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PETER KILBY AND BRUCE F. JOHNSTON* 

THE CHOICE OF AGRICULTURAL 
STRA TEGY AND THE DEVELOPMENT 
OF MANUFACTURINGt 

There are many perspectives from which to describe the process 
of economic development. When the subject to be studied hinges significantly on 
intersectoral relationships, as in this instance, the most illuminating framework 
is that of structural transformation. Structural transformation is that process by 
which the proportionate share of agriculture in labor employed and national out
put diminishes and that in other sectors rises as per capita income grows. It is 
particularly useful for exploring the present topic because the commodity flows 
between agriculture and manufacturing are synchronized with labor transfers and 
increases in farm purchasing power. 

STRUCTURAL TRANSFORMA nON 

What factors are responsible for the decline of agriculture as per capita na
tional product rises? While a good part of the shift in a country's population from 
the countryside to the town is explained by the relatively greater demand for non
agricultural goods and services as income increases, a more fundamental factor 
is increasing specialization in all productive activities. This process of division of 
labor induces a transfer of many activities from the household economy to special
ized external producers: the making of clothing, utensils, furniture, weapons, 
jewelry, the processing of crops, the construction of houses, other buildings, and 
boats. Nor is the transfer of these tasks out of the farm household limited to the 
production of hard goods: "fetching water, gathering fuel, educating, litigating, 
adjudicating, healing, regulating individual conduct, propitiating the Deity, 
waging war and governing are increasingly turned over to public utilities and 
oil companies, and to teachers, lawyers, judges, doctors, policemen, priests, sol
diers, and congressmen" (4, p. 178). In this way the functions of agriculture are 
gradually pared down to the single activity of growing raw materials. 

• Mr. Kilby is Associate Professor of Economics, Wesleyan University. 
. 1- This is a revision of a paper prepared for the Food Research Institute's conference on Strate-

glcsJor Agricultural Development in the 1970s. It has benefited in no small measure from the sug
gestIons of our discussant, Paul Clark. The research on which this paper was based was supported 
by a grant from the Ford Foundation for a study of rural development and structural transformation. rhe authors also wish to express their appreciation for a grant from the Rockefeller Foundation that 

nanccd earlier visits to Taiwan, India, and West Pakistan during the summer of 1969. 
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Ongoing differentiation of productive activity necessarily entails market ex
change and expanding dependence on inputs purchased from other sectors. More
over, progressive specialization gives rise to increasingly efficient organization, 
the introduction of more productive technologies, and greater application of capi
tal equipment. Thus productivity and per capita income rise as structural trans
formation proceeds. 

In the context of designing a strategy for agricultural development in pre
dominantly agrarian economies, the critical factors limiting the pace of structural 
transformation are technological capabilities, investable funds, foreign exchange, 
and the level of farm purchasing power. It is our argument that a "unimodal" 
agricultural strategy aimed at the progressive modernization of the bulk of the 
nation's cultivators, as contrasted to a "bimodal" crash modernization effort con
centrated upon a small subsector of large-scale mechanized farms, minimizes the 
extent to which the above constraints impede the process of transformation. It 
does so through its effect on: (i) the disbursement pattern of farm cash receipts, 
(ii) the allocation of investment resources, (iii) the kinds of new technological 
knowledge that are produced, and (iv) the proportion of the nation's producers 
that has access to the new modes of production. 

The four variables are not entirely independent of one another. A given size 
distribution of farms is associated with a particular range of distributions of farm 
purchasing power; the latter, in turn, is a principal determinant of who has access 
to new technology. The market allocation of investable resources is likewise con
nected with various magnitudes related to farm sales such as the availability of 
collateral assets and the ability to service loans. Finally, research and development 
activities are to a considerable extent molded by the kinds of problems that are 
being encountered by the bulk of the nation's commercial farmers. In this paper 
we are concerned with the linkages between agriculture and industry and will 
confine our attention to the disbursement pattern of farm cash receipts. We will 
attempt to show that, paralleling its effects in the farm sector, a unimodal agri
cultural strategy contributes to a more desirable pattern of industrial develop
ment in terms of employment, output, and the diffusion of technical knowledge 
than results from a bimodal strategy. 

Before proceeding to the specific linkages between farming and manufactur
ing under various strategies of agricultural development, it is necessary to explain 
how the farm purchasing power constraint operates, limiting both the rate at 
which nonagricultural sectors can grow and the speed at which biological and 
mechanical innovations can be introduced into traditional agriculture. A simple 
arithmetic exercise for India and Pakistan illustrates the mechanism. With 30 
percent of the population living outside of agriculture in both countries, only 30 
percent of farm output can be sold outside of agriculture; if we allow for the ap
propriate fraction of production going to exports the share rises to about 33 percent. 
Making some rough allowances for the effects on consumption of higher incomes 
of urban consumers and for nonfood sales, the proportion might approach 40 per
cent.l Given agriculture's share in net national product (NNP) as 50 percent, this 

1 Attributing half of the increment to higher food demand, we are imputing a differential ur?an 
per capita consumption of 15 percent valued at farm gate, i.e., exclusive of the additional proceSSIng 
and transport included in the urban retail price. 
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means that aggregate expenditures by the farm sector for externally supplied goods 
and services will be in the neighborhood of 20 percent of NNP. 

As structural transformation proceeds, important changes in the intersectoral 
commodity flows occur. Under the dual influence of a rising marketed share of 
farm output and rising per capita consumption of food, the absolute volume of 
cash receipts, and hence farm purchases from other sectors, rises. However, the 
value of these purchases as a percent of NNP falls owing to the dominant effect 
of the declining share of primary products in national output. Because the manu
facturing sector is very small in the early stages of development, less than 10 per
cent of NNP, agriculture's purchases have their maximum quantitative impact 
on industrial development during this period. Finally, under the influence of the 
modernization of agriculture and the emergence of a technically mature manu
facturing sector, average cash expenditures by the individual farm rise sharply 
and changes occur in the types of farm equipment and consumer goods that are 
demanded. 

Farm Household Expenditures 

In analyzing the effects of farm cash disbursements on the development of 
other sectors in the economy, we distinguish five components: 

(a) taxes, 
(b) acquisition of financial assets, 
(c) payments to factors of production (wages, interest, rent), 
(d) current inputs and capital goods employed in production, and 
( e) final consumer goods and services. 

Categories (a) and (b) represent agriculture's "monetary savings" from which 
most of the capital transfers to other sectors derive. Of the factor payments, cate
gory (c), the bulk of wages and rent are typically intrasectoral payments, whereas 
interest on borrowed funds accrues to financial asset owners both within and out
side of the farm sectors. Only the final two components in the disposition of farm 
cash receipts represent intersectoral commodity flows, and they too include pay
ments for products which originate in the farm sector such as unprocessed feed 
and seed and certain foodstuffs. Agriculture's backward linkages to manufactur
ing, along with payments for distribution services, are contained in (d) and are 
comprised for the most part of chemicals, farm equipment, irrigation pump-sets, 
and construction materials. The "final demand" linkages from agriculture to 
industry for consumer goods make up category (e). 

