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PREFACE

Application of Mathematical Programming in
Agriculture is not new to those who are interested in
the development of agriculture and familiar with the
literature on Mathematical Programming. However, it is
still a new field into which many industrious mathemati-
cians and economists are probing. In Burma, only a few

papers have been brought forward up to this time.

This work tries to apply mathematical program-
ming in agriculture, using the data for some farmers in
Henzada township where the average farm is taken as a
basic unit of study. It is introduced by describing the
purpose of the study as a contribution to the development

of agriculture sector, and explaining the methodology used.

Chapter one deals with the review of applicable
mathematical tools in agriculture. Some other popular
topics as Cost-benefit Approach, Budgeting Method, Econo-
metric Methods and Input-Output analysis are discussed to
certain extent giving real examples whenever possible.
Mathematical programming is discussed in detail describing
its historical sketch, Linear Programming and extensions

of Linear Programming.

1 Dr. Mya Than, "Selection of Crop-Pattern Models for Two
Burmese Townships", (1973).

Htin Kyaw & Tin May Lwin, "Counter Current Flow Technigue
in Economic Planning", M.Sc. Thesis (1976).




In chapter two, mathematical tools such as

Cost-benefit Approach, Budgeting Method and mathematical
programming are applied in selecting optimum crop pat-
tern for some farmers in Henzada tonwship. This chapter
i1s concluded by comparing the applications of other ma-
thematical tools with those of mathematical programming
and its superiority is proved by the post-optimal analy-
sis which has been applied to Linear Programming Model

in this chaptere.

Application of mathematical programming for
possible crop patterns and double-cropping is dealt in
chapter three where possible crop patterns are considered
first classifying crops on seasonal base and then two
models for double-cropping are constructed. Model one is
constructed with static conception by using possible pairs
of crops whereas model two is constructed with dynamic
conception by assuming additional capital is available

for the second crops from the yields of the first cropse.

In conclusion, we point out the weakness of
our study together with the ways and means of improve-
ments that can be made in applying the mathematical pPro-

gramming in agriculture.
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LNTRODUCTION

The purpose of the study

The purpose of this thesis is to find some
ways of development in agricultural planning. Like
other developing countries, the growth process in our
agriculture sector is assumed to be of ecrucial impor-
tance for the overall economic development. Therefore,
it is necessary to find alternatives to inerease the
farmers‘ individual income as well as to improve the

agriculture development programmes for the country as
o}

a w?@e.

In Burma's economic structure, agriculture
is the key sector for the whole system. It provides
food for increased demand stemming from population
growth, investments for industrialization and earns
valuable foreign exchange by exporting agricultural

produce. Some years back, Burma's agriculture sector

was characterized by the following conditions:

(a) small size of a large number of
holdings or large number of un-

economic holdings of cultivatable
land,

=
=
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(b)

(e)

(d)

(e)

i)

(g)

(h)

(1)

uncertainty in farming arising from
a variety of internal and external
sources,

excessively low yield per man and
per acre,

low level of income which hardly
furnishes bare subsistance for the
cultivator and his family,

land concentration in a few rich
owners who do not utilize the land

to the fullest extent and below then
large number of medium and small cul-
tivaters who have not enough capital,

insecurity of tenure among all culti-
vators due to indebtedness, mortgages
into possession, absence of ownership
rights etc.,

absence of investment for land improve-
ment,

lack of cffective organization for the
completely disorganised peasantry at
the village level,

conservative outlook of peasants and
absence of management of inputs in
farming.

Most of these conditions are common in deve-

loping countries.l Because of these conditions, the

Burma Socialist Programme Party plans to make sociagli-

zation process in the 20 years plan. Up to now, except

T — T S e SN T Sy GEU SED IS Iy S S N EE GEP G D Sap U NI S GNP SN G S S SEN Gu GNP SN WS NG

1 Jain, S.C., "Agricultural Planning in Developing
Countries", Kitab Mahal PEV. Ltd., Allahabed,

1966.




conditions (e) and (f), nothing has been changed posi-

tively. In order to support the socialization process

and to ircreasc productivity in agriculture sector,

modern m.nagement techniques can be used fruitfully.

In doineg so, the Mathematical Programming technigque,

a management tool, can be an aid in the agricultural

planning process for the following aspects.

1.,

2e

To choose the optimum crop pattern in
farm level, township level, regional
level and national level.

To choose the best farm size for each
farm, township and region.

To chcnse the least-cost feed mix and
the produciion pattern for the live-
stock farmse.

To evaluate the inputs for higher
productivity.

To solve the transportation problem
for shipping agricultural goods from
the production centres to the consu-
mer points.

Among these aspects, this thesis will deal

only with the choice of optimum crop patterﬁ'which is

best suited with the available data collected from

Henzada township in the Irrawaddy Division.




Methodology

The data on cconomic aspects of the farms are

malnly taken from the paper on "Cost of cultivation and

income of sampled farms in Burma" which is available in

Research Department, Ingtitute of Economics.l This

includes: -~

(a)
(b)
(c)
(d)

(e)
(f)
(g)
(h)

The

crop pattern and acreage,
production cost for different crops,
rate of production,

required man hours for production of
different crops,

averaze utilization of land,
average number of members in the family,
average income¢ of the family,

prices of different crops, (current
prices and government prices).

additional facts and figures required for

this thesis are collected from other sources such as

Township Peoples'! Council, Township Peasants' Counecil,

Land Record Department, Agriculture Corporation ctec.

The questionnaires designed for the rcquired data are

e e e e e R e e T

b

1  Rural Socio-Economic Resecarch Series, Data Paper No.2,

1977.




in appendix (1 to 3). The input-output coefficients

are calculated from these data and formed to fit in

the Linea~ Programming model. These coefficients are
iterated by means of Simplex method with the Linear
Programming Package from the University Computer Centre.
Some of the conditions or assumptions underlying conﬁenr
tional Linear Programming models occasionally need to be
modified to meet several changes found in agriculture.
For this we introduce Sensitivity Analysis to determine
the effect of changes in prices of crops and changes in
the limited resources, i.e. increase or decrease in

Capital, Labour and Land.
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Chapter I

APPLICABLE MATHEMATICAL TOOLS IN AGRICULTURE

Farming is an interdisplinary occupation or
process. It involves reclationships in soils, plant
physiology, mechanical engineering, chemistry, nutri-
tion, pest and disease control, accounting, economics
and sociology. Traditionally, agriculture experts have
eriphasized research and education which are highly spe-
clalized and insulated from other disciplines and fields.
As a consequence, results from one discipline were often
under-estinated or inaccurately predicted when applied at
the farm level because they neglected interactions with
variables representing the relationships of other pheno-
mena and disciplines. But, the rapid advance of agricul-
tural science has brought with it a greater understanding
of the interdisciplinary nature of the farming industry
through the application of mathematical programming tech-—

1k

niques. Different types of techniques with examples are

shown in this work. They are -

1. Cost-benefit Approach.
2. Budgeting method.

1 Agrawal & Heady, "Operations Research Methods for
Agricultural Decisions", Iowa State University
PI‘eSS, U.S.A., (1972)11 pc)'l'-SQ 3 ;
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3. Econometric methods
(a) Regression and Correlation
(b) Production Function

At Concept of Production Function
ii. Cobb-Douglas Production Function

(¢) Demand and Supply Function
4, Input-Output analysis

5. Mathematical programming

1.1 Cost-benefit Approath.

In choosing suitable crop pattern for a town-
ship we can use the cost-benefit analysis. The notion

of cost-benefit analysis is as followse.

If we have to decide whether to choose crop A
or not, the rule is: Choose A if the benefit (income)
exceeds that of the next best alternative crop, and not
otherwise. If we apply this to all possible crops we
shall generate the largest possible benefits. Going on
a step, it seems quite natural to refer to the "benefit
of the next best to crop A" as the "cost of A". Feor 1if
crop A is chosen that alternative benefit is cost. So

the rule becomes: choose crop A if its benefit exceeds

- s S B TR S S CES G e e G S G BN D S S SRS G e S G G TS Gy G g G PN T NP S I GED G mp S NG GRS GED G S G G S S S G S S — —

1 R. Layard, "Cost-Benefit Analysis", The Chancer
Press Ltd., Bungay, Suffolk (1972), p.9.




its costy, and not otherwise. In doing so, we have to
find the ratio of net income to cost per acre for each
crop and make a priority list for all crops in the as-~
cending order from the most profitable crop to the
least profitable one. As an ecxample, Table ( I )
assists us in choosing the crop pattern for Maubin
township.

Table 1 . Costy, Income and Ratio of Net Income to

Cost Per Acre in Maubin Towmship

(1973-74%).
———————————— -T-———'—--——--—-—--l-—ln-——l.-l—-—-_—--l——-—-————--_— P N
SrJ I Cost Net Income ! Ratio of e
Crops __Sf-_fff_éfff ___%er_ Acre . _iNeokt. Inonme P;i““
BN dee oy ___955_@__?331 Cash | Total | Coop| Tzl
e e e e TR 07220 2l
|
1| Rice 88.00!175.00| 227.00|140.00 1.29|7.80 2
2 | Ground-
nut 220.00{360.00| 305.00|165.00 Bl L5 L
3 | Jute 160.00: 297.00| 370.00| 233.00 1.2%| .79 | 3
4 | Sugar-
cane 160.00|298.00| 560.00{422.00 1.87|1.45 1
Source: Research Paper on "Selection of Crop Pattern

Models for Two Burmese Townships" by U Mya Than.

The results obtained reveal that sugar-canc
will be given the first priority since its ratio of net
income to cost is the highest (1.45) due to the fact that

e s e e S R




the difference between the value of net income per acre

and the value of cost per acre, both in total and in

cash is significantly higher than those of the others.

In the seme way rice, which has the least cost per acre
and the least net income per acre but with the ratio of
net income to cost as the second highest, will be given
second priority. Jute, the cost of which is equal to
sugarcane but having a lower ratio of net income to cost
will be given third priority although it is a planned
crop for the township. The lowest priority will be given
to groundnut since the ratio of net income to cost is ob-

viously less than the others.

The weakness of this method is that it concen-
trates only on net income and cost and ignores the other
factors such as available resources which are important

in considering the optimum crop-pattern for the township.

1.2 Budgeting Method

The major objective of budgeting is to compare
alternative plans for prospective profitability. The
goal is not one of setting down a single plan to be fol-

lowed without deviation but to figure out two or more

systems of farm organization, compare incomes and select
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the most profitable one. When a large number of alter-
native plans are possible for a farm, the budget choice
can usually be narrowed to 3 or 4 major alternatives and
only these need to be compared in detail. We have to

approach our farm budgeting in the following orderly way.l

(a) Make an inventory of the resourccs, i.c.
capital, labour, machincry, land etc.

(b) Sct down diffcrent cropping programs or
rotations and estimate the yields and
production forthcoming from them.

(¢) Estimate labor and other expenses which
arec appropriate for each plan.

(d) Determine the prices for the future.

(e) Asscemble the income and expense data into
a final or complete budget.

(f) Choose the most profitable plan for the farm.

Figure ( I ) represents the sample farm

budget for a typical rice farm.

Budgeting itself is carried on to aid in the
most efficicnt use of our iabour, capital, land and
management resources. It is an attempt to the soil
and crop managcment, livestock production and practices,
machinery and building investment, conservation and irri-

gation adjustments and farm forestry into a balanced and

S B . e o Gt g e s B G Pt B e T e D e G D SRS SR, S (N S, S W N SIS G S S i S et Sy P A S D SUD N SR GRO G G S = S S U S -

1 Heady, E.O. and Jensen, H.R., "Farm Management Economiecs," 3=,
PrentlceuHall of India (Private) Ltd., New Delhi, (196#), A
p. 97"'11 . S




Figure (1 ).

A.

Farm Budget

for a Typical Rice Farm

(1976~77).

General Characteristics

l. Farm size

2. Livestock

a. Marketing practice
o« Family size

5. Inventory of i‘mplements and equipments - 150 Kyats/yeai.

I

Physical Volume of Production

l. Land use

Rice

2+ = Ligbeur

(a) Family Labour
(b) Hired Labour

3« Cash Inputs

Manure
Fertilizer
Pesticides

10 acres
1 bullock pair & 10 chickens
About 55% sale to the Government.

Receipts

Rice

Livestock

Others
Total

Expense

Labour
Inputs
Others

Potal

Acre Yield/acre Production
10 35 350 baskets
Man Days Rate Valiue
149 6-9 kyats 1056 .75
747/ 6~9 kyats L416.00
Quantity Price Value
10 baskets 10 1C0,. 00
6 carts 10 60, 00
6 bags 12 72+00
= — 8.70
Receipts, Expenses and Net Income
Price Cash Non Cash Total
900 1800 1350 3150. 00
100 100.00
100 - 100,00
— = —e UL
1900 1450_ - 3350,00
416.00  1056,00 1492.00
60,00 180.70 240.70
310,80 160.25 471.05
786 .80 1396.95 2183.75

Net Income

Including unpaid labour
Excluding unpaid labour

il
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most profitable farming system. But it takes a lot of
time to reach the best plan for the farm. Moreover,

the weakness of this method lies in the fact that when
critical changes take place it is not easy to evaluate
the effect of the changes and there are also difficul-

ties in handling the problems of adjustment and control.

1.3 Econometric Methods

Econometrics may be defined as the diseipline
which attempts the establishment of quantitative rela-
tionships betwecen economic variables with the aid of
statistical methods. It is the synthesis of mathematics,
econoniics and statistics that makes econometrics into the
powerful tool. The methods mostly used in econometrics
are basically those of regression analysis and investi-
gations of relationships like demand functions and pro-
duction functions. All these methods are important for
forecasting, or for assessing the effeet of policy deci-

sions at the farm lecvel or government level.

le3.1 Correlation and Regression

The most eclegant and simple way to express a
relationship between two (or more) variables is by means

of a mathematical equation. We can also represent each




of these mathematical equations as some sort of a geaxzzfe'f‘e..-'-"1:E
trical curve. Suppose there is a dependent variabie X
which is to be predicted from an independent wvariable X.
The general nature of regression equations involve the
path of the means of Y values for given values of X. If
the regression of ¥ on X is linear, or a straight line -
relationship, we can write an equation as follows:

Y = do +,é3 X where both oL and /3 are constants.

The regression model is not direectly useful in
its theoretical form. We shall fit the data with a best-
fitting straight line according to the least-squares cri-

terion, getting an equation of the form
Y = o EehiTaas

Then we have to compute the a and b which determine
the line with the desired property. This preoblem can
casily be solved by means of calculus and leads to the

following computing formulas for a and be.

= ¥ ='b%K
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We want not only to know the form or nature of
the relationship between X and Y so that one varlable
can be predicted from the other, but also it is necessary
to know the degree or strength of the relationship. There-
fore, we have to use the correlation coefficient r, which

we can casily find out in terms of the formula

T‘(X-X) (Y= = DR <%

Jp(x-mihgw-y)] I

-

The value of r may vary between =1.0 and 1.0
depending on whether the relationship is positive or
negative. As an example, Table ( 2 ) shows the cor-
relation between farm size and Net Profit of Zeegon,
Yedashe and Maubin townships,

Table ( 2 ). Corrclation between Farm Size and
Net Profit in Sampled Farms.

