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.1 J. SINCHTHE PURPOSE of this paper is to report the 

results of a dynamic regional model of 
agricultural production response, devel-

oped and applied to traditional agriculture, 
which (1) is based on the already tested notions 
of economic rationality and price responsive-
ness in traditional agriculture; (2) incorporates 
several categories of response forces already 
studied in the case of developed agriculture; 
and (3) includes in an essential way the features 
of subsistence production and household-firm 
interdependence that are central to the study 
of production response in traditional agriculture, 
Specifically, recursive linear programming and 
activity analysis are used to analyze and sim-
ulate the production, consumption, and invest-
ment decisions of subsistence farmers in a given 
region. The result is an improved understanding 
of the process of agriculture in transition and 
an operationally tested method for projecting 
future development, 

There is growing evidence of the recent trans-
formation of the agricultural sectors of such 
diverse economies as Israel, Nigeria, West 
Pakistan, India, the Philippines, Tanganyika, 
and Thailand [181. These vast agricultural 
transformations offer an excellent opportunity 
to enhance our understanding of the process of 
developmem, The purpose of this study was to 
investigate some of the factors and conditions 
responsible for one of these trarsiorrations, 
not in its generality, but in great detail. 

While agrict,"tural development remains at 
the center of development theory and policy, 
only recently has attention been given to the 
empirical investigation of its role in the LDC's. 
Though some investigations stress the impor-
tance of agricultural exports as a point of de-
parture in the LDC's, the more fundamental 
problems are those associated with agricultural 
,production response, since agricultural exports, 

whatever their role, cannot increase without an 

increase in agricultural production. 
A large part of the empirical work done so far 

on production response in the LDC's touches on 
a very important aspect: whether peasants in 
traditional or near-traditional agriculture re­
spond to market opportunities. These studies 
have shown that agricultural production of spe­
cific commodities in specific - DC's is price 
responsive, especially when a..count is taken 
of adjustment lags due to uncertainty and the 
quasi-fixity of capital stocks. They show that 
the form and direction of this response is con­
sistent with price theory, so that we can expect 
market incentives to play an important role in 
the transformation of traditional agriculture. 
These empirical findings clearly refute those 
v,ho believe that cultural and institutional re­
straints limit to insignificance aily responsive­
ness to market incentives and that the accepted 
notions of "economic" behavior cannot be ap­
plied to traditional agriculture., This study 
shows that it is possible to explain production 
response in traditional agriculture within the 
accepted framework of economic rationality. 

There are many detailed elements of produc­
tion response that have already been incorpo­
rated in regional production models. Among 
these are the interdependence of outputs using 
common inputs, technological change, changes 
in yield and acreage components in crop pro­
duction, uncertainty and adjustment over time, 
the relative interaction of inputs and output 
prices, the rates of investments in factors fixed 
in the short run, the aggregate supply of pro­
duction inputs, and planned or programmed 
policy actions [2, 4]. The relevance of these 
factors for the study of production response in 
traditional agriculture has not been fully ap­
preciated. It is one of the purposes of this study 
to correct this shortcoming. In addition it in-

The research for this paper was supported by thecorporates features of traditional ,0griculture:
Agricultural Development Council an.] the National Sci- "subsistence production" and the critical house­
ence Foundation under grants to Richard H. Day of the hold-firm interdependencies, a recognition of 
University of Wisconsin, to whom I am indebted for his which is necessary to give a complete picture
continual support. of production response in traditional agriculture. 

I. J. Singh is assistant prnfessor of economics and agri- I See [I] for references and summary of price response 
cultural economics at Ohio State University studies in the LDC's. 
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Activities of a Subsistenee Production Farm 
The notion of subsistence production . 

t hs
It has long been recognized that the farm 

combines two fundamental units of microeco-
heoic activity, the household and the firm.

The resulting interdependence has been an-

alysed for developed agriculture [2, 5, 10]; but 
while this is clearly of the essence in the analysis 
of traditional agriculture, its implications, with 

have not been understood.a few exceptions, 
Traditional agriculture is distinguished by the 
predominance of farms whose main character-
istics are (1) the dependence of the household 
upon the output of the farm to maintain family 
and animal labor and (2) the dependence of 
the farm upon the household for its labor re-
quirements. The former determines the degree 
of subsistence production (commercialization), 
that is, the proportion of production consumed 
or sold by the farmer; the latter, the degrce to 
which a farm is a family farm, that is, the pro-
portion of family (or hired labor) in the total 
labor input on the farm [13].

