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Chapter Five 

Total factor productivity 

Economists are accustomed to thinking of tradi- 

tional agriculture as one where techniques do not change. 

In Schultz's classic definition, traditional agriculture 
0- 

represents "a particular type of economic equilibrium in 

which the state of the arts remains constant". 

the agricultural factors which 
farmers employ have been used by them and their 

forbears for a long time and none of these fac- 

tors meanwhile has been altered significantly 

as a consequence of learning by doing. Nor 
have any new agricultural factors been intro- 

duced. Thus, what is known by farmers about 
the factors they use has been known by farm 

people in the community for one or more gen- 
eratIons. For a long time, nothing new has 
been learned either from trial and error or. 
from other sources. Consequently, the state of 
the arts is constant... " 1* 

A 

of course, such a definition ignores the historical 

evidence of technological change in Western agriculture. 

But Schultz'shypothesis was based largely on indian evid- 

ence and it might be argued that traditional agriculture 

1. Schultz, Tranforminq Traditional Aqriculture, pp. 30-31. 
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in India did not share the same potential for tech- 

nological change. ShultZPs views have proved extremely 
2 influential Transforming Traditional Agriculture was 

published in 1964, and therefore belongs to the period 

before the Green Revolution, (The introduction of high- 

yielding varieties, chemical fertilisers and pesticides). 

His book provided a theoretical justification for govern- 
I 

ment programmes to transform agriculture and he was award- 

W ed the_Nobel prize for Economics in 1979. Schultz's views 

have also been influential among economic historians, 

who have adapted the theory of the equilibrium trap to 

explain agricultural stagnation in India and China. They 

argue that, unlike Western agriculture, techniques in 

both countries were already so highly developed as to rule 

out further increases in productivity. Instead,. farmers 

were caught in'a 'high-level equilibrium trap' from which 

the only escape lay in the supply of new inputs from out- 
3 

side the agricultural sector 

2. But cf Thomas Balogh, "Chicago on Agriculture", in 
in The Economics of Poverty, (London, 1966), 
pp. 74-86; and George L. Beckford, Transforming Trad- 
itional Agriculture: Comment". Journal of Farm 
Economics, vol. 48, No. -2, - (1966), pp. --1013-1018. 

3. J. P. Sinha, "Competing Ideology and Agricultural 
Strategy". World Development, vol. 1, No. 6, (June, 
1973), pp. 11-30. Similar claims have been made for 
China. Anthony M. Tang, "China's Agricultural Legacy", 
Economic Development and Cultural Change, vol. 28, No. 1, 
(Oct., 1979), pp. 1-22; Clive Dewey, "The Causes of 
Agricultural Stagnation in Bengal, 1860-1940". 1 must 
thank Clive Dewey for allowing me to read his unpublished 
work. 
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This chapter tests this hypothesis by comparing 

rates of growth of total factor productivity in Bengal 

and the Forth Valley. Earlier comparisons based on 

measures of partial productivity, like that in Chapter 2, 

tell us little about the efficiency with which factors 

are used. Labour productivity maybe lower in Bengal, 
of 

where labour was abundant and cheap, than in Scotland, 
I 

where labour was relatively scarce, because it was 

economically more efficient to use labour-intensive 

techniques. A serious comparison of the productivity 

of different agricultural technologies requires a more 

fundamental measure of productivity than a comparison 

based simply on one 'factor of production. Our comparison 

must be based on total factor productivity. 

The analysis is divided into three sections. The 

first specifies the production function on which our 

comparison is based. In the second, the sources of the 

input and output data are described. Finally, the third 

section compares the relative contribution of technologi- 

cal change to labour productivity. 

S 



361 

I 
Specification of the production function. 

The short hand way of expressing the relationship 

between the factors of production is by a mathematical 

function known as a production. function. In the production 

function for agriculture, total output, Y, depends on the 
a 

size of the laboyr force, L, the stock of capital, K, 

the amopntof land available, which we shall denote by the 

symbol T, since we cannot use L for Tnore than one variable, 

and the level of technology, A. Using the common symbol 

to mean "function of", or depends on, we can then write, 

Af (L, K, T) (1.1). 

Such a production functionis still very general, 
t 

however, since it does not tell us in what ways the 

factors. of production are combined, The next step, there- 

fore, is to rewrite the function specifying these ways, 

y XL + BK + YT +A 

where the asterisk denotes the percentage rate of growth 

in the respective variables per unit of time. The-con- 

stant x is the elasticity of response of output to changes 

in the labour input, that is, the percentage by which 

p 
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output will change if the labour input is increased 

by 1%, with the inputs of land and capital held con- 

stant. Similarly, the constants B and y are the output 

elasticities of land and capital. 

All the terms in equation (1.2) can. be known 

empirically except It is impossible to quantify 

advances in technology directly. Instead,. the best we 

can do is to measure their effects. If we subtract 

L, K, and T, from Y, the residual growth in output can 

be directly ascribed to A*, 

A=Y-xL- BK - YT 

A is not equivalent to the rate of technological change. 

Besides techniýues pure and simple A includes such other 

variables as economies of scale, iruprovements in labour 

skills through learning, bettermanagement, changes in the 

product mix, etc. To avoid semantic confusion, therefore, 

is called 'total factor productivity'or simply'the 

,4 Residual 

This method of measuring changes-in productivity 

poses a major problem for the economic historiant since the 

quantitative data for traditional agriculture does not 

permit us to fix physical values for all the relevant var- 

iables. While our estimates of labour productivity in 

4. R. M. -Solow, 'Technical progress and productivity change,, 
in Amartya Sen (ed) Growth Economics, Harmondsworth 1970), 
pp. 4#01-419. 
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Chapter 2 enable us to measure inputs of labour in 

physical terms (mandays per acre), the capital employed 

in farming (steadings, ploughs, animals, etc., ) is 

more difficult to quantify. We shall therefore use 

what is called a price dual of equation (1.3), which 

measures the prices of inputs and output. 
It 
I 

=YI 

Thus, the percentage rate of growth of A, The index of 

total factor productivity (the residual), is equal to 

the sum of the rates of growth of wages, W, rent, R, and 

the price of capital, I, -each weighted according to its 

output elasticity, less the rate of growth of the price 
5 

of outputt P Productivity is therefore defined as 

increasing whenever input prices grow more rapidly on 

average than the price of output. 

Several assumptions underlie this form of the 

production function, which is known as the Cobb-Douglas 

function after its inventors. These have led some econom- 

ists to critic. ise its application to traditional agricul- 
6 ture 

5. A similar formula is used by R. Floud, The British 
Machine Tools Industry, 185o-1914, (London, 1976), Ch. 7. 

6. Jock R. Anderson & N. S. Jodha, "on Cobb-Douglas and Related 
Myths", Economic & Political Weekly, vol. VIII, Pt, 26, 
(30 June 1973) pp. A-65-A. 66; Ranjit Kumar Saij, wAgricul- 
tural Revolution by Production Function" Economic & Polit- 
ical Weekly, vol. 6, No. 26 (26 June 1971) pp. A50-A58; 
Shigeru Ishikawa, Econ. Develop. in Asian Perspective, 

(Tokyo 1967)' pp. 217 ff. 
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Firstly, the Cobb-Douglas production function 

assumes constant returns to scale, ie. if all the quantities 

of all the inputs used to produce a given unit of output 

are increased by the same proportion, (eg. 50%), output 

increases in the same proportion (50%). The nature of 

returns to scale in Indian agriculture is controversial. 

A recent study o; Bandladesh agriculture operates on the 
I 

premise of decreasing returns. to scale 
7. Others have argued 

is 
that although output per acre/higher on small farms than 

on big ones, when farm size is corrected for differences 

in soil fertility returns to Gcale are found to be constant8. 

In any case, the assumption of constant returns to scale 

does not invalid ate the use of the Cobb-Douglas function, 

since returns to scale is one of the variables we are trying 

to measure. Therefore, if returns to scale are increasing, 

this will be reflected in A, the rate of total factor prod-' 

uctivity growth, which will be biased upwards, while if 

they are decreasing, this will be reflected in a lower rate 

of residual productivity growth and A will be biased down- 

wards. Hence, the choice of a production function with 

constant returns to scale will not seriously distort our 

results. 

7. Abul. Hossein Sahadut Ullah, Farm Productivity, Returns to 
Scale and Technoloqical Chanqe in a Traditional Aqricul- 
ture, (A Case Study of Bangladesh)l (Ph. D thesisr 
Harvard, 1974). 

A. M. Khusro, "Returns to Scale in Indian Agriculture", 
Indian Journal of Agricultural Economics, vol. XIX, 
Part 3-4, (1964), pp. 51-80. 
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The second limitation of the Cobb-Douglas function 

is the assumption of unit elasticity of substitution. 

This refers to the extent to which factors can be substi- 

tuted for each other. In the analysis which follows, the 

factor shares of rent, wages and capital are fixed and do 

not change over time. An alternative approach is to alter 

the factor shares at certain dates or to use a different 

production function with constant elasticity of substitu- 

tion (CES) . 

CES production functions have disadvantages of their 

own, however. Not least among them is the problem of es- 

timating elasticity of substitution empirically when it 

may adopt a value between 1 and infinity ( (r =1 >cx: p 

This hardly seems worthwhile when the bias from using the 
I 

Cobb-Douglas form is small for reasonable values of, 

over relatively short periods 
9. Ullalýs estimates of the 

production function for Bangladesh agriculture using both 

Cobb-Douglas and CES functions, did not yield significantly . 

different results: 

9. See A. P. Thirwall, Growth and Development with Special 
reference to developing economies, (London, 1972), 
pp. 43-51. For a discussion. 
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Table 5.1 

Elasticities of land and labour, Bangladesh agriculture 
1950 

CES C-D 

Rice . 855 . 890 

Jute . 946 . 994 

Aggregate 1.150 1.153 
production 

source: Abul Hossein Sahadut Ullah, 
Farm Productivity, Returns to Scale and Tech- 
nological Change in a Traditionai--AT-qgriculture 
(A Case Study of Bangladesh). (Ph. D Thesis, 
Harvard, 1974), p. 112, Table 11. 

Moreover, the assumption of constant elasticity 

may itself be misleading. A change in factor shares may 

be the result not of changes in elasticity, but of chang- 

ing technology. Hence the need for a production function 

with variable elasticity of substitution to'measure tech- 
10 

nological*change Finally, the CES function shares the 

other major limitation of the Cobb-Douglas function, the 
0 

assumption of perfect competition. 

10. ibidq P-4-7 note. 
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The assumption of perfect competition is necessary 

in order to calculate the output elasticities of the f actors 

of production. If land, labour, and capital operate in 

perfectly competitive markets, each factor will be paid 

the value of its marginal product. Thus, we can estimate 

the output elasticity of each factor by its share in the 

cost of product on. If, on the other hand, factors are not 

bought and sold in competitive markets, then-we, cannot esti- 

mate output elasticities from factor shares. 

Several economists have criticised the assumption of 

competitive factor markets in traditional agriculture 

A distinctive feature of Indian agriculture is the degree to 

which factor markets interlock 12. The markets for labour and 

credit are linked through the practice of annual, contracts 

for agricultural labourers, which often involve consumption 

loans. Again, the markets for labour and land interlock 

through the institution of sharecropping where labour is ex- 

I changed for access to land. But such transactions are still 

market (i. e. economic) transactions and do not imply im- 

perfect factor markets. 

11. K. N. Raj, "Village India and its Political Economy", 
in Hobsbawm, et. al., Peasants in-History, --Ch. 8; Griffin, 
Political Economy Agrarian Change, Ch. 2. 

12. Pranab K. Bardhan, "Interlocking Factor Markets and 
Agrarian Development: a review of Issues", Oxford Econ- 
Papers, NS, Vol. 32, No. 1. (March, 1980), p-p. 82-, j8. 
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First of all, annual labour contacts like those 

in Scottish or Indian agriculture do not constrain agri- 

cultural labour to any significant extent more than tenured 

or salaried employees in organised labour markets. 

Slavery was not a feature of the agricultural sector in eith- 

er Bengal or Scotlandl3. Likewise, indebtedness to his em- 

ployer does not make an agricultural labourer a bonded lab- 

ourer, just as an office worker may borrow from a provident 

fund account or live in company quarters. Secondly, in 

areas of India like Bengal where labour was unusually abund- 

ant relative to land, the land market was highly competitive. 

Rents were high, wages were low, and the jotedar had little 

incentive to withhold his land from land-hungry farmers, 

since a large part of the value of production accrued to him 

in any case as payment for the use of land. Finally, inter- 

locking factor iaarkets may have helped jotedars avoid legal 

or social controls on maximum rental shares or minimum in- 

terest rates, (eg. by underpaid labour services), and so 

enabled scarce factors to be-exchanged at their full market 
14 

value These three reasons alone suggest that the Cobb- 

Douglas assumption of competitive markets applies reasonably 

well to conditions in Bengal and the Forth Valleyl5. 

13. Hiranmay Dhar, "Agricultural Servitude -in Bengal Presidency 
around 1800", Economic and Political Weekly, Vol. 8. Pt. 
30, (28 July, D)-? 5), pp. 

14. This paragraph based on Bardhan, op - cit., pp. 83 ff - 
15. For a review of results, se.; Mahesh Chand, "On Using Cobb- 

Douglas Production Function in Agriculture with Reference 
to India", Indian Journal of Economics, Vol. 48, No. 2, 
(Octi 1977), Pp. 193-207- 
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Section 2: the agricultural production function. 

We can now proceed to estimate the production func- 

tion for agriculture in Bengal and the Forth Valley. An 

arithmetic index of the prices of agricultural inputs and 

output was constructed with all units expressed in current 

prices. Five s4parate indexes of total factor producti- 

vity were constructed: one each for Carse and Dryfield 

farms in the Forth Valley between 1760-1840, one each for 

X&E and S&W Bengal between 189-: -1914, and finally, a third 

series for Bengal as a whole between 1870-1914. The price 

index for each variable was constructed as follows: 
Y 
The index of the price of agricultural output for the Forth 

Valley was constructed from the price *Series given by the 

Stirling fiars colart. Prices are available for the five 

major farm crops: carse oats, dryfield oats, carse barley, 

dryfield barley, peas and beans. The five indexes were 

then weighted according to the share of each crop in total 

production. (See Appendix I). 

Land in traditional Scottish agriculture was divided 

into two categories for productive purposes. The area 

immediately surrounding the farm. centre was known as the 

infield. Infield land was intensively cultivated under a 

oontinuous rotation of cereals and occasionally, pulses 

like peas and beans. The rest of the farm, known as the 

0 
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outfield, was cultivated much less intensively. Unlike 

the infield, cereals on it were not grown continuously, 

and the land was left fallow for long periods between crops. 

Measuring the productivity of infield-outfield is 

difficult since the system varied according to environmental 

conditions. Within a single region, such as the Forth 

Valley, the proportion between intensive and extensive cul- 

tivation was not fixed. In the dryfield, in 176Q, we are 

told that "the far greater part of the farm consisted of 

outfield... 
J6 It therefore seems reasonable to adopt 

Donaldson's estimate of 40% infield and 60016 outfield for 
17 dryfield farms in the Forth Valley in 1760 In the carse, 

18 
on the other hand, "where they have little or no outfield" 

all the farm land was treated as infield. 

i 

Cropping patterns also differed betwen carse and dry- 

field. Infield on the carse was "divided into equal por- 

tions of beans, barley and oEits", whereas only oats and 

barley were grown on the dryfield. In the outfield, we are 

16. Ramsay, Scotland and Scotsmen, vol. 2, p. 193. 

17. James Donaldson, Husbandry Anatomised, or-An-Enquiry 
into the Present R-anner of Teiling ana Manuring the 
Ground in Scotland-, (EdinburgH, 1697), pp. 469-470. 

18. Ramsay, Lbid- 
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told that "in the dryfields, it was usual to leave the 

ground lea (fallow), for six years, and then to take three 

crops of oats"19. Thus, in effect, only one third of the 

outfield was cropped each year. The weights for crop 

production are therefore, set at 66.66ýo' of total farmland 

for dryfield oats, 33-33% for dryfield barley, and 33-33% 

for carse oats, 'carse barley, and peas and beans. Both 

output indexes are given in Table 5-18. 

Regional indices of the price of agricultural output 

for Bengal between 1890-1914 were constructed using printed 
20 

wholesale price series for seven major crops Together, 

these account for approximately ninety-five percent of the 

total cropped area. Each crop - rice, wheat, other food- 

grains. oilseeds, sugarcane, jute, and tobacco - was then 

weighted according to acreage. A third series for all 

Bengal between 1870-1914 was constructed using wholesale 

price data for six major crops, omitting oilseeds for which 

no price series was available. - (See Appendix, I). To- 

gether, these constituted over 90% of the total cropped 

area in 1870. As before, each was weighted according to 

acreage. The three output indexes are given in Tables 

5.19-20. 

19. Lbid, p. 207,192. 

20. K. L. Datta, Report, vol. 21 pp. 136-147. 
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R 

The cost of land in a competitive market is equal to, 

its rent. Competition for land in the Forth Valley was 

ferocious: 

"It is well-known, that as soon as any f arm 
is out of lease, twenty people come clamouring 
after it, offering high rents, much more than 

,, 21 the land can in fairness afford to pay 

The movement of rents between 1790-1840 is shown in Tables 

5.2-4. below. 

Table 5.2 

DRYFIELD RENITS IN THE FORTH VALILEY, 1790-1840 
(per acre) 

Parish 1790 1840 

F, s d E s d 
Alloa 12 2j 2 10 0 
Campsie 10 0 1 2 0 + 10.00 
Killearn 12 6 15 + 20.00 
Kincardin. e 14 0 1 "7 0 + 92-85 

Kippen 15 0 1 *5 0 + 66.66 

+100.09 

Source: OSA, NSA. 

21. Belsches, General View Stirling, p. 60; cf. p. 20. 
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Table 5.3 

CARSE 'RENTS IN THE FORTH VALLEY, 1790-1840 
(per acre) 

Parish 1790 1840 % Increase 

9 s d E s d 

Airth 1 18 0 3 0 0 + 57.89 
Alloa 1 7 6j 2 10 0 + 81.81 

Clack- 2 3 0 3 3 0 + 46-51 
mannan 
Gargun- 1 5 6 2, 12 6 +105.88 
nock 
Kincard- 1 0 0 2 7 0 +135-00 
ine 

Kippen 17 6 2 10 0 +185-71 
Polmont 2 0 0 3 '15 $ 0 + 87-50 

+100.04 

Source: OSA, NSA. 

Table 5.4 

Parish 

CARSE RENTS 

1790 

IN THE 

1812 

FORTH 
(per 

VAILEY, 1790-1812-1840 
ac-re--T 

96 Increase 1840 %oDecrease 

Y, s d F, s d - L s d 

Alloa 1 7 64 7 0 0 409.09 2 10 0 -180.00 
Clackmannan 2 3 .0 7 0 0 225-58 3 3 0 -122.22 
Falkirk 2 0 0 5 15 6 188.78 na - 
Gargunnock 1 5 6 5 5 311-76 2 12 6 -100.00 
Larbert na 5 15 6 2 14 8 -111.28 
Polmont 

.2 
0 0 5 15 6 188.75 3 15 0 - 54-00 

+264-78 -113-5 

Sources; OSA, NSA. 
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EstimýLtes of the increase in rents between 1760- 

1790 are less reliable. In Perthshire, rents were said 
have 

- 22 to/doubled in this period The report for the parish 

of Kincardine in 1793 claims rents had risen by 40% in 

the previous twenty years23. In Alloa parish, rents on 

/24 -e papers the carse reportedly increased by 605ýo . Estat 

like those of Ddmdas of Kerse in the parishes of Falkirk 

and Bothkeenar show an average increase spread over three 
25 farms was 5501o It seems likely, then, that rents in 

1760 were only half those being charged in 1790. The in- 

dex of movement of rents between 1760-1840 is given in 

Table 5.18. 

Unlike Scotland, rent in Bengal was not necessarily 

set by the market. Essentially, there were two rates of 

rent in Bengal-- The pargana rate or nirikh was the rent 

paid by those with rights in'land,, or raiyats, but rents 

were also paid by korfadars without rights in land who leas- 

ed land from raiyats. Whereas the rent paid by raiyats 

was traditionally set by custom and, after 1859, by law, 

korfa rents were set by the market. Our index for rent in 

Bengal must, therefore, be based on-korfa rates of rent. 

22. Robertson, General View Southern_Perthshire, p. 101. 

23. OSAI Vol. Xll, P. 568. 

24. OSA, vol. 1X, p. 672. 

25. W. K. Law, The Landscape of ImT 
agricultura=c ange in east Sti 
(D. Sc. dissertation, Geography, 
Fig. 1. 

p 
f 

t. A Study of 

I-" ý- /I 
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The Statistical Account of Bengal recorded the 

rent paid in each district in 1870. Although these os- 

tensibly represent pargana and not korfa rates, in fact 

there seems to have been little difference between. the two 

at this date. This conclusion is based on the utbandi 

rents paid in Nadia district in southern Bengal. From 

discussions of the nature of this tenure, it is clear 

that utbandi cultivators paid market rents. 

Firstly, they had no rights in land and were mere 

tenants-at-will. "The utbandi tenancy is simply a year- 

to-year tenancy, terminable at will by the landlord, or 

tenant, and subject to the custumary conditions of the 

village. The contract is entered into without formality 

or legal expense. Annually, before the ploughing for the 

paddy crop comtiences, the utbandi lands of the village are 

,, 26 redistributed among its ryots Secondly, access to 

utbandi was not restricted to who already held rights in 

land and who might, therefore, be expected to pay the nir- 

ikh rather than the full market rate. 

"The agency whereby the labourer transforms 
himself into the cultiv 

- 
ator 

- 
is the 

-utbandi 
or 

fasli tenancy. This system... has the great 
merit of putting the possession of land within 

26. R. Nathan, "Some Notes on Work and Workers in a sub- 
division of the Nuddea District", Calcutta-Review, 

vol. XC111, (1891), pp. 120-121. 
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the reach of every labourer who has 

succeeded in collecting some small 
savings... A labourer with very in- 

considerable savings is able to enter 
into this annual competition. He has 

merely to hire a plough and bullocks 
(a course very commonly adopted), gain 
the ear of the Gomashta, fix on a plot, 

obtain pn advance for seed from the local 

Mahajan, and proceed to cultivate... With 

a few favourable seasons, the thrifty 

rayat will be in a position to buy a bul- 

lock, thus saving part of the hire and 

gaining a greater proportion of the pro- 
duce he raises. In another year or two, 
he may be able to complete his team and 
start on the career of a cultivator 
proper" 

27. 

From tht-se unique features of tenancy, utbandi 

rates clearly "represent the highest rates, in which the 

cultivator has no rights in the soil, but merely enters as 

an utbandi cUltivator on the land, and takes it at the 

market price" 
28. 

Utbandi rents were, therefore, the equiv- 

alent to korfa or market rents. 

When the utbandi rents in Nadia are compared with 

the pargana rents in our four sample district, it becomes 

27. ibid. 

28. Hunter, SAB, vol. 2, p. 75, (Nadiya). 

0 

0 
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evident that the customary nirikh in 1870 was virtually 

identical to the market rate. 

Table 5.5 

SAMPLE RENTS IN BENGAL, 1870 

DISTRICT AUS AMAN 

Utbandi 0.26 - 
Jessore 0.30 0.30 
Burdwan 0.77 0.73 

Dacca 0.22 0.33 

Purne. a 0.19 0.19 

Av. SW 0.53 0.51 

Av. NE 0.20 0.26 

Sources:. SAB, vols-. 2,4, 
an7 15. 

BY 19144, however, a combination of population pres- 

sure on land and legislation to protect raiyats from rent 

enhancements had created wide disparities between raiyati 

rents and the market rent paid by the landless korfadars. 

Sufficient data on which to base sound generalisations is 

lacking, since British Settlement officers normally record- 

ed the rents only of raiyats, whom they wished to protect. 

In Xhulna district in southern Bengal, -how-ever, -a-la-rge 

enough number of korfa rents were. recorded to provide a 

reasonable sample. The table below shows the width of the 

differential in Khulna between raiyati and korfa rates. 

i 
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Table 5.6 

MARKETS RENTS IN KHULNA DISTRICT, 19201S 
(per acre) 

, THANA KORFA RENT RATYATI RENT % 

Kalaroa 1.24 0.75 65-33 
Dumurýa 0.49 0.28 75-00 
Mollahat 0.38 0.31 22-58 
Rampal 1.07 0.62 72-58. 

Average 0.79 0.49 61.22 

Source: See Appendix, J. 

Market rents in Khulna in 1914 were therefore 60'16 

above the average rent paid by raiyats. Fragmentary evid- 

ence from B,, Lrdwan and Dacca district suggests this similar 

or even greater differences. We therefore calculated the 
t 

movement. of rents in Bengal by adding 60% to the recorded 

increase in raiyati rents in each region. 

The pargana rate in two of our four sample districts, 

Dacca and Burdwan, were compared using data collected in 

1870 with the raiyati rates recorded'in the Settlement op- 

erations. The Statistical Account of Bengal published the 

rates for Burdwan for each pargana. These were mapped fol- 

lowing the boundaries recorded by the Revenue Survey of the 

1850's. No similar breakdown for Dacca was available by 

pargana: instead, the district was divided in four, without 

specifying which parganas belonged in each quarter. We 

v 
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therefore calculated rents by thana, using the classif- 

ication given in the Settlement Report. (See Appendix K). 

