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A B S T IiACT

This work is concerned "ith tile study and comparison

of performances and the costs involved in irrigation sys-

tems using human muscle power, di: esel po"..,erand el.ectric

power as well as combinations of -chene sources of energy.
A survey was conducted to collect data on the various

irrigation systems on two crops---rice and potato, at

some selected areas of Bangladesh.

It was observed from the data on potato_irrigation

that with human muscle power, average water utilized and

crop production per acre are 77.6% and 92.2% respectively,

but the irrigation cost is 120% of those for irrigation

with diesel power. In the case of irrigation for H¥V rice,

the figures on average water utilized and per acre crop

production decreased to 38% and 73% respectively, while

the irrigation cost increased to 188%. It was also observed

that with diesel power irrigation, at subsidized rates the

total irrigation cost is abou~ double of that for electric

power irrigation. The average figures on water actually

utilized per acre and crop-production per acre are some-

"hat more with electric power irrigation.

An energy model for agricultural units for Bangladesh,

proposed earlier by some research workers in this urea,
waD scrutinized and some modifications suggested. With
various parameters and assumptions imposed on the model,

and with farm area as the variablo, farm surplus income



WaS calculated.

(ii)

~ignificnnt ccnclusicns ~egarding farm
surplus inc(,me-'""hich uLtimately contributes to "quality

of life" of the asriculturists-"ro:-e Grawn depending

on the sources of' energy -Cor irri.::;~ticnt v"lhich hus been

pro1red to be the r.wst impcrt,-ont energy - related input that

contributes to farm income with Eigh Yielding Variety
rice. Applying sui tahle and i)rectic",l constraints

holding for agricultural areas studic~, a simple linear
progra.mming nppro~ch hns boen c.tt~nlped to determine a

practical optimum combinnti'~n cf various s':"urccs at: irri-

gation energy •.

Relative merits nlld det3erits of diesel and electric
lryiga..+.io:'1, spc..:cially the qucstian of' service interruptions

ha..ye ben-n ~r itieally eX~ITiincdI c..nQ S~ggc3ti( ...ns have been

made for the pr(,gress of electrical irrie~tion which is

likely to have' the gruatest ir."1PllCt on ruro.l ~lectrifica-

tieD progrnmmes of nan~lacesh.
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CHAPTER _ 1.

I N T ROD U C TIC N

1.1 GENERAL
Bangladesh is a country with Q population 01 nearly

80 million confined within an aroa 0f lQ,122 Km2,siving

an average popul~tion density of 531 persons I" 2per l.m u

figure amongst the highest in the world, J,bout 75% 01 the

population are cultivators. The cot:.ntry has a rnpid

million small fQrme~9 possessing a~ fnrro area average 3

ncres in size. About h"lf have less than 2 ncres and

comprise 15% of the cultivated lend crea. Due to abysmal

poverty,,2-3%(2)small farmers becone landless a year. The

country has a very low per ca:)ita income (of: about 70 #
per year.) and extreme poverty is the lot of vast majority

of the population. Agriculture dcminates tho economy of

tho country. hGriculture output accounts for about

55 %(~~.of the G.D.P. There is about 11% wnste land.

That leaves only about two-thrids of: the aroa which is

cultivable. Average 100d-grain deficit of the country is

nearly 2.0 million tons a year.

1.2 NEED OF INCREASED AGRICULTURAL ?rtuDUCTION
Near about 90% people of Bal1[;lncieshlive in rural

areas and depend on agriculture, carried out mostly in

crude and primitive methods, as the only source of

•

livelihood. Economic development of: the country in a real

sense could not be accomplished without effecting revolu-

tionary changes in rural economy. An increased agricu1turnl
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production is one of the i@portnnt steps for improvement

of the rural population.

Bangladesh has a high potential for increased agri-

cultural production. Nature offers Bangladesh substantial

agriculture resources. The soils are fairly Productive

and the climate is suited for year-round production.

Although natural conditions are not optimal, right kind

of technological advances may contribute significantly to

increased production.

1.2.1 METHODS 0" INCREhSING PTIODuCTION

There are two methods of increasing agricultural

production, namely--extensive cultivation and intensive

cultivation ••••• he scope of extensive cultivation is

rather limited4 becuase. very little additional land is

available for new cultivation. So, increase of per aCre
yield through intensive curtivation is the only alterna-

tive solution to fall back upon to meet the serious

-J challenge of yearly food defieit in the country and for

saving valuable forei~n exchange.

1.2.2 BENIFITS OF FA~1 MECHhNIZATION

Farm mechanisation is one of the important measures

for increasing agricultural production. Farm mechanisa-

tien helps in speedy preparation of land and provides

adequate supply of water and many such other advantages.

Our farmers, although mostly illiterate, have established

their general receptiveness to improved new technology

when its usefulness is ably demonstrated. rrovidecl with

farm machineries, the farmers become as powerful as •
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factory workers; their capacity for work increases by

many times and their output of work becomes comp~ratively

very high.

1.3. IMPORTANCE OF WATER

1.3.1 AGRICULTURE PHOBLEMS

Bangladesh's agriculture is governed by the seasonal

aspect. Natural precipitation is i~~ense, but there are

great variations in its seasonal and regional distribution.

Over 80% (2) of the total rainfall occurs during five

months from June-Octobe~ and tho aoount of rainfall in

the 7 mcnths from April-October is about 95% of the annual

total. Hence during the Rani Season for five months from

November-~arch, the rainfall is only 5% of the annual

total. This amount is inadequate £0". the crop requirements

during the Rabi season and larrrely c>ccounts for the Rabi
o

crop production.

In the ,qet season I about 70% of the flat lands are

inundated by rain or river water and the only crop that

can be grown on the inundated lands is rice. The growing

periods of three main rice-crops-nacely-Aus, Arnan and

Doro correspond respectively to three main seasons,

namely -- the hot summer months

rainy season and the dry winter.
with ncrwesters,. tho

even
Bat for the _ main

"
crop of Aman rice "hich is grown during monsoon, drought

at ~ritical periods very often causes low yield or

failure. In the dry winter season, out of a total culti-

vable land area of 35.4 million acres, only some 7(~)
•



million acres could be cultivated for a second crop. The

major portion could not be broug~under cultivation for a

second crop due to lack of proper moisture content.

1.3.2 ROLE OF IRRIGATION

In view of the above facts~ irrigation, both during

monsoon and dry seasons, is of prime importance for the

desired food production. Irrigation facilities will not

only ensure the production of existing Aus and Aman

season, but shall also bring more areaS under food

product~on dl'ring the Rabi season.
Five factors nre essential for the increased produc-

tion, namely-Availability of fund, good varieties of

seeds, imr-roved fertilizers, proper plant protection

measures and Irrigation. The most vital factor contribu-

ting to high yield is the adequate and tiGely availabiliLY
of water.

Williams and Chancellorl5lestimated crop-yield

losses due to reductions in energy-related inputs,

namely-fuel energy for production activities; tillage

tractor power,£ertilizer use, harvester capacity and

irrigation water. Upon analysis of linear functions based

on statistical data of crop productions in California,

U.S.A, they established the fact thatirrigaticn water

reductions-had the greatest effect upon the crop-produc-

tion, compared with the other inputs.

The irrigation water is necessary not only for grow-
ing crops, but also for getting a stable production. 1~e

enhanced supply of irrigation ~later enables improvement •
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in cropping patterns and CIJopping intensity and raising

the land productivity. Successful steps for irrigation

can enable thefarmersto undertake high yielding varie-

ties which cannot be -grown otherwise.

1.3.3 CCST OF IRHIGATION

Only supply of adequate water to the farm is not

the overall criterion for succe~sful irrigation. But
the supply should be-in an economic way. So that cost/

., benerit ratio becomes minimum. Hence for economic feasi-

bility of any irrigation scheme, it is necessary to find

way to utilize adequate water with least expenditure of

money.(er energy). This will also attract the poor farmers

to adopt modern methods of irrigation, for utilizing

adequate water at minimum cost and to expand the irriga-
ted area.

1.4 IMPORTANCE CF ENERGY STUDY

Optimum efficiency of any incustrial production

unit can be explained, in terms of energy, as the maxi-

mum energy output with the minimum energy input. Similar-

ly, for an efficient irrigation scheme, the energy input

to the process should be minimum. i,lso the cost connected

to a particular source 01 enor£y, hev~ a decisive bearing
on the choice of the energy. Hence energy study is very

much necessary to provide economic irrigation resulting

in economic :food production, and surplus income. ,

•



1.q.1 ENERGY RESOURCES FOR IRRIGATION

In our country, the total irrigated area is only 12%

of the net croped land. And the aree. irrigated by tradi-
(a)

tional methods using human muscular energy is about q5.30/0
of total area irrigated and which has reached almost

saturation point.
}lodern methods usecpower-purnps, deep tube ws>lls,

shallow tube wells and low-lift ~umps which are powered

mainly by Diesel-engines, whose cost of operation is inc-

reasing gradually. In contrast, the consumption of elecri-

cal energy for irrigation-pumping is considerably low,is

thus more economic.

1.5 OBJECT OF THE PRESENT STUDY

The objective ,of the research is to study the per-

formances & costs of the various irrigation systems pre-
sently adopted, with various energy sources(i.e. human

muscular energy, Giesel and electric), it is considered

desirable to ccmpare them to determine whether it would

be more economic and efficient to use electrical energy

for irrigaticn for agricultural conditions with its

specific fentures, constrnints,limilntions, and cost
struc tiI.,.ea existing in our country.

Special attention has also been given to an

evaluation of the technical problems involved in the

operation of electrical irrigation systems in rural

areas.

•
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CHAPTER-II

ENERGY MODEL FOR AN AGRICULTURAL UNIT

2.1 INTRODUCTION
The standard of living or in a :llOregeneral and

over-all approach, the quality of life of a community

or Shup of people is measured by the quantity of total

energy used per capita in that corr~~~ity. For countries

where networks for the distribution of energy is limited

to only selected urban and suburban areas and where vast

rural areas depend for energy on heman and animal muscle

power and farm and animal waste, it is not yet possible
to derive reliable figures for 'energy per capita'. It

is not only the quantity of electrical energy consumed

per person in the fortunate electrified areas, but the

total energy produced and obtained from all possible

SOUrces available and existing in the particular region

or country that can be Valid index in this connection.

Identification and categorization of the energy

produced and utilized in various farms in rural area,

can lead to develop a quantitative dynamic model for the

flow of energy to facilitate study of agriculture
activities.

2.2 ENERGY RESOURCES IN THE AGRICULTURAL Fhm~
All the Various activities in the farm{including the

domestic life of the agricultural family depending for its

livelihood, and other necessities) can be broken up into
two categories:_

i) Energy that is applied for obtaining the finished

products of the farm viz-food crops and the cash «--crops and
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i1) Energy that is consumed for making life possible

in the farm-unit.

2.2.1 ANIMAL ENERGY

In typical non-mechanized farms in 3anGIadesh, the

primary and major source of energy is that provided by

animals e.g.Bullocks and Wnter-BuBOI.oes. In the absence

of reliable data regarding the power provided by a bullock,

in terms of horsepower or Killowatt,the energy output of

Bullock working for an hour (Bullock_h0ur) may be taken

as a unit. It is found that out of 8760 hours in a year,a

3ullock cannot be effectively used for more than 1500 to

1600 hours. For the purpose of giving a numerical per spec-

tive, it may be stated that various estimates place the

Bullock power as between ~ horsepower to % horse power,
continuous.