has several implica-This interdependence 
tions: (1) Production and consumption deci-

re-sions are interdependent, since subsistence 
quirements modify cropping patterns, prevent 
specialization, and affect t eamount and com-
position of the marketable surplus, thereby 

response to market profitability;dampening 
(2) consumption and investments decisions are 
interdependent since the former, through say-
ings and the marketable surplus, affect cash 
flows and determine the latter; (3) the avail-
ability of family labor plays an important role

in te coiceofechnque thu deermiingin the choice of technique, thus determining 

the composition and amount of investment and 

con-
the path of technological change. These o-
siderations suggest that in the study of pro-
duction response in traditional agriculture, an 
appropriate starting point for analysis is t 
activity of the subsistence production farm. i 

The farming household in traditional agri-
culture can be said to be engaged in a number 
of general economic activities throughout the 
year, such as purchasing, production, consump-
tion, sales, investment, and financial activities. 
These include "traditional" as well as "'new' 
activities which we wish to consider for analysis. 
Let us examine thcse activities in greater detail, 

Purchasing activities 
Purchasing activities include the use of hired 

labor, animal draft, and tractor hours on the 

farms in the region. These activities are asso­
ciated with the use of variable inputs, which 
may be purchased but are not likely to be unless 
near-perfect owned substitutes are exhausted 
(as in the case of labor), or with the use of owned 
inputs that require complementary cash inputsfor their use (as in the case of tractors and an­
imal draft). The use of these inputs depends 

1) The rae p s their relativ 
()their
upon()thei relative ses, 

productivities in the alternative uses, (3) their 
the avail­aggregate regional supply, and (4) 

ability (existing capacity) of owned substitutes. 

Production activities and technological change 
Production activities are those that trans­

form owned and purchase. inputs into outputs 
and are measured in acreag.s sown to important 
crops in the region. They include: (1) crops 
grown during two seasons in the croppig year 
-Rabi (winter) and Kharif (s-,irimer); (2) 
crops grown on irrigated and unirrigated sail 
conditions; (3) both traditional and new high­
yielding crop varieties; (4) crops grown for fod­
der purposes; and (5) production under two 
technologies for each crop activity-traditional 
(bullock-operated) and nodern (tractor-oper­
ated). These production activities use variable 
inputs, quasi-fixed capacities, and land of dif­

yield final crop outputsferent qualities, and 
measured in yields per acre. 

Since crop production iscarried out by the 
performance of agricultural tasks, these are rep­
resnted by "intermediate production" activ­
ities in the present model. Eacb intermediate 
production activity has associated with it the 

use o ai its he cst of in a 
use of various inputs, the cost of performing a 
standard unit of a task, and an intermediate 

output of a unit of the standard task. The pro­
duction of final crop outputs then involves the 
use of several intermediate task outputs by the 
production activities. 

Intermediate production activities provide a 
quantitative dimension that allows us to view 
technological change as incorporating (1) the 
inclusin (or exclusion) of certain agricultural 
tasks, (2) a change in the way in which tasks 
are performed, and (3) a change in the level of 
input use by the tasks. In this manner it is pus­
sible to examine the impact of strategic inputs 
such as water (through irrigation task activities); 
inorganic fertilizers (through fertilizinS activ­
ities); the use of new power sources (by incorpo­
rating the diffeient ways in which task activities 
produce intermediate outputs); and the adop­
tion of new high-yield varieties (by considering 
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them!as separate production activities).' The 
process of technological change is viewed not as 
a replacement of a traditional technology by a 
new, modern technology but as a task-by-task 
choice by farmers in the region over time. 

Another crucial feature that has to be incor-
porated is the seasonal use of various inputs, 
since agricultural operations are time inelastic, 
A given input available at two different times 
of thelcropping season has to be considered as 
several different inputs. This feature is included 
by giving the purchasing activities a time sub-
script and considering labor, animal draft, and 
machine capacities during different periods in 
the cropping year. 

Consumption activities 
Consumption activities incorporate the na-

ture of subsistence production in terms of the 
amount of foodgrains and partly processed out-
puts (sugar) retained for consumption by the 
household and fodders planted for the main-
tenance of livestock and draft animals. These 
consumption requirements are exogenously es-
timated' and are viewed as a constraint in terms 
of the minimum amounts of certain final crop 
outputs that have to be grown in any region. 
Consumption activities have no direct costs, 
but have opportunity costs in terms of possible 
profitable crop outputs foregone. 

