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A MULTI-PERIOD PROGRAMMING MOL EL-SHOWING
THE POSSIBILITIES OF CAPITAL FORMATION IN
FARMING IN MAHARASHTRA AREA!

R. S. Savale

The concept of capital accumulation in farming may include availability of
increased levels of working capital [or purchase of fertilizers, manures, irrigation,
seeds and animals, which is considered to be a part of operating capital. An-
other aspect is the increase in the levels of immovable capital like additions to
buildings, water supply, machinery, fencing, bunding, fertility, etc. An economic
balance of these two types permits the farmer to produce at optimum level and
get maximum profits from the farm. The Farm Management Studies? in Maha-
rashtra indicate that there is too much investment in land (82 to 85 per cent), while
only 1.37 to 1.87 per cent was invested in farm buildings, 5.01 to 5.20 per cent
in implements and machinery and 9.70 to 10.97 per cent in livestock.® The
farms in general lacked in farm buildings, implements and plant protection ma-
chinery and working capital for purchase of seeds, fertilizers, insecticides and
fungicides and also for payment for additional labour.

The present study was taken up with a view to seeing the possibilities of ca-
pital formation and achieving a specified level of standard of living with existing
resources of the farmer and with borrowing a specified sum. Continuous plans
for a modal class farm in Nasik district were projected for a period of twelve years.
This class with a farm size 5 to 15 acres, included 43.8 per cent of total sample
farms, having 24.2 per cent of total cultivated area. Average size of farm family
was 6 members having 2.2 adult working units. Other resources included 1.6
acres of irrigated land, a pair of bullocks and Rs. 400 working capital.

The data used for this study were collected by the Government of India under
the Farm Management Scheme in Bombay (Maharashtra) State. Only the data
collected by cost accounting method from 80 randomly selected farms during
the year 195€-57 were used in the present study. Farm situations studied consider
cropping plans with different lcvels of working capital, for ten-acre partially irri-
gated farms with levels of irrigation varying from 16 to 50 per cent of total farm
size. Activities included in programming w:re 16 single crops and 5 double crops.

1. This paper is based on the author’s unpublished Ph. D. dissertation on farm Planning
and Possibilities of Capital Accumulation on Selected Farms in Nasik District of Maharashtra
State, India—An Application of Multi-period Programming Procedures, Kansas State University,
1964. The author expresses his gratitudes to Dr. Frank Orazem, Major Professor, Kansas State
University, Manhattan (Kansas), U.S.A. under whose guidance the work was completed
and also to Dr. (Mrs.) K. R. Bharadwaj for her helpful comments on the paper.

2. P.N.Driver and D. K. Desai : Studies in the Economics of Farm Management in Bombay
State, Report for the Year 1954-55, p. 44.

3. There is no specific optimum structurc of capital formation; but one has to consider the
relative aspects in the sense that there is always certain proportion of investment which permits to
realise optimum production with proper combination of resources. In carlier stages when capital
is limited, programming promises high prospective marginal net returns to ‘“‘working capital.”
The farmer would invest additional net returns in “working capital.” Later on when adequate
provision is made for it, expansion of irrigation facilities promises the highest marginal net returns.
But in later stages, with higher capital levels, prospective returns to both these resources become
limited and increase in the size of farm promises increased profits. Hence, an increase in acreage
of dry land in later stages of capital formation is recommended.
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The subsistence type situation forced the activities producing grain and foddes
so as to provide a specified requirements of grain (16.17 maunds) and fodder
(45 maunds) for the farm.

Analytical tools of budgeting, marginal analysis and linear programming
were used at different stages of the study. Budgeting was used to project living
and other fixed costs in farming. Programming was used to find out optimum
plans with various resource restrictions, while marginal analysis was used for
allocation of limited capital for various purposes by an individual farmer.

EXISTING STANDARD OF LIVING OF INDIAN FARM FAMILIES

The information gathered under National Sample Survey, Agricultural Labour
Enquiry and the Rural Surveys gives a fairly good idea regarding itemised living
expenditure of rural families in India. The data reveal that a very high propor-
tion (70 to 80 per cent) of total income is spent on food. Other items get a pro-
portionately smaller share. Average size of family is of five members and per
capita annual expenditure on food varies from Rs. 100 to Rs. 130. As seen
from Table 1, items like medicine, education, etc.. receive very little attention
in the family budget.