2.2.2 UNIT OF ANII"'.AL ENERGY

In order to evaluate the effectiveness of animals a$

a source of power to a farm as a closed (or quasiclosed)

system, of production, a realistic unit of animal energy

would be Bullock-hour per unit of land per year. Since

also the ultimate aim of evaluatir.~ farm activities is to

establish the effectiveness of the farming unit as a means of

sustaining a family with its various needs, it is suggested
that a more specific judgement would be possible if the

animal energy applied to the farI:lis further modified by the

number of personsdepending on the farm for their physical

needs. The unit may be taken as "Bullock-hour/unit of land
( )

, / (7) _acre ICapita year~
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Animal energy is applied to the agricultural unit for

the following purposes:-

i) Ploughing

ii) Some irrigation(very rarely)

iii)Traction for marketiing the products of the unit
I

i.e. the cash crop and the food-crop

iv) Threshing.

2.2.3 ENERGY FEED BACK

It was observed for the purpose of setting up an

energy model, t'hat,in order to obtain mechanical energy

output from farm animals, energy Qust also be applied to

them, and the input, in this case is derived, by and

large, from the outputs of the farm itself, with perhaps

some supplementary animal food purchased from the cash

income from the same farm. The efficiency of farm aniwals of

Bangladesh as energy conversion devices, with type of Cood

provided to them--is not yet known.~~istence of several

feed back loops in the overall energy model must thus
be recogniZed~7)

~
2.2.4 Hill1ANENERGY

Although it is possible to try to estimate, for the

setting up of energy models in a farm--the efficiency of

human being as energy conversion units, the attempt may

not be worth while. The reason is obvious : it is precisely

for replacing human muscle power that animals are introduced.

However, considerable amounts of human power is used in

the farm, i~.not for traction, then for irrigation,sowing,

planting, weeding, harvesting ,threshing, winnowing etc. -
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The application of human labour in the farm is so varied

in type that it is difficult to quanti£y it; but, as raw

power, it supplements to a major extent, animal energy in

the farm. It is important to recognize that human labour

in the farm is vitally important for a farm more as the

concretization of skill and judgement then as raw power-

significant though the later may be,considered even as
animals muscle power. However for irrization by human
muscle power, it is possible to estimate realistic ronges of

human l:luscle power in comparison with machine po,~cr, der'i.ved

£rom either .:1ieselengines or electric motors.

2.2.5 OTHER FOilllSOF ENERGY IN TH8 FAill1
For the setting up of an over-all energy model for

agricultural units, a few other tYFeS of energy directly

or indirectly active for crop growing must also be taken

into account. A preliminary list for modelling purposes
Vwould include Solar energy (providing heat and chemical

'-./ , .---energyl;Chemical energy provided by animal waste which in

turn is a portial output from food provided to farm animals;
-../chemical energy provided by artificial fertilizers which are,

in general, energy-intensive products of industry; rain

water with stored potential energy deriving ultimately

from solar energy; irrigation water provided by either

muscle power or by machine power (frcm fossil fuel or elec-

tricityl or a combination of these. The existence of energy

feedback loops at various stages Can also be identified.

-



/2.2.5.1 SOLAR ENERGY
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It is well known that 0: groat amount of energy falls

on the earth from the sun : estii~ntcd to be around 900 H.P.

per acre. It the last analysis all uction--human and other-

wise, results from this energy. Cut of this, about only 1%

is received by plants which they transfcrm by photosynthesis

to chemical energy. Finally only 0.2 parts per million

becomo ~vailnble as food fer ~~n and animals.

2.2.5.2 CHEMICAL ENERGY

The role of chemical energy at various stages in the
operation and maintenance of the agricultural unit is

evident. From the point of vie~l of set ting up of energy

models for the agricultural unit, this form of energy

attains its specific significance when the total muscle

power -- both human and animal, nppliod to the farm is

considered as the output of certain energy conversion
devices.

A number of workers in thc fields of Energetics

have derived figures for the vfficioncies of horses and ['len

as machine as--between 20-30%. In such calculation, meta-

bolic rates of bodies and periods of rest hove bcen consi_
dered. Some of thee-tilerimportant variables ill these calcul-

ations are the digestibility of the focd and tho environ-

mental temperature -- the Inter, in vie•., of the fact that

metabolic rates in bodies is distinctly a function of

temperature, nnd rest periods required for recuperation

after hard labour are also temperature--dependant.

In the specific conditions of Bangladesh, the types

and quantities of food--both in respect of digestibility, -
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and carbohydrate or storch content--available to man and

form animals, are signiricantly different from those on wh-

which the efficiency figures quoted above are based. For

instance, in most farm areas in the Eastern region of

Bangladesh, Water hyacinth plant, with a high percentage

of water-content, now constitutes a considerable propor-

tion of animal feed. The reason is not only that it is

abundant in those area, but it is much cheaper than the

food-crop, or even the farm-waste obtained from the agri-

curtural unit.

With the types of animal food discussed above~ and

the only kind of farm-animal used in Bangladesh being

Bullocks, it cannot be estimated at present, what range

of efficiency for Bullocks as machine. wo~ld be arrived

at. The .need fer research, encompassing the fields of -

physiology, chemistry, physics and engineering is self

evident in this area.

However, as human labour in the farm is more import-

ant in conjuction with skill, judgement, management,

optitude and suporvision, rather thml as direct nuscle
power, the efficiency figures for a human being as a

machine is not expected to be very oritical. On the

other hand, the chemical energy in artificial fertilizers

can be easily seen to be of breot significnnco : the
energy needed from outside sources for the manufacture

of these fertilizers are also to be considered for making

the model to achieve a greater degree of precision. The

loop in terms of energy, when animal waste is used as

fertilizer, in addition to artificial fertilizer,purchased •
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from the cash income of the farm is also to be taken

into account. Also animal waste--supplerroenting farm--

waste- when used as :fuel :for domestic-cooking can be
considered to contribute directly not only to the mning

tenance of human life in the aGricultural unit, but also

to the determination, to a large extent, of the quality

of life in that unit.

2.3 THE ENERGY MODEL, WITH SOME FE~DBhCK LOOPS

With the above comments, a qunJitative model as com-

plete and realistic as possible with fj',ctsknown about

Bangladesh has been suggested with the forward and back-

ward flow of energy, as seen in fiGure-1. While, in

setting up such a model, it was remembered that energy

including all losses ,must balance', lYianyfacts are either

not known Or cannot be evaluated in terms of numerical

quantities. It may be stated that the aim of agricultural

units is to produce its edible, snllablc or inflnrnmnble
outputs,so as to secure a basic standard of living,as a

minimum gonl. This standnrd of living is commonly measu-
red in terms of income per capita of the human beings

subsisting on a particu~r unit. Another way of looking

at the output of the unit is to determine "hO~l ",uch

energy could have been bought (fror.;sources outside of the

unit) from the net produce of the farm, after all the

energies in various forms inside tho farm have been acco-
unted for." As is also well known, energy consumption

per capita is an index of the standard of living in a

community. Some of the energy purchasing capability ef

an agricultural unit, could be reinvc,sted in the farm-
•



for the purposes of artificial irrigation by power pumps,

or chemical fertilizers, or even better food for the

animals, etc., in an ideal situation, the farm income per

capita (or energy purchasing capabilities) should increase

in a faster rate than the rate of re-investment. Satura-

tion however, would be reached at some stage, but the

usefulness of the model would ~ie, on the one hand, in

deciding the most suitable point of injection of energy,

and on the other, in raising tho point (or standard) of

living where saturation is reach8d. However, it is not

difficult to realize that the quality of life is not the

same as "Standard of life," although the former, to a

large extent is dependant on the later. hs thvre is no

agreed unit for the measureClent of "quaillityof life,"

--the mod~can, from that ulteriQn concept, be left
open-ended.

2.4 ENERGY MODEL FOR OPTIHIZATICN CF IRRIGi,TICN HETHCDS

The ultimate ain in analysing the efficiency of any

industrial production unit-- whcth~r with tho help of

models Or by e~y other means, is to secure optimization
of the entire process, so as to nchcivc, in terms of
en<Jrgy. the maximum energy purchasing capability with the

minim1lm applicaticn of energy. The same criterion ought

to be applicable to agricc:lturnl units.

In the field of irrigation, a huge number of pumps

are being used. The units require capital, spare parts,

fuels, at the expense of foreign exhe.nge. Side by side,

there is a proposal from many quarters to use indigenous

•
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methods of irrigation by local donga,-dones"etc. in place

of mechanical units. Analysis shows, however, efficiently

used, human energy cannot replace mechanical energy. Con-

sidering all aspects, technical and otherwise, a balance

may, and should be found o~t between the mechanical devices

and human energy. It is precisely in an effort to find out

the balance point that the aFlJrcach through energy modell-

ing may be of greatest use tow~rds the optimising of the

agricultural methods prevalent in Bangladesh farm. It may

not be difficult to set reliable and realistic energy

models fCJr the mechanical energy devices •
.

2.5 NUJ.lERIC1;L DATA FOR THE HODEL

The energy modol can be made a precise and useful

tool with appropriate quantitative data inserted at the

Various stages. riith various relevant data usooat appro-

priate points in the medel, it ~rill be possible to optimize

the output of agricultural units, either in terms of illcor~e/

capita or energy purchasing capability/capita. The latter

can, in turn be invested to achieve more farm output and,

therefore better quality of life,--which includes,

better €ood and clothing, education, bRalth. and other

amenities of life, including, use of more energy,

ensuring mere comfort and enjoyment.

2.5.1 PRESENT STUDY

Present study is an 1\Ltempt to collect the numerical

data on irrigation methods with various energy sources,

namely-human muscle power, diesel and electric-to be ted in

the energy model.

•
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CHAPTER-III

IRRIGATION };ETHCDS

There are various methods for lifting ]'irrigation

water to the field. They Can be classified into two

groups:-

A) Traditional methods and

B) Modern methods.

Traditicnal methods use hunan or animal muscular

energy, to operate dev~eBof various kinds. Area irrigated

by Traditional methods in our country is Q5.3%(8)of total

area irrigated.

3.1.1 SillNGING BASKET

It is used to irrigate lands near low-lying water

bodies and parennial river~. It is triangular or rectangular

in shape, generally made of tin. 1".10 men are required to

lift water by swinging the basket. 7here are different

sizes of swinging baskets. Number of operation vnriesfrom

10-16 times per minute depending on the size, level of

water and capacity of men. The capacity varies from 2-3

gallons. Average discharge is about 2,500 gallons per hour.

It is used for small-scale irrigation.

31.2% of total agricultural land of our country is irrigat-
ed by this method~8)

3.1.2 D 0 0 N

It is made up 01 three pieces o£ wood connected in a

groove-shape. It may be also made of steel. Only one man

is required to lift water. The length varies from 8-12 feet.

,•
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The depth of the groove varies from 9-12 inches. Its

optimum lift is less than that of the swinging basket.

Number or operation varies from q-6 times per minute.

Average capacity is 10 gallons and averAge dischnrge is
2,000 gallons per hour. 27% of

of our country is irrigated by
total agricultural

,&lthis method.

land

~,-:;,~-----------------------

,
I,

Photo- Doon used to lift water from a Shallow Stream.