There is one further, and very important intersectoral commodity flow involv
ing agricultural produce which is not picked up by either farm cash receipts or 
expenditures. This is the value added to the farmer's food and fiber after he has 
sold it and before it reaches the final consumer. In addition to marketing proper, 
these services include processing, storage, transport, and distribution; their value 
is the difference between farm receipts and farm produce at retail or f.o.b. prices. 

The data available for studying disbursement patterns come from farm house
hold surveys. While the empirical expenditure classifications are not in every case 
clearly assignable to a single analytic category and do not partition payments 
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TABLE I.-FARM EXPENDITURES ON PRODU.CTION AND CONSUMPTION 

IN TAIWAN AND CENTRAL UT,TAR PRADESH, 1967* 
(u.s. dollars, per farm for Taiwan, per acre for Uttar Pradesh) 

A: Taiwan, Average Cash Farm Expenditures, 1967 (mean farm size 2.5 acres) 

(a) Taxes 62.15 (d) Production (e) Consumer goods 
expenses 410.75 and services 630.60 

(b) Financial Fertilizer 142.98a Food 228.63 
assets 80.48 Agricultural Clothing 56.22 

chemicals 37.15 Furniture 7.88 
(c) Factor pay- Seed 18.68 Electricity 28.60 

ments 146.00 Feed 93.15 Medical 61.55 
Interest 28.40 Livestock 25.50 Education 50.00 
Rent 12.30 Irrigation fee 31.15 Ceremoniesb 83.02 
Wages 105.30 Buildings and Social 41.28 

equipment 54.52 Transport 14.22 
Other 7.62 Other 59.20 

B: Uttar Pradesh, Expenditures per Acre on 120 Progressive Farms 

Item 

Wages 
Production expenses 

Fertilizer 
Seed 
LivestockC 

Irrigationo 

Machinery and equipmentO 

Consumption 

Under 10 

17.22 
31.50 

1.96 
2.80 

18.48 
7.84 

.42 
34.02 

Farm size (acres) 

10-30 

14.70 
53.90 
7.28 
2.24 
8.26 

25.34 
10.78 
49.14 

Over 30 

15.26 
71.96 
9.80 
3.50 
7.14 

16.38 
35.14 
34.86 

.. Excludes all consumption in-kind and family-supplied labor. Taiwan data from Joint Com
mission on Rural Reconstruction, Taiwan Farm Income Survey of 1967 (Taipei, 1970), p. 24 and 
Appendix Tables 18 and 23. Uttar Pradesh data from S. L. Shah and R. C. Agrawal, "Impact of 
New Technology on the Level of Income, Patterns of Income Distribution and Savings of Farmers in 
Central Uttar Pradesh." Indian Journal of Agricultural Economics, July-Sept. 1970, pp. 111-14, 

a An additional US$44.3 8 of rice was exchanged for fertilizer under the compulsory barter pro
gram of the Provincial Food Bureau. 

b Weddings, funerals, festivals. 
C Including net investment. 

within the agricultural sector from intersectoral payments (likewise for sales), 
they nevertheless provide a rough picture of the composition of commodity flows.2 

Table 1 presents a comparison of farm cash disbursement patterns for two econo
mies at different stages of structural transformation-1967 farm survey data for 
Taiwan and a sample of 120 progressive farmers in central Uttar Pradesh in India. 

Looking first at Taiwan, net savings and taxes account for about 10 percent of 
money income; to these transferable resources should be added some fraction of 
the excess cash flow related to depreciation and other periodic cost disbursements. 

2 At least one study estimating analytical categories on a time-series basis from farm survey and 
other data has been made by T. H. Lee (5; 6) for Taiwan for the period 1911-69. In Taiwan, a 
small country, export sales have played a large role in easing the purchasing power constraint and 
facilitating large resource transfers to other sectors. The findings of Lee's pioneering study are dis
cussed in detail in 3, Chap. IV. 
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Wage payments, rent, and interest also account for about 10 percent, although a 
large rental payment in kind is not included. The bulk of these factor payments 
as well as most of the money spent on animals, feed, and seed represent transactions 
within the agricultural sector. Purchases from manufacturers, totaling some $260, 
encompass fertilizer (including the barter component),a agricultural chemicals, 
perhaps a quarter of the irrigation fee, and about a third of the equipment and 
building expense. Consumption expenditures on manufactured goods, occurring 
primarily in the first three and last four items under (e), appear to be consider
ably greater than for production inputs. The $112 spent on education and medicine 
indicate the high level of investment in improving the quality of the human agent. 

The comparison of the sample of progressive Indian farmers with the repre
sentative sample for Taiwan highlights a number of points related to different 
stages of structural transformation and to the progressive modernization of agri
cultural strategy in Taiwan which has emphasized yield-increasing current in
puts over labor-displacing mechanical inputs. First, production expenditures per 
acre (excluding tax) in Taiwan amount to $234 compared to an average of $68 
for the progressive farmers of western Uttar Pradesh and to $28 for a matching 
sample of less progressive farmers. This implies, inter alia, both lower crop yields 
and smaller linkages to manufacturing. Second, the share of expenditures going 
to the yield-increasing inputs of fertilizer and agricultural chemicals is far greater 
in Taiwan. Third, beyond the very favorable spread between the cost of inputs 
and food prices, Indian farmers enjoy a negligible land tax: a maximum of $1 per 
acre in Uttar Pradesh as compared to an average of $20 for Taiwan. 

Finally, there is a notable contrast in the relation between production expenses 
and size of operational holding. Cash outlays per acre for the large progressive 
farmers in Uttar Pradesh are close to twice as large as for farmers with less than 
10 acres; and their expenditures for machinery and equipment represent 30 per
cent of total production expenses. The higher use of fertilizer on the larger hold
ings is a temporary phenomenon, attributable to the fact that larger cultivators 
are in a position to adopt the new fertilizer-responsive varieties earlier. In Taiwan 
where the highly divisible yield-increasing inputs predominate, both expenditure 
and output per acre diminish with every increase in farm size. What is common 
to both countries is that labor absorption per acre is inversely related to farm size 
and that equipment investment per acre is very much higher on the larger hold
ings. Apart from sugar plantations, however, only 6 percent of the operational 
units in Taiwan are larger than eight acres and most farms cluster around the 
median of two acres. 

LINKAGES WIlli MANUFACTURING 

We now turn to the manufacturing or import sector which furnishes the ex
ternally supplied commodities, focusing on the different types of industries that 
are stimulated under the unimodal as contrasted to the bimodal approach to agri
cultural development. We will briefly consider consumer goods and then the two 
most important purchased inputs, fertilizer and farm equipment. 

. 3 Compulsory barter of rice for fertilizer on unfavorable terms of exchange is required by the 
TaIwanese government as a taxation device. Barter clisplaces an equivalent amount of cash sales that 
would otherwise take place. 
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Consumer Goods Production 

The primary factor determining the pattern of demand for manufactured con
sumer goods is the distribution of income. As many commentators have pointed 
out, where income is more or less evenly distributed over broad segments of the 
population the result is large markets for comparatively simple goods. Production 
technology for these commodities consists, in most cases, of highly standardized 
operations requiring little technical and managerial sophistication; typically do
mestic intermediate products constitute a larger input than in the case of more 
complex products. By contrast, with a skewed distribution of income that would 
be associated with the intensive development of a small subsector of large farm
ers, the resultant demand configuration is one of small markets for more expen
sive differentiated goods which for reasons of intermediate inputs, scale, and tech
nology are not suited for efficient local manufacture. 

