e  h ig h  c o n c e n tra te  tre a tm e n t i s  fo llo w ed . A p o s s ib le  re a so n  f o r  t h i s  

phenomenon i s  t h a t  th e re  i s  a s u b s ta n t i a l  amount o f g ra in  c o n ta in ed  even 

in  th e  low c o n c e n tra te  tre a tm e n t. When g ra in  p r ic e s  in c r e a s e ,  th e  p r ic e  

o f  th e  h ig h  c o n c e n tra te  r a t io n  in c re a s e s  more th an  th e  p r ic e  o f  th e  low , 

b u t th e  change in  r a t io n  p r ic e  r a t i o s  i s  n o t g re a t enough to  o f f s e t  th e  

perform ance advan tages a s s o c ia te d  w ith  th e  h ig h  c o n c e n tra te  tre a tm e n t.

I t  i s  p o s s ib le  t h a t  a h ig h e r  roughage r a t io n  th an  th e  h ig h e s t  in  t h i s  

s tu d y  would have become o p tim a l w ith  th e  above change in  r e l a t i v e  p r ic e s  

b u t w ith  no in fo rm a tio n  about m arg in a l r a t e s  o f s u b s t i t u t i o n  t h i s  

h y p o th e s is  cannot be t e s t e d .

Large changes in  c a t t l e ,  p r ic e s  o r  o v e r a l l  feed  c o s ts  may cause 

te rm in a tio n  o f  feed in g  a t  some p o in t  in  tim e o th e r  th an  when p ro d u c t 

v a lu e  changes, i f  n e t  revenue m axim ization  from one l o t  i s  th e  o b je c t iv e  

This s i t u a t io n  i s  i l l u s t r a t e d  u s in g  a h y p o th e t ic a l  exam ple.
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T able 9. Y early  averag e  g ra in  to  hay p r ic e  r a t i o s . 1968-76.

Year

Average 
Sorghum 

G rain P r ic e  
($ /to n )

Average 
A lfa l f a  

Hay P r ic e  
( $ / ton )

G rain to  
Hay P r ic e  

R atio

1968 41.83 26.13 1.601

1969 46.18 27.29 1.692

1970 47.22 32.29 1.462

1971 51.48 33.54 1.535

1972 52.58 35.04 1.501

JL973 81.75 42.17 1.939

1974 114.38 56.75 . 2.016

1975 107.42 58.46 1,837

1976 99.75 69.58 1.434

S o u rces : A rizona Crop and L iv es to ck  R ep o rtin g  S e rv ic e  (1976) and
U„ S. Departm ent o f  A g r ic u ltu re  (1976),
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The g e n e ra l shapes o f  a m arg in a l revenue and a m arg in a l c o s t 

fu n c tio n  f o r . c a t t l e  fe e d in g  a re  i l l u s t r a t e d  in  F ig u re  14. The la r g e  

peaks in  th e  m arg ina l revenue fu n c tio n  occu r every  tim e th e  m arket 

p r ic e  o f th e  an im als in c re a s e s  because  o f  a change in  q u a l i ty  g rade .

The d ip  betw een p o in ts  B and C o ccu rs  as a r e s u l t  o f  a d e c l in e  in  th e  

v a lu e  o f an im als th a t  become over f a t .  I f  feed  and c a t t l e  p r ic e s  a re  

such th a t  th e  m arg in a l c o s t  fu n c tio n  c ro s se s  th e  m arg in a l revenue func

t io n  a t  a p o in t  betw een th e  l a s t  in c re a s e  i n  p ro d u c t v a lu e  and a d e c lin e  

in  p ro d u c t v a lu e  (betw een p o in ts  A and B in  F ig u re  1 4 ) , n e t  revenue w i l l  

be maximized by te rm in a tin g  th e  fe e d in g  p e r io d  a t  th e  p o in t  i n  tim e 

where m arg in a l revenue eq u a ls  m arg in a l c o s t  (p o in t D ). This case  

causes an e x ce p tio n  to  th e  d e c is io n  r u le  developed above, c o n s is t in g  o f  

com paring t o t a l  n e t  revenue v a lu es  a s s o c ia te d  w ith  each change in  q u a l i ty  

grade and s e le c t in g  th e  l a r g e s t .  I f  n e t  revenue m ax im ization  over tim e  

i s  th e  o b je c t iv e ,  rep lacem en t shou ld  ta k e  p la c e  when av e rag e  n e t revenue 

p e r  u n i t  o f  tim e i s  a t  th e  g lo b a l maximum as in  th e  p re v io u s  a n a ly s is .