Knowledge of the requirements of food for the farm families may help to
formulate farm plans. Table I also gives an idea regarding the actual consump-
tion of food and what the experts recommend as a balanced diet. Comparison
of actual and balanced diet reveals that there is a large proportion of cereals in
the diet while the rest of the items are below the standard requirements. Most
of the protein requirements arc met through pulses. which are not at the required
level either. There seems to be a large gap in the case of both leafy and other
vegetables, fats and oils, milk, {ruits, fleshy foods and sugars. A high proportion
of cereals in food indicate both poverty and poor nutrition.

Suggested balanced diet proposes caloric requirements of over 3,000 for an
adult male unit. To achieve this standard, total expenditure per capita per year
will be Rs. 295.41 at the 1956-57 price level. The programming in this study
aims to achieve this lcvel of dietary standard. This indicates that the existing
expenditure on food of Rs. 100-125 has to be tripled within a period of 12 years.
1t is not only diet but also the general living standard that needs to be raised. The
plan should also provide for additional expenditure on other items, like clothing,
housing, education, medical care, ctc.

PROJECTED LIVING COSTS FOR AN AVERAGE FARM FAMILY

On the basis of the recommendations for a balanced diet, per capita annual
requirements of various items of food and total cost on food was worked out.
This suggests a sum of Rs. 295 per head per year for balanced diet. The sample
families consist of 6 members of which three are adults. Considering total re-
quirement of 3,000 calories per adult and 2,400 calories per child per day, the
family has 5.4 adult (1 child=0.8 adult units) units. Total expenditure for an
average family for food thus comes to Rs. 1,593. Starting with current expendi-
ture of Rs. 453 on food, the family should reach this level of balanced diet within



o 12 'd ‘7961 ‘1aquiaidas-AInf ‘¢ "ON ‘HIAX ‘TOA ‘SOUOUOIT [DNyNO1SY {0 JouInof upipuy ‘1§ Med (,‘elpuy Ul UOLJEn}IG UOULIIN put poo.,,
.oE::E:m.>.mzﬂvou_u.oci._ﬁonﬁ?oz“:oumuwomﬁmomuozmomogoOnmEE.wm-wvm—.a_vﬁiuoE&:Z"owm.m.Mc:m:wcwm.O.O.—

"Lp1°d ‘0961 ‘THAV ‘Dipup pany ‘URyisefey JO SeAIy [eINY OWOS UI GIsjjed 9Injipuad
-XH put awodu],, ‘Ysurg 100 ‘L "d ‘bS61 ‘Y MIN ‘BIPUJ JO JUSWITIOAOD) ‘OAI'T PUE YIOM A3Y) MOF[-—INOQ¥] [CIn}MoNSY : nunumwey ' o

1y 662 020°¢ 8y 6°0¢1 17 LT T : a a ®oy
m 79°8 ST sqf 9% Y44 T 0'¢ IL°0 v v v .. Aragdef pue Iesns
m 124! SI 'Sqf ¢°89 001 € 60 12°0 a o h o s)I0IA
m 006 08 spunvw ¢- [ 4! 14 L0T1 A o . . o Spoog Ys3ld
W 00" LS 0c spuneur ¢8°¢ 0s¢ or S'SI 18°C o B o SPNPOIA-NITN PUE JTIN
<
«nun SL"8C 0S sqf 9y 00§ C vL [4NY) o o a . SIIQ pUT S1T]
2 w 09 9 foz¢ A $2[qe1989A IO
~ 08'CT 8 spunewr ¢/°g 68 3
a J 09 14 Lo - " o $0[qe198aA AJeaT]
m 00" It el $ql §°89 00¢ ¢ 88 6£°C h o o a sos|nd
-9
W 00°'+9 91 spunews i 00%°1 4! L €CL 66°91 . . o S[ea13)
) e
=
= 8 L 9 S 4 € z I
A .

