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Effect of Form of Hay and Carcass
Quality on the Economics of
Concentrate: Hay Substitution
in Cattle Feedlot Diets

Brian S. Freeze and R. Hironaka

A maximum profit linear programming feedlot model is presented to determine if diet
combinations of moderate amounts of hay and grain are economically optimal when
time (length of the feeding period), form of hay (long versus cubed alfalfa), and
carcass quality are considered. While the experiment did not include concentrate-to-
hay ratios as high as commercial feedlot use, the results show that highest concentrate
diets are economical in all stages of the finishing program, except that when time and
carcass grade effects are considered and hay-to-concentrate price ratios are at
historical lows, a switch is made for the last 90 kg of gain to diets somewhat above
50% hay.

Key words: beef production, diet formulation, feedlot finishing, isoquant analysis,
linear programming, nutritional modeling.

Cattle can be finished on diets varying widely
in the proportions of grain and roughage. Until
recently, economists theorized a decreasing
marginal rate of substitution between concen-
trate and forage to achieve the same level of
gain, as represented by convex isoquants
(Brokken et al.; Brokken 1977; Epplin, Bhide,
and Heady 1983). This theoretical view con-
tends that the optimum balance of forage and
grain is very sensitive to small shifts in the
ratios of ingredient prices. Yet, diets in com-
mercial feedlots typically have contained only
minimum amounts of roughage to satisfy
physiological needs, and very large increases
in the grain-to-forage price ratio are required
to force movement to higher forage based diets
(Brokken 1976).

Recent studies have helped explain this in-
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consistency between economic theory and
feeding practice by showing that the forage-
concentrate isoquant may be concave or linear
to the origin in the middle range (Brokken et
al.; Brokken 1977; Brokken and Bywater; Ep-
plin, Bhide, and Heady 1980, 1983). Sigmoid
isoquants obtained by Brokken (1977) for corn-
soybean concentrate and alfalfa-orchardgrass
forage were concave over the high concentrate
diets (5-50% hay region) and convex over the
high hay diets. The convexity over the high
hay diets was attributed to feed intake de-
pression resulting from hot weather in the lat-
ter part of the feeding period for those diets.
Isoquants obtained by Bhide et al. (1983) for
corn-alfalfa pellet concentrate and corn silage
forage were convex over the high concentrate
diets and concave over the high silage diets.
However, considering the corn silage to be 50%
corn grain on a dry matter basis, the concave
portion of the isoquant then corresponds to
concentrate diets between 15% and 50% for-
age, which is similar to the result obtained by
Brokken (1977). The implication is that diet
combinations of forage and grain in the middle
range (15-50% forage) are never economically
optimal unless differences in output quality,
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Table 1. Composition of the Concentrate
Mixture and Diets

NRC
Reference Percent

Ingredient Number as Fed

Steam-rolled wheat 4-05-211 70.0
Steam-rolled barley 4-00-549 22.5
Dried molasses beet pulp 4-00-672 5.0
Limestone (CaCO3) 6-01-069 1.0
Salt (cobalt-iodized) 6-04-152 1.0
Calcium-phosphate 6-01-082 0.5

Note: NRC = National Resource Council.

time requirements, or finished cattle price
trends in some way offset the additional feed
cost (Epplin, Bhide, and Heady 1980; Bhide
etal. 1983).

Bhide et al. (1983), for example, demon-
strated that diets in the concave portion of the
corn silage-concentrate isoquant are not eco-
nomical. Assuming corn silage to be 50% corn
grain on a dry matter basis, the economically
optimal diets for all weight gain isoquants
switched from 50:50 silage: concentrate diets
to 15:85 silage: concentrate diets as the price
of corn silage increased relative to concentrate
(Bhide et al. 1983).

Since concave or linear regions do exist in
beef gain isoquants, it is important to know
over what range the isoquants are not convex
for a variety of concentrate and forage feeds.
In addition, effects of various feeding regimes
on the grade of beef produced (carcass quality)
may be important in deriving economically
optimal feedlot diets.

This article examines the results of a feeding
experiment designed to test the effect of form
of the roughage (cubed or long hay) and forage-
to-concentrate ratio on carcass quality and
profitability of beef feedlot finishing.