I f  th e  c a t t l e  m arket i s  such t h a t  fe e d e r  c a t t l e  p r ic e s  a re  h ig h e r  

th an  fed  c a t t l e  p r i c e s , th e n  th e  a n a ly s is  must change s l i g h t l y .  As th e  

an im als reach  h e a v ie r  w e ig h ts  t h e i r  m arket p r ic e  d e c re a se s  u n t i l  th ey  

reach  a q u a l i ty  grade o f good. Beyond t h i s  p o in t  f u r th e r  in c re a s e s  in  

q u a l i ty  grade w i l l  cause  in c re a s e s  in  m arket p r ic e .  T hus, th e  shape o f  

th e  m arg ina l revenue fu n c tio n  i s  d i f f e r e n t  than  t h a t  p re v io u s ly  an a ly zed . 

F ig u re  15 shows a h y p o th e t ic a l  m arg ina l revenue fu n c tio n  and a m arg ina l 

c o s t fu n c tio n  a s s o c ia te d  w ith  th e  s i t u a t i o n  in  which fe e d e r  c a t t l e  p r ic e s  

a re  h ig h e r  th a n  fed  c a t t l e  p r i c e s . At th e  p o in ts  in  tim e When p ro d u c t 

v a lu e  d e c rea se s  th e re  a re  la rg e  v a lle y s  in  th e  m arg in a l revenue fu n c tio n .
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Figure 14 . H yp oth etica l m arginal revenue and m arginal c o s t  fu n c t io n s .
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Figure 15. H y p o th e tic a l m arg inal revenue and m arg inal c o s t fu n c tio n s  a s so c ia te d  w ith  feeder 
c a t t l e  p r ic e s  b e in g  h ig h e r  than  fed c a t t l e  p r i c e s .

in
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At th e se  p o in ts  in c re m en ta l a d d it io n s  to  c o s t  from th e  c o n tin u a tio n  o f  

fe e d in g  a re  s u b s ta n t i a l ly  l a r g e r  th an  a d d it io n s  to  rev en u e . Only a f t e r  

th e  anim al b eg in s  to  r e f l e c t  changes which in c re a s e  i t s  m arket p r ic e  do 

th e  in c re a s e s  in  revenue b eg in  to  o f f s e t  in c re a s e s  in  c o s t  a t  th e  margin* 

I t  i s  im p lie d , th e r e f o r e ,  t h a t  i f  an im als a re  to  be fed  a t  a l l ,  i t  i s  to  

th e  advan tage o f  th e  c a t t l e  fe e d e r  to  feed  an im als t h a t  a re  as heavy as 

p o s s ib le  as fe e d e rs  s in c e  h e a v ie r  an im als may h a v e 'a lre a d y  d e c lin e d  some

what in  p r ic e  p r io r  to  t h e i r  p u rc h a se . In  a d d i t io n ,  th e  an im als  must be  

c a r r ie d  com ple te ly  th rough  a p e r io d  in  which m arg in a l revenue i s  le s s  

than  m arg in a l c o s t ,  and lo n g  enough p a s t  t h a t  p e r io d  to  ta k e  advan tage  

o f any p r ic e  in c re a s e s  s u b s ta n t i a l  enough to  o f f s e t  p re v io u s  lo s s e s .

The im p lic a t io n  i s  t h a t  h e a v ie r  an im als sh o u ld  be produced when fe e d e r 

c a t t l e  p r ic e s  a re  h ig h e r  th an  f a t  c a t t l e  p r ic e s  s in c e  a d d i t io n s  to  t o t a l  

w e ig h t c o n tr ib u te  more to  revenue th an  do p ro d u c t p r ic e  in c r e a s e s .