MBS Emp g Gm Gt pEp g T BN BP0 T @ SR NS0 S CED SRS S T A o S O PR BpN SN NS TSU PN TR Sap RS ) B0 E mE ﬂ-——--ﬁn--—-—qr-——-—-m"‘

325?253 f Township Crop Regression ggﬁ?g;s
_________ I
59 Zecegon Paddy . 0248+, 0014 031

27 Yedashe Paddy 11.59 -~ .0229 -38

36 Maubin Paddy .016 + ,002 .28

69 Zeegon All Crops | 69.36 -~ .822 10

56 Yedashe All Crops | =40277 + .007| .85

79 Maubin All Crops .05 + ,0021 L5
X = Farm Slze  Source: Huval Bocioecachon - imEi e s@'
Y = Net Profit Paper No. s De16.




Although this method is generally used by the

i

researchers of different aspeects, it concentrates only
on relationships of variables, whereas our main purpose
is to find the optimum conditions within the limits of

the resourcese.

1.3.2 Production Function

The problem of establishing production func-
tions, or technical relationships in production, is a
classical one in econometrics and has attracted a great
deal of attention. The two main purposes of deriving
or solving production functions arec:-

(1) to provide 'yardsticks! of how efficiently
resources are being used on farms under
particular conditions;

(2) to compute physical input-output ratios
to be used for guiding farmers in the
use of agricultural practices, for use
in Budgeting, Linear Programming and

other types of analysis to indicate op-
timum farm organisation or resource use.

In order to fulfill these purposes, we have to

apply the concept of production function and its modified =3 :?%%
method, Cobb-Douglas production function. |

T P gy ) ol ST, S



(a) Congept of production function
The produetion funetion provides information

coneerning the quantity of output that may be expected
when particular inputs are combined in a specified man--
ner. The chemical, physical, and biological properties
of Inputs detemmine the kind and amount of outputs which
will be received from comblnations of inputs. The form

of relationship can be written asgie

It tells us that the amount of product ¥4
depends upon the amount of X1 used in producing ¥4 .
For example, Paddy can be produced by comhining land,
seed, rainfall, temperature, labour, fertilizer etec..
The farmer should know something about the manner in
which these inputs must be comblned in order to producc
paddy. That is, he must know how and when to prepare
the land, apply the fertilizer and sown the seed.
When a farmer is considering the question of how mueh
urea or superphoshate to use in his rice production, he

may consider the other inputs as given or fixed in spe-

cified kinds and quantities. In this case, we can express

it as follows:-

T T

|
|

AL
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amount of Y, (rice) depends upon the amount of X4
(urea) given the other inputs (x,,x;,----,%,) which
might be land, seed, labour, rainfall etec. Now the
manner in which the amount of rice varies depends on

the amount of urea used.

There are three general types of relationship
in the production of a commodity when one input is va-
ried and the quantities of all other inputs are fixed.
Firsty, it is possible that the amount of product in-
creases by the same amount of each additional unit of
input. It is known as constant returns from the input
beinp varied in the production of the particular commo-
dity. ©Secondly, each additional unit of input results
in a larger increase in product than the preceding unit.
We say that there are increasing returns from the input.
Thirdly, each additional unit of input results in a
smaller increase in production than the preceding unit.
We say that 1t is the case of decreasing or diminishing
returns which we would normally expect to find in the

production of agricultural products.

The concept of production function deals only
with the effect of changes in one variable at a time,

R |




assuming other things belng constant. Consequently,

this concept is not suitable for finding optirum con-
dition which calls for considering all related variables.
Cobb-Douglas function is a modified method which consgi-

ders nmore than one variagble.

(b) Cobb-Douglas Production Function

The statistical investigation into laws of
production by C. W. Cobb and P. H. Douglas are among
the most celebrated in the history of econometrics.

They have proposed the general funection

X = AﬂL k/g S s
X = output,
n = labour input,
] & k = capital input,
/A = randon disturbance;
//’/,_,,,—__-Kb
o iy The Cobb-Douglas
function has constant elas-
ticities of output variation :_‘?
with respect to labour or -
= - capital input.
Elg. G2

L

]

elasticity with 1
spect to labour
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The relationship is nonlinear. For constant
levels of capital, the output-labour input relation is
shown as the series of curved lines in Fig. ( 2 ). If
either irput is zero (n=0, k=0), output is zero. Thus,
both inpuats are necessary to the production process.
The curvature is such (each elasticity assumed to be.
less than unity) that marginal productivity falls as

input grows.

Althougn the function is nonlinear, it ean be
transformed with ease into a linear function by convert-
ing all variables to logarithms. In logarithms, the

associated linear fuvuaection is

lop = logA+oLlogn+/,’tlogK+1og/u',.

(or)
xt — A'+oCn' +ﬂk' +/¢b‘

This function is convenient in international
or inter-industry comparisons. In agriculture sector

we may use it as

3, /A

’ /3
y = A x X5 * = Yl
y = value of production (in kyats)
x4= labour (man days)

TS




X, = land (acres)

e

capital (kyats). This includes
inputs such as seeds, fertilizer
rosticides, machinery expenses e%c.

constant

This function, for an example, has been applied
to the sampled farms in Lower Burma collected from daia
paper No.(1l), Research Dcpartment. The result obtaiii.u

from the program run are as folloirse

b

.100 _.310
y = AN~ K°. =98l e e

wvhere A = -_ascanty N = labour; K = capital
= elasticity with respect to labour

elasticity with respect to capital

(@
il

We can conclude that there can be 10% increasc
in production as a result of 1% increase in labour and
31% increase in production as a result of 1% increase
in capital.

Although Cobb-Douglas function help us to con-
sider the effect of more than the one important variabl



can be obtained only by isolating each variable. Thus,
it is not sure that the figures obtained can represent
the real elasticity of output.

1.1.3 Demand and Supply Fungtiong

The econometric problem consists in construct-

ing numerical relationships between the demand for a
commodity or cormodities and the factord which influence
the demand. ©Such a relationship may be called a demand
funetion. Factors influencing demand obviously include
the price of the commodity and the income of the group
of consumers under consideration. Other possible fac-
tors inelude: the price of a substitute for the com-
modity; the general price level; the distribution of in-
come; the stock of the commodity held by the consumers;
and air temperature. It is of course not necessary for

all these factors to enter a particular demand function.

Of particular interest to the demand funection
are income and price elasticities of demand. Denoting

demand by gq, income by Y,'and price by p, the demand re-

lationship expresses"aq as a function of ¥, p, and possi-

bly some other variables. The income elasticity .g%

and the price elastiecity %% are then defined as follows: =

00
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Eq 24
e S RN
EY ) q
.:.g — P aq

The main advantage of discussing demand in terms
of clasticities is that these arc independent of the units
of mecasurement; thus results are comparable even if derived
for countries with different currencies or where the comme-
dities are measured in different physical units. However,
considering only demand funetion in the case of finding out
the optimum condition in farm production will be obviously

a one-sided approach.

On the other side the supply function is to be
considered, The supply function gives a relation befween
output and market prices. In order to derive supply func-
tion we have first to consider profit maximization subject

to constraint of prodUction function as follows:l

Profit maximization Real factor cost (iPR fractor) =

Marginal Productivity (ith factor)

D s s mg e S GeS SN D W ST g YD NP WP e uP SU MR NS TP MR SuP SN SIS S SR S A TU NN G PRP W BN LS Gmp S G G W T SO WS SN GEp NS SR we e cwn S G WD TN Gme 0 e

1 Lawrence R. Klein, "An Introduction to Econometrics",
Prentice Hall of India (Private) Ltd., New Delhi,
(1965), P 1123126 ,1270




Production function output = f (r factor inputs)

or
Wy
—I;— = mi (n1,n2,.....nr), =
3
13192 sseccoel's i—.
X = f (n1 ’nz,oooo-nr) ?
where, W; = 1™ ragtor cost “

P = price of output

2]
I

i marginal productivity (1% pactor)

i 1th pootor input ;i

o]
I

In the first set of equations we have real factor e
cost equated to marginal productivity, but marginal pro- 2
«ductivity will depend on the same variables as the producﬁiﬁﬁ,{

ffunction. Therefore;, we express it as udl (n1,n2,....,ég;fA

There are r such marginal productivity functions ene_fbr~fi

e@ach factor, If, instead of writing each real factor c@sﬁ

costsy, we have a set of equations.l

1  The inversion can generally be dane xt
ductivity functions are “well,; 'V
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W v, W

= q (Shacg

Substitution of each of the g functions into the

production funetion would give us -

"
i

£ (q1?q2,...=.qr)

w W W
S (_ﬁ—l_, __P_)ggotooo 1S )

i

This is a supply funetion, It is derived from more
basic relations involving the produetion funetion and marginal
productivity conditions. It depends on the whole group of
unit factor costs and the price of output. Estimatioﬁ of
supply responses to prices in agricultural markets with cob-
web effeets is usually illustrated due to the fact that the
lag structure effectively costs the relationship into a form
sultable for a regression estimate of the one-way effect of
past price on current supply.1 The supply function, which
equates rcal factor cost and marginal productivity, is appli-

cable only under competitive market conditions.,

- S e WY R Wy S SRS e S G N G Gms G Al e ER Sl B B R GO S M P D See G Sum Gwd Gmn Seu Gy G Wpe GG TEY GRS SED N W S UG SN S S S e S S ey G = Sy Sy U SuD Wy W

1 ope. cit. p. 75-81, 128-129.
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1.4  Input-Output Analvsis

An entirely different approach to the problems of
production and cost analysis is associated with the work of
Leontief under the heading of input-~-output models. The main
purpose of input-output analysis is to show the inter-indus-
trial structure of production. For example, the agricultural
sector produces some of 1ts output for use as input in another
sector or they may be used iIn final demand by an ultimate pur-
chaser, ©Some of its output are used as input in the food
manufacturing sector (grain used for producing bread), some
for use in the textile sector (cotton used for produecing
cloth), some for direct use in final consumption (fresh vege-
tables used for the home table), some for final export demand
(tobacco used in the overseas cigarette industry). From the
point of view of the domestic economy, the grain and cotton
used in producing bread and cloth domestically are interme-
diate outputs to be used as inputs elsewhere in the industrial
structure of production. The fresh vegetables and tobaccc
used in home consumption and export trade are final products
sent to ultimate buyers as judged by domestic economic acti-

vity.

In general terms we write:-

i)

4 A ety
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x; = total output of the 1"% sector, I=1;oy ool
25 = output of the i'P gector used as input by the
jth sector,
fi = final demand for output of the 1*h gector.

It states that all output of the ith sector ends
up in some resting place, either as input in one of the
gsectors (dncluding itself) or as a final demand. We shail
define the sector of final demand to conslist of personal
consunption, capital formation (fixed and working), govern:
ment expenditures for goods and services, and foreign export

demand.,

In addition to these definitions and identities
there is the critical assumption that input flows in any
producing sector are used in fixed proportions and that
output is proportional to each input. The proportionality
factors are -~

X

e
1)
=

"

1]

The aij are technical constants that show the amount of the
i th input required for each unit of the jth output. That

the inputs are assumed to be used in fixed proportions can

be seen from the ratio -



Substitution of the input-output ratio
identities above yields -
aij xj =+ Ei s 17152500030,

n
=1
which is a system of linear equations with constant coeffi-
cients associating n output flows to each other and to the

bill of final demand El """Fn' This can be !Eﬂ@itt@@f

as: ;f



In matrix form, we can write it as =

As an exampley; Ta

for a

Table ( 3 ).

Output
Input

S O he e S S G S D B Sou S e S L S

Cereals
Fodder
Livestock

2.
3e

Material
Labour
Net Income

If the final demand for livestock is to be increased

AOEEY
X = AX
(I - A) X

(i1

ble ( 3

. il
state fTarm.

Pp S e U NP G WD e Swg W R S S RN ey ey Stm em R RY GI) SS) RS ST S0 SS Sm O CI SDe S S R S

Cereals

e sem e vy ew G emp

— . S0y

e
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) represents the Input-Output table

o o . - < =

G S R S W N MR ) S NG I GEN DL G0N TG AD Ses

b =t e pms cme w=y wen = ey

. L e O S G0 W Gee Smg Sy e SED S GHD MR VD GEN GRP SN G WD USE SND SRS vie S W el

R R R

s o e Sum Su0 ma s w -

1561
2972

e e

Oucvput

2308 |

= rom 2710 to 2737, we have to find out the changes of output

m n all sectorse.

Source 3

Riadeni Pol'nohospodarstva, p.132.

This can be easily done by the matrix equation

Pavel Kubas a Kolektiv, Matematick e Metody v



10350
00061
00311

1566
001
L3

2335 ]

G

00139
10035
00182

This results can be fitted into the following table.

g G et day SN e BED AT ol W Sme WY ST oS3 eew

l. Cereals

Fodder
Livestock

e . e . -y e e e S e e s

Material
Labour
Net Income

pre cmy eoe in e Sem G g €39 Gmg S oW Em4 stm Lao mew

el sl el

- anll Pl et D C» e

- e S e e o= e

=}
A ) Y
= . s
02796 1504
02097 . 980
10727 | | 2737 |
Livestock géggid Outpuy
_____________________ e
796 150k 2335
287 980 1567
172 2737 3001
69k - 1829
825 - 165k
=0 = 1737
3001 5221 P22

The Input-Output Method can solve the problen of

finding out the volumes of output for all sectors under dif-

ferent conditions,

Therefore this method is quite popular
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with the planning personnel who are responsible for overall
production and financial plans. However, the input-output
method cannot point out the optimum combination of different
outputs in each sector. In addition, the technical coeffi-
cients, whioh are difficult to find out, cannot be established

with certain accuracy.

1.5 Mathematical Programming

If the objective of an economic or social entity
can be expressed guantitatively, and the objective function
of a system can be expressed in equation form, the soluftion
can be computed by means of techniques grouped under a general
heading of mathematical programming., It includes Linear Pro-
gramming, Nonlinear Programming and Dynamic Programming. For
special situations, techniques of recursive, stochastiec and
parametric programming or other variants have been developec.
Of the techniques, the simplest and decidedly the most impor-

tant and widely used is Linear Programminge.

1.5.1 Brief Historical Sketch of Linear Programming

Linear Programming is now about 30 years old as
an operational tool for problem solving, but its origins
go beyond this in the scientific literature of both Mgthematics

and Economics. Programming problems first arose in Economics,
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where the optimal allocation of resources has long been of
interest to economists. More specifically, however, pro-
gramming problems seem to be a direct outgrowth of the work
done by a number of individuals in 1930's. One outstanding
theoretical model developed then was Von Neumann's Linear
model of an expanding economy, which was part of the efforts
of a number of Austrian and German economists and mathemati-
cians who were studying generalizations of Walrasian equili-
brium models of an economy. A more practical approach was
made by Leontief, who developed Input~Output models of the
economy. Input-Output models did not actually involve any
optimizationsy instead they required the solution of a system

of simultaneous linear eguations.