The tabular results show a virtually identical increase, 

though we were not comparing the same time periods. In 

Dacca, raiyati rents rose by 32.28% in the 42 years bet- 

ween 1870-1912. The annual rate of growth was. therefore 

0.668%. Rents in Burdwan rose more slowly, showing a rise 

of only 33.27% "in the 60.5 years between 1870-1930-5. 

The annual rate of growth was therefore only 0.475%. 

The average annual growth 

ate the movements of rent 

in Dacca and Burdwan were 

Theresults are shown in 

L 

rate of'O. 571% was used to calcul- 

in Bengal, while the growth rates 

adopted for VE and SW Bengal. 

tables 5.19-20. 

The construction of avage index for the Forth Valley 

is complicated by the absence of a reliable wage series for 

Scottish agriculture. The only long-run series of agricul- 

tural wages in Scotland for this period was published by 

Bowley in 1898. He identified five 'pivot points', or 

years when direct evidence was available, then filled in 

the gaps by grafting on the rates of change found in agri- 

cultural wages in England during the same period. The 

assumption that the rates of change were the same probably 

holds over the long term, but over the short term, Scottish 

wages show a quite different trend. Two regional studies 

of wages in Perthshire and East Lothian show this clearly. 
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Table 5.7 

TABLE 4: SCOTTISH AGRICULTURAL MONEY WAGES 

YEARS (1) (2) (3) 
1814-19 ill. 78 83 
1820-24 75 77 67 
1825-29 72 83 74 
1830-34 '73 78 NA 
1835-39 86 83 NA 

Sources: (1) A. L Bowley, "The Statistics 
of Wages-in the United Kingdom dur- 
in the last Hundred Years. (Part 
IV5,. Agricultural Wage s-Concluded. 
Earnings and General Averages", 
Journal of the Rozal Statistical 
Society, IX11, pp. ý>62-5. 
(2) G. Houston, "Farm Wages in Cen- 
tral Scotland from 1814-187011, ibid, 
Series A, (General), 118, (1950-9 
p. 225., Table 1. 
(3) T. M. Devine, "Farm Servants and 
Labour in East Lothian after the Nap- 
oleonic Wars",, Journal of the Scottish 
Labour History SS! cj2tz, 15, (Jan, 1981), 
p. 18, Table 1. 

Some variation between series is to be expected, 

since each concerns a different category of agricultural 

workers. The first measures the earnings of adult male 

labourers, on the assumption that they worked 41 weeks in 
29 the year The second shows the money wages of-married 

ploughmen, fixed at the October hiring fairs. Finally, 

the third shows the money wages of imma ried ploughmen 

hired between the Whitsunday and Martinmas fairs. Wage 

29. Goldie, Standard of Living, p. 117 assumes 44 weeks 
per annum. 

0 
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fluctuations differed for each category. Married plough- 

men were cushioned to some extent by part-payment in kind. 

As we know, this category was not numerous in the Valley3o. 

Unmarried ploughmen were similarly protected although their 

wages-registered sharper fluctuations. Most vulnerable of 

all were the day labourers, particularly women, whose wages 

might fluctuate, by 300% between six-monthly fairs 31. 

t Broadly, howeverg trends were similar and the main conclu- 

sion to emerge from a comparýson with Bowley's index is that 

after the sharp fall in 1816, wages in Scotland recovered 

much faster than in England. After the recovery in 1819- 

20, wages were steady throughout the 1820b except for a fall 

in 1827. By the late 1830's, they were almost back to their 

level during the Napoleonic Wars. 

Our index f or the Forth Valley is based on three sep- 

arate series. Erskine's figures for Clackmannanshire supply 

the base-; -year, (Appendix I). Since wages in Clackmannanshire 

were slightly below those in Stirling and Perthshire,, the 

index possibly exaggerates the increase. Bowley's figures 

provide the data for 1790,1794 and 1810-14, while Houston's 

rates of change are used for all three series between 1815 

and 1839. 

30. OSA, vol. X11, P. 5699 note (Kincardine). 

31. Devine, "Farm Servants", P. 19. 

0 
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Table 5.8 

TABLE 5: AGRICULTURAI WAGES FORTH VALLEY 
(1760 = 100) 

YEAR(S) (1) (2) (3) 
1760 100 100 100 

1770 135 150 126 
1780 
1790 169 216 146 
1794 21ý 266 160 

1810- 416 566 186 

1814 

1815- 387 534 157 
1819 
1820- 393 543 163 
1824 

1825- 399 549 169 
1829 
1830- 394 544 164 
1834 

1835- 404 554 174 
1839 

(1) Married ploughmen. (2) Single plough- 
men. (3) male day labourers. 
Sources: J. F. Erskine, General View of the 
Agriculture of Clackmannan, P. 73, for 1'/60. 
A. L. Bowley, The Statrs-t-i"cs of Wages in the 
United Kingdom during the last Hundred Years, 
(Part 1), Agricultural Wages-Contd. Scotland. 
Journal of the Royal Statistical SocietY, 
LX11, (1899), pp. i4i-b. --Ta=es 1,2,3. 
For 1770,1790,1794,1814. 
G. Houston, ibid. 1815-1839. 

The wage series for the two categories of labour 

found in the Forth Vplley, (unmarried ploughmen and labourers) 

0 
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were then weighted according t -o their relative shares 

of total labour input, (See Appendix 

Table 5.9 

WEIGHTED LABOUR INPUTS, FORTH VALLEY, 1 

a 
ays per acre 

CROP D. PLOUGHMAN LABOURER WEIGHT C. PLOUGHKAN LABOURER WEIGHT 

Oats 2.25 15-18 -66.6691o 2.25 15-73 33-33% 
Barley 13.22 19-77 33-33% 13.22 - 20.41 33-33% 
Peas/beans - - 8.56 12.87 33-3301o 
Av. Weights 21.94% 78.05% 99.9901o 12.87% 67.10% 99.9901o 

Source: Chapter 2, Labour ProductivitY. 

The resulting index of labour costs for both regions 

of the Forth Valley is given in 'Table 5.19. 

t 

The regional indexes of wages for Bengal were calculated 

from the available wage series for 1890-191432 The wage 

series for 1870-1914 provides data for labourers only, not 

ploughmen. A wage serie .s was, therefore. constructed using 

the ploughmen's wages given in agricultural surveys in the 

1870's as a base. The money value Rs. 2.75 per month or 

Rs. 0.187 per day quoted for Jessore was used as the base 

for both indexes, (Appendix 1). The. two wage series were 

then weighted according to their respective shares of total 

labour input. 

32. Dattag Report, vol. 3, pp. 60-75. 

0 
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Before this could be done, however, it was first 

necessary to weight the total labour input for "rice", 

since this generic category covers three varieties with 

different-labour inputs. Each variety was therefore 

weighted according to its percentage share of total prod- 

uction in 1900: aman 78-57/ot aus 20.0001o, boro 1.42%33. 

The index of labour costs was then calculated using the 

following weights. 

Table 5.10 

I 

WEIGHTED LABOUR INPUTS, BENGAL 
010) 

N&E 
Plougb-Uan 32.23 
Other 67-76 
Total 99-99 

s&w ALL BENGAL 
34-13 34.92 
65.86 65-07 
99-99.99-99 

Source: Appendix K. 

* 
K 

The cost of capital is a function of the initial 

money cost of, the. capital, employed,. of the rate of depre- 

ciation of th6., capital goods, and of the interest rate. 

In our case, when the index required is that of the rate of 

change of capital cost, it is reasonable to argue that this 

is equivalent to the rate of change of the rate of interest, 

since most agricultural investment was long term, and the 

r ate of depreciation was low. Hence, we shall use the 

33. Imperial Gazetteer of India, Bengal, vol. 1, (Calcutta, 
1 -9 90 J-) pp 58-59. 
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interest rate on consolidated stock as a. proxy for cap- 

ital costs. The index of the change in consols is given 

in Table 5.18. 

It might be objected that the rate of interest in 

18th century Scotland is not a true reflection of the fac- 

tor price of cabital. After 1714, the government set a 

legal maximum of 5% interest per annum on all forms of priv- 

ate credit. Hence 18th century interest rates were not 

set in competitive, markets. In practice, however, the legal 

maximum of 5%'o was ineffective. Private credit was difficult 

to regulate, since it primarily took the form Of contracts 

or "bonds" between individuals, not between landlords and 

banks. Individual bonds were the major source of capital 

for estate improvement; this is c lear from the breakdown of 

the debts of the Grahams of Airth, typical of the small lairds 

in the Forth Valley. Such bonds frequently circumvented the 

usury laws by a device known as the 'liquidate penalty', in 

which the debtor promised'to pay the creditor a specified 

annual amount (usually 2001o of the annual sum) for each year 

the debt remained unpaid. Since'debts could be left unpaid 

by mutual agreement, the liquidate penalty was an effective 

method of exceeding the legal 
-rate of interest. 

-The prac- 
34 tice was co=on in commercial circles 

34. T. M. Devine, The Tobacco Lords, (Edinburgh, 1975), 
pp - 97-98. 
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By contrast, there was no legal maximum to the 

rate of interest in Bengal. After the Usury Laws Repeal 

Act of 1855, "the rate of interest on loans became compe- 

titive and every lender exacted the highest rates that the 

borrower could be made to agree tot, 35. Government did not 

legislate to control interest rates again until the Usur- 

iour Loans Act It of 1918. Interest rates between 1870- 

1914 were, therefore, fixed by the market. 

The money market in Bengal was divided into two see- 

tors. The organised sector comprised the Bank of Bengal, 

the European Exchange Banks, and the Indian Joint-Stock Banks. 

Its share of total credit was extremely small, since it did 

not supp - ly the agricu ltural sector. Indigo planters, for 

example, were forced to seek credit outwith -6he organised 

sector, becausb Calcutta banks were unwilling to lend on the 
36 

. security of their titles to land . .. 
Loans to agriculture. 

were the province of the unorganised sector: Cooperative 

Societies, state Agricultural Banks, and moneylenders. Cobp- 

erative Credit Societies were established in Bengal from 

1904 onwards, and by 1914, there were 1667 Societies with a 

total capital of Rs. 8,921,05937. In addition, the govern- 

35. Bengal Provincial Banking Enquiry Co=ittee, 1929-1930, 
(Calcutta, 1930), vol. -J, -p. 161. 

36. First Report from the Select Committee on Colonisation 
and Settlement (India). Parliamentary Pa ers, vol. Vll, 
(1857-58), Pt. 1, P. 112, para. 1515; "An Outsider on 
Indigo", Agricultural Gazette of India, 21 June 1872, 
p. 292. 

37. Statistical Abstract For British India, 7th Issue, 
(Calcutta, 1917), vol. 2, FinanC3a. L Statistics, p. 119. 
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ment granted credit through the Land Improvement Act of 

1871, and its successor the Land Improvements Loans Act., 

of 1883. 

But the most important source of credit was the 

moneylender. T4ere were two kinds. "The bania deals with 

his own money. Ile is the village moneylender. The mahajan 

or banker deals with other people's money'as well as his own, 
38. 

In fact, the term bania is unknown in Bengal, but the dis- 

tinction still holds. Moneylenders were ubiquitous in the 

countryside. According to the 1901 Census, there were 73 for 

every 100,000 of the population39. Their numbers grew rap- 

idly with the rise in agricultural. prices. The Commissioner 

of Blardwan wrote: "In many parts of Bengal, especially of 

this division, it is difficult to draw a distinction between 
4 

a moneylender and an ordinary ryot. Any ryot who saves-a. 

little money... lends it to his neighbours so that almost 

,, 40 
every well-to-do ryot is a moneylender 

Over the period 1870-1914, therefore, interest rates 

may have fallen. There are several reasons for this. On 

the supply side, the mushroom growth of credit agencies and 

38. Report Banking Enquiry Committee, vol. 1, P. 50. 

39. Census of India, 1901, vol. Vl, Bengal Pt. 11, p. 410. 

40. B. B. Chandhuri, "Rural Credit Relations in Bengal, 1859- 
1885", Indian Economic and Social History Review, vol. 6, 
No. 3, (Sept. 1969), p. 221. 
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the proliferation of peasant moneylenders made borrowing 

easier. Before the advent of Cooperative Societies, re- 

ported the Bengal Banking Enquiry Committee, "The usual rate 

of interest they*(raiyats) used to pay was 374% per annum, 

though in many places the rate was much higher, Now the 

societies obtain their finances from the central banks at 9 

to 10-15/16 per 'cent, and the individual members of the soc- 
41 ieties can get their loans at 121 to 182 per cent-! ý 4 

This was also the opinion of witnesses before the Royal Com- 
42 

mission on Agriculture Interest rates on state agricul- 

tural loans were even lower. The Land Improvement Loans Act 

(Rule 20), set the rate of interest at 6ZIo, and this re- 

mained unchanged through successive editions of the Rules 

until at least 193643. On the demand side, rising incomes 

enabled farmers to offer better security for their loans: 
I 

"During the upswing of a business cycle, 
when prices of agricultural product'ý are 
rising, land values also tend to rise. 
This has the effect of increasing the value 
of the collateral which agriculturalists can 
offer to credit institutions and reputable 
moneylenders. With rising agricultural in- 

comes, some of the landless peasants became 
landowners. Insofar as there had been money- 
lenders and credit institutions with funds 

41. Report Banking Enquiry Committee, vol. 15 P-52. 
42. Royal Co=ission, vol. oV, P. 167 q-199799 p. 444 q. 23310 
43. Calcutta Gazette, 14 March, 1877, - Pt. 1, pp. 326-328. 

1 am gratefuT to Mr. John Sims for this reference. 
44. b. Tun wai, "Interest rates", p. 105. 



0 

0 

389 

unutilised because suitable collateral was 
not available, the changed situation will 
have the effect of increasing the supply of 
loanable funds at the usual rate of interest. 

---Since the interest rate on loans with land as 
collateral is lower than on loans without col- 
lateral, the weighted average rate of interest 
ýaid by agriculturalists as a whole will'tend 
to fall"44. 

Nevertheless, it is possible to exaggerate the im- 

pact of new credit agencies. In 1914, the average annual 

loan by each Cooperative Society was only Rs. 950,20945 - 
"Even in places where there are other financing agencies, 

such as cooperative societies and loans offices, they can- 

not meet all the requirements of the borrowers of the loc- 

ality, and many have to go to mahajans even after they are 0 
financed to some extent by the former, and are compelled 

to agree to the mahajan's rates, however excessive they may 

,, 46 be Similarly, the Land Improvements Act of 1871 remain- 

ed virtually a dead letter. Loans were only medium term, 

and had to be repaid within ten years. Large sums were ad- 

vanced during periods of agricultural distress, such as the 

scarcity of 1873. But, as the Government acknowledged 

"what mainly stimulated resort to the provisions of the law 

was not the relaxation of the rules, but the promiseon the 

part of Government to remit one-third of the sum advanced if 

45. Ali, Jute., pp. 244,247. 
46. Reýort Banking Enquiry Committee, vol. 1, p. 199. Even 

today? the organised sector supTlies only 15016 of the total 
credit needs of Bangladeshi farmers. Mohiudin Alamgir, 
Some Aspects of Bangladesh A5riculture: Review of Perform- 
ance and Evaluation of Policies", The Ban5ladesh Develop- 
ment Studies_, Vol. 3, No-. 3, (1975), P. 253- 
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spent on works of general utility,, 
47 

. By 1914, there were 

only 103 loan offices in Bengal 48, 

definitive measure of a change in interst rates 

would involve calculating the relative shares of the organised 

sector (at 656 per annum), and the unorganised sector (at 

36% per annum). This would provide a weighted average rate 

of interest for the Presidency as a whole. In the absence 

of information on any fall in rural interest'rates, it seems 

advisable to avoid arbitrary judgements. We therefore 

assume that the growth of organised-credit in this period was 

too slow to make any impact on rural interest rates, which 

remained stable. 

XI ]a# ye 

Finally, estimates were made' of the output elastici- 

ties of each factor of production. The output elasticity 

of each factor - the degree of responsiveness of output to 

a chahge in factor inputs - will equal their share in total 

income which in a competitive market, will be equal to the 

share of each factor in the production process. We can, 

therefore, assign values to X,, B and Y according to 

their factor shares. The relative percentage of capital, 

labour and rent in the total cost of production was calcula- 

ted from the means for 17 farms throughout Scotland between 

1760-1840. 

47. BýTj (Miscellaneous), August 1875 Colln 1-143/44. 
Report on the General Working of the Land Improvement Act 
(XXV1 of 1871) from its introduction to 1874-75, para. 15- 

48. Ali, Jute, p. 105. 

N 
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Table 5.11 

FACTOR SHARES IN SCOTTISH AGRICULTURE 

YEAR CAPITAL LABOUR RENT ACREAGE COUNTY 

1760 30.63 27-74 41.61 167-74 E. Lothian 

1809 2043 17-39 62.21 254.14 Stirling 

1810 19.45 22.88 57-56 
1810 25-19 35-77 39.02 152.48 Dunbarton 
1810 32.28 35.46 32.24' 114-36 Dunbarton 
1810 30.65 38.29 31-05 76.24 Dunbarton 
1810 28.15 30.69 -41.14 106.74 Dunbarton 

1812 30.28 49.53 20.18 20-33 Caithness 
1812 33.68 47.69 18.61 129.61 Caithness 

1814 23-15 24.62 52.22 300-00 E. Lothian 
1814 24.94 27.27 47-77 300-00 N. A. 
1814 22-56 31.08 46.34 300-00 N. A. 

1816 18-38 25.74 55.86 300-00 E. Lothian, 

1831 26. P3 34.22 39-54 500-00 Aberdeen 

1836 17.45 13-54 51-55 282.10 Perth 
1836 20.21 33-17 53-11 550-00 Berwick 
1836 19.48 27-73 52-77 420.00 Berwick 

Average 24.89 30-75 43.69 

Sources: See Appendix L. 
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Costs of labour, capital and rent were tabulated for 

averaged sized farms in the carse and dryfield. In the ab- 

sence of data on farm size, costs were calculated for farms 

which could be cultivated with one plough. In the Forth 
49 Valley, this was between 30-50 acres On the heavy clays 

of the carse, the acreage one plough could cultivate seems 

to have been roughly 35 acres50. We therefore adopted 

36 acres as the average size of carse farm under a six course 

rotation, anzl 60 acres as the average size *of dryfield farm. 

No similar breakdowns of farm cost's exist for Bengal. 

Instead, factor shares were calculated by costing the in- 

puts on a hypothetical farm with the three cropping pat- 

terns found in two regions of Bengal in 1890, and in Bengal 

as a whole in 1870. All inputs were valued at 1870 factor 

prices for ourfour sample districts. 

The most expensive single item of agricultural cap- 

ital was the plough-team. The prices of a team of two 

bullocks in our sample districts is presented in Table 5.12 

below. 

49. Graham, General View Stirlingshire, p. 83. 

50. OSA, vol. IX P. 576, (St. Ninians). Carmichael, 
7'Vgie of Forth", p. 23. Graham, General View Stirling 
shire, p. 88. 

4 
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Table 5.12 

TABLE 4: BENGAL PLOUGH TEAM 

DISTRICT E RUPEES 
Burdwan 4.0 40 

Jessore 2.5 25 
Av. S&W 3.25 32.5 
Dac6a 3.5 35 

Purnea 3.3 30 
Av. N&E 3.4 32.5 
Av. Bengal 3.27 32.5 

Source: SAB, iVj 74; V, 93; 
T1-, 256; XV, 310. 

Other capital costs were light by comparison. Among tools, 

the plough was the most expensive. Two cost breakdowns 

for Bengali ploughs give totals of Rs. 2.31 (Birbhum), and 

Rs. 1.37 (Jessore). The difference in prices. 
51 is ex- 

plained by the methods of costing. The Jessore figure re- 

presents the cash-cost, i. e., the price actually paid once 

the raiYat had provided some of the raw materials. Items 

like the wooden plough handle are therefore excluded from 

total cost, since they can be made with wood from the trees 

surrounding the raiyats own homestead.. We therefore adopt 

the estimate for Birbhum, since this represents the full 

cost or the price of all the parts purchased on the open 

market. 

51. J. Geoghagen, Report on Birbhum, p. 29; Momen, Final 
Report Jessore, p. 29. 
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The cost of other miscellaneous tools is stated, 

below: 

Table S. 13 

TAB= 5.13: BENGAL TOOLS 

DISTRICT z RUPEES 
Burdwan 0.9 
Jessore 0.25 
Av. WAT 0.57 
Dacca 1.5 
Purnea 0.5 
Av. N&E 1.0 
Av. Bengal 0.78 

Source: See Table 5.12, 
above. 

The rate of depreciation was then calculated for 

each item of fixed capital. Depreciation for the plough 

team was fixed at 16.66% per annum, since although cattle 

lived for twelve to fifteen years, "they cannot do ploughing 

more than six years", and depreciation on the plough was 

also heavy, since the iron phal or ploughshare had to be 

replaced each year 
52. We adopted the 40016 annual deprecia- 

tion given for Birbhum. Finally, miscellaneous tools were 

depreciated at 20% per annum. 

Expendit, are on seed was costed by determining the 

seed rates for all crops, which were then valued at whole- 

sale prices. Seed rates and costs per acre are given in 

the Table below. 
52. ibid'q p. 

_ 
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Table 5.15 

BENGAL 

CROP 

SEED RATES, 

SEED-RATE 
(kg/acre) 

1870 

PRICE 

Rice 31.68 1.75 
'Wheat 20.41 1.45 
Gram of 12.24 0.78 
Oilseeds' 12.24 0.78 
Jute 6.53 0.80 

Sugarcane 0.45 
Tobacco 0.09 

Source: Appendix L. 

Seed costs were then weighted according to their 

percentage share of total production. To complete out es- 

'limate of capital's factor share, Interest on fixed capital 

was fixed at 12%, which was the prevailing mortgage rate in 

our four sample districts. 

Labour's factor share was estimated by calculating 

the total labour input for each of the three cropping pat- 

terns, using our previous estimates of labour productivity. 

The total labour input, expressed in mandavs per acre, was 

then valued at the prevailing wage for ploughmen and labour- 

ers in 1870. Finally, rent was estimated by calculating the 

mean rent per acre for each crop found in our sample dis- 

tricts in 1870. The rates are shown below. 

--- --I -- -- -- -- -- --- -- ---- --- 
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Table 5.15 

CROP BURDWAN 

BENGAL CROP-SPECIFIC RENTALS, 1870 
M 

JESSORE S&W DACCA PURNEA ME BENGAL 

Rice 0.75 0.3 0.52 0.55 0.19 0.37 0.44 
Wheat n. a. 0.26 0.26 n. a 0.10 0.10 0.18 

Pulses - - - - 
Oilseeds - - - - - - - 
Jute 1.20 0.37 0.78 0.2ý 0.07 0.15 0.46 
Sugarcane 1.20 0.45 0.82 0.71 0.25 0.48 0.65 
Tobacco 0.88 0.56 0.72 n. a. 0.25 0.25 0.40 

Source: S. A3, vol-s. 2,4,5,15. 

Note.. "Pulses, vegatables, and oilseeds, are grown as a second 
crop upon auS lands, and no separate rent is charged for 
1-hese cropT,. SAB, iVj p. 87, (Burdwan). 

Each rental was then weighted according to the bhare 

of each crop in'total production. 

As with the Forth Valley, the cost of capital, labour, 

rent were calculated for the size of farm which could be cul- 

tivated with one plough. In Bengal, this varied between 

3.5 to 8 acres53. We adopted 5 acres as a reasonable average54. 

Costs were then converted to factor shares by expressing each 

factor as a percentage of the cost of total production. 

53- Hunter, Sý3, vol. 2, p. 255 (Jessore): vol. 15, p. 282, 
'? arneaý77n, Report on Jessore, p. 8. 
1, Se 

54. Hunter, SAB, vol. 5, p. 92, (Dacca)-, vol. 9, P. 306, 
(Pabna). - 
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Table 5.16 

FACTOR SHARES IN BENGAL AGRICULTURE 
W 

DATE REGION LABOUR CAPITAL RENT 
1870 Bengal 54.14 18.21 27.24 
1890 N&E 68.17 11.62 20.19 
1890 s&w 63-31 12.08 24.60 

Source: Appendix L. 

Although these estimates are provisional they agree 

closely with modern attempts to measure factor shares in 

traditional Indian agriculture. Hossein estimated labour's V 
factor share at 60% valued at the market wage rate55. 

c, imilarly, Evenson and Jha estimated factor shares in West 

3engal agriculture during the 1950's as labour (. 589), 

capital ( . 155), land (. 255 )56. Our estimates are there- 

fore plausible. 