A d d itio n a l C onceptual Is su e s  R e la tin g  
to  O p tim iza tio n  R esu lts

C hapter IV show ed"th a t  th e  most ra p id  r a t e  o f  g a in ,  and th e re 

fo re  th e  h ig h e s t  l e v e l  o f  g a in  p e r  u n i t  o f  tim e o ccu rs  as a r e s u l t  o f  

fe ed in g  th e  low c o n c e n tra te  tre a tm e n t. However, th e  h ig h  c o n c e n tra te  

tre a tm e n t proved to  be th e  optimum in  a l l  cases  w ith in  th e  o p tim iz a tio n  

a n a ly s is .  These r e s u l t s  o c c u rr in g  s im u lta n eo u s ly  im ply t h a t  th e  an im als 

on th e  low c o n c e n tra te  tre a tm e n t cou ld  have been fed  a t  a r a t e  somewhat 

le s s  th an  ad l ib i tu m , red u c in g  c o s t w h ile  m a in ta in in g  th e  same r a t e  o f  

ga in  as fo r  th e  an im als on th e  h ig h  c o n c e n tra te  tre a tm e n t .

Z u lb e r t i  e t  a l .  (1973) and W ilson (1976) .have p roposed  t h a t  i f  

fe e d in g  i s  to  ta k e  p la c e  a t  a l l ,  ad l ib i tu m  feed in g  system s a r e  alw ays
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th e  optimum m ethod. T h e ir a n a ly se s  a re  b ased  upon th e  concep t o f  a d a i ly

p ro d u c tio n  fu n c tio n , and no in te r a c t io n  among s u c c e s s iv e  d a i ly  g a in  

fu n c tio n s  a re  c o n s id e re d . They s t a t e  t h a t  as d a i ly  in ta k e  o f  feed  o f  

a g iven  q u a l i ty  in c r e a s e s ,  w e ig h t g a in  p e r  u n i t  o f  feed  a ls o  in c re a s e s .  

This c o n d itio n  im p lie s  t h a t  as  d a i ly  feed  in ta k e  in c r e a s e s ,  th e  d a i ly  

average  p h y s ic a l p ro d u c t in c re a s e s  u n t i l  th e  v o lu n ta ry  a p p e t i t e  r e s t r i c 

t io n  i s  re a c h e d . A pplying economic th e o ry  to  a s i t u a t io n  o f  in c re a s in g  

average  p h y s ic a l  p ro d u c t they  conclude th a t  th e  g r e a te s t  r e tu r n  over 

c o s t  o f th e  in p u t w i l l  be o b ta in e d  w ith  th e  g r e a te s t  amount p o s s ib le  

o f th e  in p u t ( i . e . ,  ad l ib i tu m  f e e d in g ) .

F ig u re  16 shows th e o r e t i c a l  d a i ly  p ro d u c tio n  fu n c tio n s  fo r  the. 

th re e  tre a tm e n ts  in c lu d e d  in  t h i s  s tu d y  w ith  t h e i r  co rre sp o n d in g  av erag e  

p h y s ic a l p ro d u c t f u n c t io n s . The on ly  e m p ir ic a l ly  o b ta in e d  p o in ts  a re  

th o se  o c c u r r in g  a t  th e  a p p e t i te  c o n s t r a in t  fo r  each r a t i o n  (p o in ts  H,

M, L, A, B, and C ). The shape o f  th e  fu n c tio n s  i s  based  on th e  assump

t io n  th a t  as  d a i ly  in ta k e  o f  feed  o f a g iven  q u a l i ty  in c r e a s e s ,  w eigh t

ga in  p e r pound o f  feed  a lso  in c r e a s e s .
.

Since th e  h ig h  c o n c e n tra te  tre a tm e n t i s  th e  optimum, and th e  low 

c o n c e n tra te  tre a tm e n t i s  consumed most ra p id ly  and p ro v id e s  th e  f a s t e s t  

g a in , i t  i s  p o s s ib le  th a t  by fe e d in g  th e  low c o n c e n tra te  tre a tm e n t a t  a 

r a t e  somewhat l e s s  th an  ad l ib i tu m , c o s ts  cou ld  be reduced  w h ile  main

ta in in g  th e  same r a te  o f  g a in  as p ro v id ed  by th e  h ig h  c o n c e n tra te  t r e a t 

m ent. W ith in  th e  l im ite d  framework p ro v id ed  by Z u lb e r t i  e t  a l .  (1973) 