The Feeding Experiment

Details of the feeding experiment are given in
Hironaka, Grigat, and Kozub. Hereford steer
calves (n = 160) were purchased at local auc-
tions, average weight 219 kg (range 172-262
kg), and assigned at random to 10 groups of
approximately uniform average weight and in-
dividually fed diets with hay-to-concentrate
ratios on a dry matter weight basis of 77:23,
68:32, 59:41, 49:51, and 40:60. Table 1 dis-
plays the composition of the concentrate and

Table 2. Digestible Energy Concentration of
the Diets (Mcal/kg of DM)

Diet Long Hay Cubed Hay
Hay %: Conc % DE (Mcal/kg) DE (Mcal/kg)

77:23 2.58 2.61
68:32 2.72 2.75
59:41 2.77 2.77
49:51 2.92 2.96
40:60 3.01 3.15

Note: DM = dry matter; DE = digestible energy.

table 2 the digestible energy (Mcal/kg) of the
diets. At each ratio, one group received long
(baled) alfalfa hay and one group received
cubed alfalfa hay. The steers were weighed at
two-week intervals, and daily feed consump-
tion figures were accumulated to coincide with
the weighing intervals. Seven steers were re-
moved or died during the experiment for rea-
sons unrelated to the treatments. Each steer
was slaughtered as it reached a market weight
of approximately 480 kg. Carcass measure-
ments (Martin, Fredeen, and Weiss) and Ca-
nadian beef carcass grades (Anonymous) were
obtained.

Gain Isoquants

The growth of beef animals can be viewed in
terms of feeding stages. Diet combinations of
forage and concentrate that achieve the same
weight gain describe a gain isoquant, i.e., a
locus of concentrate-forage amounts con-
sumed that results in the same weight gain.
The economically optimum combination of
concentrate and forage to reach any particular
weight gain isoquant depends on the relative
costs of concentrate and forage, as well as the
time costs and revenue carcass quality differ-
ences between diet alternatives. Since time re-
quired to achieve a specified gain level may
vary with the composition of the feed, the time
costs include the cost of labor, medicine, fuel,
etc., and the opportunity cost of fixed and vari-
able resources. These can be estimated in terms
of a yardage charge per day times the number
of days to achieve a particular weight gain and
by interest charges on the feed and feeder input
costs.

In this article accumulated gain isoquants
were estimated directly using the instrumental
variables (IV) approach outlined by Sonka,
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Heady, and Dahm. They used ration protein
percentage as the instrument for estimating the
quantity of supplement consumed. The iso-
quant was estimated by regressing recorded
values of corn consumption on predicted val-
ues of supplement consumption. Burt con-
tends that the isoquant determination is re-
dundant and implied in the estimate of protein
consumption as a function of ration protein
percentage. Epplin, Bhide, and Heady (1980)
note that Burt's contention would hold if a
theoretical relationship exists between the ran-
dom independent variables and the instru-
ments and if the relationship is properly spec-
ified by the functional form. In fact, the
isoquant shape depends on the functional form
chosen, whereas no such constraint holds for
the IV procedure.

Since the steers were individually fed in this
experiment, individual linear regressions were
determined for each steer for accumulated feed
intake as a function of accumulated weight and
for accumulated days-on-feed as a function of
accumulated weight. The equations all had
highly significant coefficients and exhibited
R-squared values of .99 plus. They were used
to estimate accumulated days-on-feed and ac-
cumulated feed intake values for each steer
from a hypothetical starting weight of 220 kg
and a finishing weight of 480 kg. These starting
and finishing weights approximated the actual
average start and finish weights of steers on
the test. The use of the individual regression
equations corrected feed intake and days-on-
feed values to a uniform weight gain of 260
kg. A time-on-feed relationship (estimated
mean days-on-feed as a function of the pro-
portion of forage in the diet and mean accu-
mulated weight gain) was determined using
Ordinary Least Squares (OLS) regression. For
estimating the relationships, quantities of con-
centrate and hay were expressed on an as-fed
basis. Throughout the trial the moisture con-
tent of the feed was approximately constant.

Concentrate-Hay Isoquants

Four weight gain intervals were defined for
estimating the gain isoquants. From the as-
sumed starting weight of 220 kg, accumulated
weight gain isoquants were defined for 50, 110,
170, and 260 kg. The durations of the isoquant
feeding stages were considered long enough for
steers to accommodate changes in diet pro-

Table 3. Accumulated Cubed Hay-Concen-
trate Isoquant Functions where C = o0 + 0 H

Corre-
lation

Isoquant Intercept Predicted Hay Coeffi-
Gain Coefficient Coefficient cient
Level go t\ r n

50 kg 359.12 -0.5120 .0141 75
(9.03) (-4.11)

110 kg 730.43 -0.4829 .4293 75
(14.98) (-6.62)

170 kg 1,102.00 -0.4740 .5453 75
(17.70) (-7.75)

260 kg 1,659.50 -0.4683 .6019 75
(19.42) (-8.45)

portions of concentrate and forage. The last
isoquant feeding stage (390 to 480 kg) was as-
sumed long enough for diet to affect carcass
quality, i.e., the carcass grades attained were
assumed to be unaffected by diets in the pre-
vious gain increments. Although this assump-
tion may not be realistic when the early feeding
stages involve extremes of very high (near
100%) forage or concentrate diets, it is plau-
sible for the range of forage: concentrate diets
considered in this experiment.

