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PURPOSE
Upskilling of making decision for achieving best economic result under
conditions which limited production factor is used.

OBJECTIVES
The objective of this unit is to ensure participant’s understanding on;
production planning principles, fundamentals, applied common
approaches. Therefore, particularly linear programming models, which are
commonly used in various sectors, are considered.
.

ACQUIREMENTS

After completion of this unit, participants;
1- Apprehends importance of programming in agricultural production,
2- Understands the meaning of production factors and their constraints,
and learns modeling approach of scarce resource problem,
3- Gains knowledge on how linear programming methods are applied.
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1. INTRODUCTION
Today, desire of the companies for becoming more innovative and profitable continues to
increase gradually. Therefore, company employees increasingly play a greater role in both;
administrative and technical issues. Whatever the legal structure of the enterprise is, it does not change
the importance of the role of the employees. Because, decisions to be taken in this companies is in
character covering the whole of the technical and economic activities. Naturally, taken decisions include
social, political and ethic aspects as well as technical and economic aspects. If the manager is not
eligible for technical aspects, presence of technical staff or technical working group who will assist the
manager in this business; technical and economic analyses done by this working group; and taking
managerial decisions on the basis of these analyses; should be required. Correct decisions and
strategies can only be determined by using the right methods and techniques.
Recent progress in mathematics, statistics, operational research and information technologies
enables to take company’s extremely complex economic-technical problems in to quantitative
consideration and analyzing them.
Successful technical staff not only seeks ways to overcome the physical production constraints
related to the sector in which it works, additionally, makes proposal for the management for the success
of plans and programs covering labor and economic factors, and also undertakes one of the important
roles in enterprise by using initiative when it is necessary.
All businesses carry out their activities within the framework of the various general rules and
assumptions. If the company's goods or services produced is requested and needed product by target
group, company will be successful on conducted activity, otherwise, failure is inevitable. Acceptance of
the product by society is a phenomenon that may change over time and depends on many different
factors. These are the factors named that make up the multi-purpose and can be illustrated as follows:


Ensuring customer satisfaction and trust,



Providing satisfaction of employees,



To meet the changing demand,



Applying job-safety rules throughout production,



Adopting environmental-friendly production methods.

During operational research in business, production factors and purposes are expressed in
monetary terms as far as possible. However, before making a final decision, obtained results are
evaluated by the other factors above. Assessment of other factors together with the financial and non3

financial ones, to turn to alternatives if it is necessary, to access the optimum solution environment,
require expertise and experience on working sector. The expertise and the experience reduce risk of
errors of the decision extremely.
Businesses are required to comply with a set of principles in order to take a decision. These are
summarized as;
 To put forth various alternatives in order to making decision and to choose: Decision-making
needs may occur as a result of some factors such as; emergence of a sudden problem in
company, making changes on an existing production line and/or heading towards a new project
or production,
 Determination of impact of various alternatives on profitability by means of analysis,
 Expressing achievable results numerically,
 To determine criteria for financial and other factors for facilitating the selection,
 To evaluate risk factors which can be prevent accessing to decisions to be taken,
 Comparing planned and achieved results continuously.
The main goal of every business is to thrive. Development emerges in two forms including
economic and technical development in the business. These two are related to each other inseparably.
Terms
Marginal Cost

: the increase of the total cost produced from the increase of production

by one unit.
Marginal Product

: the increase to the size of production with the addition of an extra

production factor.
Marginal Benefit

: The additional satisfaction or utility that a person receives from

consuming an additional unit of a good or service. A person's marginal benefit is the maximum amount
they are willing to pay to consume that additional unit of a good or service.
Marginal Income