There are no doubt exceptions to these generalizations. Because the statistical 
difficulties of systematic verification are myriad, evidence has perforce been by 
accumulation of examples. In this tradition, our observations in India and Pakistan 
on the purchases made by peasant households with rising income included such 
items as bread, canned goods, cosmetics, combs, brushes, plastic footwear, cotton 
textiles, light fixtures, wooden furniture, utensils, and bricks and paint for home 
improvement. Taking another tack, contrasting items of consumption we ob
served between the "wealthy" and the "average" consumer included the air-con
ditioner, the car, the bottle of Scotch, and the television set, on the one hand, and 
the electric fan, the bicycle, lasi (a traditional drink of fermented milk), and the 
transistor radio, on the other. 

Although only indirectly related to manufacturing through additions to pro
cessing output (milling, baking, etc.), an equally important feature of consump
tion under alternative patterns of agricultural development is the elasticity of de
mand for food. Because at any given income level farm households spend a larger 
share of their budget on food, and of that a larger share on foodgrains than do 
their urban counterparts (in part owing to a lower availability of nongrain con
sumables), and because the income elasticity of demand for food is relatively high 
at low income levels, aggregate demand will be considerably greater under a uni
modal strategy.4 Improvements in the quantity and quality of food intake by low
income households not only has the benefit of using few of the economy's scarce 
resources, it also makes possible significant improvement in their nutritional 
status, health, and productive capacity. And, of course, the extra demand creates 
more opportunities for productively absorbing a large labor force in agriculture. 

Aggregate data are not available on the import content or technological com
plexity of the relevant range of industries to test our argument in this area. How
ever, census statistics do permit some rough testing on the question of capital in
tensity. In particular, a recent study by Nurul Islam (2) lends itself to comparing 
factor intensities in many of the pertinent industries in West Pakistan. Using a 
returns-to-capital approach developed by Hal Lary, Professor Islam distinguishes 

4 National Sample Survey data in India, analyzed by U.S. Bawa (1) for monthly per capita 
expenditure classes ranging from 0-8 rupees to SS and above, show foodgrains decreasing from 61 
percent to 18 percent for rural consumers as compared to 52 percent for urban consumers declining 
to 10 percent in the highest expenditure category. 
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TABLE 2.-VALUE ADDED PER EMPLOYEE IN WEST PAKISTAN 
MANUFACTURING, 1964-65* 

Total Wage Nonwage 

Industry Rupees Rank'" Rupees Rank'" Rupees Rank'" 

Petroleum refining 84,236 1 3,873 3 80,363 1 
Fertilizer 34,700 2 2,500 6 32,200 2 
Alcoholic beverages 17,200 4 2,200 7 15,000 3 
Paint 13,492 11 2,047 17 11,445 10 
Other electrical products 13,017 13 2,032 18 10,985 12 
Industrial chemicals 12,226 15 3,030 5 9,196 17 
Vehicle manufacturing 11,666 16 2,142 16 9,524 16 
Pumps and compressors 5,229 41 1,538 40 3,691 38 
Cotton textiles 4,504 49 1,210 67 3,294 48 
Electric fans 4,051 54 1,301 56 2,750 52 
Bakery products 4,011 55 1,079 69 2,932 50 
Bicycles 3,971 58 1,353 52 2,618 55 
Metal products 3,807 60 1,589 32 2,218 62 
Heating and lighting 3,761 62 1,384 49 2,377 61 
Wooden furniture 3,728 63 1,606 29 2,122 64 
Textile machinery 3,580 65 1,504 43 2,076 66 
Agricultural machinery 2,522 77 1,044 70 1,478 76 
Utensils 2,465 78 975 75 1,490 75 
Rice milling 1,550 82 538 81 1,012 79 
Clay products (bricks) 1,535 83 994 74 541 82 

* Data from Nurul Islam, "Factor Intensities in Manufacturing Industries in Pakistan," Pakistan 
Development Review, Summer 1970, Tables 1 and 3. 

a Rank in a total of 84 industries. 

84 industries and ranks them by value added per worker, average wage, and non
wage value added per worker to provide a rough measure of, respectively, overall 
capital intensity, human capital (skill) intensity, and physical capital intensity. 
Those industries with high rank order make intensive use of human and physical 
capital whereas those with low rank order make intensive use of relatively un
skilled labor." These latter industries, employing a maximum of cooperant labor 
with a given investment, would have a high rank for value added per unit of 
capital if such data were available. Viewed from an import substitution perspec
tive, the lower the intensity of comparatively expensive skilled labor and physical 
capital, the more competitive the local produce will be, ceteris paribus, with the 
imported counterpart. 

Table 2 presents Professor Islam's calculations for the industries we have dis
cussed, plus those for farm input industries (fertilizer, pumps, agricultural ma
chinery) which we shall be turning to shortly. With the exception of paint, all of 

5 These measures, which are based upon the supposition that value added consists only of the 
opportunity earnings of the labor and capital employed, are subject to error owing to excise taxes and 
surplus factor earnings stemming from noncompetitive product and input markets. The presence of 
these imperfections distorts the absolute values of factor intensity while their uneven incidence dis
torts the ranking of industries. The principal sources of differential distortion are excise taxes (which 
are relatively easy to identify, e.g., cigarettes, cosmetics) and import restrictions, multiple foreign 
e~change rates for imported inputs, and monopoly (the effects of which are extremely difficult to 
disentangle) . 
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the goods we have identified as being associated with the more equal distribution 
of income implied by a unimodal agricultural strategy fall in the lower half of 
rank orderings. As we would expect, because of their differentiated nature and 
the high incidence of import, the commodities associated with high-income con
sumers are much more difficult to locate-motor vehicles, electrical appliances, 
and alcohol being the only ones we found. 

The correlation between low incomes and consumption of labor-intensive com
modities has also been observed in India. In a recent paper, Mellor and Lele (8) 
examined All-Indian consumer expenditure data in order to isolate the principal 
commodities purchased by consumers in the bottom three expenditure quartiles. 
Of 15 such commodities for which they were able to calculate capital-labor ra
tios, 13 were well below average capital intensity, processed milk foods and 
cigarettes being the only exceptions. 

To anticipate our discussion of farm equipment, we note from Table 2 that 
the light engineering branch of the capital goods industry, particularly agricul
tural machinery (no tractors or combines were being produced), is highly labor
intensive. This industry group is thus important not only because it can signifi
cantly shape the embodied technology applied in other industries and farming, 
but also because it is relatively labor-using and hence likely to be a fairly efficient 
instance of import substitution and a valuable source of employment. Fertilizer, 
on the other hand, represents an exceedingly capital-intensive industry and one 
where no significant adaptation in product characteristics occurs in response to 
local conditions or the pattern of agricultural development. Census data for Tai
wan indicate the same approximate factor intensity ordering of industries, al
though al1lines of production in West Pakistan-owing to excessive protection 
and the underpricing of capital-are considerably more capital-intensive than 
those of Taiwan. 