Estimating the individual gain isoquants was
accomplished using a two-stage least squares
(2SLS) implementation of the IV technique
(Johnston). For a particular weight gain, G, the
isoquant is specified as:

(1) C = g(H) + u,

where g represents the functional form of the
isoquant. Since the animal and not the exper-
imenter controls feed intake in ad libitum feed-
ing, the feed variables (on an as-fed basis) of
C (kilograms of concentrate consumed) and H
(kilograms of hay consumed) have a random
component that may not be independent of
the error terms (u's) associated with their es-
timated values. The resultant violation of the
OLS regression assumption that the values of
the independent variables are fixed or nonsto-
chastic results in estimation of OLS regression
coefficients in (1) that are biased and incon-
sistent.

The IV technique requires creation of new
independent variables that are nonstochastic
but highly correlated with the stochastic in-
dependent variables of the regression model
under consideration. Since the researcher may

Freeze and Hironaka
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Table 4. Accumulated Long Hay-Concentrate Isoquant Functions where C = 0o + fi H or C
=0, + f, H + f2 -H2

Intercept Hay Squared Hay Correlation
Isoquant Coefficient Coefficient Coefficient Coefficient

Gain Level 0o 31 2 r n

50 kg 316.17 -0.5670 .1706 78
(7.27) (-3.46)

110 kg 516.43 0.17056 -0.0006300 .3900 78
(2.53) (0.22) (-0.95)

170 kg 764.48 0.26224 -0.0004534 .5732 78
(3.14) (0.45) (-1.40)

260 kg 1,136.50 0.3198 -0.0003149 .6638 78
(3.57) (0.64) (-1.75)

fix the proportion of one of the feeds in the
diet, the stochastic component in the measured
quantities of hay can be "purged" by regressing
H on the proportion of hay in the diet (R). The
predicted values of hay (HP), as well as powers
of the predicted values, may then be employed
as appropriate instrumental variables in the
estimation of the values of the coefficients for
equation (1). For each of the cubed hay-con-
centrate and long hay-concentrate feeding ex-
periments and for each accumulated gain iso-
quant, various functional forms for (1) were
considered including linear, quadratic, and cu-
bic forms. The "best" functional forms for each
accumulated weight gain interval, the regres-
sion coefficients, and the corrected t-values1

resulting from the estimation procedure are
presented in tables 3 and 4.

Data plots of the estimated accumulated
mean hay and concentrate amounts consumed
at each isoquant level reveal the shape of the
cubed hay-concentrate isoquants to be almost
linear, while plots of the long hay-concentrate
isoquants appear linear through the high hay
region to concave over the high concentrate
region (fig. 1). The cubed hay isoquants dom-
inate those of the long hay isoquants at each
isoquant level and reflect the higher feed-to-
gain ratios of steers on the cubed hay diets
versus the long hay diets (Hironaka, Grigat,
and Kozub). Steers on the cubed hay diets also
had average higher days-on-feed at each iso-
quant level than steers on the long hay diets.

The linear functional form estimated for the

Since the standard errors of the estimates obtained from the
second-stage regression of the 2SLS procedure are not "proper"
estimates of the "true" standard errors, they were corrected using
the procedure outlined in Gujarati, p. 386, and the corresponding
t-values were revised.

cubed hay-concentrate isoquants provided the
best fit on the basis of correlation coefficient
values (predicted concentrate correlated with
actual concentrate consumed) of all functional
forms estimated (linear, quadratic, and cubic).
With the exception of the 50-kg gain isoquant
(which is linear), the quadratic functional form
provided the best fit for the long hay-concen-
trate isoquants but portrays a concave iso-
quant over the entire concentrate region as op-
posed to a concave region only over the high
concentrate region as indicated by a plot of the
means in figure 1. The correlation of predicted
accumulated concentrate consumed at each
isoquant to actual values (as illustrated by the
correlation coefficient squared) was low (tables
3 and 4) and reflects the large variation in feed
intake among individual steers on the same
treatment. Figure 2 displays the estimated iso-
quants.

Estimation of Time-on-Feed
Relationship

Accumulated time-on-feed (days) linear rela-
tionships were estimated for each of the cubed
hay-concentrate and long hay-concentrate ex-
periment groups. Because of the large variation
in days-on-feed within diets, mean values of
days-on-feed were regressed against the pro-
portion of hay in the diet. Results are reported
in tables 5 and 6.