and W ilson (1976), and shown in  F ig u re  16 , how ever, i t  can be seen th a t  

i f  such a p ro ced u re  were fo llow ed  th e  r e s u l t  would be p ro d u c tio n  a t  a 

p o in t  (D) l e s s  th an  th e  maximum o b ta in a b le  average  p h y s ic a l  p ro d u c t
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F igure  16. T h e o re tic a l  d a ily  p ro d u c tio n  fu n c tio n s  w ith  co rre sp o n d in g
average  p ro d u c t fu n c tio n s  fo r  th re e  ex p erim en ta l t re a tm e n ts .
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(p o in t C) in  s ta g e  I .  T h e re fo re , fo llo w in g  Z u lb e r t i  e t  a l .  (1973) and . 

W ilson’s (1976) lo g ic ,  o p t im a li ty  o f  ad l ib i tu m  feed in g  system s i s  

i n d ic a te d .

B u t, s in c e  fe e d in g  p e r io d s  a re  ty p ic a l ly  much lo n g e r  th an  a day , 

i t  seems a p p ro p r ia te  to  an a ly ze  th e  ad l ib i tu m  fe e d in g  q u e s t io n  w ith in  a 

framework which can accommodate fe e d in g  o v er tim e . F ig u re  17 shows such  

a framework, c o n s is t in g  o f  th e  t o t a l  p h y s ic a l  p ro d u c t fu n c tio n  e s tim a te d  

in  C hapter IV, and th e  co rre sp o n d in g  average  p h y s ic a l p ro d u c t fu n c tio n . 

These fu n c tio n s  a re  based  on an ad l ib i tu m  feed in g  system .

S ince energy in ta k e  i s  a l i n e a r  fu n c tio n  o f  feed  in ta k e ,  and 

w eigh t g a in  p e r  pound o f feed  in c re a s e s  as d a i ly  in ta k e  o f  feed  o f  a 

g iven  q u a l i ty  in c r e a s e s ,  i t  can be assumed t h a t  w eigh t g a in  p e r  MCal. 

o f  energy in c re a s e s  as d a i ly  in ta k e  o f feed  o f  a g iven  q u a l i ty  in c r e a s e s . 

T h e re fo re , a d ecrea se  in  n e t  energy  consum ption which o ccu rs  as a r e s u l t  

of l e s s  th an  ad l ib i tu m  fe e d in g  i s  n o t a movement to  th e  l e f t  on th e  ad 

l ib i tu m  TPP curve b u t a movement to  some p o in t  ( i . e . ,  p o in t  A) on a 

low er TPP fu n c tio n .

W ith in  t h i s  framework i t  can be seen  th a t  a re d u c tio n  in  th e  

q u a n ti ty  o f  th e  low c o n c e n tra te  tre a tm e n t fed  p e r  day, to  a p o in t  where 

th e  g a in  from t h i s  tre a tm e n t i s  eq u a l to  th e  g a in  from th e  h ig h  concen

t r a t e  tre a tm e n t fed  ad l ib i tu m , causes a re d u c tio n  in  av e rag e  p roduct p e r  

u n i t  o f in p u t (from  p o in t  B to  C ), b u t th e  o p tim a li ty  o f  such  a move 

depends upon r a t io n  c o s ts .  I f  such a move reduces r a t i o n  c o s t  p e r  u n i t  

o f tim e and an anim al o f  eq u a l q u a l i ty  g rade  i s  produced from  b o th  

t r e a tm e n ts , a re d u c tio n  in  feed  p e r  day and th e  low c o n c e n tra te  t r e a t 

ment a re  in d ic a te d  as  b e in g  o p tim a l.
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TP P. ad libitum

