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SUMMARY 

This study was designed to allow prediction of 
a broiler production surface for corn and soybean 
oilmeal. From the basic production function de­
veloped, it was possible to predict (a) gain iso­
quants, (b) marginal rates of substitution of soy­
bean oilmeal for corn, isoclines indicating ration 
paths for different substitution and price ratios 
and (c) other quantities related to the broiler 
production surface. Prediction of these physical 
quantities allowed attainment of the objectives of 
the study : (1) to predict least-cost rations for 
broilers of various weights with varying prices 
for corn and soybean oilmeal; (2) to predict opti­
mum marketing weights for various rations with 
different prices for broilers and feed ; and (3) to 
predict least-time rations in relation to least-cost 
rations. 

The basic experiment was conducted in the win­
ter and spring of 1955. It included 600 New 
Hampshire chicks fed on rations of 16, 18, 20, 
22, 24 and 26 percent protein. Several forms of 
algebraic equations were fitted to the original ob­
servations. The production function selected for 
predicting optimum weights is the quadratic form 
I. The two interval functions used for predicting 
least-cost rations are logarithmic equations II and 
III. Equation IV with square root terms was 
used in predicting time relationships. In these 
equations, G refers to gain per bird (over the en­
tire production period for equation I and in the 
respective gain intervals for equations II and III), 
C refers to corn intake per bird, S refers to soy­
bean oilmeal intake per bird and T refers to time 
elapsed to consume a given quantity of feed. 

(I) G = 0.0 331 + 0.4823C + 0.6415S - 0.0183C' 
- 0.0497S2

- 0.0232CS 
(II) G = 1.07 54C0·"" S0 · 3838 (gain to 1.23 lb s .) 

(III) G = 0.7021C0 ·"'"" S0 · 20 ., (gain over 1.23 lbs.) 

(IV) T = 0.6735 + 4.7974C + 9.4575S + 21.4617 yC 

+ 13.6188 yS - 12.0287 yC S 

Gain isoquants derived from equations I, II, III 
and IV show that corn and soybean oilmeal sub­
stitute at diminishing rates for a particular level 
of gain. Accordingly, different rations provide 
least-cost gains as the relative prices of corn and 
soybean oilmeal change. The gain isoquants also 
show that the marginal rate of substitution of 
soybean oilmeal for corn declines along a ration 
line as the bird progresses in weight. Hence, the 
least-cost ration under given prices for corn and 
soybean oilmeal for small birds is not the same as 
the least-cost ration for heavier birds. Least-cost 
rations for various feed price ratios have been 
determined by equating the marginal rate of sub­
stitution of soybean oilmeal for corn with the 
SBOM/ corn price ratio. Using this procedure, 
the least-cost rations for the growth interval up 
to 1.32 pounds of liveweight are as follows: 16.5 
percent protein for soybean oilmeal and corn 
prices of 6 cents and 2 cents, respectively; 17.5 

percent protein f{;)r prices of 6 cents and 2.5 cents; 
18.5 percent protein for prices of 4 cents and 2 
cents ; and 21.5 percent protein for prices of 4 
cents and 3 cents. For broilers over 1.32 pounds, 
least-cost rations for the same respective prices 
for soybean oihneal and corn are 15.0, 15.5, 16.5 
and 18.5 percent protein. 

Marginal rates of substitution of soybean oil­
meal for corn are given in table A as an average 
over one weight interval. Data in the study pro­
vide similar information for other weight levels 
or intervals. These figures on substitution rates 
are related to price ratios in determining least­
cost rations. 

l'ABLE A . MARGINAL RAT ES OF SUBSTITU T ION OF SOY­
DEAN OILMEAL FOR CORN FOR GAI NS TO 

1.23 POUNDS FOR BROILERS. 

Perce n t p r ote in 
in r a ti on 

Margina l rate of 
s ubs titution of soybean 
o il meal fo r corn, d C/clS 

16 
17 
18 

19 
20 
21. 

22 
23 
24 

3.36 
2.72 
2.26 

1.90 
1.6 2 
1.39 

1.21 
J.05 
0.92 

These data provide a basis for, first, determin­
ing the least-cost ration and, second, determin­
ing the optimum marketing weight. Optimum 
marketing weights are predicted by equating the 
marginal productivity of feed for a particular ra­
tion with the feed / broiler price ratio. While the 
ration to be selected depends on the prices of corn 
and soybean oilmeal and while numerous rations 
could be used, table B shows marketing weights 
and time required for particular prices of broilers 
and feed for 20- and 22-percent protein rations. 

The time function shows that the least-cost ra­
tion is not identical with the least-time ration 
under normal price relationships. Data from the 

TABLE B. OPTIMUM MARKETING WEIGHT, POUNDS OF 
FEED FOR OPTIMUM MARKE TING WEIGHT AND 

TIME REQUIRED FOR 20- AND 22-PERCENT 
PROT E IN RATIONS. 

B r o il e r / feed Opt imum Pounds Time 
p r jce rati o m a rketin g f eed required 

we ight (1 1)s.) r equired (weeks) 

20-pe r cen t protein r ation 
3.5-4.0 2.60 6.84 9.4 
4.0-4 .5 2.90 8. 04 10 .3 
4.5-5.0 3.12 8.98 10.9 
5.0-5.•5 3.27 9.7 4 11.4 

5.5-6.0 3. 39 10.36 11. 8 
6.0-6.5 3.4 7 10.89 12.1 
6.5-7 .0 3.5 4 11.34 12.4 

22-pe rcent prote in rat ion 
3.5-4.0 2.59 6.76 9.4 
4 .0-4 .5 2.89 7. 89 10.2 
4 .5-5.0 3.09 8. 79 10.8 
5.0-5.5 3.23 9.51 11.2 

5.5-6.0 3.34 10.10 11.6 
G. 0-6.5 3.42 10.60 11.9 
6.5-7.0 3.4 9 11.03 12.2 
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production function and time function can be used 
to predict the profitability of using the least-cost 
ration, or in feeding to speed time and move mar­
ketings ahead of price declines. The time func­
tion shows the amounts of time indicated in table 
C to attain a marketing weight of 3.25 pounds for 
various rations. 

Over the entire production period, a 21-percent 
protein ration results in the most rapid gains. Of 
course, when the total production period is broken 
into intervals, a slightly higher percentage of 
protein gives most rapid gains for small weights 
while lower percentages of protein result in quick­
est gains over heavier weights. Under normal 
price relationships for corn and soybean oilmeal, 
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TABLE C. NUM BER OF DAYS AND AMOUNT OF FEED 
REQU I RED F OR 3.25-POU N D M A R K ET WEIGHT 

UNDER V ARI OUS R A TIONS. 

P e rc ent pro te in 

1 6 
17 
1 8 
·19 
20 

21 
22 
23 
24 
2 5 

No. days t o 
3.25-Jb. w ei g h t 

82.6 
80 .1 
78.7 
77.6 
77.0 

76.7 
76 .8 
77.3 
78 .1 
79 .3 

Pounds 
feed r equired 

9.8 2 
9 .41 
9.29 
9. 1 7 
9. 11 

9.09 
9. 11 
9 .1 8 
9. 2 8 
9.44 

the rations which give the lowest cost gains in­
clude somewhat less protein than least-time ra­
tions . 



Least-Cost Rations and Optimum Ma_rketing Weights 
For Broilers1 

Production Functions, Gain Isoquants, Substitution Ratios , Least-Cost Rations and Optimum 
Marketing Weights for Broilers Fed Corn and Soybean Oilmeal in a Fortified Ration 

BY EAF1L 0. HEADY, STANLEY BALLOON AND ROBERT McALEXANDEH 

The major cost item in broiler production is 
feed. Previous studies indicate that feed costs 
generally constitute 65-75 percent of the total cost 
of producing broilers. Hence, one of the major 
opportunities for increasing profits from broiler 
production is to minimize the costs of producing 
birds of a given weight. Great progress has been 
made in recent years in developing high energy 
feeds and feeding formulas which lessen the total 
pounds of feed required in producing a bird of a 
given weight. However, even though high energy, 
rapid gain formulas have been developed, the 
problem of how major sources or categories of 
feeds should be combined to minimize cost s of 
gains still remains. 

Ordinarily, broiler feeds are made up of two 
major categories of feeds, along with the proper 
vitamins and minerals. These two categories in­
clude feeds high in carbohydrate such as corn an<i 
feeds high in protein such as soybean oilmeal. Tf 
prices of these feeds did not change, the least­
cost ration determined at one point in time also 
would be the least-cost ration at all later points in 
time. However, the prices of these major feed 
sources do change. In recent years the price of 
corn has been as low as 1.8 cents per pound with 
soybean oilmeal as high as 4.5 cents per pound, 
a SBOM/ corn price ratio of 2.5; in other years 
the price of corn has been as high as 4.5 cents per 
pound with soybean oilmeal as low as 3.5 cents 
per pound, a SBOM/ corn price ratio of 0.8. The 
ration or combination of these two feeds which 
minimizes costs of gains under one of these price 
ratios will not also minimize costs under the other 
ratio. 

The least-cost ration can be determined by re­
lating the prices of the feed sources to the rates 
of substitution of the feeds. For example, sup­
pose that, beginning from a particular ration, 1 
more pound of protein feed will substitute for or 
replace 2 pounds of grain ; a second pound of pro­
tein feed will replace 1 pound of grain, with 
broiler gains remaining constant. If protein feed 
costs less than twice as much as grain, costs can 
be lessened by using the additional pound of pro­
tein feed since its "substitution rate" is twice that 
of grain (i. e., 1 pound of protein feed replaces 2 
pounds of corn). 

1 P r oj ec t 113 5 of th e Iowa Agri c ultural Expe rime nt Station. 

It is not the level of prices but the ratio of 
prices which is important. The substitution of 
the added pound of protein feed should take place 
if it costs 3 cents while grain costs 2 cents; 1 
pound of protein feed with a value of 3 cents will 
replace 2 pounds of grain with a value of 4 cents. · 
The substitution also should take place if protein 
feed costs 1.5 cents and grain costs 0.8 cent per 
pound; the 1.5 cents invested in protein feed will 
replace 1.6 cents invested in grain. However, the 
second pound of protein feed should not be used 
in either of these cases. Since it replaces only 1 
pound of grain, 3 cents invested in it will save 
only 2 cents in grain under the first price situa­
tion; 1.5 cents invested in protein feed will save 
only 0.8 cent in grain under the second price situa­
tion. Even the first added pound of protein feed 
will not lessen costs if it costs more than twice 
as much as grain. For example, the first pound 
of protein feed worth 3 cents will replace only 2 
cents in grain if the price of grain drops from 2 
cents to 1 cent per pound. 

Obviously, then, the least-cost ration can change 
as price ratios for various feeds change. Least­
cost rations can be specified only if marginal rates 
of feed substitution are known. No previous study 
has been directed at predicting substitution rates 
in broiler production and rations which minimize 
costs under alternative prices of feed ingredients. 
This study is directed towards this end. However, 
since it is the first study of its particular kind, it 
is necessarily concerned with estimating other re­
lationships which relate to, or are basic for, de­
termining substitution rates. Since feed costs 
and rates of growth for different rations affect 
optimum marketing weights, this decision-making 
problem also is included in the analysis. 

OBJECTIVES 

The specific purposes of this study are: to pre­
dict the broiler production surface (function) of 
gains in relation to two feed categories; to pre­
dict input-output relationships of gain in terms 
of a fixed combination of the two feeds; to pre­
dict gain or growth isoquants indicating the pos­
sible combinations of two feeds which will result 
in a fixed gain level ; to predict the marginal rates 
at which high-carbohydrate and high-protein 
feeds s ubstitute for each other in producing a 
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particular level of gain; to predict isoclines indi­
cating feed combinations for particular gain levels 
which have the same rate of substitution; to in­
dicate rations which will minimize costs of gains 
under various price relationships; to predict ra­
tions which minimize the time required for attain­
ing a particular marketing weight and to indicate 
marketing weights which will maximize profits 
above feed costs for various price relationships. 

Prediction of the numerous quantities and re­
lationships mentioned above is dependent upon 
establishment of the basic product ion function or 
surface for the two major categories of feed used 
in this study. From this surface the marginal 
quantities necessary for specifying least-cost ra­
tions and maximum profit marketing weights can 
be predicted. While quantities and relationships 
such as these have been estimated for livestock 
and crops, they have not been predicted for 
broilers.2 Predictions of optimum marketing 
weights have been made for single rations, but 
have not been made previously for both optimum 
rations and marketing weights. 3 It is hoped that 
the empirical quantities of this study will serve 
as a fundamental basis upon which related inves­
tigations will be built. F inally, it is expected that 
the results on minimum cost rations and optimum 
marketing weights can ser ve as the basis for de­
cision by persons providing mixed feed to the 
broiler industry, by persons or firm s mixing their 
own feed for large broiler operations and by pro­
ducers concerned with rations and marketing 
weights which will maximize profits. 

The empirical study which follows is based up­
on analytical models from production economics. 
These concept s for design and analys is of the ex­
periment ar e outlined in some detail in the fol­
lowing section. This is done to provide the reader 
with a better concept of the quantities and rela­
tionships involved in determining least-cost ra­
tions and optimum marketing weights. The em­
pirical counterpart of each of the concepts pre­
sented is used in t his study; each of the basic 
economic principles is applied in determining op­
timum rations and marketing weights . The con­
cepts are presented particularly as an aid to poul­
try nutrition research workers who may wish to 
adapt them to further experiments. 

BASIC CONCEPTS 

Broiler production results from the use of nu­
merous categories of resources. In th is study, 
however, there are two variable categories of feed 
that are of interest-grain and soybean oilmeal. 
Therefore, the general production function or sur-

• See: H e ad~·. Earl 0 .. e t a l. N e w procedure s in estimat ing 
f eed s ubs titut ion rate s and in de termining eco no mic e ffi c ien c ,· 
in pork produc tion . Iowa A gr. Exp. Sta . H es. Bul. 40 ti. 
1954: H ead y, Earl 0 ., Pese k, J ohn T. a nd Brown, vVilli a rn G. 
Crop respon se s urfac e s a nd econon1 ic o ptima in fe rtilize r u se. 
Iowa Agr. Exp. Sta. R es. B ui. 424. J 9o5. 

3 S ee : Baum, :.\1. T. and Fl e t c h e r, H . 1::1. .\ ppli cation of p r ofit 
maxin1izing t e chnique s to co n11n e rc ia l f r.'-·e r ente rpri s es . Poult. 
Sci. 32 :41 5-23. 1953 ; Judg e, G e o rge F . a nd F ello w s, Ir v ; n g F. 
E c onomi c inte rpre t a ti o n s o f bro il e r p r odu c ti o n p r oble m s . 
Storrs A g r . E xp. S t a . B ul. 302. U ni v . of Conn. 1953. 
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face to be estimated is of the form of equation 1 
where G refers to gain or growth per bird, C re­
fers to corn intak~ per bird and S refers to soy­
bean oilmeal intake per bird. 

(1) G = f (C, S) 

The specific function for this growth process is 
to be estimated in this study. Once the produc­
tion function, which can be represented as a sur­
face such as fig. 4, has been derived, the optimum 
quantity of a particular ration to be fed per bird 
(i. e., the optimum marketing weight) can be pre­
dicted. In other words, once the over-all or two­
feed function or surface in equation 1 has been 
predicted, a function expressing the relationship 
between gain per bird, G, and the amount of a 
fixed ration (i. e., corn and soybean oilmeal held 
in constant proportions to give a fixed protein 
level), R, fed per bird can be expressed as in equa­
tion 2. This function, which can be derived from 
equation 1, provides the basis for predicting (a) 

(2) G = f (R) 

total weight per bird associated with various 
amounts of a given ration and (b) the most profit­
able marketing weight. The optimum marketing 
weight can be established only if gain, G, in­
creases at a decreasing rate for a particular ra­
tion and is determined by equation 3a. There, 
the ratio ~G/ ~R indicates the marginal product 

(3a ) 

or increase in gain, ~G, associated with each 
small increase of the specific ration, ~R. (The 
marginal product is the slope of the single-ration, 
input-output curve at the particular feed input.) 
The optimum marketing weight for a particular 
ration is attained when the marginal product is 

. price of ration 
equal to the rat10 . . b .

1 
or Pr/ Pg. When 

pnce of r01 ers 
equation 3a is attained, the equivalent in equa­
tion 3b is attained: The value of the added feed, 
~R, is just equal to the value of the added gain, 
~G. If the marginal product is greater than the 
price ratio, as in equation 4a, the value of the 
added gain is greater than the value of the added 
feed. Profit per bird can be increased by feeding 
the bird to heavier weights until the marginal 
product ratio is driven down to equal the price 
ratio. The opposite is true in equation 4b, and 
birds should be sold at lighter weights. Once the 
specific production function corresponding to equa­
tion 1 

(4n ) 

( 4 b ) 

and the particular input-output curve correspond-
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ing to equation 2 have been computed, the mar­
ginal product can be estimated as the derivative 
of gain in respect to ration, as dG/ dR; it is de­
rived from equation 2. 