Gain Isoquant, Time, Hay Type, and
Carcass Quality Relationships

The estimated hay-concentrate gain isoquants
together with the market prices of inputs and

166 December 1990
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Table 5. Accumulated Days-on-Feed (D) as a
Function of Proportion of Cubed Hay in Diet
(R) - Linear Regression Coefficients, where
D = /Io + #1R

Diet Proportion of
Isoquant Cubed Hay No. of

Gain ______No. of
Level Intercept do Slope fl R2 Means

50 kg 67.00 27.88 .614 5
(8.74) (2.18)

110 kg 114.48 60.47 .812 5
(11.34) (3.60)

170 kg 161.97 93.05 .859 5
(12.41) (4.28)

260 kg 233.20 141.92 .883 5
(13.02) (4.76)

Accumulated concentrate consumed (kg)

Figure 1. Gain isoquants plotted from accu-
mulated hay and concentrate means

outputs were used to determine economically
optimal diet combinations of forage and con-
centrate. The selection of the optimal diet is
dependent upon the feedlot operator's objec-
tive. Several economic objectives have been
proposed for cattle feeding operations includ-
ing minimizing time-on-feed, maximizing av-
erage daily gain, minimizing costs of feeding,
maximizing return per head, and maximizing
returns to land (Melton et al.). Where the qual-
ity of beef produced is not changed across di-

*0

E
CD
cn

C.)
co

CDa)
a,

E
C.)
C.)

Accumulated concentrate consumed (kg)

Figure 2. Gain isoquants plotted from re-
gression equations

ets, only the cost aspect of the problem need
be considered (Bhide et al. 1980). An appro-
priate objective in this case would be the min-
imization of feeding and time costs. However,
where quality differences exist across diets a
more appropriate objective becomes maxi-
mization of graded carcass returns over feeding
and time costs. In this study optimal diets were
generated for both objective functions of min-
imizing feeding and time costs and of maxi-
mizing returns over feed and time costs. Re-
sults were compared to determine the effect of
carcass quality differences on the economics
of diet selection.

Input and Output Prices and
Coefficients

Input prices considered in each of the two de-
cision models related to the 1988-89 feeding
year, with the feeding of steer calves assumed
to begin in November of 1988. Concentrate
ingredient prices (Canadian dollars) were fixed
at $158 per tonne for wheat, $132 per tonne
for barley, $145 per tonne for beet pulp, $120
per tonne for limestone, $188 per tonne for
salt, and $540 per tonne for calcium. Prices
for cubed alfalfa hay and baled alfalfa hay were
varied over a range inclusive of their respective
November 1988 prices. The November 1988
hay prices were $127 per tonne for cubed al-
falfa hay and $79.20 per tonne for baled alfalfa
hay. Time costs were calculated in terms of a
yardage charge of $. 18 per day and an interest
charge of 13% per annum on the feeder costs

le

-o
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aIE
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C,
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Table 6. Accumulated Days-on-Feed (D) as a
Function of Proportion of Long Hay in Diet
(R) - Linear Regression Coefficients, where
D = o

"+ AIR

Diet Proportion of
°Gsquant Baled Hay No. ofGain No. of
Level Intercept Af Slope f, R2 Means

50 kg 51.16 39.64 .683 5
(5.46) (2.54)

110 kg 93.99 76.22 .799 5
(7.09) (3.45)

170 kg 136.83 112.80 .806 5
(7.12) (3.52)

260 kg 201.10 167.63 .797 5
(6.86) (3.44)

and one-half of the feed costs. Feeder steer cost
was set at $237.60 per 100 kg. To show the
variation in forage-to-concentrate price ratios
over time, historical (1980-89) cubed alfalfa-
to-concentrate, baled alfalfa-to-concentrate,
and baled alfalfa-to-barley price ratios were
calculated and are plotted in figure 3.

Tables 7 and 8 display the carcass quality
grade distributions and dressing percentages
over the various treatment diets for cubed hay
and long hay diet combinations. Carcass grade
prices for each of the isoquant scenarios and
diet combinations were calculated based on
the level of average November (approximate
time most calves are put on feed in Alberta)
1988 carcass grade prices adjusted by a sea-
sonal index to the 1989 finishing date of the
cattle on the different diet treatments. Novem-
ber 1988 carcass grade prices per 100 kg were
$311.40 for Al steers, $304.14 for A2 steers,
$274.14 for A3 steers, and $263.14 for A4
steers.

The significant price differentials among
grades and the differences in grade distribution
and dressing percentages among treatment di-
ets (tables 7 and 8) indicate that carcass quality
might have an effect on diet selection. This is
in contrast to some U.S. studies that indicate
that carcass quality is not significantly affected
by the proportion of forage in the diet (Pope
and Heady). The difference may be attributed
to the emphasis placed in the Canadian grading
system on lean carcasses, which would suggest
some premium for higher forage feeding. The
top Canadian grade ofAl compares to the U.S.
Good and Standard grades, while Canadian A2

0

og.

Year

Figure 3. Historical price ratios of forage and
concentrate

compares to U.S. Choice and Prime grades
(Considine et al.). Thus, Canadian grades
should be more price responsive to higher for-
age feeding.

Linear Programming Models

Two linear programming formulations (cor-
responding to the two alternative objective
functions of minimizing costs and time-on-
feed and of maximizing returns over feed and
time costs) were employed to investigate the
economics of substituting forage for concen-
trate. The first model assumes that carcass
quality is homogeneous among the diet alter-
natives within each of the long hay and cubed
hay experiments. Given the estimated accu-
mulated hay-concentrate and days-on-feed
equations, accumulated levels of hay and con-
centrate and days-on-feed were respectively
generated for each of the eight isoquant gain
levels and possible values of proportion of hay
in the diet (R) within the range of .40 to .78
in increments of .02.