During World War II, a group under the direction
of Marshall worked on allocation problems for the United
States Air Force. Generalizations of Leontief-type models
were developed to allocate resources in such a way as to
maximize or minimize some linear objective function. George
B. Dantzig was a member of the Air Force group; the formulated
the general Linear Programming problem and devised the Simplex

Method of solution in 194%7.

The early applications were primarily those in

military operations but in a few short years the scientific

iy i

e

31111}
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journals have become full of innovations of Dr. Dantzig's
carly work. After 1951, progress in the theoretical develop-
ment and in prractical applications of Linear programming was
rapid. Important theoretical contributions were made by
David Gale, H.W. Kuhn and A. W. Tucker who had a major share
in developing the theory of duality in Linear Prograrming.

A. Charnes, who also did some important theoretical work, and
We. W, Cooper took the lead in encouraging industrial applica-

tions of Linear Programming.

Problems of the Linear Programming type had been
formulated and solved before the pioneering work of Dantzig.
In 1941, Hitchcock formulated and solved the transportation
problem, which was independently solved by Koopmans in 1947,
In 1942, Kantorovitch also formulated the transportation prob-
lem but did not solve it. The economist Stigler worked out a
minimum-cost diet in 1945. Although this problem can be foi--
mulated as a Linear Programming problem, Stigler did not use
this technique. It was not until Dantzig's work, however,
that the general Linear Programming problem was formulated
as such, and a method devised for solving it. The Carry over
from early military applications to business uses of Linear
Programming has been rapid and today thousands of firms make

use of this managerial tool,
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Its applicability to the practical problems in
management and allocative economies has been largely re=
sponsible for its development to the present level. Since
the end of the war, The technique has experienced remarkable
growth and has been incereasingly used in industries and

agriculture.

s oy Linear Programming

Like any other mathematical tool, mathematical pro-
sramming itself is a mathematical technique without any eco-
nomic content. Its sole purpose is to indicate the optimum
solution tc a problem for a given set of circumstances. To
obtain relevant and sensible results, it is important that

the reliable data has been collected and the model been pre-

cisely formed.

Mathematical programming problcms have the follow.

ing characteristics:-

(1) Solution of the problem has the expressed intent
of bettering a current situation; that is, the
problem is to be solved in order to reduce cost,
to dincrease profit, to increase output, or for
any of a number of statable reasons. The desire
found in the problem will be called the objective
function or goal.
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(2) Within the problem, and directly related to the
goal, there are a number of courses of action,
any one of which may be satisfactory, but at
least one of which will provide the best answer.
It iz the function of Mathematical Programming

to sift through these many alternatives, passing
up all but the better ones.

(3) The problem involves certain demands upon the
current situation. These are normally referred
to as requirements, Demands are the conditions
of the problem that must be met.

(%) The problem imposes certain bounds, or limits,
which must not be exceeded. These are normally
referred to as regtrictions.

(5) The choices of action must involve a significant
difference in improvement. The difference betwcen
choices will be called the rate of efficiencye.

When the rates of efficiency between choices are
not significantly different, the problem is tri-
vial from the standpoint of mathematical programming.

(6) Finally, for solution by mathematical procedures,
any problem requires that the data be available
in guantitative terms.

Mathematical programming has been applied most
widely through Linear Programming models based on assump=
tions of linear objective and production functions. Linear
programming can be used whenever the objective is to optimize
subject to certain linear constraints. The usual way of

writing a problem in a matrix form is:=-

e R 1111 1 7 I 11 11 112 ¢ e



Max 4o Cx
subject to Ax § Boagt
where i 0 =
7

A is anm X1
¢ ig ann X 1 vector of prices OF other welghb
objective functilone 2l

v is an n X 1 wvector of activitie

vector of pegource OT other con

B is anm X 1
= is the objective functione.

This problem can be written as =

Maxxt: 2=

S'leject to 8.11}{1 ar 3.12}(2 + oceevvacc?

PR B oo 42,7

o Cer e 5
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X=

aij ; bi

M

—

<

J= N
2 O

L
where 1=71432 esseey M

j:192 00&999 n.

The assumptions underlying Linecar Programming problem are as

follows:-

1o

Additivity of resources and activities. The property
of additivity means that the sum of resources used by
different activities must equal the total guantity of
resources uscd by each activity for all the resourcc:,
individually and collectivity. This implies absence

of any interaction among the activities of the
resources.

Linearity of the objective function. If the objective

function is not linear, we cannot use this technigue
as such.

Non negativity of the decision variables.

Divisibility of activities and rescurces. This assump-
tion implies continuity of resources and output, i.e.,
we can use factors in fractional quantities. For prob-
lems requiring solutions in whole number, integer pro-

gramming, a special technique of Linear Programming,
is used.

Finiteness of the activities and resource restrictions.
If there are infinite number of alternative activities

and resource restrictions, they cannot be programmed

or an optimal solution computed.

Propoptionality of activity levels to resources.

This assumption implies linear relationships be-
tween activities and resources.

LT R

T | | st Tt e T
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7. Single-valued Expectations. It means that resource
supplies, input-output coefficients, prices of re-
sources and activitiesy, and so forth are known with
certainty, For variances of the parameters, we can
use sensgitivity analysis (or parametric programming).

Linear Programming models serve as tools for deter-
mining optimal decisions and patterns of resource allocation.
These models specify a set of variables which represent the
decision quantities for attainment of objectives under a par-
ticular environment represented by technology, prices or their
distribution and resource limitation. Then, thoough design
and application of a computational method, they solwve the
numerical value of these decision variables, thus providing
a quantitative potentialsy they have great usefulness in

agricultural planninge.

Linear programming problems can be solved by means

of three methods: -

(a) The graphical method
(b) The algebraic method and

(¢c) The simplex method.

(a) The graphical method. This method can be used

only where no more than three wvariables are involved.
Therefore, the graphical method is not generally used to

solve feal-woPld lincar programming problems. However,
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the method is very effective in providing a conceptual under-
standing of the solution process itself. Familiarity with

- the problems whigh can occur in the simple cases involving
only two ox three variables provides a great deal of insight

into what can happen in the more realistic case with many

variables,

We present a very simple problem of profit maxi-
mization below. It involves only tvo declsion variables,
Rice and Jute, A farmer has 32 acres of land and proposes
to grow rice and jute. He has 36 hours of June and 45 hours
of December labour available. He requires.9 hours of June
labour per acre and no December labour for rice, and needs
1.5 hour of December labour per acre for jute he grows. The
net returns from each acre of rice and jute are K.100/- and
Ke1l50/~ respectively. This information can be put in the

tabular form shown belowe.

Resources, Input-Output Coefficients, and
Profits from Rice and Jute.

W WA S G el T G BN WD S O Cum THD BE SO0 END e Spg B Eap G5O gy el Smp EOf LEN Gug MU SHS SN SED SO Iy SN Gnp GG SRS SED SNG GED GRY SEn SN Gnd SEN SN SN G SN SID ANE GIN S SRy Gmp emp S5F D gEN

Resource Requlrements (per acre)

b e June T Docember | Tand Profits
L Labor&nr} Labor (hrJ_ Z -__“_£E§£-§9£§2_-
Rice 0 9 0 i 100
Jute 0 1,5 1 150
Total resources
% available 36 L5 32 -
e e e L el e e A SR e e e ] L __________________ el
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If the objective of the farmer is to maximize his

total net returns, what combination of crops should we grow?

Let Ko o= number of acres of rice cultivation and

Ko = number of acres of jute cultivation.

Then the problem can be written in the following
forms:

Maximize Z = 100 X a0

1 2

Subject to June Labour Rl o s 10) 5% < 36
1 2 N

December Labour O x, + l.5 x << Ly
1 2N\

Land 1 S L 5 32
rim ¢
where X O X 0
e 2,

Since we neced to solve for only the two variables,
X, and x, , we can represent the problem and find the solu-
[ 8

tion with the help of the two-dimensional diagram in Figure

)

The possibility curves for June Labour, December
Labour and Land are plotted in the figure and they represent
the feasible region O0ABC, meeting all the limited conditicns.
The optimal solution of the problem lies at one of the ex-
treme points of this feasible region or on the lines joining

them and the efficiency of the point or points depends on



JUTE

r
[4P)
i
Iy

(oM
A

Ny

AR

N AN
‘\\;\ SN

N

DA

A

! A i
JUNE L2zgiz

T, i

¥

AR

NI

|SO-PROET

SR

\_DEEEBER LABOUR

Tomees N — 7
e é
_—.__— _.——-‘“ — /
; 7
==l e /
= 7
e ~ 7
SN e s
N o




..

%0

the objective function. Wherever the line representing the
ratio of rice to jute (EF in the diagram) is tangent to the
production possibility area, we have the most efficient point.
Since EF is tangent to OABC at By, B is the point of maximum
net returns. B represents 2 acres of rice and 30 acres of
jute. Therefore; to get the maximum net returns (Kyats 4700)
under given cgonditions, the farmer must grow 2 acres of rice

and 30 acres of jute.

Although the graphical method is very effective
in providing a conceptual understanding of Linear Program-
nming solutions, it becomes impractical as the dimensions of
a problem are expanded. In this case the algebraic method
is a more efficient technique for searching out and identi-
fying the optimal solutions to problems. It does introduce

the basic terminology and process of the computationally

more efficient simplex method,

(b) The algebraic method. This method is not generally

used for solving real-world Linear Programming problems be-
cause expericence has shown that as computational device it
involves excessive time. For example, we will solve the

following problem with the algebraic method.




Mo = 3

Subject to 3x + Ly 4 18
3%+ Oy T
her x |
where ) T ;; 04

We have to find the basie combin
solutions to this problem considering the

volved. These combinations may be:-

(a) choose only x
(b) choose only y

(¢) choose a combination of

The maximum profit will be founc

of the combinstionse.



If we choose omly y, i.e.

3(0) + Ly
by
y
3(0) + 5y
oy
y

Then, Z . =

If we solve

a combination of x and y, we get -
x il ,é_ 18
3x + 5y @2l
y = X =2
Then = 2 = 3 (@)EEESIEY)
G - = 30

The maximum

3(0) + 8(L4e2)

33
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more efficient than the preceding methods.

(¢) The &implex Method., The simplex method consists of

the repeated application of the simplex algori%hm. An algo-
rithm is a procedure consisting of a set of rules and mathe-
matical operations performed in a specified sequence. This
method is an algebraic iterative procedure which will solve
exactly any Linear Programming problem in a finite number of
steps, or give an indication that there is an unbounded

solutione

The simplex method can be given a very simple
geometrical interpretation in terms of the concepts, i.e.
feasible solution, optimal, and extreme points. If there
is an optimal solution, one of the extreme points is optimal.
There is only a finite number of extreme points. This method
is a procedure for moving step by step from a given extreme
point to an optimal extreme point. At each step it is possi-
ble to move only to what intuitively are adjacent extreme
points. The simplex method moves along an ‘'edge! of the
region of feasible solutions from one extreme point to an
adjacent one. Of all the adjacent extreme points, the one
chosen is that which gives the greatest increase in the ob-

jective function. At each extreme point, the simplex method
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tells us whether that extreme point is optimal, and if not,
what the next extreme point will be. If at any stage the
simplex method comes to an extreme point which has an edge
leading to "nfinity, and if the objective funetion can be
increased (or decreased) by moving along that edge, the sim-
plex method informs us that there is an unbounded solution.

We will use the previous problem to solve it with the Sim-

T G i 1111 a1 141 1

plex method. It will prove that with a few iterations,
the optimum solution will be achieved.

Simplex Table I

j P.M X g Sy So Qty
0 S, 3 L 1 0 18 18/ = L5
0 So 3 5 0 1t 21 21/5 = 4-2 R.R
Zy 0 0 0 0 0
Cy=Z35 3 8 0 0
O.e
Table II
c. 3 8 0 0
J P.M X v Sl 82 Qty
0 Sy 3/5 0 1 -t/5 6/5
y 3/5 1L 0 /5 21/5
zj o4/5 8 0 8/5 168/5

Ci-z5 -9/5 0 0 -8/5
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Since (Cj - Zj) values are of zeros and nega-
tive we obtain the optimum solution. This is the same
solution as derived by Algebraic method but it arrives
to it with only one iteration. This shows that the sim-
plex method is the most suitable one to handle the real=-

world problems.

Extensions of Linear Programming

Some of the conditions or assumptions underlying
conventional linear programming models occasionally need
to be altered or modified to meet special conditions found
in agriculture. Frequently we only relax a particular
assumption and introduce a specification and computational
method to replace it. The assumptions inherent in conven-
tional linear programming models which can be relaxed or

replaced to advantage are:-

(1) The values of input-output coefficients Matrix A ,
resource supplies b vector g OT prices of re-
sources and activities c vector may change
overtimes; or it may be of interest to know within
what ranges of the wvalues of the components of b
and c¢ vectors, or even of sygpplies of a specific
resource or price of a specific activity, the so-

lution to the original probiem remains optimal.
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e.ges (a) Suppose the farmer can use 10 acres of
land rather than only 7 acres to which
the problem applied;

(b) We may wish to examine how the optimal
solution will change if the prices of
paddy, groundnut, peas are K.12,K.60,

K.50 rather than K.10,K.40,K.18
respectively.
In such cases, Sensitivity Analysis can be used

to determine the effect of changes in Matrix A, vector b,

or vector ¢ on the optimal solution.

In order to make sensitivity analysis, we will

refer back to the linear equations stated before.

e “+ ~ s —
a1131 a12x2 GO O0 O a1nxn b1
a21x1 o a22x2 + i elelslerale Rl a2nxn = b2

; + + ® ® 0 ¢ o 90 9 0 + = .b
an1x1 an2X2 a'nnxn n
Z - 01X1" 62X200-o-.¢ "Cn n = O

In shorter form, the equation will be rewritten as:-

AX

l
@)

7 - orx

il
O



We can also present it in partition matrix form as follows:

From this initial stage,; we can derive by iterations in order
to make the necessary variables enter the Basic Matrix (B).

The remaining variables will be left in the A,] matrix, thus

we obtain the following format.

s =l
%
o | B -l X = [b_]
B 0
We then multiply both sides by
matrix in order to obtain the CTB-1 )
optimum solution in which all the %

chosen variables form an Identity matrix.

Thus we have,

e "1 o 3
-1
Z B
0 } 1 | B Ay X 2
(1) gt

transforming the above partition matrix into equation forms,

¥
._-‘:(L X

P e N
ey o



we obtain:

4 ~1
X+B1A X(1)

] =% Bk
7 + clg=la o (T (1) _ o Tp=1,
where X = the variables which enter the basic matrix.
B_1A1K‘1) = mat;ix for the coefficients of the remaining
variables and slacks.
B_113 = vector for the quantity of chosen variables
and the surplus resources.
CTB“1t) = value of the objective function.
CTB'1A_C(1)TX(1) = this represents cj - zj which indicates

shadow prices as well as net contribution

of the remaining wvariables. i

From these equations we can make post-optimal
analysis such as changes in b and changes in CT. When
there is increase or decrease in b (i.e. Db, increase or
decrease in land, labour and capital) the revised optimum

: -1
solutions can easily be obtained by multiplying B = Dby
(b + Ab).