: It is the difference between sales and the variable costs of the product

or service, also called contribution margin. It is the amount of money available to cover fixed costs and
generate profits.
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2. CONCEPTS AND PRINCIPLES OF AGRICULTURAL PRODUCTION PROGRAMMING
This unit presents the basic concepts and principles of programming in agricultural
production as well as its main methods of application. Particular emphasis is placed on the
method of mathematical (linear) programming which is the most widespread in its various
versions..
The need for programming in agricultural production arises from the fact that each farmer has
restricted quantities of available production factors. Thus, if the farmer wishes to achieve the maximum
net income he must find the best ratio between production factors and allocate the factors to the most
efficient production sectors.
Agricultural production programming should be based on three principles:
1. When production factor quantities change, then the maximum net income is achieved at that
level of production, where the marginal product is equated with the marginal cost;
2. When production factor quantities are fixed, then the maximum net income is achieved by
allocating them in a manner that produces equal net marginal product in all production sectors; and
3. When the quantities of some production factors are fixed, then the maximum net income is
achieved by allocating them in a manner that any change from one production sector to another does
not add net income. At this point it is clarified that before maximum total net income we see a
descending ratio of net marginal product.
The implementation of these principles requires knowledge of the cost increase ratio when the
total product increases. This knowledge however is not available at the level of the personal operation,
and for this reason it appears that these economic principles cannot, on their own, be adequate
instruments for achieving maximum net income production programs for operations. If there are no
reliable measurements of the marginal cost change ratio in each personal operation, then it may be
assumed that it does not change. This hypothesis is considered reasonable within specific limits of net
proceeds of an operation, which means that the above economic principles may be used basically in
production programs of operations for achieving maximum net income. However, the contribution of
economic principles to the solution of personal operation production problems is very small. And this is
not due to an error of economic theory, but to the lack of overall knowledge that allows direct
implementation of marginal analysis.
Maximum net income, through marginal analysis, is the result of three relationships:
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 the relationship between factors used in production (factor to factor relationship);
 the relationship between factors and product in each production sector (factor to
product relationship); and
 the relationship between products (product to product relationship).
The implementation of programming in agricultural production is linked with three fundamental
components:
 an objective;
 production factors in restricted quantities; and
 production sectors and production methods for these products, which shall use the
restricted factors for achieving the objective.
The objective refers either to maximizing net income or minimizing cost. Income maximization is
effected by selecting those production factors that perform better per unit of restricted factor, because if
they perform to the maximum with these factors it is apparent that they will perform to the maximum with
all the factors that compose the agricultural operation. So, if labour is the most restricted factor then the
production plan will consist mostly of production sectors that perform more per labour unit. Something
similar applies in the case of a limited quantity of land or capital. Cost minimization is achieved by
selecting the animal feed (concentrated and forage) that provides more nutrients (dry matter, digestible
protein, starch equivalent, amino acids, vitamins, etc.) per monetary unit, in comparison with the
required quantities of a nutrient for each category of animals.
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3. AGRICULTURAL PRODUCTION PROGRAMMING METHODS
Before World War II, programming methods in agricultural production were limited to estimating
the economic result and suggesting general and frequently empirical methods for improving the
economy of agricultural operations. Fundamental in this direction were Agricultural Accounting,
Agricultural Product Costing, Simple and Multiple Co-variation and Correlation and Agricultural Budget.
After World War II, the main object of agricultural production programming was that combination
of agricultural production factors and sectors that aims at achieving the greatest possible economic
result. Thus, at this stage of programming development, the methodology of the past provides on the
one hand the necessary technical or physical and economic data for the combination of the production
factors and sectors, on the other hand, the measure of comparison of the current economic status with
the status resulting from the economic combination of production factors and sectors. Many methods
contribute in determining the most economic combination of production factors and agricultural
production sectors. Among the most important ones are the method for calculating the total production
cost, the total and partial agricultural budget, simplified programming, and lastly mathematical
programming. Only the short presentation of mathematical programming, and in particular linear
programming, was considered necessary due to its extensive application in agricultural production.
Linear programming is the method which determines the maximum or minimum quantity,
taking into account certain conditions and restrictions.
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4. LINEAR PROGRAMMING
The quantity may be expressed either in physical or monetary units, depending on the problem
posed. More specifically, linear programming is that method which can select the optimum possible
between many combinations of existing production factors and sectors, i.e. the one that ensures
maximum total or per unit of restricted factor proceeds or the minimum possible cost for the production
of this product. In practice, linear programming is used for the organization of new and the restructuring
of old agricultural operations, with the ultimate goal of helping farmers achieve the largest possible
income or the lowest cost, with a better use of the existing factors.
The above lead to the conclusion that the implementation of linear programming is linked:
 to the existence of an objective (maximum income or minimum cost);
 the existence of more than one methods for achieving this objective (many production
sectors, various production methods for the same product); and
 with the existence of production factors in restricted quantities (land, labour, capital).
From the various forms of proceeds and income used in agricultural economics, the most
common method for comparing the various production sectors during the implementation of linear
programming is “gross profit” or “gross margin”, i.e. the remaining balance from the gross proceeds after
deducting variable cost..
4.1. Production Sectors and Their Gross Profit
Production sectors fall under two large categories, i.e. plant product production sectors and
animal product production sectors. From the aspect of linear programming, the interesting information
for each production sector is on the one hand their proceeds and on the other hand their requirements
for production factors. The comparison of the various production sectors, for selecting them in the
optimum production plan for the operation, is based on their gross profit compared to their requirements
in fixed production factors, i.e. their gross profit per unit of restricted quantities of production factors.
The criterion for selecting gross profit and not another economic result for linear programming is
based on the capability of comparing the various production sectors at fixed cost, i.e. at the existing
fixed production factors. Variable cost, as special cost, that refers to each specific production sector, is
not preferred as a measure of comparison. In other words, the purpose of linear programming is to
make available the existing fixed production factors to those production sectors that ensure the
maximum possible gross profit.
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4.2. Production Factors and Imposed Restrictions
When production factors are not in limited quantities then there is no problem for linear
programming to resolve, because the proposed plan will simply include the production sector with the
largest gross profit per unit. Such a plan however would not be realistic, because in practice production
factors are present in restricted quantities and because several other restrictions of a technical or
economic nature exist in farming. These restrictions refer to the size of the operation and the size of
each production sector, the available family labour and the existing variable and fixed capital.
Land: The surface that is cultivated or that may be agriculturally utilized is a restriction for
selecting the optimum production plan for the operation. In other words, the sum of the requirements for
land by production sectors, which constitute the proposed production plan, must not exceed the land
available for use. Thus if e.g. the size of the operation is 50 hectares and x1, x2, x3, ....xy represent the
crops that may use this land, then the following equation must apply:
50 ≥