On the assumption that weight gain in a par-
ticular interval is independent of the feeding
history of the steer (Bhide et al. 1980), esti-
mates of concentrate and hay eaten within each
gain interval were determined by subtracting
the appropriate cumulative estimate on one
isoquant gain level from that above it. With
four weight gain isoquants and 20 possible lev-
els of hay in the diet, the results represented
(4 20) = 80 possible diet activities in the mod-
el, 20 in each weight gain interval. This al-
lowed the determination of the optimal diet R
value for each weight gain interval. Mathe-

168 December 1990
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Table 7. Canadian Carcass Grade Distribution by Cubed Hay-Concentrate Diets

Carcass
Grade and
Dressing Proportion of Hay in the Diet
Percent
(DRS) 0.77 (n) 0.68 (n) 0.59 (n) 0.49 (n) 0.40 (n)

Al 0.6875 (11) 0.5000 (7) 0.6667 (10) 0.3125 (5) 0.2143 (3)
A2 0.1875 (3) 0.3571 (5) 0.2667 (4) 0.4375 (7) 0.5714 (8)
A3 0.1250 (2) 0.1429 (2) 0.0 (0) 0.1250 (2) 0.2143 (3)
A4 0.0 (0) 0.0 (0) 0.0666 (1) 0.1250 (2) 0.0 (0)

1.0 (16) 1.0 (14) 1.0 (15) 1.0 (16) 1.0 (14)

DRS 0.5607 0.5685 0.5690 0.5794 0.5621

matically, the model specification was similar -100 HAYi, + IHir FAi, 0
to that given in Melton as: for i = 1 t(

6 4 20

Min Z = Z Z Cf FEEDir
f= i=l r=l

r = 1 to 20

4 20

- TIME + Z Z DYSir FAir 0
i=l r=l

4 20

+ ~ pHAYHAYi r + YARD TIME r[ 6 l]
i=1I r-- Il L2 Cf FEEDfir + pHA Y x HA Yr /2 RINTNr
20?l f= l

- S2 (pFDR BWT FDRr)
r=l

4 20 4

- C : FEEDINTir- FDRINTi
i=l r=l i=l

subject to:

-100 FEEDfir + (PCONCf 100) CONCir = 0

for f= 1 to 6
i= 1 to 4
r = 1 to 20

-100 CONCr + ICir FAi < 0

for i = 1 to 4
r = 1 to 20

- FEEDINTir < 0 for i = 1 to 4

r = 1 to 20

20

Z [pFDR BWT INT (DYSir/365)FAir
r=l

-FDRINTi < 0 for i = 1 to 4

-FDRr + FAir <0 for i =1
20 20

- Z FAir + FA(i+l)r 0 for i= 1 to 7
r=l r=l

20

FAir=1 for i = 1 to 4
r=l

Table 8. Canadian Carcass Grade Distribution by Long Hay-Concentrate Diets

Carcass
Grade and
Dressing Proportion of Hay in the Diet
Percent
(DRS) 0.77 (n) 0.68 (n) 0.59 (n) 0.49 (n) 0.40 (n)

Al 0.6875 (11) 0.4375 (7) 0.2857 (4) 0.4375 (7) 0.0625 (1)
A2 0.2500 (4) 0.3125 (5) 0.4287 (6) 0.3125 (5) 0.6250 (10)
A3 0.0 (0) 0.1875 (3) 0.1428 (2) 0.1875 (3) 0.3125 (5)
A4 0.0625 (1) 0.0625 (1) 0.0625 (1) 0.1428 (2) 0.0)

1.0 (16) 1.0 (16) 1.0 (14) 1.0 (16) 1.0 (16)

DRS 0.5542 0.5773 0.5894 0.5861 0.5830

Freeze and Hironaka

o 4



Western Journal ofAgricultural Economics

LII

vvlvv C~~C

PI�������NI�N -I · ·00C100000000100��L � I Y)U)V)V)V)ID�DID I V) Y) (Y CUILlvvvvNNN�lvvvvItt��vvvvlUUUU
rrrrrcloll���i""==�� ��88

8

o-

I

0 ,

LO

C I
o

ii

arl l

I I I

s II

11 In

sv II
8

_

I

c1 I

C,

cO_ I

§IO

° ° i

_

I cg I
-o

> o
J

Q N X

i- ' i

I 011
e .

c11 '
; o

,N

I
i"

I·

8

-

co

PIZ

E

tI

o

o
-

(i

._"

s

.P(

Po

wiQa

i~~~~~~~~~~~ i -
I IUU

I .S

_N"r" I In !5s!Z! I OW -C C 1 I- I,__. I U')I _N0000 10 , -i'- I __ __
_) _- N I _ _(D ID z In_"_
SS<<: I WiWW o: I ooS=CC S-www, ,,i

m = l - - L- -F

!-. ! z
5 I I1=1 L
Ac I CZI I -I'A (

0 L)
- 'A I 55

I i9is

170 December 1990

I100000000.; - - Ii 0000
iI
i
I
i iI iII I. 11 Ii

-.. -iI -6 . . . I
III

I . . .
°000° i °°°° I ° i °O---- 1-- ..-I;jI II0 0 II- -

I0 1

a I I .