Growth rates of inputs and output were calculated 

by regression analysis using ordinary Least Squares. 
4 

This technique shows the long run trend by determining the 

slope of a line which when plotted on a graph of the ob- 

served prices yields the minimum deviation between the 

55. Hossein, "Farm Size, Tenancy and Land Productivity", 
P. 320. 

56. Robert E. Evenson and Dyanatha Jha, "The Contiýibution 
of the Agricultural Research System to Agriculture 
Production in India", Indian Journal of Agricultural 
Economics, vol. 27, (Oct. -Dec. 1973), P. 229. 
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observations and the "trend line". The resulting growth 

rates were then weighted according to factor shares to deter- 

mine total factor productivity. The results are shown in 

Tables 5.21-22. 
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Table 5.17 

FORTH VALLEY PRODUCTIVITY INDEX 

DATE (1) (2) (3) (4) (5) l6) 

1760-64 100.0 100.0 100.0 100.0 100.0 
_ 

100.0 
1765-69 123.64 119.98 98.47 -0 
1770-74 124.3 1,24.98 133.89 131.25 91.05 - 
1775-79 98.98 100.98 - - 105.78 - 
1780-84 128.64 127.64 134.73 - 
1785-89 116.97 115.97 - - 110.00 - 
179,3-94 132.96 130.31 181.94 172.28 101.05 150-00 
1795-99 169.3 160.98 - - 137.89 - 
1800-04 209.63 192.31 126.84 
1805-09 224.63 206.63 - - 126.31 - 
1810-14 218.96 214.64 311.01 269.3'5 114.21 414.00 
1815-19 211.63 201.3 280.55 291.98 102.10 - 
1820-24 162.31 154.98 288.01 246.35 93.15 - 
1825-29 1022.6-41- 167.48 294.01 252.35 92.63 - 
1830-34 151.64 143.64 289.01 247.35 86.64 - 
1835-39 166.97 180.64 299.01 257.34 300-0,3 

OLS 

q. 
4.206% + 3.914% + 7.7290/lo + 6.4965ýo - 0.223% + 9.041% 

Notes: (1) Carse output 
(2) Dryfield output 
(3) Carse labour 
(4) Dryfield labour 
(5) Capital 
(6) Rent 
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Table 5.18 

INDEX OF_PRI_CEk'-) OF AGRICULWRAL =UTS 

OUTIUTS, BENGAL, 1870-1914 

(1871-5 = 100) 

DATES (1) (2) (3) (4) 

1. 1871-74 100.00 100.00 100.00 100.00 
2. 187ý-80 - - - 
3. 1881-85 
4. 1886-90 - - -- 
5. 

-1891-95 
130.22 133.68 -- 

6. 1896-00 116.17 149.99 -- 
7. 1901-05 118.93 157.08 -- 
8. 1906-10 176-37 183-03 -- 
9. 1911-15 181.06 204.96 200.19 100.00 

10. OLS % + 7.318 + 9.207 + 9.063 - 
P. q. 

Source: See text. 

Notes: (1) Output price 
(2) Wages 
(3) Rent 
(4) Capital price 
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Table 5.19 

INDEX OF PRICES OF AGRICULTURAL INPUTS 

I 
AND OUTPUTS, BENGAL, 1890-1914 

DATES (1) 
_(2) 

(4) (6) 

NORTH &, EAST SOUTH & WEST 

1890-94 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
1895-99 102.54 111.20 - 108.48 111.27 -- 
1900-04 109-15 125-97 113-95 121.27 
19,35-09 155-71 145.26 - 158.15 143.18 -- 
1910-14 141-57 159-92 186.72 138.41 177.63 178.24 100-00 
OLS 5c + 11-772 + 12.819 -4- 16.895 + 10.816 + 15-041 + 15-545 - 

P. q. 

So-urce : See text. 

Notes: (1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 

Output price 
Wages 
Rent 
Output price 
Wages 
Rent 
Capital price 



4o P 

Table 5.20 

TOTAL FACTOR PRODUCTIVITY, FORTH VALLEY, 1760-1840 
(per annum) 

Carse 1 Output (Y) +0.827 
2 Labour (L) +1-500 
3 Capital (. E*) -0.044 

I 4 Land (T) +1.746 
5 Index of inputs c*- L+ pK* + YT*) 

where L= 30-75, K= 24.89, 
YT = 43-69 

6 Index of total factor productivity . 
(A) 

0.371 

Dryfield 1 Output (Y) +0-770 
2 Labour (L*) +1.266 
3 Capital (K*) -0.044 

I 4 Land (T) +1-746 
5 Index of inputs (., ýL 

+ pjK + yý T) 

where L= 30-73, K= 24.89, Q 43.65 
6 Index of total factor productivity (A*) 

0.371 
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Table 5.21 

TOTAL FACTOR PRODUCTIVITY, BENGAL 1870-1914 
ýper annum) 

BENGAL (1870-1914) 

1. Output (Y) -1-1.422 
2. Labour (L) +1.777 
3. Capital (K) - 
4. Land (T*) +1.850 
5. Index of inputs L+F K* + YT*) 

where L= 54-54, K= 18.21, YT 27-24 
6. Index of total factor productivity 

(A) 0.051 

N&E BENGAL, (1890-1914) 

1. Output (Y) +2.250 
2. Labour (L) +2.441 
3. Capital (K*) - 
4. Land (T) +3-171 
5. Index of inputs ( ot L+P K* + YýT) 

where L= 68.17, K 11.61, YT 20.19 
6. index of total factor productivity 

(A) 0.054 

S&W BENGAL, (1890-1914) 

1. Output (Y*) +2-075 
2. Labour (L) +2.842 
3. Capital. (K*) - 
4. Land (T*) +2.931 
5. Index of inputs P K* + Y! T) 

where L= 63.61, K- = 12.08, YT 24.60 
6. Index of t -otal factor productivity 

(A) 0.453 
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The results suggest (given the assumptions of the 

Cobb-Douglas function and the limitations of our data), -_ 

that there was technological change in Bengal agriculture,.., -- 

between 1870-1914. All three series show thattbe prices, 

of inputs rose faster than the price of output. Our re-- 

sults may be compared with other attempts to measure 

technological change in traditional Indian agriculture. 

A recent study of Indian agriculture between 1953-1971, 

found that between 1953-1961, the period before the-Green 

Revolution, there was "residual productivity growth of 

respectable proportions" in all but, three of fifteen 
57 

Indian states Clearly, these findings contradict 

Schultz's hypothesis that in traditional agriculture,, the 

state of the arts remains constant. 

Indeed, Bengal agriculture was capable of rates of- 

technological change which compared favourably with those 

in the Forth Valley during the agricultural revolution. 

Total factor productivity on the carse rose by 0.395% per 

annum, and by 0.371% per annum in the dryfield. These 

rates compare closely with recent estimates of technological 

change for English agriculture between 1780-1846 of 0.2 and 
58 

0.3% per annum 

57. Evenson & Jha, op-cit., p. 215. The authors note that 
negative productivity growth in W. Bengal, Orissa and 
Assam were offset in 1958-65 suggesting they were 
probably due to weather effects. 

58. Glenn Hueckel, "Agric. during Industrialisation", in 
D. N. McCloskey & R. Floud, eds. The Econ. History of 
Britain since 1700, (Cambridge, 1981), Vol. 1, Ch. 5, 
p. 192, Table 10.3. 
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In Bengal between 1870-1914 the annual rate of product- 

ivity growth was much slower, (0.051%), but the period between 

1890-1914 shows that rapid growth was possible. In South and 

West Bengal during this period, the annual growth rate of 

total factor productivity was 0.453%, surpassing that of the 

Forth Valley carse. This is a remarkable result, and its 

accuracy must be questioned. Firstly, it is out of line with 

out estimates for N&E Bengal and the province as a whole, 

by a wide margin. This suggests a rogue result. Secondly, 

the faster increase in wages in the S&W compared to the 

N&E (Table 5.19) may reflect weaknesses in the data. Had 

wages in the S&W risen at the same rate as in the N&E, ' the 

rate of increase in total factor productivity would have been 

reduced to 0.197% per annum. Interesting as these results are, 

the Residual might justifiably be described as "a measure of 

our ignorance". Our analysis must be taken a step further. 

How did Bengal farmers achieve this increase in productivity? 



------ ------ 
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Section 3: The Residual. 

Unfortunately, the range of possible explanations for 

increases in total factor productivity is so great that it 

is very difficult to give a definite answer to this question 

Here, we consider only three forms which technological change 

migh have taken: farmers selecting higher yielding varieties, 

changes in the product mix, and changes in farm size. 
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It is helpful to distinguish two different ways 

of changing. a production function. Suppose that among all 

the ways in which rice can be grown farmers have selected 

the best, and that they all pursue it in exactly the same 

way and with exactly the same results. Suppose the same 

is also true for all the other kinds of crops that can be 

grown. For each farmer, the technical coefficients - 
I 

the ratio of inputs to output - are the same. Using trad- 

itional technology, an acre of aman requires 28 mandays to 

prepare, 13 to transplant, 40 to weed, 30 to harvest, and 

produces 9 hectolitres of unhusked rico. Under these cir- 

cumstances, farms will vary in overall productivity only 

as they differ in the amount of land and labour they al- 

locate to the production of aman. That is, their allocative 

efficienc-ý' may vary, but not their technical efficiency. V 

Now contrast thei with another situation in which 

the technical coefficients differ between farms, being sig- 

nificantly lower for some than for others. Those with the 

lowest ratio of inputs to outputs are technically more ef- 

ficient than other farmers. To clarify the argument, the 

two measurements of efficiency are illustrated in Fig. 

The equal product curve Ft, which shows the minimum 

coQination of input required to produce one unit of output, 
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various amounts of land and labour required 

to produce one unit of product. 
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Figure 5.2 
Innovation in Bengal agriculture 

1670-1914 
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represents the productivity frontier. Any farm that lies 

on Ft is technically efficient, under the technology of the 

agricultural system in which it operates. Farms lying above 

and to the right of Ft are technically less-efficient than 

they could be without any change in the prevailing tech- 

nology. The farms at points Qa and Q-star both lie on Ft 

and are eq7aally-efficient technically. But since P-P re- 

presents the relative prices of land and labour, the farm 

at point Q-star will be more efficient than farm Qa, 

because it allocates its resources between land and labour 

so as to minimise their total costs. That is, farm Q-star 

is both technically efficient and price efficient. 

The productivity of the existing technology is measur- 

ed by the closeness of Ft to the origin (0), and the tech- 

nical efficiency of an individual farm by its closeness to 

Ft, Allocative efficiency, on the other hand, is determined 

by the closeness of the points that lie on Ft to the price 

-ive efficiency line P-P. Together, technical and allocat 

make up economic efficiency. Qa is both technically and al- 

locatively more efficient than Qb which employs as much land 

but more labour, and than Qc which employs as much labour, 

but more land to produce a unit of product. Qa is allocat- 

ively less efficient than Qd, although technically mor. e 

efficient, because it spends more in value terms to produce 
i 

a -unit of output. All four points are economically less 

than Q-star and points Qb, Qc and Qd are tech- efficient t 

nically less efficient. 
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In which area of Bengal agriculture did the poten- 

tial for improvement lie? The first possibility is tech- 

nical efficiency. If many farms lie some distance from 

the productivity frontier, their efficiency can be increased 

by moving them closer to it. We may think of this as moving 

from an average technology (At) to a frontier technology (Ft). 

If, on the other hand, farms already lie on the productivity 

frontier, their technical efficiency can only be increased 

by moving the frontier. The alternative possibility is to 

improve allocative efficiency by moving farms closer to 

Q-star, the lowest cost point. 

British officialdom clearly believed that agriculture 

in Bengal had substantial potential for improvements in 

allocative efficiency. Much discussion of agricultural pro- 

ductivity saw the problem in terms of teaching farmers how 

to use existing resoixrees more efficiently. Governor Bentinck 

wrote as early as 1835, "Look where y ou will - examine the 

whole scheme of this Indian system, and you will find the 

same results - poverty, inferiority, degredation, in every 

shape. For all these evils, knowledge, knowledge, knowledge 

is the universal cure,, 
59. 

Yet the evidence suggests that 

allocative efficiency in traditional agricultures is gen- 

erally quite high. 

59. Bentinck, 8 April, 1835, quoted: Transactions of the 
Agricul, tural and Horticultural Society of India, -v-ol-. 2, 
Uav I P. 2=. - 

0 
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One of the best known attempts to measure allocative 

efficiency in Indian agriculture is the pioneering work by 
60 

David Hopper in 1954, before the Green Revolution After 

analysing 43 farms in the village of Senapur, which lies 

in eastern Uttar Pradesh. on the Gangetic plain, he concluded: 

"It would appear that the average alloca- 
tions made by the sample of farms were efficient 
within the context of the prevailing technical 

relationships. There is no evidence that an im. - 
provement in economic output could be obtained 
by altering the present allocations so long as 
the village relies on ýraditional resources and 
technolo Sy,, 

61. 

Hopper's finding applied only to one village, yet 

subsequent resýarch has confirmed his conclusions. The 

Farm Management Studies of the Indian Ministry of Food and 

-a from cost- Agriculture have provided microeconomic dat 

accounting records of about 3000 holdings in the six main 

agricultural regions of India. Regional analysis shows a 
62 

similarly high level of allocative efficiency 

60. W. David 'Hopper, "Allocation Efficiency in a Traditional 
Indian Agriculture", Jolarnal of Farm Economics, vol. 47, 
(1956), pp. 611-624. 

61. quoted Schuitz, Transformin , p. 47. 

62. eg. Venkareddy Chennareddy, "Production Efficiency in South 
Indian Agriculture", Jl. of Farm Economics, Vol. 49, No. 4, 
(1967), pp. 816-82,0. Not all economists accept this view 
cf Ashok Rudra, "Allocative Efficiency of Indian Farmers: 
some Methodological doubts", Econ. & Political Wkl Vol. 8, 

-L W4'at'ure 
and No. 3, (20 Jan 1973) PP. 107-112; R. K. SampatH-, 

Measurement of Efficiency in Indian Agric", Indian Jl. of 
Agricultural Economics, Vol. =lV, No. 2 1--June, 1779). 
pp - 
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Consequently, changes in the production function of Bengal 

agriculture had to come through changes in technical 

efficiency. 

Yet here too British officialdom had underestimated 

the raiyat. It was aware of wide variations in productivity. 

For example, crop-cutting experiments in Patna district in 

Bihar revealed that yields of irrigated wheat on five plots, 

all within the same square half-mile, ranged from 250 lbs. 

to 1950 lbs. of grain per acre. 
63 Yet such variations tell 

us nothing about economic'efficiency. The costs of land and 

labour differs from one farm to another. Small farmers, for 

instance, will have higher yields per acre because they have 

relatively little land but plentiful labour. Big farmers, 

on the other hand, will have lower yields per acre because 

they have plentiful land but relatively little labour. Both 

farms may, therefore, be economically efficient, even though 

they allocate resources differently. Hence, it is doubtful 

if there was much scope for improving efficiency by moving 

farms from an average production function (At) up to a frontier 

technology (Ft). This left the possibility of moving the 

frontier-itself (Ft + t*). (See Figure 5.2). 

Some indit; ation of the technical efficiency of the 

existing production function (Ft) is given by the track- 

record of the Bengal Agricultural Department, founded in 

63. G. C. Sherrard, "Average Outturns", Agricultural Journal, 
Department of Agriculture, Bihar and Orissa, vol. 4, 
double number, (Oct, 1916), pp. 11-13. 
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1835 to. encourage improvement. By 1914, the Department had 

a large budget, a vigourous research programme, a highly 

trained staff, and a network of eleven model farms through- 

out the Presidency 64. It experimented, it proposed reforms - 

yet in the event, its achievement was disappointing. 

The Department failed, for example, to isolate 

high-yielding varieties of rice. There were over 4,000 

recorded varieties in Bengal in 1900 65. "Almost every 

village", it was reported, "has a variety of its own, and 

every year sees the extinction of some of the old varieties 

and the appearance of some not known before , 66. Work 

began on classifying this huge genetic pool in 1911, and 

by 1923 the Department's Botanical Section had examined over 

*7,000 samples of aman, 1,30C samples of aus, and 300 samples 

of deep water kman 67 
. It took five years to compare the 

2,000 varieties which resulted in the isolation of two pure 

lines, a variety of transplanted aman known as Indrasail 

64. Proceedings of Conference of Board of Agriculture in 
Indian, held at Pusa, l7_F_eb_. _1. _9_D8_, -et. seq C cutta, . 2-- 
17,8). Appendix C, p. 41., The Department's budget 
in the 1920's was C110,000 of which one-third was spent 
annually on research on rice. Royal Commission, 
vol. 1V, p. 60, q. 18436,18437. 

65. Watt, Dictionary, Vol. 5s P. 529. 

66. Paterson, Burdwan Gazetteer, p. 92. 

67. Anon, "The Economic Botanists - Their Works", Bengal 
Agricultural Journal, (Dec. 1923), p. 134. 

0 
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68 
and a variety of aus called Katakara 

Early trials with these varieties gave spectacular 

results, recording yield increases of 6011o over other var- 
69 ieties But these experiments remain suspect since they 

could never be duplicated in field trials. A comparison of 

the yields of the "high-yielding" varieties and local var- 

ieties, grown side by side in cultivator's fields, gave more 

modest results: 

Table 5.22 

FIELD TRIALS OF HIGH-YIELDING VARIETIES, 1924-5 
(hectolitres) 

DISTRICT HYV AMAN LOCAL AMAN % HYV AUS LOCAL A-US % 

Rajshahi 7.782 7.324 6.25 6.270 5.747 9.10 
Rangpur 6.718 5.607 19.81 6.018 4.992 20-55 
Dinajpur 10.320 8.211 25.68 7.903 6.391 2, ý;. 65 
Average 8.273 7.047 17-39 6.730 5.710 17.86 

Source: Annual Report of the Deputy Director of Agriculture, 
Northern Circle, Bengal, 1924-25. 

Although Indrasail and Kataktara were marketed 

high-yielding, their performance in field trials suggests 

that the maximum increase in yield was about 17%. Grown 

68. Procs: 2nd Annual Conference, 1921, p. 2. 

69. Annual Reports of the Expert Officers of the Department 
01 A5. rlcuiture, -Heng-al. - (Calcutta, 191,5). Report of 

-Economic Botanist, 1915, P. 143. 
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under ordinary conditions, this would certainly be less, 

, 
71. 

say lOYo7O. Others put the figure lower still, at 8ol 

Besides, this modest increase in yeild did not necessarily 

bring higher economic returns. Indrasail, for example, 

was only a medium quality grain, which meant it was "rather 

too coarse to be palatable to the upper classes,, 
72. 

Finer varieties4with lower yields may, therefore, have 

fetched the same 
I 

price as the new high-yielding strains. 

Consequently, the Department's high hopes for the, 

new varieties were never fulfilled. Distribution of Indra- 

sail began in 1916, with a target of 20,000 maunds by 

191973. This was estimated to be enough to seed 4.2 mil- 

lion acres, yet by 1920, the area bovered by both new var- 
74 ieties was estimated at just 0.25 million acres This was 

t 

70. W. L. Burns, Progress of Agricultural Science in India, 
p- 35. 

71. Annual -Reýort of the ý22ert Officials of the Department 
oT-Agriculture, Bengal, igib-ig, Report of the Economic 
To-Eanist, p. e-, 5. 

72. Annual Report of the Agriculture Depa rtment, Bengal, 
717-18, Report of the Economic Botanist, p. 1917-18. 

73. J. McKenna, The Best Means of Rapidly Increasing the 
Outturns of Food Crops by e hods-wit-h-in e 
the Agr cultural Department *- Bulletin, Vo, 84. Agri 
cultural Research institute, Pusa. (Calcutta, 1918), 
P. 3. 

74. Proceedings of Annual Conference of Board of Agricul- 
ture in'India, Poona, 10 Dec. 1917 eý. seq. (Calcutta, 
1ý18)j A-p-p-771i, Bengal, p. 12.5; ProceedinEs of Annual 
Conference of t -he Board of the Agricuitural Department, 
Bengal, Calcutta=, MaFch, 1920. (Calcutta, 1920), 
po 2o 

0 

0 

0 



416 

equivalent to merely 2.5% of the area under t. aman 
in the Bengal Presidency75. At the yields reported for 

'1917/18 - 1921/2, this would only haveý increased aggre-gate 

outturn by 1410 metric tons, too little to make any impact 

on yields, which did not register any impr ovement till the 

1930's. 

0 

The quest for high-yielding varieties therefore 

ended in failure. Scientific techniques of pure-line selec- 

tion gave no markedly better results than the empirical 

mass-selectian already practised by the raiyats themselves. 

As the Imperial Botanist, Sir Albert Howard, admitted: 

"Ten per cent of increased yield might perhaps 
be looked for in such variety work...,, 

76 
. 

i 

Yet this margin was unlikely to justify the risk farmers 

ran in adopting new varieties which might prove unsuitable 

for local conditior-s,. with potentially disastrous results. 

"Unless they can be shown that the new method is a certainty, 

"one British expert wpote, "the ryots will not, and rightly 

75. McKenna, Lbid, p. 1. 

76. L. E. Howard, Sir Albert Howard in India, (London, 
1963), p. 49. Howard was Head of the Botanical 
Section of the Agricultural Research Institute at 

-Pusa from 1905-1924. 

0 
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will not, take it up. A certainty will mean, as a rule, 

to a ryot, something which will give him a re, turn of over 

25 per cent on any extra capital invested,, and this fact 

must be continually in the minds of all those who propose 

innovations in Indian agriculture,, 
77. 

Science tas not hindered by the lack of an adequate 

theory of genetic inheritance. ffendel's work was redis- 

covered in 1900, fifteen years after the Agricultural Depart- 

ment. Systematic pure line selection of wheat began at 

Pusa in 1906, the very year that the new science of genetics 

was named78 . Bengal's Agricultural Department was the 

first in India to begin genetic research on rice. A full 

time Economic Botanist was appointed in 1911, who remained 

in charge of the msearch programme for seventeen years until 

1923. Very little time was therefore lost in transforming 

theory into applied research. "The recently recruited 

economic botanists had all received some training in the. 

new science and were keen to apply it to the practical prob- 

lems of plant breeding in India"79. Mendelian theory pro- 

mised to revolutionise Indian agriculture. Essentially, 

his discovery was that heredity operates by elements (later 

called genes), which behave according to definite statis- 

77. Harold H. Mann, "The Introduction of Improvements into 
Indian Agriculture", Agricultural Journal of India, 
vol. Vi(1910)9 PP. 7-8. 

78. Howard, Howard in India, p. 69. By contrast, inten- 
sive experiments on-T-eed selection in Japan did not 
begin until the Taisho era, 1912-16. Sinha, "Com- 
peting, ideology", p. 17. 

79. Burlis, op. cit., 

0 
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tical rules80 . This enormously simplified the task of 

research. After the disappointing results of research 

on pure lines, work began on hybridisation in Bengal in 

the 1930's 81. Yet even this gave meagre results. The 

best known examples of early hybrids are the Pusa wheats, 

but once again, their yields were only 10116 above those 

of other varieties. It proved impossible to develop high- 

yielding varieties of rice in Bengal because traditional 

varieties were, as we know, non-responsiv, e to fertiliser. 

Today's high-yielding varieties do not come from India, 

but are acclimatised exotics from Mexico and the Philipp- 

ines. But in Bengal. after 1900 science offered no tal- 

isman for improving the technical efficiency of Bengal 

agriculture. 

No moreleloquent tribute to the technical efficiency 

of Bengal agriculture can be found than the testimony of 

British experts whose attitude changed from patronising 

scorn to one of respect and grudging admiration. One wrote, 

"It was long before the stage was passed of considering 

that the West =ast teach the East, that the East had nothing 

to teach the West. Real progress came only when it was re- 

alised that in India, we have to deal with an agricultural 

practice which as been built up on the traditional custom 

of years and in which reside, though unexpressed and 

80. L. C. Dunn, "Mendel", Proceedings American Philoso- 
phical Association, vol-. --IZýT, (19b5), p. 193. - 

81 K. Ramiah, Rice Breedin5 and Genetics, Indian Council 
g7 of A:, ricultaFal Research Scientific Monograph, No. 19, 

(19530, PP- 52-56. 
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unexplained, deep scientific principles, the reasons 

for which can only gradually, be *elucidated" 82 
. Very 

little improvement could, therefore, be expected from the 

existing technology. This had long been obvious to more 

thoughtful observers, like Seton-Karr, who wrote in the 

1870's: 

d 

I 
"It has always appeared to me, from close 

attention to this subject, that... those who*talk 
glibly about instructing the. Bengal ryot will 
have to admit, when they have watched him at 
work, that they can derive a good many lessons 

from his operations... I will reiterate that 

glowing estimates as to the power of the soil 

of lower Bengal, if skilfully cultivated, to 

give a return of 50 or even 75 per cent. over 
its present outcome appear to me to rest 
neither on probability nor proof... It would 
be rbLsh to predict from the most careful hus- 
bandry an increase of more than 10 or 15 per 

,, 83 
cent. in the produce 

Under these circumstances, wrote one expert, 

"how to improve it is a problem which is, I do not hesitate 

82. James McKenna, Agriculture in India, (Calcutta, 
1915), p-7. 

83. Seton-Karrt "Agriculture in Lower Bengal", pp. 426-7. 
For similar assessments, see J. A. Voelcker, Report 
on the Improvement of Indian A5ricultureq (London, 
187'5)t P. iii Howard, Howard in India, PP. 56-7; 
Countryman,, "The AgricuTEu-ral Depar ent of Bengal - A Review", Modern Review, vol. XXXV1, No. 4. 
(Oct. 1924), p. 378. 

0 

0 



420 

to say, a harder one than how to improve English agri- 

culture"84. 

0 

t 

84. J. A. Voelker. "Indian 
its Physical Aspects". 
Agricultural Society of 
vol. 11, (ibl)l) p. 44. 
India visiting each of 

Agriculture in 
journal of the RoYal 
England, Third Seriesq 
Voelker spent 14 months in 

the six provinces twice. 
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Science also contributed nothing to technological 

change during the Scottish agricultural revolution. 