1x1 + 1x2 + 1x3 + ....+1xy

Similarly, if there are 5 hectares of irrigated land which may be utilized by three crops (x1, x3,
x5), the following equation also applies:.
5 ≥ 1x1 + 1x3 + 1x5
Example
In our example, we will investigate the land production factor and define the restrictions in its
use in the specific operation.
The producer has 5 irrigated hectares and wants to cultivate tomatoes, peppers and eggplants.
The following table presents the various combinations for the 3 crops.
We see some combinations of the three crops in the above table the restrictions in place are:
x1, x3 and x5 represent plants to be cultivated and total land for the 3 crops cannot be equal or less than
5 hectares.
5 ≥ 1x1 + 1x3 + 1x5
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Product/Plant

A(Ha)

B(Ha)

C(Ha)

Tomatoes

1

2

2

Pepper

2

1

2

Eggplant

2

2

1

Total

5

5

5

Labour : There are similar restrictions for the available family labour. The participation of each
production sector of the operation depends on its requirements for labour compared with the
requirements of other production sectors and the available family labour. Since the requirements of the
various crops for labour are not evenly distributed over the year, we must not take into account their
annual needs in hours related of course with the corresponding available hours, but the monthly needs.
Therefore, if e.g. the available labour for the month of July is 818 labour hours and the requirements for
labour for the same month are; 9.3, 12.6, 82.5,..., and 8.8 labour hours per acre for crops x1, x2, x3, ....xy
then the following equation applies:
818 ≥ 9.3 x1 + 12.6 x2 + 82.5 x3 +........+8.8xy
Example
There are 1000 available labour hours for the month of July in an agricultural operation, for the
following crops,
Product

Hours per Acre
(h/da)