However, before the optimum marketing weight 
can be determined, it is necessary to specify the 
least-cost ration. In other words, there are many 
ration functions such as represented in equation 
2, and a prior task is to derive the one of these 
which allows a given gain with a minimum of cost. 
A first step in determining the least-cost ration 
for a particular gain is to derive a family of gain 
isoquants for the gain surface. The gain isoquant 
shows all possible combinations of the two feeds 
which will permit attainment of a particular gain. 
A gain isoquant can be looked on as a contour of 
a particular height around the gain surface and 
is of the general form of equation 5 where corn 
requirement is expressed as a function of the 
amount of soybean oilmeal fed, with gain constant 
at a specific level. The gain isoquant of equation 
5 is derived from the production function or sur­
face of equation 1. 

(5) C = f (S) 

Once the isoquant equation has been deter­
mined, the isoquant for each level of gain can be 
determined, and the least-cost ration for a par­
t icular gain can be specified. The least-cost ra­
tion for a particular gain level is the one which 
results in the condition specified by equation 6a.4 

Here the marginal rate of substitution between 

(Gb) (-..'iC) (Pel=- (P, ) (!lS) 

corn and soybean oilmeal, -llC/ llS, is defined as 
the decrease in quantity of corn, -llC, associated 
with each small increase in the quantity of soy­
bean oilmeal, llS. When the substitution ratio is 
equal to the ratio of the price of soybean oilmeal, 
P ., divided by the price of corn, Pc, the minimum 
cost ration has been determined . This is true 
since, as indicated in equation 6b, the value of 
the corn replaced is then equal to the value of the 
soybean oilmeal added. In case the marginal rate 
of substitution of soybean oilmeal for corn is 
greater than the price ratio, as in equation 7a, the 
value of the corn replaced will be greater than 
the value of the soybean oilmeal added; costs can 

(~ ) ..'iC P , 
/a - ~ >-r, 

(7b) (- ..'iC) (Pel >-C~S) (P, ) 

be lessened by substituting soybean oilmeal for 
corn until the equality of equation 6a is attained. 
If the marginal rate of substitution of soybean 
oilmeal for corn is less than the price ratio as in 
equation 8a, the value of the corn replaced is less 

1 Si nce t h e ~ ig n a8sociatecl with th e ma rg i nal rate of substi­
t ution i s negative, a negalive sig n n1u st also be adopted for 
t h e p ri ce r atio . 

than the value of the soybean oilmeal added; c< 
can be decreased by increasing the proportior 
corn relative to soybean oilmeal until the sub 
tution ratio is increased to the magnitude i 
cated in equation 6a. 

(Sa) .. !lC P , 
Lis < - Pc 

(Sb) (- llC) (Pc) < - (!lS) (P, ) 

The equation for the substitution ratios is 
rived from isoquant equation 5. It is, in this J 
ticular case, the derivative of corn in respec· 
soybean oilmeal, dC/ dS. If this were a const. 
the least-cost ration would be composed of : 
bean oilmeal alone or corn alone. In other wo 
the marginal rate of substitution of one feed 
the other must decline as proportions of feeds 
changed if the least-cost ration is to include s1 
combination of the two feeds. The marginal 
of substitution represents the slope of the J 
isoquant for a particular feed combination (i 
the substitution ratio is the derivative at a 
ticular point on the iso-gain contour). Hence, 
gain isoquants must be curved, rather 1 
straight lines, if (a) the marginal rate of sul 
tution is to change as the proportions of the fi 
change and (b) the least-cost ration is to inc: 
more than a single feed. 

Decisions on the least-cost ration and the n 
profitable marketing weight must be made si1 
taneously for birds which approach market 
dition. Determination of these two quantities 
be made through setting the partial derivat 
of gain with respect to corn and gain with res 
to soybean oilmeal to equal the respective i: 
ratios as in equations 9 and 10. From these e, 
tions, the quantities of corn and soybean oilr 

(9) ~= ~ 
ac P , 

(10) ~ = ~ as P, 

can be predicted to indicate the ration w 
gives lowest feed costs for market weight bi 
the market weight to maximize profit also ca 
determined. 

The logic outlined above indicates the typ 
data needed to specify the optimum ration 
feeding level or period for any type of poultr 
livestock. The equations and quantities indic 
have been derived from the basic experiment 
plained in the next section. 

DESIGN OF EXPERIMENT AND FEEDI 
METHODS 

Data for this study were obtained from an 
periment conducted by the Department of Pot 
Husbandry. Six hundred New Hampshire cl 
were used in the experiment. These chicks ; 
randomly assigned to 30 pens (batteries) wi 



restriction of having 10 cockerels and 10 pullets 
per pen. The broilers were self-fed on six dif­
ferent rations consisting of 16, 18, 20, 22, 24 and 
26 percent protein levels. The experiment was 
designed so that there were at least two replicates 
on each ration. Twelve groups of broilers were 
fed rations with fixed proportions of corn to pro­
tein for the entire period. In other words, two 
pens each of the birds were fed the entire period 
on the 16, 18, 20, 22, 24 and 26 percent rations. 
The other 18 pens of birds were fed up to a weight 
of approximately 1.32 pounds per bird, then 
changed to lower protein rations for the remain­
der of the feeding experiment as shown in table 
1. The birds were weighed each week and cor­
responding feed inputs were determined to pro­
vide observations for regression analysis. The 
birds were taken off the experiment at the end of 
11 weeks. The experimental unit was a pen, with 
each weighing becoming an observation. 

Corn was the main source of carbohydrates and 
soybean oilmeal was the main source of protein. 
The soybean oilmeal contained approximately 45 
percent crude protein while the corn contained 
approximately 8.4 percent (see table 2). 

ESTIMATION OF PRODUCTION FUNCTIONS 

Three over-all production functions were fitted 
to the experimental data as one step in estimat-

TAl:lLE J. D J~S [GN OF EXPERIMENT F OR BROILER 
ST UDY. 

Pen-n um bers Per cen t p r otein Pe rcent protei n 
r a tions fed bro il e r s rations f e d b r o il e r s 

Replicates fro m weight of fro m weight of 
I II 0.09 to 1.32 lbs . 1.32 lbs. to e nd 

of fe e din g period 

22 25 16 16 
27 20 18 18 
16 29 18 16 

2 10 20 20 
3 8 20 18 

28 19 20 16 
16 24 22 22 
) 7 5 22 18 

6 13 22 16 
1 8 14 24 24 

11 9 24 20 
7 30 24 16 
1 4 26 26 

12 23 26 22 
21 15 26 18 

T ABLE 2. POUNDS OF INGREDIENTS USED PER 100 
POUNDS OF FEED IN BROILER EXPER CvfENT. 

P ercent prote in in ratio n 
Tngr ed ie nts 

16 18 20 22 24 26 

G r ound yell ow corn 71.0 65 .5 59.6 53.9 48.2 4 2.5 
Wheat middlings 5.0 5.0 5.0 5.0 5.0 5.0 
Dehyd . a l fa lfa meal (17 %) 2.5 2.5 2.5 2.5 2.5 2.5 
Soybean oil m ea l 15.0 20.5 26.0 31.5 37.0 42.5 
Fishmeal 2.5 2.5 2.5 2.5 2.5 2.5 

Steamed bon e m eal 2.0 2.0 2.0 2.0 2.0 2.0 
Gr ound oys t e r shell s 0.5 0.5 0.5 0.5 0.5 0.5 
Iodized sa l t 0.5 0.5 0.5 0.5 0.5 0.5 
C-2054 (pr e mix) 1.0 1.0 1.0 1.0 1.0 1.0 
Soybean oil 0.2 0.4 0.6 0.8 1.0 

840 

TABLE 3. VALU ES OF RAND t FOR EQUATIONS 11, 
12 AND 13. 

V a lties of t for r egress ion coe ffici e nts in 
Eq uation R o r el e r s hown in equatio n 

b1 o, b3 

l.l 0.9990* 39.82* 29.69* 7.4 2• 
12 0.9986* 6.68* 3.0it 6.10* 
13 0.99 79* 43 .72* 26.97* 

• p < 0.01 fo r both 140 a nel 6 df 
t p < 0.0 1 fo r 140 d f a nd p < 0.02 fo r 6 df 
t p < 0.01 fo r 140 elf anel 0.01 < p < 0.05 for 6 elf 
§ p > 0.5 fo r 140 df 

b, 

7.44 • 
6. 9• 

b • 

3.28t 
0.24 § 

ing the broiler production surfaces. These f unc­
tions are based on the 12 pens (two pens per ra­
tion), of rations which were continued from initi­
ation of the experiment up to an average live­
weight of 3.13 pounds, with 11 to 13 weighings 
per pen for a total of 146 observations.5 The 
functions for the over-all production surface esti­
mates are as follows: 

(11) G = 0.0331 + 0.4 23C + 0.6415S - 0.0183C' 
- 0.0497S2 

- 0.0232CS 

(12) G = 10.1730 + 0.2300C + 0.1775S 
+ 0.3314,/C + 0.5004yS + o.02ooyCS 

(13) G = 0.9922C•-~137 g um 

G refers to gain in pounds per broiler, C refers 
to pounds of corn per bird and S refers to pounds 
of soybean oilmeal per bird. Statistics for these 
three equations of the over-all production sur­
faces are presented in table 3. Aside from the 
interaction term in the square root equation, the 
regression coefficients are all highly significant. 
A problem of autocorrelation arises in estimating 
the regression coefficients of the over-all produc­
tion surface for this reason: The 12 and 13 ob­
servations for each pen are not independent. 
Hence, it can be claimed that the total degrees of 
freedom (df) is something less than the 140 re­
maining after estimating the regression coeffi­
cients. However, if the total number of degrees 
of freedom remaining after estimation of regres­
sion coefficients is considered to be only 6 (i. e., 
to correspond to 12 pens or independent observa­
tions), the regression coefficients for the quad­
ratic, 11, and logarithmic, 13, equations are still 
acceptable at the 0.01 and 0.05 probability levels. 
In all of the equations, the feed inputs account 
for over 99 percent of the variance in gains. As 
is indicated later, both the over-all quadratic and 
logarithmic equations are used for estimates of 
this study. 

These particular functions were selected for es­
timating a broiler production surface because of 
their logical basis. Other studies for meat pro­
duction indicate that output tends to increase at 
a decreasing rate (i. e., each additional input of 
feed usually results in less and less gain in 
weight), and feeds tend to substitute for each 

5 Th e nu mber of obse r vation s were n ot the sam e for each pen 
s ince obse r vatio n s at 600 and 1,300 gram weights also w ere 
obtained for a ll pe n s: for some pens th ese weights occurred 
at th e sam e time as the r egular weekly weighings , r esulting 
i n fewer obse r vation s in these particul a r pens. 



other at diminishing rates. 6 These conditions 
are expected for broilers. As birds increase in 
size, more and more of each pound of feed is re­
quired for maintenance. Also, as broilers increase 
in size, the composition of the body changes. The 
changes in body composition are expected to cause 
changes in the rate of substitution between feeds. 
The structural portions of the body and the or­
gans develop first, followed in order by muscle, 
tissue and fat. 7 Thus, rations of a higher protein 
content are required during the early periods of 
growth. As birds increase in size and body weight, 
less protein is required, and feeds containing 
more carbohydrates may be substituted for high 
protein feeds as the fattening stage is approached. 

Production functions which permit estimation 
of the above relationships were desired. That is, 
they should permit (a) decreasing productivity 
per pound of a fixed ration ( the two feeds in­
creased in fixed proportion) as well as diminish­
ing productivity of either feed alone, (b) dimin­
ishing rates of substitution along a particular 
gain isoquant and (c) changing substitution rates 
along a ration line (i. e., changing substitution 
ratios for a particular ration) as the bird pro­
gresses in weight and higher gain isoquants are 
attained. Functions 11 and 12 meet all of these 
qualifications. Production function 13 does not 
permit substitution rates along a ration line to 
change as the broilers increase in size. That is, 
it does not account for the fact that protein, in 
relation to carbohydrates, is of greater value to 
the young birds than to older birds. It "forces" 
into the analysis the relationship that the rate of 
substitution must be constant along a ration line. 

The difference between the quadratic and loga­
rithmic equations with respect to conditions of 
substitution rates along a fixed ration line can be 
illustrated by figs. 1, 2 and 3. (The relationships 
in these illustrations are assumed and do not rep­
resent actual predictions in this study.) In fig. 
1, the negatively sloped curves are gain isoquants 
or contours, indicating all of the possible combina­
tions of the two feeds which produce, respectively, 
a 1.0-, 2.0- and 3.0-pound gain on broilers. The 
solid and positively sloped (straight) lines are 
isoclines. They indicate the points on succes­
sively higher isoquants where the substitution 
rates are constant. The points at which the posi­
tively sloped straight line or isocline labelled 2.0 
intersects the gain isoquants indicates the feed 
combinations at which 1 pound of protein feed 
substitutes for 2 pounds of carbohydrate feed. 
The line 2.0 indicates, for each particular level of 
gain, the path of feed combinations over which 
the substitution rates are equal to 2.0. The posi-

"See: Hea d y, e t a l. , New p r ocedures in estim ati n g f eed s ub ­
s tituti on ra tes a nd in determ inin g eco no mi c e ff ic iency in pork 
product ion. op . c it., pp . 922-924; K ehrberg. Earl W. Adaptat ion 
of econ om ic productio n logic to f eed u til ization by li ves tock. 
U n pu bli s h ed P h . D. t h esis. I owa State College L ibrary, A m es, 
Iowa . 1953. p p. 109-113: H ea dy , Ea rl 0. et a l. Milk p r odu c­
t ion fu nct ions. hay / g ra in s u b9 li t u tion r ates ,rnd econ o mic 
optima in da iry cow rat io n s. Towa Agr . Exp. Sta. R es. Bui., 
to be pu b li s h ed ; B a um and F letche r , op. cit., p p. 415-422. 

1 Juli , Morley A. Poul try nu t ri t ion. McGraw-Hi ll Book Co., 
I nc. , N ew York. 1938. p. 263. 
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Fig. 1. I soclines for an over-all quadratic function (assumed) . 

tively sloped curve 2.5 indicates the feed combi­
nation for each possible level of gain, where 1 
pound of protein feed substitutes for 2.5 pounds 
of carbohydrate feed. 

The isoclines are expansion paths showing the 
path of rations which should be followed as a 
bird gains in weight if profits are to be maxi­
mized (i. e., if the least-cost ration is to be used 
for each particular level of gain). Thus, if the 
price of protein f eed were twice the price of car­
bohydrate feed , the price r atio would be 2.0. Us­
ing equation 3a t o express the necessary condi­
tion, the rations (proportions of the two feeds) 
along isocline 2.0 should be followed in fig. 1. 
Since the isoclines in fig. 1 do not intersect the 
origin, a different r ation (i. e., a different propor­
tion of the two feeds as read off the two axes) 
would be required for each fractional pound of 
change in gain. This path is biologically logical 
since the proportion of carbohydrates to protein 
feed should increase with weight. (Rations higher 
in the plane along the isoclines of fig. 1 include 
a greater proportion of carbohydrates). 

However, producers cannot practically change 
rations with each fract ional pound of gain. Gen­
erally they feed the same r ation, or change it only 
once, throughout t he production period. If the 
optimum ration for a 3.0-pound gain were se­
lected, through equat ing the substitution ratio 
with the pr ice r atio as in equation 3a, the opti­
mum ration would include OC of the carbohy­
drate feed and OP of the protein feed. If the 
ration with t he proportion of feeds at OC/ OP, 
were fed throughout, the "feed path" would be 
OM. 8 This line does not indicate the least-cost 

• A d iagonal lin e cou ld be drawn from each point when the 2.0 
isoclin e inte r sects the 1.0-, 2.0- a nd 3.0-po und isoqua nts to 
the origi n. Th e s l opes wou ld i nd icate ra tio n s which could 
be f ed in each of the three weight ranges: 0 to 1.0, 1.01 to 
2.0 a n d 2.01 to 3.0 pounds. respect ively. T h ese rations would 
he "averages" for the inte r va l s a nd w ould n ot equ ate s ub­
s titution a nd price r at ios fo r each gain isoquant within a n 
i nterval. 
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other at diminishing rates.6 These conditions 
are expected for broilers. As birds increase in 
size, more and more of each pound of feed is re­
quired for maintenance. Also, as broilers increase 
in size, the composition of the body changes. The 
changes in body composition are expect ed to cause 
changes in the rate of substitution between feeds . 
The structural portions of the body and the or­
gans develop first, followed in order by muscle, 
tissue and fat. 7 Thus, rations of a higher protein 
content are required during the early periods of 
growth. As birds increase in size and body weight, 
less protein is required, and feeds containing 
more carbohydrates may be substituted for high 
protein feeds as the fattening stage is approached. 

Production functions which permit estimation 
of the above relationships were desired. That is, 
they should permit (a) decreasing productivity 
per pound of a fixed ration (the two feeds in­
creased in fixed proportion) as well as diminish­
ing productivity of either feed alone, (b) dimin­
ishing rates of substitution along a particular 
gain isoquant and (c) changing substitution rates 
along a ration line (i. e. , changing substitution 
ratios for a particular ration) as the bird pro­
gresses in weight and higher gain isoquants are 
attained. Functions 11 and 12 meet all of these 
qualifications. Production function 13 does not 
permit substitution rates along a ration line to 
change as the broilers increase in size. That is, 
it does not account for the fact that protein, in 
relation to carbohydrates, is of greater value to 
the young birds than to older birds. It "forces" 
into the analysis the relationship that the rate of 
substitution must be constant along a ration line. 