TPP <ad l ibi tum

A.PP ad l ibi tum

A.PR < ad libitum

Figure  17. T o ta l p h y s ic a l  p ro d u c t and co rresp o n d in g  av erage  p h y s ic a l 
p ro d u c t fu n c tio n s .
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An e m p ir ic a l a n a ly s is  o f  th e  consequences o f  l e s s  th an  ad 

l ib i tu m  fe e d in g  could  n o t be c a r r ie d  o u t u t i l i z i n g  th e  c u r r e n t  e x p e r i

m ental d a ta , A low er q u a l i ty  grade an im al was, how ever, produced from 

th e  low c o n c e n tra te  tre a tm e n t, and co n seq u en tly  a reduced  t o t a l  revenue 

was re c e iv e d  from an im als fed  th e  low c o n c e n tra te  t re a tm e n t to  a w eigh t 

equal to  th e  w eigh t o f  th e  h ig h  c o n c e n tra te  tre a tm e n t an im a ls . An e x ac t 

d e te rm in a tio n  o f  th e  consequences o f  l e s s  th a n  ad l ib i tu m  fe e d in g  i s  be

yond th e  scope o f  t h i s  s tu d y . The r e s u l t s  o f  t h i s  s tu d y , how ever, 

in d ic a te  th a t  ad l ib i tu m  feed in g  system s a re  n o t n e c e s s a r i ly  th e  on ly  

o p tim al fe e d in g  method.



CHAPTER VI

SUMMARY AND CONCLUSIONS '

A lthough many s tu d ie s  have  examined th e  n a tu re  o f  b e e f - c a t t i e  

p ro d u c tio n  fu n c tio n s  and th e  meaning o f  th e se  fu n c tio n s  in  d e c is io n s  

in v o lv in g  o p tim iz a tio n  based  upon economic c r i t e r i a ,  many unanswered 

q u e s tio n s  rem ain . There i s  no g e n e ra l consensus among th o se  in v o lv ed  

w ith  l iv e s to c k  p ro d u c tio n  s tu d ie s  as  to  th e  form o f  b e e f  c a t t l e  produc

t io n  fu n c t io n s . C onsequen tly , d i f f e r e n c e s  o f  o p in io n  e x i s t  about 

optimum p ro d u c tio n  m ethods.

The f i r s t  o b je c t iv e  o f  t h i s  s tu d y  was to  e s tim a te  a p ro d u c tio n  

fu n c tio n  fo r  c a t t l e  in  A rizona f e e d lo ts  in c lu d in g  a d e te rm in a tio n  o f  th e  

r a te s  a t  which fo rag e  and g ra in  s u b s t i t u t e  in  th e  b e e f - f a t t e n in g  p ro c e s s , 

a d e te rm in a tio n  o f  th e  r a t e  a t  which feed s  a re  tran sfo rm ed  in to  b e e f  

ga in s from d i f f e r e n t  fo ra g e -g ra in  r a t i o n s ,  a d e te rm in a tio n  o f  th e  tim e  

re q u ire d  to  produce d i f f e r e n t  le v e ls  o f  g a in  fo r  d i f f e r e n t  r a t i o n s , and 

a d e te rm in a tio n  o f c a rc a s s  grade produced from v a rio u s  r a t i o n s .

A d e te rm in a tio n  o f th e  m arg in a l r a t e  o f s u b s t i t u t i o n  o f  fo rage  

fo r  g ra in  was n o t p o s s ib le  because  o f  th e  ex p erim en ta l d e s ig n .

M u lt ip le .r e g re s s io n  a n a ly s is  was u t i l i z e d  to  e s t im a te  a growth 

resp o n se  fu n c tio n  from th e  ex p e rim en ta l d a ta .  S ev e ra l a l t e r n a t i v e  

a lg e b ra ic  forms were used to  e s tim a te  t h i s  fu n c tio n , w ith  th e  expon

e n t i a l  form in  which w eigh t g a in  i s  a fu n c tio n  o f n e t  energy  fo r  g a in  

p ro v id in g  th e  b e s t  r e s u l t s . Art e l a s t i c i t y  o f  p ro d u c tio n  v a lu e  o f  0 .8

82
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in d ic a te s  t h a t  b e e f  g a in s  in c re a s e  a t  a d e c re a s in g  r a t e  as n e t  energy  

fo r  g a in  i s  in c re a s e d .