Investment activities 
Investment activities are associated with in-

vestments in quasi-fixed inputs leading to the 
rep menti a-id additions to the capital stock.replacement o the italnstowerThey consist n aof new powerof the purchase 

sources whose profitability is based upon a net 
cost calculated on a payback principle [6]. In-
vestments then become profitable if additions 
to capacity generate enough cost savings in 

vest prices. The cash generated from current 
sales is then available to meet jointly the re­
quirements of activities in the following year. 
The decision to sell is viewed as the outcome of 
two decisions, the decision to produce and the 
decision to consume out of production with no 
inventories other than those in the form of crop 
outputs retained for annual consumption. 

The financial activities include (1) a banking 
activity that allows farmers to "save" excess 
cash available over cash used at a nominal in­
terest rate which is then available with thfJ 
accrued interest in the following year and (2) 
a borrowing activity that allows farmers to bor­
row working capital at the going interest rate, 
which then has to be repaid along with the ac­
crued interest in the following year. Other finan­
cial cash transactions such as nonfarm cash 
incomes and cash expenditures for consumption 
are estimated exogenously and are added to or 
subtracted from the cash a-..'!able for the fol­
lowing year. 

These activities are incorporated in a recur­
sive programming framework in which decisions 
are presented as maximizing an objective func­
tion each year, subject to a Jet of constraints 
that partly depend upon pn:vious year's de-. 
cisions. The next two sectiois briefly describe 
the objective function and th, constraint struc-. 
ture.4 

The Objective guntion 
The subsistence farmers in a relatively ho­

mogeneous farming region carry out their ac­
tivities with two ordered objectives in mind,the foremost objective being to meet familyrequirements for food and animal requirements 

reen tfo rfo od and aima me s 
f fodder; once these have been met, to mini­
mize short-run cash costs. This decision rule
 
differs from that of a firm minimizing cash costs 

terms of the production or intermediate pro- in three instances: (1) The first-order co-.ump­prducionor nteredite 
dnction activities that use these capacities. In-

term o l~e ro-tion requirements act as a constraint upon cost 

involve a
vestments tso cash outlay for their

purchase 


Sales and financial activities 
Sales activities involve the sale of marketable

surplus for cash when outputs are sold at bar-

I For a detailed exposition of the notion of intermediate 
outputs, standardized agricultural tasks, and technological
choice, see [171; to see how these are incorporated into a re-
glonal programming model, see 1161. 

'The main determinants of the consumption of sukh-
tence crops w,.re found to be the size of the household and 
the amount of the output of the crop [15]. 

a c u
minimization; (2) the use of family labor is
given a zero cost in the function, its annual 
costs of maintenance being fixed; and (3) the 

use of animal draft includes only variable costs 
(concentrates and additional fodder given when
animals work), since annual maintenance costs 
are also fixed. 

The cost coefficients for the objective func­
tion include the variable cash costs for labor 
hired (if any), tractor hours used (fuel and 
other costs), and animal draft used (variable
cash costs) for the purchase activities; the costs 

4For a detailed exposition of the model, see [16]. 
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of seeds and manure for the final production 
activities; the costs of performing a given Stan-' 
dard task for the intermediate production ac-
tivities; costs estimated on a payback principle 
for the investment activities; harvest prices of 
crop outputs for the sales activities; and the 
appropriate interest rates for the savings and 
borrowing activities-all lagged one year to 
represent simple price expectations on the part 
of the farmers.' 

The Constraint Structure 

The constraint structure includes three broad 
categories: (1) resource constraints, (2) be-
havioral constlaints, and (3) financial con-
straiuts. 

Resource constraints 
Resource constraints include constraints up-

on the regional availabilities of (1) variable in-
puts such as family labor, hired labor, fertilizers, 
and animal draft; (2) quasi-fixed inputs in the 
form of available capacities of various power 
sources such as tractors, tubewells, threshers, 
cane crushers, which change with both invest-
ments and physical depreciation; and (3) fixed 
inputs of various qualities of land and the amount 
of canal irrigation available in the region.' The 

.strong seasonal use of inputs is accounted for 
by considering lab-r, anImal draft, and quasi- 
fixed capacities during seven different periods in 
the cropping year, while land and canal irriga-
tion availabilities are considered for the summer 
(Kharif) and the winter (Rabi) cropping sea-
sons. 

Behavioral constraints 

Behavioral constraints describe the elements 
of response to uncertainty, adjustment through 
time, adoption, and learning behavior that mod-
ify the response to economic opp,rtunity, and 
include three broad categories: (1) 01-xibility 
constraints, (2) adoption constraints, and (3) 
consumption constraints. 