True, Edinburgh was the first university to appoint a 

Professor of Agriculture, as early as 179o85. But des- 

pite theoretical advances in physical and biological 

chemistry, few attempts were made to apply them to agri- 

culture 
86. Supýlies of chemical fertilisers, for example, 

did not become widely available until the 1850's 87. 

Very little funding was available fo primary research. 

The old Board of Agriculture distributed only half of its 

miserly government grant; about E1,500 was awarded yearly 
88 

as prizes to encourage innovatim As a result, the 

accounts of agricultural experiments which fill the nine- 

t6enth century farming journals were largely the work of 

amateurs whose enthusiasm was no substitute for scientific 

expertise. Thb exception was Patrick Shireff, whose re- 

search on pure line seed selection led to the discovery 

85. Harold W. Scott' "John Walker's Lectures in Agricul- 
ture (1790) at the University of Edinburgh". A icul- 
tural History . 4. (Oct. 1969). p. vol. 43 , No 

86. G. E. Fussell, "Science and Practice in 18th Century 
British Agriculture" 0A icultural History, vol. 43, 
No. 1 (Jan, 1969), PP. 7-10. 

87. G. E. Fussell, "The early days of chemical fertiliserst' 
Nature, vol. 195, (Aug. 25,1962), p. 753. 

88. Rosalind Mitchison, "The Old Board of Agriculture' 
(1793-1822)", Economic History RevieW, vol. LXXlV, 
(1959), p. 66. 
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89 
of the Hopetown oat and Early Fellow But, as 
Shireff sadly noted, "agricultural societies have done 

little to improve the cereals, and nearly the whole rural 

population seem to be indifferent to such an object"90. 
91 Not until 1892 were the first hybrid oats grown in Scotland 

V 
A more prýpmising explanation for technologigal 

change in traditional agriculture seem to be a change i-nthe 

product mix. In the Forth Valley, this took several forms. 

There was a big reduction in land left fallow. On the dry-. 

field, two thirds of the outfield was left uncultivated 

every year, an area equivalent to one quarter of all farm 

land. 
-The 

abolition of fallow was made possible by the 

introduction of fodder crops. Turnips, ryegrass and clover 

fix nitrogen from the atmosphere and also permit farmers 

to keep more livestock. Nitrogen and manure together en- 

riched the soil and boosted cereal yields. Fodder cropS 

therefore played a key role in raising productivity, 

(Figure 5. a). New rotations in the Forth Valley made ex- 

tensive use of them. On the dryfield, the most common 

rotation was in six "shifts" or courses: (1) oats, 

89. Shireff, Imýrovement of the Cereals, p. 79. Shireff's 
book was only published by subscription. 

90. ibid. p. 97. 

91. Hunter, Oats, p. 17. 

0 



Figure 5.3 
The Ag-ricultural Revolution 
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The flow chart illustrates the interrelationships between the major 
inputs of traditional agriculture in the Forth valley. The existence 
of a line connecting any two boxes shows that these inputs are 
connected. The direction of the arrow shows the direction of the 
connection. A plus sign indicates that the relationship is positive; 
a minus sign that it is -negative. 

For example, box 8 (fodder crops) is connected to boxes 4 (arable) 

and 7 (manure) by a positive sign, indicating that as the area under 
fodder cro-ps expands, so does the arable area and the supply of 
manure; at the same time the fallow area (box 5) decreases. 
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(2). peas and beans, (3) barley with grass seeds, 

(4) hay and, '(5), (6) pasture92. At least two out' of 

six courses thus provided fodder crops. The proportion 

was the same in the carse, where six. courses were also 

the typical rotation: (1) silmmer fallow, (2) wheat, 

(3) peas and beans, (4) barley with grass seeds, 

(5) hay, (6) dats93. The growth in the area under 

fodder crops is Illustrated by parish statistics of the 

period 1790-1840. 

4 

92. Graham, General View Stirlinýshire, pp. 143-144; 
Robertsong General View Southern Counties, p. 45. 

93. Graham, ibid; Carmichael, "Forth", p. 165; OSAI 
ix, p. 277-('Falkirk). 
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Table 5.2.3 

FODDER CROPS IN THE FORTH VALLEY, 1790 
(percentage of cultivated 

area) - 

PARISH FODDER CEREALS 

Campsie 11.00 75-00 
Kilsyth. 9.65 81-72 
Strathblane 3.09 96.99 

Average 7.58. 84-57 

Source: OSA, vols, U, Xll. 

Table 5.24 

FODDER-CROPS IN THE FORTH VALLEY, 1840 
(percentage 

PARISH 

of cultivated 

FODDER 

area) 

CEREALS 

Baldernock 27-91 57-99 
Buchanan 18-33 81.66 

Killearn 27-38 65-73 

Kilsyth 29-75 58-56 
Polmont 20.45 61.76 
Average 24-76 65.14 

Source: NSA, vol. 8. 

0 
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The growth in the area under fodder crops in- 

volved far-reaching changes in farm organisation and the 

rural landscape. Turnips and clover - along with winter 

cereals like wheht - could not have been grown without the 

inyroduction of stone walls and hedges to protect them 

from marauding livestock. "Wheat has been attempted", it 

was reported from Campsie in 1793, "but we have not ac- 

quired the art of cultivating that precious grain to ad- 

vantage, as it (the parish) is not inclosed or subdivided.,, 

it cannot be sown with wheat to any advantage, for the 

winter poaching would ruin the crop"94. The absence of 

enclosure was also an obstacle to the cultivation of tur- 

nips, reported one contemporary. "Nothing indeed but a 

stone fence will keep out cattle that have once tasted 

that delicious root,. 
95. 

Enclosure was thus a necessary 
(though not a'sufficient) condition for a change* in the 

product mix. 

It might be argued that the increase in total 

factor productivity in Bengal was also due to-changes in 

the product mix. Table 4.26 below provides evidence of 

a degree of specialisation between S&W and N&E Bengal. 

In both regions, the acreage under foodgrains remained 

virtually constant, though with a noticeable shift towards 

the production of more valuable cereals like rice. This 

94. OSA vol. IX P-72 
95. Ramsay of Ochtertyre. 

pe 272* 
Scotland and Scotsmen, vol. 2, 

0 

0 
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is reminiscent of the change in the Forth V-11ey towards 

wheat, at the expense of coarser varieties of oats and 

barley. Clearly, this must have contributed to the growth 

in residual productivity. 

Table 5.25 

CHANGES IN PRODUCT MIX, SE & NE = GAL, la90-1914 
ýthousand acres) 

DATES (1) (2) (3) (4) (5) (6) (7) 

1890-4 116053 
_ 

14057 111ý6 10412 5114 
. 

144028 23405 
(74.01) (8.96) (7-09) (3.28) (3.28) (16.25) 

1895-9 116657 12897 11278 9790 4650 142731 25558 
(75-13) (8.30) (7.26) (2.99) (2.99) (17-90) 

1900-4 116627 11665 11052 11047 3951 139575 28413 
(75-56) (7-55) (7-16) (2--55) (2-55) (20.35) 

1905-9 116428 A 10420 10244 14618 3219 137514 32282 
(75-14) (6.27) (6.61) (2.07) (2-07) (23.47) 

1910-4 118850 9355 9960 13152 2072 137930 29792 
(77.48) (6.09) (6.49) (1-35) (1-35) (21-59) 

Source: K. L. Datta, En5uiry into the Rise in Prices in India, 
(Calcutta, 1914), Vol. 59 pp. 2L)6-50f5. 

Notes: (1) Rice and Wheat, (2) Pulses, (3) Oilseeds, 
(4) Jute, (5) Sugar and Tobacco, (6) net 
cropped area, (7) twice cropped area. 

0 
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In addition, there was an increase in the acreage 

of jute. This represented an increase in land productivityl 

since jute could to some extent be assimilated into the 

existing cropping pattern by extending the double-cropped 

area. Jute did compete with rice, but only with the 

coarsest variety,. aus. As we know, there were essentially 

four levels of ltnd in the Bengal delta. On the highest 

level grew aus, and jute sown on this class of land competed 

with subsistence crops. The second class of land grew 

aman rice, which was preceded by either aus or jute. 

Once again, jute was in competition with aus. A third class 

of land, lower still, grew long stemmed aman or floating 

rice. Since jute could not withstand deep flooding, 'it, was 

seldom grown here. Finally, charland grew either aus or 

jute. Hence, although jute could be grown on at least two 

of the four levels of land in the delta, it did not compete 
96 

with the staple rice, aman 

Of the total area under jute, about two-thirds was - 

double-cropped97. The most common rotation was jute followed 
98 by transplanted aman Experiments by the Agricultural 

96. B. C. Basu, "Jute in rotation with paddy in the same 
year and its effects on food crops" AEEicultural Journal 
of India, vol. 5, Pt. 111 (1910), ýp. 241-242. 

97. ýbid, p. 244. For rotations with jute, see R. S. Finlow, 
The Extension of Jute Cultivation in*India, Agricultural 
Research Institute, Pusa. Bulletin, IT67-77, (July, 1906), 
p. 12. 

98. N. C. Chandhuri, "Jute in Purnea", Agricultural Jnl. 
Depart. of A5riculture, Bihar and Orissa, vol. 5., No. 1, 
(April, 1917 , P. 73; F. Smith, "Experiments with Aman 
Paddy", Dept. of Agriculture, Bengal. 
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Department show how comfortably jute fitted the crop 

calendar in Bengal. 

Table 5.26 

CROP CALENDAR OF AMAN RICE AND JUTE 
ýhectolitres/acr-e-s--Y- 

DATE CROP SOWING HARVEST YIELD(GRAIN) YIELD(FIBRE)' 

1905 Jute 1 May 20 July 5.596 
1905 Aman 3 August 11 December 5.856 7.236 
1906 Jute 10 May 3 August - 6.490 
1906 Aman 18 August 5 December 4.103 8.206 

Source: F. Smith, "Jute Experiments in Bengal",, AZicultural 
Journal of India, vol. 2, (1907), PP. 151-158. 

Note: Aman data for coarse varieties only. 

Thus, iftjute were harvested in the last week of 

July, aman could be transplanted in the first week of 

August77. Everything turned on the date of sowing jute. 

"Most of the raiyats, it was reported from Purnea, "want to 

transplant paddy on the same land just after cutting jute, so 

they must have an early jute to sow"100. Provided this 

conditon were mett rotation of rice and jute was perfectly 

feasible. It seems likely therefore, that in the face'of 

99. Departmental Records, (No. 1, (1907)9 P. 15. 
F. Smith, "Jute ExpFriments in Bengal", Agricultural 
journal of India, vol. 2, (1907), P. 160. 

100. Chandhuril, "Jute in Purneall, p. 75. 

0 

0 
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lc-nd shortage, Bengali farmers economised the use of agri- 

cultureal land by allocating more labour to commercial 

crops, notably jute. Since the commercial crops were more 

labour-intensive, it was also rational on the part of small 

farmers (for whom, the land shortage was most acute) to put 

-a greater proportion of their land under commer. cial crops. 

Since these were pore productive than subsistence crops, 

this was a rational way of using excess family labour. 

Large farmers, on the other hand, with more land iýelative 

to family labour would have put less land to labour-intensive 

crops. Income flows from jute are therefore, likely to have 

been biased towards marginal farms. 

Nevertheless, jute was not the major force behind 

technological change. The rate of increase of total factor 

productivity lnýthe jute growing region, the N&E, was much 

slower than that: h the rice growing S&W. Nor did jute 

raise land productivity by creating a more labour-intensive 

agriculture. Most of tht extension in the jute acreage 

occurred between 1890-1914 (Table 7.8). yet, as we already 

know, labour inputs to agriculture in Bengal stayed virtually 

constant. 
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The contribution of total factor productivity to 

increased labour productivity may be measured by rewriting 

our original function, 

A+y 

Output was calculated for Bengal using the official 

statistics of outturn between 1890-1914. Output (Q*) for 

the Forth Valley'was computed using our earlier data-on 

yieldb. (Table 2.36). L was calculated for Bengal using 

our earlier estimates of the labour input to Bengal agri- 

culture between 1890-1914 for the seven major crops. 

(Table 3.6). Similarly, L was computed for the Forth 

Valley using our estimates of the c-hanges in labour inputs 

following the adoption of four innovations which raised 

output per worker (Table 2-37). (See Appendix D. ). Output 

per manday was then calculated in constant prices: 

v 
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Table 5.27 

VALUE OF OUTPUT PER MANDAY, BENGAL AND FORTH VALLEY 
y 

Csi, 8e in 1760 = 9,0.322 

Carse in 1840 =90.781 L 

Dryfield y 
L in 1760 = F, 0.368 

Dryfield y in 1840 = F, 0.? 78 I 

SW Bengal Y in 1890 = Rs. 406-30 

SW Bengal y in 1914 = Rs. 489.76 E 

NE Bengal ip 1890 = Rs. 377.80 

NE Bengal in 1914 = Rs. 486.08 L 

Sources: See Appendix M. 
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The value of real output per mandaythus rose from 

Z3.13 in 1760 on the Carse in 1760 to 9,5.44 in 1840, and 

from E2.34-to F, 3.56 on the Dryfield. When the 1840 fig- 

ures are deflated by the growth in residual productivity, 

we obtain a 'converted' output per unit of labour, net of 
101 technical change 

50 pe 

Carse 1.113 . 386 34.68 
Dryfield 0.940 . 371 39.46 

The figures show that most of the increase in labour 

productivity in the Forth Valley was due to more land and 

capital per worker. This is plausible given the volume 

of investment during the agricultural revolution. 

The same method gives the following results for Bengal: 

A% 

S&W Bengal 0.781 0.453 58.00 

ME Bengal 1.055 0.054 5.11 

101. Solow, "Technical Progress and Productivity Qhangell 
in Sen. Growth Economics, p. 411. 
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Whereas most of the increase in labour product- 

ivity in the S&W was due to residual productivity growth, 

the increase in ME Bengal was due to more land and cap- 

ital per worker. This difference may perhaps be explained 

by changes in labour inputs; whereas labour inputs in the 

S&W rose between 1890-1914 in the N&E, they actually fell 

(Table 3.6). B4cause labour inputs fell, there was more 

land and capital per worker and labour productivity increased. 

Over the period 1870-1914, however, labour inputs 

to Bengal agriculture may have risen slightly. This may 

be deduced from the relative share of each crop in the 

total cultivated area: (Table 5.18 colurns 1 and 2). 

Since the acreages given in 1870 are less accurate 

than those for 19149 the 14 per cent increase in labour inputs 

is only approximate- Nevertheless, it seems likely that 

some increase took Place. Hence, over the period 1870- 

19149 innovation cannot have been neutral. The btas towards 

labour in the new Production function is shown in the shape 

of the curve Ft and +'0. in Figure 5.3. The extent of the 

bias can be gauged by the change in the land labour ratio 

in 1870 (Q/L), and in 1914 (QI/L'). 
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Table 5.2.8 

LABOUR INPVTS TO BENGAL AGRICULTURE, 1870-1914 
ýmanaays per acre) 

M 
(3) 

(2) LABOUR (4) (5) 
CROP 1870(%) 1914(%) INPUT 1870 1914 

Rice 64.93 77.02 96.52 62.67 74-33 
Wheat 3.37 0.45 -38-93 1.30 0.17 
Pulses 22-07 6.09 36.00 7.94 2.19 
Oilseeds 4.73 6.49 53-97 2.54 3.20 
Jute 1.99 8.57 139-73 2.77 11-97 
Sugar 2.42 0.30 

. 
174-93 4.22 0.52 

Tobacco 0.47 1.04 236.26 1.10 2.45 

Total 99.48 59.96 82.54' 94-83 
t 

Sources: 1. BenEal Statistical Proceedings, vol. 892, 
(1876), Colln. 1-18/19. 

2. Ki. L. Datta, A Report in the Enquiry into 
the Rise of Prices in India, (Calcutta, 1914), 
vol. 5, pp. 298-ý0.5. ýIears 1911-12). 

3.9 4.1 5. LýLbour inputs per acre; Appendix I. 
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By contrast, agriculture in the Forth Valley 

between 1760-1840 did not become more labour-intensive. 

The change in labour inputs on average sized farms-in 

the Carse and Dryfield is shown in Table 5.19 below. 

Table 5.29 
0 

LABOUR INPUTS TO FORTHTALLEY AGRICULTURE, 
- 

1760-1840 
(Mandays) 

DATE CARSE FARIý DRYFIELD FARM 

1760 877-08 814.20 

1840 696.30 765-70 
% - 25-96 6.33 

Source: Appendix K. 

41 
On average, labour inputs declined by 25 per cent 

on carse farmsby 6 per cent on dryfield farms. Where 

waterlogging prevented the introduction of turnips (on 

the carse for example, "because it was feared that the 

stiff clays would be baked or poached by the requisite 

hoeings , 102 ), *the fall in labour inputs could have. been 

as much 48 per cent. Even the substitution of potatoes 

for turnips did not completely halt the reduction in lab- 

our requirements: they raised labour inputs on the dryfield 

by some 5 per cent, but inputs on the carse remained well 

102. Carmichael, "Vale of Forth", p. 19. 

I 
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below 1760 levels. Our findings, therefore oontradict 

earlier studies which claim that labour inputs to agri- 
103 culture rose during the agricultural revolution 

Despite the introduction of labour-intensive fodder crops 

and fallowing into the rotation, labour inputs did not in- 

crease because of four major labour-saving innovations. 

Hence., technological change in the Forth Valley between 

1760-1840 was not biased towards labour, but towards a 

more intensive use of'land. 

A third possible explanation for an increase in 

total factor productivity was a change in farm size. 

In both Bengal and the Forth Valley such changes were 
I 

closely connected with the change in the product mix. 

Enclosure to protect new fodder crops required fundamental 

changes in theiorganisation of farming. Under the tradit- 

ional farming system in the Forth Valley, where land was 

held Irunrig' with each tenant owning small scattered plots, 

enclosure was uneconomic. Without the consolidation of 

small plots, and the eviction of surplus tenants 104 
1 it 

would also have been impossible to capture the economies 

of scale offered by new technology. 

103. C. Peter Timmer, "The Turnip, the New Husbandry and 
the English Agricultural Revolution", Quarterly Jnl. 
of Economics, vol. 83, (1969), p. 392. 

104. The social opportunity cost of eviction may been zero, 
since there was legal uncertainty whether the Scottish 
Poor Law made statutory provision for relief of the 
able-bodied unemployed. After 1820, it did not. 
Rosalind Mitchisong "The Creation of the Disablement 
Rule in the Scottish Poor Law", in T. C. Smout, ed. t The Search for Wealth and Stability, (London, 1979) 
pp. 199-217. 



438 

I The importance of economies of scale is graphically 

revealed by surviving estate plans. A typical example in 

the Forth Valley is the estate at Newton in Bothkennar 

parish, owned by Lord Dundas. Two plans show the change 

in the distribution of holdings between 1764-1834105. 

Even on small espates like Newton, the engrossing of small 

farms was a gradual process. It took no less than seventy 

Tears before all the leases had expired and the estate 

been remodelled to the landlord's liking. Table 5.27 below 

shows the nature and chronology of the change. 

Table 5.30 

DATE 

DISTRIBUTION OF HOLDINGS, NEWTON, 1757-1834 

TOTAL ACREAGE TENANTS MEDIAN FARM-SIZE 

1757 225 16 25 

1764 237 10 21 
1813 400 7 58 

1834 408 5 76 

Source: W. K. Law, The Landsca pe of Improvement. A 
Study of Agricu itural Chan5e in East Stirling- 
shire, 1750-185 

- 
M. A. Diss., (GeograpEy), 

Edinburgh, ilýb'/ , Fig. 4. 

105. Law, Landscape of Improvement, Fig. 3 and 5. 

I 



439 

Engrossing of this kind preated substantial 

economies of scale.,, as another Forth Valley landlord expl- 

ained: 

"This estate had been possessed by eleven 
tenants scarce one of whom had sufficiency 
of land to employ a single plough, the farms 

running between twenty and thirty acres. 
The farms are now reduced to six, which be- 

sides gi, ýing the tenants full employment, in 

a saving upon men and horses of no less than 
9200 sterling yearly. The six tenants, find- 
ing themselves now much happier than in their 
former confined situation, are bold enough to 
think of further improvements. At the same 
time, the rent is raised considerably, without 
laying any additional burden on the tenants; 
for, by their saving in men and horses, the 
pressent six tenants are better able to pay the 
rent than what eleven men were able to pay 
formerly" 

106 
0 

The consolidation of small, uneconomic units greatly 

increased the average size of farms. Information on farm 

size by parish becomes available in 1790. The largest farms 

are apparently on the dryfield, where large areas of moor 

were available for rough grazing. Even in the fertile carse, 

however, farms could be extensive: three carse farms in 

106. Andrew W* ht The Present State of Husbandry in n 
Scotlandl, 

ýEdlnburgh, 
1778), vol. 5, pp. -352-3.53. 

See aIsF Sinclair, Account, pp. 150-151. 

S 
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Clackmannanshire ran to 228 acres each. The first ag- 

gregate data on farm size comes with the 1851 census. 

Assuming, as seems reasonable, little change from the 

1840's, the graph shows the overall structure of holdings 

at the end of our period, (Fig. 5.4). 

The 1851 Census confirms earlier, impressionistic 

accounts of the Forth Valley as an area of small farms. 

"It appears singular", wrote Graham in 1812, "that in one 

of 
. the richest districts of Scotland... the first principle 

of agricultural economy should be so little understood, 

that the general size of farm is. from 30 to 50 Scots acres 

each (38-12-63.53 imperial acres),, 
107. Over half the farms 

in Stirlingshire in 1851 were between 50-100 acres (See 
t 

Fig. 5.4). This may reflect the structure of landholding, 

in which small lairds predominated. But within the limits 

imposed by land tenure, Forth Valley landlords were alive 

to the importance of economies of scale. 

It is questionable whether agriculture in Bengal 

shared the same potential. Unfortunately, we have no 

quantitative data on the average size of farms in Bengal 

during this period. The earliest data on farm size comes 

from a sample survey of Birbhum in West Bengal between 1939- 

40. By 1940, over half the farms in Birbhum were below 

107. Graham, General View Stirlingshire,, p. 88. 

-. ý- 1ý0 
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6.33 acres, which was the maximim area a team of two 

bullocks could plough in one yearl08. Thus there was 

scope for economies of scale per unit of capital employed. 

In contrast to the Forth Valley, the trend in Bengal 

was towards smaller, not bigger holdings. The Hindu and 

Islamic laws of. inheritance ordained that on the death of 

the owner land was divided equally among the heirs. 

Holdings therefore became progressively smaller as genera- 

tion succeeded generation. Subdivision of this kind is 

often said to make production less efficient. This is not 

necessarily true, however. Firstly, a holding which has 

been legally subdivided may continue to function as an 

operational unit. The owners of each share simply lease 

their land jointly to one tenant 
109 

. Secondly, the basic 

operational unit in rice cultivation is 
4' 

not the farm of holding, but the plot. While holdings are 

frequently subdivided, plots are not. Their boundaries are 

determined by environmental conditions in the delta and 

the cultivation practices associated with rice. Because of 

the three-step formation in the delta, as well as variable 

rainfall, the water supply depends on the level of the land. 

Holdings areq therefore, fragmented into small plots on 

108. J. P. Battacharjee, "Cost of Production and Size of 
West Bengal", Indian Farms in Journal of Agricultural 

. 1.7'conomics, vol. 2, No. (1950), P. 
3. H. Farmerg. "On Not Controlling Subdivision in Paddy 109. 
Lands", Transactions of the Institute of British Geo- 
graphe 
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different levels and surrounded by low embankments called 

ails, to conserve the water for irrigation. Since the 

water supply varies for each plot - those lower down fil- 

ling up first - the timing of. the cultivation cycle can be 

staggered to reduce seasonal labour peaks. Hence, any 

attempt to alter the boundaries Of Plots threatens the 

security of the,, water supply, and interferes with the sea- 
110 

sonal demand for labour It seems doubtful, therefore, 

whether subdivision had adverse e ffects on agricultural. 

productivity. 

Indeed, smaller holdings may actually increase pro- 

ductivity. Thislis because commercial crops like jute are 

more labour-intensive and. therefore cover a proportion- 

ately greater area on small farms, where labour is abundant 

relative to land. In modern Bangladesk for example, farms 

of 2.49 acres have 65.2% of their area under transplanted 

rice and 13% under commercial crops (jute and-linseed), 

whereas farms of 5.0-7.49 acres have 44.71/o of their area 

under transplanted rice, and only 8.7% under commercial 
ill 

crops Thus small farms are not necessarily inefficient. 

110. C. J. Dixon "Land Parcellisation", Area, vol. 27, 
No. 2, (197ý), p. 211. 

111. Mahabub Hossein, "Farm Size and Productivity in 
Bangladesh Agriculture: A Case Study of Phulphr 
Farms", Banglsdesh Economic Review, vol. 2, No. 1, 
(Jan. 19V4), Table Vil, p.. 482. 
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In an agriculture like Bengal's, where land was scarce 

and labour abundant, output per acre on small farms may 

have been higher as a result of greater availability of 
112 family labour Hence, a trend towards smaller holdings 

in Bengal between 1870-1914 might have raised land product- 

ivity by increasing the area under labour-intensive crops. 