(
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3.1.3 WATER-WrlEEL:

One or two bullocks rotate in a circular path and

turn the water-wheel. The water-wheel is placed in the low-

lying water-bodies, where surface water is available,

otherwise it is placed in a well.

The bullocks may be blind-folded and left
unattended.

It is not generally used in our country.

/

Photo-Vater Wheel turned by Bullocks.
3.2 MODERN METHODS:

Modern methods in our country use mainly mechanical

power through diesel engines, electric motors at present
are used to a small extent. (
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3.2.1 DEEP TUDE WELL:

Generally 2 cusec, 6" diameter size deep tube wells
Iare in operation in our country. J,verage depth is 250 •

It is operated by deep tube well turbine pumps and

sunk by power rigs. Al though it is designed to command

an area of 300 acres, actual ccr.lmc.ndarea is only

50 ~cres(9~ Cost/unit is over Tk. 1,25,000/-. The

subsidy borne by the government is Tk. 15,600/- per

unit per liUlum.

r

'-=::;r-------~--_,_---------....".~
Photo-Irrigation by Deep Tube Well.

A large group of farmers, usually numbering qO, is

to be served by single unit. So it has *ot inst~tutional

lrroblems as management is difficult.
( 10)About 7,000 deep tube wells arc in operation in

our country to irrigate. 3qo,000 acres of land.

(
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3.2.2 SHALLOW TUBE WELL:

4" diameter, ~4 to 1 cusec capacity shallow tube

wells are in operation in our country. Average depth

is 150ft. It is operated by centrifugal pumps and

sunk by labour intensive percussion method. It can

be constructed locally. Cost/unit is -- Tk. 16,500/- •

It Can comrnnand an area of about 10-15 acros/cusec.

It requires smaller group of farrners--about five on

the average. This reduces the .lnstitutional problems of
management.

( 10)
About 6,000 shallow tuue wells are in operation

in our country to irrigate Go,ooo acres of land.

It is considered to be the most suitable for

ground-water development as the l~ater levels are not

two deep and losses in the canal con¥eyance is low.

3.2.3 LOW-LIFT PUMP:

Small capaci ty (1-2 cusec) 10l~ lift pUr.lpBaro

used to raise water from parennial streams and ponds

to irrigate fields. It is operated by centrigugal
( 11)pumps. It can command an area of 7-12 acres/cusec.

It Can be easily fielded and operated. It is light

enough to be transported easily for short irrigation
in different places during the day.

(
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(lal
••bout ~ooo PUI:1PS of 1 cusec capnci ty and 25,000

pumps of 2-cusec capacity are in operation in our

country to cover an irrigated area of 1,~0,000 acres.

It is considered to be the mest effective irri_

gation effort in Bangladesh, provided, surface water
is available.

3. 2.~ Hi,ND PUHP:

Manually operated lland pu@ps is sometimes used

to irrigate fields around it with the least amount of

losses. It is smaller in c~pncity Qnd costs about
Tk. 1000/00. There are no operating costs to the

farmer except his own la~)our. The equipment is nvaila-

ble in plenty with iron dealers. Hand pump can be fabri_

cated at the village level and fixed for lifting water.

It is mainly used for the supply of safe drinking water
in rural areas.

"I
\
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CHAPTER-IV

DATA COLLECTION

4.1 METHODOLOGY

To compare the performances of various irrigation

systems(i.e. Human muscular energy, diesel and electrical),

it Was proposed to collect data for different crops at

different arCas of the country. h questionnai~e was prepared

for this which contained items like :- (Sec Appendix)

i) INDIVIDUAL Ff~ILY :- Family members, annual income,

no. of working anim~lst no. of agricultural imp~ements,

total land, ~arm crop production etc.

ii) LAND INFO~U,TION:- Irrigated land area, land area

lacking irrigation, source of water, crop production

of the irrigated land etc.

iii) ENERGY INFORHi,TION:- Type and capacity of the item

used, Machine size, pump size, pipe diameter,number

of men required, number of days of irrigation M£

per season, number of hours of operation per month,

quantity of water utilized per year, energy used

per year etc.

iv) COST INFORMATION:- Direct cost (wages) ,indirect cost

and total cost.

iv) EFFICIENCY INFOIU1nTION:- Individual remark on the
of?

and efficiency irrigation
1\

systems.

4.2 VJ.RIABLES OF THE STUDY

Data were collected at different areas of the country
, ,

\



to consider the following variables:-

i) SOl L:- As the crop production depends maily on

the fertility of soil, which v"ries ~rith localities.

Also the moisture content of soil which measures

the requireement of irrigation water--varies for

dif6crent localities. There may be lnnds which
contain sufficient moisture content and irrigation

water requirement is less. Some lands may depend

fully on irrigation water.

ii) a R 0 PS:- Different crops require different quan-

tity of irrigation water. hnd of all crops rice

(which is the main food-crop of the country) is the

most dependant on irrigation. However, survey was
limited to the high yielding variety, which is nostly

dependant on irrigation water and requires large sup-

ply of water for higher yield.

For a comparison, potato(which can be taken as

substitute of rice) was considered, which is also
dependant on irrigatiun water.

iii) SYSTEM OF IRRIGATION:- To compare the various systems

of irrigation, it was necessary to select areas where
two or more mcthc)ds were ndoptGd.

4.3 POThTO IRRIGhT~ON

For collecting data on Potato--irrigation, the

locality was slected at Munshisanj, which is the highest
yielding area of potato of the country.

\
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4.3.1 POTATO IRRIGATION BY Hu}IAN MUSCULJ\R ENERGY

Potato irrigation by human muscular energy used
single or double unit swinging buskat to lift water from
the nearby river. Sample data were cocpiled and are shown
in Table-I.

11.3.2 POTATO IHHIGATION BY MhCHINE POWER

In the Same locality, irrigation water was also
provided to some fields, by a * cuscc low-lift pump,
lifting water from the river. The pump was owned by a
farmer of the same locality and used mn hire-basis.
Sample data, were compiled, and are shown in Table-2.

4.4 HYV IRRIGATION

It was proposed to collect data on high yielding
variety of rice irrigation at different areas of the
country to cover all the methods i..e.muscular power,
diesel and electric.

4.4.1 HYV IRRIGATION BY MUSCULAR POWER

Data using different items e.g. swinging busket,
"done" etc. were taken at different areas. Sample data
were compiled, and are given in Tablo-3.

4 .It. 2 HYV IRRIGi.TION BY ~:J.CHINE POWER

Data were taken on high yeilding variety irrigation
by machine power at two different places to compare this
system with those of human muscular power and Klectrilltal
(i) One used a 2-cusec low lift pump (hired) and (ii) the
other a 2-cusec low lift pump (suhsidized)sample data,
were compiled and are given in Tables 4 & 5.

4.4.3 HYV IRRIGATION BY ELECTRIC POWER

Data were collected on a 15 hp electric motor used to
run a 2-cusec low-lift pump to lift water from a nearby
canal. Sample data qre- given in Table-6.

\
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TABLE-l

'.

POTATO IRRIGATION BY Hill1hN MUSCLE POWER

SL. l{HI AFA. 0 HOUR ~NER U,~NTITY lOTJ..L ROP CHOP
NCJ:i,:-TED ITY F I OF f3. Y OF ~1lJ>T- JIRRI- JPROD I V/.LUE

LhND F lEN !)PER/, ¥JSED : ER UTI- P./"TION ¥JCTI- I (TK )
1p"';',SA ,; HE fEQ.U trION ~(MAN ILl ZED l:;CST f)N I .
l(hCRE3Svl IlREU I HR. ill (GLN) I(TK.) I(ED) I •••

I i~'~~~~'I I I" iiI

llUUGi'.TI
I ON COST
I,AS %
I OF cHOF
I VALUE
I 0/0
I

1t50 11,250

5.60
, , .

:i.lto

If ~ 15

1/.qo
" ,

7,000

2,500

2,500

1t,500

2,250

2,650
3,000

1,875

5,000

75

90

200

180

280

120

100

110

100
72

75

90

180
2ltO

500

litO

110

120

192 72,00

390 11t6,250

72 27,000

72 27,000

96 36,000

litIt ItO,500

132 1t9,500

litIt 51t,OOC

60 22,500

60 22,500

21t
22

12

12

16
18

32

10

65

106

6

6

6

6

8

6

6

6

6

7 1.00 2.5

8 1.20 2.5

9 1.60 2.5

1 0.1t8 2.5

2 0.50 2.5

3 0.56 2.5
Ii 0.68 2.5

5 0.80 2.5

6 0.80 2.5

• No. of persons operating basket - q.
No. of persons managing Clow 2•

* * *
•• At the rate 01 2,250 GIn/Hour.

Market price - Tk. 25/md.

\
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TABLE-2

POTATO IRRIGATION BY DIESEL PO\IER (HIRED)

SL ..i IRRI l'1ACHI PUMP I HOUR lENEH iiUANTIT1lTOTjJj;ROP I CROP !IHHIGf.TINO. I GAT- lINE I SIZE I OF tiy IOF UATEItIRriIIPRCDU I VALUE tJN CJ::'J.'I TED ~IZE t(CUSEC)J)PERA IuSED IUTILIZEmATI k;TION I (TK.) lr.s % OF!LAND I(HP) I ITION I(HP- I (GUN) I ON I(MD.) I !cHOP
IAREt- I I I I mt) I • IeOST I I WALUE %I< J,CRES)I I I I I I( TK. )1 I I
t I I I I I I I I I

1 0.48 7 ~ 3 21 33,696 70 96 2,400 2.90
2 0.8 7 ~ 4 28 44,928 100 150 3,750 2.67
3 0.8 7 ~ 4 28 44,928 90 150 3,750 2.40

It 0.8 7 ~ 4.5 31.5 50,544 110 130 3,250 3.38

5 1.2 7 ~ 6 42 67,392 150 225 5,625 2.67

6 1.6 7 8 56 89,856 200 300 7,500 2.67

7 1.6 7 ~ 9 63 101,088 210 350 8,750 2.40

8 3.2 7 15 105 168,480 380 600 15,000 2.53

9 3.2 7 16 112 179,712 400 600 15,000 2.67

10 3.2 7 17 119 190,934 390 700 17,500 2023

• At the rate of 11,232 Gal/hr.
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TABLE_3

HYV IRRIGATION (1) BY HUMAN MUSCLE FCUER

NERG' -'UAT Y CROP IHIUGHTICN
NC'.j GATE [(OF THE I OF I OF I USED I OF -.f./,. TER I VALUE I AS J~ % CF

I LAND lITEM JMEN I0FEHJiHl>U.N - IUTILIZED3 I (TK. I CHOP Vi\LUE
I AHEA IUSED IREQUTION I HR.) I(GLN Xl0 ), t %
I(1,CRE)I(GLN) IIREJj I I I I I
I I • I I I I I I *"'** t
I I I I I I I I I