The flexibility constraints place both an up- 
and lower limit on the extent to which sub-
Ace farmers are willing to change their out-

itof any given crop in response to profitability 
In any one year. This cautious response to 
changes in profitability may be due to (a) ex-

6The use of a more complete price expectation model is 
also possible and isunder investigation. 

I Canal irrigation is an example of fixed regional resources 
available to farmers that can be changed by policy decisions 
with regard to infrastructure, 

pectations that the changes may be short­
lived; (b) a desire to diversify crop portfolios, 
to avoid risk, given the nature of subsistence. 
Flexibility constraints express the farmer's re­
sponse to risk and uncertainty and can also be 
viewed as an approximation of a nonlinear ob­
jective function in a linear model.7 

The adoption constraints account for the fact 
that when a new activity is introduced, even 
if it is profitable and remains so, it is not adopted
immediately. Both the investment in new 
power sources and growth in the acreage of new 

crop varieties are constrained by an upper limit 
to express factors such as learning, experience, 
cautious behavior, and innovative leadership. 
The adoption constraints describe an s-shaped 
path and depend recursively upon the previous 
year's level of adoption. Such adoption paths 
are not peculiar to traditional agriculture but 
are also evident in modern agriculture and in­
dustry [6, 111. 

The consumption constraints describe the 
limitation imposed by the need to produce 
family and livestock requirements on a sub­
sistence farm and are included in the form of 
lower constraints upon the amount of output 
inr certain crops.' These consumption con­
straints are peculiar to subsistence agriculture 
and limit specialization and response to market 
profitability. 

Financial constraints 
Financial constraints are of two types: (1) 

an upper limit upon the total amount of short­
term working capital available from various 
sources and (2) the constraint upon cash avail­
able for carrying out the activities that use 
cash by the total cash generated in the previous 
year through sales, savings, and nonfarm cash 
incomes, less any cash consumption expendi­
tures and the repayment of previous years' 
borrowings of working capital. 

Model Summary 

The model is computed by setting up a linear 
programming problem for a given initial year 
and a solution that maximizes the objective 
function obtained. The results from this solu­
tion are then used to estimate a new set of con­

7 or the use of flexibility con ts, see [4], 112], and 

114]; for a theoretical justification of their use, see [3]. 
8This isonly one way to include subsistence production. 

An alternate formulation involving a recursive dependence 
(,nendogenous levels of outputs and incomes generated by 
the model is being investigated. 
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straints for the objective function, constraints 
that depend recursively upon the previous 
year's decisions; and along with exogenous in-
formation on input and output prices, the prob-
lem is set up for the next year and new objec-
tive function maximized. Certain activities and 
constraints are introduced only when they be-
come available to farmers in the region (such 
as new varieties, inorganic fertilizers, and new 
power sources).9 

Summary Results for Central Punjab, India 
(1952-1965) 

The tremendous growth during the past two 
decades in total output and productivity in 
East Punjab (India) and especially the central 
five districts-Central Punjab-has been widely 
and repeatedly reported [7, 8, 9]. What has not 
been reported are the tremendous 'tructural 
changes that have accompanied this growth 
and have slowly but surely transformed the 
traditional agricultural economy. The r.l.p. 
model described here has made it possible to 
explain precisely this structural transformation 
in terms of the economic variables and the en-
vironmental conditions that operate at the farm 
level, 

During the 14 years for which the model 
was computed, four aspects of this transforma-
tion are clearly delineated: (1) investments in 
new pow- r sources; (2) the consequent change 
in farm technology; (3) structural shifts in 
labor use; and (4) commercialization of the sub-
sistence production sector. These results are 
now briefly reviewed. 10  

Investments in new power sources 

The traditiona. inputs of peasant agriculture, 
labor and animal draft, are being complemented 
by the use of new power sources. Tremendous 
investments in tractors, tubewells, and power 

arethreshers are predicted by the model and 
partly shown in Figure 1. According to the 
model, the number of tractors in use has in-
creased sevenfold, the number of tubewells in 
use nearly twelvefold, and the number of 

even though the lastthreshers over fourfold, 
introduced only in 1963. Investments inwere 

power cane crushers increased between 1952 
and 1955; but no additional investment oc-
curred again until 1959-60, after which invest-

9 For a detailedexposition of the methodology of recur-

sive linear programming, see [4]. 
10For details, P,= !ccompanying charts; for detailed 

model results, see [161. 