The difference between the quadratic and loga­
rithmic equations with respect to conditions of 
substitution rates along a fixed ration line can be 
illustrated by figs. 1, 2 and 3. (The relationships 
in these illustrations are assumed and do not rep­
resent actual predictions in this study.) In fig. 
1, the negatively sloped curves are gain isoquants 
or contours, indicating all of the possible combina­
tions of the two feeds which produce, respectively, 
a 1.0-, 2.0- and 3.0-pound gain on broilers. The 
solid and positively sloped (straight) lines are 
isoclines. They indicate the points on succes­
sively higher isoquants where the substitution 
rates are constant. The points at which the posi­
tively sloped str aight line or isocline labelled 2.0 
intersects the gain isoquants indicates the feed 
combinations at which 1 pound of protein feed 
substitutes for 2 pounds of carbohydrate feed. 
The line 2.0 indicates, for each particular level of 
gain, the path of feed combinations over which 
the substitution rates are equal to 2.0. The posi-

• ~ee : Head y, e t a l. , New p rocedures in estima ting feed s ub­
st i tuti on rates and in de t er m inin g econ omic effi ci ency i n p ork 
p r odu c ti o n, op. c i t., p p. 922-92 4 ; Kehrbe rg, E a rl W. Adap ta ti on 
of econ o mic product ion log ic to feed utiliza ti on b y li ve~ t ock. 
U npu blis h ed Ph. D . th es is . I owa S ta t e College Libra r y , Ames, 
Iowa . 1953 . pp. 109-11 3: H eady, Earl 0. e t al. M ilk p r odu c­
tio n f unc ti ons , hay /g ra in s u bs ti t u tion r a t es a nd econ o mic 
optima in d a iry cow ra ti o n s. I owa Agr . E x p . Sta. Res. B ul. , 
to b e pu b li s h ed : Baum a nd Fletch e r , op. c it. , pp. 41 5-422. 

1 Jull , M o rl ey A. Poultr y nutriti on. M cG raw-H ill Book Co., 
Inc., N e w York. 1938 . p. 263. 
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Fig. 1. Isoclines for an over-all quadratic f unction (assu med). 

tively sloped curve 2.5 indicates the feed combi­
nation for each possible level of gain, where 1 
pound of protein feed substitutes for 2.5 pounds 
of carbohydrate feed. 

The isoclines are expansion paths showing the 
path of rations which should be followed as a 
bird gains in weight if profits are to be maxi­
mized (i. e., if the least-cost ration is to be used 
for each particular level of gain). Thus, if the 
price of protein f eed were twice the price of car­
bohydrate feed, the price ratio would be 2.0. Us­
ing equation 3a to express the necessary condi­
tion, the rations (proportions of the two feeds) 
along isocline 2.0 should be followed in fig. 1. 
Since the isoclines in fig. 1 do not intersect the 
origin, a different ration (i. e., a different propor­
tion of the two feeds as read off the two axes) 
would be required for each fractional pound of 
change in gain. This path is biologically logical 
since the proportion of carbohydrates to protein 
feed should increase with weight. (Rations higher 
in the plane along the isoclines of fig. 1 include 
a greater proportion of carbohydrates). 

However, producers cannot practically change 
rations with each fractional pound of gain. Gen­
erally they feed the same ration, or change it only 
once, throughout the production period. If the 
optimum ration for a 3.0-pound gain were se­
lected, through equating the substitution ratio 
with the price ratio as in equation 3a, the opti­
mum ration would include OC of the carbohy­
drate feed and OP of the protein feed. If the 
ration with the proportion of feeds at OC/ OP, 
were fed throughou t, the "feed path" would be 
OM.8 This line does not indicate the least-cost 

8 A diago n a l lin e coul d be drawn from each p oin t w h e n the 2.0 
isocl ine in ter sects lh e 1. 0-, 2.0- and 3.0-pound isoq ua nts t o 
the origin. T h e slopes would. i nd icate ration s w hic h could 
be f ed in each of the three weigh t ran ges: O to 1.0, 1. 01 to 
2.0 and 2.01 to 3.0 pounds, respec tiv ely. Th ese rations w ould 
he "averages" for the i n terval s and would n ot equ a t e s ub­
stitu tion a n d pr ice ratios for each gain isoquant w i t hin a n 
interva l. 
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ration. (Isocline 2.0 does.) Hence, another ra­
tion such as B, with feeds combined in the pro­
portions read from the axes, could be less costly 
than the ration indicated by line OM, if fed over 
the ent ire production period. (Ration B would 
not equate substitution and price ratios for any 
particular levels of gain.) Thus, while the path 
traced by isocline 2.0 indicates the least_-cos~ r~­
tion for al1 individual weights, the rat10n md1-
cated by OB may be more practical and less costly 
than the ration indicated by OM. 

The logarithmic function provides isoclines of 
the nature of the positively sloped lines labeled 
2.5 and 2.0 in fig. 2. Since they are linear and 
pass through the origin, these isoclines suggest 
that the rates of substitution of the two feeds do 
not change along a fixed ration line as a J:>ird pro­
gresses to heavier weights. If they are used ~or 
decisions, they indicate that the same rat10n 
should be used from the beginning to the end of 
the production period. Biological1y, it is expected 
that rates of substitution do change along a ra­
tion line. Therefore, a linear isocline should not 
pass through the origin. However, while the 
logarithmic equation may not provide the great­
est degree of biological accuracy, it may provide 
a practical basis for selecting the one "average" 
ration to be fed over the entire production period 
for producers who use this method of feeding. 
Hence with a price of protein feed twice as great 
as th; price of carbohydrate feed, the single ra­
tion (proportion of the two feeds) indicated _by 
isocline 2.0 in fig. 2 would be fed over the entire 
production period. With a price of protein feed 
two and one-half times as great as the price of 
carbohydrate feed, the ration would be that indi­
cated by isocline 2.5 in fig. 2. 

An alternative combining the advantages of the 
quadratic and logarithmic function s also has been 
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F ig. 2. I soclines fo r a n over-a ll logarith m ic fun c ti o n (as­
s umed) . 
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Protein Feed 
Fi g. 3. I soclin e segmen ts fo r in te rva l f unctio n s (ass um ed ). 

used in this study. It includes the estimation of 
logarithmic functions for different weight inter­
vals or segments of the production function. The 
effect on isoclines is that shown in fig . 3. The 
logarithmic functions of the vari~us weight in­
tervals provide isoclines for a particular segment 
of the production surface. They indicate the ?ne 
best "average" ration to be fed over the particu­
lar weight interval; the "average" r~tion for t_he 
interval can be determined by equatmg- the price 
and substitution ratios. The isoclines for each in­
terval can be combined to give isoclines with lin­
ear segments as in fig. 3. In this case, with a 
price ratio of 2.0, the lower linear segment of iso­
cline 2.0 in fig. 3 indicates the "average," least­
cost ration to be fed to 2 pounds of weight, and the 
middle segment indicates the "average" least­
cost r ation to be f ed between 2 and 3 pounds of 
weight. Since the second segment, based on the 
second interval function, has a greater slope than 
the first segment, a ration containing a greater 
proportion of carbohydrate feed wo_uld be used 
for heavier weights.9 Hence, on practical grounds, 
the producer could use two or more rations over 
the production period (without changing feed 
proportions for each fraction of gain as indicated 
along the isoclines of fig. 1). 

For the r easons outlined above, the over-al1 loga­
rithmic function is used to predict optimum feed 
quantities when a single ration is to be fed over 
the entire production period. Two interval loga­
rithmic equations, presented later, have been used 
to provide data al1owing one change in the ration 
where this practice is preferred. (Producers sel­
dom use more than two rations.) However, since 
they assume constant elasticity over the entire 
production surface, the over-all logarithmic equa­
tions tend to overestimate the gains assoc;iated 

• Ac tua ll y a ll segm e nts of t h e "combin ed isocline" in fie:-. 3 
orig ina t e a t zer o fo r t h ei r p a r ticula r w eight inter val. How­
ever they can be s pli ced t oge the r a s in dicat ed to r epresent 
t ota i gains a n d contours over th e e n t ire p roduc tio n s urfa ce , 
r a the r th a n gai ns with in a s in g le i n te r va l. 



with total feed consumption during the latter part 
of the production period. Hence, they tend to 
overestimate the optimum marketing weight for 
a particular broiler price. For this reason the 
quadratic equation is used in predicting most 
profitable marketing weights. In effect, this pro­
cedure is one of using logarithmic functions to 
predict "average" rations to be used as practical 
alternatives up to weights of nearly 3 pounds. Be­
yond this weight, the quadratic function can be 
used to specify (a) "exact" feed combinations as 
marketing time approaches and (b) optimum mar­
keting weights. 

PHOD UCTION S llFA CES FHOM OV E R-ALL F UNCTION S 

Production surfaces based on equations 11 and 
13 are presented, respectively, in figs . 4 and 5. 
Lines OD and OB in the feed plane are ration 
lines indicating 16- and 26-percent protein ra­
tions, respectively. Curve OE above the 16-per­
cent ration line of OD indicates gain levels when 
various amounts of this particular ration are fed 
per bird. Curve OC above the 26-percent ration 
line of OB indicates gain levels when various 
amounts of a 26-percent ration are fed. Other 
ration lines (i. e., 18, 20, 22, etc.) such as OD and 
OB could be drawn in the feed plane, and each 
would have above it an input-output curve for 
the particular ration. These quantities, corre­
sponding to equation 2, provide the basis for de­
termining the optimum marketing weight when 
a particular ration is fed; they do not provide 
the basis for predicting the optimum ration. 

The contours on the surfaces, indicated by 
pound quantities in figs . 4 and 5, are gain iso­
quants and show all of the possible feed combina­
tions (measured in the feed plane) which will pro­
duce a pound of gain at the particular broiler 
weight. For both functions, the gain contours 
or isoquants are curved (i. e. , are not straight 
lines) indicating that, as a greater proportion of 
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Fig. 4. Prod u c tion s urface show ing feed-gai n r elationships 
pr ed icted from over-a ll logarithme t 1c function 11 for broile r s 
fed 16- to 26-percent protei n rations. 
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Fig. 5. P r oduction s u r face s !1owing feed-gai n r elati_o n sh ips p r e­
d icted from over -a ll quadratic fun ct ion 13 for bro il e r s fed 16-
to 26-pe r cen t p r otein r a lion s . 

one feed is used, the amount replaced of the other 
feed declines. The nature of the surfaces indi­
cates diminishing marginal productivity (i. e., 
each pound of feed adds less to total weight than 
the previous pound) for particular rations.. Hori­
zontal slices through these surfaces provide the 
gain isoquants while vertical slices provide the in­
put-output curve for a particular ration when 
these two relationships are presented in graphs · 
of two dimensions. Actually the surfaces pre­
sented in figs. 4 and 5 represent wedges out of a 
larger surface since the experiment included ~a­
tions ranging only from 16 to 26 percent protem. 

INDIVIDUAL GROWTH F UN CTIONS 

It has been suggested that under certain condi­
tions input-output curves and isoquants derived 
from a single equation estimate of the production 
surface might be spurious. Supposedly, this situ­
ation might occur where one portion of the sur­
face drops discretely down to a ledge, or a "can­
yon" exists on one part of the function. The 
over-all equation would be affected equally by all 
observations over the surface and would not allow 
prediction of this discrete depression in gains. 
Also, if the joint relationships involved were 
greatly complicated, estimation by simultaneous 
equations might be required. As a basis of com­
parison of the predictions made from the over­
all functions, single-variable equations were esti­
mated for each ration included in the study. An 
input-output curve for each ration, independent 
of those for all other rations, was then predicted 
from the single-variable equations and compared 
with a similar estimate from the over-all func­
tion. 

The single-variable function s have been derived 
with gain, G, as the dependent variable and corn, 
C as the independent variable. This procedure 
c~n be used since the proportion of soybean oil-
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meal t o corn is fixed for any one of the six dif­
ferent protein levels. Not only does t he single­
var iable equation express gain as a function of 
corn and soybean oilmeal, but it expresses gain as 
a function of all f eed since each pound of feed for 
a particular protein level r epresent s a fixed com­
bination of corn, soybean oilmeal and the other 
feed ingredient s indicated in table 2. 

The individual regression functions derived are 
of the polynomial and logarithmic types. The de­
rived polynomial functions, her eafter designat ed 
as quadratic single-variable functions for the in­
dicated percent protein levels, are: 

(14) G = - 0.029 6 + 0.59 84C - 0.024 4C' 
(15) G = 0.03 70 + 0.688 6C - 0.03 23C2 

(16) G = 0.0444 + 0.7183C - 0.0305 C' 
(17 ) G = 0.025 6 + 0.872'6 - 0.0520 C' 
(1 8) G = 0.0319 + l.00 30C - 0.06 80C" 
(19) G = 0.0 377 + 1.0983C - 0.0868C2 

(16% ) 
(18% ) 
(20 % ) 
(22 % ) 
(24 % ) 
(26 % ) 

where G is pounds gain in weight per broiler, and 
C represents the pounds of corn fed in the various 
broiler rations. Implicit in each pound of C are 
other feed inputs as described earlier. 

Single-variable ration functions of the logarith-
mic type for the various protein levels are : 

(2 0 ) G = 0.5 878C0 -
0020 

(2 1 ) G = 0. 6669C0 -8000 

(22) G = 0.7240C0 •67"" 

(23) G = 9.7997C0
·
9

"
2 

(24) G = 0.942 2C0
· 8'"" 

(25) G = l.00 48Co.s12a 

(16 % ) 
(18 % ) 
(20% ) 
(22 % ) 
(24 % ) 
(2 6% ) 

The input -out put curves for particular rations 
derived from the single-variable ration functions 
were all plotted on scatter diagrams for compari­
son with t heir respective over-all functions. Com­
parisons of input-out put curves derived from the 
single-variable and over-all quadratic functions 
are shown in figs . 6-11 for the six rations. The 
similarity of t hese two set s of curves indicates 
that the over-all function does not give spurious 
r esults for any par t icular level of protein . Simi­
lar comparability existed for estimates from 
single-variable and over-all logarithmic equations. 

JNTERVAL F UN CTION S 

The interval functions of the logarithmic type 
used for predictions of "average" least-cost ra­
tions over two weight intervals (see earlier dis­
cussion of figs. 1-3) are provided in equations 26 
and 27. Equation 26 has been fitted to observa­
tions in the weight interval of 1.3 pounds (600 
grams) or less while equation 27 has been fitted 
to observations in the interval of weights gr eater 
than 1.3 pounds. 

(26) G = 1.0754C0·"'" g o.,1&is (up to 1.3 pounds 

li ve we ight) 

(27) G = 0.7021Co.o163 S0 · 2041 (over 1.3 pounds 
li veweig h t) 

The exponent s in these equations are the elas­
t icities of production , indicating the percentage 
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increase m gain associated with each 1-percent 
increase in consumption of the particular feed. 
Since each elasticity is less than 1.0, diminishing 
returns hold true for each feed. Also, since the 
sums of the elasticities are less than 1.0, decreas­
ing returns hold true for both feeds increased in 
a fixed proportion. It is of interest to note that 
the elasticity of soybean oilmeal declines from 
0.3838 for the first interval to 0.2944 for the sec­
ond interval while the elasticity for corn increases 
from 0.5425 to 0.6463. These differences are in 
line with the nutritional requirements of the 
growing bird: Larger proportions of protein are 
needed for tissues, organs and muscles in early 
stages of growth while a larger proportion of car­
bohydrates is required as maturity and fattening 
are approached. 

Statistics for the two interval functions are 
given in table 4. Even for a number of individual 
pens (rather than of pens x number of weigh­
ings) the statistics are significant at the 1-per­
cent level of probability. As mentioned earlier, 
some pens were fed the same ration throughout 
the experiment. (These are the observation s up­
on which the over-all functions and the single­
variable functions are based.) Since some pens 
were switched to different rations at a liveweight 
level of 1.3 pounds , an analysis of variance was 
made for gains of birds in the second interval in 
relation to gains on rations fed in the first inter­
val. It was found that gains in the second period 
did not differ significantly in terms of the ration 
fed in the first period. Gains in the second period 
did not appear to be associated with protein level 
in the first period . Hence, data for the "straight 
through" and "switched" pens were pooled , and 
each of the interval functions is based on obser­
vations for 30 pens averaging slightly over 6 
weighings each (189 observations). 

As ment ioned previously, the constant elastic­
ity of the over-all logarithmic function causes it 
to overestimate t he gains associated with par­
t icular feed inputs as birds approach maturity . 
This tendency is illustrated in figs . 12, 13 and 14 
where comparison is made for input-output curves 
of 18, 20 and 22 percent protein derived from the 
over-all logarithmic function 13 and the over-all 
quadratic function 11. The curves for the loga­
r ithmic over-all function fit the gain observations 
poorly at high feed inputs. 

Input-output curves for the same three protein 
levels are provided in figs. 15, 16 and 17 when the 

TABLE 4. :vrULTIPLE CORRELATION COEFF ICIENTS A:-JD 
VALVES OF t FOR I:-JTERV AL L OG ARITH)fIC 

FUNCTIONS 27 AND 28. 