Total

labour Total

labour Total

labour

hours per crop

hours per crop

hours per crop

A

B

C

Wheat

2

2*120=240

2*200=400

3*140=280

Tomatoes

180

180*2=360

180*2=360

180*1=180

Corn

8

8*50=400

8*30=240

8*55=440

1000

1000

1000

Total hours
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We see in the table that we can increase the acre but we have to maintain labour at 1000 or
less hours a month. We have made 3 combinations, and we can make many more with labour being the
only restricted factor.
Capital : This falls under variable capital, capable of covering current expenses (seeds,
fertilizers, pesticides, lease of labour and machinery, etc.) of the various production sectors, and fixed
capital (land improvements, agricultural constructions, all types of mechanical equipment, labour
animals, etc) which is not directly linked with the production sectors that are included in the final
production plan of the operation. The following equation may apply for the variable capital:
6365 ≥ 167 x1 + 70 x2 + 46 x3 + ..............+ 362 xy
where the 6,365 euros represented the available variable capital and the 167, 70, 46 and 362
euros represent the demands per unit land in variable capital of production sectors x 1, x2, x3, ....xy (the
numbers are random). In practice, the requirements for variable capital of the various production sectors
are allocated evenly or irregularly during the year.
Example
A producer has a capital of 6365 euros and has no restriction on the labour and land factors.
Crops

Variable costs per Total Cost per Total Cost per Total Cost per
acre

Crop

Crop

Crop

(Euro)

(Euro)

(Euro)

(Euro)

A

B

C

Wheat

8

8*120=960

8*500=4000

8*140=1120

Tomatoes

950

950*2=1900

950*2=1900

950*3=2850

Corn

18

18*195=3505

18*26=465

18*133=2395

6365

6365

6365

Total cost

We see in the table various increases and decreases in cultivated land of the various crops.
Total expenses cannot exceed the amount of 6365 euros which is the available capital.
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4.3. Implementation and Results of Linear Programming in Agricultural Production
As aforementioned, linear programming is the best method for determining the optimum
agricultural production plan, and therefore the maximum income or minimum production cost,
with many production sectors that can claim a place in the optimum production plan and
numerous possible restrictions. In practice, there are many combinations between production
sectors and set restrictions, to a greater or lesser extent.
4.4. Multiple Production Sectors and One Restricted Factor
The simplest form is when there are 10, 20, 30 or even 50 possible production sectors, but only
one production factor in restricted quantities (e.g. land). In this case it is certain that the optimum
production plan will include only one production sector, the one with the largest gross profit per unit of
land surface. It is self-evident that in the aforementioned simple form, the optimum production plan may
be easier to determine by simple arithmetic instead of linear programming.
4.5. Two Production Sectors and Multiple Restricted Factors
If there are two production sectors and more than one production factors in restricted quantities,
the solution to the problem (maximum possible income) may be given with a simple chart. Let us
assume that we have a 50 hectares operation with crops of barley and maize. Crops with maize or
crops with barley, or any combination of these two crops may be grown. Provided of course that there
are no other restrictions, except for land, whether maize or barley are exclusively grown or any
combination thereof will depend on the gross profit of each production sector per hectare.
In practice, however, both labour and capital are of restricted quantities. In this case there is
change to the original optimum production plan of the operation. Restriction examples are the following:
“The available labour from February is 70 labour hours and the labour requirements for maize
and for barley for that month are 2 labour hours per acre respectively or the available labour of July is
18 labour hours and the labour requirements of barley and maize for the same month are 0.6 and 0
labour hours per acre respectively. Furthermore, if the available variable capital amounts to 2200 euros
and the requirements for barley and maize consumables are 55 and 35 euros per acre respectively”.
4.6. Multiple Production Sectors and Multiple Restricted Factors
In practice however we rarely find an operation that is based only on two crops. There are
usually multiple crops, in order to select their optimum combination. In this case the problem cannot be
resolved by a chart, but through algebra. The algebra solution is produced through a method known as
12