ments again fell to zero. The index of use showed 
a similar trend, with an increase in the first 
three years followed by a continual decline al­
most to zero by 1965. This indicates that the 
adoption of labor-saving power sources has not 
been across the board and that in some cases 
their use has actually declined. This has a bear­
ing on the choice of technique, since power cane 
crushers are profitable to use only when labor 
has to be hired during the period of cane crush­
ing (November to March). With the growth in 
population and availability of family labor and 
a decline in the total amount of cane crushed, 

there has actually been a reversal in the adop­
tion of labor-saving technology and the mech­
anization of this task. 
Change in farm technology 

of new powerThe investments and the use 
sources predicted by the model show that the 
trend in mechanization does not lie on a bal­
anced growth path. The choice with regard to 
technique is made task by task. Durin' the 
period studied, this choice led to an investment 
pattern oriented towards the performance of 

specific tasks-tractors for land preparation, 
sowing, and transportation; tubewells for irri­
gation; and threshers for threshing. 

Figure 1 shows the indices of total gross arer. 
sown, and Figure 2 shows total standard units 
of land preparation, irrigation, cane crushing, 
and transportation used in the region, and the 
indices of the performance of these tasks by 
labor-saving technologies along with the per­
centage of the total task use mechanized (1952 
is the base year). 

The index of the total gross area sown has in­
creased by 37 percent in the period, but the 
index of area sown by tractors has increased by 
363 percent while the percentage of total gross 

by tractors has increased from 7.7area sown 
percent in 1952 to 25.6 percent in 1965. The 
indices of total land preparation, irrigation, and 
transportation increased by 46 percent, 39 per­
ctnt, and 396 percent, respectively, while the 
indices of the performance of these tasks by 
mechanized means increased 384 percent, 501 
percent, and 336 percent, respectively. The per­
centages of land preparation and irrigation per­
formed by mechanized means increased from 
11.3 percent to 37.3 percent for land prepara­
tion and from 15.8 percent to 68.3 percent for 

to 68 perceation from 152 
1952 to 1965, in the latter caseirrig 

totally replacing the traditional Persian wheel 
The in­as a means of irrigation by tubewells. 
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dex of total cane crushing declined, as less To summarize, the pattern of change in farm 
sugarcane output is being processed on the technology predicted by the model indicate,,,. 
farms and more being taken to sugar mills; that technological change is task oriented; that 
but the percentage of cane crushed by diesel it does not consist of the total replacement of 
declined from 35 percent in 1954 to 5.2 percent a traditional tecimnological set (bullock-labor: 
in 1965. intensive technoltgy); that it consists rather of 
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a task-by-task replacement leading to a period 
of transition during which labor-saving and 
labor-using technologies continue to be juxta-
posed in a "hybrid technology" whose compo-
nents depend upon the detailed cost structure 
of operations and whose proportions change over 
time. 

Annual and seasonal labor usC 
Figure 3 shuws the index of total annual 

labor use predicted by the model along with 
labor use in selected periods of the cropping 
year. Total labor use declined from 1952 to 
1961, during a period of growth in output due 
to the adoption of labor-saving technologies, but 
has shown some increase from 1962 to 1965 
because of an increase in total output at an 
even higher rate. Annual labor use as a per-
centage of total labor available declined from 
63.4 percent in 1952 to 48.6 percent in 1962, 
but increased to 54.4 percent by 1965. Sim­
ilarly, annual labor use as a percentage of family 
labor available declined from 82.2 percent in 
1952 to 63 percent in 1962, but increased to 
70.5 percent by 1965. Using the often misused 
measure of "labor surplus" on the basis of an-
nual availabilities, anywhere from 52 to 36 
percent of the total labor and 37 to 17 percent 
of the family labor is "surplus" in the region. 
The problem with this measure is that it does 
not take account of the seasonal distribution 
of labor use. 

When labor use is examined during different 
periods in the cropping year, the model projects 
a far different picture. The index of labor use 
increased substantially for ;ome periods (dur-
ing the periods of summer land preparation 
and planting, winter harvesting, and transpor-
tation), increased only moderately in others 
(during the period of summer irrigation and 
winter planting), but declined substantially in 
others (during the p,.riods of summer harvest-
ing, winter irrigation, and sugarcane harvesting 
and processing), even though total output and 
acreage sown increased substantially. (Figure 2 
shows indices for period V (winter irrigation) 
and period VI (winter harvesting) and for total 
annual labruse.) 