(punew
sy) Id (Aep 1ad ('sy)
junoure: sdadnr) juswaIInbas SILIO[ED $20UNO) 3500 (Aep 10d
1eI0L, BHARE) 047 A[BOX pajelnnsy  19Ip peoueleg  [enuuy $90Uno) wof
+191p paourreq +191p [NV

1S0D) TVANNY SI] HLIM LN 11INAY NV ¥0d IACF IONYIVE ANV TYNLOY 40 NOSTMYdWO)—T 478V,



32 INDIAN JOURNAL OF AGRICULTURAL ECONOMICS

a 12-year period. Intensive research on nutrition gives idea about balanced diet
but there is no specified standard regarding other items of expenditure in any
society. These are mostly conventional standards for each social group. The
projection of expenditure on various items will, therefore, be arbitrary, depending
mostly on preferences of individual farm family. A projection of various costs
for a 12-year period is shown in Table II.

MULTI-PERIOD MODEL FOR THE MODAL CLASS FARM

During the first year the farm operator has 8.4 acres of dry land, 1.6 acres
of irrigated land, 74 days of June-July bullock labour, 110 days of October-
November family labour and working capital of Rs. 400. The farmer can hire addi-
tional bullock and human labour if needed. He is a part of subsistence type of
economy and would not like to run a risk.of allocating all his resources for grow-
ing commercial crops. He, therefore, wants to include activities of growing cereal
grains and fodder crops to provide 16.17 maunds of cereal grains and 45 maunds
of fodder. Cropping plans for years 1 to 12 for a subsistence farm family are
given in Table III. This may be called a multi-period model of annual expansion
of farm plans by investing cumulative returns.

With given resources, the optimum plan for the first year will include the
following levels of activities.

Lucerne 55 oy i - .. 1.6 acres
Bajri-gram = A .. .. .. 6.99 acres
Bajri .. .. .. .. .. 0.23 acres
Groundnut - s .s .. 1.18 acros
Bullock labour hiring .. i . on T | day

. The plan for the first year offers a. net profit of Rs. 1,417 after deduction of
variable costs. This sum represents returns to the fixed factors, viz., the land,
capital, bullock labour and family labour. Dry and irrigated land, working ca-
pital and bullock labour are all scarce resources, while family labour which has
not been used up fully, is a free resourcc. Family labour as a free resource will
not affect the net revenue even though its supply is increased or even decreased
by eight days.® In case of scarcity of resources, the revenue will immediately
be increased or decreased as the levels of these resources change. During the

4. Source for inpul-output coeflicients, D. K. Desai @ Increasing Income und Production
in Indian Farming--Possibilities with Existing Resource Supplies on Individual Farms (Appli-
cation of Lincar Programming Technique}, The Tadian Socicty of Agricultural Economics, Bom-
bay, 1963, pp. 172-176.

5. In multi-period programming, the capital accumulated in previous periods can be utilised
in periods to come. The cxcess resources in onc stage do not form a constraint during that peried
due to Jower levels of other resources. In cnsuing periods, when levels of other resources are
increased by investing the accumulated capital from previous periods, then the free resource in
provious period may become scrace and form a constraint in programming. Out of 110 days of
available family labour, only 101.61 days were utilised for the above plan. All other resources
remaining constant, there was surplus of 8.39 days of humanlabour. The optimum plan suggested
above will therefore remain unaflected con thotuigh there wonld be redyction of 8.39 days from
actual subply of 110 days.
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{irst year, from the net revenue of Rs. 1,417 the farm fainily spends Rs. 765 for
living costs and Rs. 248 for deepening of existing irrigation well, and construction
of main water channels in areas which are to be brought under irrigation from
third year. The farm family has decided to take advantage of facilities for bor-
rowing from the Government for purchase of oil engine and a pumping set to be
installed on the existing well. This would facilitate bringing additional area of
3.4 acres under well irrigation. The deepening of well and minor repairs for
well are done by using Rs. 248 from net revenue from the first year. The expected
marginal net productivity for working capital is very high and a farm family prefers
to spend it in expanding irrigation facilities® rather than in increased consump-
tion. This leaves a total of Rs. 404 as working capital for the second year.

In the second year the resources are changed only in case of capital. There
is an addition of Rs. 4 in working capital. The total of Rs. 404 will be optimum
for the existing land resource. With the same restrictions, namely, producing
a minimum quantity of food and fodder, the plan for the second year should in-
clude following activities.

