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Abstract

A linear programming model of turkey production was constructed to

help in evaluating research results and planning new projects. It max-

imizes profits per lot subject to nutrient, ingredient, feed quantity, sex

ratio, and production capacity constraints. Applications to date include

analyses of feeding trials involving various protein sources and establishing

priorities for new research.
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A major objective of poultry nutrition research is to decrease the

real per unit cost of poultry production. Research results are seldom adopted

at the farm level unless they increase expected net returns. Many poultry

researchers have ignored the economic consequences of their studies, con-

centrating only on ways of maximizing output. Others have advised producers

to minimize feed costs, without fully recognizing that different combinations

of inputs can affect both the quantity and the quality of output. However,

the overriding concern ought to be the expected level of net returns when

interpreting research results and making recommendations on diets and feeding

programs.

A bioeconomic model of turkey broiler production was constructed to

assist poultry researchers in the evaluation of research results and the

planning of new projects. Very close collaboration between researchers in

agricultural economics and poultry nutrition was required to permit adequate

specification of the model. The model can be applied to any number of

experiments involving poultry nutrition, feed manufacturing, or poultry

production and marketing strategies.

The linear programming (LP) procedure was chosen for the model because:

1) most agricUltural experiments have a small number of discrete

treatment levels, thus conforming to the LP structure,

LP algorithms are available on most computer systems; they enable

rapid solutions which are fairly understandable to scientists and

extension personnel,

it permits an economical use of resources: the model structure

is fixed and standard, thus reducing modelling time, and it can

be used with available matrix generator and report writer routines.
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The linear programming structure probably does fewer injustices to the inter-

pretation of research results than do other model structures because of the

biological research procedures employed. If scientists are worried about

linear combinations between two treatment levels, the relevant activities can

be integerized and solved with a mixed integer programming (MIP) algorithm.

If they are prepared to accept interpolations, then linear combinations will be

least objectionable, since ,generally there are too few observations on the

explanatory variables to gain much confidence in any estimated curvilinear

function.

Model Structure and Design

The model maximizes profit per lot to a poultry producing operation

subject to nutrient, ingredient, feed quantity, sex ratio, and production

. capacity constraints. Economic and biological data are considered simultaneously.

Economic data include feed ingredient prices, labor use and price, poult,

energy, and other overhead and operating costs, as well as prices received

for each grade and weight class of poultry output. Biological data include

feed intake and dietary specifications, liveweights at time of sale, carcass

grades, mortality, and, in the case of layers, the quantities and grades of

eggs produced. This specification differs from the standard "least cost"

formulation in that different quantities and qualities of output are explicitly

considered. The model duplicates, in numerical form, the results that have

been obtained experimentally, and determines the most profitable of the

options available for any set of costs desired.

A matrix generator and report writer routine are integral parts of

the model. (In the present case, a matrix generator/report writing computer

package was obtained from Haverly Systems, Inc., Denville, New Jersey. This

greatly simplified programming requirements.)
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The matrix generator permits data to be entered in tabular form, directly

from summarized experimental results. The matrix generator includes a set of

instructions to transform data, where required, and specifies the matrix

location for each coefficient. With only minor modifications, the matrix

generator can accomodate a wide range of poultry nutrition experiments.

The items that must be specified in the matrix generator include:

1) number of feeding periods,

2) number of ingredients in each feeding period,

3) number of nutrient constraints,

4) number of feeding programs,

5) number of marketing ages,

6) nutrient constraints (inc. feed intake) by feeding period for each

feeding program,

7) mortality rates by feeding program,

8) ratio of males to females,

9) labor and cash use by feeding program,

. 10) production capacity,

11) prices of ingredients and products (by grade and weight range).

The report writer (in this case, also built upon the Haverly Systems Inc.

operating procedures) extracts the useful information from the LP output and

displays it in easy-to-read tables'. This is especially important for collab-

oration with research scientists and extension personnel.

In the present version of the model, 5 tables are prepared and printed.

The first (Table 1) is an economic summary of the optimal solution, detailing

the major cost categories and net returns. (The accompanying tables were taken

from an analysis of rapeseed meal in turkey broiler diets; see Klein et al.)

Table 2 itemizes the ingredients and total weight of feed required per bird in

each of 5 feeding periods (defined, in this case, as 1-3 weeks, 4-6 weeks, 7-9

weeks, 10-11 weeks, and greater than 11 weeks). Table 3 is a calculation from
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the LP output of the optimal diet per kilogram of feed for each of the feeding

periods (plus costs of ingredients and mixing costs). This table, which is not

directly available from the LP output, is readily understandable by nutritionists

and feed manufacturers. Table 4 provides a constituent analysis of the optimal

diet, by feeding period. This table, which again must be calculated from the

LP output, enables participating scientists or feed manufacturers to quickly

comprehend optimal levels (nid possibly surpluses) of key nutrients. The fifth

table (not shown) provides information on penalty costs of alternative (non-

optimal) feeding programs. Other shadow price or penalty cost information that

may be desired can be easily added at this point, since they are taken directly

from the LP output.