Chemical Fertilizer Production 

With the spread of fertilizer-responsive, high-yielding varieties, the production 
of inorganic fertilizers has come to represent the single largest potential input 
linkage from agriculture to the industrial sector. Not only are aggregate fertilizer 
purchases currently large, but as indicated in Table 3, their use is growing very 
rapidly. According to projections given in the Food and Agriculture Organiza
tion's (FAO) Indicative World Plan (pp. 180,234), expenditures on fertilizer in 
Asia in 1985 will be some $5.2 billion as compared to an estimated $2.0 billion on 
all kinds of power-driven and animal-drawn farm equipment. 

As previously indicated, chemical fertilizer production is extremely capital
intensive. Although recent technical advances have reduced capital consumption 
per unit of output (and labor as well), it has been associated with very much 
larger plants; for nitrogen, the capital costs are up from about $25 million to $60 
to $70 million. Employment in the larger plant will not be much above 500 or 600. 
Not only is fertilizer capital-intensive, but so too are the industries which supply 
its intermediate inputs-electricity, mining, and transport. In addition to heavy 
demand on scarce capital, the industry's technology is highly complex and re
quires raw materials (natural gas, phosphate rock, potash, sulfur) which are sel
dom domestically available in sufficient quantity. All these considerations raise 
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TABLE 3.-FERTILIZER PRODUCTION AND CONSUMPTION: PROJECTIONS 
FOR 1975 AND 1980 COMPARED WITH 1968* 

(Million metric tons) 

Production Consumption 

Area and date N P,O. K,O N P,O. 

World 
1960 10.9 10.1 8.8 10.2 9.9 
1968 26.4 17.5 15.9 24.5 17.3 
1975 47.0 29.0 23.0 44.8 27.6 
1980 67.0 38.0 29.0 63.5 36.0 

Developed countries 
1968 24.0 16.1 15.6 19.8 15.1 
1975 40.5 25.4 21.8 34.5 22.5 
1980 55.8 32.3 27.2 48.5 28.5 

Less developed countries 
1960 .565 .56 .11 1.7 .825 
1968 2.4 1.4 .36 4.7 2.3 
1975 6.5 3.6 1.2 10.3 5.1 
1980 11.2 5.7 1.8 15.0 7.5 

ECAFEa 
1968 1.4 .325 2.6 .73 

India 
1968 .565 .215 1.225 .295 
1975 2.0 .65 3.5 1.4 
1980 3.2 1.0 5.0 2.2 

Pakistan 
1968 .135 .005 .320 .055 
1975 .30 .075 .75 .2 
1980 .70 .15 1.25 .4 

Taiwan 
1968 .195 .045 .170 .04 
1975 .25 .07 .24 .075 
1980 .30 .10 .30 .1 

K,O 

8.5 
14.8 
21.9 
27.7 

13.4 
18.9 
23.2 

.505 
1.4 
3.0 
4.5 

.5 

.165 

.81 
1.25 

.02 

.110 

.2 

.06 

.08 

.1 

.. Data from Raymond Ewel1, "Fertilizer Industry in the Developing Countries During the Second 
Development Decade" (unpublished paper, United Nations Industrial Development Organization 
(UNIDO), Vienna, 1970). 

a Countries served by the Economic Commission for Asia and the Far East. 

a question as to the advisability of attempting to realize the full potential back
ward linkage from agriculture in this particular case-at least in the immediate 
future. 

We have examined elsewhere the 20-odd years of experience with fertilizer 
production in Taiwan, India, and West Pakistan (3, Chap. IV). In none of these 
countries has fertilizer ever been produced at a cost comparable to the import al
ternative. In the last few years the comparative disadvantage has widened so that 
average domestic costs in all three countries are currently some 60 percent above 
c.i.f. import costs. 

What are the causes for this discouraging record? Universal factors have been 
excessive employment padding in the state-operated factories (which are in a 
majority), a high-cost capital input, suboptimal scale, and a lagging technology. 
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Many nitrogen fertilizer plants have been based on uneconomic but locally avail
able hydrocarbon feedstocks, including coal. The technology of fertilizer plant 
construction is itself highly complex. Faults in factory erection (design errors, 
capacity imbalance between processes, defective equipment) and construction 
periods that have exceeded estimates by 15 to 30 months have added from 50 to 
100 percent to planned investment cost. In India unit output cost (and foreign 
exchange content) are further inflated by chronic problems of underutilization 
related to such environmental factors as maintenance shortcomings, water im
purities, power disruptions and voltage fluctuations, spare parts shortages, and 
unavailability of railroad cars. 

The final factor which bears on the fertilizer investment decision is perhaps 
the most fundamental: a rapidly changing technology. Owing to a series of 
technological advances during the 1960s-high capacity single-stream plants, the 
centrifugal compressor, improved catalysts, higher reforming pressures, and lower 
shift reaction temperatures-the cost of producing fertilizer has been falling sharp
ly. Ocean transport costs for imported nutrients have also fallen as a result of the 
giant tankers. In Japan, Europe, and the United States technical progress has led 
to investment in many new plants-over 100 in all since 1963. The resultant excess 
capacity and industry lobbying has led to the inclusion of fertilizer as a prime item 
in the commodity aid programs of all these countries. Over 95 percent of all fer
tilizer imports by less developed countries are financed under aid programs, 
mainly commodity loans with soft terms. This is the principal reason that local 
manufacture does not conserve foreign exchange: the grant element in com
modity loans reduces the real foreign exchange cost to less than 50 percent of the 
stated value. In addition to the foreign exchange advantage of deferring the 
establishment of fertilizer plants, the real cost of domestically produced fertilizer 
will be lower the longer the investment is postponed during this period of techno
logical change. 

Farm Equipment Production 

Although the demand for farm equipment is quantitatively less important 
than that for chemical fertilizer, from at least two perspectives the pattern of de
velopment in the farm equipment industry commands greater interest than in 
the fertilizer case. First, variations in the type of farm machinery are critically 
related to the choice of technology and factor proportions in agriculture; within 
this larger context these capital inputs strongly influence productivity and farm 
income by virtue of their cost, the variety of tasks they perform, and the tech
nology (design efficiency) they place at the farmer's command. Similar inter
actions do not exist between fertilizer production and the pattern of agricultural 
development; with a large but qualitatively invariant demand the only problem 
is to obtain the required nutrients at the lowest possible cost to the economy. Sec
ond, in contrast to the fixed product specification and the inflexible production 
coefficients for fertilizer manufacture (destined to be an enclave in all but the 
most technically advanced underdeveloped countries), there is a wide range of 
choice of technique concomitant with different demand patterns. This is sig
nificant both for labor absorption and possible technological and organizational 
ramifications in the light engineering industry. 