B=1 (b +A D) = Bl p+BlAD =% TS



Conscequently, the value of object
will be changed as follows:

T

¢’ 8™V (b + Ab) = G B DR

In the case of changes in CT (ia&mk
different variables), we have to find out the
bution of the rcmaining variables by using”ﬁh§}”Q7
and their cocfficients in the final table. ﬁﬁé
contribution of a variable is positive, this:%-
enter the basis. In such cases we can iteraﬁg

the beginning in order to get the new optimal

(2) In some cases the assumption of
activities and resources may not
Tractors and machines, for exam
in whole units. It is meaning
solution requiring purchase

2.7 ploughs. The technique

The general integ

stated as:
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Maximizes Z

Subject to

and Xj = 0,132,00.0’ integer

The only differcnce between this formu
. that for the general linear programming model lie

nonnegativity requirement :
X (0]
i 7
which has been altered to require that

i

may not be linear. In

yield of an addit
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some cases we may build a model which utilizes |
Whatever the case may be, the general linear progral

has to be used.

complex projects and situations with planning uncert

is Network analysis. The combined diagrammatic and

approach to the problems of planning and control eli
ambiguity and reduce misunderstanding between worl

It assists all levels of management to:

(1) Define the work to be carried out.

(2) Produce better work schedules bas
knowledge of resources required
resources available. .

(3) Decide the best way of appl
to achieve objectives.

(4) Establish budgets for perfc

(5) Monitor progress and d
where delays would je
obaectlves, in time

(6) Control projeet;
progress and pr
coste. :
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The two main network systems are PERT (Programme
Evaluation and Review Technique) and CPM (Critical Path
Method) which were developed and applied in 1957-58. The
general distinction between PERT and CPM is that with PERT
the results of the analysis are expressed in terms of events
and the results of CPM calculations are shown in terms of
activities or operations to be performed. That is, in
PERT each activity time can be expressed with rmltiple
time estimates which indicate time uncertainty. The mul-
tiple time estimates "optimistie", "pessimistic", and "most
likely" are converted to a single time estimate and a statis-
tical variance, and these are used to calculate the probabi-
lity of achieving the project schedule dates. Thus a PERT-
type system is distinguishable by the use of 3 time esti-
mates, and the production of an event type analysis showing

probabilities against scheduled dates.

CPM, on the other hand, is based upon the pre-
mise that project duration can be shortened by applying
extra cost. Thus in this system each activity is given a
normal time and normal cost, and a crash time with its
associated crash cost. The CPM analysis produces least
cost work schedules for each of several project durations

and goes on to calculate the project duration which gives

the least project cost.



In order to apply the above techni
work for paddy farming in Burma can be presén
in the following diagram. The necessary acti
grouped under such topics as preparation ofiLfi
tion of nursery field, preparation of transplf
transplanting, preparation of threshing floor,

and marketing as follows:

(1) Preraration of land

a. carrying and spreading of fertiliz&n
manure
b. mending bunds and watering

(2) Precparation of nursery field

ae. ploughing.
be harrowing
c. sprouting and broadcasting of se“&éﬂ,

(3) Preparation of transplanted fields

a« ploughing
b. harrowing

(%) Transplanting

a. uprooting seedlings
be. carrying seedlings
c. transplanting

d. weeding |
e. applying anti-pesticid

(5) Prepapstion of threshi

as. leveling
be spraying of




(6) Harvesting

a. bending the plants
b. cutting

Ca maklng sheaves

de. carrying sheaves to the threshing,fl,a’
Coe threshlng i
f. winnowing

g. heaping straw
h. burning the stumps of the paddy planst

(7) Marketing

times; or there may be situations where mult:

than single-stage decision processes are re

time,

1y One of the appli
PE———can be found TR
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such as differentiating optimal income by seasc

use the following new system of equations:

New System of equations for the above
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Chapter II

=
= APPLICATION OF MATHEMATICAL TOOLS
IN SELECTINC CROP PATTERN IN HENZADA Tﬁwnsii
§
; 2.1 General Description of Henzada Township a:
= the Sampled Farmsl A
§ Henzada township is chosen as our
i area due to the facts that the major crop of
: ship is Paddy, which is the vital crop of
g productivity of which is quite satisfactory

ship and a variety of other important crops

here,

The total population of Henzada
| 283867 in the year 1976-77. About 72% of
are village dwellers. There are 47472 cul
can be classified by type of land on whic

shown below.

Type of Land No.
Farms

Kaing-land 9891

Garden



56

The total cultivated acres 189547 includes %90
acres of mix~cropping and there are 12,238 acres of double-

croppinge.

Type of soil can be classified as follows':l

Type of Soil Acres
Sandy soil 18,955
'Sane! soil 85,296
Rich soil _85,29%

189,547

There are one hundred and three village tracks
in Henzada township and a village track is usually composed
of three to five villages. Seven villages were chosen to
be used in our studg. . ' - Some important characteris-
tics of the sampled villages are shown in the following

abllenc ) .2

Table ( 4 )

- e . SuS a0 D W S G SNy S e

No. of farmers accord-

VR LigEee | Popu- | Far- | Sown ing to farm-size
lation | mers [ Acreage |=s===crcaas  Emima o
b (Fared| 7101 10D | 3 X
1. Kunchangone 56 i Gillo 22 18 54 Y 3
2. Kyu Ka Paing 50 98 | 200.00 2 “fapsEce - |
3. Oatoe 1218 140 [1400,00 5 0 | 100 5 3}
4. Myecha 950 65 | 300.00 20 2 2 T
5. Bae Chaung 450 25 | 110.00 25 - - :
6. Pe Gyi Kyun 00 250 |1300.003 155
7+ Oat Shit Gone 1826 L.00 |1560.00 o




In order to obtain the farms to be used &s 0
units of study, we list all the farmers in each sanm ﬁ
village and %ake (3) farmers randomly. Since our s
Tarms consist of different sizes, we have to find out
g¥rerage farm-size to be used as limited land resource

amounts to 7.22 acres.

Capital, the other limited resource, is derive |
by calculating average cost including cost of labour,
of inputs and other costs. Labour cost consists of e
for seedbed preparation, plucking seedlf‘mg, land i
transplanting, land maintenance, pest control,
haulage and cost of 'sayinhngas'. The cost of
tains cost for sedds, pesticides, fertilizers,
others. In addition, other costs such as lan
terest and depreciations for equipments and
teken into account. The above costs are co
clal constraint. Furthermore, we clas
(2) types such as imputed cost and o
this way we obtain the total cost 151__
pocket cost (in cash) 923 kyats.

The other importar
deration is labour powe:

~ available in a fa



equal to (3) male adults on the ground that there will be
(2) male adults, one woman and one helpful youngster.
Moreover, we also assume that there are 350 working days

in a year as the farm is used throughout the year.

. o
A1 g
W:lh\}m«

L LV

Thus,

the labour power available is 1050 man days.

The crops cultivated in the sampled farms are

4 types of paddy (Kauk-kyee, Kauk-latt, Kauk-nge and

High-yielding varieties), groundnut, chillie and pulses

(mainly Pegyi and Peyin).

fied as one group,
we have four kinds
mentioned above we

acre, reguired man

so are the pulses classified.

of crops to be considered.

A1l types of paddy are classi-

Therefore,

For the crops

calculate the cost per acre, yield per

days per acre and net income per acre

as shown in the following Table ( 5 ).

™ O e ma . S S G et e e Ty S ean o

l. Cost per acre
2 Yield per acre
3« Man days per

acre
Y. Unit Price

5. Net income(1)
(2)

35. 919
baskets

23

9,10,11
kyats

15608

- s S e S S L BT W S

o = eey e ey g tee ene Gmy com ek

e e o e e com E= - . -

Gt e SN GNg NS S ey Sug Sws STN GpS SES GaS M BED S S Gw San S

16.16
baskets

2a

87.05
%

kyats |
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selecting the crop pattern in Henzada township we have

Application of Cost-benefit Analysisg

In order to apply cost-benefit analysis in

to construct the following Table (6 ).

Table ( 6 )
Sr. B
No, Crops

S

Paddy
Groundnut
Chillie

Peas

I G e o w—y -

In cash

166.92
97.52
132+35
Lhe8d

S D PN S PN et e wmece S

Cost per acre

e

—ToTT" """ TINet" Inhcome
F-E;E;i_ "Cash'"*|
o e e ] e R
249.87 | 198.08
292.95| 582.48
369.21| 467.65
110,00 98561

- e S S D S S M -

_per_acre_ . “iigceoues

Total

-—— e - )

110,13 |

387.05

230,79 |
34, 00|

Ratio

"Cash™

--—---—u;‘a-igq}ii‘iﬁ




land, for family consumptibn, seeds, etc. Furthermore, ¢
groundnut also is usually grown on 2 acres of land due
to available soil type and high cost of cultivation.
Thus, the r~st of the land, 2.22 acres, is to be cultiv
for chillie. The total net income received from this cro

pattern is shown in the following Table ( 7).

Mabile - ( 7 )

(T ey 3 N EE S Sow BN S Ses S e S Fxn --—n————q-—-—.—-—————-u-—-—----—--------ﬂ----ﬂ'f - -

Crop Mo, of | Net Income Per Total Income
acres Acre | S

""-'-—---——-—--.—-—.—--——-4-——.—u—-——-—-u—-n-—-—--F—--d-——ﬂ-ﬂ‘ﬁﬂii-m-@‘f

G'I‘O'U.ndnut 20 O Ko 387Q 05 K. 77!".10
Chillie 202 K. 230079 K‘ 512'21l'<*
Paddy 3.0 K. 110.13 '

—-—---—-—----'-)-——-—---——---.-—-—-————----——ﬁ-vl—‘---—:-

The total cost for this crop patef

Table ( 8 )

----———--—-—-p-—-.—.c-_—-.- — i e iy G G G S =

Crop Noo o
acres

Groundnut




The available capital, the most limited reso
is K.1510, as shown in the appendix, which is much le"éé'
than the total cost needed.1 Therefore we have to re
the acres for chillie as its 1income is lower and its co-
is higher than that of groundnut. In order to reduce :
Ke645.16 (1.e. Total Cost 2155.16 less available capital
1510) we are to reduce nearly 1l.75 acres (i.e. gu9:16 3
of chillie. o

Thus the crop pattern and its total net income Esr

will be as the following Table ( 9 ).

Table ( 9 )
Crop ! No, of Net Income Total
acres per acre e
Groundnut 2.00 K. 387.05 K.
Chillie 047 | K. 230.79 Ko 1
e ]

~



2.3 Application of Budgeting Method

gasefollows 2--

Farm Budget
General characteristics
1. Farm size - 722 acres
2. Livestock - 1 bullock pair
3. Pamily size - 5
Physical wolume of production
1. Land use acre Yield/acre  Er
Paddy 3 36 W,
Groundnut 2 17
Chillie 0,47 60 S
2o Labour use Man days  Rate s
Paddy 69 9
Groundnut Ly 9
Chillie 20 9
3. Gaishiil 1
Seed
Manure
Fertilizer
Pesticides

Receipts, Expenses and Net Income

Receipts Price
Paddy 10
Groundnut 10
Chillie 10

Lahour



Here we find that the same maximum income can be
achieved with the same weakness of the previous method.
Moreover, we cannot know the list of priority for the cropsf»

without the help of the cost-benefit analysis.

The common weaknesses of both methods, as already
explained in chapter one, lie in the facts that some cru-

cial considerations cannot be built in the methods themselves

and when changes occur in important factors, we have to start

again from the beginning and make tedious effort in order to

get the results. Let us see whether these weaknesses can be Fa
overcome and what more can be done by applying mathematieali

programming in the following sections.

2.4 Application of Mathematical Programming

(basket or viss) of output.of each cror
used as the technical co-efficient fo
duce per unit of output. For ex:

acre is 36 baskets, therefore




In the same way we calculate the coefficients for other
5 constraints such as labour and capital. The same proce-

dure is repeated for all crops under study.l By using

CE G Eare g

these coefficients we form the equations for the con-

straints of resources. The objective function to maxi=-

mize the net income can be set by calculating the .revem"e:i_,
per unit of output of each crop. Thus the following equa-

tions are obtained.

Let x1 denotes baskets of paddy,
X5 denotes baskets of groundnut,
Xg denotes viss of chillie,

Xy, denotes baskets of peas.

Objective function:
Max z = 3.06 = + 20778 Rl
Subject to land - 51027/ = S .058 x

Capital = 6.9% x, +17.23 x '

Labour -~ 6L x, + 129 %




W—q—wj——-ww—.v WO el . v YT
" A
- e 5,

requirement of paddy for family consumption thro
the year. It is assu_rﬁed that a farmer has to cult:
at least 3 acres of land in order to fulfill the req
ment of family consumption, seeds and compulsory s

government and obligatory payment for advanced sales. :

Therefore, the minimum requirement in terms of baskets

form we have:-
x, ? 108

The other case is of groundnut.

avallability of suitable land is generally

size 7.22 acre. Moreover the cost of ¢

is too high for a farmer to finance when



Considering all the above 5 constraints,
find optimum plan for crop patterns in Henzada town

formulating a full Linear Programming problem as fi

Dl Mathematical Formulations

Objective function -

Max =z = 3.065c8 22.77x2+,3.85;sc:3f

Subject to land - .027x, + .058x, + .017x £

Capital - 6.9%x, + 17.03% FHIGHUEEEE

Labour - .6hx1 + 1o29x R

Min., Paddy - Xy

Max. Groundnut -

.

for Henzada township chSiS"

In the case of Paddy the 1
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1 rernment and
seeds and others such as compulsory sales to governn

mdnut, the
obligatory payment for advanced sales. For groun 9

f + i
mumber of acres t6 be sown is 2 acres (i.e. P+ baskessies
17 baskets). This acreage reaches the maxirmum avalilable
acres as it is the most profitable crop. The lowest acre-
age 475 (i.e. 28.4 viss = 60 viss) is required for grow-
ing chillie. If this crop pattern is chosen, our objeecbtive
to maximize the net income will be fulfilled by 1214% kyatse.
Of course, any farmer can readily be contented with this net

income per annum,

The solutions obtained by Linear Programming
method renders not merely the optimum crop pattern but
also the important factors for decision making such as
the remaining resources and shadow prices. According to
the results obtained the remaining resources are land

(1.8492 acres) and labour (915.7 man days) and all the

capital available are used up. These can be scecen in the

column headed as 'slack! in the solution. The shadow

Price for capital is .62 as shown in the column headed

as 'price'. If we wish to invest an additional unit of

capital we should at least carn .62 as marginal revenue

in order to maintain the same level of maximum income.