Lucernce - - 53 s .. 1.6 acres
Bajri-gram .. .. .. .. .. 7.22 acres
Groundnut .. .. .. E .. 1.18 acres
Bullock hiring - o "y 5 O day

There is no significant change in the plan because of the additional working
capital of Rs. 4. It, however, illustrates clearly the difference between a plan
baving limited capital and the onc having optimum capital. Scarcity of capital
forces more number of activitics in the plan. Additional capital has made possible
double cropping on 0.23 acre of land. Optimum capital thus serves as a double
boon. It permits intensive use of other scarce resources like land and labour and
also permits higher level of real activities.

Net revenue has increased only by Rs. 5. Marginal net productivity for the
last unit of capital is zero and hence it is not a scarce resource in this plan. Mar-
ginal net productivity of both irrigated and dry land has a large increase. Irri-
gated land has a shadow price of Rs. 578.74, which is nearly a 100 per cent in-
crease in value as compared to the first year plan. The shadow price 1or dry land
has also increased from Rs. 4.93 to Rs. 64.71 per acre. Family labour is still
a free resource. It can be used for intensifying activity of increased irrigation
facilities.

During the second year (see Table 11) the farmer spends the same amount
on food and other living costs. Total expenditure on living cost remains at the

6. 1tis onthe basis of expectation of realisation of net marginal returns from different resources
at a particular stage that the family has to decide its priorities of investment of additional net
returns. With limited capital, the marginal net returns in initial stages of development realised
from investment in irrigation facilities were very high. It would naturally induce any farmer
to postpone his desire for additional consumption. In later stages with availability of higher
levels of capital, prospective returns to all the resources become limited. Expansion in size of
farm and irrigation facilities were not possible due to technical and social reasons. The
farmer would then prefer to increase expenditure on consumption rather than in farming.
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level of Rs. 765. He spends a sum of Rs. 84 on remaining work ol deepening
the well and installing oil engine and pump. The remaining amount of Rs. 573
will serve as working capital for the third year. With the aid of new irrigation
equipment purchased for Rs. 4,000, borrowed from Government, he brings an addi-
tional area of 1.4 acres under irrigation.  His resource restrictions will now be
as under.

Irrigated land - v i . .. 3 acres

Dry land .. .. .. & .. Toacres
Family labour (October-November) 110 davs plus hired Tabour
Bullock Iabour (June-July) - 74 days plus hired labour
Cereal grain requircment 1617 maunds

Fodder requirement 45 maunds

Working capital - Rs, 573

The cropping plan for the third year includes increased level of lucerne. Vege-
tables-wheat replaces groundnut and level of bajri-gram has been reduced. It
is necessary to hire both bullock and human labour. The net revenue for the
planis Rs. 2,114, The farmer now wants to increase his cxpenditure on food by
nearly ten per cent. Even though he is entitled not to pay any instalment for
repayment of loan during this year, he prefers to pay Rs. 600 as a first instalment
and not to increase expenditure on food all of a sudden. This leaves a sum of
Rs. 839, which serves as optimum Icvel of capital l'or the expanded irrigation plan.
Marginal net productivity ol irrigated land is almost the same but that of dry
land has increased nearly three times. Conversion of part of drv land into irri-
gated land has resulted in scarcity of dry land

During the fourth year, the farmer brings two acres of additional land under
irrigation. Thus he has brought all five acres of land under irrigation, the ma-
ximum limit that he can achiecve. The resource restrictions now stand as follows :

Irriga.ed land .. 5 acres
Dry land .. 5 acres
Working capital .. Rs. 839
Bullock labour (June-July) .. 74days ™
Plus hired Jabour.
Family labour (October-November) .. 110 days

Programming by simplex method gives the farm plan, which specifies increased
levels of both lucerne and vegetables-wheat and decrease in level of bajri-gram.
The level of labour and bullock hiring has also increased. This will be the final
production plan for the farmer under subsistence conditions of farming. This
plan gives him a net revenue of Rs. 2,904. There is no change in the level of mar-
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ginal net returns for the scarce resources. Working capital requirements for all
future optimum plans will be Rs. 839. The {armer has now the wider choice of
disbursing his remaining revenue. He may increase expenditurc on food and other
items of living gradually; and pay the loan back by larger instalments, or pay
a minimum specified instalment of loan and spend the rest of the revenue for a
higher level of consumption. Ordinarily, a farmer would prefer to repay the loan
as early as he can and avoid abrupt increase in living costs.