Inte rval 

0.09-1.32 lbs. 
live we ight 

n 
n:1 1ue.._ 

0.9956* 

V a lu e oft for r egres~ion 
coeffici e nts in orde r 

given in e qua tion 

b c b2 
33 .10* 46 .49* 

Above 1.32 lbs. 0.9885* 38.0 9* 17.95* 
liveweight 

• p < 0.01 f or 186 or 27 degr ees of freedom. 
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estimates are made by "splicing" together the 
two interval logarithmic equations. The "spliced" 
input-output curves represent the portion for the 
second interval added (at the end of the first in­
terval) to the portion for the first interval. Ob­
viously, the problem of overestimation through 
use of logarithmic function has been lessened by 
splicing together the two interval functions; 
"average" least-cost rations can be estimated as 
practical measures for the two intervals without 
a problem of overestimating gains. 

TOTAL AND MARGI AL GAI N S 

Production functions of the previous sections 
can be used to predict total weight associated 
with various levels of intake per bird of particular 
rations. They also can be used to predict the 
marginal productivity of (a) each unit of feed of 
a particular r a tion when corn and soybeans are 
held in fixed proportions to provide a constant 
percentage of protein or (b) each unit of one type 
of feed when the other feed is held fixed and the 
percent of protein changes. As indicated previ­
ously, the marginal product is the amount added 
to total gain for each small unit increase in feed 
intake per bird. Marginal products can be com­
puted as derivatives from the production surface 
equation. Marginal product functions with corn 
and soybean oilmeal fixed are listed in equations 
28 and 29, respectively, for the over-all quadratic 
production surface and in equations 30 and 31, 
respectively, for the over-all logarithmic produc­
tion surface. 

oG 
(28) aG = 0.4823-- 0.0364C - 0.0232S 

(29) ~ = 0.6415 - 0.0994S - 0.0232C 
oS 

(3 0) 

(31) 

oG = 0.5494C-•- Ho, 5 0.saa 
oC 

~ = 0.3345C0 ·"'17 5 -0.o·:ro 
oS 

Table 5 includes total weights per bird and 
marginal gain·s per pound of feed when total feed 
input per bird is . at specified levels for various 
rations. Diminishing productivity of feed is indi­
cated in total weights; the amount added to total 
weight for each added pound of feed declines with 
total feed inputs. The maximum weight attained 
with 9 pounds of feed is with a 22-percent protein 
ration. Rations with a greater percentage include 
relatively too much protein for greatest nutri­
tional efficiency at heavier weights; rations with 
a smaller percentage include relatively too much 
carbohydrate for greatest efficiency at low 
weights. If extrapolations are used, the 20-percent 
ration gives a maximum weight for 11 pounds of 
feed. Of course, the ration which gives maxi­
mum weight for a given total input of feed need 
not be the most profitable ration. The value of 
the greater gain from the particular ration must 
be compared with the prices of the two feeds and 
the quantity of each used in the ration. 

The marginal gains per combined pound of feed 
for different rations again reflect the relative nu­
tritive importance of the two feeds at different 
bird weights and total feed inputs. Up to a total 
feed input of 3 pounds, the marginal productivity 
of feed is greatest for a 26-percent protein ra­
tion; between 3 and 5 pounds of total feed input, 
marginal products are greatest for a 22-percent 
ration; between 6 and 8 total pounds of feed, a 
20-percent ration has the largest marginal prod­
ucts while for total feed inputs of 9 or more 
pounds, the 16-percent ration has the greatest 
marginal productivity. These shifts in marginal 
productivity as feed inputs become greater paral­
lel the total weights shown in the left-hand por­
tion of the table. The fact that marginal gains 
per pound of feed are greatest for (a) higher pro­
tein rations at light weights and (b) lower pro­
tein rations at low weights, is illustrated graphic­
ally in fig. 18. 

GAIN JSOQUANTS 

The production functions of equations 11 and 
13 are used to derive functions describing the va-

TABLE 5. TOT AL WEIGHT PER BIRD AKD ~IARGINAL GAINS FOR VARIOUS LEVELS OF FEED I NPUT S PER 
B I RD "WIT H FEED IN F IXED PROPORTIONS FOR SPECIFIED R ATION S (OV ER-AL L QUADR ATIC FUNCTION 11). 

Pounds T otal weight (pounds) ~Iar g ina l g a in s (pound~)• 

of P rcent protein leve ls Per cen t p r otei n l ev el s 
feed 

16 l 8 20 22 24 26 16 18 20 22 24 26 

1 0.5 47 0.556 0.562 0.569 0.576 0.582 0.415 0.4 21 0.4 27 0.434 0.4 40 0.44 5 
2 0.94 7 0.964 0.967 0.9 89 0.999 0.010 0.392 0.395 0. 400 0.40 5 0. 4 09 0. 41 2 
3 1.32 2 1.34 6 1.363 1.380 1.39 4 1.4 06 0.368 0.369 0.374 0.377 0.379 0. 3 79 

4 1.671 J. 702 1. 7 23 1.7 42 1. 757 1. 768 0.3 44 0.343 0.3 4 7 0.349 0.34 8 0.3 46 
5 1.994 2.032 2.036 2.077 2.091 2.097 0.321 0.317 0. 320 0.320 0.3 18 0.31 3 
6 2.292 2.336 2.363 2.383 2.393 2.394 0.297 0.291 0.293 0.29 2 0.288 0.280 

7 2.56:i 2.614 2.64 2 2.660 2.666 2.657 0.273 0.265 0.266 0.264 0.257 0.24 7 
2.811 2.866 2.894 2.910 2.907 2.888 0.250 0.239 0.239 0.235 0.227 0.2 14 

9 

I 
3.032 3.091 3.1 20 3.131 3.120 3.085 0.226 0.213 0.2 1 2 0.207 0.19 6 0. 181 

10 3.2 28 3.291 3.319 3.323 3.300 3.250 0.203 0.1 86 0. 185 0.178 0.16 6 0. 14 8 
11 ~-~97 3.4 64 3.4 91 3.487 3.4 51 3.382 0.179 0. 160 0. 158 0. 150 0.136 0.11 5 

• Ma rgina l gain s are compu ted as a de rivative of lh e over-all q uadratic fu nc tio n a nd r e presen t th e ma r g ina l ph ysica l p r oduc t s a t 
t h e f eed qu a n tities s h o wn in the first column. 
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rious combinations of the two feeds which will 
produce a given level of gain. These iso-gain re­
lationships are expressed in equations 32 and 33 
for the over-all quadratic and logarithmic func­
tions, respectively. 

(32) C = 13.1959 - 0.6350S 
± 2 7 .3 5 s 1 ,1-~o~. 2-=-3,....51,--+- 07".-=-07"24~5"'s,---o,...._7"00~3~1-=-o=s ,~· -- o,...._~o 7=3~1~G 

(33) C = ( ,).992~8'"'") i.6032 

The gain isoquants derived from equations 32 
and 33 are presented in figs. 19 and 20. The con­
tours from both equations for a given gain fall at 
about the same location in the feed plane for 
lower gains. However, for greater gains, the lo­
cation of isoquants for the logarithmic function 
fall higher in the feed plane. (It was mentioned 
previously that the over-all logarithmic function 
tends to overestimate gains for large feed in­
puts or weights per bird.) The figuration of the 
isoquants is most accurate for the quadratic f unc­
tion. However, since the slope of the isoquants 
along a line of given percentage protein is the 
same for the logarithmic function , it can serve 
in the practical manner mentioned earlier (i. e., 
it can be used to suggest the "average" least-cost 
over the entire growth period, although it is not 
best for indicating the least-cost ration for a par-
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eq uation s for part icula r rations. 

ticular increment of gain) . The dots in figs. 19 
and 20 indicate the feed combinations and quan­
t ities necessary to give the specified gains when 
predictions are provided by the single-variable 
equations representing particular rations. 

Isoquants for the lower and upper interval 
functions (logarithmic-type) are given in equa­
tions 34 and 35, respectively. It should be re­
membered that within each gain interval each 

(34) C = [ 1.075~S'·asJS J 1.&103 

(35) c - [ G ]1.""" 
- 0.7021S0 ·2\l"' 

member of the family of gain isoquants will have 
the same slope along a fixed ration line for pre­
dictions from equations 34 and 35. Hence, the 
predictions provide the basis for the practical 
recommendation of the "average" least-cost ra­
tion within the particular interval. 

Sl1BST1TUTION HATES FOH COHN AND SOYBEAN 

OILME.AL 

Prediction of the substitution rates of soybean 
oilmeal for corn along the isoquants is necessary 
in specifying least-cost feed combinations for par-
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ticular gains (i. e., to specify the optimum per­
centage of protein in the ration). The marginal 
substitution rate is the slope of the iso-product 
curve at a particular point or for a particular feed 
combination. The equation for the marginal rates 
of substitution of soybean oilmeal for corn from 
the over-all logarithmic function is 36. 

d C C 
(36) c!S .= 0.60 88 S 

This equation•expresses the amount of corn re­
placed by the addition of one unit of soybean oil­
meal for a particular level of gain when the two 
feeds are combined in the proportions indicated. 
This substitution rate changes along the iso-prod­
uct contours but remains the same along ration 
lines when the logarithmic function is used for 
estimation. For producers who want to use only 
one ration during the production period, the sub­
stitution rates from the above equation would 
provide the "average" basis of ration selection. 
Where they desire to feed two rations during the 
production period, equations 37 and 38 can be 
used to express "average" substit ution rates with­
in the lower and upper interval, respectively. 
(They are based, respectively, on equations 34 
and 35.) 

dC C 
( 37J as = o.7075 8 

dC - 0 4,-5 C ( 38) c!S - . vt> S 

Data in table 6 derived from equations 34 and 
35 show the various combinations of the two feeds 
which will produce 1 pound of gain at broiler 
weights of 1.32 and 3.09 pounds liveweight . As 
mentioned previously, the slope of the gain iso­
quant at any particular point denotes the mar­
ginal rate of substitution of one feed for another. 
Columns 4 and 7 provide the substitution quan­
tities in tabular form and are derived from equa­
tions 37 and 38. Since the data in table 6 are 
for logarithmic functions, the substitution ratio 
will not change between isoquants within a gain 
interval (i. e., for other hroiler weights) when 
the feeds are combined in a fixed proportion to 
result in a given percentage of protein in the ra­
tion. In other words, 1 pound of soybean oilmeal 
substitutes for 1.62 pounds of corn when 0.58 
pound of soybean oilmeal, a total of 1.91 pounds, 

T .\ BLE 6. COM IHNATIONS OF CORN A:--1D SOYBEAN OIL?llE AL FOR PRODUCI:--1G A POU:--1D OF G ATX AND :\fARGINAI. 
SUBSTITU TION RATES FOR BROILERS OF 1.3 2 A:--1O 3.09 P O1.-::'\D LIVEWEIGHT. (ESTIMATES BASED 

0:--1 I N TERVAL LOGARITH:\ITC F UNCTlO::\'S 26 AND 27.) 

Perce n t Lbs. f eed l o produce 
protein 1 lb. of gain* 

i n ration Co rn Soybean oil m ea l 

J 6 1.790 0.378 
17 1. 609 0.418 
lS 1.521 0.476 

l!l 1. 4 J 7 0.f>27 
20 1.326 0.5 78 
21 1. 285 0.631 

22 1.17 4 0.686 
23 1.109 0.744 
24 1.049 0.805 

20 0.99 4 0.87 l 
26 0.9 40 0.940 

* l) e ri ved fro m e qua ti o n 34, Jov.re r w e igh t in terval. 
t Deri,·ed from eq uation 35, uppe r weight inte rval. 

I Mar g inal rale I of s ubs titutio n of 
soybean o ilmeal 

for corn t 

3.349 
2.720 
2.260 

1 .903 
1.622 
1.396 

1.211 
1.05 4 
0.9 22 

0.807 
0.708 

Lb~. feed to produce Marginal rate 
1 lb. of gain t of s ubs titution of 

soybean o ilmeal 
Co rn So~·bean o il m ea l for corn t 

2.4 S6 0.519 2.749 
2.30 1 0.598 2.23'.{ 
2. Lil . 0.680 1.85 6 

2.087 0.7'i5 1. 5 6 2 
L.957 0.85 4 1.331 
1. 867 0.946 1.14 6 

l.'i 86 J. 044 0.994 
1.71 0 1 .148 0.866 
l. 650 J. 259 0.756 

1.:;76 1.381 0.662 
l. 509 1.5 10 0.581 

t The ma r g inal r ale of su bs li lu tion of soybea n oi I m ea l fo r co rn i s obta in ed fro m the a ppropriate Cobb-Douglas i nte r val f un c­
tio n s. :\l a rg ina l r ate o f s ubstitution or dC/dP refer s to the pounds of corn r e placed by a pound of soybean o ilm eal at the in­
clical ed weights. Rates fo r 1.3 2-pou nd w eights are derivatives from equation 37 while those for 3.09-pound w eights a r e from 
eq uation 38. 
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is combined with 1.33 pounds of corn into a 20-
percent protein ration for a pound of gain on 
birds weighing 1.32 pounds; it will substitute at 
the same rate for corn when feeds are combined 
in the same proportions for other weights up to 
1.32 pounds. However, it will require less of the 
feeds in this fixed proportion to produce a pound 
of gain when broilers are at weights lighter than 
1.32 pounds; it will take more at heavier weights. 
This difference in feed requirements per pound 
of gain, while feeds are held in fixed proportions 
to give a constant substitution rate, comes about 
because of a decline in the rate at which feed is 
transformed into gain. Comparisons of feed quan­
tities to produce a pound of gain at weights of 
1.32 pounds and 3.09 pounds illustrate this fact. 
A pound of gain for birds at the latter weight, 
with a 20-percent protein ration, requires 1.96 
pounds of corn and 0.85 pound of soybean oil­
meal, a total of 2.81 pounds. 

Diminishing marginal rates of substitution of 
soybean oilmeal for corn are evidenced at each 
weight. As additional soybean oilmeal is added 
in the ration, for each weight level, each pound 
replaces less and less corn. For 1.32-pound broilers 
on a 16-percent protein ration, 1 pound of soy­
bean oilmeal replaces 3.349 pounds of corn; with 
an 18-percent ration, 1 pound of soybean oilmeal 
replaces 2.260 pounds of corn and with a 22-per­
cent ration, the rate is only 1.211. A similar de­
cline holds true for broilers at the heavier weight, 
except that the substitution rates decline more 
rapidly. 

Substitution rates for corresponding rations are 
lower for 3.09-pound than for 1.32-pound broilers; 
a pound of soybean oilmeal replaces less corn for 
heavier birds than for light birds when fed the 
same ration. For 1.32-pound broilers on a 20-
percent protein ration, a pound of soybean oil­
meal replaces 1.62 pounds of corn, but it replaces 
only 1.33 pounds of corn for 3.09-pound broilers. 
This relationship conforms to the nutritional 
needs of broilers at different weights: At low 
weights, protein is relatively more important for 
growth and corn is a less efficient substitute for 
soybean oilmeal than at heavier weights where 
maturity is approached. 

One-pound gain isoquants for broilers of 1.32-
and 3.09-pound liveweights based on the data of 
table 6 are shown in fig. 21. The isoquants in 
this figure are to be interpreted differently than 
the conventional isoquant maps such as shown in 
figs. 19 and 20. The lower and upper curves in 
fig. 21 show the combinations of corn and soy­
bean oilmeal required for 1 pound of gain when 
broilers have liveweights of 1.32 and 3.09 pounds, 
respectively. Conventional isoquant maps show ac­
cumulated gains (or weights) and feed inputs 
rather than feed inputs for a pound of gain at a 
specified weight. The gain isoquants shown in fig. 
21 illustrate graphically the preceding discussion 
on diminishing substitution rates between rations 
and between weights. The slopes of the curves 
decline as the ration contains a greater propor-

2_7.5.--.--,---.,.---.---,-----.----,--,------, 
16% 

C 

8 1.2 5 1----++--+--++->.+---,,f--------j,''---j.....lJ..l\i-..,.,..J.LiiJ.c...i...t,GL_-J 

0 
~ I. OQt-----;4-+---,.-+-,f---t,<--"<---Y'~,.....C.-.,..-+-----+-~l-----l 
...J 

Percent figures indicate the 
amount ·of protein in the 
ration. 
Straight I ines ore rot ion 
lines . 

0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 
Lbs. Soybean 0 ilmeol 

.Fig. 2]. O ne-poun d ga in i~oq ua n ts fo r h roiler s at 1. 32 a n d 
3.09 pound~ li veweig h t as d e t e rmin e d f r o m logari l hn1 ic in ­
te r val fun c ti o n s 34 a nd 35, respectively. 

tion of soybean oilmeal, indicating diminishing 
substitution rates of soybean oilmeal for corn. 
Conversely, as greater amounts of corn are used, 
the slopes of the curves become increasingly steep 
indicating decreasing substitution rates of corn 
for protein. The fact that along a fixed ration 
line the 1-pound isoquant for a 3.09-pound weight 
has less slope than for a 1.32-pound weight indi­
<'.ates that soybean oilmeal substitutes at a lower 
rate at the heavier weight. 