Vi |

From CRP = O to CRP - 5 we take land 7.22
acres and labour 1050 man days. CRP - O, CRP - 2 and
CRP - Y4 take total cost K.1510 whereas CRP - 1, CRP - 3 ar
CRP - 5 take cash cost K.923. Prices of crops are K.IG,
and 10 for paddy, groundnut, pegyi and chillie respecti
in the first two problems. Then we reduce by oné kyat

the following two problems and add one kyat in - 5»&

labour 1400 man days.
total cost K.2000 whereas CRP - 7, CRP 12 and

cash cost as K.950. Prices are varied in the‘

as above.
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pable 10
: ”'—"1‘ ““““““ constralndias Zeaie T’ _____________________________________________
e e R e e R oo ] 3
e Labour { C & P % t al‘{ P v 1 c e B am IR e e
il ;c?i l\gaﬂ \Gd sh | Total |raddy !L(;-O‘L{:LG 1 Pegyi | ggqillié‘iﬂjdddy Gromiifih Peg:’rii‘chﬂ‘lie‘ Hex: Het | Land Labox:;- ----
&YS | gost Cost RO \ ‘| - s acre| acre | Income Z
________ e e e R ""'"""','""""'""“"——"'-'T—---——-----——.{-n____......-..............._...,._.._L________________________________-__‘____‘_____— T
30 |72 1050 | - |¥1510 |K.10 * K40 K.18 Ke10 3,00 2.00 - | .4733 }1214.0000 1.84921 915.72- :
@ 1 TadZ 1050 K923 - 10 4Q 18 10 3,00 2.00 \ - 11.7205 |2549.3077 57711 862.69
@ 2 |7.22 IPEI (e 1510 9 35 17 9 | %.00 2.00 ~ | .a133 |1043.6000 |1.8492|916.57
@ 3 |72 1050 323 | - & 59 17 9 | 3.00 2.00 _ l1.7205 |2304.0769 | .5771|862.69
e | 1050 < 1510 11 41 19 11 3.00 2.00 - | 733 |1%84.4000 |1.8492|{916.57
llgp 5 |7.22 | 1050 923 - 11 43 19 11 3.00 2,00 = li.7205 |2794.5385 | .5773|862.63
m 6 |8.00] 1400 | - . 2000 10 40 18 10 3.00 2,00 _ li.7205 {1520.7480 | 1.2747109.20
@ 7 |8.,00 | 1400 | 950 - 10 40 18 - 10 3.00 2.00 _ li.g2a1 |2644.4796 | 1.3494{103.85
@ 8 |8.00 1400 = 2000 9 39 17 9 3.00 2,00 _ h.7205 [1270.6732 | 12747 1209.20 ]
lme12 |8,00 | 1400 | 950 | - 9 39 17 9 3.00 2.00 _ lh.gear |2387.0317 |1.1494)1203.89 { |
|lm1 |8.00] 1400 | - 2000 11 41 19 1 | 3.00 2700 _ li.7205 |1770.8228 | 1.2747}109.20 c{
B 13 |8.00 | 1400 | 950 - T el 19 11 3.00 200 . - 924l 2916.5476 | 1.1494|103.83 3.0::72@1i 7
o e A RN R N R . §
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lie in order to have the/net income

CRP - 1 =~ In this problem we consider only the cash
as the available capital. Oiker constrai
such as land, labour and prices are the
as CRP 0. Thus we can establish the model

follows s~

Objective function

Max 7 = 5.37%; + 34.20x, + 7.79%; + 12

Subject to =% O2"7x1 + .058x, * . Ol'?x3 + .125%,
)'}'o 6 3.'&'1 G 50 73X2 + 20 2lX3 + 5.67%

where Xy 9Xp9Xg 9%, 2 0

The results obtained indicate th
crop pattern is the same as CRP O in whick
total cost as the available capital.

cates that more acres of land should b
< i maximized gl
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CRP = 2 = In this problem we consider the constra
the same as CRP-O expept the prices of t
which are reduced by one kyat unit each.
establish this model as follows :-

Subject to .027x) + .058x, + ,017x, + .
e F . S 6.1K '+
6 9LPX1 1L 23}:2 5 3

.6’-!-}::L - 1-29}(2 s ,72,}% = 2

My oy

h X 5 X a0 g OREE
WASES e B i

Here we find out that the optimum crop patte _

and the shadow price of capital are nearly
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Subject to .027Xi + .058x2 % .Ol7xg Tl

’+.63xl + 5.73x2 i 2.21::3 * 5.67% :

-6hx, + 1.29x, + .72x3 + .2.0_6‘xlF :

CRP - 4 -  Here, we change the prices of the di

follows:
Max Zae— L+.O6xl+ 23.77%, +

Subject to 027x, + ,058x2,+_i
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The results obtained are generally the same as
CRP - 2 except that the maximum net income is increased
up to K,138%4.%40, which is, of course, due to the increase

of the prices.

CRP -~ 5 - 1In this problem we take the cash cost as the
available capital and the other constraints are
the same as CRP - 4., The mathematical model is

as follows:
Max Z = 6.37x + 35.27x, + 8.79%; + 13.33%,
Subject to .027x, + .058x, + -017x; * .125&\< 722
4.63x, + 5.73x, + 2.21x3 i 5.67:;,%§ 9 ..

Where Xp,XyyX3sX),

The results obtained are the same as CRP
which in turn are similar to the results in
that the maximum net income is increased up

due to the increases
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CRP - 6 -~ In this problem we vary the available 1
labour and capital by increasing them up t
8 acres, 1400 man days and 2000 kytats re;
spectively, and the prices are taken as same
as those of CRP - O and CRP - 1. Therefore

the following mathematical model can be used. f'
= ~ ar . + 3.,85% '!'2-}-

Max Z 3 06xl ?2 77x2 3 5x3 %
Subject to .O2'7x1 e .058x2 + -017x3‘+?&?
6.94x) + 17.23x, + 6.15%5 -

.64xl + l.29x2 & .72X3 f‘

Although the crop pattern obt&iﬁ@i

-

the foregoing problems and the number of

slacks for labour, and ti

slight differences
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CRP -~ 7 - Here we take increased cash cost 2z 27z -
able capital and the other constraints zre %the zzzz z=

CRP-6. The mathematical model is as follows:

Max 2Z = 5.37x1 + 34.27:{2 = '7.'79::‘:3 - 12.33:.}

3
4.63x; + 5.73x, + 2.21x; + 5.675 £ S50

Subject to 'OE?XJ_ o+ .O58}:2 + - Ol 7tk -12535_ < 8 z

.6L+Xl + l.29x2 = .‘72x3 29 %xng

where x]_,xag.x?’slf,+ 2’ e

Although the other results are nearly the same
as CRP-6, the maximum net income and the shadow pric& of 3
capital arc almost ecqual to those of CRP-5 which shows
the highest in both of them.

CRP - 8 - The prices of the different crops,

lem, are reduced by one kyat comp
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The results obtained are the same as CRP 6&
an exception that the maximum net income is reduc

Kel270.6732:4

CRP -~ 12 -~ Here again we consider only the caéh ws%&s
the available capital and the other canstraintﬁ
are the same as CRP-8. The model for this prob-

lem is formulated as below:
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Except for the maximum net

are not much different from the preced?f

CRP - 11 - In this problem we assume the h:

CRP - 8, The formulation of mathi

model for this problem is as follow

M = ° ° =S8 B e -
ar Z = W05k + 23,77, * hiBhE +

-~

Subject to - 02720 #5058 SOl R

T T 1%o5E B

and shadow p:

among those
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CRP = 13 -~ Here we consider the cash cost as Eﬁéfé

capital and all the other constraints are
same as CRP - 11, The model for this cons

tion is as folleows:

Max Z = 6.37%) *+ 35.7x, + 8.79%; + 13.3
Subject to «027x) + .058x, + .017x; + .125%, r{j
where X1 9%y 9Kk, :)
The results obtained are nearly the same &&.lﬁlezf;;ij

except that the maximun net income and the shadow price fﬂ?ﬂ%"i'

capical arc the highest.

give the same crop pattern for pad@y,¢éﬂ

Paddy, the income of which is low, is st
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tern because of its lowest net income.

In the first six problems, from CRP-O to CRP-5,
we assume that the land and labour are 7.22 acres and 1050
man days respectively. Whenever we take the cash cost as
the available capital, the slacks for land and labour are
reduced and the shadow prices of capital are increased
together with the increase in net income which is, of course,
the natural consequence of the reduction in the cost ignor-

ing the imputed cost.

The same results can be found in the problems
from CRP-6 to CRP-13 although the acres of chilliec and
the slacks for land and labour are not much different from
those problems, which take total cost as the available

capital.

Among the problems the maximum net incomes are
rendered by those problems which consider the cash cost
as the available capital. All these problems also point
out that the slacks for land and labour are lower and the
shadow prices of capital are higher than those of thc prob-
lems which consider the total cost as the available capital.
We can conclude that there will be surplus of land and
labour and shortage of capital in the agricultural sector

in the process of maximizing the net income of the farmers.
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2+%4.3 Post-optimal Analysis

As stated before, post-optimal analysis or sensi-
tivity analysis can be done when there are changes in avail-
able resources (b) and changes in prices (CT). Such type
of analysis is wvery useful for us when there is no stability
in prices and when there exist different amount of resources

available to individual farmers.

2.%.3a Changes in available resources

ey —

Changes in resources available can be denoted by
(A b)e If the farm size is changed from 7.22 acres to 10
acres, the available capital from Kjra’ts 1510 to Kyats 2020,
and other factors remain constant, ( Ab) will be as follows:
ANy = 2.78
490. 00 .

)
R

Tn order to get the new optimal solution with

these changes, we have to find out the inverse matrix of

B, i.ce B , first. By using the progrem 'PROGRAM LISTING',
Centre

available at the University Computer4 to form the last solu-

tion table for the previous problemy, B  can be formed




1 0
: 0 0
-1
B = 0 1626
l 0 -, 0028
O "'0122

' -1
Then, multiplying B by Ab,
1

effect, iie. B VAN 15
B oAb = (R
0]
79467
- 1.372
e |

To obtain the new o]

m011’1tal effecect is added to t
B -'bo

: =
B
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Since the above optimal solutions are in terms

of baskets/viss, we can transform them into acres as follows:-

Paddy ~ 110.78 baskets = TIOTON 307 aecres
36 :
Groundnut - 3%  baskets = 34 =  2.00 acres
7
Chillie -~ 108,07 viss = 108,07 = 1.80 acres
60

Here, we find that the acreage for paddy and
chillie have inerecased and the acreage for groundnut re-
mains as before since it has already reaches its maximum
available acres. In addition, the slacks for land and

labour reduced to 4772 acres and 859.94% man days respectively.

With these changes, the objective function of tThe

new optimal solution becomes K.1529,22. This can be ob-
"1 m 4
tained by multiplying B (b+ Ab) by Gt \\“

6
oA

Paddy ~ 110,78 baskets x K 3.06 = K 338.98

K 774%.18
K 416,06

Groundmut -  34%.00 baskets x K22.77

Chillie -~ 108,07 viss x K 3.BhH
Total == K1529,.22

——

110 ] g i —
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2, 43P Changes in Prices

Changes in prices of crops will occur often in
actugl situvation., If these changes occur after the optimum
solution has been calculated, we may use the post optimal
analysis in order to find the new optimum solution. Here,
we have to reconsider the net contribution of the crop by
using its new price and its coefficients from the final
table., If the net contribution is positive, this crop
should enter the basis (B) if it has not been before, or
the crop should remain in the basis with new wvalues 1f it
has been before. For examplc, the prices of paddy, ground-
nut and pcas rise up to K.12, K.60 and K,50 per basket re-
spectively but the price of chillie remains constant, i.e.
K.10/-., It docs increasc the net income per basket of

paddy to K.5,059, groundnut to K.42,76 and peas to K.36.25.

In order to get the new optimal solution with

these changes, we may calculate as follows:-

¢t Peas (B—1A) CTB_1A
5,059 = osi o [ROR 0
VTS et 0 0
3.85 ——> 2.2358 = 8.6078
Qi e 0870 0
O e .3832 0
e = 8.6078




Net Contribution c VT . clals = 36,25 = o

Because of its positive value in Net comtziomiioe
it shows that the crop, i.e. peas, should enter The Z=os
(b)e For simplicity, we can easily formulate Ioe ===
equations and iterate by L.P. package to get toe —=w o=

solution,

Let Xy be acres of paddy,
Xs be acres of groundnut,
x3 be acres of chillie,

Xy, be acres of peas.

CRP - L7

Objective function -
Moacal 7% = . + .05x =+ : - -
182 13x, + 727 05x2 23&?% @w\

Bubject to land - x; &S 3 2
Labour 23x ] + 22x2 - h”a ‘ =

Capital 249.,87x,+292,95x, *369:00x,

Min. paddy %y
groundnut
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The results obtained indicate that 3 acres of
land should be used for paddy, 1.619 acres for groundnut
and 2.601 acres for peas, Here we find that peas with
higher net income than chillie, enter the basis (B) in
place of chillié, With this new optimal crop pattern,

the maximum net income rises up to K,2477.75.

2.4.4, Comparison between the Application of Mathematical
Tools and Mathematical Programming

As we have seen in the previous section, the
crop patterns attained by certain mathematical tools and
mathematical programming are the same and the maximum in-
come rendered by them also are not different. However, it
is obvious that such mathematical tools as cost-benefit
method and budgeting method cannot be directly applied,; and
further calculations are nceded in order to choose the Op -
tirmum crop pattern. Moreover, it has been shown that post-
optimal analysis can easily be madc im the case of mathe-
matical programming whereas it would be necessary to srart
again from the beginning 4f we apply cost-benefit analysis
and budgeting method, when there are changes in available

ragources and prices of the produce.

g e AT
i1}

T T Eanest
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Although the same crop patterns and equal maximum
amounts of income are obtalned by using the mabhematical
tools or the mathematical programming in the previous prob-
lem wherc only single cropping is considered and surplus
labour man days are available, we cannot have such luck if
we consider double cropping where simple logical reasonings

uscd before would not be much helpful,

For example, if we double-crop paddy, whiech must

. considered for minimum requirement, with winter ground-
nut and chilliey, which are given the first and the second
Places in the priority list, we have to wrigh the marginel

contributions of capital and labour concurrently for both

ck

: e
cropss groundnut and chillie. The problem may seem no

very difficult at the first stage since the maximum limi

ct

of groundnut is known. However, it is difficult to consi

(&

er
to what extent the acreages of chillie and groundnut should

be reduced to keep both labour and capital within the avail-
able limits and at the same time maximize the total net in-

come. The problem will become more complex if *certaln crops
such as peas for which no maximum or minimum limit is set.

We can handle such problems effectively and efficicntly with

*he help of mathematical programming.

1 ©Not only capital but also labour can probably be used up
in the casc of double-~cropping.