the simplex method or with the use of a desk calculator or an electronic computer. The more production
sectors and the more restrictions set on the problem, the more necessary becomes the use of the
computer. In advanced countries, where the problems to solved are complicated and the cost for using
the computer is relatively small, the implementation of linear programming is closely linked with its use.
This becomes more apparent when we take into account that the solution of a not very complicated
linear programming problem requires a few days of work on a desktop calculator, whereas the solution
of this problem with a computer requires only 1 to 2 minutes.
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5. ACTIVITIES
1. Create the relationships that express the restricted resources and the maximization of the
result (linear programming) in the following problem.
“A farmer has 50 hectares and wants to grow cotton (x1) and wheat (x2) in order to maximize the
operation's gross profit. The gross profit per hectare of cotton is 1000 euros and of wheat 750 euros.
Also a hectare of cotton requires 40 labour hours daily and each hectare of wheat 78 labour hours. The
total labour hours for the farmer daily are 780 labour hours.”
Answer:
 Zmax= 1000 x1 + 750 x2 (maximization correlation)
 x1 + x2 ≤ 50 (land restriction)
 40 x1 + 78 x2 ≤ 780 (labour restriction)
2. By using data as entries in the agricultural accounts of your operation of the last 2 years, try
to check whether there was any possibility to achieve a better economic result by applying linear
programming.
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6. ADDITIONAL WEB SOURCES IN ENGLISH
1. Simplex Algorithm-Linear Programming Solutions
http://www.youtube.com/watch?v=qxls3cYg8to
2. Linear Programming
http://www.math.ucla.edu/~tom/LP.pdf
3. Linear Programming Tutorial
http://www.youtube.com/watch?v=-32jcGMpD2Q
4. How to Simplex Method Works for Standard Problems
http://www.youtube.com/watch?v=Mm7x8h8OXfw
5. Introduction to Linear Programming
http://www.sce.carleton.ca/faculty/chinneck/po/Chapter2.pdf
6. Linear Optimization
https://www.math.washington.edu/~burke/crs/407/notes/section1.pdf
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7. SELF EVALUATION TEST
True answers are indicated as red colored.
Answer True (T) or False (F) to the following questions:
1. Agricultural production programming is any systematic method which makes it possible to
find the average economic result of the available production factors available each time through plant
and animal production sectors.
T

F

2. The need for programming in agricultural production arises from the fact that there are
unlimited quantities of each farmer's available production factors.
T

F

3. Linear programming is the method which determines the maximum or minimum quantity,
taking into account certain conditions and restrictions.
T

F

Select the correct answer to the following questions:
1. According to the principles on which agricultural production programming is based, when the
quantities of the production factors change:
a) then the maximum net income is achieved in that production level, where the marginal
product is equated with the marginal cost
b) then the maximum net income is achieved in that production level, where the marginal
product is equated with the average cost
c) then the maximum net income is achieved in that production level, where the marginal
product is equated with the total cost
d) then the maximum net income is achieved in that production level, where the average
product is equated with the marginal cost
2. According to the principles on which agricultural production programming is based, when the
quantities of the production factors are fixed, then the maximum net income is achieved:
a) with their allocation in a way that the total product is equal in all production sectors
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b) with their allocation in a way that the net average is equal in all production sectors
c) with their allocation in a way that the net marginal product is equal in all production sectors
d) with their allocation in a way that the net profit is equal in all production sectors
3. The most popular method for determining the economic combination of the production factors
is:
a) the method of complete production cost
b) the method of partial and total agricultural budget
c) simplified programming
d) linear programming
4. In the case of many production sectors and only one restricted factor, the optimum production
plan will include:
a) only one production sector, the one with the largest gross profit per unit of land surface.
b) unlimited production sectors
c) all production sectors with gross profit over the average
d) all production sectors regardless of profit result
5. In the case of two production sectors and more than one production factors in restricted
quantities:
a) the solution of the problem (maximum possible income) requires a 3D chart
b) the solution of the problem (maximum possible income) may be given with the use of a PC
and specialized software
c) there are infinite optimum solutions
d) the solution of the problem (maximum possible income) may be given with a simple chart.
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