I
i
i
i

-iIi
i
i
i

-iIi I

I
i
I
I
i

iII

PI
II
II
II
II
II
II
II
II
II
II

I
II
i
I
III
II
II

810

i
!

1-
i i I!-I I .

III
i I Vl
I o

I -.i

i
II i
i i

i
i--------

i Vb~~

II _N ---_

iII^ -
II _ . .
II "i '00C

I II

IC).... o ! I' _ _

-------- h

i
II
II
i
II
i
II
II
II
II -- :::Q

i
i
i

I i
i i

i
i
i
i----.:Q::; :; -C41 Z- ' 5 I I A "' A A--~"t-."I -:"t-~ i -I't; I--~"t-- "t5wwww n n-C4InI .

I.- .0 0!t! ! iz~nZ5 -- cl= = -1 -- ->. -i -C -x x w = I i - = -C -m co co In 1 , , i 3

II II ...I _ "
I I uij j I - I i- i.-

.I ..... ! I Z Z

.. I1A i 5i
_hN

00v00

oin noi- i-

zzzz

U. - -w

Y iz z z



Economics of Concentrate: Hay Substitution 171

where, Cf is the cost per 100 kg of the fth
concentrate ingredient, FEEDfl, represents the
amount of concentrate feedstufff consumed
per steer on the rth diet to the ith isoquant
gain level (100 kg units), pHAY is the price of
hay ($ per 100 kg), HAYir is the amount of
HAY consumed per steer on the rth diet to the
ith isoquant gain level (100 kg units), pFDR is
the price of feeder steers ($ per 100 kg), BWT
is the beginning weight of feeder steers (100 kg
units), FDRr represents the feeder steers pur-
chased (no. head) for the rth diet, YARD is the
yardage charge per day to cover fixed costs and
labor ($ per day), TIME is the days-on-feed
for the feeding regime selected, FEEDINTir is
the interest charge ($) on the value of one-half
of the feed for the rth diet between the i - 1th
and ith isoquant gain levels, FDRINTi is the
interest charge ($) on the value feeder steer for
the ith isoquant gain level, PCONCf is the pro-
portion of feedstufff in the concentrate (dec-
imal), CONCir is the amount of concentrate
consumed per steer (100 kg units) to reach the
ith isoquant gain level on the rth diet, ICir is
the mean concentrate consumed (kg) to reach
the ith gain isoquant from the previous (i -
l)th gain isoquant using the rth diet, FAir is
the proportion of feeder steers using the rth
diet to reach the ith gain isoquant, IHir is the
mean hay consumed (kg) to reach the ith gain
isoquant from the previous (i - l)th gain iso-
quant using the rth diet, INT is the current
interest rate (prime plus 1%) as a decimal, DYSir
is the mean number of days-on-feed to reach
the ith gain isoquant from the previous (i -
1)th gain isoquant using the rth diet, and RINTir
is the prorated interest rate for the rth diet and
for i = 4 isoquant, i.e., the total number of
days-on-feed between the ith and i - 1th iso-
quants for the rth diet times the interest rate
(INT) divided by the number of days in a year
(365). A reduced example of the initial tableau
using this notation is presented in figure 4.

To accommodate the objective function of
maximizing returns above feed, feeder, and
time costs, the above model was augmented
with carcass grade meat selling activities. Since
carcass quality data were only available for the
experimental diet treatments, only five diet
treatments were considered, i.e., r = 1 to 5.
Accumulated hay and concentrate consumed
and days-on-feed were generated using the de-
veloped equations and, for comparison, by us-
ing the actual means of concentrate and hay
consumed and days-on-feed (by diet treatment
and gain isoquant). The objective function was:

6 4 5

Max Z = Z Cf FEEDfir
f=l i=l r=l

4 5

+ : pPHAYHAYr + YARD TIME
i=l r=l

5

- : (pFDR BWT FDRr)
r=-

4 5 4

- S FEEDINTr - 2 FDRINTi
i=1 r=l i=l

4 5

+ Z FPRg MEATgr,
g=l r=l

where FPRgr represents forecasted 1989 car-
cass grade prices ($ per 100 kg) for the gth
grade of carcass produced off the rth diet fed
in the last isoquant gain level feeding stage,
and MEATgr is the finished carcass beef pro-
duced (100 kg units) by gth grade and rth diet
fed in the last isoquant gain level feeding stage.
An additional meat balance constraint was
added as:

-(DRSr SWT GRADEgr FAir)
+ (100 MEATgr) = 0 for i= 4,

where DRSr is the dressing percentage in dec-
imal form obtained for beef steers finished on
the rth diet in the last isoquant gain level feed-
ing stage, SWT is the slaughter live weight of
finished steers (480 kg), and GRADEgr is the
proportion (as a decimal) of finished carcass
produced on the rth diet that falls into the gth
grade on average.