LEAST-COST RATIONS 

Quantities such as those derived in the preced­
ing section provide the basis for specifying the 
optimum combinations of corn and protein (soy­
bean oilmeal in this study) for broilers. The 
least-cost rations can be determined by equating 
the marginal rate of substitution with the inverse 
price ratios. The isoclines, or points of equal sub­
stitution rates, lie on a straight line passing 
through the origin for a logarithmic function. 
These lines are also ration lines for the particu­
lar type of function. Thus, where the need is to 
predict one ration which "averages" least-cost 
over the entire feeding period, equating substitu­
tion rates from the over-all logarithmic function 
with the price ratio will provide such a ration. 
Where the need is to change rations between two 
growth periods, equating the price ratio with sub­
stitution rates from interval equation 37 provides 
the average least-cost ration for the first 6-7 

· weeks; equating the price ratio with equation 38 
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provides the least-cost average ration in the lat­
ter part of the feeding period. As mentioned 
earlier, these procedures are used in this study 
as practical measures since most broiler producers 
feed the same ration throughout, or change it 
only once during the production period. While the 
quadratic function provides "biologically more ac­
curate" isoclines, it is less practical in the sense 
that the isoclines do not indicate average rations 
to be fed over an interval of weight gains. 

Data in table 7 provide substitution rates which 
can be used to indicate least-cost rations as aver­
ages over two weight intervals or over the entire 
production period. For example, if the price of 
soybean oilmeal is 3 cents per pound and the price 
of corn is 2 cents per pound, the price ratio is 
3/ 2 or 1.5; a 20.5-percent protein ration gives the 
least-cost ration as an average over the first 
weight interval; for this price ratio, the least­
cost ration falls between 17 .5 and 18.0 percent 
protein for the second weight interval. If the 
same ration were to be fed over the entire pro­
duction period, the best "average" ration is 19.5 
percent protein. These are the rations where the 
marginal rates of substitution of soybean oilmeal 
for corn most nearly approximate the soybean oil­
mealjcorn price ratio of 1.5. If the price of soy­
bean oilmeal increases to 4 cents, with corn re­
maining at 2 cents per pound, the price ratio be­
comes 2.0. An 18.5-percent protein ration then 

TABLE 7. :vIARGINAL RATJJ:S OF SUBSTITUTION OF SOY­
BEAN OILMEAL FOR CORN FOR SPECI FIED GAINS AS 
ESTIMATED BY T HE LOGARITHMIC OVER-ALL AND 
INTERVAL FUNCTIONS. 

1.23 lbs. gain 3.0 lb s . gain 

~=-:t~:_- ~:~; ( 1.3 2 1 bs. Ii veweigh t) (3.09 lbs. liv ew eight) 

P e r cen t S ubstitution Substitution 
protein rates for Subs titu tion rates for Su b s titution 

in sin gle ration rates for single ration rates for 

ration over e nt ire first o ver enti re s econd 
production interval t produ ction intervalt 

~ f,,..~, _, :;;;.• ':>' " period* period 

16 .0 3.666 4.259 3.666 2.742 
15.5 3.234 3. 75 8 3.234 2.420 
16.0 2. 8 82 3.349 2. 88 1 2.156 
16.5 2.5 89 3.008 2.5 89 1.937 
17 .0 2.341 2.720 2.341 1.751 

17.5 2.129 2.474 2.130 1.5 9 3 
18.0 1.945 2.261 J.94 5 1. 4,55 
18.5 1. 7 82 2.071 1. 7 8 2 1.333 
19.0 1.638 1.903 1.638 1.225 
19.5 1. 510 1. 7 55 1.510 1.130 

20.0 1.396 1.622 1.396 1.044 
20.5 1. 294 1. 504 1.294 0.968 
21.0 1. 202 1.397 1. 202 0. 899 
21.5 1.11 8 1.299 1.118 0.8 37 
22.0 1.04 2 1.2 10 1.042 0. 77~ 

22.5 0.972 1.129 0.96 2 0.727 
23.0 0.90 8 1.054 0.90 8 0.679 
23.5 0.84 8 0.986 0. 84S 0.634 
24.0 0.793 o.n2 0.793 0.593 
24 .5 0.7 42 0.8 62 0.742 0.556 

25.0 0.695 0. 807 0.6 95 0.520 
25. 5 0.650 0.7 56 0.650 0.487 
26.0 0.609 0.70 8 0.609 0.456 

• D e rivativ es for over-all logarithmi c function c overing both 
w eight interval s . Substitution rates do not change in the 
d i ffe r ent w eight inte rval s when t h e over-all fu n c tion i s us ed 
(see earli e r discuss ion on logi c of estimation). 

t D erivatives for logarithmic fu n ct ion in fir s t weight interval. 
t D er ivatives for logarithmic function in second w e ight in­

t e rval. 
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averages least-cost for the first weight interval. 
This ration would be fed for a total gain of 1.23 
pounds (1.32 pounds liveweight), and then a ra­
tion of 16.5 per"cent protein would be fed through 
the second interval. 

It is of interest to note that the substitution 
rates as averages for the over-all production pe­
riod (based on the over-all logarithmic function) 
fall between those for the two intervals. For ex­
ample, with a 20-percent protein ration, the rate 
of substitution of soybean oilmeal for corn is 
1.622 for the first interval, 1.396 for the over-all 
period or function and 1.044 for the second inter­
val. In other words, if the ration which averages 
least-cost over the entire production period is fed, 
it includes less protein for the first interval and 
more protein for the second interval than would 
be fed if separate rations averaging least-cost 
over the two weight ranges were used. Hence, 
the cost of gains to marketing would be greater 
for a single ration than for two different rations 
over the growth period. This difference must be 
compared to the equipment, labor and general 
practicality of feeding one ration throughout the 
period, or of shifting the ration to conform with 
changes in substitution rates with broiler growth. 

Tables 8, 9 and 10 provide figures showing the 
least-cost rations, respectively, (a) throughout 
the production period, (b) for the first interval 
of growth and (c) for the second interval of 
growth when logarithmic functions are used as 
the basis for predicting "average" rations over 
the particular periods. Hence, with a "low" price 
for corn at 1.7 cents and a "high" price for soy­
bean oilmeal at 6 cents per pound, the least-cost 
ration to be fed over the entire period includes 
15.0 percent protein. With corn at 2 cents and 
soybean oilmeal at 4 cents, the least-cost ration 
in the first interval is 18.5 percent protein; the 
least-cost ration for the second interval is 16.5 

TABLE 8. RATIONS PROVIDING LEAST-COST COMBINA­
TIONS OF CORN AND SOYBEAN OILMEAL WITH DIF­
FERENT FEED PRICES. (FOR BROILERS FED A FIXED 
PERCENT AGE OF PROT E IN THROUGHOUT THE FEED­
ING PERI OD. LOGARITHMIC OVER-ALL FUNCTION 13 
USED AS A BASIS OF FEED COMBINATIONS.) 

P r ice of Price of soybean oilm ea l in cents per po und t corn In 
cents per 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 pound• 

1.6 1 8.0 1 7 .5 16.5 16.0 15.5 15. 5 
1. 8 19 .0 1 8.0 17.5 16 .5 16.0 15.5 15.5 15.0 
2.0 19.5 18.5 18.0 17.0 16.5 16.0 16.0 15.5 
2.2 20.0 19 .0 18.5 17.5 17.0 16.5 16 .6 16.0 
2.4 20. 5 19.5 19.0 18.0 17.5 17.0 16.5 16.5 

2. 6 21.0 20.0 19 .5 18 .5 18.0 17.5 17.0 16.5 
2.8 22.0 20.5 20 .0 19.0 1 8.5 18.0 17.5 17.0 
3.0 22 .5 21.0 20 .5 19 .5 19 .0 1 8.5 18.0 17.5 
3.2 22.5 21.5 20.5 20.0 19.5 1 8.5 18.0 18.0 
3.4 23.0 22.0 21.5 20. 5 19.5 19.0 18.5 18.0 

3.6 23 .5 22.5 21.5 20.5 20.0 19.5 19.0 18.5 
3.8 24.0 23 .0 22 .0 21.0 20.5 20.0 19 .0 18.6 
4.0 24.5 23.5 22.5 21. 5 20.5 20.0 19.5 19 .0 

• Th e price for corn i ncludes the cos t of grinding , mixing and 
a p r oportionate s h are of the oth e r feed ingred ients included 
in th e f eed mixture othe r than s oybean oilmeal. 

t Th e p rice of ~oy bean oilrneal includes a ch arge for mixing 
a long wi.th a proportionate share of the o the r f eed ingredi­
ents included in th e f eed mixture oth e r than corn . 



TABLE 9. RATIONS PROVIDING LEAST-COST COMBINA­
TIONS OF CORN AND SOYBEAN OILMEAL WITH DIF­
FERENT FEED PRICES. (FOR BROILERS FED A FIXED 
PERCENTAGE OF PROTEIN FROM 0.09 TO 1.32 POUNDS 
LIVEWEIGHT. LOGARITHMIC INTERV AL FUNCTION 
26 USED AS A BASIS OF FEED COMBINATIONS.) 

Price of 
corn in 

cen ts per 
pound* 

1.G 
1. 8 
2.0 
2.2 
2.4 

2.6 
2.8 
3.0 
3.2 
3.4 

3.6 
3.8 
4.0 

Price of soybea n o il m eal in cen ts per pound! 

3.0 3. 5 4.0 4. 5 5.0 3.5 6.0 6.5 

19.0 18.0 17.5 17 .0 16 .5 16 .0 15.5 15.0 
20.0 19 .0 18.0 17.5 17.0 16.5 16.0 15.5 
20.5 19.5 1 8.5 18.0 17. 5 17 .0 16.5 16.0 
21.0 20.0 19.5 18.5 18.0 17.5 17.0 16.5 
22.0 20.5 20 .0 19.0 18.5 18.0 17.5 17.0 

22 .5 21.0 20.5 19.5 19.0 18.5 18.0 17.5 
23.0 22.0 21.0 20.0 19.5 19.0 18.-5 18.0 
23.5 22.5 21.5 20.5 20.0 19.0 18.5 1 8.0 
24.0 22.5 21.5 21.0 20 .0 19.5 19.0 1 8.5 
24.5 23.0 22.0 21.5 20.5 20.0 19.5 19.0 

25.0 23.5 22 .5 22.0 21.0 20.5 2().0 19.5 
25.0 24.0 23.0 22.0 21.5 21.0 20.0 19.5 
25.5 24.5 23.5 22.5 22.0 21.0 20.5 20.0 

• Th e price for co r n includes the cost of grinding, mixing and 
a p r o1: o r tio nate s ha re of th e other f eed ingredi ents included 
i n th e f eed mixtu r e other than soybean o ilm eal. 

t The price of soybean oi lm ea l inc ludes a charge for mixing 
alo ng with a propo r t ionate share of the other fee d ingred i­
ents in c lu ded in the f eed mixture oth e r than co rn. 
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F ig. 22. Least-cost rations fo r two w eight interva l s based on 
logarith m ic functions 34 and 35 with a soybean oilmeal/corn 
pr ice ratio of 1.6. 

percent protein. Hence, tables 8, 9 and 10 can be 
used to determine the percentage of prot ein in 
t he ration which gives lowest feed cost s per pound 
of gain for any "of the combinations of the prices 
shown. The rations indicat ed in the cells of the 
table ar e those where the marginal rate of sub­
stitut ion of soybean oilmeal fo r corn is equal to 
the pr ice ratio obtained by dividing the soybean 
oilmeal price at the top by the corn pr ice in the 
left-hand column of the table. Table 11 indicates 

TABLE 10. RATIONS PROVIDING LEAST-COST COMBINA­
TIONS OF CORN AND SOYBEAN OJL:VIEAL WITH DIF­
FERENT FEED PRICES. ( FOR BROILERS FED A FIXED 
PERCENTAGE OF PROTEIN FOR ALL WEIGHTS ABOVE 
1..32 POUNDS. LOGARITHMIC INTERVAL FUNCTION 
27 USED AS A BASIS OF' FEED co:MBINATIONS.) 

Price of I corn in 
cents per 
pound* 

1.6 
1.8 
2.0 
2.2 
2.<l 

2.6 
2.8 
3.0 
3.2 
3.4 

3.6 
3.8 
4.0 

Price of so~·bean oilrn eal in cents per poundt 

3.0 3.5 4.0 

16.5 16.0 15.5 
17.0 16.5 16 .0 
18.0 17 .0 16.5 
18.5 17 .5 17.0 
19.0 1 8.0 17.5 

19 .5 18 .5 17.5 
20.0 19.0 18.0 
20.5 19.5 1 8.5 
20.5 19.5 19.0 
21.0 20.0 19.5 

21.5 20.5 19.5 
22.0 21.0 20.0 
22 .5 21.0 20.5 

4 .5 5.0 

15.5 
16 .0 15.5 
16 .0 16.0 
16.5 16.0 

5.5 

15.5 
15.'5 

17.0 16.5 16.0 
17.5 17.0 16.5 
1 8.0 17 .5 17 .0 
18.0 17.5 17.0 
1 8.5 1 8.0 17 .5 

19.0 1 8.5 17.5 
19.0 1 8.'5 1 8.0 
19.5 19 .0 18.5 

6.0 

16.0 
15 .5 

15.5 
16.0 
16.si 
16.5 
17.0 

17.5 
17.5 
18.0 

6.5 

15.0 

15.6 
15.5 
16.0 
16.5 
16.5 

17.0 
17.0 
17.5 

• Th e price for corn includes the cost of grinding, mixing and 
a proportionate share of th e other feed ingredients included 
in th e feed mixture oth e r than soybean oilmeal. 

t Th e price of soybean oilmeal incl udes a charge for mixing 
along with a proportionate s hare of the other feed ingredi­
en ts inc l ude d in the feed mixture oth e r than corn. 

TABLE 11. ESTIMATED CORN AND SOYBEAN OILMEAL 
REQUIREMENTS PER 100 POUNDS OF FEED 

FOR VARIOUS PROTEIN RATIONS.• 

Percent 
protein Corn Soybean oilmeal 

in (pounds) (pounds) 
ration 

15.0 73. 75 12 .26 
15.5 7 2.38 13.62 
16.0 71.00 15 .00 
16.5 69.62 16 .38 
17.0 68.25 17.7•5 

17 .5 66.88 19.12 
18.0 65.50 20.50 
18.5 64.02 21.88 
19.0 62.55 23.25 
19.5 61.08 24.62 

20.0 59.60 26.00 
20.5 58.18 27.38 
21.0 56.75 28.75 
21.5 55.32 30.12 
22.0 53.90 31. 50 

22 .5 52 .48 32.88 
23 .0 51.05 34.25 
23.5 49.62 35.62 
24.0 4 8. 20 37.00 
24.5 4 6. 78 38.38 

25.0 45.35 39.75 
2fi.fi 43 .92 41.12 
26.0 4 2.50 42.50 
26.5 41.08 43. 80 
27.0 39.65 45.2,5 

• Th ese est imates are based o n (a) ground yellow corn con­
taining 8.4 percent c rude prote i n and soybean oilmeal con­
ta ining 45 percent c rude pro t ein and (b) a constant amount 
of other f eed s consisting of 5 lb s. wheat middlings, 2.5 lbs. 
a lfalfa meal, 2.5 lbs . fishmeal, 2.0 l bs. bonemeal , 0.5 l b. oys­
ter shells, 0.5 l b. salt a n d 1.0 lb. of a premix including vita­
mins and antibiotics. 
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the amount of corn and soybean oilmeal needed 
for 100 pounds of a feed mixture containing the 
indicated percentages of protein. 

Graphic illustrations of the average least-cost 
rations for two different price ratios of soybean 
oilmeal and corn are given in figs . 22 and 23 for 
the two weight intervals. Under a situation with 
a price r at io of soybean oilmeal to corn of 1.6, 
(e. g., $4.00 and $2.50 per h undred pounds, re­
spectively, for the two feeds), t he least-cost ra­
tions for the two periods are as shown in fig . 22. 
A 20-percent protein ration provides the "aver­
age" least-cost ration unt il a weight of about 1.32 
pounds is attained ; then a 17.5-percent ration pro­
vides t he "average" least-cost ration for the re­
mainder of the feed ing period. An increase in th e 
price ratio to 1.875-which could be caused by (a ) 
an increase in soybean oilmeal prices, (b) a de­
crease in corn price or (c) a combination of (a) 
and (b)-would cause a new set of rations t o be­
come lowest in cost , as shown in fi g. 23. The 
"average" least-cost rations now include 19.0- and 
16.5-percent protein levels fo r the first and sec­
ond periods . The t ime required fo r t hese gains 
may be of importance to the broiler producer. 
Time considerations are discussed in a succeed-
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F ig. 23. L ea s t -cost rations for t,vo ·weight inte rval s based on 
logarithmic funct ions 34 a n d 35 with a soyl>e:crn o ilm cal /corn 
price ralio of 1.875. 
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F ig . 24. "Spliced" isoclines fo r two w eight in t e rvals s howin g 
path of leas t-cos t r a tions when f eed combina tion s a r e ch a n g(ld 
once du r ing t h e produc tion period. Based on logarithmic f unc­
t ion s 34 a nd 35. 

ing section. Figure 24 shows the nature of ra­
t ion paths over the two intervals when one change 
is made in feed combinations over the production 
period. The break in slopes of the isoclines comes 
at the end of the first interval. The correspond­
ing isocline for the second interval is "spliced" 
on to indicate the "average" least-cost rations 
fo r the two weight r anges . Hence, the isocline 
labeled 2.0 would be followed for prices such as 
4 cents for soybean oilmeal and 2 cents for corn; 
3 cents for soybean oilmeal and 1.5 cents for corn; 
2.5 cents for soybean oilmeal and 1.25 cents for 
corn, etc. The 2.5 isocline would be followed for 
all price combinations giving this value, etc . 