E quations fo r  each o f  th e  th re e  e x p e rim en ta l t r e a tm e n ts ,  ex

p re s s in g  th e  consum ption o f  n e t  energy  fo r  g a in  as a fu n c tio n  o f  tim e , 

were a ls o  e s tim a te d . An e x p o n e n tia l form which in c re a s e s  a t  an in 

c re a s in g  r a t e  gave th e  b e s t  r e s u l t s .  These eq u a tio n s  w ere u sed , in  con

ju n c t io n  w ith  th e  e s tim a te d  p ro d u c tio n  fu n c tio n , to  p r e d ic t  th e  le v e l s  

o f  g a in  which would be produced a t  v a r io u s  p o in ts  in  tim e f o r  th e  th re e  

ex p erim en ta l t re a tm e n ts .  The tim e re q u ire d  to  produce a g iven  le v e l  o f  

g a in  in c re a s e s  as  th e  c o n c e n tra te  l e v e l  o f  th e  tre a tm e n t in c r e a s e s .

A lso , fo r  a g iven  feed in g  p e r io d  th e  maximum le v e l  o f  g a in  i s  a t ta in e d  

w ith  th e  low c o n c e n tra te  t re a tm e n t. These r e s u l t s  im ply t h a t  th e  low 

c o n c e n tra te  tre a tm e n t cou ld  p o s s ib ly  be fed  a t  a r a t e  somewhat le s s  th an  

ad l ib i tu m , th e reb y  red u c in g  c o s ts  w h ile  m a in ta in in g  th e  same r a t e  o f  

ga in  as th a t  a s s o c ia te d  w ith  th e  h ig h  c o n c e n tra te  t r e a tm e n t .

The r e la t io n s h ip  betw een c a rc a s s  grade and r a t io n  fed  was d e te r 

mined a t  th e  end o f  th e  fe e d in g  p e r io d . Animals fed  th e  h ig h  c o n c e n tra te  

tre a tm e n t ach iev ed  h ig h e r  q u a l i ty  g rades th an  d id  th o se  fed  th e  low er 

c o n c e n tra te  t re a tm e n ts .  No s u b je c t iv e  g rade  o b se rv a tio n s  were made 

d u rin g  th e  feed in g  p e r io d  so th e  p o in ts  a t  which th e  an im als on each 

tre a tm e n t changed q u a l i ty  grade cou ld  n o t be d e te rm in ed .

The second and f i n a l  o b je c t iv e  o f  t h i s  work was to  e s tim a te , 

under d i f f e r e n t  p r ic e  c o n d it io n s , th e  com binations o f fe e d , g a in , c a r -  . 

case  g rad e , and th e  number o f l o t s  p e r  y e a r  th a t  would maximize y e a r ly  

n e t  rev en u e . T his o b je c t iv e  was examined from th e  p o in ts  o f  view o f  a 

fe e d lo t  owner fe ed in g  h i s  own c a t t l e ,  a custom  fe e d lo t  ow ner, and a
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c a t t l e  owner hav ing  h i s  an im als custom  fe d . In  each c a se  th e  o p tim al 

s o lu t io n  i s  c o n tra s te d  w ith  th e  optimum which would o c cu r i f  th e  o b je c 

t iv e  were to  maximize n e t revenue from one l o t  o f  c a t t l e .

Using th e  r e la t io n s h ip  betw een n e t  energy and tim e d e riv ed  under 

th e  p re v io u s  o b je c t iv e ,  and in fo rm a tio n  about th e  energy  c o n c e n tra tio n  

o f  each r a t i o n ,  th e  r e la t io n s h ip  betw een tim e and th e  amount o f  feed  

consumed was d e riv e d  fo r  each r a t io n .  Feed c o s ts  were determ ined  and 

combined w ith  th e  a p p ro p r ia te  nonfeed  v a r ia b le  c o s ts  to  d e te rm in e  t o t a l  

V a riab le  c o s ts  p e r  head . W eight ga in  in fo rm a tio n  d e riv e d  under th e  

f i r s t  o b je c t iv e  was combined w ith  th e  s t a r t i n g  w eigh t o f  th e  anim als 

to  g ive  t o t a l  w eigh t a t  succeed in g  p o in ts  in  tim e . T his t o t a l  w eigh t 

in fo rm a tio n , when m u lt ip l ie d  by m arket p r i c e ,  g ives th e  t o t a l  revenue 

which would be re c e iv e d  by s e l l i n g  th e  an im als a t  any p o in t  d u rin g  th e  

p ro d u c tio n  p ro c e s s . This a l t e r n a t iv e  t o t a l  c o s t and t o t a l  revenue in 

fo rm atio n  a llow s a d e te rm in a tio n  o f  th e  o p tim a l p ro d u c tio n  p ro c e ss .

