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The Impact of Interest Rates on Optimal Time
on Feed and Market Weight for Beef Cattle

Jeffrey Apland and Joanne Geigel

Introduction

The high rates of interest of recent years have had marked impacts on

costs of production for the farm firm and thus production, financial and

market decision making. The costs of finishing livestock are especially

sensitive to changes in interest rates. A feeder cattle enterprise, for

example, involves an initial outlay for feeder calves - the largest component

of production costs for the enterprise. The interest expense on the cost

of the feeder calves, the cost of feed and other operating costs represents

the third largest component of production costs for feeder cattle (feed

costs are the second largest, after feeder calves). The use of high grain

feed rations will increase feed costs, but a higher rate of gain will be

achieved. Thus, while operating expenses increase when more grain is fed,

the length of the production process, and interest cost per dollar of

operating expenses, will decrease. For a given overall rate of gain, the

weight at which the slaughter cattle are marketed can be reduced, also

shortening the production process and interest expense. The purpose of the

research reported here is to examine how changes in the interest rate influence

the optimal number of days on feed for slaughter cattle at given market weights.

The sensitivity of optimal market weights to changes in the rate of interest

are examined, also.

Minimum Cost Daily Feed Ration Model.—

Minimum cost daily feed rations were generated for cattle in 6 weight

classes and at several rates of gain. The following optimization problem

represents a general specification of the model.
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Referring to equations (l-1) through (1-14) activities Xi; i=l,...,n.
J

represent the quantities of each of n feeds considered for the feed rations.

Parameter Ci represents the unit cost of the ith feed, thus the objective

function (l-1) is the total cost of the daily feed ration, which is

minimized. Constraint parameters ali, a2i, a3i, a4i, a6i and a7i are the

nutrient contents of the ith feed, representing the pounds of dry matter,

megacalories of net energy for maintenance, megacalories of net energy for

gain, pounds of total protein, calcium, phosphorus and potassium, respectively,

per pound of feed. Constraint (1-2) limits the dry matter contetitof the

ration to no more than level bl. Constraints (l-3) and (l-4) represent the

net energy requirements of the animal. A separable programming specification

was used for these constraints. Net energy requirements for steers follow

those suggested

as follows:

by Lofgreen and Garrett. The requirements can

n
X a .X > b3/(1-a)
i=l 31 i -

(j<(y, <l

Where: a is the proportion of the ration going to maintenance

requirements, (1-u) is the portion of the ration going to gain

be summarized

(1)

(2)

(3)

energy

energy

requirements, b
2
and b are the net energy requirements for maintenance

3

and gain respectively, and other parameters and variables follow previous

definitions. To capture the non-linear restrictions implied by equations

(l), (2) and (3) in a linear programming formulation, special variables

Sj (j=l,....m) were defined to represent m values of a (al < U2 < a ... < am)
3

covering the relevant range of the parameter (generally,0.0 < u ~ 1.0).
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‘JIIus,equations (l-3), (l-4) and (l-5) provide a piecewise linear approximation

of constraints (l), (2) and (3), [Brokken].

Constraints (l-6), (l-7) and (l-8) maintain the minimum requirements

of total protein, calcium and phosphorus in the ration. Equations (1-12)

(1-13) define variables Y1 and Y2 as the total phosphorus and dry matter

and

contents of the ration, respectively. Constraints (l-9) and (1-10), then,

restrict the ratio of calcium to phosphorus in the ration to a minimum of

dl and a maximum of d2 (values used in this study were dl = 1.2 and d2 = 5.0).

By constraint (1-11), the ratio of potassium to total dry matter in the

ration must be greater than or equal to d3 (d3 = 0.0066, here). Finally, the

usual non-negativity restrictions apply to all of the linear programming

activities.