Evidence of this process during our period is avail- 

able from an unpublished study of agricultural performance 
113 

in the Bombay Presidency between 1900-1920 Charles- 

worth distinguishes between subdivision (where each owned 

holding gets smaller), and fragmentation (where each 

operational holding gets smaller). He argues that in the 

absence of population pressure, what British officialdom 

mistook for subdivision was, in fact, fragmentation. Which- 

ever it was, the trend towards smaller holdings was strongest 

in those districts with the largest area under commercial 

crops. Two factors were at work here. On the demand side, 

the market for irrigated land of the type suitable for 

commercial crops (in this case, sugar and cotton), was growing 

112. For studies showing an inverse relationship between 
farm size and gross output per units of land, 
see Peter Dorner, Land Reform and Economic DeveloD- 
ment, (Harmondswortb, 1972), pp. 119-126. For Indian 
evidence of this inverse relationship, see A. K. Sen 
'Size of Holdings and Productivity' Economic Weekly, 
Annual No. vol. 16 (1975). 

113. Neil Charlesworth, "Trends in the agricultural per- 
formance of an Indian province: The Bombay Presidency, 
1900-192011, typescript, 1980.1 must thank Neil Charles- 
worth for allowing me to read his unpublished work. 
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while on the supply side, labour shortages made it rational 

for large farmers to lease or sell land rather than hire 

wage labour. In Bombay, this labour shortage was primarily 

the result of low population growth. In Bengal, it seems 

more likely to have been the result of an altered seasonal 

distribution of labour which created shortages during peak 

periods. Moreover, the increase in cash incomes which 

specialisation produced may have induced some cultivators 

to lease land rather than work it themselves. No evidence 

is yet forthcoming of similar developments in the Bengal 

Presidency, yet the inference is strong. It is clear from 

Table 5.21 that commercial crops were more labour-intensive; 
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Table 5.3 1 

PRODUCTIVITY AND LABOUR USE BY CROPS, BENGAL 

(1) OUTPUT (2) LABOUR (3) OUTPUR PER 
CROP PER ACRE(RS) INPUT KA-NDAY(RS) 

Rice 59.628 96-52 0.617 
Wheat 25-326 38-93 0.650 
Pulses 30-199 36.00 0.838 
Oilseeds' 36.360 53-97 0.673 
Jute 99-950 139-73 0.715 
Sugar 184-950 174-93 1.057 
Tobacco 112-445 236.26 0.475 

Sources: (1) Output prices, Bengal 1910-12. 
L. Datta, A Report on the Enquiry 

into the Ris f Prices in India, 
(Calcutta, 1914), Vol. 2, pp. 156-147 

(2) Table 2.31. 
(3) 1+2. ý 11 

For the seven crops studied, the rank correlation 

coefficient between labour input and output per acre is 
2 

high (r . 820), Indicating a strong positive relationship 

between them. Hence, by facilitating the spread of commer- 

cial crops through a more efficient allocation of labour 

ýragmentation may well have been e contributory factor to 

technological change in Bengal agriculture. 



CONCLUSION 

This chapter compared rates of growth in total 

factorproductivity in Bengal and the Forth Valley in order 

to test the hypothesis that Indian agriculture was incapable 

of technological change. We used a Cobb-Douglas production 

function in the form of a price dual equation. The results 

show that in the Forth Valley between 1760-1840, total 

factor productivity rose by 2.063%, and 1.976% per annum 

in the Carse and Dryfield respectively. These rates com- 

pare closely with previous estimates for English agricul- 

ture in the same period. More significantly, the results 
I 

also suggested annual growth rates of residual productivity 

of 0.051% in Bengal between 1870-1914,0.054% in N&E 

Bengal, and 0. ý453% in S&W Bengal between 1890-1914. 

igher This suggests that Bengal agriculture was capable of h, 

rates of technological change than during the agricultural 

revolution in the Forth Valley. No attempt was made. to 

disaggregate the residual increase in productivity, but in 

the Forth Valley, and perhaps also in Bengal, changes in 

the product mix and in farm size contributed most to tech- 

nological change. Contrary to expectations, technological 

jute was not the result of the spread of jute. Given that 

the assumptions of the Cobb-Douglas function are valid, 

our results controvert Schultz's definition of traditional 

agriculture as one where the state of the arts remains 

constant. It is therefore unjustifiable to describe 

0 
447 

I 
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agricultural stagnation in Bengal as the result of a 

high level equilibrium trap from which the only escape 

lay in the supply of inputs from outside the agricultural 

sector. Yet, despite agriculture's capacity for tech- 

nological change, Bengali farmers were slow to raise 

output. Why? 

1* 
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Chanter 6: Costs, Returns and Innovation 

An alternative exnlanation for the absence of an 

agricultural revolution in Benqal lies in the nature of 

the incentives for farmers to improve productivity and 

raise output. 
4 
Here we leave the realm of productivitv 

and enter that-of prices in order to compare the costs 

and returns of innovation. What were the forces behind 

farmers' choice of technique? If farmers in Bengal faced 

quite different factor prices from their counterparts 

in the Forth Valley, then thev may have had little in- 

centive to innovate. Again, was innovation in Bengal 

And the Forth Valley equally profitable? If the physical 

productivity and cost of the inputs used by the Bengal 

farmer were different from those in Scotland, this might 

have reduced the returns from innovation. Finally, were 

nrice incentives sufficient to encourage Bengal farmers 

4-0 work harder and produce more, or were they economic- 

ally 'irrational' in their response to rising prices, 

preferring leisure instead of higher incomes? 

This chapter tries to answer these questions, Like 

its predecessors it is divided into three sections. The 

first section examines changes in relative factor costs 

in Benqal and Forth Valley agriculture in order to under- 

stand the nature of innovation. In the second section, 

449 
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we compare the costs and returns of innovation by analy- 

sing case studies of six major innovations. Finally, 

the third section examines the thorny question of peasant 

rationalitv. 

I 

i 
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Section 1: Choice of technicue 

There is more than one wav to arow rice. 

Different farmers, like different countries, may use 

different combinations of inputs (land, labour and caD- 

ital). These clifferent combinations may be represented 

in the form of -a model which illustrates an equal-product 

curve. Hypothetical equal-product curves for Bengal and 

the Forth Valley ard shown in Figures 6-1 and 2. Sep- 

arate Figures are necessary because the production fun- 

ction of botb agricultures was not the same. An equal 

product curve shows the various combinations necessary to 

produce the same output and is, therefore, called an 

isoquant. We shall define each particular combination* 

of inputs as a techniaue, and the isoquant on which they 

lie as a technology. 

What determines choice of technique, or the par- 

ticular combination of inputs which farmers use, is the 

scarcity 9f the different inputs. Since capital was the 

least important input in the production function of both 

agricultures, our comparison is confined to land and 

labour. 
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The difference in factor prices in Bengal and the 

Forth Valley can be measured by comparing the price of 

labour relative to the price of land. 

Table 6.1 

FACTOR PRICES IN THE FORTH VALLEY, 1760-1840 

(E) 
Date Wage M Rent (R) Ratio (W/R) 

1760 8.125 1.117 7: 1 

1790 11.862 2.235 5: 1 

1840 14.137 4.265 3: 1 

Source: Tables 5.2. 5.3,5.8 

Notes: Annual wage dav labourer working 260 days 
per Annum. 
Average rent per acre Carse and Dryfield 

Table 6.2 
i 

FACTOR PRICES IN BENGAL, 1870-1914 

(Rupees) 
Date Wage (11) Rent (R) Ratio (W/R) 

1870 46.08 6.042 7: 1 

1914 82.32 12.095 6: 1 

Source: Appendix 

Notes: Annual wage labourer working 240 days 
per annum. 

Rent per acre. 
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Tables 6.1 and 6.2 show that in Bengal in 1870 

and in the Forth Valley in 1760, the annual wage of a day 

labourer was approximately seven times the rent of one 

acre of land. The change in factor prices is illustrated 

by Figures 6.1 and 2. The similaritv in factor prices in 

the Forth Valley in 1760 and Bengal in 1870 is shown by 

the price lines P-P. Between 1760 and 1840 factor prices 

in the Forth Valley changed as labour became relatively 

more expensive than land. By 1840, the annual wage of 

a day labourer was only three times the rent of one acre 

of land. This change is illustrated by the factor price 
11 line I? -P In Bengal, there was little change in the 

factor price ratio. By 1914, the annual wage of a day 

labourer was still six times the rent of an acre of land. 

Again this is, illustrated by the factor price line 

PP 

This difference in the change in the factor price 

ratio is reflected by changes in techxxique. By 1840, 

aqriculture in the Forth Valley used less labour and rela- 

tively more land than in 1760. As labour became more ex- 

pensive, farmers adopted innovations which raised labour 

productivity. This change in technioue is illustrated 

by the shift in the least cost combination in 1760 and 

1840 (po 
. 
ints 1,2). In Bengal, there was little change 

in the factor price ratio , and technological change in 

nengal agriculture was not associated with any marked 



Figure 6.1 

Factor Prices 

Land 
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Labour (L) 

Land 
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Labour (L) 

Bengal 1870-1914 
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change in labour input, which either rose slightly or 

stayed constant (points 3,4). Hence, the change in 

relative factor prices gave no incentive to Bengal 

farmers to change techniques. This is confirmed by a 

comparison of the cost and returns of innovation. 

The posil tion of points 1-4 on Figures-6.1 and 6.2 
1 

assumes that choice of technique depended on relative 

prices. In 
. 

other words, given the relative price of land 

and labour, farmers in Bengal and the Forth Valley both 

used the cheapest combination. Some writers have ques- 

tioned this assumption. They suggest that the concept 

of a production function as a continuous unbroken Spec- 

trum of techniques is unrealistic. Instead of being 

presenteO with an ýnfinite variety of combinations of land 

and labour, 6on which to choose, farmers are constrained 

by the very nature of agricultural technology. They argue 

that instead of a. continuum a production function may, 
1 in fact, represent a series of discrete technologies 

Nevertheless, it is evident that farmers in the Forth 

Valley did innovate in response to changes in factor 

price s. 

This is shown in Figures 6.1 and 2 as the point of 

tangency where the equal product curve touches but does 

not cross the equal cost line. 

1. Nathan Rosenberg, "Problems in the economists' conceptual- 
isation of technological innovation', ' Perspectives on Tech. 

(Camb 1976) p 61-84, & Clive Bell, "The Acquisition of Agri- 
cultural Technology: Its Determinants & Effects" in Charles 
Cooperg ed. Science, Tech. & Develo]2: The Political Economv 
of Te-chnical-ld-vance in Underdeveloped Countries, (Londong , - 

0 1963). 
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Section 2: 

This section compares the economics of innovation 

by analysing the costs and returns of using new technology. 

It is customary to classify innovations in terms of changes 
Ia 

in factor pronortions. If the new technology has exactly 

the same factor proportions as the old, the innovation is 

said to be neutral. However, if the new technology uses 

relatively more of one factor than before, the innovation 

is said to be biased towards that factor, and the new 

technology is described as capital- or labour-intensive. 

In agriculture, this classification becomes ambiguous, 

because unlike inOustry, agriculture uses three and not 

just two factors of production. In a three factor N,; orld,, 

where land is the most important factor, one technology 

ýis capital-intensive relative to another only if, for all 

sets of relative prices, it has a higher ratio both of 

capital to labour and of capital to land. 

Instead, it is simpler to divide agricultural in- 

2 
novations into two categories New technology which 

replaces land (eg. fertiliser) is an innovation which 

raises output per acre. This type of canital investment 

could be called "landesque". By contrast, new technology 

which replaces labour (eq. machine thrashing) raises 

2, A. K. SEn, "The Choice of Agricultural Techniques in 
Underdeveloped Countrie-s", Economic Develonment and 
Cultura lChanqe, Vol. VIII, No. 3, pt. 1 (AFFri-1,1959), 
pp. 2-79-'28Y-. 
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output per worker. This type of investment could, 

therefore, be described as "labouresque". The distinc- 

tion cannot be absolute, since certain innovations (deer) 

ploughing, for-instance) may increase both output per 

worker and output ppr acre. Nevertheless, it is conven- 

ient for our purpose here. 

Two examples of botb kinds of innovation were 

selected for analysis. Irrigation/drainage, and manuring 

were examples of innovation which increased output per 

acre. Plouqhinq and machine thrashing were examples of 

innovations which raised output per worker. The method 

used was an arithmetic calculation of costs and returns. 

The costs were split into two parts, nanely "fixed" and 

"variable". Fixed costs represent those costs which 

would have had to be net whether the innovation was adopt- 

ed or not. The variable costs are those directly attri- 

butable to production and would, therefore, represent 

"costs saved" if production had'been foregone. Items of 

variable cost differed from farm to farml some farmers 

might hire casual labour to ret jute (a variable cost) 

while others use onlv reaular labour (a fixed cost). 

Since we have no information on the relative use of hired 

or fami1v labour, our calculatinns treat labour as a 

variable cost. By splittincT costs in this way, we can 

calculate the "qross margin". This is in no sense a T)rof- 

it figure , which would be the residual after all fixed 

0 
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costs had been subtracted from the total gross margin of 

the farm. But by comparing the gross margins for different 

techniques, it becomes possible to assess the relative value 

of each; the higher the gross margin, the greater the con- 

tribution an innovation may make to meeting fixed costs and 

providing profit. Gross margins are calculated by subtracting 

the variable costs from the total returns3 I- 

Among innovations which raise output per acre, irriga- 

tion is the most important. A controlled water supply 

stablises fluctuations in yield caused by dependence on 

monsoon rainfall; allows farmers to grow a second crop; and 

makes it possible to apply other inputs, like fertilisers, 

in greater quantities than before. Irrigation is, therefore, 

a "leading input" since it is logically prior to others which 
4 

increase output per acre 

However, the importance of irrigation in Bengal may be 

questioned. The provinces abundant and evenly distributed 

rainfall meant that rice and a second crop could normally be 

grown without the aid of wells or tanks. Secondly, large 

areas were already subject to natural irrigation through deltaic 

flooding. Consequently, the scope for irrigation in Bengal 

was limited, in marked contrast to, other regions of -India like 

Punjab. 

3. John Nix, Farm Management Pocketbook, (Wye College 
School of Rural Economics and Related Studies, Farm 
Business Unit, 8th edn. 1977). For problems calculating 
costs and returns in traditional agriculture, see Indian 
Society of Agricultural Economics, Farm Costs in Indian 
Agriculture: a Study in Methodolocrv,. (Bombay, 1953). 

4. Ishikawa, Economic Development in Asian Perspective, P. 92. 
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True, irrigation was an established feature of agri- 

culture in Western Bengal. Here rainfall was less abundant 

and was supplemented by water stored in village tanks. By 

1914, however, this system was first being rendered non-oper- 

ational. As we have seen, the fundamental explanation for 

the decay of irrigation tanks was that farmers, accustomed 

to treat water as a communal resource, were unwilling to 

accept commercialisation and pay water rates (pp. 44-W- 

This would suggest that irrigation, far from being a 

, leading input', had a low marginal value to farmers. 

Further evidence that irrigation had a low marginal value 

for farmers in Bengal is provided by the history of State 

1 
support for irrigation A bigh proportion of state invest- 

m'ent in India was spent on"*irrigation. Most of the invest- 

ment took place in Punjab, not in Bengal, where scope was more 

limited. But even where scope for irrigation existed in Bengal, 

the returns from state investment were much lower than in 

Punjab. The Indian Irrigation Commission demonstrated that 

in 1900-01, direct returns on capital outlay on Punjab's I 

major irrigation works were 11.2%, compared to an average of 

only 1.9% on the major irrigation scheme in the Bengal Presi- 

1 
dency, the Sone Canals As Kusum Nair points out, the 

e xplanation for the low rates of return in Bengal lay in the 

attitude of Bengal farmers. Instead of using irrigation to 

See Report of the Irrigation Commission, 1901-03 
3 vols (Calcutta, 1903) Vol 1, p. 28. 

i ibid, vol. 2, P. 156. 
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extend cultivation during the dry rabi season, farmers 

used water mostly for rice, and then only when the rain- 

fall was inadequate. Thus, out of a total area of 

1,354,302 acres commanded by the Sone Canals, on average 

only 463,181 acres were used in the five years ending 
2 1900-01 The rates of return on other irrigation schemes 

in Bengal (eg. the Eden Canal) were no higher. In these 

circumstances it is not surprising that state support for 

extending irrigation in Bengal remained limited. 

once again, the limited response of Bengal farmers 

suggests that they placed a low value on the marginal 

utility of irrigation. Kusum Nair argues that the con- 

trasting response of Bengali and Punjabi farmers lay in 

their kationality. Bengali farmers saw irrigation as a 

means to survival, 'as a way to use or purchase water to 

save an endangered harvest rather than to improve crop 

yields in years of adequate and timely precipitation', 
3 

whereas in Punjab irrigation was used to increase profits 

Irrigation increased output even without the addition 

of other complementary inputs. The yield differential 

between irrigated and unirrigated aman is shown in Table 6.3. 

3. Kusum Nair, In Defence of the Irrational Peasant, p. 77 
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Table 6.3 

YIELD OF IRRIGATED RICE IN BENGAL 
(h/acre) 

DATES T. AMAN-Urr) T. KMAN(unirr) B. AMAN(unirr) 

1901/2 5.787 4.712 4.363 

1906/7 4.719 4.560 3.710 

1911/12 4.721 3.978 4.472 

Averacre 5.076 4.417 4.182 

Source: Crop cutting experiments for years mentioned. 

irrigation, therefore, gave a 15% increase in yield of 

aman. This in itself was an important productivity gain, 

since'aman accounted for nearlv 80% of the area under 

rice in 1900 5 

Am, an was also a major source of cash income: 

"All the fine rice, as a general rule, is sold off in the 

bazaar by the cultivators - not only as. fetching high 

prices wherewith to provide for his other comforts, 
6 but as unsuitable for home consumption" But by far the 

greatest increase came when irrigation in its role of 

"leading input" was combined with complementary inputs, 

in this case labour. When irrigation was combined with 

transplanting, the yield of aman rose b-v 25%. This compares 

Imperial Gazetteer of Indiar Bengal, vol. it (Calcutta, 
1909, pp. 58-59. 

Hunter, SAB, vol. 8, p. 135 (Boara) . 

0 
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favourablv with innovation to raise output per acre 

in the Forth Valley, like drainaqe. 

Two technicues of irricration existed in Benqal 

before 1914. The first was the counterpoise lift, or 

dhenkal, operated by manual labour. Normally, three men 

could irrigate 0.11 acres per day giving a labour coeff- 
7 

icient of 27.27. mandays per acre The second method of 

irrigation was known as the mhote, and operated by bull- 

ocks moving down an earthen ramp, pulling up water as 

they went. Three men operating a mhote would irrigate 

0.25 acres each day 8 The labour coefficient to irri- 

gate one acre was therefore 12 mandays. 

The car)ital investment reauired for irrigation 

varied accordinq to the tvpe of well. Simple wells could 

be dug within the space of four or five days, but-these 

usually lasted no more than a year. Because the interior 

walls were not lined, they collaDsed when the monsoon 

rains loosened the soil. Wells dug on loose pali soil 

were lined as a matter of course with earthenware rings 
9 

The cost of such Kutcha or inferior wells varied between 

5-30 Rs. depending on the nature of the soil and the 

depth of the well. The average price was between 5 and 

10 rupees. 

7, N, K. Ranerjee, Report on the Possibility of Extending 
Well-Irriaation in Bihar and Chota Na"ur, (Calcutta, 
1907), pp. R-9. 

8. ib 5, pp. 5-6. 

9. Hunter, SAB, vol. 8, p. 135 (Boara). 
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More permanent wells were bigger, deeper, lined with 

stone, and with platforms and drawing apparatus. The cost 

varied between 80-3000 Rs. A pukka or superior well was 

costed as follows: 10 

ITE-'A COST (E) 

Labour - 14.5 

Materials: cylinder 10.0 

apparatus 1. *5 

superstructure 2.0 

platform 1.0 

Miscellaneoiis 1.0 

Total 30.00 

Such a well might last a century, given proper care. The 

rate of Oenreciation was therefore fixed at EO. 3 p. a. 

Depreciation on a kutcha well was taken at EO. 75. 

10. l3anerjee, 02- cit- , PT)- 8-9. 
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Table 6.4 

COSTS PER ACRE OF T. AHAN WITH IRRIGATION 

Variable costs 

Labour 1.89 

Seed 0.29 

Bullocks 0.72 

Fixed costs 

Depreciation: well 0.75 

bullocks 0.54 

tools 0.11 

Returns 6.69 

Gross margin 3.79 

Notes: (1) Labour 101.52 mandays at 1890-4 wages 
(Rs. 0.187) 

(2) Seed rate 0.373 md. at 1890-4 prices, 
(Rs. 2.963) 

(3) Bullocks 12.99 days at 1890-4 prices, 
for bullock hire (Rs. 3.736) 

(4) Returns yield 5.246hl. plus 35% for 
husking equals 7.092 hl. 

Table 6.5 

COSTS PER ACRE OF 11. A'-IA'N WITHOUT IRRIGATION 

Variab I- costs E 

Labour 0.96 

Seed 0.29 

Bullocks 1.00 

Fixed costs 

Depreciation: bullocks 0.54 

tools 0.11 

Returns 5.340 

G ro s Lýja ýraj n -3.09 
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Notes: (1) Returns yield 4.182 hl. plus 35% for 
husking equals 5.635 hl. 

(2) Labour 51.75 mandays at 1890-4 wages 
(Rs. 0.187) 

(3) Bullock labour 17.98 mandays at 1890-4 
prices for bullock hire (Rs. 3.736) 

(4) Seed rate as above. 

Clearly, while irrigation increase output, it made 

surprisingly little difference to revenue. Tables 6.4 

and 6.5 show that the use of irrigation as a 'leading input, 

(ie. as a necessary preliminary to increasing complementary 

inputs, like labour), increased the gross margin by about 

20% (LO. 7). This represents a relatively low rate of return 

on capital. The rate of return on a pukka well costing L30 

was only 2.3% per annum. By contrast, the rate of return of 

farmers' investment in Scotland was far higher: "It ought to 

gaih 15 per cent on the capital he lays out"". Investment 

in irrigation seems even less attractive when we consider 

the higher opportunity cost of capital in Bengal. Why should 

farmers have intested in wells for a trifling return when the 

rate of return from moneylending was 30%? Thus, the limited 

response of Bengal farmers to the use of irrigation for ex- 

tending cultivation and improving output may have reflected 

a rational appreciation of costs and returns. In such cir- 

cumstances, the low value they seem to have placed on irriga- 

tion becomes more understandable. 

11. Sinclair, Acdount of HusbandryV vol. 2, p. 182. 
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In sum, the suggestion that irrigation could be seen 

as a 'leading input, in Bengal requires qualification. 

The scope for its extension was limited not just by nature, 

but by the low rate of return both to private and state- 

sponsored investment. These low rates of return may re- 

flect a different rationality among Bengal farmers from 

their counterparts in the Punjab. But an attempt to quantify 

the economics of irrigation as a leading input in Bengal show 

that the returns to the fariner may have been limited. Irri- 

gation was simply not a profitable innovation in Bengal. 

The nearest equivalent in Scottish agriculture to a 

leading input was enclosure. Its effects were indirect, 

however, and are difficult to measure. Another innovation 

which increased output per acre was drainage. Although 

drainage was in no sense a leading input, since it only 

began to spread on a large scale. in the 1830's, for our 

purpose it has the advantage that costs and returns can be 

measured directly. 
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Soils in the Forth Valley were drained by a method 

known as "furrow drainage", "from (the drains) being 
12 

placed under the water furrows of the ridges" The 

technique was invented by a Forth Valley farmer and entre- I 

preneur, James Smith of Deanston. Costs varied according 

to the materials used and the width separating the drains. 
I 

Before the 1830's, most drains were made of stone, but 

13 the introduction of cheap clay tiles cut costs considerably 

The relative costs of both methods in the 1830's is shown in - 

the table beýow. 

Table 6.6 

COST PER ACRE OF FURROW DRAINAGE. FORTH VALLEY 

ITEM STONE DRAINS ITEM TILE DRAINS 

Cutting 4.06 Cutting 

Stone s 2 . 54 & laying 1.06 

Breaking 1.77 Tile s' 4.99 

Putting in 0150 

Turfing 0.16 

Filli ng in 0.16 

TOTA L 9.19 

Source: James Smith,, Remarks on Thoroug h Drain- 
ing and Deep Plo_u_q_hiT 

- - 
n_9., (Stirli ng,, 1837) 

pp. 14-1 f 
, 17. 

12. James Smith, Esq , Remarks on Thorough Draining and 
Deep Ploughing, 

iStirling, 1839,5th edn. ). p. 5. 

13. One estimate puts the saving at 50% "within the last 
20 years ". John C. Morton, AC clopedia of Agriculture, 
(Glasgow, 1855), vol. 1. p. 

I 
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C, 
Furrow drainage increased land productivity 

14 
directly. Yields rose by 25-30% There were indirect 

effects. 'too. Land which had previously been too water- 

logged for any crop except oats could now grow wheat or 
15 

turnips . Rates of depreciation were low and stone 

drains built itthe 1840's may be found in working order 

today. 

t 

14. Select Committee on Agricultural Distress. Parlian- 
entary Papers, Vol. 8(2). 1836, q. 12102 EviTe--nce 
William Brown. 

15. ibid, q. 10541,10056. 