In the remainder of this section we shall first consider the broad economic 
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forces that determine the type of implements produced, their price and quality, 
and the internal evolution of the manufacturing industry. We will follow this 
discussion with a description of the various sub sectors of agricultural implement 
production and their interaction in Taiwan, India, and West Pakistan. The paper 
will conclude with an attempt to estimate the quantitative impact of different 
agricultural strategies upon the farm equipment industry with respect to output, 
foreign exchange requirements, and employment. 

We will segregate the overall conditioning factors into two groups, those that 
emanate from the farmer and affect the nature of demand and those that operate 
directly on farm equipment production and thus affect supply conditions. 

Demand factors.-The first set of factors operates on the demand for farm 
equipment and is closely related to structural transformation and the cash re
ceipts constraint. With no structural transformation there is a more or less con
stant demand for an unchanging set of implements. Thus, in the absence of sig
nificant alteration in the size distribution of operational holdings, there are no 
forces on the demand side to disturb the existing state of the farm equipment 
industry. This situation characterized the Indian subcontinent for most of the 
twentieth century. 

The situation is quite different however when there is a gradually rising share 
of marketed output as in Taiwan since about 1930. Steadily growing cash receipts 
tend to generate a demand for new implements (a) to ease labor bottlenecks that 
emerge with increased cropping intensity and use of water and new chemical 
inputs, (b) to upgrade energy sources, and (c) in general to reduce labor inputs 
and raise the speed and precision of operations. This pattern of demand calls for 
a continuous development of the farm equipment industry; the demand for 
higher performance from agricultural tools and machinery tends to promote an 
evolution in technical knowledge and skills employed in casting processes and 
materials selection, in techniques of forging and heat treating, in the machining 
of parts, in assembly, and in quality control. 

In these two cases of a constant or gradually rising share of marketed output 
there is an additional factor at work. This is related to agriculture's market or
ganization. Because farming is characterized by a very large number of producers 
and undifferentiated products, normal earnings beyond wages and land rent are 
held to a minimum by competitive forces. This in turn exercises a strict discipline 
on the purchasing power available for acquiring capital equipment. Pressure on 
the farmer to locate the cheapest implement for the job is reinforced by the ex
tremely low utilization of many items of farm equipment-perhaps only a few 
weeks out of every year. The following statement by a team of agricultural en
gineers in Taiwan in 1953 describing animal- and manually-powered equipment, 
mostly in the $5 to $50 range, gives witness to this phenomenon (7, p. 25) : 

Farm implements in Taiwan are comparatively cheap and this is due to 
the farmers' low purchasing power. Manufacturers often have to sacrifice 
quality in order to maintain a low price. If sturdy and highly efficient farm 
implements were to be made, their prices will have to be raised; farmers 
because of their financial stringency, will not be able to buy these imple
ments even if they are aware of their good performance. In other words, the 
farmers in Taiwan should be temporarily satisfied with the minimum 
serviceability of implements available. 
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This pressure to locate the cheapest implement for the job is usually described 
in terms of the level of purchasing power. In fact, even where purchasing power 
is very high (e.g., United States), as long as the farmer's product markets are 
competitive, his narrow profit margin above minimum cost forces him to be very 
price conscious about the equipment he buys. We can give a concrete illustration 
of this "bare essentials principle" by reference to Taiwan in 1970, by which time 
average farm income was approximately triple its 1953 level and labor scarcity 
had induced extensive mechanization. In explaining why power tillers (price 
$900 to $1,500) have not spread at a more rapid rate (24,640 units as of 1969) the 
Joint Commission on Rural Reconstruction's Farm Machinery Specialist observed 
(9, pp. 3-4) : 

In spite of the increasing demand for farm equipment by Taiwan farmers, 
prices of farm machines, especially power tillers, produced by local manu
facturers are generally beyond the financial capacity of the average farmer . 
. . . It is doubly hard to market farm machinery among the farmers with 
their low purchasing power. 

A third pattern of demand is that generated by a sudden increase in farm cash 
receipts. This situation is exemplified by India and Pakistan since 1967. Two pre
ceding years of drought resulted in a 50 percent rise in food grain prices and a 
high level of food imports.6 With the coincidental appearance of the new seed 
varieties the stage was set for a rapid expansion of output at unusually high prices 
and substantially reduced costs. Cash receipts rose rapidly and net farm income 
even more rapidly. During this disequilibrium interval, while prices that are sub
stantially above cost obtain, the farmer makes a higher income by investing in 
equipment that enables rapid production increases rather than in equipment that 
minimizes unit cost. And augmented profits also provide enlarged purchasing 
power for obtaining farm equipment. The result is a shift in demand away from 
man- and animal-powered equipment toward tractors, tractor-drawn equipment, 
and combine harvesters. Government lending programs unintentionally en
couraged this trend. For the most part the new equipment is not produced by 
the same firms as before: the gap in manufacturing processes is too great. There 
is a sharp rise in scale of output, capital-intensity, and in import content. 

Supply jactors.-The principal forces working on the supply side are two in 
number, namely, the absence of barriers to new entrants and sources of equipment 
design. The absence of significant economies of scale or other barriers to entry 
operates in the same direction as demand preferences to encourage the supply of 
low-priced farm tools. The great majority of farm implements can be manu
factured on a very small scale; even 14 h.p. two-wheel tractors and diesel engine 
pump-sets can be manufactured with a comparatively modest investment in fixed 
plant through the use of subcontractors and the purchase of standardized "trade" 
components and subassemblies. Most of the required metalworking skills can be 
learned on the job; typically only the largest firms serving the premium quality 
market employ craftsmen with formal technical training. The principal excep-

6 One important effect of the large and expanding food aid to India and Pakistan between 1955 
and 1967 was to hold down food prices and undermine a continuous growth in cash receipts to the 
farmer. From this perspective P.L. 480 inhibited structural transformation. 
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tion, where capital and skill are significant barriers to entry, are complex items 
such as four-wheel tractors and combines which require an initial provision of 
technical information to the customer, extensive service after sale, and the carrying 
of a spare-parts inventory, all of which are combined in a dealership network. 
However, for virtually all other farm implements, as long as above normal profits 
are being made, the number of producers increases as experienced workers leave 
their employers to establish on their own. This fission process intensifies competi
tion and leads manufacturers to seek to reduce costs. 

The last and perhaps most important factor determining the nature of equip
ment available to the farmer is the country's capacity to borrow and adapt new 
prototypes and designs. Because most of the basic principles involved in the de
sign of agricultural equipment of current interest and application in developing 
countries appear to have been worked out by the late nineteenth century, the 
task of agricultural engineering research is to adapt known designs to different 
crop requirements, locational circumstances, and factor prices. The efficiency of 
the international market in farm equipment is obviously related to the extent of 
design transfer. Probably more important is the kind of institutional structures 
a country possesses for acquiring and transmitting known technical information 
and for carrying out adaptive research and communicating the results to farmers 
and manufacturers. Elements in this complex are the work of research organiza
tions, the programming capability of government departments, the extent and 
quality of agricultural extension, cooperative organization among farmers and, 
perhaps most critical, the market environment in which the farm equipment 
manufacturers operate. 