Under th e  p r ic e  c o n d itio n s  e x is t in g  a t  th e  tim e o f  t h i s  e x p e r i

ment , (a  g ra in  to  hay p r ic e  r a t i o  o f  1 .6 :1 )  th e  h ig h  c o n c e n tra te  t r e a t 

ment shou ld  be u t i l i z e d  to  maximize n e t  rev en u e . Even i f  g ra in  p r ic e s  

in c re a s e  to  th e  p o in t where th e  g ra in  to  hay p r ic e  r a t i o  i s  as much as 

2 :1 , th e  h ig h  c o n c e n tra te  tre a tm e n t rem ains o p tim a l.

A custom fe e d lo t  owner re c e iv e s  a l l  o f  h is  revenue from th e  mark

up he charges fo r  th e  s e r v ic e  o f  fe e d in g  som eone's c a t t l e .  This markup 

i s  charged on a p e r  to n  o f  feed  b a s i s . The custom f e e d lo t  owner, th e re 

fo r e ,  maximizes n e t  revenue above v a r ia b le  c o s t by s e l l i n g  as  much feed  

as p o s s ib le .  This c o n d itio n  im p lie s  keep ing  h is  l o t  as n e a r ly  f u l l  as
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p o s s ib le ,  which i s  b e s t  accom plished  by showing a re c o rd  o f  m axim izing 

th e  p r o f i t s  o f  h is  p a s t  and c u r re n t  cu sto m ers .

A d e p a r tu re  from co n v en tio n a l m arg ina l a n a ly s is  i s  n e c e s sa ry  to  

determ ine  maximum n e t  revenue  f o r  a c a t t l e  owner h av ing  h i s  anim als 

custom fe d , o r  fo r  a f e e d lo t  owner fe e d in g  h i s  own c a t t l e .  This depar

tu r e  i s  re q u ire d  b ecause  as c a t t l e  change in  q u a l i ty  g rade  d u rin g  th e  

fe e d in g  p ro c e s s , t h e i r  m arket p r ic e  a lso  changes. These p r ic e  changes 

cause s te p s  to  o ccu r in  th e  t o t a l  revenue fu n c tio n , w ith  co rre sp o n d in g  

d i s c o n t in u i t i e s  in  th e  m arg in a l revenue fu n c tio n . Net revenue  i s  maxi

mized by te rm in a tin g  th e  fe e d in g  p e r io d  a t  one o f  th e  p o in ts  in  tim e 

where th e se  d i s c o n t in u i t i e s  o c cu r . Net revenue from one l o t  o f  c a t t l e  

i s  maximized by com puting th e  n e t revenue v a lu e  a t  each  peak and s e l e c t 

in g  th e  l a r g e s t ,  w h ile  th e  optimum rep lacem en t tim e o ccu rs  when av erage  

n e t  revenue i s  a t  th e  g lo b a l maximum.

In  th e  fe e d in g  ex p erim en t, n o t a l l  o f  th e  p o in ts  a t  which p r ic e  

changes cou ld  ta k e  p la c e  were reco rd ed . A lso , f u r th e r  p r ic e  changes 

cou ld  have o ccu rred  had th e  fe e d in g  p e r io d  been ex ten d ed . The s ig 

n i f ic a n c e ,  th e r e f o r e ,  o f th e  e m p ir ic a l  n e t  revenue v a lu e s  and feed in g  

p e rio d  le n g th s  re p o r te d  in  th e  te x t  i s  m inim al. The framework and 

method o f  a n a ly s is  developed h e re , how ever, has v a l i d i t y  as  a d e c is io n  

making to o l ,  p a r t i c u l a r ly  i f  b e t t e r  in fo rm a tio n  than  th a t  g en era ted  

th rough  th i s  experim ent were a v a i la b le .  The stu d y  has b roken  th rough 

th e  co n cep tu a l b lo ck  o f  economic a n a ly s is  g en e ra ted  by th e  p e rv a s iv e  

in f lu e n c e  on eco n o m ists ' minds o f  " tex tb o o k  ty p e ,"  m a th e m atica lly  con

tin u o u s  c o s t  and revenue fun c tio n s .- ■
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