0 
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Table 6.7 

COST PER ACRE OF DRYFIELD OATS WITHOUT DRAINAGE 

(E) 

Variable costs 

Labour 

Ploughman 

Seed 

Fixed costs 

depraciation: horses 

plough 

Rent 

E 

0.711 

0.125 

3.65 

8.75 

0.35 

1.39 

Returns 19.215 

Gross Margin 14.729 

Notes: 
(1) 9.59 mandays at 1835.39 wages (13.05d) 

1.75'mandays harvesting at double wages 
(2) 1.25 mandays ploughing at 2/- per day 

(3) Seed rate 1.93 hl: per acre at 1835-, 39 
prices 

(4 horses at 135 each. NSA, vo 1.8 p p. 252 
(Campsie) depreciati7n--12.5% per annum. 
Farmers Magazine, vol. 5 (1804), p. 142 

(5) plough at E2.5 Belsches, Gereral View 
Stirlinq, p. 39. depreciation 20% per 
annum 

(6) returns yield 10/4 hl: at 1835-39 prices 
(El. 895). 
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Table 6.8 

COSTS PER ACRE OF DRYFIELD WHEAT WITH-DRAINAGE 

M 

Variable costs 

Labour 1.011 

Ploughman 0.75 

See d 3.225 

Fixed costs I 
Depreciation: horses 8.75 

plough 0.35 

drains 0.09 

Rent 1.39 

Return s 33.825 

Gross Marqin 28.839 

Notes: (1) 14.72 mandays at 1835-39 wages (13.05d) 
1.75 mandays at double wages 

(2) 7.5 mandays at 2/- per day 

(3) seed rate 0.86 hl: per acre at 1835.39 
prices 

(4) drains E9.91 depreciation 1% per annum 
(5) returns 9.02 hl: per acre (15% 4. Carse) 

at 1835-39 prices (E3.750). 
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I Among innovations which increased output per 

acre in the Forth Valley, fertiliser was easily the 

most important. Inputs oZ organic fertiliser in the 

form o fanimal manure were behind the rise in land 

productivity. The causal sequence of innovation is 

illustrated in Figure 5.3. In the absence of any 

external supply of plant nutrients, the only way to 

obtain high yields was to develop a system of farming 

that not only conserved soil nutrients but improved 

the level of productivity. Fodder crops like clover 

and rygrass fixed nitrogen and enriched the soil. More- 

over, they enabled farmers to keep a larger number of 

livestock thus increasing the supply of animal manure, 

w hich in turn raised cereal yields. This system maxi- 

mised the return of nutrients to the soil, and the re- 

moval of fodder crops for sale was expressly forbidden 

in tenant leases. 

Not surprisingly, therefore, British agricultural 

experts laid great emphasis on the productivity gains 

from increased use of fertilisers in Bengal* The newly 

founded Agricultural Department put experiments with 

manure high on its list of priorities. Repeated experi- 

ments, however, gave the same unexpected results. The 

table below shows the responsiveness to manure of aman 

rice,, the major cereal crop. 

---------- 
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Table 6.9 

RESPONSE OF AMAN TO NITROGEN (1881-1906) 
(hectolitres) 

MANURE YIELD(GRAIN) 

18.65 14.560 

37.30 15.059 

6.716 

Source: F. Smith, "Autumn 
Paddy Experiments 
Bengal", Agr cult 
of India, vor. 2, 
(1907), p. 337. 

YIELD MRAW) 

20.230 

20.077 

10.908 

Rice or Aman 
at Burdwan in 

ural Journal 
pt, Ivf 

The additional output of rice when fertiliser 

input was doubled was very low,. only 3%, to-the perplex- 

ity of the agricultural experts: 
t 

"Whenever 100 maunds [37.3 hil of-cowdung per 

acre were compared with 50 maunds [18.651 there 

was no corresponding increase in the outturn of 
the crop! How can this be explained?. Where did 

the extra plant food go? This may be explained 
the nitrogen being destroyed by denitrification. 

Do the bubbles that we see coming off in the water 
in th e paddy f ields denote a loss of f ree nitro- 

gen gas and show that organic nitrogen is being 

destroyed? We must await the Chemists' investi- 

gations on this subject. Generally speaking then 
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it may be said the heavy manuring is not 

necessary for the rice crop. A small ap- 

plication is quite sufficient... 
16 

* 

By contrast, oats and barley in the Forth Valley 

were both responsive to nitrogen* Barley was normally 

manured at theFate of thirty-five cartloads per acre. 

Given a cart-caýacity of 7.93 hl., inputs of manure were 

about 2 77.55 hl. per acre, 80% higher than the rftaximum 

input in Bengal. It is now known that the traditional 

rice varieties qrown by Indian farmers are non-respon- 
17 

sive to fertiliser This is not an accidentp but the 

result of painstaking genetic selection extending over 

centuries. The preference for low-yiel ding varieties 

may be seen as a form of risk-insurance. In a subsis- 

tence agriculture where consectuve crop failures spell 

famine, what matters to farmers is not the absolute 

level o fthe yield so much as its consistency over time. 

Farmers will therefore select the safest plants, i. e., 

those with the greatest resistance to pests and disease, 

and with the most reliable yield. Because maximum Yield 

16. Proceedings of the Board of Agricu Iturn in India held 
at'Coimbatore, 8 D6_C___-_191_1_3_et secr. (Calcutta, 1914) . 
Appendix D. subject Vii, F. SREW , Deputy Director 
o fAgriculture, Notes on Rice Investigation in Differ- 
ent Provinces. 

17. R. W'. Herdt and John W. Mellor, "The Contrasting Res- 
nons e to Nitrogen: India and the United Statesm,, 
journal of Farm Economics, vol. 46, No. 1 (1964), 
ppe 150ý16U; YU-jRro HayaFni and Vernon W. Ruttan., 
Agricultural DeveloEment: An International Perspec- 
tive, (London, 1961),, p. 43. 

I 
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response to nitrogen occurred at much lower levels of 

input in Bengal, an agricultural revolution using the 

technology of 18th century Scottish farmers was clearly 

out of the question. 

Nonetheless, the fact remains that yields of 
It 

manured aman were on average 50% higher than rice left 

unmanured. If farmers were using less than the optimum 

quantity of fertiliser, there was substantial scope for 

innovation to raise output per acre, The costs and re- 

turns for manuring were calculated as follows. 

t 
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Table 6.10 

COST PER ACRE OF MANURED T. AMAN 

Variable costs Rs. 

Labour: h arvest 19.076 

other 25.290 

manuring 1.908 

Seed w 2.030 

Manure 2.052 

Fixed costs 
Depreciation cattle 1.182 

Rent 

Returns 101.740 

Gros s Margin 50.754 

Notes: (1) Labour: harvest 33 mandays, 18.57% 
share of value of crop 

(2) manuring 6 mandays. at 
1905-09 wages agricultural 
labourer Rs. 0.318 per day 

(2) Seed 0.82 md. at 1905-09 prices Rs. 
2.476 per maund. 

(3) Manure: Price 1 Rs. 0.041 per maund 
(4) Depreciation cattle: 1 adult boviný-- 

produces 8.50 hl. manure p. a. 
Depreciation = 2.19 x depreciation 1 
bullock. 

(5) Returns: Yield 15.327 hl. at 1905-09 
prices, Rs. 6.638 per hl. 

I 
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Table 6.11 

COST PER ACRE UNMANURED T. AMAN 

Variable costs Rs. 

Labour: harves t 8. ý799 
other 25.9 0 

Seed 2.030 

Fixed costs 

Depreciation cattle 1.182 

Rent 

Retmrns 46.930 

Gross Margin 10.181 

Notes: (1) Returns: yield 7.07 hl. 
Rs. 6.638 per hl. 

t 

Itis clear that manuring represented an innova- 

tion which was both technically possible and profitable. 

why then did rice yields remain so low? This is un- 

likely to have been due to an absence of demand for fer- 

tiliser, since Bengali farmers knew full well the value 

of manure. The Collector of Burdwan wrote: 

"Manures are largely used and their use is well 

understood,, Those generally used are - cowdung, 
cowd'ang ashes, oil-cakes,, including both castor 
and mustard cake, hide salt, and tank mud. Cow- 
dung is to some extent wasted by being used as 

0 
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fuel, but generally no good cultivator 

would think of doing so. Cowdung is con- 

sidered the manure, and the Bengali term 

for manure is synomous with it. An idea 

may be formed of the high appreciation in 

which it is held by the popular rural saying 
"Sar satya Lakshmi" - Cowdung is the real 
Lakshmil(goddess of fortune). Every farmer 

has his Uung-heap. For this a piece of low 

ground is selected close to the cowshed, or 

a hole is made in which is collected waste 

straw, refuse of vegetables, and in fact, 

everything that thas the least manurial 
18 

value... " 

Technical inefficiency in the use of fertiliser 

is, therefore, much more likely to have been the result 

of shortages in supply. Manure was scarce: The Famine 

Commission estimated that "each cultivating family with 

its cattle produces enough manure for an acre of land 

19 
yearly" This is roughly correct: we have already 

seen that two plough cattle produce 17.0 hl. of dung per 

year, not far short of the optimum input of manure 
2o (19.1 hl) By comparison, a single wintered ox in the 

18. Paterson, Burdwan Gazetter, p. 96. For the wide var- 
iety of organic manure applied see H. Rehling, "Replies 
to queries regarding Manures, as applied in. the Dis- 
strict of Rungpore", Journal of the Agricultural and 
Horticultural Society of India, vol. V., Pt. 1, No. 1, 
(1846), 11, pp. 19-26. 

19. Report of the Famine Commission, 1880, Part II, p. 79. 

20. Stewart Odend'hal, "Energetics of Indian Cattle in 
Their Environment", Human Ecology, vol. 1, No. 1, (1972), 
p. 14, (8.736 hl. per annum); John Briscoe, "Energy Use 
and Social Structure in a Bangladesh Village", Popula- 
tio'n and Development Review, Vol, 5, No. 4 (Dec. 1979), 
p. 620 (8.35 hl. per annuffil. 
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Forth Valley, littered on straw, produced 40.64 hl. of 
21 

dung, or four times as much In Bengal, one observer 

noted, "even if all the dung and urine of cattle were 

carefully collected and spread over the cultivated area 

in the most economical way possible, the amount would still 

be found insufficient to meet the requirements of the 
22 land" 

Faced with a shortage, farmers will allocate manure 

to the crop which gives the highest return per unit of 

input. Invariably, this was a commercial rather than a 

subsistence crop. In Purnea, an efficient allocation of 

manure entailed a choice between commercial crops. "Jute 

land is hardly ever'manured in the district. The farmyard 

manure of the cultivator is reserve. d for tobacco land only. 

It is known tp the cultivator that cowdung is very good 

for jute but he cannot afford to apply it to the 'crop 

after his tobacco field has been manured with it. It has 

been found that a field manured with about 8 or 9 cart- 

loads of cowdung (about 6,000 pounds) would increase the 
23 

yield about 30 per cent" Hence the low. rate of man- 

21. G. E. Fussell, Crop Nutrition: Science and Practice 
before Leibig, (Kansas, 1971), p. 176. Littering 
produced 3.62 hl. of dung for every hectolitre of 

. straw. Sinclair, Account of Husbandry, vol. 2, 
pp. 385,414. 

22. Sen, Burdwan Report, p. 12. 

23. ChaiAdhurl, "Jute in Purnea", p. 73. 

f 
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uring on rice land was the result, not of ignorance, 

24 
but of shortages of supply and low returns 

Innovations which increased output per worker in 

the Forth Valley were all overshadowed by the thrashing 

machine. Agriculture@s first reliable thrashing machine 
a 

was patented by'a Scottish mechanic, Andrew Meikle, in 

1788 25. Experiments with machine thrashing had begun in 

the Forth Valley as early as the 17401s. Michael Stirling, 

a farmer in Dunblane parish, had invented a thrashing ma- 

chine in 1748. His invention is an interesting example of 

the transfer of labour-saving technology from the manufac- 

turing sector. Stirling's design was a direct adaptation 

of the water powered scutching-mills used for processing 

flax. "The axis of the thrashing board, was placed perp- 
i 

endicular, and was moved by an inner wheel, on the same 

axis with an outer one that moved by water. The men stood 

24. it might be asked why if manure was scarce the price 
did not rise, thus lowering the gross margin. The 
answer might be that manure was rarely traded: 
"The article is so seldom bought... that there is no 
fixed market rate". Carstairs, Chanditala Thana, p. 8. 
There is so far no agreement as to whether the Indian 
cattle population is surplus to production requirements. 
See Marvin Harris, "The Cultural Ecology of India's 
sacred Cattle", Current Anthropology, Vol. VII, No. 1, 
(Feb. 1966), pp. 51-66 and V. M. Dandekar, "India's 
Sacred Cattle", Economic and Politcal Weekly, Vol. 4, 
(1969), pp. 1559-1567. 

25. S. Macdonald, "The progress ot the early thrashing ma- 
chine ", Agricultural History Review, Vol, 23, No. 1 
(1975), P. 66. 

The Scottish record of mechanical innovation in this 
period is unique: besides the thrashing machine, it 
includes fanners (invented by "an ingenius mechanic" 
from Hawick and already common by the 18201s), the me- 
chanical reaper (invented by Patrick Bell, Angus, in 
1826) and Small's two horse plough, 1767. Sinclair, 
AnZl sis Old Statistical Account, p. 274 note; Handley, 
Agricultural Revolution, p. 81. 
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round about these boards like lint cleaners, each man with 
26 his sheaf, and performed the work with great rapidity... 

The first thrashing mills introduced into the Forth Valley 

(in Clackmannan parish, 1786) were also water-powered. 

our estimates of costs and returns, however, derive from 

horsedriven machines. 
of 

t 

26. OSA, vol. XII, p. 522 (Kilmadock/Doune). 
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Table 6.12 

COST PER DAY OF TWO HORSE POWER THRASHING MACHINE 

(E) 

Variable cost 

Labour: ho: ýses and ploughman 0.266 
2 men, supplying feeder 0.116 
1 man, feeding machine 0.058 
1 man, riddling grain 0.058 
1 man, removing straw 0.058 

servicing machine 1.00 

Fixed costs 

Depreciation machine 5.00 
horses 8.60 

I 

Returns 169.88 

Gross margin 168.32 

Notes: (1) Labour: day labour wage 1810-14 (13-95d). 

(2) Horse labour costs from Robert Dou glas, 
General View of the Agriculture of Roxburgh 
and Selkirk, (London, 1798), p. 368. 

(3) Returns prices oats 1810-14 (E3.956 per hl. ) 

Output per manday with the flail, on the other 

hand, was estimated at 1.50 quarters or 4.364 hl. 

Thrashers were paid piece-rates, either in cash or kind. 
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27 This included time spent bundling the straw The 

/rate was approximately 1/- per boll, (2.247 hl. ), 

which gives the cost of thrashing 4.364 hl. as E0.097. 

The cost of thrashing 42.943 hl. (the daily output of 

a thrashing machine) is shown below: 

Table 6.13 

COST OF THRASHING WITH FLAIL 

Variable costs E 

Labour 0.954 

Fixed costs 

Flail depreciation 

Returns 169.88 
1 

Gross margin 168.92 

Notes: (1) Labour 9.84 mandays at EO. 097. 
Douglas, op cit, p. 371. 

27. Douglas, General view Roxburgh and Selkirk, p. 371, 
Note. 
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Piece rates paid in kind were traditionally 
28 

fixed at, 1/25th of total output Under this mode of 

payment labour costs-would rise to E6.79, reducing the 

gross margin to E163.08. In addition, the flail in- 

volved greater wastage. One observer estimated that 

"an extra quantity of corn, equal, in ordinary years, 
AF 

to 5 per cent, Fill be given by the thrashing machine, 
29 

above what is obtained by the flail" This reduced 

the gross margin still further, where cash wages were 

paid, to E160.43. 

Even so, the modestincrease in gross margin which 

resulted from the introduction of thrashing machines 

shows that increases in output per worker are not synono- 

mous with reduced costs. Small farms which relied heavily 

on family labour were not necessarily put at a cost dis- 

advantage. "Upon farms of a small size, where only one 

or two ploughs are kept, the occupier often thrashes a 

good deal of the grain himself... Upon small farms, 

machines cannot be used with advantage, and seldom will 

they make a greater return than is gained from the flail" 30 
. 

28. Kerr, General Report Berwickshire, p. 70; Sinclair, 
Account of Husbandry, vol. 2, p. 194. - 

29. Brown, Treatise, vol. 1, p. 328. 

30. Anon, "On Thrashing Machinea", Farmers Magazine, 
vol. 4. (1803), pp. 504-505. 
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The threshhold size of farm for a thrashing 

machine which gave substantial savings in labour costs 

was probably about 120 acres. "It is pot expedient, 

and certainly it is no economy, to erect a thrashing mill 

on any farm which does not employ two pairs of horses. 

A four horse mill is the smallest that can be constructed 
Ad 

to bear the fatigue of performing all the operations of 

a full sized thrashing machine; the line of demarcation 

is, therefore, clearly drawn betwixt the necessity of 

using the flail and of requiring the assistance of a 

thrashing machine" 
31 

. 

Farmers with less than 120 acres -a majority in 

the Forth Valley - do not seem to have heeded this advice. 

Two and even one horse power thrashing machines were pop- 

ular by the 1790's. By 1812, "scarcely any farm of note" 
32 

in Perthshire was without one And in Clackmannanshire 

machines were found on farms of 37-50 acres, which were 
33 

certainly two-horse farms It seems that the economic 

advantages of thrashing machines to farmers in the Forth 

Valley was not any real saving in labour costs, but that 

increased output per worker gave him swifter access to 

31. Anon, "On Earn Management", p. 983. 

32. Robertson, General View Perthshire, p. 368. 

33. Erskine, General View Clackmannanshire., p. 35. 

I 
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the market. "The great advantage 

to be derived from the thrashing mills is, that, besides 

thrashing much cleaner than the usual mode, they give 

the farmer a command of the market, to which he may bring, 

upon any emergency, a great part of his crop, at the 

34 
shortest notice" Mechanisation was thus a device to 

W 
raise profit margins by enabling the farmer to sell 

quickly when prices were high. 

Our estimate of the cost of machine thrashing in 

Bengal is based on data for a bullock thrashing machine, 

the result of attempts by British agriculture engineers 

to design labour-saving technology which was adapted to 

35 
Indian conditions Unlike steam thrashing machines, 

which required technical skills and sources of energy un- 

available in the countryside, the bullock thrasher was 

cheap and operated with traditional inputs of labour and 
36 

animal power Normally, imported British technology 

was unsuited to Indian conditions, but this charge cannot 

be made against the bullock thrasher. It represents a 

technology which was appropriate for Bengal agriculture. 

34. OSA, vol. X11 p. 724, note (Clackmannan). And ibid, 
vol. IX, p. 360 (Gargunnock). 

35. Wynne Sayer, "The study of thrashing problems at 
Pusa", Agriculture and Livestock in India, vol. iv, 
Pt. II, (March, 1934), pp. 197-207. 

36. E. Shearer, "Steam Thrashing in India", A r*cultural 
Journal of India, vol. 2, Pt. 111, (1907 246-251. 
Howard described government model farms as "museums of 
European implements which were for the most part quite 
useless in a country like India". Howard, Howard in 
India, p. 224. 
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Technically, for example, it was far less efficient than 

the thrashing machines used in the Forth Valley a century 

earlier. 

Table 6.14 

COST PER DAY OF MACHINE THRASHING, BENGAL 

Variable costs Rs. 
Labour: 4 men 1.09 

1 mate 
bullocks and driver 1.372 

Servicing machine 0.072 

Fixed costs 
Depreciation: machine. 1,708 

gear 
bullocks 5.4 
interest 1.026 

Returns 51.557 

Gross margin 49.023 

Notes: (1) Labour: agr icultural labourer wages 
(1890-94) Rs. 0.218 per day. 

(2) Bullock hire rates (1890-4) Rs. 
0.686 per day 

(3) Returns: price rice 1890-4 Rs. 
7.086 per hl. 

(4) Output data: Wynne Sayer, "The 
Study of threshing problems at 
Pusa", Agriculture and Livestock 
in India, (March, 1934), pp. 197- 
207.77276 hl. per day. 



484 

Productivity estimates for traditional thrashing 

vary widely. Output in terms of bullock-pair-days 

ranged from 0.6ý2 hl. to 1.866 hl. our calculations were 

made to cover both these extremes. Bullock drivers might 

also be paid in grain, at 0.056 hl. per day. This re- 

duced the gross margin of thrashing by the traditional 

method. 
I 

Table 6.15 

COST PER DAY OF TRADITIONAL BULLOCK TkRESHING 

Variable costs Rs. 

Labour: bullocks and driver 1.372 1.372 

Fixed costs 

Depreciation: bullocks 5.4 5.4 

Returns 

Gross margin 

26.444 11.57B 

25.072 10.206 

Notes: 
(1) Output maximum 3.732 hl. per day, 

Martin, Eastern India, vol. 3, p. 226. 

Output minimum, 1.364 hl. per day, 
Sayer, "Threshing Problems", p. 248. 

(2) Returns: price rice 1890-94. Rs. 
7.086 per hl. 

(3) Labour: 0.056 hl. per day, Martin, 
ibid. 

S 
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Unlike the Forth Valley, machine thrashing in 

Bengal-represented both an increase in labour product- 

ivity and a big saving in unit costs. The scale of the 

capital investment needed put such machines beyond the 

majority of BenSali farmers. Yet, rich jotedars who 

could have saveý money by adopting labour-saving innova- 

tions, and who could. afford the initial investment, pre- 

ferred to employ traditional techniques. Appropriate 

technology like th bullock thrasher joined the rusting 

collections of imported machinery, another unwanted in- 

novation. Why? 

Clearly, labour saving technology poses a threat 

to the existing social structure. In Bengal agriculture, 

traditional techniques and task organisation during the 

harvest were not chosen solely for their economic effic- 

iency. As Buchanan-Hamilton wrote: 

"In this district (Purnea), one of the most 
heavy charges, attending the cultivation of grain, 
is the reaping and thrashing... in most places, 
the people both reap, and th*rash the grain. The 

rate is always fixed by a share of the produce, 

which varies for rice from one fifth to one eighth 

part of the whole crop; for which the people cut, 

off the ears and carry them to the owners' house, 
beat them out and deliver them clean to their mas- 
ter... The expense, as I have said, attending 
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operations is enormous, partly from the 

avowed allowance and partly from frauds... 

In their conjectures different people var- 
ied very much, some saying that the reaping 

and thrashing costs one-fourth part of the 

whole crop, and others alleging, that one- 
37 

eighth part is sufficient" 

v 

A technology where labour costs account for up 

to a quarter of total output is clearly operating to 

social and not economic criteria. In an agrarian society 

characterised by an unequal distribution of landholding, 

large numbers of marginal farmers and landless labourers 

are dependent on large farmers for employment. At the 

same time, because agriculture in Bengal has a wide range 

of short-duration crops which need high labour inputs, 

large farmers, are dependent on a ready supply of wage 

labour, especially at seasonal peak periods like harvest. 

The system of harvest payments which has evolved is a 

way both of reinforcing and stabilising this mutal depend- 

ence 
38. on the one hand, the harvest share ensures that 

a certain proportion (1/4 to 1/8) of total output goes to 

labour. From the recipient's point of view, this is 

preferable to a cash payment because price fluctuations 

37. Montgomery Martin, ed. Eastern India, (London, 1838), 
vol. 3, pp. 225-226 (Purniya). 

38. Stephen D. Biggs and Charlotte Burns, "Agricultural 
Technology and the Distribution of output in a Tradi- 
tional Social System", IDS Discussion Paper, No. 21, 
(Sussex, 1973), esp. pp. 6-9. 
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might result in a fall in real income. From the large 

farmers point of view, labour's dependence on this annual 

redistribution of output ensures a ready supply of labour 

throughout the rest of the year, and enhances his social 

status. 

The loss of, status and relations of dependence 

which the system of harvest shares symbolises and perpet- 

uates, represents the social opportunity cost of innova- 

tion. It seems likely that jotedars found the extra pro- 

fit they derived from machine thrashing was outweighed 

by wider considerations of maintaining a h1erarchical 

system of dependence relationships. The loss of social 

status was not commensurate with the immediate economic 

gains. It is interesting to note that similar considera- 

tions applied even in "capitalist" agricultures, where no 

such system of harvest shares obtained. Although most 

Scottish farmers had adopted the thrashing machine by the 

18201s, innovation was much slower in southern England. 

The flail was still used in Oxfordshire as late as the 

-1870's 
39. This was partly because low wages reduced the 

incentive to innovate. But patriarchal attitudes towards 

, 
labour also played a part. An additional disincentive 

was the English Poor Law which (unlike the Scottish) gave 

statutory relief to the able-bodied unemployed. The cost 

39. E. J. T. Collins, "The Diffusion of the Thrashing 
Maghine in Britain, 1790-1880", Tools and Tillage, 
vol. 2, No. 1, (1972), pp. 27,35. 

0 
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of 'technological unemployment would, therefore, have 

been paid by farmers through higher poor rates. In the 

absence of alternative employment for displaced labour- 

ers, the social opportunity cost of innovation was too 

high. If English farmers found machine thrashing un- 
40 

profitable, the absence of innovation in Bengal (where 

the social opportunity cost was even higher) becomes more 

understandable. 