In interpreting figs. 22, 23 and 24 it should be 
r emembered that the slope of the upper segment 
of the isocline st ar ts from the origin of a new 
feed plane. In figs. 22 and 23, for example, the 
boundaries of the new feed plane are formed by 
t he t wo lines which inter sect at the "splice" in 
the isocline. The scale for these new axes starts 
from zero and feeds are measured accordingly. 



Feeds for the rations in the second interval are 
not measured in r espect to t he original axes for 
the fir st interval. To measure feeds for the sec­
ond interval on the original axes fo r the first in­
terval would result in changing rations for each 
bird weight, since the upper portion of "spliced'' 
isocline, if it were ext ended to the axis , would in­
tersect the soybean oilmeal axes (whereas, it in­
tersects the origin fo r axes t o which it refers ). 
The sam e statement applies to the "point s of 

splices" in fig. 24. Although the "new axes" are 
not shown because of space limitations, a new ori­
gin actually occurs at t he point of splice for each 
pair of segmen ts forming an isocline, and feeds 
must be measured accordingly. 

SIMPLIFIED DETERMINATION 

F igure 25 provides a simplified basis for esti­
mating the least-cost ration in either weight in-

en 
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F ig . 25. " Averag e" lea s t -co s t p rote in ra tio n s fo r b r o ile r s f ed ( a) a s ingle r a ti o n a nd ( b ) t wo d i l'fe re n t rat io n s d ur ing th e pro­
duc ti o n p e ri od fo r v a r iou s pri ces of ·oy bea n o ilm eal a n d corn . L ogarithmic func tions 36 , 37 a n d 38 a r e u sed as a bas is for 
r a tion se lection s . 
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terval, or for the total production per iod. While 
it has been devised by relating substit ut ion ratios 
to price ratios, it considers only discrete points on 
the production surface and specifies a single onti­
mum ration for small ranges of price ratios . For 
example, it indicates a 24.5-percent ration over 
the entire growth period for soybean oilmeal/ corn 
price ratios bet ween 0.7 and 0.8 ; for price ratios 
between 2.4 and 2.5, the optimum single ration 
over th e ent ire production period is 16.5 percent 
protein . 

The graph can be used as follows : Suppose the 
price of soybean oilmeal is 6 cents per pound ($6 
per cwt.) while corn is 3 cents per pound ($3 per 
cwt. ) . Fo11ow across the horizontal "$6 line" for 
soybean oilmeal unt il it intersects the "$3 line" 
for corn. Then follow the diagonal line passing 
through this point of intersection to find the least­
cost r ation. It will include 18 percent prot ein if 
a single ration is fed ; it will include 19 per cent 
for the fi rst interval and 16.5 percent for the sec­
ond interval if one change in rations is made dur­
ing the growing period. 

MOST PROFITABLE "WEIGHTS FOR 
BROILERS 

While the procedure and tables outlined above 
allow specification of the optimum r ation , they do 
not indicate the total amount of f eed t o be fed ner 
broiler and, hence, th e optimum marketing 
weight. However , aft er the least-cost r ation has 
been determined, it is possible t o use the input ­
output equations to determine the optimum level 
of feed ing and the most profitable mar ket ing 
weigh t . The optimum marketing weight is deter­
mined. as outlined earlier, by equating the deriva­
t ive of the gain-feed function for a particular pro­
tein ration with the feed/ broiler price ratio. In 
other words, by equating the marginal physical 

products from feed with the f eed/broiler price 
ratio, the optimum weight of broilers can be ob­
tained. 

The quadratic function 11 has been used for 
obtaining the optimum weights. The over-all func­
tion has been used to express gains as a function 
of feed inputs for fixed proportions of corn and 
soybean oilmeal (i. e., rations containing a given 
percentage of prot ein) for protein levels from 15 
to 27 percent. Ra tions below 16 percent and 
above 26 percent protein are extrapolations out­
side the obser vations of the study. A compari­
son of total weights fo r broilers estimated for 
these various prot ein levels is shown in table 12. 
Again it is noticeable that from a physical ef­
ficiency standpoint,10 rations high in protein pro­
vide the greatest gains per unit of feed used for 
low weights ; then, as feed intake increases, ra­
tions lower in protein content are more efficient. 
The marginal quantities in table 13 illustrate this 
relationship more clearly. For the first few 
pounds of feed consumed, the marginal or addi­
t ional gains per unit of feed input are highest at 
the 27-percent protein level. As more feed is con­
sumed, the r ations giving the highest additional 
gains per unit of feed consumed are those with 
lower protein levels. 

Tables 14 and 15 indicate, respectively, the op­
t imum amount of feed per bird and the optimum 
marketing weight for various ratios of feed and 
br oiler prices. The least-cost ration would be de­
t ermined first in t ables 8, 9 and 10. Then tables 
14 and 15 should be used to predict the total 
amount of the particular ration and the optimum 
marketing weight per broiler. By equating the 
derivative of each function representing gain 
along a r ation line (isocline) with the feed-broiler 

10 P h ys ical e ffi cien cy is u sed as the u nit of gain per unit of 
feed inp u t wi thout r ega r d t o costs or r eturns . 

T ABL E 1 2. T OT AL L IVEW EIGHT PER B R OILER FOR IND I CAT E D POUN D S OF ACCUMULAT ED FEED I NPUT S "\VHEN 
FED V A R IOUS P ROT E IN RATIONS.• 

Feed Percent pr otein in ration 
In pu ts 

in pounds 15.0 16.0 17. 0 18.0 19.0 20.0 21. 0 22 .0 23.0 24 .0 2·5.0 26 .0 27 .0 

0.5 0.335 0.337 0.339 0.342 0.343 0.3 45 0.347 0.3 49 0. 350 0.35 2 0.354 0.356 0.358 
1.0 0.544 0.547 0.551 0.556 0.559 0.562 0.5 66 0.569 0.5 72 0. 576 0.579 0.58 2 0.585 
1.5 0.744 0.750 0.757 0.763 0.768 0.772 0.777 0.782 0. 787 0.792 0.796 0.800 0.805 
2.0 0.93 8 0.947 0.956 0.964 0.970 0.97.6 0.982 0.989 0.994 0 .999 1.0 0,5 1 .010 1.015 
2.G l.127 1.1 38 1.148 1.1 58 1.166 1.173 1.180 1.188 1. 194 1. 20 1 1. 207 l. 21 2 1. 217 

3.0 1.309 1.322 1.334 1.34 6 1. 355 1,363 1.37 2 1.380 1.387 1 .394 1.4 00 1.4 06 1.411 
3.5 1 .485 1 .!iOO 1.514 1.527 1.537 1. 54 6 1 .556 1. 565 1.5 7 2 1 .57 9 1.586 1.591 1. 596 
4. 0 1.654 1.67 1 l.687 1.702 l. 71 3 1. 723 1.733 l . 7 4 2 1. 7 !iO 1 . 7 57 l. 763 1 .76 8 1. 772 
4.5 1. 817 1.836 1.854 1.8 7 0 1.882 1.893 1. .904 1. 913 1. 92 1 1. 9 28 1.na l. 937 1. 939 
5.0 1.973 1.994 2.014 2.032 2.045 2.056 2.067 2.077 2.08 5 2.091 2.09 5 2.097 2.09 8 

!i.fi 2. 1 23 2. 147 2.168 2. 187 2.201 2.213 2.2 24 2.233 2. 241 2. 24 6 2.249 2.2 50 2.2 49 
R. O ?.267 2.292 2.31n 2.33 6 2.351 2.363 2.376 2.383 2. 389 2. 393 2.395 2.394 2.390 
6.5 2.404 2.4 3 2 2.456 2.4 7 8 2.493 ?..506 2.5 17 2.!i25 2.53 1 2.,533 2.533 2.530 2.524 
7.0 2.535 2.565 2.591 2.614 2.630 2.642 ?.. 653 2.660 2.6fi5 2.666 2.663 2.6 57 2.64 8 
7.5 2.659 2.691 2.7 19 2.743 2.759 2. 771 2.782 2.789 2.791 2. 79 0 2.7 85 2. 777 2. 764 

8.0 2.777 2.8 11 2.8 41 ?)HH~ ?..882 ?.894 2.90 4 2.9 10 2.911 2.907 2. 900 2.888 2.871 
8.5 2.889 2.925 2.956 2.9 82 2.999 3.011 3.020 3.02 4 3.0?.3 3.017 3.006 2.991 2.97 0 
9.0 2. 994 3.032 3.064 3.091 3.10 8 U 20 3.128 3.13 1 3. 1 28 3. 12 0 3.10 5 3.085 3.060 
9., 3.09S 3,133 3.1 67 3.194 3.212 3.n3 3, ?30 3.230 3. ?2, 3. 213 3.1 96 3.17 2 3.142 

10.0 3.186 3.228 3.263 3.291 3.308 3.319 3.324 3.323 3.315 3.300 3.279 3.250 3.214 

10.5 3.272 3.306 3.352 3.381 3.398 3.40 8 3.41 2 3.409 3.4 7 3 3.37 9 3.3 5 3 3.320 3.t 79 
11.0 3.3 52 3.397 3.43 5 3.4 64 3.481 3.491 3.493 3.4 87 3.4 73 3.4 51 3.42 0 3.38 2 3.33 4 

• T ota l liveweigh ts obta in ed b y addi n g in itia l w eight of 0.09 pound for ch icks, to gahs es t ima t ed fro m qua dra ti c ove r -all fu n c-
tion 11 . 
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TABLE 13. MARGINAL GAINS (LBS. GAIN PER ADDED LB. OF FEED) FROM SPECIFIED FEED INPUTS PER BROILER 
ON VARIOUS PROTEIN RATIONS (ESTIMATED FROM QUADRATIC OVER-ALL FUNCTION 11). * 

Feed Pere nt protein in ration 
inp u t 

15 .0 16.0 17.0 18.0 19 .0 20.0 21.0 22 .0 23 .0 24 .0 25.0 26.0 27.0 in pounds 

0.5 0.4215 0.4259 0.4302 0.4 344 0.4376 0.4408 0.4444 0.4479 0.4513 0.454 6 0-4 579 0·4612 0.4643 
1.0 0.408 7 0.4131 0.4173 0.4213 0.4244 0.4 27 4 0.4306 0.4337 0.4366 0. 4 3 9 5 0.4 4 21 0.4447 0.4471 
l .'5 0.3960 0.4003 0.4044 0.4083 0.4112 0.4139 0.4168 0.4195 0.4 220 0.4243 0.4263 0.4282 0.4299 
2.0 0.3832 0.3876 0.3915 0.3953 0.3980 0.4 005 0.4-030 0.4053 0.4073 0.4091 0.4105 0.4117 0.4126 
2.5 0.3704 0.3747 0.3786 0.3822 0.3848 0.3870 0.3892 0.3911 0.3927 0.3939 0.3947 0.3953 0.3954 

3.0 0.3576 0.3619 0.3657 0-3692 0-3716 0.3736 o. 37 55 0.3769 0.3789 0.3787 0.3789 0.37 88 0.37 82 
3.5 0.3448 0.34 91 0.3528 0.3561 0.3584 0.3601 0.3617 0.3628 0.3634 0.3635 0.3631 0.3623 0.3610 
4.0 0.3320 0.3363 0.3399 0.3431 0.3451 0.3467 0.3479 0.3486 0.34 7 0.3483 0.3473 0.3458 0.3438 
4.5 0.3193 0.3235 0.3270 0.3300 0.3319 0.3332 0.3341 0.3344 0.3341 0.3331 0.331 5 0.3294 0.3 266 
5.0 0.3065 0.3 107 0.3141 0.3170 0.3187 0.319 8 0.3203 0.3202 0.3194 0. 3179 0.3157 0.3129 0.3093 

5.5 0.2937 0.2978 0.3013 0.3039 0.30 55 0.3063 0.3065 0.3060 0.304 0.3027 0.2999 0.2964 0.2921 
6.0 o. 2809 0. 2850 0.2884 0.2909 0.2923 0. 29 29 0.2928 0.291 8 0.2901 0.2875 0.2841 0.2799 0. 27 4 9 
6.5 0.2681 0.2722 0.2755 0.277 8 0.2791 0.2794 0.2790 0.2776 0.2754 0.2723 0.2683 0.2635 0.2577 
7.0 0. 2553 0.2594 0.2626 0.2648 0.2659 0.2660 0.2652 0.2635 0.2608 0.2525 0.2625 0.2470 0.2405 
7.5 0 .2426 0.2466 0.2497 0.2517 0.2526 0.2525 0.2514 0.2493 0.2461 0.2419 0.2367 0.2305 0.2232 

8.0 0.2 29 8 0 . 2338 0.2368 0.2387 0.2394 0.2391 0.2376 0.2351 0.2315 0.226 0.2209 0.2140 0.2060 
8.5 0.2170 0.2210 0.2239 0.2 256 0.2262 0.2256 0.2238 0.2209 0.2168 0.2116 0.2051 0.1976 0.1888 
9.0 0.20 42 0.2082 0. 2110 0.2126 0.2130 0.2122 0.2101 0.2067 0.2022 0. 1964 0.1893 0. 1811 0.1716 
9.5 0.1 914 0.1954 0.1981 0.1995 0.1998 0.19 7 0.1963 0.1926 0.1875 0.1812 0.1735 0.1 646 0.1544 

1 0.0 0. 1786 0.1826 0.1852 0.1865 0.1 66 0.1853 0.1825 0.1784 0.1729 0.1660 0.1577 0.1481 0.1371 

1 0.5 0. 1659 0.169 8 0.1723 0.17 34 0.1734 0.171 8 0.1687 0.1670 0.1612 0.153 8 0.1419 0.1317 0.1200 
11. 0 0.1531 0.1570 0.1594 0.1604 0.1601 0.1584 0.1549 0.1500 0.1436 0.1356 0.1261 0.1152 0.1027 

*F ig ures in bod y of table i n d ica t e a d de d lbs . of gain from each 1-pound added un i t of fee d , start ing from th e total f eed inpu ts 
s h o w n in the fi r st colu mn . 

T ABLE 14. POUNDS OF FEED REQUIRED FOR OPT UfUM WEIGHTS UNDER VARIODS BROILER AND FEED PRICE 
RAT IOS (PREDI CTED FROM EJQUATION 11). 

B r o ile r I Feed/ P ercent prote in in ration 
fee d b r oil e r 
price price 15.0 
r a tio ratio 

16.0 17.0 18 .0 19.0 20.0 21.0 22 .0 23.0 24.0 25.0 26.0 27.0 

3. 6 0.278 6. 12 6. 29 6.41 6.50 6.55 6.56 6.54 6.50 6.42 6.32 6.20 5.97 5.9 2 
3.8 0.263 6.69 6.86 6.98 7.06 7. 1 0 7.14 7.07 7.01 6.9 2 6.80 6.66 6.4 2 6.34 
4.0 0.250 7.21 7.38 7.49 7.57 7.60 7.59 7.55 7.4 8 7.37 7. 24 7.08 6. 8 2 6. 7 2 
4. 2 0.238 7.67 7 .84 7.95 8.02 8.05 8.04 7.98 7.89 7.77 7.63 7.46 7 .27 7.07 
4.4 0.227 8.10 8.27 8.37 8.4 4 8.4 6 S.44 8.38 8.28 8.14 7.9 8 7.80 7.60 7.3 8 

4.6 0.217 8.48 .65 .75 8.82 8 .83 8. 1 8.73 8.62 .4 8 8.31 .ll 7.90 7.67 
4.8 0.208 8.84 9.00 9.10 9.16 9.18 9.14 9.06 8.94 8.79 8.61 .40 8.17 7.93 
5.0 0.200 9.16 9.34 9.4 3 9.48 9.49 9.45 9.36 9.24 9.07 8.88 8.66 8.4 3 8.1 8 
5.2 0.192 9.46 9.64 9.72 9.78 9. 78 9. 7 4 9.64 9.51 9.34 9.13 8.91 8.66 8.4 0 
5.4 0.185 9. 7 4 9.91 10 .00 10.05 10.05 10.00 9.90 9. 76 9.5 8 9.37 9.13 8. 8 8.60 

5.6 0.179 10.00 10.17 10.25 10 .30 10.30 10.25 10.14 9.99 9. 80 9.59 9.34 9.08 8. 0 
5.8 0. 172 1 0.2 4 10.41 10.50 10 .54 10.54 10.48 10.37 10 .21 10.02 9. 79 9.54 9.26 .98 
6.0 0. 167 10.47 10.64 10.72 10.70 10.75 10 ·69 10.57 10.41 10.21 9.9 8 9. 72 9.4 4 9.14 
6. 2 0. 1 61 10.68 10 .85 10.93 10 .97 10.96 10.89 10.77 10.60 10.4 0 10.15 9. 89 9.60 9.30 
6.4 0.1 56 10.88 11.05 11.12 11.16 11.15 11.9 8 10.95 10.78 10.57 10.32 10.05 9. 7 5 9.44 

6.6 0. 1 52 11. 06 11.23 11.31 11.3 4 11.33 11.25 J.1.12 10 .95 10.73 10.48 10 .20 9.90 9.58 
6.8 0. 14 7 11. 24 11.40 11.48 11.51 11.50 11.42 11.29 11.10 10 . 8 10.62 10.3 4 10.03 9.65 
7.0 0. 14 3 11. 40 11.4 7 11.64 11.67 11.f\5 11.58 11.44 11.25 11.03 10 .76 10.47 10.16 9.83 

T ABLE 1 5. WEIGHT S (POUNDS) FOR MAXIMIZING RETURNS ABOVE FEED COSTS FOR BROILERS ON VARIOUS PRO-
T E I N RAT IONS WITH SPECIFIED BROILER / FEED (FEED / BROILER) PRICE RATIOS 

(PREDICTED FROM EQUATION 11). 