If we examine seasonal labor use in relation 
to total and family labor availabilities, we do 
not get the same results as those predicted by 
annual labor use. The model shows labor is 

very scarce in some periods. "occasionally 
scarce" in others, "slack" in some, and "very 
slack" in others, when measured in terms of the 

amount of family labor available in any period. 
In periods when labor is very scarce and family 
labor is exhausted, labor has to be hired in order 
to perform the tasks. This seasonal scarcity 
explains in part why technological change is 
task oriented and why mechanization occurs 
in an apparently labor-surplus economy. Though 
the demand for total labor has increased only 
slightly, changes in the cropping patterns and 
the technological mix have brought about a 
structural shift in the demand for labor in the 
region. Not only have seasonal labor shortages 
brought about technological change in some 
cases, but in its turn technological change has 
allowed an increase ii. total output and resulted 
in an increase in the demand for labor in some 
periods that would otherwise not have been 
possible. In the period of transition, mechaniza­
tion per se does not imply a reduction in the 
deman,' for labor. 

The commercialization of 
traditional agriculture 

The growth in total output and productivity 
in the last two decades, which has been ac­
companiedbyincreasingmechanization,changes 
in farm technology, and structural shifts in the 
!emand for labor, has also been accompanied 

by an increasing commercialization of the 
agricultural sector and a shift away from sub­
sistence production. This increased participa­
tion in the market economy is predicted in the 
model by (1) an increase in both the amount and 
the percentage 'f the marketed surplus for 
major crops in the region and (2) an increase 
in the use of nonfarm inputs. 

Figure 3 gives the indices of total production, 
marketed surplus (sales) and consumption of 
wheat and sugarcane from 1952 to 1965 pre­
dicted by the model." The index of the produc­
tion of wheat increased by 14 percent and the 
index of sales increased by 273 percent, while 
the index of the consumption of wheat remained 
fairly constant. The marketed surplus of wheat 
as a percentage of total production increased 
from 53.4 percent in 1952 to 80.3 percent in 
1965, indicating that whereas 47 lpercent of the 
prod,_cion of wheat was for subsistence in 1952, 
only 18 percent of the production was for the 
same purposes in 1965. The predicted results 
Aor sugarcane are more dramatic, for while the 
inde- of production increased by 138 percent, 

n The model included all major crops in the region­
wheat, grw ., barley, winter fodders, maize, rice, ground­
nut, cotton, millets, and sugarcane. 
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the index of sales increased by 336 percent,
the percentage of sales to total production in-
creased from 45,5 percent in 1952 to 83.5 per-
cent in 1965, and the percentage of subsistence 
production dropped from 55.5 percent to a bare 
16.5 percent-a tremendous shift towards pro-
duction for the market. The index of consump-
tion of sugarcane in the form of processed gur
(brown sugar) actually declined from 100 in 
1952 to 72 in 1965, showing a sub!'titution of 
factory sugar in the diet. Similar results were 
predicted for all the major crops-maize, rice, 
groundnut, and cotton (American). 

With an increase in the use of tractors and 
diesels as power soarces, the total consumption 
of diesel fuel increased nearly five fold from 
11.4 million litres in 1952 to 55.5 million litres 
in 1965 (Figure 3). At this rate of growth in 
consumption, in the years to come the avail-
ability of petroleum products could act as a 
serious constraint upon the adoption of these 
power sources, since India is short on petroleum 
resources and has to import them. 

Another component of the increased use of 
nonfarm inputs predicted is the increase in the 
consumption of nitrogenous fertilizers, whose 

consumption increased twelvefold (Figure 3)
from a mere 1.6 :-Illion kilograms of nutrient 
equivalents of nitrogen in 1957 to 20.4 million 
kilograms in1965; and the demand is insatiable 
at currently subsidized prices, with the increased 
adoption of new varie'ets and increased use of 
water. The model ';Iowed that the only con­
straint upon the use of nitrogenous fertilizers 
was their total availability. 

Conclusions 
These substantial structural changes in in­

vestment patterns, farm technology, labor use, 
and market orientation predicted by the model, 
along with the unprecedented increases in total 
output, have spelled the content of the green 
revolution in the Punjab. The model is based 
or. the assumption of rational economic be­
havior and uses the standard tools of economic 
analysis to generate the past development of 
the agricultural sector in a selected region, and 
is able to explain observed phenomenon of the 
transformation process. It is reasonable to ex­
pect that the model will also be capable of pro­
jecting possible future transformations under 
alternative policy assumptions. 
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