1 0.25 2.5X2 6 75 450 337.5 15 250 1,050 23.80

2 0.32 2.5x2 6 100 600 450.0 20 350 1,400 25,00

3 0.40 2.0X2 6 150 900 600.0 25 500 1,750 28.57
.._-

'i 0.50 2.5X2 6 140 840 630.0 40 450 2,800 16.07

5 0.00 2.5X2 6 200 1200 900.0 50 700 3,500 20.00

6 0.80 2.5X2 8 180 1440 810.0 55 900 4,050 22.22

••7 1.00 10 1 480 480 1.152.0 80 400 5,600 7.111

8 1.00 2.5X2 6 225 1,350 1,014.0 75 950 5,250 18.10

9 1.20 2.5X2 6 330 1,980 1,435.0 90 1200 6,300 19.05

10 .1.60 2.5X2 6 450 2,700 2.025.0 140 1650 9,800 16.84

•
~W'V\fl'V13 bw>\<..~hof

Two units 01,2.5 GIn. capacity ",ere used •
• • One Done Was used

••• Cost 01 labour = Tk. 5/per day.
.•.* .•.• Market price = Tk. 70/Nd.
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TABLE-4

HYV IRRIGATION (I) BY DIESEL POUER (HIRED)

5L. I IRRI IMACHI i"UMP flOUR f;NERGY QUANTITY h'CTAU;ROP J. CHOP [(fiHIGi:-"Ne. til,TEDtJE JsIZE PF I USLD bF \lATER t:mu I?ROD WALUE ITroN
lLi.ND t3IZE I<CUSEC )bPER I(HP- JuTILIZE~ til,TI C!Jc T I (TK.) leasT AS
IAHEA t<HP) I IATION I HR) • I(GLNX10 ) IN lION I tl.. % OI'~
I<ACREl 0 I I I I • t;OST I(MD) I !cROP
I I I I I I l(TK.)I I WALUE %
I I I I I I I •• I I I

1 0.28 16 2 15 240 674.0 100 20 1,400 7.1~

2 0.32 16 2 23 368 1,033.0 160 24 1,680 9.52

3 0.40 16 2 30 480 1,348.0 200 40 2,800 7014

0.56 16 2 54 864 2,426.0 280 50 3,500 8.00

5 0.80 16 2 45 720 2,022.0 400 90 6,300 6.35

6 0.80 16 2 57 912 2,561.0 420 80 5,600 7.50

7 1.60 16 2 90 1,440 3,844.0 800 180 12,600 6.35

8 1.60 16 2 120 1,920 5,391.C 850 160 11,200 7.59

9 2.00 16 2 142 2,272 6,380.0 1000 200 14,000 7.111

10 2./iO 16 2 150 2,400 6,739.0 1200 270 18,900 6.35

•
• •

lIt the rate of 411,928 GIn/hour •
Total irrigation cost includes-Cost of fuel (Tk.l0/per
Gallon), labour cost (Tk. 5/per day), Rental chargeof'machine etc.
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TABLE - 5
HYV IlliUGhTICN (II) BY ELeCTRIC FOHEr< (SU3SIDIZED)

::;L.umu lELEC lJUMP liOUItENER i'iuANTI fRUP fRai'
He. r,l>'I~ ~ncAIJ5IZE JOF ~Y tTy OF t;>r<ODWALUE

(ED . t-10T0I1<CU- jOPEIlUSED NATER VCTI I<TIn
;lLA1\fDtsIZE ISEC) IATI-I< HP- !uTILI VN I'
If,:1EA I( HI') I ION I HR) tz.ED I( MD) I
1<J.C - I I I I I( GA~X I I
) """"Ilj ! I I I 10) I !

I TO'L'lt.: ..
I emI
I'GhTION
I COST
I (TK.)
I ••
I

lELECTRI 1 ; -'-..
t:;AL ENS (-:':ON
lRGY [l:OST AS j,

t:;OST /Yo OF CHJ:.;
I !TK) ftfALm %
~*l~ *'
I t ._

0.5 15 2 22 330 976
£

1,4040 80

,',~

3

0.7

1.0

15

15

2

2

30 450

liD 600

1,330 37

1,772 42

2,220

2,520

118

150

67.00

90.00

1-. 1.4 15 2 54 810 2,396 50 3,000 216 120.00 7.20

~ 1.6 15

'J 2.0 15

.., 2.4 15

2

2

2

64 960 2,838 70

80 1,200 3,544 95

96 1,440 4,255 100

40,200

5,700 300 179.00

215.00 6.00

8 2.8 15

9 3.0 15

2 112 1,680 4,960 i~~

2 120 1,800 5,320 125

2 128 1r920 5,675 i4~

7~500

7.500

420

450

480

250.00

268.00

286.00

6.00

•
• •

•••

Market price @ Tk. GO/-per Md •
Total irrigation cost @ Tk.150/ocre in:::ludes-Security
deposit. (Tk. 100/-)rental, (Tk. 600),
Operation chnrge(Tk. 750/-) ,.Labo~r ,
cost payment of Guard & Machine-man, repairing cost
extra-payment to persons involved over the normal,
At the rate of Tk •.0.20 per Kwhro
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TABLE-6
, ,

HYV IHRIGATION(II) BY DIESEL FOUER(SUBSIDISED)

SL. IIRRI NACH tPllMl'ii"IOUHIENER fiUANTITY ICHOP ICHOP nOTAL fOST IIHHIGAT
NO. ~f.T lINE IsIZE I OF ~Y IOF \"lJ~TErrIPHODU I VALUE IInRI OF irON COST

lED ~IZE I(eu IOPER kJSED 'UTILIZED !CTION I (TK.) ~ATIO ~IES IoF AS A
ILAND I(HP) , SEe~ATION(HP- I(GLNX103)!(MD.) I IN L tVa OF
JAREA 1 , I I HR) .1 I I COST I( TK) CROP
l(Ae 1 , Iii 'I i( TIl:) * * !VALUE %
, HE$)I I I I ( i i I • I I

1 0.1t 17 2 12 201t 532 18 1,080 136 60 12.59

2 0.7 17 2 22 371t 976 25 1,500 230 110 15.33

3 1.0 17 2 32 5lilt 1,1t18 Ito 2,400 300 160 12.50

1.2 17 2 :;8 646 1,685 58 3,li80 360 190 1O.31t

5 1.6 17 " 52 881• 2,300 65 3,900 Itao 260 12.30"
._----

6 1,8 17 2 58 988 2,576 65 3,900 51W 290 13.85

7 2.0 17 2 61t 1,090 2,81to 90 5,liljO 600 320 11.11

8 2.4 17 2 76 1.292 3,370 95 5,700 720 380 12.63

9 3.0 17 2 96 1.632 1t,260 110 6,600 900 Itilo l;;1.61t

10 3.2 17 2 100 1,700 1t,1t30 llt2 8,520 970 !Joo 11.38

•

••

Total irrigation cost includes-Security deposit
(Tl<, toO/-per m/c).Rental (Tk. 600/-per m/e).
Repairing cost (Tk. 300/-per ro/c), Diesel cost
labour cost, payment of guard and machine-man •
Diesel cost = Tk.l0/-per gallon.
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TABLE-7

STANDARD DEVIATIOt,S OF % IRdIGATION COST

IN

POTATO IRRIGf,TION

HUMAN MUSCLE POI,rER
SL. I % IRRI f)IFF I
NO. I G/.TION FROM Ix2

I COST I J..V I
t X Ix=X-x I
I I I
I I

I I
rTANDA 13L.
I RD I t;o.
I DEVIl< I I
I TION I I
I S=I:x21 I
I N I I

DIESEL POHER

~IRRI lnFF I
1>hTIOJ:.WROH I x2
~OST I i,V._ I
: X ~=x-x ~
I I I

I STidWfdW
I DEVIl, TION
I
I s=
I
I

1

2

3

4

5

6

7

8

9

't.OO

4.15

'i.OO

2.80

4.00

-0.08 0.0064

-0.92 0.B46/t

0.08 0.0064

0.23 0.0529

0.013 0.0064

1.68 2.13224

-1.12 1.2544

0.013 0.0064

-0.52 0.2704

1

2

3

4

5

6

7

13

9

2.90 0.25 0.0625

2.67 0.02 0.0004

2.40 -0.25 0.0625

2.67 0.02 0.0004

2.67 0.02 0.0004

2.40 -0.25 0.0625

2.53 -0.12 0.0144

2.67 0.02 0.0004

0.302

10 0.2704 10 2.23

- 2 4be =5.5 25
-

_ A.V
N=10 x=2.6,

-
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T/,DLE-8

STANDARD DEVIl'iTIONSOF % IHRIGi,TION COST

HYV (I) IRRIGATION

HOHAN MUSCLE POWER I I DIESEL PO\"IER
L. I % nmllDIJi';;'.I 2 ISTANU/,HDI -~.L I % nm:J1 DIFF I 'STANDhHD'0. I GATIOWROM I X lDEVIA- I fO. I Gi.Tlor-FUOH ,,2I -'" DEVIATIONI COST I AV. I trION 2 I I COST I AV._ I I ~x2I X IX=X-1 Is= z x I: I X lie-x-xI I 5= -
i I N I J N

1 23.80 2.73 7.4529 1 7. lit -0.17 0.0289

2 25.00 3.93 15.4Ji49 2 9.52 2.21 4.8841

3 28.57 7.50 56.2500 3 7.14 -0.17 0.0289

4 16.07 -5.00 25.0000 4 8.oc 0.69 o ./i 761
3.922 0.912

5 20.00 -1.07 1.1449 5 6.35 -0.96 0.9216

6 22.22 1.15 1.3225 6 7.50 0.19 0.0361

7 18,10 -2.97 9.8209 7 6.35 -0.96 0.9216

8 • 19.05 -2.02 4.0804 8 7.59 0.28 0.0784

9 16.84 -4.23 17.8929 9 7.14 -0.17 0.0289

:'.1,> 10 6.35 -0.96 0.9216,
N=9 AV. 2 N=lC AV.

X=21.0i ~ x =1313.4094 X=7.31 ;[,,2=8.3262

•
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TABLE-9

DATA FOR FITTING THE CURVE; OF Li,xlD 1,H81. VS CRJP
PHCDUCTION (BY ELECTHIC IRHIGl,'.i'ION) BY THE NETHOD
OF LEl,ST SQUARES

I I I,CRE I NO i x. Y. I X.2 I
i I x. I I 1 1 I l

I I 1 I
Yi I I I

I
I

I 1 0.5 24 12.0 0.25

I 2 0.7 0.4937 25.9 I
I

3 1.0 42 42.0 1,00 I
I I
I 4 1.4 50 70.0 1.96 I
I

5 1.6 70 112.0 2.56 I
I I

6 2.0 95 190.0 4.00

I 7 2.4 100 240.0 5.76 I
I 8 2.8 125 350.0 7.84 I
I I

9 3.0 125 375.0 9.00
I

I 10 3.2 140 448.0 10.24 I
t<s~ 10 18.6 808 1301.9 43.10 t

I I I

•
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EQUATION ElF THE cm~vz FOn LAND AIlE!. VS CROP l'HODUCTIOU
(BY ELECTRIC IRRIGI.TICIO BY THE HETHOD OF LEl,ST SQU,.RES

Normnl equation for curve fitting is givcn~ by:-

L:: 1 =

Putting the vo.l~es from T.::-:ble-9, the equation heCCc,.le

18.6\
'0.1 _I

i.c. 10n + 18.6n
o 1 =

1
.J

808

r 808 ...•,
I

1864.9 I
L_ ~-j

• • .. (i)

18.6n
o = 1864.0 •• (ii)

From (i): = !.lo8- 10n
o

18.6 •• •• (iii)

Putting the value c.f n~ in (ii), HC get,

18.6 a + 43.1 x 808 -10aeo ---_ = 1864. 918.6
or, 18.6 ao + 1872.3 - 23.17a = 1864.9a
or, - 4.5711 = - 7.400

• 1.62a =• • 0 808-16.2From (iii) , a1 = = 42.518.6

So, the equation of the Curve is

Y:j, =
Where Y.