Industrial organization.-Despite the far higher per capita income and rela
tively advanced stage of structural transformation in Taiwan, the industrial struc
ture of its farm equipment industry and the kinds of manufacturing techniques 
employed are remarkably similar to those found in India and West Pakistan. 
In each country the industry is divided into three segments. Rural artisans
principally the blacksmith and carpenter-produce the traditional tools and some 
of the simpler improved implements. Urban workshops, employing from 5 to 100 
workers, manufacture the entire range of improved equipment, diesel and electric 
engines and pumps, and most tractor-drawn equipment. Finally tractors and 
power tillers are produced by a few large, relatively capital-intensive firms, in
volving at least some technical cooperation with overseas manufacturers. The 
relative size of the three subsectors is determined by the state of farmers' demand 
for their respective products. 

Rural craftsmen are still the dominant sector in India and West Pakistan, while 
in Taiwan they appear to rank after the urban workshop sector. The village 
artisan and his apprentices occupy a working area adjacent to the family dwelling 
and employ a capital stock in the neighborhood of $50. The smithy will include 
a small brick forge with hand-pulled bellows, an anvil, hammer, chisels, and 
tongs; the carpenter will possess saws, adzes, files, hand drills, chisels, mallet, and 
hammer. There is no formal quality control for raw materials, forging tempera
tures, or product specifications; the outcome depends upon the judgment and 
skill of the individual. The artisan will have a few years of primary education at 
most and no technical training other than the traditional apprenticeship. Produc-
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tion is on order only and the customer will pay for the materials-typically 70 
percent of the total cost-in advance. These artisans, because of their proximity 
and low cost, are the principal repairers of all items of farm equipment except the 
tractor and power tiller. 

The urban workshop segment of the industry differs from artisan production 
in a number of ways. The scale of output and employment is larger. There is 
division of labor between casting, forging, machining, and assembling. Power 
tools such as lathes, drill presses, and grinders are employed in addition to hand 
tools. Components and product specifications tend to be more uniform, although 
in the absence of the use of jigs, fixtures, and quality control procedures, true in
terchangeability of parts is not achieved. Production is by batch and for sale to 
a general market. And finally, some of the less expensive items are sold wholesale 
to distributors. 

One can also point to a number of common elements between workshop and 
artisan production. The early urban firms are usually established by progressive 
blacksmiths and traders involved in selling farm tools. Although the educational 
levels are higher, technical training is still imparted through experience and ap
prenticeship. One observes a majority of entrepreneurs to have come from the 
journeymen ranks: in the absence of significant capital requirements, a rise in 
demand encourages enterprising employees to break away and establish on their 
own. The industry thus tends to be highly competitive and profit rates low. 
Finally, like the rural artisan who also produces articles other than farm tools, 
the urban workshops are seldom wholly specialized in agricultural equipment; 
they manufacture such additional light engineering products as band saws, oil
seed expellers, cotton gins, electric fans, textile looms, and lathes. 

The third segment of the farm equipment industry is tractor manufacturers. 
Units in this sector, producing by far the most sophisticated and exacting do
mestically fabricated item of agricultural machinery, consist of a few large firms 
with capitalization of a half million dollars or more. In virtually every case these 
firms have as a technical collaborator and minority partner a well-known in
ternational manufacturer whose machine they are producing. The latter include 
such names as Massey-Ferguson, Ford, International Harvester, Yanmar, Kubota, 
Iseki, and Mitsubishi. The technology employed by these firms is much the same 
as that of the light engineering workshops; however it is differentiated from the 
latter by the utilization of a number of industrial and design engineers, formally 
trained technicians, sophisticated testing equipment, and interchangeable parts
in short by scientific quality control at all levels. The second difference between 
tractor firms and the workshop sector is that the former sell their product through 
dealership networks and provide after-sales service. In contrast to the workshop 
firms which do not maintain their own sales and service facilities, such distributive 
arrangements contribute to a high investment requirement. To supervise and co
ordinate these combined production and marketing activities calls for substantial 
managerial organization. 

The success of the farm equipment industry in providing effective inputs for 
agriculture is largely determined by the extent of the interconnections that exist 
among the three subsectors. In addition to the competitive interactions of price, 
quality, and service of substitutable implements in the product market, these in-
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terconnections include specialization in intermediate components and flow of 
personnel, designs, and techniques between subsectors. The degree to which these 
interconnections develop depends upon the temporal continuity of the industry's 
growth and governmental policies. The former is related to the pattern of change 
of farm purchasing power, as discussed earlier, as well as to the general state of 
development of the light engineering sector. The policy factor encompasses pro
cedures for licensing scarce raw materials, price control, the way in which new 
implements are promoted to farmers, and various tax and subsidy policies. 

One of the most interesting linkages between the subsectors is the satellite or 
ancillary system. Although subcontracting arrangements are a notable feature of 
engineering, automotive, and electrical industries in developed countries, their 
potential for transmitting advanced technology to a large number of indigenous 
firms gives them a magnified significance in low-income economies. The follow
ing examples give some indication of the scope of subcontracting. The China 
Agricultural Machinery Company, Taiwan's largest power-tiller manufacturer 
in which Yanmar and Iseki are the technical partners, currently purchases from 
17 satellite firms components which constitute about 20 percent of the sales price 
of their machine; in earlier years such purchases were as much as 40 percent. 
Krishi Enterprises in Hyderabad in its second year of power-tiller production had 
developed ancillary relations with 32 small firms. Escorts, India's largest tractor 
maker, subcontracts with 200 firms, of which three-quarters fall in the range of 
25 to 50 workers. 

Unlike specialist firms which produce standardized parts used by a large 
number of manufacturers, the ancillary workshop makes interchangeable com
ponents or assemblies built to the individual specifications of the contracting com
pany. Normally the primary company supplies the ancillary with technical draw
ings, jigs, fixtures, and a prototype. Where the raw materials are licensed, as with 
hard steel in India, these may also be provided. The primary firm will send a 
full-time adviser during the start-up period; afterwards the ancillary has access 
to technical assistance through the regular visits of the quality-control inspector. 

The motive for initiating an ancillary system is the minimization of investment 
required by the primary company, both in terms of fixed capital for productive 
facilities and working capital for raw material stocks. Because of less expensive 
labor (lower wages, more apprentices) and smaller investment and management 
overheads, the ancillary almost always supplies the item cheaper than the con
tractor can produce it internally. For his part, in addition to learning, the sub
contractor is provided with those things he most sorely lacks-design, quality 
control, and a market outlet. While unequal bargaining power means that the 
ancillary is to some extent vulnerable-most frequently the abuse is delayed pay
ment-the fact that a large portion of small metalworking firms (over half in 
India) choose to take up and continue such arrangements attest to the mutual 
benefits inherent in the system. 