Chapter III

APPLICATION OF MATHEMATICAL PROGRAMMING FOR
POSSIBLE CROP PATTERNS AND DOUBLE-CROPPING

In this chapter we would introduce the
additional crops other than those found in our sam-
ples and consider the most suitable crop pattern for
double~cropping in Henzada township. By observing
the general condition of the Henzada township, we
find out that Jute is an importent crop recently in-
troduced as a planned-crop. Although there is no cul-
tivator of jute in our samples, it is possible to grow
jute in the sampled farms since any land where paddy
is sown is also suitable for jute if water is availlable.
Sessamum too is a popular crop since it can be sown on
any type of land and the cost of cultivation is the lowest

among the crops found in the Henzada township.

Sel Possible Crop Patterns

There are two types of jute such as pre-

monsoon jute and monsoon jute. Similarly sessarum has
also two types, one is short life crop known as Hnan-

yvin, and the other is grown in early monsoon and known

86
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CRP 18 - In this problem we try to find out the optimum

as Hnan-gyi, i.e. long life crop. The main crOFS
than paddy, taken into consideration in the previaws;' 
chapter will be divided into two groups; the first g
includes those crops which are suitable for the mcﬁéd_
weather and the second group includes those crops which
are suitable for winter. Paddy is to be included in
both groups since it can be double-cropped with others
by choosing proper types such as the combination of pre—':
monsoon jute and late-monsocon paddy. CRP-18 deals with
the first group in which jute is introduced and CRP-19

deals with the second one in which sessamum is introduce

pattern for monsoon crops such as paddy,pre-
monsoon jute, monsoon jute and monsoon groundnut. ;gﬁgigﬁ

mathematical model is as follows:

Let x; be acres of paddy,
X» be acres of premomsoon jute,
£ be acres of monsoon jute,

¥, be acres of monsoon ground

Objective function -
Max Z = 110.13x + 187.50x,
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Subject to land Xi - X, + x3 G
labour  23x A LGE h3x3' +

capital 249.87xi + 250x2 + 25Q§3

Minimum Paddy Requirement Xq

Maximum jute (P.M.) X be

Maximum jute (M) x3

Maximum groundnut x,
where xi ,x2 ’ xg ) %, 0

The results obtained indicate that the optimum\crap;;1j

is 3 acres.

This acreage, as it is explained befc
the minimum requirement for family consumption, s
others. For groundnut, the number of acres th”"
2 acres. This acreage, as usual, reaches the
available acres as it is the most profit@bl
lowest acreage .698 is required for gre
jute. If this crop pattern is chose .
maximize the net income will b
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CRP - 19

In this case we consider the optimum pattern for
winter crops such as winter groundnut, chillie, sessamun
and peas, together with paddy of short life assuming that
water is available for paddy during winter. Since paddy
is wsually grown in monsoon, we would not set the con-
straint for minimum recuirement of paddy in this case.

The mathematical formulation is as shown belows:-

Let x, be acrcs of winter groundnut,

1t
Xo be acres of chillie,

X3 be acres of sessamumn,
X, be acres of peas,
Xg be acres of paddy.
Objective function -
Max. Z2 = 387.05xl k 230.79x2 17 139.73x3 G .290}:br i 110.13x5
Subject to land - x3 + X, T xal TR < 7 o228
labour 22x; + 43x + 21X3 + 17%, + 23:{5 /' 1050
Capital 292. 95x +369. 21x t 97.65x% +lleu+2k9 8%% 1510
Max. groundnut  x; < 2
where xl,xg,x3,x1+,x5> o)
Herec we find out that the optimum crop pattern is to grow
winter groundnut and peas. The acreage for groundnut, the most

profitable crop, here again reaches the maximum limit,i.e.2 acres,
and the remaining acres are available to grow peas, since it
contributes the second largest income and there is no minirmum
limit for paddy. Using this crop pattern we will achieve the
Maximum income of 2288.30 kyats. In this problen, all the
available acres of land are used up




and there remain slacks for labour and capital. This
is the first case where slack for capital is left and
available land is fully used up. At the same time, we
have to note that this is also the first case where no

minimum requirement for paddy is considered.

3.2 Double=cropping = Model I

After thinking about the possible crop patterns
by differentiating seasonal crops, we have to consider
crop pattern for double-cropping throughout the year.
From the static point of view we cannot merely combine
the results obtained from CRP-18 and CRP-19, which are
considered separately by allowing the use of all avail-
able inputs for each case. It is necessary to form the
possible pairs of crops for the whole year. CRP=20 deals
with the following combinations of important crops in

Henzada townshipe

CRP - 20

& %y denotes the acre of any kind of paddy and
chilliee

X, denotes the acre for the combination of
paddy and groundnut.

x3 denotes the acre for the combination of
paddy and peas.

T



X, denotes the gecre for the combination of
paddy and sesSsarmmm.

x5 denotes the acre for the combination of
premonsoon jute and paddy of short life.

Xg denotes the acre for the combination of
monsoon jute and chillies

The mathematical model for double cropping is

as follows:-
i malree + 497.18x + 400.1 + 249,08x +297.
Max 3 92xl 97 xh 333 9 xh. 297‘:

+ 418,
L 29xg

Subject to land X ok X = X o fo s =1
d il > 3 i 5

labour 66x* W5x, + hox, + Mg + 66x, + 86x,

+ 499,87x. + 619.2 1510

5 B & |

Min. paddy recuirement x; + x, + X3 *tox, + ,jf j
Max. groundnut X |

Max. jute (P.M.)
Max. jute ( M: )

where X
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From the results obtained we can conclude that
the optimum crop pattern for double-cropping is the com-
bination of paddy and winter groundnut on 1.63 acres of
land and the combination of paddy and peas on %.19 acres.
In other words, 5.82 acres of paddy is to be double-crop-
ped with 1.63 acres of winter groundnut and 4.19 acres of
peas. This pattern will provide the farmers with the
yearly income of Kyats 2485.28 which is an attractive
amount for a farmer working on 7.22 acres of land. In
addition, it is satisfactory to find out that labour and
capital are utilized fully and only 1.4 acres of land
are left as slack. This surplus of land is to be left
unused for a few years to enrich the soil before another
eropping begins, since there is no more labour and capital.
This is not contradictory to the current practice of many

farmers.

The results obtained from CRP-20 are in line
with those results rendered by CRP-18 and CRP-19, except
that premonsoon jute, the acreage of which is quite negli-
gible, is excluded in double-cropping. It is also found
out that winter groundnut is preferable to monsoon ground-
nut in the case of double-cropping. These facts can be

clearly observed in the following Table (11 ).




Table ( 11 ). Possible Crop Patterns & Double-cropping.

Crop' Pattern Maximum
--------------- "—-“———-r—'—"'-‘-—-—'——-"----——- Net
Monsoon Acres Winter Acres Income
CRP-18 Paddy 3.00
Groundnut 2.00
Pre-monsoon
Jute 0.69 K.1235.35
= e o e e o i o et e o o e e e e et e e e o S e e o e e e e T - —— - ——— g
CRP-19 Groundnut 2.00 i
CRP-20 | Paddy 1.62 | Groundnut | 1.62
Paddy 4,19 | Peas 4.19 | K.2485.24
_______________________ I SR

Although the results offered by CRP-20 are
quite satisfactory, it should be noted that we have
considered the present costs and incomes for different
crops as the constraints for our model for double-
cropping. There may be changes in cost and income pat-
terns if double-cropping proposed here is introduced in
the area under study. Moreover, we need to think of the
problem of double-cropping with dynamic conception with

respect to the available capital and labour.



L BN

3.3 Double-cropping - Model II

| The obvious weakness of model one is that we
think of available capital and labour in a static sense
without considering the dynamic aspects of available capi-
tal and labour in double-cropping. Additional capital will
be available for the second crops from the first crop and
additional labour whether owned or hired, can be obtained
in the agricultural sector where unemployment or underem-
ployment is common. Therefore we need to introduce ano-

ther model which applies dynamic conception.

We might assume that the amounts of capital and

labour for the second season are the same as those for
the first season. Alternatively, we can estimate the

available capital for the second secason on the basis &fi;?l

average income per acre of the first season less cost of

owned labour is available in each season. The foz

1 ©Net income per acre from paddy - K
1 11 1 1 from jute :
i ! 2l " from groundnut

. . Average Net Income per acre =




tried in CRP-21 and the latter is tested in‘GRPH%:
Different assumptions, of course, can be made aceo

to the likes of different persons with certain logi

CRP-21
The mathematical formulations for CRP-21 it

follows: -

Let X denotes acres of paddy,
X, denotes acres of jute,
x3 denotes acres of monsoon-groundnut,

%, denotes acres of winter-groundnut,

X5 denotes acrecs of chilliey
X¢ denotes acres of sessamum,
X denotes acres of peas,

Xg denotes acres of paddy.




orp-21

Objective function - 96
Max Z = 110.13x % 187,50x_ + 387.05%. + 38
. 7.0
1 2 3 5X1+ + 230.79x 5 + 139.73%, * 290.00x7 + 110.13x
: 8
SubJeCt to Xl + X2 + x3 + 0 s 0 ; 5 +. - : : <
23%) + U3x + . P2% o S
_ 2 3 s 0 + 0 + :
= 0: T NEe { 1050
2 . X “+ OX T
9.87 1 29 5 + 292095}_3 + 0 T 0 - o o 0 y o i
Xl - 0 . +: 0 + 0 + 0 o 0 4 0 " 0 7/ 3
0 + X, 4 0 + 0 + 0 “ 0 + 0 + 0 i
0 + 0 + x3 + 0] it 0 + 0 + 0 + 0 é 2
o) 4 o) + 0 X, & x5 2 X 2 x7 = Xq Q Zac2
0 + 0 =50 +22%), e B 2lx,  *+ 17x, % 23%g { 1050
0 + O + O -+ 292095X_‘+ + 3691 21}{5 + 97065}{6 + 110}:7 + 2)+9.87X8 é 1510
0 TR T £ - m s oo+ 0 o+ O 4 2

where Xy >/ 0 (121,20 000180
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From the rcsults obtained, we find out that
the optimum crop pattern is the combination of paddy
(3.00 acres), jute (.698 acres) and monsoon-groundnut
(2,00 acres) in Monsoon and winter-groundnut (2.00
acres) and peas (5.22 acres) in Winter. The maximum
income available is K.3523.12 which is the highest amount
among the problems studied in this work. There are slacks
for land and labour whereas capital is used up as usual
in Monsoon. However, there remain slacks for capital and
labour where land is used up in Winter. These conditions
point out that capital is used up more faster than land

in Monsoon and conversely land is used up more faster

and low cost of peas in Winter.

CRP=-22



From the rcsults obtained, we find out that
the optimum crop pattern is the combination of paddy
(3.00 acres), jute (.698 acres) and monsoon-groundnut
(2.00 acres) in Monsoon and winter-groundnut (2.00
acres) and peas (5.22 acres) in Winter. The maximum
income availabile st Ki352312 which is the highest amount
among the problems studied in this work. There are slacks
for land and labour whereas capital'is used up as usual
in Monsoon. However, there remain slacks for capital and
labour where land is used up in Winter. These conditions
point out that capital is used up more faster than land
in Monsoon and conversely land is used up more faster
than capital in Winter. These effects are caused by the
influence of high costs of jute and groundnut in Monsoon

and low cost of peas in Winter.

CRP=22

The mathematical formulations are as fol

(See page 97).
The results indicate the same patte 
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3.4 Comparison between Model I and Model II

CRP - 20 is Model I where the available
resources for the whole year are taken constant and‘
generally acceptable pairs of crops are preconsidered.
CRP 21 & 22 are formed by Model II in which we apply
the dynamic conception for the available resources with
the chance of freedom in pairing crops. The crop pat-
terns and maximum net incomes for the different models

are shown in the following Table ( 12 ).

Tabilic@28)

Crop Pattern

Models Monsoon Acre Winter Acre Max. Net
Model T. . Paday 1.62  Groundnut 1.62 - olige anl
CRP-20 Paddy 4.19 Peas 4,19 K'Z”Bs‘i“
Model II Paddy 3.00 Winter-

CRP-21 Jute 0.698 Groundnut 2.00

Monsoon- Peas ST
Groundnut 2.00

CRP-22 Paddy 3,00  Winter- <
Jute 0.698 Groundnut 1.1249
Monsoon- Peas 6.0591

Groundnut
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It is not surprising that the maximum incomes
of model two are much greater than that of model one,
since more vesources are available and freedom of choice
in pairing crops can be enjoyed in the former case.
However, such a fortunate farmer whose land and soil
types are gvitable for any way of combination of all the
crops under consideration is rare to be found. Moreover,
if a farmer chooses model one, he has to handle only
threce types of crops such as paddy, winter-groundnut and ;{
peas, whereas if he chooses model two he has to handle |
five types of crops such as paddy, jute, monsoon-ground-
nut, winter-groundnut and peas. Then tradition and skill
may become limiting factors. Consecuently, although model
two is theoretically far better than model one, the reverse
i1s generally found in actual practice. Nevertheless, we
expect that model two can be applied practically if we
make some modifications according to the conditions.of_;vﬁiv

individual farmerse.
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Modified ltlodel

Actually, the division of the available capital among two
agriculiural seasons poses a problem. It can neither be said that X 755
would be available in each season, as the who#e amount of K 1510 could
poseibly be utilized in ilonsoon, nor it is possible to assume that the
amount of capital invested in the production of Monsoon srops would be
replenished by the sale of these crops at the end of the season and hence
would be gvailable for reinvestment in Winter. It is, therefore, decided
that the whole sum of K 1510 is to be made available for use in Momsoon
and that no capital is reserved specifically for Winter, Those crops
which are harvested at the end of the iMonsoon season would beccme a
capital supplying activity for the Winter season. These crops would
have a negative capital coefficient in the Winter capital restriction.
In order to facilitate the transfer of capital from Monsoon to Winter,
a seperate activity ( X9 ) has to be included in the programme. This
activity would have a coefficient of plus (+1) in the Mosoon capital
restriction and minus one (nl) in the Winter capital equation.

The resbrictioné : -

bl = available land in imonsoon = T.22 ac®es

c.l
i

available labour hours in Monscon = 525 hours
b; = available capital in konsoon = K 1510

b, = Minimum requirement of Paddy = 3 acres

= Maximum cultivatable area for groundnut =

Maximum cultivatable area for Jute

genotes acres of Monsoon-paddy
X
1

xz denoteg ac

denotes aocres of honﬁeon—groungngh
33 eno 0. : |
x . denotes acxes of

AP o0l e
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x5 denotes acres of Chillie
x6 denotes acres of Sessamum
x7 denotes acres of Peas

g denotes acres of Paddy (winter)

x  denotes activity for transferring Lionsoon-capital to

9

Winter-capital

The Model: -

2z
lax 2 = J%:l ij,]
bject to - : |
subject to }_2 aijxj g bi (i =1,2,5,5,6,71,8:95)
J=1
14

ﬁ aijxj?bi (i=4)

where xj? 0 ( J=b s e




(kjective function -

Max Z = 110.13 Xy FEET 50 Zo,

TR 09 5:5. + 387,05 x, -

E sunject to - xl + x2 + x3 iy 0 1

a 2jx1 + 43 Xy ‘+ 22 x5 + 0 +

249.87 x, T 250 e s o +

4 ' + G i

xl + € J

i 0 + %, + 0 + ¢ +

|

3 0 + 0 + %3 + o +
i
i 7
%, 0 -+ 0 + U + x4 + x.5
5’ 0 4o i) Pl o0, %, + 43 %5

-249.87 x, * 250 X4 #292.95 %5 * 292.95 X, * 369.21 x +
‘ 0 e C =+ U =k }C4 25 O el )

wnere Xi >/ Q 5. ( i= 13.-' DRI ’9 )




CONCLUSION

Among the mathematical tools applicable in
agriculture, the mathematical programming is the most
powerful one in farm planning in finding out the opti-
mal crop-pattern. As described in chapter two, although
cost-benefit anaglysis and Budgeting method can be applied
in choosing the optimal crop-pattern in simple cases,
thesc tools cannot be applied as effectively as Mathema-

tical Programming.