~

42.5x. + 1.62~

= Crop productiC'n ir. lill.

x. = L~nd arGa in Acros.~

The curve, so obtained, is shoWtt in fig.20
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TABLE-l0

DATA FOR FITTING THE CJRVE OF LAND AIlEJ. VS CHOP
FfWDUCTION (BY DIESEL IlU.IGATICN) BY THE l.jETHOD

OF LEAST S',UARE

I?dD I.I i I "CRE I ~[iYi I 2
I I x. I Yi I Xi I

1.

I
0 1 O.~ 18 7.2 0.16 I
I I
I 2 0.7 25 17.5 0.~9 0
I 3 1.0 ~o 40.0 1.00 I

I I
~ 1.2 58 59.6 1.~~

I I

I 5 1.6 65 101•• C 2.65 I

0 I6 1.8 65 117.0 3.21•
I I

I 7 2.0 90 180.0 ~.oo
I 8 2.~ 95 228.0 5.76
I 9 3.0 110 333.0 9.00 I

I 10 3.2 1~2 454.4 10.21• t

t I I 0
0Ismi : lC1 17.3 708 1550.7 37.89 II
I

•
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EQUATION GF THE CU,.,VE FOR L1JID IlHl::A VS CROP PRODUCTIGi<
(BY DIESEL IHHIG,.TION) BY THE I'1ETHOD OF LBhST sr,UJ.m;s

Normal equation for curve fitting is given by:-
1-- 'IX. -\ ,- -1 \.~Yi -Im

\

a
\

..- 1 0 I I
I -;-:x . .-2 I J !)x. . , a1 iLl- 1 !-. 1. --.J I ,2.Y. x. J,-. L- 1.. :I.

Putting the values from Table-10, tho equation
bcccliles:-

17.3 l
37.89 I

-" l:: ]
i.e. ., (i)

From (i), a1 =

17.3 a
o + 37.896, =

•
708 -10 ao

17.3 ••

(ii)

(iii)

Putting the value of a1 in (ii), we get,

7 8 '/08 - 10£11 .311 + 37. 9 X 0o ----~ = 1550.717.3
cr, 17.3 a + 1550.7 - 21.9 £1 = 1550.70 0

-4.6a 0 •or, = • • ao = 0
0

From (iii), we get, Co! = 708
= 40

17.3
So, tIle equaticn of the c~rvo is s~ben by _

Y. = 40x.
1 1

where Y.
1

= Crop production in MD.

X. = Land area in hcres.
1

The curve, so obtained, is shown in fig" 20.

•
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TADLE- '.).1.

STANDARD DEVIATION OF % n<RIGi,TICN OOST

I N

HYV (II) IRRIGATION

ISL.
DIESBL FmTER II ~LSCrrHIC POWER
I % I DIFF I , ST. I OsL.I% rIFF. I t ST.Dev.,
I IRRI I BRON I X2 DEV. 2 I t-Io.1 EmI FROH 1 X2 I 2'NO. I I s=E. x, i COST I h AV. I ~=~x I I I COST fLV.

I I x I - I -I I I ., I - I I I N
I N I .'" I I

~
I x=X-X I I

~
I x=X-X i

I I i I I

1 12.59 0.02 0.0004 1 5.56 -C.50 0.2500

r 15.33 2.76 7.6176 2 5.32 -C.74 0.5476

3 12.50 -0.07 0.0049 3 5.95 -0.11 0.0121

4 10.34 -2.23 4.9729 4 7.20 1.11;, 1.2996

5 12.30 -0.27 0.0729 1.369 5 5.'71 -0.35 0.1225 0.637

6 13.85 1.28 1.6384 6 5.26 -0.80 0.6400

7 11.11 -1.46 2.1316 7 6.00 -0.06 0.0036

8. 12.63 0.06 0.0036 8 6.67 0.61 0.3721

9 13.64 1.07 1.1449 9 6.00 -0.06 0.0036

10 11.38 1.19 1.1416 10 6.96 0.90 0.8100

N=lO ~v. 1 'zx2= 18.7288 1:-<=1 ~2I I X=12.5 AV. ~' =4.0611
x=6.N

•



CHAPTEH-V

Fi.RM INCONE AS RELATED TO HETHODS OF IRRIGATION
5.1 REVISED ENERGY MODEL

The open loops in the enersy m~del of fig-i. Day be

closed in some cases. More outside energy input to farD

may include the iilernslike- i) Fertilizer, ii) Machine

irrigation, iii) Animal iv) External Manpower and v) Seed

etc. i,nimal food is also provided by cash purchase :Crom

the :farm l'tincome. k.S the farm wasta and animal uastc f/'O:
duced in the farm are utilized :Cor fertilizer and cooking,

these items may be shown to give :Carm income. Education,

clothing etc. derived from :Carm income, measure quality

of life. Vith these additions, the revised energy model
is shown in fig. 26.

5.1.1 SURPLUS INCOME

From the revised energy model, it is clear that

farm inceme includes crop value,price of farm waste and

animal waste. Farm expenditure includes- cost of ferti-

lizer, irrigation cost, animal financing, wages for exte-

rnal manpower, cost of animal feeding,cost of seed, cost

of food for family, and cost of lighting and cooking

energy. The difference between farm income and farm

expenditure gives the surplus income--which is a measure
of the"quality of life."

tlith the agove conclusions, the surplus income for

various sources of energy for irrigation, may be calculated.
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5.2 ASSUMPTIONS FOR Fl;RN INCm~E Ci.LCULATION

The following assumptions- bC.S0d on farmers' Cr~:-.;t.:.

experience, agricultural extcntion ~lorkers; published

literature and informed sucsses, n:.--emaLe for calculating
~arm surplus income:-

i) Crop:- HYV o~ rice is produced twice a year.

ii) Crop-Production:- In the present survey, crop-produc-

tion varied ~rom 45-95 MD/ACRE. 50 ED/l.CHE is taken as x

a basis o~ calculation.

iii) Price o~ Materials:- All prices are estimated at market

rate~ as on June, 1978.

iv) PaddY-Priee:- An average of Tk.70/MD for various types,
sold at village hats.
Riee-Price:- 12
----~----~~ X Paddy price = Tk. 120/-

7
vi) Animal-Uaste:_ Animal waste produced by a cow is 15

seerS/da~~3) It is assumed that the amount us~able is
half i.e. 7.5/Seers/Cow/day.

It is also assumed thet 2/3 of the total us".a')le

amount "'-"is used for dor.wstic energy and the rest

1/3 (2.5 Seers/Cow/day) is used for ~ertilizer. Cost

of uSfablc animal waste is Tk. 4/MD.
( 14)vii) Price of Farm "iiaste:-Tk. 90/acre/Season.

viii)Fertilizer:_ ~ MD of urea @ Tk. 6a/M~14~nd ~ MD of

T.S.Pi @ Tk. 5e/MD is used per acre per SOason.

ix) M/C Irrigation:_ Total irriGation cost with 2 cuser.

Low Lift pump (including subsidy rate of rental @ Tl,.
600/pump/Seas&A5» is considered.

x) Expected working life of Dullocks:_ 10 years.

xi) clorking hour:- 8 hours/day for hired labour.

xii) Cost of Labour:- Tk. 5/- per 8 man-hr.
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xiii) Total Man-hr:- (for various types of Skilled farm

works) - 600/acro/Seas~A~)
xiv) ExteHrnal man-hr:- 500 acre/season(for family size

varying from 4 :1:"0 6)
-400 acre/Season (for family size

(16)
varying from 7 to 10)

xv) Internal mnnpower:- 1 man(for family size varying
from 4 to 6)

2-man (for family size varying
from 7 to 10)

xvi) Cost of Meal:- I~ average figure of carbohydratel

person/day of 2500 kcal is taken, which is 1.5 lb of

rice - equivalent, i.e. Tk. 2.25/person/day for 3
meals/day.

xvii)Cost of Animal food:- Tk. 1.50 /I.nir.1ul/day.

xviii)Cost of Fire wood - Tk. 20/~ill.

(13)xix) Cooking energy:- BUET survey showed that cooking

and lighting energy consumption increased ,d th the

farm size/c{lpitn.. The curve for cooking-enorgy conSUrij-

ption(fire-wcod equivalent) is approximated to a

linear increase upto 6 acres(assuming a family size

of 7 ) and then to remain constant to a cost of
Tk. 350/-.

xx) Lighting Energy: - _ u<rA1lsotthi> curve of lighting

energy consumption vs farm size per capita is appro-

ximated to a linear increase upto 10 acres(assuming

a family size of 7) and then to remain constant to
a cost of Tk. 126.
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5.2.1 CALCULATION OF FJ,HM 5URPLU5 FOR I, FJ;Rl'l5IZE OF TVIO ACRE5
IRRIG~TED 'BY DIE5EL ENGIIIE(SUB5IDIZED).

Data:- Fami~y size = 7

A)

No. of Working members = 2
No. of Bullocks = 2

FJ..RM INCOME:-

1) ;,nnual Crop-Product ion- 2COMD.

ii) Farm-Waste- @ Tk.90/-per acre
per Benson. 2x2x90.

iii) 1.nlmal-'daste-7.55eer/day/cow @
Tk.4/MD. 7.5x2x365x4

40

360

550

B) FARM EXPENDITURE:-
i) Fertilizer-

Urea . ~~D/Acre/5eason
@ Tk. -60/MD. . -o/3X2X2X60= 320
T.S.P. -:81 }MD/hcre/Seascn
@Tk. 50/MD. ~. 81x2X2XM50= 640

l
)
)

960

Animal \vaste-
@ Tk. 4/~lD.

2.5 5eer/day/Cow
2.5X 2X365X4

40
- 183._



68

2) M/C Irrigation (Viesel)

@ Tk.300/acre/Soason 2x2x300
(Govt.Subsj~ized)

= 1,200

3) Animal Financing-
Loan = Tk. 4000/-payable in 10

800
)
)
)

400/-
IWO/_-Tk.Interest 10%

years for buying 2 bullocks.
(Depreciation)

Loan recovery per year-Tko

) (12) 400x2x2x54 Externel manpower . B = 1,000
., l(.:

5) S~ed- 15 Seer/Acre/Season 15x2x2xl00
@ Tk.100/MD. 40 = 150

6) Food for familY-@Tk.2.25/person/d~.
(an average village meLl)2.25x7x365 = 5,748

7l Animal Food-@Tk. 1.50/i.ni:nal/day2x15x365 = 1,095
8) Kerosene Oil ~cr'lighting

= 70 lb(13)@ Tk. l/-per lb. = 70

9) Fire wood for cooking (13)
= 779 lb (Fire-wood cquivalent)
= 9.5 ND. @ Tk.20/HD. 20x9.5 = 190

Total =11,396
Farm Income - .. Tk. 14,910
Farm Expenditure •• Tk. 11,396
Farm Surplus .. Tk • 3,514
Surplus/Cap/Yr. 3514 •• Tk. 5027

•
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GENERALIZED EqUATION FOR CALC~~hTING FARM SURPLUS FOR 2
CROPS PER YEAR, FOR SU3SIDIZ~D IRRIGhTION.