In addition to imitation and learning through an ancillary relationship, a 
third route by which the more progressive and better educated entrepreneurs in 
the workshop sector (frequently second generation, diploma holders) obtain new 
d,esigns is from publicly supported research institutions. The most commonly 
Cited were the National University and Farm Mechanization Centers in Taiwan, 
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the Allahabad Institute and Punjab Agricultural University in India, and the 
Agricultural Engineering Workshop at Lyallpur in West Pakistan. The firms 
which obtain technical drawings from the research institutes are among the larg
est (usually over 60 employees) and most capital-intensive firms in their subsector. 
Owing to little or no distribution network and a consequent inability to cover the 
market, these producers are unable to protect innovational returns associated with 
introducing a new item from imitators within the workshop sector. This situation 
has induced the progressive firms to specialize in producing complete knock-down 
component sets for wholesaling to local blacksmiths who assemble, retail, and 
provide after-service. An arrangement of this sort, most notable in Taiwan but 
gaining momentum in India, not only permits the progressive firm to better cover 
the market and economize on working capital, it also hastens the transfer of im
proved technology and design to the artisan sector. 

Variations in value added, foreign exchange content, and employment.-Our 
last task is to obtain a rough idea of the quantitative impact of different agricul
tural strategies upon the farm equipment industry with respect to value added, 
foreign exchange requirements, and employment. Because statistical coverage is 
very poor for the artisan and workshop sectors and because they both produce 
items in addition to farm equipment, it is not possible to estimate actual produc
tion, and employment. Even if we had such data, while they would give a measure 
of the current impact of farm equipment purchases, they would not tell us a 
great deal about the differential effects of various agricultural strategy choices. 
To resolve the data problem and obtain a sharper focus on the effects of alterna
tive strategies we have constructed equipment packages that would be associated 
with three different farming regimes. These packages then yield us three alterna
tive streams of annual equipment purchases. 

The magnitude we have calculated is an annual "equipment flow" which 
consists of depreciation and spare parts. This measures the variable we want, 
namely farm demand for manufacturing output. Equipment flow should not be 
confused with the capital costs of farm machinery, of which it is only a part
it excludes both interest and the labor component of repairs. We have chosen 
West Pakistan as the location for our calculations because pertinent data are 
available, and the absence of iron ore and no current tractor manufacture are more 
representative than those of India for the majority of developing countries. 

The estimating procedure consists of identifying the inventory of implements 
found in irrigated wheat and rice farming. The cost to the farm of original equip
ment and lifetime spare parts for each item is ascertained from field investigations 
and technical sources. This cost figure is then divided by useful life and area 
serviced to arrive at an annual equipment flow per acre. These data on the in
dividual items are shown in Table 4. Table 5 aggregates the individual estimates 
into equipment packages which correspond with the three alternative farming 
regimes.7 We thus arrive at a total equipment flow per acre expressed in Pakistan 
rupees under fully mechanized farming with tractor and combine, an intermediate 
equipment set centering around the power tiller, and the improved bullock tech-

7 A detailed explanation of the assumptions underlying the estimates summarized in Table 5 
is given in 3, Chap. 4. 
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TABLE 4.-CALCULATION OF "ANNUAL EQUIPMENT FLOWS" FOR 
FARM EQUIPMENT IN WEST PAKISTAN· 

(Irrigated wheat-rice sequence) 

Annual equip-
Price to Useful Area mentflow 

Item farmer Spare parts life serviced per acre 
no. Item (rupees-1970) (percent)a (years) (acres) (rupees) 

35 h.p. diesel tractor 15,570 75 7 100 38.9 
Tractor -dra wn: 

2 CuI ti vator (ll-tynes) 1,790 40 6 100 4.2 
3 Seed-fertilizer attachment 2,500 40 12 100 2.9 
4 Disc plow 2,500 40 6 100 5.8 
5 Sprayer 

(105 gallons, 21 nozzles) 4,350 40 6 100 10.2 
6 Combine harvester 

(mounted, 5 ft. cut) 17,000 45 6 100 41.1 
7 Rotary tiller 5,000 40 6 200 5.8 
8 4-wheel wagon 4,000 40 12 100 4.7 
9 Land plane 900 20 6 100 1.8 
Bullock-drawn: 

10 Moldboard plow 70 40 10 12 .8 
11 Disc harrow 200 40 5 12 4.7 
12 Comb harrow 50 40 10 12 .6 
13 Seed-fertilizer drill 375 40 10 12 4.4 
14 Olpad thresher 200 40 10 12 2.3 
15 Leveling plank 30 20 10 12 .3 
16 Cart 1,500 40 12 12 14.6 
17 Harness 50 10 5 12 .9 
18 Chaff cutter 140 40 10 12 1.6 
19 Rotary hand weeder 30 40 5 2 4.2 

Other power-driven equipment: 
20 10 h.p. power tiller 7,000 75 6 25 81.7 
21 P.T. trailer 700 40 10 25 3.9 
22 Stationary thresher 

(8 maunds/hour) 5,500 60 4 75 29.3 
23 Knapsack sprayer 

(hand-operated) 160 40 3 12 6.2 
24 20 h.p. electric pump motor 2,500 20 20 100 1.5 
25 20 h.p. diesel pump motor 6,000 60 12 100 8.0 
26 Pump (6 inch) 900 50 10 100 2.9 
27 Well casing (120 ft.) 1,500 10 100 1.5 
28 Strainer (100 ft.) 800 10 100 .8 
29 Valve, pulley, bolts, 

bearing, angle iron 750 10 100 .8 

• Price data from distributors and manufacturers (Rana Tractors, ltafaq, Caravan Engineering, 
and numerous pump-set producers), collected January 1971. Only Items 1-9 and 20-21 are sold 
through distributors. Items 11 and 14 interpolated from Indian data. Information on useful life, 
area serviced, spare parts, and import content is drawn from our interviews, the Report of tIle Farm 
':fecha~lization Committee, and Roger Lawrence's "Some Economic Aspects of Farm Mechanization 
m Pakistan" (AID, Islamabad, August 1970). These estimates, particularly useful life and the weight 

Note continued on page 172 
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TABLE 5.-EQUIPMENT FLOW PER ACRE UNDER VARIOUS 

AGRICULTURAL STRATEGIES, WEST PAKISTAN>iI< 
(Rupees per acre) 

Total equip- Import Di,tri-
ment /low content Taxes bution 

A 129.4 64.4 21.3 33.7 
(1-9,25-29) B 129.7 38.6 155 30.1 

Power tiller A 135.1 59.8 19.7 28.2 
(20-23,25-29) B 135.1 45.2 18.1 25.4 

Bullock B 83.9 21.9 8.8 4.2 
(10-19,22-23,25-29) 

Manu-
facture 

10.0 
45.2 
27.4 
46.4 
49.0 

* Data from Government of West Pakistan, Farm Mechanization Committee, Report of the Farm 
Mechanization Committee (Lahore, 1970) and personal interviews. 

Numbers in parentheses refer to equipment items in Table 4. "A" refers to the current situation 
where tractors, tractor-drawn equipment, and tillers are imported. Under "B" all items are produced 
domes ticall y. 

nology with stationary thresher. All packages include the tubewell powered by 
the still dominant diesel engine. 

As revealed in the first column of Table 5 the total equipment flow, the "ap
parent" demand for manufactured inputs, is highest for the power-tiller package 
and lowest for the bullock package. Actually, because it also requires a higher 
fuel and labor input per acre than the tractor, the tiller is not likely to be a com
petitive choice under the conditions we have assumed. This leaves the improved 
bullock and tractor packages to be compared. However, in order to determine 
their relative impact upon industrial output we must deduct import content, all 
forms of taxes, and distributive margins from the cost to the farmer. To do this 
we have utilized data from the Report of the West Pakistan Farm Mechaniza
tion Committee and our interviews. 