Minimum Total Feed Cost Model

Results from the minimum cost daily feed ration model were used in a

second model to find the minimum cost feeding strategies for a given market

weight and a given number of total days on feed. A general specification

of the model follows.
‘4

MINIMIZE: TOTAL RATION COST = Z Pi Fli (2-1)
i=l

‘~2j ‘3jk
SUBJECT TO: X Z gkj‘j,k~ = Gj j=l, nl.... (2-2)

k=l 1=1

(2-3)

n
1 ‘2j ‘3ik
EXE - Fli = O i=l,...$n4

aijkl ‘.jk!L
(2-4)

j=l k=l 1=1

‘2j ‘3jk
xx -F

aijkL ‘jk% 2ji
= o 1=1

k=l fi=l
,o.o,m4j j=l-$~.o,nl (2-5)
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(2-6)
‘2j ‘3jk
Zz

1“0 ‘jk!l
-Dj =0 j=l,...,n

k=l ~=1 1

‘jkk’ ‘Ii’ ‘2i’ ‘j ~ 0
j=l,....n~;k=l~...,nZj; (2-7)

A=l,.
“*$n3jk;i=J’’”””n4

The feeding process is specified in the model

requirements in each of n
1
stages of growth, where

range in the animal’s weight (e.g. 500 to 600 lb.,

Activities Yjkg are defined as the use of the !Lthalternative daily feed

ration (L=l,...,n~jk), for feeding to the kthrate of gain (k=l,...,n2j)

by including feed

a “stage” represents a

600 to 700 lb., etc.).

in the jth stage of growth. The units of the feeding activities are days.

Activity Fli is defined as the total use of feed i (i=l,...,n4) and

activities F
2ji

represent the quantity of feed i used in the jth stage.

Parameter pi is the unit price of the ith feed. Thus, the objective

function (equation 2-1) is total feed cost per head, which is minimized.

Gj is the gain required in stage j and gk.jis the kth daily rate of gain in

the jth stage. The left hand sides of constraints 2-2, then, give the gain

in each of the nl stages of growth associated with given feeding strategies

(vectorsYkL) in those stages. Total gain in each stage is constrained

to level G., the gain associated with the jth stage of growth. Constraint
J

2-3 limits the total days on feed to no more than T days.

‘arameter aijkl represents the quantity of the ith feed in the Rth

daily feed ration with the kth daily rate of gain in stage j. Equations 2-4

sum the use of each feed over all stages into activities F
li“

Equations

2-5 are accounting rows which sum the use of each feed in each stage into

activities ‘2ji”
Constraints 2-6 are also accounting rows to sum the days

on feed for each stage into activities D.. Constraints 2-7 are non-negativity
J
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restrictions on each of the linear programming activities.

Alternative daily feeding strategies used in the model may in general

be limited to a set of efficient strategies, though the optimization of the

1/
model will insure such efficiency in the solution.— If all feeds are

available in infinitely elastic supply, and all feed is purchased at the

beginning of the feeding process, alternative feed rations need include only

the least cost daily rations for each animal weight class and each rate of

gain derived using the market prices of the feeds. With infinitely elastic

supply, feed values have no endogenous components. If all feed is purchased

at the same time, interest expense is proportional to the market prices

of the feeds and does not influence the relative feed values between stages

in the feeding process.

Table 1 contains an abbreviated linear programming tableau to further

illustrate the formulation of the minimum total feed cost model. For

illustrativepurposes, five stages are used. The five stages represent

the feeding process from 500 to 600, 600 to 700, 700 to 800, 800 to 900

and 900 to 1000 lb., respectively. “Accounting” rows used to report feed use

by stage and days on feed by stage are omitted from the tableau for the sake

of clarity.

Row 1 is the objective functionrow-~totalfeed costs. Coefficients in

this row are feed prices per pound for the five alternative feeds -- corn

silage, corn grain, dicalcium phosphate, ground limestone and soybean meal,

respectively. Constraints 2 through 6 maintain the necessary total gain

1/ Efficiency here implies minimum cost for the relevant range in
impli~it and/or explicit feed values. The opportunity set must be convex
so that linear combinations of the daily rations specified are feasible
and a global optimum is insured.
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in each of the stages of growth. The “a,.’s” in rows 2 through 6 on the
lJ ~

daily ration use activities are daily rates of gain. Constraint 7 limits

the total time on feed to no more than 240 days. Coefficients on the daily

feed ration use activities in constraints 8 through 12 are the quantities of

each of the five feeds in the daily rations. These restrictions constrain

total feed use to be less than or equal to the quantities of each feed

purchased (optimizationwill insure equality here).