Each of the two model formulations was used
to generate results for both the cubed hay-con-
centrate and long hay-concentrate scenarios.
The only adjustment necessary was the use of
the appropriate accumulated hay-concentrate
and days-on-feed equations or means for each
scenario.

The effect of substituting concentrate for for-
age was investigated at various price ratios of
hay-to-concentrate for each scenario. For the
cubed hay-concentrate analysis the price of hay
was varied in increments of $5 per tonne from
$45 to $150 per tonne. For the long hay-con-
centrate analysis the price of hay was varied
in increments of$5 per tonne from $70 to $120
per tonne. Price of the concentrate was fixed.
For each scenario and objective function for-
mulation the results generated indicated the
economically optimal proportion of hay in the
diet to achieve each isoquant gain level given
the stated hay-to-concentrate price ratio.
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Table 9. Economically Optimal Diets for the Four Cubed Hay-Concentrate Gain Isoquants
for the Minimum and Maximum Models at Selected Price Ratios

Price Per Tonne of Cubed Alfalfaa

$45 $55 $65 $45 $55 $65 $150
Ratio of Hay Price to Concentrate Price

0.302 0.369 0.436 0.302 0.369 0.436 0.671

Minimum Cost Model Maximum Returns Model
Isoquant 1 (220-270 kg)

Diet 0.78 0.78 0.40 0.77 0.77 0.40 0.40
Isoquant 2 (270-330 kg)

Diet 0.78 0.40 0.40 0.77 0.40 0.40 0.40
Isoquant 3 (330-390 kg)

Diet 0.78 0.78 0.40 0.77 0.40 0.40 0.40
Isoquant 4 (390-480 kg)

Diet 0.78 0.40 0.40 0.59 0.59 0.59 0.40
Total Feed and Days

Cubed Hay (kg as fed) 2,151.6 1,067.9 797.4 1,896.0 1,293.0 1,029.6 792.4
Concentrate (kg as fed) 652.0 1,147.6 1,286.1 769.3 1,045.0 1,179.9 1,286.1
Days 344 300 290 334 310 299 290

Net Revenue Difference
($/head) from 40:60 diet 13.66 1.76 0 34.39 24.09 9.92 0

a Canadian dollars.

Optimal Diets

Table 9 displays the optimal diet results for
the cubed hay-concentrate scenario at alter-
native price ratios. That the estimated iso-
quants are linear with slopes varying from
-. 4683 to -. 512 implies that, unless the price
ratios of hay-to-concentrate are equal to the
corresponding isoquant slopes, it would be less
profitable to employ any combinations of hay
and concentrate other than those specified at
the end points of the isoquant. The data range
in this study spanned diet hay-to-concentrate
ratios from a 78:22 hay-to-concentrate diet to
a 40:60 hay-to-concentrate diet. The mini-
mum cost diet in each isoquant feeding stage
is either of the endpoint diets. From 1980 to
1989 the price ratio of cubed alfalfa-to-con-
centrate ranged from .8 to 1.5. Within this
range the high concentrate diet is least cost.
Not until the price ratio declines to .369 does
the diet with the highest proportion of cubed
hay become least cost and then only for the
first 50 kg of gain. This price ratio is 46% as
high as the lowest price ratio in the decade of
the 1980s. The switching pattern exhibited at
a price ratio of .369 results because the first
(50 kg) gain isoquant is relatively flatter than
the isoquants for the remaining gain incre-
ments. This agrees with Brokken and Bywa-
ter's results which also show isoquants for the

initial increments of gain to be relatively flatter
than those for subsequent increments of gain.
The implication of this pattern is that high
roughage diets are relatively more efficient in
the early stages of the finishing program.

The addition of carcass grade and price in-
formation produces some change in the results
for the maximum returns over feed, feeder,
and time costs model. Providing the assump-
tion that the final isoquant period is long
enough for diet to affect carcass quality, the
results are similar to the minimum costs model
except that the diet selected in the last isoquant
feeding range is the 59:41 hay-to-concentrate
diet. This reflects the shift in the grade distri-
bution of steers fed this diet toward a higher
percentage of carcasses grading Al and A2,
relative to the other hay-to-concentrate diet
treatments of 77:23, 68:32, 49:51, and 40:60
(table 7). This result only holds for price ratios
of cubed alfalfa-to-concentrate below 1.067.
Above this level, the 40:60 cubed alfalfa-to-
concentrate diet is optimal in all stages. From
1980 to 1989 the only year that the price ratio
fell below 1.067 was in 1988 when it was .85.
Similar results were obtained using the actual
mean days-on-feed and mean hay and con-
centrate consumed data.