By applying Mathematical Programming in choos-
ing optimum crop pattern for the farms in Henzada town-
ship, we find out that capital is the most scarce resource
and the choice of crop pattern is sensitive enough to
changes in prices. Morcover, it is also found that ground-
nut, which is to be grown all over the maximum available
acres, is the most preferable crop whereas paddy, which
is to be grown only for the minimum requiremcnts, is the
least favourable one. Either chillie or peas are second
to groundnut depending upon their prices and one of these

crops would be grown by using all the remaining capital.

Furthermore, we find out that slack for labour

exists in the case of single-cropping and it disappears

in the case of double-cropping, whereas slack for land
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exists in all cases due to the fact that available acres

are not in proportion with the available capital and

labour.

Although mathematical programming is a powerful
tool in choosing optimum crop-pattern we should not for-
get that thepe exist weaknesses or limitations in build-
ing the models mostly due to the lack of information.
These weakncsses arc concerned with forming the constraints
and formulating the co-efficients of the variables in our
models. Wec have only considered the input factors such
as land, labour and capital, and the output factors such
as yield per acrc for cach crop and the prices mostly cn
the average basis which arc derived from the past data,
incidentally neglecting the technology which also is a
determining factor in modern agriculture.l Therefore,
we have to make detail study of each farm, which is the
unit of study in this work, if the proposecd models are to

be made applicable for an individual farmer.

In the case of land, we have assumed that the
available land per farmer is 7.22 acres where minimum
supply of water is available throughout the year by means

1 Technology factor is implicitly considered in calculat-
ing cost of cultivation.
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of nature or irrigation especially for jute cultivation.
In addition, we have also assumed that the maxirum avail-
able acreage for groundnut is only 2 acres. Of course,
differcent farmers would have different sizes of farms with
different structure of soil types, and availability of
water throughout the yecar would be a dream to some farmers.
Crop pattern mainly depcnds also on the types of soil and
water-supply. However, we can easily fit the conditions
into our models if we have enough information about these

conditions.

In the case of labour, we have considered only
the labour of a family with three working members, and

assumed that therc would be a custom of offering labour

in turn ((Let-sa-lite) during labour pcak periods such
as transplanting and harvesting periods. Not only the
actual available labour of each farmer and the existing
custom but also the availability of hired labour should
be considered in practical application of the mathemati-

cal programming.
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| Available capital which is the most scarce i
| resource is unfortunately also the weakest estimate E
A
3

in our study due to the lack of reliable information. =

-

Although the farmers arc willing to inform the amount
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of agriculturel loans they received, they are usually
reluctant to reveal the amount of cash available from
private sources. Therefore, in most of our cases we
have indirecectly cstimated the available capital from
the average cost of cultivation of the sampled farmers.
In our last casc we have directly estimated the avail -
able capital from the averege income for all crops un-
der consideration. Only when better education for the
farmers can be provided and better rapport between the
farmers and the rcsearchers can be cstablished in the
future, we will be able to ecstimate the available capital

more accurately.

Yield per acrec, which we have taken on average
basis, is a combined effect of various factors such as
sceds, fertilizers, labour input, technology, type of
soil, weather, cetc. Except weather, the natural friend
and enemy-of farmers, other factors can be known before-

hand with certain accuracy if we study thoroughly.

In the case of prices, we have taken the mar-

ket prices of last year for the freec crops and the govern-

ment prices for the controlled crops. As is known price
fluctustion is a common event in agriculturel sector now-

adays. We have to rely on the government pricing policy
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of agriculturel loans they received, they are usually
reluctant to reveal the amount of cash available from
private sources. Therefore, in most of our cases we
have indirectly cestimated the available capital from
the average cost of cultivation of the sampled farmers.
In our last case we have directly estimated the avail-
able capital from the average income for all crops un-
der consideration. Only when better education for the
farmers can be provided and better rapport between the
farmers and the rcscarchers can be established in the
future, we will be able to estimate the available capital

more accurately.

Yield per acrc, which we have taken on average
basis, is a combined effect of various factors such as
sceds, fertilizers, labour input, technology, type of
soil, weather, etc. Ixcept weather, the natural friend
and encmy-of farmers, other factors can be known before-

hand with certain accuracy if we study thoroughly.

In the case of prices, we have taken the mar-
ket prices of last year for the frec crops and the govern-
ment prices for the controlled crops. As is known price
fluctustion is a common cevent in agriculturel sector now-

adays. We have to rely on the government pricing policy
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and scientific research on price forecasting such as
trend analysis, seasonal price index, etc. Without

proper price mechanism, it is difficult to apply ma-
thematical tools in agricultural sector. Setting up
collective bargaining system is a way to establish

stable price mechanism in agriculture.

Diffusion of modern technology in agriculture
is what the government is §triving for, with the view
to increase productivity of land and labour. Use of
chemical fertilizers such as Urea, Potash, Phosphate
and Pesticides is now popular with the farmers. Appli-
cation of scientific methods in choosing better sceds
of high yielding varieties, ploughing and planting is
also important to increase the yileld per acre. Intro-
duction of modern technology and scientific methods in
agriculture to a fuller extent will result in changes
of input structure and consequently in cost and income
structures. Personnel from the department of agricul-
ture, especially the village managers are playing the
key roles as change-agents. To what extent a farmer
can have their help will determine the degree of accep-
tance of modern technology and scientific methods. In-

put factors and yield should be estimated within the

i -].]A.:.- PP~
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In aadition, we have to note tnat it will be wore practi-
cable to consider township or region as the unit of study
in the case of agricultural planaing at national level,.Then
the f unction to be cptiwized siiculd he the voluwe of pro-
duction instead of net incoue wkicii is tne case in this thesis
where tune farw is t:e uvnit of study. Conseguently, tize constraints
wight also be changed. The level of output determined by the
national recuirewent and the sucessful cultivation of plaunned
crops wignt enlarge tune scope of constraiats to be considered,

morecver, capital available .ight be considered in line with

the governwent policy whicn is the crucial factor in deter-—

amining the availabiiity of the financial revuirewernts, The
average faru-—-size, wuich we have taken as the land counatraint,
might be suvbstituted by tine cultivatavle area.

In general, iwprovewent of agriculture involves wmulti-
disciplines such as accounting, manaxement, warKetiug,econowmics,
sooiology ( tradition, cultural level, politics, etc.),
chewistry ( fertilizers, pesticides, etc.), viclegy, engineer—
ing, geology, pgeogracity ant so cn. This t-esis is presenteud ounly
from the view point ¢f wanagenent and ecoi.wics,., Uther disci ;lines
snonld also be aspliea concurrently witn the imsroved wethods
in ganagewent in agrici lture, if we desire tu luprove tue over-—
all systew of agriculture, It is high tiwe for us to stride
ferwara to increase tne growth rate of our ecunowy, tihe struc-—

ture of wiich is wmainly beosed op  agricultural secter,
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Appendices

Questionnaire for Cost of Cultivation and Income

Data.

Questionnaire for Apportionment of Agricultural

Cost and Labour Hours.

Questionnaire for Household Incorne Data.

Calculations for Coefficients.
(a) Technical Coefficients.

Cost of Cultivation and Incone
Village, Ilenzada township.

Cost of Cultivation and Income
Village, Iienzada township.

Cost of Cultivation and Incone
Village, Henzada township.

Cost of Cultivation and Incone
Village, Henzada township.

Cost of Cultivation and Incone
Village, llenzada township.

Cost of Cultivation and Incomne
Village, Henzada township.

Cost of Cultivation and Income
Village, Henzada township.

Data

Data

Da ta

Data

Data

Data

Da ta

of Bae Chaung

of Kyu~Kz-Paing

of Ootoe

of Pe-Gyi-Kyun

of Myecha

of Cat-Shit-Gone

of Kunchangone



Appendix (1)

Questionnaire for Cost of Cultivation and Income Data

Division  =—————ceccmmi—eean Total acreage ~——————me

Toymship —  ——cccmccmccc—a———— No. of Sayin-hngas =——————mmmeeeae ..

: (Agri. lab.)

Village — — —emee—cceeeeee———e Wages = = eee——e—oo Sl RS

Sample NOo. —owmmmimmm e e Agricultural Credit —we—meccmacam—a-

Year = ceemeeeemeeee Advanced payments =  —emeemmemmemmem—eeo
Capital D mm———— SRS 5
Others @ e :

1. Total Cost of Production and Inconc

__________ T e e e e e e e e e e e e e e e e e e
Mo, Crops T Sown T Yield ] Yield | Price f;f
Acrecagc Per Acrc ’ i

PO N NS e e O S 63 e Ace €73 TR mue S e S S me ST S SR S D S e M S G0 e S S TS G S e G S S ST S S . et S . P G aae e e o

af Bullock

2 Plough and Accessories '
3 Harrow and Accessories

b Paddy Storage Unit

5 Bullock Cart

6 Cow Shed / Farm Shed
7 Water Pump

8

9

: Sicklec
~ Knife
Total
{ S Yearly Maintenance Expenditure
B o s Gt il 40 v St e et G A8 s e e, s et et St W et it S S s s et s T e LA b e it
No. Item Cost
1 Paddy Storage Unit
2) Bullock Cart
a Cow Shed
Sickle & Knife Sharpening
5 Others
i Total L
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Appendix (2)

Questionnaire for Agricultural Cost and Labour Hours.

___§;;; Acreage —===- Yield ===== Price =====-
———————————————————————————————————— ,—-—-———l————l——-——-—d——--—-——---——---lr--
Owvn Bought I
Items S By e e __l{QQJ —-7 ----------- ’-—-
R PRl
nlgdlos (o|ld {05
+> FQfH a3 £ A |Ha®
ElEE e
______________ - (R _g_._p?__...u- ——-E-— ﬂ-—.- e . — - ———— t— — ] ——— ——— T o———_— —— o - —— -~
1_Labour Cost |
1.Seedbed Pre- z
paration
2.Plucking ;
Seedlings |
3.Land Pre- 5
paration ;
4 .Transplant- |
ing
5.Land Main-
tenance
6.Pest Con-
tTral
7 .Harvesting
8.Haulage
9.5ayinngha
10.0thers
———————————————— Lk k] Y et et ket --—---——-—-——-——---——--—----4—-——r——ﬁp—-—--——q--——
Total i Total
L T R R I U N, A ———— —n g Ll L N b e i il T . —— . — e A o ol e e e —
——————————————— ——F_—‘_.——_—H-——-__--—"-’ ———“__——_‘—-“—_—Tﬁ---—-1--‘-----‘-,-_
2 Inputs
l.5eeds
2.Pesticides
3.Fertilizrs
4 .Manure
5.0thers s | e el B
Total s laanas {ocles| sua _ Total S e R ke
I i iatatala L LS o i e e R el itk T e T ——— e T ETts Sy
b ] 3 Others
‘ 1l.Land
revenue =
2.Interest T =
3.0thers* cozali | ol ol _ A ok B
Tokail Gl Sl R e Total S e 3 =
Total Cost(1) | |
Total Cost(2) ' "
Total Cost(3) X' \_ \ \_ ______________ e ..........S_
Lotal Cost (1) - includes family labour cost
%2) - includes only hired or purchaged cost
(3) - Total Cost (1) without depreciations for equipments
*  includes depreciations for equipments and animals, animal feeds etc.
(=) Value of production
-_-ﬁet Income (1 |
Net Income (2 .
Net Income (3
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mmmwawp%,madwnmm income of househ

-~ -

3 % - - e =
.A,W,..-,,I_l.l.ll.-l-.l‘l.ll.lt‘-"l.

- 5 ~ -hpiace ! i)
et ] ! Relationship Place ' payca
suRiiisiieton ,zwowwo_ with the nouse-'  of ;

i | ‘1-hold head ! birth “ o)
Ill,.-lll_!llll._ulll—l!lllIll.—..ll...._I.ll _ s
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Annual average capital ——————mm———

Capital for this year

o e 2

(ENRoFmed i o

. o~ e

(b) Borrowea

< v e

Capital for next year

- pw

(2) Ownea S A

(b) BOorrowed ——e—————m——

Ty S

PR e e —

¢ -
T ——



e

Appendix (4)

Calculations for Coefficients.

1. Average Farm-size

2. Average Cost (1)

(2)
3. Labour man-days
4. Cost per acre:-
Paddy (1)

(2)
Groundnut (1)
(2)
Chillie (1)
(2)
Peas (1)

(2)

5. Average yield - Paddy

Groundnut

Chillie

(1) - Total Cost *
(2) - Cash Cost only

= 151.58 =
21

= 31710.75
21

= 19384.81 =
21

= 350 days xt3=

Zo218 (7.22) Acres.

K.1510.035 (1510)
K. 923.086 ( 923)

1050 man-days.