The farmer therefore repays Rs. 1,000 as an instalment ol loan and increasces
his living costs by ncarly Rs. 200. This is nearly 20 per cent increasc over the
previous year's living mpcnditure, and is mainly in food and education. Therc
is no possxb:hty of increasing the farm size or irrigated area and the farmer would
now prefer to increase expenditure on fooed.

During the fifth year. resource restrictions and farm plan remain the same,
but there is a difference in allocating expenditure. He spends a sum of Rs. 350
for marriage of his daughter. This is a conventional need and his choice indi-
cator dictates him to spend this amount and repay only Rs. 725 as annual instal-
ment of loan. An increase of 40 per cent in food expenditure and anether 15
per cent in clothing and 50 per cent in medicines is a special feature dnrmg the
sixth year. He repayvs an instalment of Rs. 675 of loan.

The seventh. year’s plan indicates an abrupt increasce of 400 per cent on edu-
cation.” The eldest son, who completed his high school, was admitted to a college
and Rs. 200 were provided for hostel and miscellaneous expenses. This is quite
a scanly sum but the farmer will provide him grains, pulses and vegetables and
this amount will serve the purpose. This expenditure will be Rs. 300 each for the
ninth and tenth year. The secured income from farm would allow him to repay
the remaining instalments of loan by the end of eighth year and gradually increase
expenditure on food, clothing and other items of living costs as shown in
Table 11.

‘The loan of Rs. 4,000 borrowed [or purchase of oil engine and pumping sct
with interest at Rs. 4.5 per cent per annum will be all repaid at the end of the eighth
vear. The farmer is free from debt and not only owns the engine and pump but
has accumulated capital by way of increased capacity of well irrigation and has
also raised his living standard considerably. He now gradually increases his ex-
penses on food, clothing and education. He has educated his son which is also
a formation of capital as it would now give him continuous returns by way of his
earnings.

The farmer is, however, unable to reach the specified level of living standard,
if land is the only source of available income. The standard of living achieved by
him is, however, about 300 per cent higher compared to the first year of planning.
Budgeting procedure permits the farmer to allocate the resources and income
properly. If an unfavourable season reduces total revenue, he will adjust the

7. 'The priority order of investing additional capital was fixed as follows : (i) working capital;
(i1) expansion of irrigation; (iii) expansion of size of farm; (iv) social and conventional expenses;
(v) education; and (vi) increased consumption. The pnormes fixed for the last three items are
subjective but indicate a general trend while those for the first three items are based on the value of
marginal net returns from additional capital investment.
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,on plan accordingly. He, however, realises the importance of keeping
working capital for the coming vear.

ESSENCE OF MULTI-PERIOD PROGRAMMING

The study of the above farming situations shows two stages of analysis. Crop-
ping plans are established by the programming method, while projecting of living
costs and investment needs budgeting and marginal analysis. A good combina-
tion of these tools of analysis gives a closer approach to reality. Programming
plans for a particular year consider a static situation where resources remain
constant and one does not depend heavily on expectations. In multi-period
planning, accumulation of capital is possible. While projecting living costs,
the family applies its choice indicator in specifying amounts to be spent on indi-
vidual items. [f expectations of prices and yields turn out correct, the farm family
will spend on items of living costs as per their budget. But should the need for
additional capital arise, the family can curtail expenditurc on some items by post-
poning its purchases and use the funds as working capital. In the initial stages,
if the farmer feels that by expanding the area under irrigation, he can get addi-
tional income of, say, Rs. 800, he postpones the marriage of his daughter for one
vear. He is thus in a position to have both these things done without either finan-
cial loss or loss of satisfaction.

Lucernc and groundnut seem to be the most promising crops. However,
if several farmers grow lucerne it may decrease the price of lucerne considerably
as dairy expansion is not likely to keep pace with expansion of the area under
lucerne. Vegetables-wheat or cotton may, therefore, be the next best solution.
This will necessarily curtail a large part of net revenue.

I{ can be scen {rom the above discussions that with the existing resources of
land, labour and management of the farmer and permitting him to borrow only
once a sum of Rs. 4,000 for irrigation machinery, it is possible to accumulate ca-
pital in the form of increased irrigation facilities, irrigation machinery and ability
to maintain higher standard of living. It also permits him to educate his son at
the college level and thus provide a life long source of higher income in the family.