The combined value of "distribution" and "manufacture" is obtained as the 
residual after import content and taxes were deducted from total equipment flow. 
Pricing structure data are employed to calculate gross distributive markups, with 
the remainder representing gross value added in manufacture. Situation "A" 

Notes to Table 4 (continued) 
and materials calculations relating to import content, have benefited greatly from the advice of W. J. 
Chancellor, Professor of Agricultural Engineering, University of California at Davis. 

Percentage foreign exchange content is estimated as follows: 
Items Original Spares 

As imports 
1-9,20,21 60 40 

As local production 
1,20 45 30 
2-9 30 20 
10-19 20 14 
21-23 40 27 
25,26 15 10 
24,27,29 50 34 
28 5 3 

a Cost of spare parts to the farmer for the life of the item expressed as a percent of the item's 
initial cost. 
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refers to the current circumstances where tractors, power tillers, and their at
tachments are imported partially knocked down. The figures under "B" repre
sent the situation several years hence when all these items will be domestically 
produced. 

The calculations summarized in the last column of Table 5 point to some 
striking conclusions. The situation indicated by apparent demand for domestic 
manufacturing output when priced at farm gate is reversed and the regime utiliz
ing bullock equipment emerges as having a slightly greater impact on industrial 
production than that of the tractor-an advantage that would be considerably 
greater if all the equipment were valued at world prices. Thus not only does 
mechanized farming displace labor and make intensive use of scarce capital, it 
also contributes less to manufacturing output. 

The factor proportions advantage of the bullock equipment package in agri
culture also holds on the manufacturing side. As illustrated by our earlier review 
of the organization of the farm equipment industry, relatively capital-intensive 
tractor production is characterized by much higher labor productivity than other 
segments of the industry. This means that for the farm equipment industry the 
bimodal agricultural strategy choice gives rise to lower employment of labor and 
a higher capital requirement than under a unimodal strategy. Moreover, reflecting 
its intensive use of abundant domestic resources the foreign exchange input of 
the bullock-implement package is some 40 percent less than that of the tractor 
alternative.s 

While the preceding calculations show the use and manufacture of tractors 
and associated equipment to be inefficient in terms of resource cost, the latter does 
give rise to two external economies. First, the distributive network of the tractor 
dealer, costly though it is, can be a significant vehicle for channeling high-payoff 
innovations and technical knowledge to the farmer. Second, as described earlier, 
on the manufacturing side there are technology-diffusing effects through the 
training carried to less sophisticated producers by departing employees, through 
ancillary arrangements, and in a number of indirect contributions to raising manu
facturing standards in the engineering industry.9 These benefits can be quite sig
nificant; we shall return to them shortly. 

Our analysis so far has been with reference to existing market prices. Policy 
decisions should, of course, be made on the basis of social costs. The principal ad
justments that must be made to private expenditure are corrections for under
valued foreign exchange: artificially low interest rates for loans obtained from 
public agencies, and overvalued unskilled labor whose wage rate exceeds mar-

8 In India, which is exceptional in not having to import iron, steel, and some alloys, the import 
content of all implements is considerably less-about 25 percent for the tractor. Thus the impact 
upon equipment output under the bimodal strategy is more favorable than a unimodal strategy based 
on improved bullock technology. However, with respect to both employment effects and foreign ex
change content, the bimodal approach scores lower than the unimodal approach, although not as much 
lower as in W cst Pakistan. 

o In countries in which metalworking capabilities have not yet reached a point where these ex
trrn~1itics can take hold, such as in much of tropical Africa, the intangible as well as the resource 
considerations point to concentrating demand on such simple farm implements as can be produced 
by indigenous artisans. Moreover, even in the Indian setting, because of the overwhelming superiority 
of the tractor manufacturer and his ability to preempt the richest markets, the growth prospects 
of even the more progressive implement manufacturers are necessarily diminished. 
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ginal product in alternative employment. The effect of each of these adjustments 
is to further raise the cost of tractor equipment relative to the bullock package. 

In West Pakistan the most important of the three adjustments is that relating 
to foreign exchange. Although the overvaluation of the Pakistan rupee in 1970 
was generally estimated at 100 percent, the presence of various factors for the 
items in question-multiple exchange rates, revenue tariffs, barter agreements, 
commodity loans on soft terms-counsels a more conservative figure, say 75 per
cent. Applying this proportion to the import content of the tractor package "A" 
and "B" and the bullock package shown in Table 5, the equipment cost per acre 
rises by 48.3, 29.0 and 16.4 rupees respectively. Ideally a sales tax equivalent to 
these amounts should be applied to the appropriate items in each equipment set. 
Since it is not administratively feasible to cover the artisan and workshop sectors, 
an approximate correction would be the imposition of a sales tax on tractors and 
their implements to adjust for the differential foreign exchange cost. This gives 
us a tax of 27.6 percent for imported tractors and 10.9 percent when they are manu
factured locally.10 Further corrections for low interest rates and overpriced un
skilled labor might add another 8 percent, which in round numbers gives us a 
sales tax of 35 and 20 percent respectively. 

Given an agio in the black market for the tractor of 100 percent or more over 
the controlled price we have used, such a tax currently would have little effect. 
The premium for tractors is a result of the temporarily widened profit margin 
consequent upon the sharp cost reduction brought about by the high-yielding 
varieties. Until expansion of output drives prices down to their new equilibrium 
level, a rational farmer with access to the necessary resources will realize a larger 
income by maximizing output (i.e., mechanizing over an enlarged cultivated 
area) rather than by minimizing cost per unit of food produced. Because farming 
patterns established during such a disequilibrium period are likely to be difficult 
to reverse, there is probably a good case for an additional temporary tax on the 
tractor and its equipment. 

Once competitive least-cost prices prevail, the 20 percent sales tax on the locally 
produced tractor will render it unprofitable to the farmer, save where its use per
mits substantially greater output per acre than obtainable under an improved 
bullock-power regime. The principal uses where tractors are likely to have this 
output effect are: (1) where there are very rigid time constraints for multiple 
cropping which cannot be eased by crop substitution or other forms of reorgani
zation, (2) where deep plowing in dryland areas has significant yield effects, and 
(3) in the use of land scrapers for leveling fields. Thus there will be limited areas 
and tasks in most diverse agricultural economies where the employment of trac
tors will be socially profitable. This means that some part of the potential external 
benefits from tractor distributorships and mechanical engineering spin-offs may 
be obtained even though a general policy of tractor mechanization is not followed. 

10 Calculated as follows: (48.3 -16.4) and (29.0-16.4) respectively divided by 115.4 [items 
1-9 from Table 4]. It must be noted that the adjustments for social cost also affect the value added 
and foreign exchange calculations in the manufacturing sector. The absolute foreign exchange dis
advantage of producing the tractor packages is increased. On the other hand, the upward valuation 
of foreign currencies and borrowed funds raises absolute value added more for the tractor ensemble 
than for bullock implements. 
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