Broil e r / Feed / Percent protein in ration 
feed b r oil e r 
pr ice p r ice 15.0 16.0 17.0 18.0 19 .0 20.0 21.0 22.0 23.0 24.0 25.0 26.0 27 .0 
ratio ratio 

3.6 0.278 2.30 2.38 2.43 2.4 8 2.51 2.52 2.53 2.52 2.51 2. 4 8 2.4 5 2.39 2.37 
3.8 0.263 2.4 6 2.53 2.59 2.63 2.66 2.67 2.67 2.66 2.65 2.61 2.5 8 2.51 2.4 8 
4.0 0.250 2.58 2.66 2. 72 2.76 2.78 2.80 2.80 2.78 2.76 2. 72 2.68 2.61 2.58 
4.2 0.238 2. 70 2.77 2.83 2.87 2.89 2.90 2.90 2.89 2. 86 2.82 2. 78 2.72 2.66 
4.4 0.227 2.80 2.87 2.93 2.97 2.99 3.00 2.99 2.97 2.95 2.90 2.86 2.80 2.74 

4.6 0.2 17 2.89 2.96 3.01 3.05 3.07 3.08 3.07 3.05 3.02 2.98 2.92 2. 87 2.80 
4.8 0.208 2.96 3.03 3.08 3.13 3.15 3.15 3.14 3.12 3.0 3.04 2.98 2.92 2. 86 
5.0 0.200 3.02 3.10 3.15 3.18 3.21 3.21 3.20 3.18 3.14 3.10 3.04 2.98 2.91 
5.2 0. 192 3.08 3. 15 3. 20 3.25 3.27 3.27 3.26 3.23 3.19 3.15 3.08 3.02 2.95 
5.4 0. 1 85 3.14 3.21 3. 26 3.30 3.32 3.32 3.31 3.2 8 3.24 3.19 3.13 3.06 2.99 

5.6 0.179 3.18 3.26 3.31 3.35 3.37 3.36 3.35 3.32 3.2 8 3.23 3.17 3.10 3.02 
5.8 0. 17 2 3.22 3.30 3.35 3.39 3.41 3.4 0 3.39 3.36 3 .32 3.27 3.20 3.13 3.06 
6.0 0. 167 3.27 3.34 3.39 3.4 2 3.4 4 3.4 4 3.42 3.40 3.35 3.29 3.23 3.16 3.09 
6.2 0. 1 61 3.30 3.37 3.4 2 3.46 3.48 3.47 3.46 3.42 3.38 3.32 3.26 3.19 3.ll 
6.4 0. 156 3.33 3.41 3.45 3.49 3.51 3.50 3.48 3.45 3.41 3.35 3.29 3.21 3 .13 

6.6 0. 1 52 3.36 3.4 3 3.4 8 3.52 3.54 3.53 3.51 3.48 3.44 3.37 3.31 3. 23 3.15 
6.8 0.14 7 3.38 3.46 3.51 3 .54 3.56 3.56 3.54 3.50 3.4 6 3.40 3.33 3.25 3 17 
7.0 0. 143 3. 41 3.4 8 3.53 3.57 3 .58 3.58 3.56 3.52 3.4 8 3.4 2 3.35 3.27 2 .1 9 
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ratio, (column 2 of table 14) the optimum quan­
t ity of feed for a particular protein ration is ob­
tained. (The feed / broiler ratio is the inverse of 
the broi ler/ feed ratio.) Broiler/ feed price ratios 
(column 1 of table 15) from 3.6 to 7.0 are used as 
a basis for determining optimum feed quantities 
for the various rations. These ratios extend 
slightly beyond the relevant ranges of broiler/ 
feed ratios in the U. S. during the past 5 years . 
(Broiler/ feed ratios for Iowa have ranged between 
3.8 and 6.1 during the past 5 years.) Once the 
optimum quantity of feed is obtained, the corre­
sponding amount of gain is fo und by substituting 
the feed quantity into the appropriate ration func­
tion. Adding the initial weight of the chick, or 
about 0.09 pound, provides the optimum market­
ing weights for the various broiler and feed price 
combinations. 

The predicted optimum marketing weights for 
broilers on rations of protein levels ranging from 
15 to 27 percent with various broiler and feed 
prices are shown in table 15. These predicted 
weights are for situations where (a) capital is 
not limiting, (b) the weights provide maximum 
returns (or minimum losses) above feed costs, 
(c) risk and uncertainty are not considered, (d) 
time required for attaining optimum weights is 
not considered and (e) the same ration is fed 
throughout the feed ing period. 

Using the broiler/ feed price ratio of 4.08 (the 
average Iowa broiler / feed price ratio, 1953-1954, 
was 4.9), the optimum marketing weights for 
broilers according to data in table 15 would range 
from 2.86 to 3.15 pounds, depending on the ration 

-
., 
a. 

"' ., 

Broiler-
Feed 
Price 

~ 

7.) 

6.) 

6.0) 

5) 

4.5 

'15 .25 ~--++-,<--.,'-----,/'-- _,,,.~ 

"~ 

4.0) 

3.5 

cri 

0 

.0 4 .05, .06 
Feed Price per Lb . m 

Opt. Lbs . Time 
Mkt. of in 
Wt. Feed Weeks 

JJ.hl. ----
3.37 11.15 12.9 

3.30 10.68 12.8 

3.20 10.12 12.2 

3.08 9.46 11.7 

2.93 8.66 11.2 

2.70 7.67 10.5 

2.38 6.42 9 .5 

f◄' ig. 2G. P redicted oplin1urn w ights ,v i th eorre::;pondi n g f eed 
a nd tin1 e r eq_u i r en1 e n ts for various broil e r-f eed price ratios 
w h e n broile r s are fed a 15-per ce nt prote in ration. 
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fed . With a 20-percent protein ration, the least­
cost ration over this same period, a weight of 
3.15 is optimum, Data from tables 14 and 15 
have been used to develop graphical guides for de­
termining optimum weights and corresponding 
feed inputs, as shown in figs. 26-32. These graphs 
provide only seven selections in choice of alterna­
t ives of marketing weights relative to price ra­
tios. Hence, they do not include the degree of re­
finement in tables 14 and 15. However, the choice 
of alternatives may be sufficient for most practi­
cal decisions. This procedure can be used : F irst, 
select the proper broiler price on the vertical axis. 
Second, move across the diagram horizontally un­
t il the broiler price line intersect s the appropriate 
vertical feed price line. Third, from this point of 
intersection, follow upward diagonally along the 
broiler/ feed price ratio lines to the right side of 
the diagram. The optimum weight and feed in­
puts are denoted on the right side of the chart for 
the various ratios. As an illustration in fig. 26, 
assume that the expected price for broilers is 25 
cents per pound and feed cost is $4.50 per hun­
dred pounds or 4.5 cents per pound. The inter­
section of the horizontal "25-cent price line" and 
the vertical "4.5-cent feed line" occurs at point 
A. This represents a broiler / feed price ratio of 
between 5.5 and 6.0. Following up along the 
diagonals toward the upper right-hand corner of 
the page, the optimum average weight per broiler 
for this broiler/ feed ratio is found to be approxi­
mately 3.2 pounds; the estimated feed consump­
tion is about 10.12 pounds of feed. Graphs for 
selection of optimum weights are presented only 
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for every second protein level since weight and 
feed consumption differences are small for changes 
of 1 percent protein. More precise estimates can 
be obtained from tables 14 and 15. 

TIME REQUIREMENTS 

Previous analysis dealt only with the cost of 
alternative rations. However, the broiler producer 
also is interested in the time required for gains. 
If he is faced with a seasonal or cyclical decline in 
broiler price, he may wish to use the least-time 
ration, rather than the least-cost combination of 
feeds. If he is faced with the possibility of rising 
broiler prices, he will undoubtedly want to use the 
least-cost ration. In other words, the least-time 
ration (i. e., the ration which will make a given 
marketing weight possible in the shortest time 
span) need not be identical with the least-cost 
ration. The two will be identical under price situ­
ations where the cost of the feed ingredient pro­
viding the greatest timeliness is low, so that the 
two types of rations are identical. Under other 
price situations the costs of the "time-saving" 
feed may be relatively high. The least-time ra­
tion will then be more costly than the least-cost 
ration. Hence, the producer must decide whether 
the gain in broiler price from using a least-time 
ration (and getting birds on the market early) is 
greater than the savings in feed costs from using 
the least-cost ration. 

To provide information aiding these types of 
decisions, time functions have been computed 
from the basic experimental data. Previous equa­
tions provide predictions of the total weights as-
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sociated with the various rations. An additional 
function showing time elapsed to consume various 
amounts of these rations has then been com­
puted. From the• two equations it is possible to 
compute time elapsed for a specific gain or weight 
level. Various algebraic functions were tried as 
expressions of the time relationship. The best 
function appeared to be equation 39 with square 
root terms where T is time in days and S and C 
are pounds of soybean oilmeal and corn per bird 
in pounds. The properties which appear to qual­
ify it over other functions tried were these: The 
function allows a relatively sharp curvature for 
low feed inputs but tends to more nearly approach 

(39) T = 0.6735 + 4.7974C + 9.4576S 

+ 21.4617 yC + 13.6188 yS- 12.0287 yCS 

linearity for high feed inputs. In other words, 
it is consistent with the growth of the bird's di­
gestive capacity at the outset when proportion­
ately less time is required to consume a given ad­
ditional quantity of feed; it is consistent with the 
tendency for a limit in growth of the bird's diges­
tive capacity as the bird approaches maturity. 
At heavy weights, digestive capacity is limited, 
and a bird consumes about a constant amount per 
day (i . e., each additional pound of feed is con­
sumed in about the same period of time as the 
bird approaches maturity). All of the coefficients 
for this time function are acceptable at a 1-per­
cent level of probability, and 99 percent of the 
variance in time required to consume various 
quantities of feed is explained by the variables in 
the equation. 

Analysis of variance also was used to test the 
significance in differences in rate of gain up to 
1.23 of total gain and up to a total of 3.0 pounds 
of gain for the six rations of the experiment. 
These tests showed the differences to be signifi­
cant at the 5-percent level of probability. How­
ever, there was no significant difference in rate 
of gain for the six rations between a total gain 
of 1.23 and 3.0 pounds. Evidently, the main ef-

. feet of rations on rate of gain is in the earlier 
growing period. 

Figures 33, 34 and 35 show the predicted rela­
tionship between feed consumption and time for 
three rations of the study. Time curves for other 
rations are similar. Table 16 indicates the pre­
dicted amount of time required to attain weights 
of 1.32 pounds and 3.25 pounds for rations of dif­
ferent protein levels. For the lower weight range, 
a ration of slightly over 23 percent protein is pre­
dicted to give a 1.32-pound liveweight in the 
minimum amount of time. For the entire weight 
range to 3.25 pounds liveweight, a protein per­
centage of slightly over 21.0 percent is predicted 
to give most rapid gains. Rations containing a 
greater percentage of protein are predicted to 
give somewhat less rapid gains. From the data 
of substitution rates in earlier tables, it is ob­
vious that these rations which give the most 
rapid gains do not also give the least-cost rations 
under normal price relationships. However, the 
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cost of the least-time ration is only slightly above 
the least-cost ration when the price of soybean 
oilmeal is low relative to the price of corn. In 
cases where the price of soybean oilmeal is rela­
tively high, the broiler producer needs to com­
pare the savings in feed from use of the least­
cost ration with any possible gain in broiler price 
obtained from getting to market sooner under the 
least-time ration. The absolute differences in 
profits from least-cost and least-time rations will 
be very small for a few birds but can be quite 
large for a large operation when corn is low in 
price compared to soybean oilmeal. 

Table 17 shows the predicted number of days 
for broilers to reach the optimum marketing 
weights shown in table 15. The data of the two 
tables allow prediction of the weight which will 
allow maximum profit above feed costs. However, 
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the proper sequence in considering ration costs, 
marketing weights and time to market would be 
this: (1) Select the least-cost ration in table 8. 
(2) ,Select the most profitable marketing weight 
for the least-cost ration from table 15. (3) Ex­
amine table 17 for the time involved and, after 
considering the prospects for prices, determine 
whether or not feeding plans should be altered to 
fit prospects for price increases or decreases. 
Table 17 can be interpreted thus: With a broiler/ 
feed price ratio of 4.4, and with an 18-percent pro­
tein ration being the least-cost one shown in table 
8, the optimum marketing weight of 2.97 pounds 
shown in table 15 can be obtained in 7 4. 7 days. 
If broilers increase in price so that the broiler/ 
feed price ratio becomes 5.0, with an 18-percent 
ration giving lowest feed costs, the optimum mar­
keting weight is 3.18 pounds (table 15) and the 
time required is 79.5 days (table 17). If broilers 
are high enough in price relative to feed to give 

TABLE 16. EST IMATED FEED REQUIREMENTS AND NUM­
BER OF DAYS PER BROILER FOR SPECIFIED 

WEIGHTS WHEN FED VARIOUS 
PROTEIN RA TIO NS. 

Starting to Starting to 
P e r cent 1.32-lb. weigh t 3.25-l b. weight 
p r otei n 
in r at ion Po un d s No. Pounds No. 

feed* dayst feedt days t 

15.0 3.31 4 6.3 10.27 86.l 
16.0 3.11 4 4.5 9.82 8 2.6 
17 .0 2.9 6 43 .4 ~.41 80. 1 
18 .0 2.86 42 .5 9.29 78.7 
19.0 2.79 41.G 9.17 77 .G 
20.0 2.74 41.1 9.11 77.0 
21.0 2.71 40.7 9.09 76. 7 
22.0 2.69 40 .5 9.11 76.8 
23.0 2.68 40.4 9.18 77.3 
24.0 2.68 40.5 9.28 78.1 
25.0 2.70 40.8 9.44 79.3 
26.0 2.7 4 41.0 9.62 0.7 

• Predicted from equat ion 26. 
t Predi cted from equation 39 . 
t Predic ted from equat io ns 26 and 27 . 
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TABLE 17. PRED I CT ED TD1E I N DAYS REQUIRED FOR BROILERS TO A TTA IN OPTIMUM lVl A.RKETING WEIGHTS 
S HOWN I N T ABLE 1 5 (ESTIMATED FROM SQUARE ROOT TIME FO~CT1ON 39). 

Broil er/ Feed/ 
Percent protein in ration feed b r oile r • 

pri ce pri ce 
15.0 16.0 17.0 18.0 19 .0 20.0 ratio ratio 

(da,,s) ( clays ) (days) ( cla.vs) (days) ( d ays) 
3.6 0.27 8 64.7 64 . 9 65.0 65. 1 64 .9 64. 7 
:J. 8 0.263 67.9 68.0 68.0 67.0 67. 8 67.5 
4.0 0.250 70.S 70.7 70.6 70.5 70.2 69.9 
4. 2 0.23~ 73.2 73. l 1 2.n 7 2.7 72.4 72.0 
4 . -1 0. 227 75.4 75. 2 75.0 7 4 .7 7 4.3 73.9 

4 .6 0.2 17 77.4 77. l 7 6. 8 7 6.5 76.0 75.6 
4 .8 0.208 79.2 7 8.8 7 8.5 78. 1 77 . 6 77.1 
5.0 0.20 0 80.8 80 .4 79 .9 79 .5 79.0 78. 5 
5.2 0.192 8 2.3 81. 8 81. 3 80.9 80. 3 79.7 
5. 4 0. 1 85 83.6 83.1 82 .6 82 .0 81.5 80.9 

5.6 0.179 8 4.9 8 4 .3 83 .7 83 .2 82.6 s 1. n 
5.8 0.172 86.0 85.4 84. 8 84.2 8 3.5 82.9 
6. 0 0. 167 8 7 .0 86.4 85 . 7 85 .1 8 4.4 83. 8 
6.2 0.1 61 88 .0 87.3 86 .6 8 6.0 85. 3 84.6 
6.4 0.156 88.9 88 .2 87 .5 86.8 8 6.1 8 5.4 

6.6 0 .1 5 2 89.8 89 .0 88 .3 87.6 86 .8 86.1 
6.8 0.147 90.6 89 .7 89 .0 88 .3 87.5 8 6. 8 
7.0 0. 143 91. 3 90.5 89 .7 88 .9 88. 2 87 .4 

a 6.0 price ratio, the optimum marketing weight 
of 3.42 pounds (table 15) will be attained in 85.1 
days (table 17) . With a broiler/ feed price ratio as 
low as 3.6, the optimum marketing weight would 
be 2.48 pounds (table 15) att:lined in 65.1 days 
(table 17), with an 18-percent ration resulting in 
least-cost gains (table 8). With a 20-percent ra­
tion as the lowest cost one, a broiler / f eed price 
ratio of 4.4 would give an optimum marketing 
weight of 3.00 pounds (table 15) in 73.9 days 
(table 17) ; with a broiler / feed price ratio of 6.0, 
the respective figures are 3.44 pounds and 83.8 
days. 