Applications of the Model

The model has had its most extensive testing in an evaluation of low

glucosinolate rapeseed meal in turkey broiler diets (Klein, t 1.). Rape-

seed meal is a byproduct of the process of extracting oil from rapeseed.

greater use of rapeseed meal would have important economic implications for

Canada since a domestically produced protein supplement could replace a portion

of an imported protein supplement (soybean meal).

In this experiment, 1000 sexed turkeys were fed diets comprised of 4

levels of rapeseed meal, each split into 3 levels of nutrient density. The

turkeys were marketed at 12, 13, and 14 weeks of age. Diets were changed 5

times as the turkeys grew (as per Tables 2,3,4). Thirteen feed ingredients

provided the nutrient sources available for feed formulation. Records were kept

of feed consumption, mortality, liveweights, and carcass quality.

The economic evaluation of these data showed that rapeseed meal could

profitably be used at substantially higher levels (under most reasonable price

conditions) than had previously been recommended by nutritionists and feed

manufacturers. Rapeseed meal has a small adverse effect on growth rates when

fed at high levels - this had inhibited use of the product. However, given the
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usual price advantage of domestically produced rapeseed meal over imported

soybean meal, it was often most profitable to forgo maximum growth rates by

increasing the proportion of rapeseed meal in the diet and marketing the birds

at a slightly greater age (usually a matter of 1-3 days).

The economic evaluation of the turkey broiler experiment inspired a

further study on the use of low glucosinolate rapeseed meal in chicken broiler

diets (,Salmon, et al. 1980). In this experiment 2160 chicks were fed diets

consisting of 4 levels of rapeseed meal (plus control), with 2 protein and 2

nutrient density treatments. In one, nutrient density is maintained by added

at as rapeseed meal is increased; in the other, the level of added fat re-

mained constant and nutrient density decreased with increased levels of rape-

seed meal. The chicks were marketed at 7 and 8 weeks of age.

Minor modifications to the matrix generator and report writer were all

that was needed to analyze the results of this experiment. The economic

evaluation provided additional evidence that low glucosinolate rapeseed meal

is a much more competitive feed ingredient in poultry diets than was previously

thought.

Biological data from 3 experiments on the use of fababeans in broiler

chicken diets (Gardiner et al.) were evaluated together, using a modification

of the bioeconomic poultry production model. One experiment included 2 levels

of methionine and 2 levels of lysine. The second experiment included 21

diets composed of 4 varieties of fababeans, each grown at 5 levels of nitrogen

fertilizer. One diet contained no fababeans. The third ex2eriment con-

sidered 4 varieties of fababeans,at 2 levels in the diet (20 and 40 percent)

under 2 levels of energy. Two control diets (one for each energy level) were

also included.

The economic evaluation showed that fababeans were not competitive in

broiler chick diets. The price ratio between fababeans and soybeans would
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have to be much lower than any experienced over the past several years before

even a small proportion of the optimal diet would include fababeans.

The model was also modified to evaluate alternative levels of feed

restrictions and energy content on laying hens (unpublished data). Quantities

and grades of eggs varied by treatment throughout the 48 week test period.

The economic analysis showed that some level of feed restriction was optimal

under most reasonable conditions.

Another application that is nearing completion concerns the effects of

dietary protein concentration and frequency of diet changes on the production

of large white turkeys (Salmon and Wilson). This experiment, conducted in

Scotland, includes 8 feeding periods, 12 feeding programs, and 5 marketing

ages for each of male and female turkeys. As before, only minor modifications

to the matrix generator and report writer were necessary to permit an economic

evaluation of these data.

An important use of a model of this type is in establishing priorities

for research. Poultry nutritionists can examine the sensitivity of optimal

feeding programs to hypothesized data in areas where they lack specific know-

ledge. A current area of interest concerns the need for further experimentation

on potential gains from varying the proportion of rapeseed meal in poultry

diets by feeding period. By freeing the constraints enforcing the same

quantity of rapeseed in each feeding period, one could determine the utility

or futility of committing research resources to investigate the relevant

feed-weight relationships.

The model has important applications in the extension area Too often,

poultry management and feed nutrition recommendations have been made in the

abscence of any economic criteria. And, when economic criteria have been used,

they have often been of a least cost rather than a maximum profit nature.
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Concluding Note

The construction and use of this model has shown that cooperative research

efforts between biological scientists and economists can result in more valuable

research output for a given level of research expenditure than would normally

result from the separate use of the same resources. The usual method of funding

biological researchers to study the profitability of feeding various combinations

of ingredients with no provision for feeding trials would seldom permit as sharp

a focus on the pertinent question of economic efficiency. It is hoped that this

study will spawn more efforts of this nature.
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SWIFT CURRENT TURKEY RATION PROJECT

TABLE ift ECONOMIC SUVMARY
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TABLE 4..44. CONSTITUENT.ANALYSIS OF OPTIMAL Di ET5BY STAGES
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