5. :;. 1 SYMDOLS. USED
@ = Land area in acres.

FS = Farm Surplus.
FSC = Farm surplus per capita
FI = Farm Income
FE = Farm Expenditure
CY = Crop Yalue.
PFW = F.r iell of Farm \laste
PAil = Price of An:..rnal'Ilaste
FC = Fertilizer Cost.
IC = Irrigation Cost.
AF = Animal Financing.
EYJ.P = Price of External !'lanpo~{er•
SC = Seed cost.

FF = Cost of Food for Femily.
PAF = Price of Animal rood.

LC = Lighting cost.

CC = Cooking Cost.
E = No. of Bullocks.
N = No. of Family },iernbers.

5.:;.2 EQUATION:-

FS = FI FE
= (CY+ PF" + PAiV)- (FC+IC +/.F+Et1P+SC+FF+AF+LC

+CC) •• •• ••
Now using various .data from the survey. and other assl1£lptions
made in Section,5.2.

.:



-70-CV = 7000 k
PFW = 180 A
PAW = 275 3
Fe .lt80A+91.5D

Ie =1800A=300IrA (for Human muscle power irrigation)

= 600A=300IfA (for Diese pow~r irrigation)

~ 300A=300IfA (for E10ctric power irrigation)

AF =4003

EMF=500A=500A Mf (for N = 7 to 10)

=6001,=500hl"Jf (for N = 4 to 6 )

SC =75A
FF =821.::SN

PhF=547.5B

LC =7 (j,-1) +63, for 1 <.A ( 10
=126, for A > 10 (13)

=7(~ A -1) + 63Lf
CC =40(A-l)+150, for

=350, for A) 6

=40 (-f- A - 1) + 150Cf

CGNSTANTS:

Irrigation cost factor, If=6.0(for human muscle power

irrigation)

=2.0(for Diesel power
irrigation)

=1.0 (For Electric power

irrigation).

External Manpower~ factor,Mf=1.0 (for N=7 to 10)

=1.25(for N= 4 to 6)



Lighting cost factor =
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K

'L
f

=1.0, 1 < A Z 10

y.= 10, L
f

= 1", 1, > 10

CCooking cost factor = C
Cf
C =6,c =A, A)6

f

From (1)

FS = 7000A + 180A + 275B - [4~Ot. + 91.58 + 300If.,.

+;5:400B + 500A.Hf + 751. + 821.25N + 547.5B

+7(-!-A-1) + 63+ 40(-f- -1)+150JLf C
f

or,
FS = (7000 + 180)A~480+300If + 500Mf + 75) A
+ 7 ( ~ + 40 f- ) 10+ (275-91.5-400-547.5)n

Lf Cf:J

-821.25N -166

or, FS = 6625A -OOOlf + 500Mf + 7...K....+ 40 f-)ACL.•. f~

-764B - 821.25N -166 •• •• •• (2)
FSC FS 0)= •• •• •• • •N

5 .3.3 CHECK;_

For the 2-acre typical family
A 2, If 2, Mf 1, 1':: C= = = =1, Cf • 1Lf
B = 2, N = 7

•
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From eQ-(2)

FS = 6625 x 2 -(300x2+500Xl + 7+ 40)2-764X2

- 821.25X7 - 166

= 13250-(600+500+47)2-1528-5748.75-166

= 13250 - 2294 - 1528 - .' 5748.75 - 166

FSC=

= 13250

= 3514
35147 =

9736

Tk. 502.

5.3.4 GENERALIZED E(;UATIC'NOF FM~N Sur~PLUS FOR S2LF INVESTED
IH.HIG/.TION.

It is now ~-nsid~ed necessary to investigate the

effect cn farm $urplus in case the rural region is alroncly

electrified, and the farmer wishes to own his diesel engine

or electric motor driving 2 cusec low lift pumps. This,

of course, assumes tllat suitable source of wcter is also
available so as to be able to use LLP's.

Cost figures ef 2 cusee, 15 hp, 4iesel and electric

pumps are Tk. 30,000 and Tk. 20,OOC respectively, sold nt

a reduced rate to farmers interestod in buying-the irriga-

tion machinery outright, supplied by Benglo-.desh Agricul turnl
Development Corporation.

Let C = Capital cost of the pump and engine(or motor)
Then C= 20,000 E , where __

c

E = 1.5 for 4aesel irrigationc

= 1.0 for electric irrigation.
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Interest @ 10% = 2000. E ••••c
Depre~iation (with engine

• •

life=15yrs)=20000
15

= 1333

Ec

{It,

Annual Fixed Cost= Interest + Depreciation

= 3333 E ••c ••

Let OC = Operation ond maintenance ccst

OC = 100.Mc.A ; where Me =l,for electric irriention

=2,for diesel irrigation •

. Irrigation cost, IC = C + OC

=3333 E + tOOHe. i}.•'c . . •• (6)

•• (7)..
F S=6625A-(100Mc+500Mf+7~ + 40 £- )h

Ll Cf

-3333 E -764B-821.25N-166.c
The aUove formula would be ap?licable if the farmer

desired to operate one or tho other source of encrgYtbu~

not at the same time.

5.4 CGNBINATION OF SOURCES OF 2N;';RGY',lITE TRANSr~ISS!~CIlLINE
INSTALLED.

So far, the irrign tion costs and other aspects wi ti.1

both subsidized and self-invested irrigction-using dicG~J.

and electric power, for small farm size has been consid-

ered. The study Was confined tc the electrified areas only

l~hich re.quired no transmission line cost. In the follo,,-

ing sections the case with transmission lino cost is being

considred for a larger Carm size.

5.4.1 ALTERNATIVE ii:NERGYSOUl-{CEFOH I"l<IGJ,TION

Although irrigation ~& cl.eaper with electric energy,

the probability of interruption, specially l,~th a distri-

bu tioD line of sume length t r.iny require to r.lnke al terna to

arrangements(Diesel engines), specially for larger farm

sizes afid at peak season of irrignticn.
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Let us consider a farm size (needing irrigation

water) of 30 acres. The comoand area of a 2 cusec LLP is

14-24 acr~~~) The figure on co~~and area is low becuase

of institutional probJems of managu-c.ent and other fac tors.

But if the farmer uses his o~m engines, the command area

may increase and a 2 BUsec electric pump may be sufficient
t6 irrigate . 30 acres of land. But due to the problem
of unreliability of electric pOl~er, the farmer may also

buy a 2-cusec diesel pump to substitue during the periods
of interruption.

F:om previous data, quantity of irrigation water

required per acre = 3.33 million gallons, i.e. 100 million
gallons for 30 acres.

Annual Fixed Cost:- As a typical realistic Case,

Cost 01 Transmission line = Tk. 30,000
Cost of 2cusec,15HP,Blectric pump=Tk. 20,000

Cost of 2 cuse, 15HP,4iesel pump =Tk. 30,000

Total =Tk. 80,000
Assuming life of engine, motor and transmission line

to be 15 yrs.-

Depreciation = 80.000
15 = Tk. 5,333

Interest @ Tk.l0%

Operating Cost:-

= Tk. 8,occ

= Tk.13,333

For diesel pump, operating cost =

For elec tric pump, opera tin"g cost=

Tk. 100/million
gallons 0:[
~ater.

Tk.50Awillion galls.
of Water.

Total irrigation cost, if the total 30 acre land is
irrigated by the electric pump is--

Tk.13,333 + Tk,5,OOO = Tk. 18,333.

c.! J
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And the cost, when the land is irrigated by the ~iesol

pump would be-

Tk.13,333 + Tk.l0,OOC = Tk.23,333.

As a combination of both the diesel and electric

pump is necessary (to substitute during the periods of

the interruption) ,-the figure of the total irrigation cus::

of Tk. 20,000 forthe combination, Day perhaps be chosen,
in a realistic way.'

Thus, fund aVailable for operating cost=

= 20,000-13,333 = 6667.
Now,lot Gn= Quantity of Water to bo lifted by the diesel
pump(in million gallons).

GE = Quantity of water to be lifted by the electric

pump (in mi~lion gallons).
Therefore,

100Gn + 50 GE = 6667 • • •• (i)

Also Gn + GE = 100 .. •• (ii)
From (ii) , 100 Gn+ 100 GE = 10000 •• • • (iii)
Substractingti) from (iii) tHo got

50 GE = 3333

GE = 66.67 million gallons.

Gn = 33.37 million callons.
5.4.2 FARM SURPLUS

Farm size, A = 30
No. of Bullocks, B = 18

Family Member, N = 10

Irrigation Cost IC = 20,000
•

• •
Ps = 6125A -764B -821.25N-476 -20,000

- 6125 x30 -764x18-821.25 X 10 -476-20000
= Tk. 140,710.



. ..FSC : 140,710
10
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= Tk. 14,071.

5. 5

It is necessary to remember that the above figure
on FSC is for a single family only, giving a high per

capita surplus income. It is li~ely that the agove type

of Calculations applied to co-operative far m~ with

contribution of land, bUllmcks, working members and

portions 01 fixed costs, and with irrigation water
managed judiCiously. in the '"layindicnto::!nbove, pur

capiUa income for each member of each seperate family
would perhaps rise to some extent.

OPTU;lJ..;COMBINI. TION OF SOU1ICES CF :!:RRIGi,TICNENERGY
(Irrigation Energy management by Linear Programming)

Let us Consider a farm size of 50 Acres to be

irrigated by a 3 cusec, 20 hp, electric pump and a 15hp,
2 cusec, disel pump. Water required is __ 3.33 Million

gallons per acre. The electric pump costs Tk. 25,000/- and

the transmission line cost is 1'1<. 30,COO/-. Operating cost

per hour is--._ •.~. 4.40 for the diesel pump and TK.3.00
for the electric pump.

Availability of diesel and electric is assumed to be

70% and 60% respectively. It. is required to find the oper-

ating period of each of tho two pumps with minimum cost.
Solution:_

Water required: 3.33 x106 x 50 : 166x106 ~lns.

ilater discharge per hour: 22x103x2 : 4qx103 gIns.
of the diesel pump.

Water discharge per hour : 22X103x3:66x103 ~lns.of the electric pump.
•
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The maximum uninterrupted combined werking hour

(assuming a months of irrigation period, 10 hours per (:a~<
is - 30xaxl0x 2 = q800 hours.

abow-
Assuming an over-all availability of~2/3 (6~%),

total opera ting period of the two pumps (combined) i.)r

- I-a o'''a1S - ~ 00 x If = 3020 hours.

The Linear Pro,v,ralluuingHodel: 'i'hero:loretal{es the forn: 0.'