Sensitivity analysis can be performed in a relatively straight forward

manner. To capture the impacts on total feed costs of changes in total

days on feed, the right-hand side of constraint 7 can be altered. The market

weight of the animal can be changed with the appropriate adjustment of the gain

required in stage five for weights ranging from 900 to 1000 pounds. As set in

Table 1, the market weight is constrained to 950 lb. by requiring 50 lb. of

gain in stage 5 (the right-handside of constraint 6). To set the market weight

at 900 lb., gain in stage 5 would be set at zero. For a market weight of

850 lb., gain in stage 5 would be zero and gain in stage 4 would be set at

50 lb. Additional feeding activities for a sixth stage of growth were

added when final weights of 1050 and 1100 lb. were considered.

Analysis and Results

Market weights for steers considered in this study were 1000, 1050 and

1100 pounds. Six growth stages were used: 500 to 600 lb., 600 to 700 lb.,

700 to 800 lb., 800 to 900 lb., 900 to 1000 lb., and 1000 to 11OO lb.

Minimum cost daily feed rations were generated for animals weighing 550,

650,

feed

used

750, 850, 950 and 1050 lb. and were assumed to be representative of

requirements over each of the six growth stages. Nutrient requirements

in the minimum cost daily feed ration model were based upon 1976

National Research Council findings as reported in Ross and Sewell. Rations

were generated for daily rates of gain in 0.25 lb. increments from 1.00 to

2.50 lb./day for stage 1, 1.50 to 2.50 lb./day for stage 2, and 2.00 to
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2/
2.50 lb./day for stages 3 through 6.–

Five alternative feeds were considered in the rations -- corn silage,

corn grain, dicalcium phosphate, ground limestone and soybean meal. Prices

for dicalcium phosphate, ground limestone and soybean meal were set at

19821evels and are reported in Table 2. The relative costs of daily feed

rations at different rates of gain are especially sensitive to corn silage

and corn grain prices. Nine combinations of corn and corn silage prices

were considered in the analysis. The feed prices for each of the nine

price sets are given in Table 2. Corn grain was priced at $2.85 per

bushel for feed price sets 4, 5 and 6, $2.25 for price sets 1, 2 and 3, and

$3.45 for price sets 7, 8 and 9. A medium corn silage price was calculated

based upon each corn price. The silage price per ton was calculated as

six times the price of corn per bushel, plus $2.00 -- a “breakeven” price

assuming a 120 bushel per acre yield for grain, 20 tons per acre for silage

and a $2.00 per acre difference in variable costs of production. Silage

prices so derived for corn grain prices of $2.25, $2.85 and $3.45 were

$15.50, $19.10 and $22.80, respectively and were used in feed price sets

2, 5 and 8. So that the sensitivity of the results to changes in the

relative prices of corn grain and corn silage could be examined, low and high

silage prices were used for each corn price which were $3.00 per ton less

and $3.00 greater than the breakeven prices. The low prices ($12.50, $16.10

2_/ The minimum daily rate of gain for each stage was the lowest rate
for which nutrient requirementswere available. Nutrient requirements for
rates of 1.25, 1.75 and 2.25 lb./day were calculated by linear interpolation
of requirements at 1.00 and 1.50, 1,50 and 2.00,and 2.00 and 2.50 lb./day
respectively, except net energy requirements. Equations were published
for calculating net energy for gain requirements at each rate of gain
used.
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and $19.80 per ton) were used in feed price sets 1, 4 and 7. The high

relative silage prices ($18.50, $22.10 and $25.80) were used in feed price

sets 3, 6, and 9.