What has ultimately caused the system of harvest- 

shares to break down is not the introduction of technology 

which increases output per worker, but new high-yielding' 

varieties which increase output per acre. With the in- 

troduction of HYVs, the volume of output paid to labour 

rises dramatically. Then, and only then. does it'become 

profitable for large farmers to increase output per worker 

to keep down labour costs. In modern Bangladesh, con- 

tract harvest labour, paid in cash, is gradually replacing 

the village labourers who received one-eighth payment in 

40 kind Similar breakdowns in the system of harvest 

shares are reported from other Asian countries (Indonesia, 

40. Edward J. Clay, "Institutional Change and Agricul- 
tural wages in Bangladesh", The Bangladesh Deve102 
ment Studies, vol. IV, No. 4, (Oct. 1976), pp. 423- 
440. 
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the Philippines) where HYVs have been introduced 41 

Our second example 

creased output per worker 

ploughs were aý important 

productivity in the Forth 

of labour productivity us, 

of an innovation which in- 

is the plough. New, improved 

element in the rise in labour 

Valley. Our earlier estimates 

ing the old Scotch plough gave 

a labour coefficient of 2.5 mandays per acre, compared 

to 1.25 mandays per acre for the new model. 

This reflected considerable improvement in eng- 

ineering. The innovation was the work of a Scottish 

blacksmith and tenant farmer, James Small (1740-1793). 

His invention incorporated two major technical improve- 

ments. A curved mouldboard replaced the flat wedge of 

the old scotch plough, thus turning the furrow cleanly. 

A chain was attached to the beam near the coulter, so 

that the draught of the plough was taken by the chain, 
42 

not the beam In addition, the mouldboard and landside 

41. Masao, Kikuchi and Yujiro Hayami, "Technology and 
Labour Contract: Two Systems of Rice Harvesting 
in the Philippines", Journal of Comparative Econ- 
omics, vol. 4, (1980), pp. 357-377, and William L. 
Collier, Soentoro, Gunawan Wiradi, and Makadi, 
"Agricultural Technology. and Institutional Change 
in Java", Food Research Institute Studies, vol. XIII, 
No. 2, (1976), pp. 169-174. 

42. Ragnar Jirlow and Ian Whittaker, "The plough in 
Scotland", Scottish Studies, vol. 1, (1957), 
pp. 82,86. 
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plates of the plough were made of iron; formerly only 

the sock and coulter had been iron. As a result of 

these improvements, the new plough was much easier to 

pull. "It was experimentally proved... that Small's 

plough, in tearing up old ley, was drawn by a force of 

from 9 to 10 awt while the old Scotch, in the same field, 

43 
required a force of 16 cwt. to perform the same work" 

This is equivalent to. an increase in technical efficiency 

ot 40%. With stronger draught animals, labour product- 

ivity with the new plough was some 80% higher than before. 

I 

This dramatic increase in productivity explains 

the plough's rapid diffusion. Small patented his design 

in l765. By the 17901s, two horse ploughs of his design 

were common phroughout the Lowlands and by 1840 were univ- 

ersal. one reason for the fast rate of adoption was 

that after 1779 the new mouldboard and'landside plates 

of the plough were mass produced in cast iron from Carron 
44 

in the Forth Valley This also helped keep down pro- 

duction costs. ' 

43. Sir John Sinclair, An Account of James Small, and 
of his improvements in the construction of agricul- 
tural implements, (Edinburgh, 1811), p. 6, note. 

44. ibid, p. 8. 

0 
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The cost of the old Scotch plough is difficult 
I 

to determine. One detailed estimate is available from 

Caithness in 1812. "A plough, with iron and gears", 
45 

is priced at E1.25 Materials were cheap: collars 

for horses and oxen were made from straw, traces from 

rawhide twisted into. thongs. Animals were also inexpen- 
d 

sive. The horpes which pulled the old Scotch plough in 

the Forth Valley were described as "miserable garrons, 

not worth more than ES or E6 a piece 
46 Here we use the 

costs given for Caithness in 1812. 

t 

45. Henderson, General View Caithness, p. 53. - 

46. OSA, vol. IX, P. 674, (Alloa). 

0 
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Table 6.16 

COSTS PER ACRE OF OLD SCOTCH PLOUGH 

VarialZle costs E 

LaboUr 1.534 

Fixed costs 

De Preciation: plough 0.312 

horses 2.6 

Returns 17.626 

Gross margin 17.626 

Notes: 
II (1) Labour: ploughmans wage 0.682/- 

per day 1790-94 

(2) Horses, 2@ E8 each, oxen 2@ E5 

(3) Returns, barley 1790-94 prices 
(El. 718 per hl. ) . 

The cost of Small's plough varied according to 

the quantity Of iron used in its construction. This 

could be as high as 83 kg. one detailed estimate of 

the full cost of plough and harness for two horses gives 

the price as E8.145. The costs are setout below. - 
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Table 6.17 

COSTS PER ACRE OF SMALL'S PLOUGH 

Variable costs E 

Labour 0.213 

Fixed costs 

Depreciation: plough 2.036 

horses 7.0 

Returns 19.16 

Gross margin 18.947 

Notes: (1) Horses, 1790,2 @ E35 each 
- (OSA, XII, p. 674, Alloa 

parish). 

It is obvious that although there were savings 

in unit labour costs, the real advantage of the new 

plough lay in increasing output per worker. Improve- 

ments in the technical efficiendY of the plough and the 

replacame-nt if oxen by horses (whose traction speed is 

50% higher), enabled farmers to cultivate more intensively 

than before. Repeated ploughings, which were a marked 

feature of the new husbandry, had to be compressed into 

short periods in spring, especially in northern latitutudes 

where the growing season was short. Increases in labour 

productivity were, therefore, essential before intensive 

farming could be adopted. As with the thrashing machine, 

the reduction in labour costs is less impressive than the 

/ 
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productivity gains in output per worker. 

The Indian plough is a classic example of ap- 

priate technology which was misunderstood because it 

did not fit Western preconceptions. For Western- 

educated Indians, itsantiquity has been a personal 

affront. Nehýu wrote: "It is a matter of amazement 

and shame to me that any peasant should go about today 

with a plough that was used in Vedic times. There has 

been no change since then. It should have been a mus- 

eum-piece; yet the fact is, it is there. It astonishes 

, 47 
me 

The object of this obloquy is shown on the op- 

posite page *t Its dimensions are modest. Its construc- 

tion is simple; all the parts are made of wood, except 

the metal share. It is light enough to be slung over 

one shoulder and carried to the fields, and can be 

drawn by a force of merely 1.5 cwt., the draught of a 
48 

pair of native bullocks Its operation is singular. 

The side-elevation shows the acute angle of the wedge 

47. Quoted in Dick Wilson, Asia Awakes, (Harmondsworth, 
1972), p. 103. 

48. Journal of the Agricultural and Horticultural 
Society of India, N. S., vol. vj, (1878), p. 22. 
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and the beam, which produces a much shallower furrow 

than Western ploughs. "The action of the native plough 

resembles that of a pointed stick running just below 

the surface of the ground, some 2-1/2 to 3 inches deep, 

and stirring the soil whilst it tears and brings to the 
49 

surface any infesting weed" As a result, "it scratches 

the ground, and has to go over the same Surface repeated- 

ly to get to the depth which the English plough reaches 

at once" 
5o. This, feature of the plough made it a target 

of scorn. After watching a Bengali plough at work, a 

Scottish farmer snorted, "A mere scratch with a pocket 
51 

comb would do more good" 

Attempts to improve the plough were 16gion. 

The'Agricultural Department experimented tirelessly with 

new models apd by 1914 metal ploughs were widely avail- 

able in Bengal. In vain. The peasant cultivator stub- 

bornly preferred the time-honoured nativeplough. If 

his inferior implement merely scratched the surface of 

the soil, it was for good reasons. As the British soil 

scientist, Sir John Russel1wrote in the 19301s: 

"Here again the ryot has anticipated the 

scientist, for he has found by experience 
that in ploughing the soil he must keep this 

49. Voelker, "Indian Agriculture", p. 52. 

50. Journal of Agricultural and Horticultural Society, 
ibid. 

51. Anon, "The Bengal Ryot", Blackwoods Magazinej vol. 113, (Feb, 1873), p. 154. 
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top layer on the top and not allow it 

to become buried so exposing the moister 
layer of the soil below. The peasant's 

plough has been devised to stir the top 

of the soil but not to bury it, and any 

one attempting to improve the plough must 
52 

achieve the same" 

a 
In other words, deep ploughing of the kind 

advocated by our anonymous Scottish farmer was unnec- 

essary and, indeed, positively harmful in.. Bengal. 

These strictures do not apply to the medium 

0 

and light soils of Bihar, for which the Rajah plough 

was designed. ItS advantages over the native plough 

were numerous: 

ý"Its construction being very simple en- 

ables it to be manipulated by the most ig- 

norant of ploughmen, whilst its advantages 

are that it goes down deep into the soil and 

and turns it over exposing it to the weather, 

and completely covers the weeds. It works to 

a depth of 9 to 12 inches making it unnecessary 

to give a second ploughing, but, having an 

adjustable hake, the depth required can be 

easily adjusted, and the implement can be made 
to suit different size animals. The bullocks 

52. Sir John Russell, "Modern Movements in Agricul- 
tural Science", Calcutta Review, vol. LXII, 
(Jan. - March, 1937), p. 
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are yoked to it by means of a long chain 

which at first discourages the ploughman, 
but by practice it is found that only one 
hand is necessary to guide the plough, 

while the other hand is left free to man- 
53 

age the animals" 

4 Table 6.18 

COSTS PER ACRE OF RAJAH AND NATIVE PLOUGH 

(1) Rajah (2) Native 

Variable costs Rs. Rs. 

Labour 6.375 12.75 

Fixed costs 

Depreciation: 

plough 5.00 0.925 

bullocks 5.41 5.41 

Returns - 69.497 69.497 

Gross margin 63.122 56.747 

Source: N. S. Mcgowan, "The Rajah or Punjab 
Plough", Agricultural Journal of Bihar 
and Orissa, vol. 1, No. 1, (April, 1913), 
p. 42. 

Notes: (1) labour: as above. 
(2) depreciationplough: cost Rs. 

25 at 20%. 

(3) returns: bhadoi-aus (unirr) 3.44 hl. 
per acre at 9.633 per hl. (1910-14 
prices), rabi mustard 2.31 hl.. per 
acre at 15.740 per A. 

53. N. S. Mc Gowan, "The Rajah or Punjab Plough", Agric- 
tural Journal, Department of Agriculture, Bihar and 
Orissa, vol. 1, No. 1, (April, 1913) p. 39. 

/ 
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The Rajah plough certainly reduced unit labour 

costs. "The figures show a saving of rupees two on 

every bigha cultivated with the Punjab plough, 'and this 

works out to a gain of about 200% to the cultivator with 

the latter implement When it is known that the plough 
a# 

only costs ru ees twenty-five, it will be seen that the 

raiyat who cultivates only fifteen bighas of land 
. 
(5 acres) 

can hope to rec'over his capital outlay in one year...,. 
54 

. 

But this saving was partially offset by higher deprecia- 

tion costs. Nor did the new plough increase output per 

acre. (Similar ploughs in India today are not associated 
55 

with increases in yield) The Rajah plough certainly 

increased output per worker. But in the absence of al- 

ternative opportunities for the use of saved time of 

bullocks and ploughman, the benefits were less than the 

saving of time indicates. on most Indian farms, both 

bullocks and labour are a fixed cost: savings in var- 

iable costs mean little. 

In sum, of the innovations which increased output 

per worker in the Forth Valley, neither resulted in a 

substantial increase in the gross margin. Thrashing 

54. ibid, p. 41. 

55. John H. Foster, "The Economics of the Moldboard 
Plough and the Three-Tine Cultivator in Two Dis- 
tricts in Uttar Pradesh", Indian Journal of Agri- 
cultural Economics, vol. (Aprilýjune, 1966), 
p. 51. 
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machines and better ploughs greatly increased labour 

productivity, but gave only a small reduction in unit 

labour costs. The situation was markedly different in 

Bengal. New ploughs and machine threshing not only in- 

creased output per worker, but also reduced unit labour 

costs. It is possible that the social costs of innovation 

may have inhibited the adoption of labour-saving technology. 

But the change in the system of harvest shares shows such. 

costs carry little weight with Indian farmers today. It 

seems mom likely that there was little incentive to intro- 

duce labour-saving technology since, unlike the Forth Valley, 

there was little change in, factor prices and also because 

there was no increase in output per acre, which might have 

encouraged farmers to keep down labour costs. Drainage and 

manuring in the Forth Valley raised both output per acre and 

the gross margin. 'But in Bengal, irrigation, the leading 

input from which other innovations flow, was unprofitable, 

and heavier manuring was impracticable because it faced in- 

superable constraints on supply. The absence of investment 

to raise productivity, may, therefore, be explained by the 

prevailing price relationships. 
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Section 3: Incentives. 

Yet incentives to raise agricultural output in 

Bengal were not wholly lacking. Rice prices in Bengal 

more than doubled in the century after the Permanent 

Settlement (Tqble 6.19). Most of this increase was 

concentrated between 1860-1905 when the price of rice 

rose by 70%, (Table 6.20). From the 1860's onwards, 

there was a general rise in the price of agricultural 

products and by 1911 inflation even worried the govern- 

ment sufficiently to commission an official enquiry. 

This price rise compares favourably with that in the 

Forth valley during the agricultural revolution. Cereal 

prices in the Forth Valley rose by 80% between 1760-1840 

(Table 6.21), while animal product prices rose even 

faster, by 1UO% (Table 6.22). Rice prices in Bengal 

between 1860-19P5 thus rose faster (1.199%pa) than the 

price of oats in the Forth Valley during the agricultural 

revolution (0.758% pa). 

It is clear that the position of Bengal farmers 

was not analogous to thatof their counterparts in north- 

ern Europe before the agricultural revolution, when the 

technology to raise output per acre known, but price in- 

centives were lacking. slicher van Bath: 

0 

01 



502. 

TABLE 6.10 BENGAL RICE PRICES 

(1791-95=100) 

YEARS 
-INDEX 

1791-: 95 100 

1796-00 71 

1801-05 98 

1806-10 ill 

1811-05 131 

1816-20 129 

1821-25 154 

1826-30 107 

1831-35 113 

. 1836-40 105 

1841-45 101 

1846-50 75 

1851-55 75 

1856-60 185 

1861-65 121 

1866-70 141 

187t-75 142 

1876-80 169 

1881-85 144 

1886-90 155 

1891-95 191 

1896-00 203 

1901-05 208 

Source: Hussein, op. cit., 
Tables A96, Al and A4. 

Base: 0.98 Rs per maund, p. 58, 
Table 2.1. 
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TABLE 6.20: DISTRICT RICE PRICES IN BENGAL 

(1861-65 = 100) 

YEARS BURDWAN DACCA JESSORE PURNEA BENGAL 

1861-65 100 100 100 100 100 

1866-70 127 129 110 130 116 

1871-75 129 124 100 132 117 

1876-80 137 157 126 151 139 

1881-85 114 121 102 139 119 

1886-90 125 135 114 155 128 

1891-95 154 163 139 185 157 

1896-00 172 166 145 193 167 

1901-05 178 165 148 221 171 

Source: Burdwan, Dacca, Jessore and Bengal prices 
reworked from Hussein, op. cit., Table A96, 
A54-A63. 
Purnea prices from Pri 

' 
ces and Wages in India, 

No. 22, (Calcutta, 1905). 

Base: 1.66 Rs. per maund, (Bengal), Hussein, 
p. 279, Table A4. 
t 

0 

J 
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TABLE 6.21: FORTH VALLEY OATS PRICES 

(1760-64 = 100) 

YEARS INDEX 

1760-64 

1765-69 

1770-74 

1775-79 

17ý0-84 

1785-89 

1790-94 

1795-99 

1800-04 

1805-09 

1810-14 

1815-19 

1820-24 

1825-29 
1830-34 

1835-39 

100 

121 

126 

102 

128 

117 

136 

167 

196 

216 

213 

204 

156 

176 

148 

183 

Source: Scottish Record office, 
Stirling Fiars Prices. 

Base: M. 647 per quarter. 

p 
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Table 6.22 

INDEX OF 

SCOTTISH SHEEP PRICES, 1760-1840 
(1) (2) 

YEARS WETHER LAMBS BLACKFACE EWES 

1760-64 100 100 

1765-69 144 137 

1770-74 179 145 

1775-79 141 142 

1780-84 152 144 

1785-89 210 176 

1790-94 186 148 

1795-99 - - 
1800-04 - 
1805-09 - - 
1810-14 - 369 

1815-19 - 239 

1820-24 130 169 

1825-29 149 183 

1830-34 141 171 

1835-39 147 209 

Notes: A "wether" lamb is an eight-months-old 
castrated male. 

Sources: 
U-) J. Hogg, The Shepherds' Guide, 

(Edinburgh, 1807), for 1760-94; 
"Agricultural statistics", 

Transactions of the Royal Highland 
and Agricultural Society of Scotland, 
Fifth series, LXII (1950), p. 167 
for 1820-39. 

(2) J. Hogg, ibid, for 1760-94; 
Farmers Magazine, vol. 11, pp. 112-3; 
vol. 15, p. 393 for 1810-14; 
Stirling Journal, ii/10/21,10/10/22, 
16/10/23# 14/10/24,16/9/24, for 
1820-24; 
Transactions; ibid, for 1825-39. 

Bases: (1) E-0-662 (2) F, 1.454. 
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"Figures show that as early as the 

fourteenth oz fifteenth century it was 

possible to reach yield ratios that 

were not regarded as normal, even in 

the most advanced Western European 

countries, until about 1800. From this 

it can be concluded that from the four- 

teenth and possibly even the thirteenth 

century onward it was possible to obtain 

yield ratios exceeding 10.0. Hence, the 

absence of any rise in the yield ratios 

is not due to lack of technical skill but 

rather to unfavourable economic conditions" 
56. 

By contrast, Bengal's farmers after 1870 faced 

buoyant agricultural prices. Conditions seemed ripe 

for a massive increase in output. In the words of the 

Agricultural and Horticultural Society of India, "No 

one doubts the fact that self-interest is the best spur 

to improvements: that. cent-2er cent is the grand improver . 57 

Why then did Bengali farmers fail to raise output? 

56. B. H. Slicher van Bath, "The Yields of Different 
Crops", p. 50. 

57. Transactions of the Agricultural and-Horticultural 
Society of-India, vol. V, (1838). Proceedings. p. 16. 

I- 
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The answer must be in the behaviour of the 

Bengal farmer. Rising prices will have two effects 

on agricultural output. First, farmers' incomes will 

rise. This is known as the income effect. Second, 

there will be an increase in the value of a-unit of 

output from an additional input of labour. This is 

known as the tubstitution effect. These two effects 

work in opposition to each other. Because their in- 

comes are rising, farmers might be encouraged to work 

harder and increase their income. Alternatively, 

farmers might be encouraged to work less and enjoy the 

same income as before. Which effect will predominate? 

Our earlier estimates of labour inputs to Bengal 

agriculture suggest that it was the substitution effect, 

rather than, the income effect which predominated between 

1890-1.914. Table 3.6 shows that during this period, 

the labour inputs to Bengal agriculture stayed constant. 

Clearly, the utility of additional income to the Bengal 

farmer was low, and they were not prepared to work hard- 

er for more income. But why? There are three possible 

explanations. 

First, production possibilities may have been limit- 

ed. It is self evident that income has a high marginal 

utility among peasant farmers until their subsistence 

needs have been met. Farmers will work hard for very 

9 
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little return in order that they and their families 

can have enough to eat. But if the marginal product- 

ivity of labour is low, then the utility of income 

above the subsistence level will also be low. That is, 

farmers will not work harder to provide an additional 

income over subsistence because the returns from that 

extra labour are so low. 

"As long as the production function is such 
that the marginal return to increased input 
is already low and declining sharply, and the 

supply of inputs is relatively inelastic, in- 

creased prices of output will induce relatively 
little further input of resources" 

This may well have been the case in Bengal. In 
t 

Chapter 1, Section 1, we noted the effect of fertile 

alluvial soils on labour productivity. The sharp init- 

ial increase in output from such soils meant that the 

marginal product of labour was low (Figure 1.7). By 

contrast, on less fertile soils like those in the Forth 

Valley, the marginal productivity of labour was likely 

to have been higher. Hence, in Bengal production possi- 

bilities may have discouraged further inputs of labour. 

Secondly, price relationships may have meant that 

the returns from the increase in output were not high 

enough to fully cover the cost of the farmers' additional 

58. John W. Mellor., "Production Problems and issues in 
Agricultural Development", Journal of Farm Economics, 
vql.,, XCVII, No. 5, (1966), pp. 119-9'-12oo. 
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additional inputsfas the previous Section showed. This 

seems to have been the case with irrigation. Yields of 

irrigated rice in Bengal were on average 15% higher than 

those of unirrigated rice. Mien irrigation was combined 

with additional labour for transplanting, the increase 

in yield was as much as 25%. Yet, the utility of this 

increase in income to the farmer may have been low. We 

compared the costs and returns of broadcase aus and trans- 

planted aman. The gross margin (total revenue minus var- 

iable costs) was almost the same in both cases. In other 

words, the increase in income from higher yields scarcely 

compensated for thehigher*input of labour. Therefore, 

price relationships may have discouraged farmers from work- 

ing harder to raise yields. 
I 

I Finally, the Bengal farmer may simply have valued 

leisure more highly than the extra income to be earned 

from working harder. This view of peasant rationality is 

not shared by agricultural economists like Schultz, to 

whom peasant farmers are profit maximisers: 

"Farmers the world over, in dealing with 

costs, returns, and risks, are calculating 

economic agents. Within their small in- 

dividual allocative domain, they are fine- 
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tuning entrepreneurs, tuning so subtly 
that many expetts fail to recognise how 

59 
efficient they are" 

others have long questioned this view of the Indian 

farmer. The litmus test of economic rationality is assumed 

to be farmers' response to price. By this criterion, 

Bengal farmers were, indeed, profit maximisers: the supply 

elasticity of jute and rice between 1890-1914 were strongly 
60 

positive, (Table 4.5) Yet such tests have been critical 

for concealing wide variations between regions and between 

61 farmers in the same region Moreover, they do not tell 

us whether farmers use more inputs as prices rise: 

59. Theodore Schultz, "Nobel Lecture: The Economics of 
Being Poor", p. 644. 

60 See Dharm Narain, Impact of Price Movements on Areas 
under-Selected Crops in India 1900-1939 (Cambridge, 
1965). 1 

61. Barry H. Michie, "Variations in Economic Behaviour 
and the Green Revolution. ' An Anthropological Perspec- 
tive", Economic and Political Weekly, vol. xv, (Jan. 
1980), p. A70 and Kusum Nair, In Defense of the 
Irrational Peasant. Indian Aariculture after the 
Green Revolution, (Chicago, 1979). See also the 
criticisms of interpreting price-responsiveness by 
michael Lipton, "Should Reasonable Farmers respond 
to Price Changes? " Modern Asian Studies, vol. 1, 
No. 1, (1967), pp. 95-99 and idem, "The Theory of 
the Optimising Peasant", Journal of Development Studies, 
vol. 4, (1968), pp. 327-351. 
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"It is not fully clear whether the various 

studies of supply elasticities for individual 

commodities are measuring simply the transfer 

of resources from one agriculturalcommodity to 

another in response to price or whether they 

are also measuring changes in the aggregate 

quantity of resources in response to price. 

It is likely that both are concerned, but that 

most, bf the influence is a substitution effect" 
62 

0 
1 

In Bengal, 'it is clear that despite farmers' res- 

ponsiveness to price between li9o-19141 labour inputs 

were not being augmented but simply being transferred. 

An increase in the area under jute, as farmers responded 

to high prices, was offset by a decrease in the area under 

pulses,, sutjar and tobacco. As a result, labour inputs 

stayed constant. 

t 

one explanation for this static labour input might 

have been the progressive silting up of the Bengal delta, 

which reduced soil-fertility and forced farmers to leave 

their land fallow (Chapter 1, Section 2). But farmers may 

equally well have chosen to have their land fallow for 

other reasons. There is a positive correlation between 

2 
the area left fallow and the area double cropped (r . 603) 

This supports the hypothesis of a reduction in soil fertility 

since farners resorted to double-cropping as a means of 

resting the remainder of their land. But there is also a 

62. Mellor, Economics of Agricultural Development, 
pp. 201-70-T. - 
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strong positive correlation between the area double- 

'2 
cropped and the area under jute (r -. -. c. 779), since farmers 

usually grew jute in rotation with rice. This suggests 

that in N&E Bengal, the more jute farmers grew, the more 

land they left fallow. Rather than maximise income by 

cultivating all their land, Bengali farmers preferred to 

leave some land uncultivated and maximise leisure. 

This is compatible with much of what we know about 

the behaviour of. the Indian farmer. Comparisons with other 

Asian countries reveal significant differences in the nature 

of labour inputs to Indian agriculture. Much more labour 

is hired. In West Bengal where average farm size is 4.94 

acres, 53% of the labour input was hired, whereas in 

Thailand, where average farm size was bigger (7.90 acres), 

only 11% of the labour input was hired 63. This is partly 

explained by the custom of purdah, or excluding women from 

field labour, but primarily by the social prejudice ag- 

ainst manual labour. Labour supplied per family farm 

member in West Bengal is half that in Thailand. This pre- 

judice against manual labour is not confined to the higher 

castes but shared by farmers themselves, who work much 

shorter hours than their counterparts in Thailand and , 
hire labour-and farm servants wherever possible. This 

6';;. Myrdal, Asian Drama, vol. 2, pp. 1088. 
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behaviour was evident in Bengal towards the turn of the 

century - "a significant fact of the modern progressive 

tendency is seen in the inclination of the to 

abstain from manual labour and keep hired servants as 

soon as their means allow them to do so" 
64 Complaints 

about a shortag6 of local labour abounded 
65. 