Let X = Operating hours of the diesel pump
1

X2 = Operating hours of the electric pump.
Then the problem is to minimize

z =x
q.q

.Iith the constrnints-
Xl + X2 .;;:3020

qqX1 + 66x2? 166 x 103

or, qX1 + 6x2 ~ 15000
Dual ProbJ:em:-

Maximize - Z
y =

with the constraints __
Y1 +qY2 ~ q.q

Y1 +6Y2 .( 3.0

Eguivalen t Nodel: - Introduc ing slnck variables to C(,,"," id.c
the inequality, the equivalent model becomes

( 0) z - 3020 Y1 - 15000 Y2 = 0Y
(1) Y1+ qY2 + Y3 = q.q
(2) Y1+ 6Y + Yq = 3.0'J 2

Simplex Tableau:-

Basic I Co-officients of IRight sideVariables I Zy Y1 Y" Y Yq of oqUe,t.i.oL~ 3 I
z I

1 -3G20 !-15000 0 0 0y
~ I

Y3 ~0 1 q 1 0 I q.q
I

I ~ •Yq 0 1 6 0 1 3.0
I I

I
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1st. Iteration:-

Considering the first row, the smallest co-efficient

is~15000. So, Y2 is taken as the new entering basic

variable. Again, 3.0 <: ~ • So Y" is ch'.sen as the6 '4 .•
leaving variaule. Dividing the 3rd row by 6

I I
I Zy Y1 Y~ Y3 Y4 I, I

Z I 1 -3020 -15000 0 0 0y

Y3 0 1 4 1 0 4.4

Y4 0 1/6 1 0 1/6 0.5

Multiplying 3rd row by 15000 nnc1 adding with 1st
row; multiplying 3rd row by 4 and substrncting from 2nd
row, we get,

I I
I Z Y1 Y2 Y3 Y4 I
I

y
I

z 1 -520 0 0 2500 75CCy
Y3 0 1/3 0 1 -2/3 2.4
Ya 0 1/6 1 0 1/6 0.5

2nd Iteration:-

Again, considering 1st row, Y1 is selected as the

new entering variable and YJ is chosen as the leaving
variable.

Multiplying the 2nd row by 3,we get,
•
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I i
I Z Yl Y2 Y3 Y4 I
~ y

I
z 1 -520 0 a 2500 75GOy
Y3 0 1 0 3 -2 7.2
Y2 0 1/6 1 0 1/6 0.5

Multiplying 2nd row by 520 and adding with 1st rawi'

Dividing 2nd row by 6 and substracting 3rd row fro~ it,
we get-

I Z Y1 Y2 Y Y4 II y 3 II 0
Z 1 0 0 1560 1460 11,2/14y
Y1 0 1 0 3 -2 7.2
Y2 0 0 -1 y" -y" 0.7

Therefor", {'or the original problen, for minimum cost,.
operating period for the diesel pur:tp3t1ould be 1560 hours

and that fer the el"ctric pump should be 1460 hours.
Total operating cost = 11,244.

5.5.1 FhRM SURPLUS:_

Annual Fixed Cost: Depreciation + Interest @ 10%

= 25,00 + 30,00 + 30,000
15

= 5667 + 8500 = 14,167

85,000
+ ----10

Annual Operating cost= 11,244

.""Irrigation cost I C = 14,167 +11,244 = 25,411

Farm Size, h = 50

Family 14embers, N = 10

No. of Bullocks,B = 28
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FS = 6125A -764B - 821.25N - 476 -25,411

= 6125 X 50 -764 X 28-821.25 X 10 - 476-25,411

FSC=
= Tk. 250,759

250,759
10 = Tk. 25.076/Year.

Rate of rise of surplus incGwe/cap, by following a

better methodology of irrigation water management is seen

to be higher compared to that sho~m in section 5.4.2, as
shown below :-

% Increase of land size = 50-30
30 X 100 = 66.67%

% Increase of Surplus income/cap.
= 25076-14071

14071 X 100 =78.21%

This re~lects the advantage of efficient management

of electrical energy for irrigation.

•
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TABLE-l,a

DATA FOR F J.HM SURPLUS \-lITH IlUI'IAN

t4USCLE pmlEH IlUUGJ.TICN

FAMILY SIZE - 7

NO. OF BULLOCKS = 2

SL. I FARM I FAHM SURPLUS/CAP I FJill!-\ SURPLUS STARTS
No. I SIZE I (TAKA) J AT FARf.1 SIZE (ACHES)

I (ACRE) I

1 0.5 -757

2 0.8 -575

3 1.0 -1152

If 1.2 -330

5 1.5 -1lf6 1.75

6 1.8 +20

7 2.0 +159

8 2.2 +2.75

9 2.5 +1161f

10 3.0 +768
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TABLE-13 •

~~TA FOR FhI~ SURPLUS wITH DIESEL

POWER IRHIGJ.TION(SUL3SID:LZED)

FJ.MILY SIZE = 7 •

NO, OF BULLOCKS = 2.
,

I I Fl.RN SUHPLUS/ I FAm-I SURPLUSSL. FAl~
NO .. I SIZE (ACRE) I CAP/YR ) STARTS AT FJoRN

I I (TAKA) I SIZE (ACitE)

1 0.5 -672.00

2 0.8 -450.00

I 3 1.0 -280.57

4 1.2 -140.00

5 1.5 +110.00 1.39

6 1.8 +325.00

7 2.0 +502.00

8 2.2 +650.00

9 2.5 +893.29

10 3.0 +1283.00
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TABLE-til

DATI, FOR FM-ll-I SURPLUS "VIiTH

ELECTRIC IRRIGATION(SUDSIDIZED)

FAHILY SIZE - 7

NO. OF BULLOCK = 2.

t> FArol SIZE I FARM SURPLUS/CAP/'[R I Fi.RM SDill'LUS STAHTf
SL. I (ACHE) I ( TAKA) I i~T F/.HN SIZE
NO. t I I (i,CRE)

t 0.5 -650

2 0.8 -420

3 1.0 -237

4 1.2 -80

5 1.5 +175 1.31

6 1.8 +400

7 2.0 +587

8 2.2 +750

9 2.5 +1000

10 3.0 +1411
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DATh FOR FARH SURPLUS HITH DIESEL POvlER

IRHIGJ,TION (SELF INVESTED)

Fi-MILY SIZE = 7

NO. OF BULLOCKS = 2.

SL I FAilll SIZE I Film! SURPLUS/Cl,P/YR I Fi.R.'1 SURPLUS STARTE
NO. I (ACHE) I (Tl,KA) I AT Fk<Iv1 SIZE

I (ACRE)
.'
I

1 1.0 -937

2 1.5 -52(l

:3 2.0 -98
L
I

11 ! 2.5 +325 2.10I

5 3.0 +740

-

6 3.5 +1160

7 4.0 +1581

8 4.5 +2000

9 5.0 +2420

10 5.1 +25°0
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TABLE-16

DATA FOR Fl,HM SURPLUS ;lITH ELECTRIC FO'JER

IHRIGl,TION (SELF INVESTED)

FAMILY SIZE - 7

NO. OF BULLOCKS-2

SL. I FARH SIZE 1FAlll SURPLus7cf,:'51YH I FARM SURPLUS
No. I (I.CRE \ I ( TAKA) I STARTS AT Fl,H11,
I I I SIZE (ACHE)

1 1.0 -685

2 1.5 -280

3 2.0 +168
.

4 2.5 +560

5 3.0 +1021 1.85

6 3.5 +1450

7 4.0 +1877

8 li.5 +2300

9 5.0 +2730
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FARM SLT:E., vs FARr>1 SURPLUS
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FA~M srTt:,,:L: Vs FARM SU~PLUS
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FARM S'''l'E.: .. \/S FARM SURPLUS
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FARM SIZE Vs SURPLUS
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FARM 51 ZE vs SURPL US

(PARAMEHR~ SELF-INVESTED IRRIGATION)
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CllhPTER-VI

DhTJ. - ANALY5IS

6.1 FOTATO-IRlUGJ.TION

With human muscle power, the irrigation cost pur

"I

, ,
i

acre is - Tk. 150/-; water utilized per ncre is - 45,000
•!Jln, l::ropproduction per ncre is - 175 }fd, ~lherens, with

dJi.e891 power, the irrigation cost i5- Tk. 125/- per acre.

water utilized per acre is - 58.000 GIn and crop production

per acre is- 190 Md. as seen from figs. 7,9 nnd 10 respec_

tively. Also from fig.5, we see that with human muscle

power. 100 X 103 GnlloHs of (,interis lifted with an energy

input of 265 mnn-hrs nnd ••ith In."chinepo,~er, same quantity

of water is lifted by an energy input of 62 hp-lrr. From

fig.5, it is "bserved that ,~ith hum~,n muscle pO>ler.l00Xl03

gnllons of water is lifted with a cost of Tk. 330/-,whereas,

with machine power, same quantity ef water is lifted with a
cost of Tk. 215/- only,

So t it is seen that with muscle pOtllCr, with20% more

irrigation cost, water lifted per ocre and crop production

per acre is 22.4% and 7.8% less th,mthose with machine

power. Also we see that for lifting same quc:ntity of

wnter , man-Irr required is 4.27 times of hp-hr, and the cost

involved is 1.53 times with human r:JUsclepo~~er.
6.2 H¥V IRRIGATION-I.

6.2.1 HUSCLE po:mR JlS DIESEL POlJBR :

In 1l¥V - irrigatiGn. it is observed that - with muscle

power, the irrigation cost per c.cre is - Tk. 960/-, Water

~ilized per acre is 1200 X 103 gIns and crop p~oduction per

acre 'is 73 He!., ',lhereas,wi tilmachine pewer, the irrigation

cost per acre is 510/-jwater utilized per ccre is _ 3150xl03
glns.
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"':ld production ~er acre is 100 Md. as seen from figs.15,

17,

with

and 16, respectively. i,lso from fig.
6human muscle power, 2 X 10 ,;ullons

14, we see that

of water arc liftu{{

wi th an enorgy input of 2,750 mc.n-hr "nd with machine power,

the Same quantity of' water is lifted by ['.ne'nergy input of

720 hp-hr. i,nd it is seen from figs. 17 and 15 that the cost

involved to lift this quantity of-wnter is Tk. 1540/- and

Tk.320/- for muscle power anG ffiuchinepower respectively.

So, it is clear that with diesel power, average water

utilized and production per aCre is 162% and 37% mere

respectively than those with muscle power. But with muscle

power, the irrigation Cust is - 1.88 times than thatfor

machine power. Also we sec th,;:-.t f0r lifiting same quanti-ty

of water, man-hr required is 3.82 times of hp-hr required

and the cust involved with muscle rower is 4.82 times of
machine power.

6.2.2 HYV IRRIGATION-II

Diesel Power V5 electric power:-

It is observed from tuble-6 that ''lith<1i"sel paller,

the irrigation cos t is dcuble the,t of olec tric p"wer. Anti

from figs. 22 & 23, it is seen thnt with diesel power,

water utilized per acre i5- 1.~ X 106 and production per

acre is 40 Md and the figures for Glcctric power. are 6
1.8X 10

and 42.5 respectively. However, it is seen from fig~24

that cost of diesel is Tk. 160/- i,er aCre and the electricity
cost per acre is Tk. 90/-.
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6.2.3 STf,NDARD DEVIJ,TION 0F COST DJ.Ti.

In Potato irrigation the standard deviation of %
Irrigation cost (with rospect to crop value) is-0.747 for

human muscle power irrigation snd 0.302 for diesapower

irrigation (Table-7). So the dispersion is greater for

human muscle power irrigation.

In HYV-I irrigation, tho standard deviation ef %
irrigation cost is 3.922 with human ~uscle ppwer irriga-

tion and 0.912 with diesel powcr irrigation (Table-B).