The addition of carcass grade information
to the models also alters the results for the long
hay-concentrate scenario. Due to the concave
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Table 10. Economically Optimal Diets for the Four Long Hay-Concentrate Gain Isoquants
for the Minimum and Maximum Models at Selected Price Ratios

Minimum Cost
Model Maximum Returns Model

Ratio of Hay: Concentrate Price
Isoquant 1 (220-270 kg)

Diet
Isoquant 2 (270-330 kg)

Diet
Isoquant 3 (330-390 kg)

Diet
Isoquant 4 (390-480 kg)

Diet

Total Feed and Days
Baled Hay (kg as fed)
Concentrate (kg as fed)
Days

Net Revenue Difference
from 40:60 diet ($/head)

nature of the isoquants, only the high concen-
trate endpoint diet (40:60) is selected in the
minimize costs model as economically opti-
mal (table 10). However, in the maximum re-
turns model for the final isoquant feeding stage,
the optimum diet selected switches from the
high forage diet (40:60) chosen in the mini-
mum cost model to a middle range hay: con-
centrate diet (49:51). This occurs because of
the high proportion of Al and A2 carcasses
(75%) and the relatively high dressing per-
centage (58.61%) that resulted on this diet (ta-
ble 8). Since the November 1988 long (baled)
alfalfa hay price was approximately $80 per
tonne, the high concentrate diet (40:60) would
be optimal through all feeding stages except
the last, where the intermediate diet (49:51)
would be optimal. However, at a baled alfalfa
hay price of $100 (price ratio hay-to-concen-
trate equal to .670), the high concentrate diet
(40:60) becomes optimal in the last feeding
stage. For the years 1980 to 1984 the baled
alfalfa-to-concentrate price ratio ranged from
.62 to .67. For all other years except 1988 it
was far above the .67 level at which the high
concentrate (40:60) diet becomes optimal.
When the actual days-on-feed, baled hay, and
concentrate means were used in the maximum
returns model, the results were similar.

Discussion and Conclusions

This study was undertaken to determine the
effect of form of the hay and consideration of

carcass quality and time-on-feed information
on the economics of substitution of alfalfa hay
for concentrate in beef feeding diets. The feed-
ing trial results agreed with other studies by
indicating that the forage-concentrate weight
gain isoquant is concave or linear to the origin
in the middle range (Brokken et al.; Brokken
1977; Brokken and Bywater; Epplin, Bhide,
and Heady 1980, 1983). Estimated long hay-
concentrate gain isoquants were concave while
cubed hay-concentrate gain isoquants were lin-
ear. The difference in isoquant shape was likely
due to the influence of hay particle size on
digestible energy (DE) and feed intake (Hiro-
naka, Grigat, and Kozub). Particle size of the
hay cubes was sufficiently fine that its influence
on feed intake resembled that of concentrate
more than that of long hay. The fact that steers
fed the cubed hay diets required more feed on
a dry matter basis and more days-on-feed to
achieve the slaughter weight of 480 kg than
steers on the baled hay diets indicates that
cubed hay may never be economic relative to
baled hay, unless it has some transportation,
storage, and/or feed handling benefits unac-
counted for in this study.

The results of the minimize costs model sup-
ported the hypothesis that the diets in the con-
cave or linear regions of the isoquant will never
be economically optimum. Optimal diets were
either high concentrate or high forage diets,
with switching to high concentrate diets as the
price ratio of hay-to-concentrate increased. At
historical (1980 to 1989) price ratios of cubed
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and baled alfalfa-to-concentrate, the high con-
centrate diet (40:60) was optimal. However,
the addition of carcass quality and price in-
formation in the maximize returns model re-
vealed that instances may arise (such as in
1988) where diets in the middle range of the
isoquant (somewhat above 50% concentrate)
are economically superior, given the range of
diets in the experiment.

A limitation of the feeding experiment was
absence of a forage: concentrate diet compa-
rable to that typically fed by commercial feed-
lots in western Canada. A commercial diet is
usually 10% to 15% forage on a dry matter
basis, with a digestible energy concentration
of about 3.3 Mcal/kg, which is higher than the
cubed hay 40:60 diet value of 3.15 Mcal/kg.
The commercial diet most likely would be se-
lected by the feeding model as optimal in all
stages of the feeding program because of its
associated fewer total days-on-feed (about 240
days) over the optimal diet regimes in this ex-
periment. Future experiments are planned to
include a wider range of diets (100:0 to 0:100
on an as-fed basis) and more typical feedstuffs
applicable to western Canada; namely, barley
silage forage and barley grain-based concen-
trate.

[Received July 1989; final revision
received June 1990.]
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