Minimum cost daily feed rations were generated for each growth stage

and rate of gain for use in the model to minimize total per head feed

costs. Minimum cost feeding strategies were generated for steers at market

weights of 1000, 1050 and 1100 pounds. Total days on feed were constrained

to 200, 220 and 240 for the 1000, 1050 and 1100 pound steers, respectively

(representingan average daily rate of gain of 2.50 pounds). Solutions

were then generated with total days on feed increased in 10 day increments

up to 240 days for 1000 lb. s~eers, 260 days for 1050 lb. steers and 290

days for 1100

market weight

lb. steers. Optimal feeding strategies were derivedfor each

and these alternative numbers of days on feed subject to each

of the nine feed price sets described.

Once optimal feeding strategies were derived, cash flows were projected

for each of the market weights and days on feed and under each feed price

set. All feed was assumed to be purchased at the beginning of the production

process. Thus initial expenses include all feed costs and the cost of the

500 lb. steers. Feeder calves were priced at $68.97 per hundredweight. A

purchasing commission and trucking costs totaling $475 were also initial

expenses in the cash flow. Veterinary expenses, insurance, and building

repairs totaling $6.35 were charged in the fourth month of production.

Expenses for machine operation, utilities and straw were charged evenly

per month and totaled $12.70. Hauling to market was an expense of $7.80

per head and was charged at the end of the production process.

The results of the analysis are reported in Tables 2.1 through 2.9

(respectively)for each of the nine feed price sets. The tables
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give total receipts (based upon a market price of $63.70/cwt),operating

expenses and the optimal total feed use by market weight and days on feed.

Interest cost on operating expenses and net returns per head are also shown,

calculated at annual interest rates of 0.00%, 10.0%, 12.5%, 15.0%, 20.0%,

22.5% and 25.0%. Table 3 summarizes the results, showing the net return

maximizing days on feed for each of the three market weights, each of the

nine feed price sets and at each rate of interest.

Recall that feed price sets 1, 2 and 3 represent low, medium and high

silage prices with a corn grain price of $2.25/bushel. Price sets 4, 5 and

6, and 7, 8 and 9 are for low, medium and high silage prices with corn

grain priced at $2.85/bushel and $3.45/bushel,respectively. “Medium” silage

prices (sets 2, t+and 8) are “breakeven” prices -- six times the associated

corn price plus $2.00 per

high prices are $3.00 per

When the corn silage

ton. Low prices are $3.00 per ton less and

ton more than the “breakeven” prices.

price was low relative to the corn grain price

(price sets 1, 4 and 7), the optimal number of days on feed remained at

240, 260 and 290 for 1000, 1050 and 1100 lb. steers, respectively, at

every interest rate considered. More corn is used in feed rations as the

rate of gain is increased. The effect on feed costs of feeding the cattle

more rapidly is most accute then, when corn is relatively expensive and

this change in costs was not offset by interest expenses even when an

annual rate of 25% was used.

At medium silage prices, no adjustment in days on feed occurred with

the price of corn set at $3.45. The optimal number of days on feed decreased

by 10 for 1000 and 1100 lb. steers when corn was priced at $2.85 as the

interest rate reached higher levels than have been historically observed --

25% for 1000 lb. and 22.5% for 1100 lb.steers. Optimal days on feed did not
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Table 3: Optimal Number of Days on Feed for Each Market Weight and
Feed Price Set.

Market Feed Annual Interest Rate
Weight Price Set ● 000 .100 .125 .150 .175 .200 .225 .250

1000 lb. 1 240 240
2 240 240 230 230
3 240 230 230
4 240 240
5 240 240 240
6 240 230 230
7 240 240
8 240 240

1050 lb. 1
2
3
4
5
6
7
8
9

9 240 240 230

1100 lb. 1
2
3
4
5
6
7
8
9

260 260 250
260 250

260
260 260 250
260

260 260

290
290 290 280
290 280
290
290 290 280
290 280 270
290

290 290 280

230

260
250
250
260
260
250
260
260
250

290
280
280
290
280
270
290
290
280



-23-

change over the range of interest rates considered for 1050 lb. steers

under the same feed price set (set 5). At the low corn price ($2.25/bu.)

and the medium silage price ($15.50/t.),days on feed shifted from 240

to 230 as the rate of interest increased from 12.5% to 15.0% for 1000 lb.

steers. Shifts from 260 to 250 and 290 to 280 occurred at 22.5% and 15.0%

for market weights of 1050 and 1100 lb., respectively. When the medium

silage prices were used, adj~stment of the rate of gain associated with

interest rate changes was sensitive to the absolute prices of the feeds.