= 25182.4] = K. 249.87
100,80
= 16826.50 = K. 166.92
100.380
= 1025.k = K. 292595
350
= )‘+1o = K. 97.52
3.50
= o = K. 369:21
.60
= 3&£%11 = K. 132.35
2.60
= &5§Zﬁ25 = K. 178.65%
2 ® O
= 18%2.85 = K. 72395
25.40
= 754,28 = 35.919 = 36 baskets
21
= 0. 00 = 16.66 = 17 baskeis
3
= 32.00 = 10.66 = 11* vi=g
3
= ﬁg_z_t =  7.70 = 8 baskels

Thi verage yiel
S a g tK

is low relative to nor
yield since a? gha

ere was crop failure at

when the sample was taken. Normal yieldis..’r“i

estimated round about 60 wviss.

g gL Yl




Cost of Cultivation ag LAECHY UAU! |

Division - Irrewaddy

— Village L Bae Choung Village 1 fl-
IL""_ Sample No. F __ amle_No. 5
{ Q V 2 Q 'S
Lol 425 426 45 7 [t3%
1o T+ 1 u ¥ & PEn
| Item en e Iey e
1. Total acreagd 7.42 7.00 4.0d 9. Total net
2. No. of sayind income
hngas (agri. 1 68L.| [ 3987. |
labourers 2 2 | 18 95 115.1
3. Wages of - L1481 [4637. : |
sayinhngas [630.00( 300.00 ; 128% " 533 302.1
Y. Agr. credit §225.00| 200.00 00| 759" | | 149.5
5. Advanced 10. Implementk
r payments & assets L
G l.Bullock 21900 111000 | 2/1400.,0
« Crops 2.Plough &
¢y Bown accosso- | f
acreage | 1.00 1.4%49 SLEE 6} 307 7 1653%. 3| 26.0
h (b) Yicld/ 3.Harrow &
acre 27.00 ‘ 17-1’4‘ accesso—-
(C) Cost of j ries
cultn. 1  L4.Padd
TR 282.14| 195. orea
2 203.14{ 95. 8' unit 1| 50
3 215.56 | 175.45  5,Bullock
(4) Income cart 1{1000
Al 40.86| 92.69 6.Cow shed/
2 120.86 | 192,52 farm shed{l| 250{1 300 1 (X
3 108.4+} 112. 55 7.Water j
Paddy II 3 , S :
(a) Sown ] 8.5ickle 2| 103 25 |k c
o) S5eese 1 7Tl o R ety Ll
i acre 2642 45,50 20.0( 2 i s 2 -
/ (c) Cost I }2482. 15 .37 157.2 3
S 2 1{2016.0011069.069| 70.07 11. Yearl - X =
| 3 [1960.001129.39 | 143:0H ~ mainbea - g
, (d) Income 1 {-815.82 922.13| 22.76 nance A=
2 1-351.99|1267.11 { 109. 9 expendi- |}
3 =295. 0J1l327.61 } 36 * JO ture
%r?undnut o l.?gddy
a) Sown ac . ' storage
(b) Yield/ac:‘# 5.00, unit
()R Cost-ImN 375.04 2.Bullock
2 150. 0% cart
e | aae
e (d) Income 1{ 24.96 2C €
/‘k 2 249,96 knives
. 3 | 92.5% sharp
o othor 5.0thers
%ivities
ncome




e e

Division - Irrawaddy

Village L Kyu Xa Paing | Village 4
Sample No. § f [ Sample No.
%430 431 | u32 |2
Item ‘Ttem J
1. Total acreagd 3.37] 6.36| 7.60 10.Implements
hngas agI‘i. ! : 3
labourers) i1 il > ;:g‘fg‘égﬁk& 3f 7500.
3. Wages of _ : accesso—~ _
sayinhngas | - 90.0d 360.00 | 725.00 3 mipecw & 67501 15.00[2|  30..
Y. Agri. credit| 165.0d 655.00 | 370.0Q e
5. Advanced u'g%ggzg g
BEyCEL unit 1(13.5]
AR 5.Bullock
- cart 750-0
Iga%dy 1T 6-gow shed /]
a) Sown acres 3.3 6.36} .60 arm shed 40,0
(5) T3 havend 5300 23.38 | 3oy 7-Water
(c) Cost \ 8 ggmﬁl g ] -
1 1012.551411.99 2041, *2 =CLrS . 2.0012f 10.0¢
| 2 800,881180.549 1137.&?: 9-Iznife e
s 983.0241399.61 [1952. 25 Dah)  |3|15.00% 5.00{ | |
ncome
| 1 | 607.15}- 61.L9 [ 295.29 11-Yearwy |
| 2 819.20 169.51 {1202.60 B0 t ‘
' 3 637.08 49.61 | 387.75 leépgggime» 4 i%
7+ From other .s%orage : g
activities unit .-
2.Bullock 3
(a) COSt cart ; - '!!:
(b) Income 200,04 200,00 .Cow shed 15.00 | | 5
8. Total cost of] °1S{§§kl° % 5
production ' shagzengn- t
1. mg
1 1012.691411,99 PO, 75 .0t
> 800.881180.549 E229.9E ZattHioEs
| 3 988.041366.61 [1952. 25
. 9. Total net : #—
} incone
oy il 807.49 138,01 | 295.25
&, 2 1019.20 369.51 f1110.10
- 3 837.08 249.61 | 387.75




Appendix (7)
Cost of Cultivation and Income Data

Tovnship - HENZADA

Division -~ IRRAWADDY

Village i ]Ootoe f Village . Ootoe '
, 7 436 :
Eefiple No. | Sample No. || *3 ’LBB’Z } A
436 437 | %38 ] G{ Q
| t Value{tVéhJ t | Valu-
Item i f Item ;| !
Rlotal acrecage 1i3E5(0 100 75 9. 91'- LrO% Implementsj !
| No. of in- and assets
e 1.Bullock |1] 1800 111000 |2 | 3850
labocurers 1 2.Plough %
W : accessaries?2 13.5 106 6 a0
« "ages of sayin- 3.Harrow &
hngas 180. (g accessories - - -
» Agr. credit 550.00 520,00 |450.04 4.Paddy sto-
: age unit - - -
+ Advanced payments 5.Bullock
o cart 1} 300 (1} 450 {1} 15¢CC
g EODS 6.Cow shed/
Paddy II farm shed|lf 150 |1| 200 [1| 150
(ag Sown acreage Z.Oq 81001 7@ 7. UWater
(h) Yield/acre .4 41,751 34%.28 pump = = =
(¢) Cost 1 1991.4%52079.58 {156. 27 8. Sickle (3 JI3-EENEGE 8
2 870.58 (1450, 2% | 972.03 9. Knife
3 1919.9419%5. 20 148 67 (Deh) 1 5 - |3 R
(d) Income 1 1798.55 | 926.4%3 |593.73
2 1919.5%31555.76 [1187.97| 11. Yearly
Paddy I1E expenditure
(a) Sown acres 2. 0Q 1.Paddy
(b) Yield/acre 40.0(¢ storage
(c) Costaet %403.85 unit
2 190.85 2.Bullock
3 387.95 cart
(d) Income 1 316.15 a'gggkizeg 130 100
= 5%2'%2 “knives
e 3 s sharpening
addy . 0th
(a) Sown acres D50 2506 > e
(h) Yield/acre _ 90,04 %+0.00¢
(c) Cost i 621.64513, 414
2 435,31313.79
(d) Income 1 998. % [206. 5
2 118%.69+06. 29
3 1031. 95240, 2
From other
activities
(b) Income 1 200, 04 500, 04
otal cost of
< oduction
1
e —_ 34 2701.22



Appendix (8)

Cost of Cultivation and Income Data

Division - IRRAWADDY
Village f Pe Gyi %yun Village
' Sample No. l f | Sample No. l! kL5 |
i L5 [ Lhé | 4Ly f
3 | | j
Item ; i l Item
| f’ |
ls Total acreage | 4.04 1L.90} LS00 lG.Implements
2o No. of sayinhngs ’ & assets ,
(agri. labourers) 1.Bullock B {4700 ]2
jo Wages of f [ i 2.Plough &
sayinhngas | i ' accesso-~
L. Lov. credit | | ries 180/3 90012
e Advanced | 3.Harrow & E9 s
paynments ! accesso- [ f
S oo | ries =~
Chillie ! i :%gggge
(a) Sown acred 0550 0,60 S50 unit k, 3
(b) Yleld/acrﬁ D 2..001 25800 o | 3
(¢) Cost 283, 99 19186 |48h.12|  2- eg i e
2 24,11 30.131289.87 e
3 | 262.11) IH.81|447.25| 6. gow shed/
(d) Income 11 -198.99] -111.86|515.88 shed 1{250 |1 Y513 - 200
2 60.89] 49.87|710.13 g
3| -177.11 -64.81|552.75 7. Water
) ; ' pump 5
Peyin & 8. Sickle [2| 5 12 104
(a) Sown acres 3 2.00: 8.50 9. Knie | ;
(b) Yield/acr? q 2o 5 O Sl A . kDah? Sl o
(c). Gost. 1su ?#+() héo.gh}669 o 5l ‘
| B
2 2% )
| ¥ g
y (2) Income 1 | 624,01 -;_60.54 69502 %giﬁc‘g""m
| 2 | =24.73 54.560002.57)  oypenditure
| 3 192,72 204, 1%|139.42
; ? 1. Paddy
7. From other -
activities stgiage
(a) Cost pI L e
~ (b) Income 2. Bullock
8. Total cost of
production
1 1028.00 65240|21
RN P : .16831 lZgﬁ%
———— 3 87)1\8__ 5 .95 m7 2
9. Total net s
_ incone L 83.00 -




Cost of Cultivation

:i\rj__sion - IRRAWADDY

__ _Willage MYECHA Village ] MYECHE =3
= Sample No. I L69 L70 | 471
—ample No. | . T 2 ]
469 | 470 471 191 & ¢ i 2 a
| o] B Ltr ¢
u
Iien } Item % u > e i
Total acreage 6.71 6.25 7.07/10. Implementg
_ Wo. of sayin- & assets
hngas (agr. 1.Bullock |2 (5000 |3| 4300
labourers) 2.Plough &
Wagas accesso-
et ries 7| 11642 2+ W 90
SV R | 3.Harrow & 50
 Agr. credit accesso-
. Advancos : e |
payments 325.00 175.09350.00 rage unit | |
A O 5.Bullock |
props = ¢ CATE 1] 300 l
2 addy 1 6.Cow shed/ ! !
(a) Sown farm shed|1 100/1f 80 '1 50
acreage 1.001 7. Water pump f
(b) Yield/acre 30.00 8.Sickle ] 11/3 10.5013 12
(¢) Cost of 9. %nif§ i 5 - 13 =
1T Dah a4 i
cu in gg?-%g a 3 I
2 s ll.Yearly '
3 276 .96 maintenmll I
(d) Income 1 159.68 expendi-
2 222.68 ture
3 173:0% 1 poggy
Paddy II stogage
a) Sown acre- uni
; ag; Yol 625 L.00| 2.Bullock
(b) Yield/acre whod 4800 45.00 cart
(c) GoSEE 1592.10 122551 94+1.28 .Cow shed | | 150
. 2 672, 56184 782,28 .Sickle &
“Z 4 3 1502.33 114459 887.85 k:ﬂ.ivesmlg
.‘ Income 1 522.90 1474 678.72 SHSEno
| (d) > | 1442.94 218814 837.72| 5.Others
| 3 612,67 1555H5Q 732.15
Paddy IV
’2) %own acre 11408 2,00
(p) Yicld/acrg sg.oga %0, 00
(c) Cost 1 374%.21 1.6%
2 145,11 50,6k
4) Income 1 3049 178.36
; ( 2 25989 269.36
q 3 205. 07
" Letivities
(p) Income 1 | 500.0D 50003 1500,00
. _. Total cost of
i produitlon S
1966.31 12 |
l 2541 1773.24
, 2 17.17 56184 1460. 24
1 | 1892, 77 13uked 1670 oL |




Division - IRRAWADDY

Appendix (10).
Cost of Cultivation and Income Data

Township - HENZAD,

Village Oat Shit Gone I Village ! Oat Shit Gone ,
| {Sample Ilo. [ 481 | Ju82 | 1483
y Sample No, 7 v el 7
| 481 L82 : 483 !Q Q L 4
! a f‘ Q
B e = $
o i u
ITtem Item l}’l 1; Xl y =
A |
'« Total acreage 8. 00 4.00( 15.39 10. Implements / | ’
2 No. of sayin- & assetls f
hngas (agr. l.Bullock 211600 2| 2000
labourers 2.Plough & ‘
. Wages of accessorieg g 8a3pa 2813 L6
sayinhngas 3.Harrow & -
te Agr, credit accessories
et L, Paddy |
j« Advanced storage 28 36 3 30
.‘ pPayments unit
4. C S.Bullock
s pfois, cart 1| 350j1| L50(1| 50
e 6.Cow shed/
(a) Sown acre 2.00 4.50| 5.4¢ : ;
(b) Yield/acre| 5.00 18.00| 15.00 farm shed |1} 1511} 80
()" Cost 1 466.66| 620.701576.53 7. Water
2 ohi. 271 434,70(309.28 pump
3 35439 531.001395.28 g, sickie |5|17503% 15 || 18.5¢
(d) Income 1 |- 6%.66 20’7.38 %%%.’;7 9. Knife
2 | 21873239868 72 (Dah) 2/ 10003 {13.50(1 « 04
3 | 105.61 297.00|29k.73 31133 =
« » From other 11l. Yearly
activities maintenance
it
Gdeest expenditure |
(b) Income 1. Paddy }
L storage E
&e Total cost of unit |
== production 2>, Bullock g
1 466.66 620,70|576.5 cart 25
2 241,27 434.70(309.2 3. Cow shed 150
3 35%.39 531.00(395.28 L. Sickle & |
knives f
). Total net sharpen=-
income ing
1 - 66.,68 207.30(113.97 5. Others
2 218,73 393.30(380.72
5) 294,72




Appendix (11)

Cost of Cultivation and Income Data

Division - IRRAWADDY

!

Township -~ HENZADA

ik Village KUNCHANGOIE Village KUNCHANGONE
'J{ Samploo Sample No. {496 497 JE 498
| 496 | ko7 | 498 Qv |q v bl v
" 6 ¢ (8
] 'V a i s P
Tten Item : e 8 g
'Ho Total acreage 7.08 7.06 6.27 10.Implements
P.;moo of sayin- & assets ‘
thngas (agr., 1.Bullock [2] 3000(2| 2800
B . labourers) 2.Plough &
AN 17 : accesso-
20 ”if?SSOf Say i1y ries 3l 58Kk 89 |7 75
’ } L gea 3.Harrow &
J Lgri. credit | 250.0d 250.00| 210.0d e
_iy Advanced 4, Paddy
4 payments stqzage
.. Crops un
i?‘ T S . 7ot 1 2s0fa] 8o
% a aggn acre- 760 6.27 CiCow Shatl
. .(b)Yield/acre | 2%.01 39.87 aaim shed|l} 150} 150
é& (¢)Cost 1 146%.32 151%.&3 7'pim;r
2 1OT650 260 e
I 3 1361.53 1475.50 g:%l(i:g?Dab)L{ ZL‘;% 1%2 263°
# (d)Income 1 562.62 735.5§
) 2 11,92 | 923.56 11. Yearly
'Q 3 168.47 77%:50 " naintenance
i Paddy IV expenditure
Zﬁ (a) Sown acres 7.06 1.Paddy
{4 (b) Yield/acre 32.41 SlgrRES
,‘_.‘- @ £ ))
LF: ol Cost . 224,%3 2.Bullock
“* 3 Seloc 3 o shed Lk eh 150
(d) Income 1 1305.65 k,Sickle &
2 1625.82 knives
3 1389.66 sharpening
Groundnut 5.0thers
(o) Sown acres 0.50 2.00
3 (b) Yield/acre 30,00 500
/ {lc) CGost I 229.69| 420.69
i 2 88,00| 103.31
i 3 222,22 396.82
; (@) Income 1 | 170.31|1439.31
! 2 | 312.00|1756.69
i ) 177,78|1463.18
! s ivom other \ \
: activities
(b) Income 1 | 200,00
Total cost of
Production
1 1697.07 {13650+ | 151k,
2 1106,08| 727.49 | 1326 4%
3 1583.75(1257.16 | 1475 .5

Fier Potalsinan
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