In HYV-II irrigation, the stnncard deviation of %
irrigation cost is- 1.369 with diesel power irrigation

and 0.637 with electric irrigaticn(Tnble-9).

6.2.4 FARM -SURPLUS ,lITH ViolUCUS FAi{i&iETCRS

Considering Tables. 11,11 and 12, it is clear that

with human muscle power irrigation, Farm surplus starts at

farm size 1.75 acre; whereas wi th diesel power irrigation

farm size for surplus income is 1.39 acres unG w'i th n

electric power irrigation, farm surplus starts at 1.31 acrea

Fig. 28 shc,~s that ns the nUi:lbor cf bullccl(s increased

from 2 to 4, farm size required for surplus income increa-

sed from 1.35 acres to 1.65 acres.

Figs. 29 shows that 1~ith diesel pO>ler i+:,r,igati"",f'arn

Surplus decreased from Tk. 2750 to Tk. 650 as the number

of family members increa soc. frcm 4: to 10 for a f'nrm size
of 3.0 acres.

•

Comparing figs. 29 and 30 it is seen that for a f..,rrn
size of 3.0 acres and a family size of 4 mel,:bers-the farm
surplus/cap/yr. is - Tk. 2750 for diesel power irrigation
and Tk. 3000 for electricpow'er irrigation. iuld with sar~e
farm size, for a family size "f 10 ';lOmbcrs-the farr,1surplus
/cap/yr. is only Tk. 650 for di.esel power irrigation and
Tk. 750 for olectric power irrigation •
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6.3 EF:' ICIECY OF l':lhN 1,5 11 t-ll.CI-IINE

With data obtained in this investigations, it is

possible to v.attempt "n estiGute ef hur.:mnmuscle power

in comparison with other rclcvc.nt sources of energy.

A) FOTJ,TO IRRIGATION

From fig.5, we see that for lifting 100x103

gallons of water,

man-hr required = 265

and hp - hr. required= 62

The equivalente,

265 man-hr

or 1 man

therefore is-

= 62 hp-hr.

= O.233~ hp(~0r normal daily working

hour) •

B) HYV-I IRRIGATION

From fig. 14, we SGe th~t for lifting 2X106

gallons of water,

man-hr required = 2750

and hp-hr required = 720

So, equivalence becomes-

2750 man-hr = 720 hp-hr.
or, 1 man = 0.262 hp (for normal working hr).

Hence the assumption of tho power output of 1 man .:::-

¥o hp.(for normal worl,ing hours) Seems a reaaonable

quantit~tive relationship, in so far as irrigation energy,

sp"cifically-a is cOIlcerned.
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CHAPTER- VII

DIS C'JU S S I Q N

HUI\j.A.N MUSCLE FOUER YS DIESZL PC:J2H

Traditional meUwds of irrig"ticm using human musclo

power shew a fairly low efficiency o~ utilization. It is

nIse economically net sntisfnctc.;ry os is found from the

results of data on potato irricction. Results from the data

of HYV irrigatic;n requiring irrigati("n-~later au out 40

times than that of potato-irrigation point out about the

werst situation with tho hU~'1an,,",usclepower-lVhere the

irrigaticn C()st is about double thet of diesel power, but

quantity of water lifted is less then hclf and consequently

the produc tie:n suf~:f~rs. i-IO.,'lcve:r with m,uscle power irrign-

tion, capital cost is very low, th~rc is no institutional

problem.

Howevert if tllCEC traditicl101 systems can be sumcwhat

modified, and improved and the effort put in to lift wator

to the fields made less encrgy-co.lsu.rning t thi;rc can be n

significant increase in the irrigated area. Rosearch wer!;:

on traditiGnal irrigation implurr:unts r.lay have considerable:

effect on the cost-fnctor invclvcd.

7.2 DIESEL POUER VS ELECTlnC PCI;:;;"" ,lITH SU3SIDIZED HhTi:S
AVAILABLE.

Comparison of diesel and ll..l"ctricirrigntion under

this condition, sh;..;.wsth<:~tthe toto.l irrigc.tion cost

(including security dep0site, rental, electric connuctioIl

chnrge, labour cost, l~'aymont of gu.::rc1 nnd machincmnn, fuel

cost) is double with thesel than that of electric. The

average figurc:s on water utilizutic..n -:1nd crvp-produc tion

is somekhDt more with elcctric-irrigntion.However,the Crop-
production is also dCiHJndnnt en-Soil-fertility.
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Fi,RM SURPLUS iHTH DIFFEREN:l','IHHIGhTION METHODS

[

On determining the Farm Surp~us inco~e, it is found

that with human muscle power irrigntion,(irrigntion
"running C(,st" being considerCl!J~yhigher), to acheive

surplus income,a greater fClrm size than that for diesel

irrigation is required. ~ith electric pcwer irrigation,

farm surplus starts with a smaller farCl size and a higher
surpLus inee,me can be acheived.

The situation is better with tho human muscle pewer

for " small farm size, when it is cc'ml'nredwith other me-

thods of self-invested irri3"tion. From the view-point

of surplus-income,it is fe"ncI tc be economic to use these

traditional methods for " farm size of 2 Qcres than to

use II machine requiring high cnpitcl cost, even if' mnde
available at reduced promotion"l prices.

Use of electrical energy for irrig"tion purpose is

economic if rural electrification sche~es hnve uaterinl-
ized near the :far~stoad. For tho unelectrifiod arens, large
amount of eXIlenditure is required to bring in the ulectri-

cal Iaci.lities to the farmstead. ~lith sone realistic nssUL1p~ic

tiOllS made for dr"wing distribution lines to the farm itself

f'rern rural electrii'ication sehei:1cs existing in n. nuar1.>y

area,it is found that--to aeheive surplus ineome,o farm
size of m(;re than about 8 neres l'\Tou.ldbe rtecessary.

7.4 PROBLEMS IIlTH DIESEL FGdER:

The capital cost of a 15 hp, 2 cusec.diesol pump

is Tk. 30,000 and that Gf an electric purnp(s"me hp and

pump c"pacity) is Tk. 20,ob2/~ So, diesel pump h"s higher

capital ch"rges and also requires c8nsidorably skil~ed 01'0-

•
ration. With diese~ power, offective command area maY
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decrease s(~mewhat hcc().use of n lost 't.rorl<:ing hours due to

en£;ine trouble, iUndequatc ro:p2.ir fc:.ci.1ities, scnrci ty ot~

spare-parts and irregularity cO: fuel supply.

7.5 i.DVANT,\GEJ5 OF ELLCTHIC "'OIER

Electrical pumps may t~chcivo scr~lo\1hnt larger cor:tr.:1anu

areas with less engine brenltdolln, except fer powur intnrru-

pticn and have the advantuGe G~ neecing little attentiun
durins: the irrignticn sea-son" ~lcc.t;ricity ruduces the

operation cost to about half- whi<!lhis an incentive to

the farmers to eXFand the irriG",ted area,provid"d electri-

city is available to them.

7.6 F~OBnEMS WITH ELECTRIC ?OdER

7.6.1 ?HCBLEM OF 1,Vi,ILi.OILITY lJF ELi':C1"-UC FeUER

Through electric energy fer irrigation coues out to

be most economic and eft'iciont, the ho...:rs of avuilability

may be somewhat uncertain, too. There exists the adverse

situations of electric intorruptions, specially during the

stormy weather. The situati~n wcule be acgravated £urtller,.
reducing the availability factor con5i~crnbly, if, in a(I~i-

tion, a separate overhend C.istribution line is to be drawn

to the farm from the nearest distribution centre

or trDnsIoE~er stntion.

Therefore, f'<..rlarger farms and during peak sensons
of irr~gntioil, it would be ossential to keep an alternative

(Diesel Engines) to tnckle the s~tu~tion of lack uf availa-

vility "f electric energy. The problem of r.lanagoment of the

energy sources so as to secure optimum occncmic return

•

has been studied in detail in section 5.5. •
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7.6.2 PROBLEM OF TRANSMISSION LINE CGST
The other main problem lying with the electric

irrigation is the cost of tPansmission lines which is
(18)estimated as about Tk. 40,000 per pump • If a major

part of this cost is allocated to household and some

agrobased rural industries, electrically operated pumps

will perhaps become more economic than have been proved

in tl'f~''s.tudy.

It is to be remembered thnt the economics of electri_

•

cally operated deep tube wells hnve not been studied in this

work. In cases where electricity is available at the 1aros-
tead, and no transmission cc'st is involved, irrigation by

deep tube wells may also become economic •

•
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CHAPTER-VIII

CON C L U SIC N

L.1 CCNCLUSSIOliS:

From the present stud~i the fol1iwing coo.clusions cnn

be drawn :-
1. Troditional methods of irrigati0n using hunan rnusclu

power is less efficient I both in economy ~nd output of Horl,.

Their effliciency decrease.s further for irrigation of r- IV .,'.._-.- .'-.1--"

crops requiring more irrign tion 't'lat(,;r.

2. Research work is to/Sgne to r.JoC:ifythe techniques used

in the traditional methods to improve their efficiency end

to make less energy-consu~ing.
3. Diesel-irrigation costs morG than the electric power

irrigation. The comm.anu aren is likoly to be somewhat lower

with the diesel-engines due te engine-trouble, inadequate

repair faci~ities, scarcity of spare parts and irregularity.

of fuel suppiliy--resulting in non-operntion periods.

4:. Irrigation wi th electric pc..wur requir0s least opcrr~-

tie.-n cost-which is an incontive-.:to the f.:::.rmcrs to eXPand

the irrigated aren. Operation nne! rn.::intellc.nce" trouble is

less with electric power irris~tion.

5. Fer farm sizes upto 2 acres use of human muscle pC)\ICr

comes out to be &lore econcrnic than 'buyinS n mnchine for

irrigati0n, from the viewpoint cf achciving surplus

income.

6. When cost (Jf tran"sftlission lines is to be included,

for self-invested electric irris~ric~, a fnrm size of more

than about 8 acres may yield surplus income •

•
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7. For large farm sizes and during peak seasons of
irrigation, it would be ne4esscry to provide for nlturnilte

sources of irrigati(;n enersy as the nv~ilnbility factor (}f

electrical energy may tend to be Gcr.lOwhatlow, in conjunction

with a transmission line.
8. ~ith electric power and ~iGsel irrigntion in large

nre:ns, the commnnd area may increaso more t.:h;:n propDvtionn-

tely with respect to pump size,if the institu~ional problems

of management can be rninimizeu,speciclly whon a g~eup cf

farmers may be involved in the seme irrigation management

system.

8.2 SCOPE OF FURTH~R STUDY

Research work may be done to find modified techmiques

of muscle power .irrignti~n of increnscd Gfficio~cy.Use

of (kIlimal energy for irrigntiGn, sp_cinlly when excess

animal energy and surface water is nvnilnblc, may also be ~XK.;r

considered.

At present no data ~s ntta~nnble recarding tile ~xx~~~~\i~_.i:

availability faOtors of both electric and diesel irrisatiun.

i •.ssumed, but seemingly realistic ~a.tc.have been used in

this Stu9Y for evaluating irriGation by electrical enorgy.

Specially nnd it hus been neccssnry to nssune the snme type

of data for diesel irrigation too.

More precise reliability unta on rural electrification

schemes (specially for farm irriG",tion) ana eBsential to

work out correct methodology for farm irrigation energy
management •

•

•
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