While in part attributable to the relative increases in feed costs as the

rate of gain increased, this results stems also from the added interest

expense on feed when maximum total days on feed was decreased.

Under relatively high silage prices (price sets 3, 6 and 9), optimal

days on feed was most sensitive to changes in the interest rate. At the

lowest positive interest rate considered (10.0%) and with corn priced at

$2.25,0ptimal days on feed were 230, 250 and 280 for market weights of

1000, 1050 and 11OO lb.~respectively -- 10 days less than when no interest

was charged. Generally the shift in days on feed occurred at higher rates

of interest as the price of corn was increased. However, with silage priced

at the relatively high levels, increases in the optimal rate of gain

occurred at interest rates within the range of rates faced by farmers in

recent years.

The highest market weight, 1100 lb.,

under all combinations of feed prices and

one. With the feed prices at the highest

generated the greatest net revenue

interest rates considered except

levels

market weight shifted from 1100 to 1050 lb. when

increased to 25.0%. The increase in net revenue

1050 to 1100 lb. ranged from $6.43 to $17.85 per

(price set 9), the optimal

the interest rate was

associated with feeding from

head over all feed price
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sets when interest was changed at 10%. With an interest rate of 20% the

range fell to between $0.06 and $13.42 -- $3,81 to $6.37 per head lower

than the changes in net revenue with a 10.0% interest rate. Although the

optimal market weight was not sensitive to interest rate changes within

the historically observed range of rates, consideration of other time

related costs along with costs considered here could imply an adjustment

in market weight in response to interest rate increases.

Two categories of costs not considered in this analysis are worth

noting. Labor use and thus labor costs are directly related to the number

of days on feed. For farmer feedlots considered here, the value of labor

in a given time period may vary widely, depending upon the availability

of part-time labor and the implicit value of scarce full-time labor. While

the focus of this study was on the impacts of interest rates on operating

expenses, the impacts of interest rate changes on optimal days on feed and

market weights would be exaggerated as implicit and/or explicit labor

costs increase. A second time related cost is implied by the value of

feeding facility services. For “turnover” feedlot operations, a group

of feeder cattle is replaced after sale by another group. Thus the value

per day of feeding facilities reflect the average return per day from the

replacement herd. When operating at capacity, the implicit value of scarce

feeding facilities may lead to the use of high cost, high rate of gain feed

rations even at lower interest rates.

Conclusions

The research reported here focused on the impact of interest rates on

optimal rates of gain and market weights for beef cattle. The emphasis was

on operations which produce one group of slaughter cattle per year. The

results suggest that for such operations, high grain rations with the associated
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.

higher rates of gain are optimal when

capital approaches 15.0% to 25.0% per

found to be optimal at interest rates

the opportunity cost of operating

year. High grain rations were

around 15.0% when corn prices are

low ($2.25/bu.was used here), and the corn grain-corn silage price

ratio was around $5.3 (prices in pounds). Optimal days on feed were

especially sensitive to interest rates when the corn grain-corn silage

price ratio was around $4.5.’ Optimal days on feed then decreased, even

at interest rates lower than current levels. The results suggest that a

crucial consideration in determining optimal feeding strategies is the

value of corn silage.

Optimal market weights were not as sensitive to interest rate changes

as days on feed under price situations considered in the study. However,

it was pointed out that other time-related costs, especially labor, when

added to interest expenses may influence optimal feeding strategies.

The enterprise level model for estimating minimum cost feeding

strategies was employed using least cost daily feed rations at rates of

gain for which nutrient requirements were available. Specific data on

nutrient requirements at other rates of gain would permit a more accurate

capture of changes in feed costs associated with changes in overall rates

of gain. With such information, adjustment within the model would be

smoother and detailed analyses of the dynamics of the feeding process would

be enhanced.
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