NUMFlER OF FLOCKS PER YEA B 

A considerable variation exists in the number 
of flocks of birds raised by broiler pr oducers each 
year. Some part-time poultrymen raise only a 
flock or two each year. However, poultrymen who 
have broiler production as their major source of 
income usually raise at least three or more flocks 
each year. For producers who raise only three or 
less groups per year , it usually is possibie to carry 
the broiler s to their optimum weights without 
any time conflict. For broiler producers who de­
sire to raise four groups per year, there would be 
no conflict on time for broilers fed on any of the 
rations when the broiler / feed price ratio is 5.5 
or less. Raising four groups under the above price 
ratios would permit at least a week between each 
flock, depending on the broiler / feed price ratio 
and the protein ration being fed. Under the con­
ditions of this study and using the average 
broiler/ feed price ratio of 5.1 for Iowa11 for the 
period 1951-54, four flocks could be carried to 
their optimum weights each year for any of the 
rations shown in table 15. For example with a 
price for broilers of 25.5 cents per pound ~nd feed 
at 5 cents per pound, the optimum average weight 
per broiler would be 3.24 pounds interpolated 

11 Broil er / fe ed ratio of 5.1 is ba sed on data from: Crops and 
m arkets . USDA, Agri cultural Marketi n g S e r vice, 1952-55 . 
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21.0 22.0 23.0 24 .0 25.0 26.0 27.0 

(days) ( clays) (days) (days) ( d ays) (days ) (days ) 
64 .5 6 4.3 6 4.0 63.6 63.2 6 2.7 62.3 
67 .2 66.9 66.5 66.1 65 .6 65.2 6 4.7 
69.6 69.2 68.8 68 .3 67. 8 67 .3 66.8 
71..6 7 1.2 70. S 70.3 69. 8 69 . 2 68.6 
73.5 73.0 72. 5 7 2.0 71.5 70.9 70 . 3 

75.1. 74.6 7 4 .1 7 3.6 73.0 7 2.4 71.8 
76.6 76.1 75.6 75.0 7 4.4 73 .8 73.2 
77.9 77.4 76. 8 76 .3 75.6 75.0 7 4.4 
7 9. 2 78.6 7 8.0 77.4 76. 8 76.2 75.5 
80.3 79. 7 79 . l. 78 . 5 77 .9 77 .2 76 .5 

81.3 8 0.7 80. 1. 79.5 78.8 78.2 77 .5 
82 .3 81. 7 81. 0 80 .4 79.7 79 .1 78.4 
82 .2 8 2.5 81. 9 81.2 8 0.5 79.9 79 .2 
84 .0 83.3 8 2.7 8 2.0 81.3 8 0.6 79.9 
84.7 84 .0 8 3.4 8 2. 7 82.0 81.3 8 0.6 

8 5.4 8 4. 7 84.1 8 3.4 82. 7 82. 0 81.3 
86 .1 85 . 4 8 4.7 8 4.0 83.3 82.6 81. 9 
86 .8 86 .0 85 .3 84.6 83.9 8 3.2 82.5 

when fed a 19-percent ration (table 15). Nearly 
80 days time is estimated for each group to reach 
this optimum weight. This permits slightly over 
10 days between groups. When the broiler/ feed 
price ratio is above 5.5, birds on the lower pro­
tein rations would r equire marketing at slightly 
less than optimum weights if a four flock schedule 
were rigidly followed . With a broiler/ feed price 
ratio of 6.0, four flocks could be carried to opti­
mum weights on rations containing a 19.5 or 
greater percentage of protein with a week be­
tween flocks; birds on lower protein rations could 
not be carried to optimum weights without a t ime 
conflict. Data in table 15 or in figs . 26-32 could 
be used to determine whether birds could be held 
until optimum weights are attained if four or 
more flocks are to be produced each year. 

RISK AND UNCERTAINTY 

Because of risk and uncertainty, broiler pro­
ducers may not hold their birds until they attain 
the optimum market weights. The uncertainty 
of expected prices and death losses due to disease 
and other hazards may result in earlier market­
ing. However, modern techniques for prevention 
and treatment of diseases have done much to re­
duce this type of uncertainty. Also, insurance 
against hazards such as fire tends to reduce risk 
for the poultrymen. Prices usually provide the 
greatest source of uncertainty except where the 
producers have some type of forward pricing. 

Examination of data in table 18 illustrates the 
effect of selling broilers at less than optimum 
weights for a particular situation. This example 
is illustrated usin~ a 20-percent protein ration, 
25.5 cents for broilers and 5 cents a pound for 
feed, (i. e., broiler/ feed price ratio of 5.1). The . 
calculated optimum weight for th is situation is 
3.24 pounds which provides an average r eturn 
above feed costs per bird of $0.3463, or $346.30 
for 1,000 broilers. If the broilers are marketed 
at a 3-pound weight, the return above feed costs 
would be about $342.55 for 1,000 birds or only 



TABLE 18. COMPARISON OF RETURNS ABOVE FEED 
COSTS AND TIME REQUIREMENTS BETWEEN BROIL­
ERS CARRIED TO OPTIMUM WEIGHT AND THOSE 
MARKETED AT LESS THA.'1 OPTIMU:\1 WEIGHTS WHF,N 
FED A 20-PERCENT CR UDE PROTEIN RATION.* 

Gross R e turn 
Average Average return above Average 
broile r feed Gross Feed less feed time 
we ight require- return costs feed cos t s require-

m ent ( $) ( $) 1,000 m en t (lbs. ) (lbs.) cos t s broil e r s ( clays) ($) m 
2.89 8.0 0.73695 0.40000 0.33695 336.95 71.8 
3.01 8. 5 0.76755 0.4 2500 0.34255 3 4 2. 5 5 7 4.2 
3.12 9.0 0.7956 0 0.4 500 0 0.34560 345.60 76.4 
3.17 9.25 0.8083 5 0.46250 0.3 4 585 345.85 77 .6 
3.25 9. 598 0.82620 0.47990 0.3 4 630 346. 30 79.1 
,Opt.) 

• Returns compute d with a pri ce of 25 .5 cents per po und for 
broilers a nd 5 cents a pound fo r feed. Input-output data on 
gain a nd f eed require m ents attained from q ua dratic over-all 
functio n 11 a nd time require ments based on square root 
function 39. 

$3.75 less than that for 1,000 of the 3.21-pound 
broilers. About 74 days are required for attain­
ing a weight of 3 pounds and 79 days for atbin­
ing a weight of 3.24 pounds. To many producers, 
the discounted return for the extra 5 days re­
quired for attaining the optimum weight of 3.24 
pounds might be greater than the $3.75 return 
above feed costs, leading to earlier marketing. 
Some producers might even desire to market 

their broilers a week ahead of the time required 
for reaching optimum weights. Data in table 18 
show that marketing the birds a week earlier than 
required for reaching optimum weights would 
lower returns above feed costs by only $9.35 
($346.30-$336.95) per 1,000 birds, or less than 1 
cent per bird. Thus, many producers might find 
that the uncertainty involved in keeping the birds 
until they reached 3.24 pounds would not be worth 
the additional 1 cent per bird. That is, the dis­
counted marginal returns may be less than the 
marginal feed costs for keeping the birds the ex­
tra week. The above example has been worked 
out for a single situation. However, other price 
situations and ratios would provide similar rela­
tionships . 

Obviously, the decision of the best marketing 
weight depends on many factors including (a) in­
put-output relationships, (b) the previous com­
mitments, i. e., contractual arrangements, (c) 
number of flocks per year, (d ) price expectations 
and ( e) risk preference of t he individual poultry­
man. However, the data provided in this study 
on input-output data, selection of rations, estima­
tion of optimum market weights and correspond­
ing time required for attaining optimum weights 
provides information for reducing much of the un­
certainty in broiler production. 

APPENDIX 

Table A-1 shows the total weight per bird pre­
dicted from various total inputs of corn and soy­
bean oilmeal. The numerous feed combinations 
shown represent many percentages of protein 
within the ranges used in this study. Table A-2 
includes the predicted marginal productivities of 
corn and soybean oilmeal for the feed quantities 
shown in the left-hand column on the same row 
and at the head of the column. The upper figure 

TABLE A-1. TOTA L LlVEWEIGHTS FOR V ARTOUS AC­
CUMULATED INPUTS OF COR N AN D SOYBEAN OIL ­

MEAL INDICA TED IN ROWS AND COL U M NS.* 

Pounds 
of 

co rn 

0 
1 
2 
3 
4 
5 
6 
7 

P o unds of soy bean oil m ea l 

0.5 LO 1. 5 2.0 2.5 3.0 3.5 

0.090 0.559 0.713 0.971 1. 205 1.414 1.59 8 1.7 57 
0.585 0. 88 2 1.154 1.401 1. 623 l. 820 1.993 2.15 1 
1.013 1.29 8 1.558 1.793 2. 004 2.1 90 2.350 2.510 
1.404 1.677 1. 926 2.149 2.34 8 2.520 2.671 2.83 1 
1.7 58 2.020 2.257 2.469 2.656 2.819 2.957 3.116 
2.076 2.326 2.552 2.752 2.9 28 3.079 3.205 3.365 
2.357 2.596 2.810 2.999 3.163 3.302 3.416 3.576 
2.602 2.829 3.031 3.20 8 3. 361 3.4 89 3.592 3.7 51 

• Tota l w e ights w e r e o bta in ed by finding total g a ins for indi­
cated fee d combina tions fr o m equatio n 11, then a dding the 
initia l w e ight of c hi c ks of 0.09 pound. 

T ABLE A-2 . MARGINAL GAINS (POUNDS OF GAIN PER 
POUND OF FEED) FOR COM B IN ATIONS OF CORN AND 
SOYBEA~ OILMEAL I NDICATED IN R OWS AND COL­
UMNS. UPPER FIGURE REFERS TO SOYBEAN OIL­
:\1EAL; L OWER FIGURE REFERS TO CORN.* 

Pounds P ounds of soybean oilmeal 
of ---------------------

corn 

7 

0 0.5 1.0 1. 5 2.0 2.5 3.0 3.5 

0.592 0.542 0.4 9 2 0.443 0.393 0.343 0.293 

0.568 0.519 0.469 0.419 0.370 0.320 0.270 
0.446 0.434 0.423 0.4 11 0.399 0.388 0.376 0.3Gfi 

0.545 0.49G 0.446 0.396 0.346 0.297 0.247 
o.4 09 o.398 o.38fi o.:l74 o.363 o.35 1 o.340 o.~2s 

0.522 0.472 0.423 0.37 3 0.323 0.27 4 0.224 
0.373 0.36 1 0.3 •19 0.33 8 0.326 0.315 0.303 0.291 

0.499 0.449 0.399 0.350 0.300 0.250 0.201 
0.336 0.325 0.313 0.301 0.290 0.278 0.267 0.255 

0.476 0.426 0.376 0.327 0.277 0.227 0.177 
0.300 0.288 0.276 0.265 0.253 0.242 0.230 0.218 

0.453 0.4 03 0.353 0.30 ·3 0.254 0.204 0.154 
0.263 0.251 0.240 0.22 8 0.217 0.205 0.193 0.182 

0.429 0.380 0.330 0.280 0.230 0.1 81 0.131 
0.226 0.2 15 0.203 0.192 0. 180 0. 168 0.157 0.1 45 

* rrhese figures are de rivatives o f ga in s ,vith respect to each 
of the feed s from equa ti o n 11, with soybean oilm eal and corn 
fixed at th e quantiti es s h own at t h e top of th e column s or 
t he l e ft s ide of th e tabl e . 
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vf each cell is the marginal productivity of soy­
bean oilmeal with corn considered to be fixed; 
the lower figure is the marginal productivity of 
corn with soybean oilmeal considered to be fixed. 

Table A-3 includes the relevant statistics for 
single-variable equations 14 to 25 in the text. 

Tables A-4, A-5 and A-6 show analysis of vari­
ance tests for determining whether significant 
differences existed in the number of days re­
quired for broilers fed six different rations in at­
t aining specified gains of (1) 1.23 pounds, (2) 
3.0 pounds and (3) 1.23 to 3.0 pounds. The six 
rations contained 16, 18, 20, 22, 24 and 26 per­
cent crude protein. Test s of significance show 
that there is a highly significant difference in the 
number of days required for an average of 1.23 
pounds of gain per broiler when fed the different 
protein rations; there is a significant difference 
in the length of time required for broilers to at­
tain gains of 3.0 pounds; however, there is no 
significant difference in the amount of time re-

TABLE A-3. NUMBER OF OBSERVATIONS, COEFFI­
CIENTS OF DE'l'ERMT:'-JATION, MULTIPLE CORRELA­
TION COEFFICIENTS AND STUDENT-t VALUES FOR 
SINGLE-VARIABLE RATION FUNCTIONS OF QUADRATIC 
AND LOGARITHMIC TYPES.* 

Equa- No. R 2 
tion obse r vation s 

14 24 0.9969 
15 24 0.9996 
16 24 o. 9990 
17 24 0.9994 
18 25 0.99 86 

19 25 0.9985 
20 24 0.9986 
21 24 0.9962 
22 24 0.9989 
23 24 0.9958 

24 25 0.9975 
25 25 0.9971 

R t , 

0.9984 30.25 
0.9993 18.16 
0.9995 4 8. 67 
0.9997 69.27 
0.9993 4 6.87 

0.9992 43.04 
0.9993 
0.9981 
0.9994 
0.9979 

0.9987 
0.9986 

t c2 

7.38 
4.99 

11.4 7 
19. 72 
13.51 

13.16 
1 26.93 

76.03 
140.04 

72.30 

92.95 
87.33 

• All regression coefficients significant at a probability level 
of less than 0.01. 

TABLE A-4. ANALYSIS OF VARIANCE OF DAYS RE­
QUIRED FOR 1.23 POUNDS OF GAIN FOR BROILERS 

ON SIX DIFFERENT PROTEIN RATIONS. 

Source of Degrees of Sum of Mean F 
variation freedom squares squar e valu e 

Among rations 5 19.0835 3.8 167 9.558** 
Within rations 24 9.5832 0.3993 

**Significant at p robability I vel of 0.01. 
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quired for going from a gain of 1.23 pounds to a 
3.0-pound gain when fed the different rations. 

Comparisons qi feed consumption for 0.9-pound 
gain per broiler for birds on different rations be­
yond a 1.32-pound weight when (a) fed a single 
ration during entire feeding period and (b) fed a 
lower percentage of protein than during the initial 
part of the feeding period are given in table A-7. 
Analysis of variance in table A-8 indicates that 
the differences are not significant. 

TABLE A-5. ANALYSIS OF VARIANCE OF DAYS RE­
CJUIRED FOR 3 POUNDS OF GAI N FOR BROILERS 

ON SIX DIFFERENT RAT IONS. 

Source of Degrees of Sum of 1Wean F 
variation freedom sq uares squ a re value 

Amo n g rat ions 5 53.4074 10.6815 4.57* 
Within rations 6 14 .0402 2.3400 

*Significant at probabili ty l evel of 0.05. 

TABLE A-6 . ANALYSIS OF VARIANCE OF DAYS RE­
QUIRED FOR GAINS FROM 1.23 TO 3 POUNDS FOR 

BROILERS ON SIX DIFFERENT RATIONS. 

Source of Degr ees of Sum of M ean F 
variation freedom s quares square va lue 

Among rations 5 5.8927 1.1785 1.283t 
\Vi thin rations 6 5.5 121 0.91 87 

t Not s ig nifi cant at probabi li ty l evel of 0.05. 

TABLE A-7. FEED CONSUMPTION FOR FOUR RATIONS 
OVER TWO WEIGHT PERIODS. 

Broilers fed B r oi lers fed l ower 
singl e rat ion for protein ration s afte r 

Rations e n ti re pe riod 1.3-lb. w eight 
(per cent 

Number Feed Nu m ber F eed prote in) 
of con s umption of consumption 

pens (lbs.) pens (lbs.) 

16 2 6.06 8 23.98 
18 2 5.68 6 17 .19 
20 2 5.89 2 5.73 
22 2 5.50 2 5.69 

Total 8 23.13 18 52.59 

TABLE A-8. ANALYSIS OF VARIANCE FOR DATA IN 
TABLE A -7.• 

Source of Degrees of Sum of Mean F 
variation freedom squares square value 

Between rations 7 0.17801 0.02543 1.90t 
R esidual 18 0.24145 0.01341 

Total 25 0.41946 

* Analysis of variance based on test for unequal numbers in 
subclasses by Kendall , M. G. Advanced theory of statistics. 
Vol. 2. Charles Griffin , London. 1946. pp. 221-225. 

t Non-significant at probability level of 0.05. 