This is re- 

flected in the long term decline in the participation ratios 
66 

in agriculture between 1881-1951 As Daniel Thorner has 

written: 

"The primary aim of all classes in the 
Agrarian structure has not been to increase 
their income by adopting more efficient 
methods but to rise in social prestige by 

abstaining insofar as possible from manual 
, 67 labour 
k 

64. Census Report 18912 Purnea Magistrate of Purnea - 
Secy. Government, Bengal Finance Dept., p. 16. 

65. Census Reports, 1891, Purnea, Tippera, P. 5., Para. 
23; Mymensingh, P. 3, para. 14; Bogra, p. 3, 
para. 15. 

66. Mydral, ýbid, p. 1074. 

67. Daniel Thorner, The Agrarian Prospect in India, 
(Delhi, 1956)9 P. 12., quoted Myrdall bid, P. 10719 
note. A similar rationality explains the paradox of 
rising wage rates in the agricultural sector and 
surplus labour. Iqbal Ahmed, "Wage determina7lon in 
Bangladesh agriculture", Oxford Economic Papers, 
vol. 33, No. 2, (July, 1981), pp. 296-522. 
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Scottish farmers had no such choice. Strong 

evidence that leisure preference may explain the constant 

labour input into Bengal agriculture is provided by our 

earlier comparisbn of the rent burden on Scottish and 

Bengal farmers. Rent in Scotland was the stick with which 

landlords forced their tenants to raise productivity: 
0 

"Good farming is daily creeping in, and 
old prejudices are wearing out.. Perhaps 

nothing has contributed more to this change 
the general rise of rents that has taken 
place. This is like the land of necessity; - 

,, 68 
a man must either do or die 

This was not special pleading: Scottish farmers 

did, indeed, pay higher -rents than their counterparts in 

either England, or Bengal. The factor share of rent in 

the Forth Valley was 0.46 compared to the latest estimate 

for England of 0.23, and our own estimate for Bengal in 

1870 of 0.27, (Table 5.17). By ruthlessly shakýng out 

inefficient farmers, successive rent increases in the 

Forth Valley ensured that tenants would only maintain their 

incomes through improving productivity. "It is by these 

means", acknowledged Sir John Sinclair, that while the 

price of wheat has advanced by about 70 per cent during 

the last 20 years, above the average price of the preceding 

68. Farmers Magazine, vol. 10, (1809). Agricultural 
Intelligence - "Onotland Ayrshire, 24, May, p. 259. 
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20, the rent of land has risen at least 100 per cent 

throughout all the improved districts of Scotland , 69 

Even when agricultural prices fell after the Napoleonic 

Wars, rents remained high, forcing farmers to innovate: 

a# "In 
, 

most cases, those steps of improvement 

(subsoil drainage) were urged more by the 

necessity arising from low profits and exten- 
sive rivalry than from the encouragement of 
high profits and extensive demand. So now it 
is operating with the agriculturalist. During 
the reign of high prices any sort of farming 

was sure to pay: but now, when prices are low, 

nothing but skill and capital, and well regul- 
Ated industry will do; and since higher prices 
are scarcely to be looked for, the only hope of 
the landowner and the farmer is to use every 
means to produce their articles cheaper and in 

greater quality from the same land"70. 

Rent in the Forth Valley rose by 260% between 1790- 

1840, (Table 5.4). By comparison, rents in Bengal between 

1890-1914 rose by only 82016, (Table 5.20). Overall, rents 

in the Forth Valley rose by 20011ý between 1760-1840, whereas 

in Bengal, the increase between the Permanent Settlement 

in 1793 and 1914 was 13oo/, 71. 

69. Sincleir, Account of Husbandry, vol. 2, p. 175. 

70. Smith, Remarks on Thorough Draining and Deep PloUghing, 
p. 22. 

71. Rents rose by 3001o between 1793-1872. Hunter, SAB, 
vol. 2, p 81, (Nuddea); and by 10011o between 1S7Uýý1914, 

(Table 5.5). 

k 
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The rent burden on Bengal farmers was thus very 

low by Scottish standards. We cannot rule out the pos- 

sibility that higher rents would have forced farmers in 

Bengal to increase output, just as happened in the Forth 

Valley. Here the example of Japan is instructive. High 

taxes on Japanese landlords were passed on to the peasantry 
I of 

in the form of ýigh rents. Japanese farmers had no alter- 

native but to increase output if they wished to pay rent 

and keep their tenancy. Instead, Bengali farmers were 

all-owed to keep much of the surplus: "a cultivator with 

five acres of land raises nearly everything necessary for 

his own support, and the sale of his surplus produce makes 

him well off,. 72. In such circumstancest there was no nec- 

essity for Bengali farmers to raise output, as they would 

have done had jotedars faced a high revenue demand. 

Equally, had jotedars been willing to invest and been as 

rapacious as their counterparts in the Forth Valley, then 

agricultural output in Bengal might has risen sharply. 

The consequences for economic development would have been 

very different. 

72. Hunter, SAB, vol. 5, p. 92, (Dacca). 

iI 



CONCLUSION 

It is clear that despite similar rates of technolo- 

gical change, innovation in Bengal and the Forth Valley 

took very different forms. Whereas Scottish farmers 

adopted innovations which raisedoutput per worker, farmers 

in Bengal did not. This is best explained by differences 

in factor prices. In the Forth Valley between 1760-1840, 

the price of labour rose sharply relative to the price of 

land; by contrast, in Bengal between 1870-1914 there was 

little change in relative factor prices. Bengali farmers 

had, therefore, little incentive to adopt labour saving 

innovations like improved ploughs. Other innovations which 

economised on t 
labour like machine thrashing carried un- 

acceptably high social opportunity Costs. Bengali farmers 

also faced cost disadvantages in adopting innovations 

which raised output per acre. Irrigation and transplant- 

ing were innovations which together increased rice yields 

by 25%, yet neither had a significant impact on the gross 

margin or the farmer's returns after he had paid for the 

extra labour involved. Hence, the physical productivity 

and cost of the labour inputs discouraged the adoption of 

innovations to raise output per acre. The resource base 

may have been a contributory factor here since the marginal 

productivity Of labour is low on highly fertile soils. 

Together, these factors combined to produce an absence, of 

9 
5I 

t 
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price incentives. But equally, there was littleeconomic 

pressure on Bengal farmers to innovate. Unlike their 

Scottish counterparts, Bengal farmers were not coerced 

into raising productivity by high rents. As a result, 

labour inputs into Bengal agriculture stayed constant 

between 1890-1914. This may explain why despite rising 

prices, agricultural output in Bengal grew so slowly. 
I 

t 



CHAPTER 

AGRICULTURE IN ECONOMIC DEVELOPMENT , 

Our comparison of the production function in Scottish 

and Indian agriculture has involved measuring changes in the 

supply of inputs land the rate of technological change. 

The-importance of such changes in productivity, overlooked 

by manyeeonomists, is now recognised as central to the de- 
l 

veiopment process Agriculture's role in economic develop- 
2 

ment may be silmmarised under four heads An increase in 

agriculturai productivity is essential first, to increase 

food supply for domestic consumption and release labour for 

manufacturing employment; second, to enlarge the domestic 

market for manufactured goods by increasing rural purchasing 

power; third, to increase the supply of domestic savings 

and permit a net transfer of capital-from the agricultural 

to the manufacturing sector; fourth, to earn or save foreign 

exchange through exports or import substitution, thus easing 

balance of payment problems caused by the purchase of imports 

of capital, etc., essential for future growth. Clearly, 

an agricultural revolution to increase output is a precondition 

Stephen Enke, "Economists and Development: Rediscovering Old 
Truths". -Journal of Economic Literature, vol. Vll, No. 4, 
(Dec. 19693, pp. 1-125-1131). 

2. See Mellor, Economics of Agricultural Development Chs. 4,5, 
6. William 117.77ýicols, "An Agricultural Surplus as ý-"ýactor 
in Economic Development". Journal of Political Economy, 
vol. 71, No. 1, (Feb. 1963)s Pp. 1-29; Bruce F. Johnson, 
"Agriculture and Economic Development : r-11he Relevance of the 
Japanese Experience". Food Research Institute. -Studies, vol. 
Vl, No. 1(19b6), pp. 251--ý12; Ian Livingstone, "Agriculture 
vs Industry in Economic Development" Econ. Poliey for 
Development, (Harmondsworth, 1971), pp. 235-249. 
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for industrialisation3. 

However, this ignores the role of demand. Supply 

is not an independent variable and farmers have no incentive 

to increase outpiýt until there is an effective demand for 

-ý. heir products. It can be argued that the fundamental ex- 

planaticn for low productivity in Bengal'agriculture lay not 

on the supply side, but in the-absence of demana. As the 

Scottish economist, Sir James Stueart, writing in the 17bO's 

explained, "every person who is hungry will make a demand, 

but every such demand will not be answered, and will con- 

sequentlý have no effect. The demander must have an equiv- 
I 

alent to give ... it is this equivalent... the effectual demand... 

which makes the 
t 
husbandman labour...,, 4 

. The implication 

of this point of view isthat only the growth of manufacturing 

or industry, or trade with foreign markets, may increase 

agricultural production. 

The scale of the increase in effective demand in 

India and Scotland can be measured by the growth of popula- 

tion, the rise in per capita income, and the income elas- 

ticity of demand. Population growth wiil, of course, in- 

crease the demand for food, since there are more people to 

3. See Paul Bairoch, "Agriculture and the Industrial Revolu- 
tion, 1700-191411 in Carlo M. Cipolla, ed. The Fontana 
Economic Histor7 of Europe. (Glasgow, 473 
for the historical correlation between agricultural azid industrial revolutions. 

4. Quote4 Y. S. Brenner, A Short History of Economic Progress, 
(London, 1974), p. 2. 
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be fed. A rise in per capita income is important, since 

in low-income countries this is accompanied by a substantial 

rise in the demand for food. The percentage-by which a 

given increase in real income will increase the percentage 

quantity of foodponsumed is expressed by the income-elas- 

ticity of demand. ' An income elasticity of 0.8, for example, 

means that with a 1%. increase in per capita income, the 

demand for food will increase by 0.8%. The data on all three 

variables is shown in Table 7.1. 

The figures show a striking contrast in the rate of 

growth of effective demand. Whereas demand, for food in 

Scotland rose at an annual rate of 1.50161 the annual growth 

rate in India was only 0.801o The annual rate of growth was 

higher Lu Bengal (1.201o), but still below the Scottish rate 

Since in all three-cases the income elasticity -of demand 

was the same, the explanation lies in the factors affecting 

the growth of population and per capita income. Clearly, 

lower growth rates of population and per capita income in 

India were theresult of her failure to industrialise. The 

problem is to determine the causes *, of tnis failure. Was it, 

as Indian, historians have claimed, the result of negative 

and hostile colonial policies towards indigenous development? 

If so, the absence of effective demand may be blaned. on 'j 

British imperialism. Alternatively, was the failure to 

industrialise the resuit of the failure by Indian agricui- s' 
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Table 7.1 

INCREASE IN EFFECTIVE DE'ILAM FOR FOOD 

(OLS annual growth rates) 

VARIABLES INDIA SCOTLAND BENGAL 
(1890-1914) (1760-1841) (lbý)O-1ý)-14) 

I 

Population ( P) 0.297a 
ý 

0. &+0 0.735 a 

Income elasticity 0.8 c 0-74d 0.8 
(n) 

Per capital income 0.668e 0.962f 0.668 
( g) 

Effective demand 0.83lg 1.560h 1.269 
( D) 

Output ( Q) 0.677' n. a. 0.2146 

Sources: a. b. Tables 7.12,13 below. 

0. John W. Mellor, The Economics of Agricultural 
Development, (Ithaca, l')77,7-, P- 7,17, Tabie I)-. 

d. NFR Crafts, "Income Elasticities of Demand 
and the Release of Labour by Agriculture during 
the British Industriai Revolution", Journal 
of European Economic History, vol. 9, No. 1, 

(Spring, I, -)bU), pp- III)"5=168. 

e. M. Mukherii, "National Income", in V. B. Singh, 
(ed), The Economic History of India, 1857-1956, 
(Bombay, 1965), PP- VOi-2, 

f. C. H. Feinstein, "Capital accumulation and the 
industrial revolution", in R. Floud and D. 
McCloskey, (eds), The Economic History of 
Britain since 1700, voi. 1, p. 1: ýb, Tabie 7.4, 

(Col-3-71.6) gj H. D=P+ng. 

George Blyn, Agr icultural Trends in India, 1891- 
1947: Out put, Avaiiabljjý, and Productiviat 

(Philidelphia, l9bb), p. ýib, Table 4C(FooNgia-ins). 
j. K. L. Datta, Report on the Enquirty into the 

Rise of Prices in India, (Calcutta, 1V14), Vol. 31 
pp. 4(Y+-5. 
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tural sector to supply either an agricultural surplus or 

a market for industrial goods? If so, the absence of 

effective demand may be blamed on iow agricultural product- 

ivity. 

To answer,, this question, we must broaden our narrow 

preoccupation with the agricultural sector and compare the 

role of agriculture in economic development. Our objective 

is not to rewrite the economic history of Scotland and 

India, but to compare the factors affecting the growth of 

demand5. Limitations of space and data necessarily render 

the results impressionistic rather than conclusive. To fac- 
t 

ilitate coiýparison, we shall structure the analysis around 

a simple model of economic growth. Inevitably, such a model 

can be criticised as distorting both economic theory and his- 
i 

torical. reality, but it has the redeeming virtue of clarif-y- 

ing theielationship between the major determinants of demand. 

The modei is constructed in the form of a flow chart so that 

the interrelationships may be readily grasped (Figure 7.1). 

Nine variables have been included with per capita income, 

For an excellent summary of Scottish growth, see T. C. 
Smout, "Where had the Scottish economy got to by the third 
q7aarter of the eighteenth century? ", typescript, 11)-81. 
I must thank Prof. Smout for allowing me to read his un- 
published work. For a debate on the nature of Scottish 
economic development, s.. T. C. Smout , "Scotland and England: Is Dependency a Symptom or a Cause of Under- 
development? ". The Review, Vol. 3, No. 4, (Spring, 1980), 
pp. 601-630 and Immanu allerstein's reply, "One Man's 
Meat: The Scottish Great Leap Forward", ibid, pp. 631- 
b4o. 

V. 
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The flow chart shows one. possible system of relationships between the 
major demographic; social and economic variables in pre-industria. 1 Britain. 
The existence of a line connecting any two boxes shows that the phenomena 
are connected. The direction of the arrow shows the direction of the 
corn ction. A plus sign indicates that the relation--Iiip is positive; a 
minus sign that it is negative. For example, box 5 (real income per 
capita) is connected to box 6 (demand for industrial goods) by an 
arrow with a positive sign, indicating that as real incomes rise they 
increase the deriand for industrial goods. 
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"'he flow chart shows one possible system of relationships between the 
major demographicl- social and economic vaxaiables in pre-industria-1 Britain. 
The ex: istence of a line connecting amy two boxes shows that the phenomena 
are connected. The direction of the arrow shows the direction of the 
connection. A plus sign indicates that the relationship is positive; a 
minus sign that it is negative. For example, box 5 (rea. 1 income per 
capita) is connected to box 6 (demand for industrial goods) by an 
arrow with a positive sign, indicating that as real incomes rise they 
increase the demand for industrial goods. 
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the conventional definition of development, at the centre,. 

Like its predecessors, this chapter is divided into three 

sections. The first section compares the relationship be- 

tween agriculture and industry (boxes 4 and 6). In the 

second section, we examine the role of foreign trade (box 9). 

Finally, the third section compares the role of population 
,I 

growth (boxes 2 c-qid 3). 

t 
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Section 1: agriculture and industry. 

Our first concern is to explore the relationship 

between agriculture and industry in economic growth. 

This is shown in the model as a series of linkages. An 

increase in food supply leads to an increase in real in- 

come which stimuýates the demand for industrial goods. 

Let us examine this relationship in more detail. 

We begin with a situation where supply and demand 

are in equilibrium. Consider a self-sufficient economy 
6 

subdivided into two sectors The manufacturing sector pro- 

duces industrial consumer goods and capital goods. Call 

this Department 1. The agricultural sector (Department 2), 

produces food and raw materials for industry. Now the rate 
t 

of growth in th economy depends on the-volume of investment 

in Department 1. The volume of investment in turn depends 

upon savings. In both Department5ý part of the value of the 

product will be consumed and part will be saved. Hence, 

some of the investment in Department 1 will come out of 

Department l's own production. But Department 2's consump- 

6. For two sector growth models, -see W. Arthur Lewis, 
"Economic Development with Unlimited Supplies of Labour" 
in A. N. Agarwala and S. P.. Singh, eds. The Economics of 
Underdevelopment, (New Delhi, 1958), pp. 400-449; 
"Unlimited Labour: - further Notes", Manchester School, 
Vol. 2b, No. 1, (Jan, 1958), pp. 1-32; "The Diial Economy 
Revisited", ibid, Vol. 47, No. 3, U979), pp. 24-229; 
and Michal =-ecii, Essays on Developing Economies, (London, 
1976)9 Ch. 5: The Problem of Financing Econ. De-v-el6pment. 
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tion of food must be met by Department 2, the agricultural 

sector. Suppose that productivity in Department is low, 

and the society is poor. Of the three classes, (capital- 

ists, workers and peasants) only the capitalists succeed 

in saving any of their income. What they save they will 

sell to the workers and capitalists who produce industrial 

goods in Department 1. Hence, equilibrium exists when 

consumption in Department 1 equals saving in Department 2. 

This is equivalent to saying that food supply is equal to 

demand when investment in the economy equals saving. 
I 

Now consider what will happen when the economy moves 

out of equilibrium. There are two extreme scenarios?. 

Suppose investment in the industrial sector is in- 

creased, but that the Output of food from the agricultural 

sector cannot be stepped up because the production capacity 

is already fully used and no capacity* has been added in 

this period. In other words, effective demand for food 

outruns supplj- In this case, the increase in demand for 

food in Department 1 would cause an increase in food prices. 

Food prices will rise up to the point where the savings in 

repartment 2 will be equal to the consumption in Department 

1. Hence, the identity savings equals consumption will 

11 
Kalecki, op. cit., p. 44 ff. 
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begin to move out of equilibrium because the expansion 

of the industrial sector without any corresponding in- 

crease in food supply has turned the terms of trade in 

favour of agriculture and against industry. When this 

happens, real wages in Department 1 will fall. The re- 

sult will be a demand by workers for higher money wages, 

and a price-wage spiral will begin. This forces capitalists 

in the industrialsector to pay workers a higher percentage 

of total product in order to keep their real income-con- 

stant. Hence, profits in Department 1-will fall, and so 

too will the level of investment. The expanding economy 

grinds to a halt. 

This scenario fits the Indian case. Table 7.2 shows 

the rates of growth of output and employment in the leading 

sector of Indian industry, together with indexes of real 

and money wages. 

I 
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Table 7.2 

LEADING SECTORS IN INDIAN MANUFACTURING 1880-1914 

DATES 

1 
MFR EMPL 

2 
MFR OUTPUT 

3 
MONEY WAGE 

4 
REAL WAGE 

(%. p. a) p. a) INDEX INDEX 
1880/1-1885/6 "9.3 13.0 100.00 100.00 

1885/6-1890/1 8.2 16.7 112.96 96.87 

1890/1-1895/6 5.9 5.8 112-83 90.62 

1895/6-1900/1 4.1 6.0 121.16 91.66 

1900/1-1905/6 7.6 134.65 91.66 

1905/6-1910/11 4.0 1.5 145-89 93-75 

1910/11-1913/14 2.3 4.5 164.81 87-50 

Sources: 
- 

1.2. Krishan G. Saini, "A Case of Aborted Economic 
Growth: India 1860-191311, Journal of Asian History, 

vol. 5, ýiý71)7 P. 909 Tabre- 
3. Jurgen Kuczynski, "Condition of Workers ý1880- 

1950)", in V. B. Singh, (ed), The Economic History 
of India, 1857-195b, (Bombay, 1L)65), P. bý3 (Average 
6otton and jute),. 

4. K Mukerji, "Levels of Living of Industrial Workers, 
in V. B. Singh, op. cit., pp. 657-8. 

The Table shows that the rate of growth of output in 

the dynamic sectors of Indian industry, (jute and cotton tex- 

tiles, the woollen and paper industries) declined from 1301o 

per annum in 1880 to 4.5% in 1914. This may be partly at- 

tributable to the maturing of the industries, but the trends 

ir, real and money wages are highly. significant. The fall in 

real wages is evidence that the terms of trade were moving 

against industry in favour of agriculture. The supply of 

I 
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food was inelastic, and an increase in deman6raised food 

prices. Real wages for industrial workers fell, and the 

compensating increase in money wages bit deeply into cap- 

italists' profits, reducing investment and thereby reduc- 

ing the rate of growth. 
0 

It is significant that the rate of increase in indus- 

trial employment continued to fall after 1890, when output 

picked up. This suggests that capitalists were increasing 

the capital/lýbour ratio in order to raise productivity. 

This is illustrated by the change in factor proportions in 

Bengal's leading sectorg jute textiles. 

Table 7.3 
i 

FACTOR PROPORTIONS IN JUTE MANUFACT' MING 1830-1914 

2 3 4 

DATE LOOMS SPIMLES LABOUR OUTPUT 

1880 4946 70840 27494 

1885 6926 131740 51902 
1890 8402 164245 62739 
1895 10048 201217 75157 111828 
1902 16119 331382 114795 433184 
1908 27224 562274 187771 808628 
1914 36050 744289 216288 

Sources: 1.2.3. Dr. GaIdgil, The Industrial Evolution 
of India in Recent Tim-es, 1860-1939, (DeTH'171973), 
pp. 7-8,108. 
4. Annual Statement of the Sea-borne Trade and Natiga: E- ion of tHe Be al 15r-esi-dency, for the 

Official years given ýmanuractured exports). 

I 
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Over'the period 1880-1914, there was very little 

change in the factor proportions of capital and labo-ar 

in jute manufacturing. The number of looms and spindles 

rose by 88%, whereas the number employed rose by 8701o. 

But between 1895-1914, there was a marked divergence: 

numbers of looms and spindles rose by 71%, whereas numbers 
41 

employed rose by otly 63%. The explanation is straight- 

forward. Real wages in jute manufacturing fell by 1011o 

between 1900-1914. To compensate, money wages had to be 

increased, but thisreduced profits. The only way to prevent 

wages eating into profits was to increase productivity by 

raising the capital labour ratio. Consequently, jute manii- 

facturing became more capital intensive and employment fell. 

,j 

Contrast this with Japan, where imported technology 

was adapted to find ways to increase the technical coeffic- 

ients in order to use larger amounts of labour per unit of 
8 

output Japanese cotton-spinning machines operated two 

shifts per day. This meant that the average work week of 

each machine was abour 2-1/5 times that in the machine's 

country of origin. But unlike India, Japan had an agricul- 

tural surplus, and therefore no incentive to substitute 

capital for labour. 

Gustav Ranisq "Factor 'Proportions in Japanese Economic 
Deveiopment", American Economic Review, vol. 47, No- 5, 
(Sept - l)57) 7 PP - 5'ý4-7)-07-- 

ý4 

ýI 
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It is clear from Table 7.2 that there is little 

evidence that India was deliberately "de-industrialised", 

to provide a market for British manufactured exports 
9. 

Space does not permit us to pursue this debate. Suffice 

it to say that em1pirical evidence for this hypothesis has 

not been forthcoming. There is no evidence of deindustrail- 
10 isation from the ceusus data on occupations after 1881 

Attempts to quantify deindustrialisation before the 1880's 
11 in Bengal have been shown to rest on unreliable data 

Certainly, particular industries like cotton handloom 

weaving were virtually destroyed by imports of cheap fac- 
12 

tory made cloth from Britain But the dramatic fate. of 

the handloom weavers should not be allowed to obscure the 

seq7ael. India 
i 
built its first modern textile mill in 1858; 

A. K Iýagchij "De-industrialisation in T-ndia in the 
nineteenth century: some theoretical implications". 
journal of Development Studies, vol. 12, No. 2, 
(Jan. 197b), pp. 1-ýý>-ib4- 

10. Daniel and Alice Thorner, 'I'De-industrialisaticnl in 
India, 1881-1931", in Land and Labour in India, 
(Bombayý 11ý62)j pp. 707--bl. 

11. Marika Vicziany, "The Deindustrialisation of India 
in the Nineteenth Century: A Methodological Critique 
of Amiya Kumar Bagehill, Indian Economic and Social 
History Review, vol. M, No. (April - June, 1, -)77), 
PP. 105-147. 

12. Debendra Bijoy Mitra, The Cotton Weavers of Bengal, 
(Calcutta, 1978). 
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by 1914, their number had grown to 264, employing over 

260,000 people. By 1900, India had not only captured her 

I home market (producing two-thirds of her yarn and-48% of 

her domestic cons-dmption of cloth), but had also driven 

Britain out of many of her Far Eastern markets. By 1900, 

India dominated world trade in coarse yarnl3. All this 

was achieved in ýhe teeth of competition from Britain, 

the world's leading textile producer, and despite punitive 

British legislation. Deindustrialisation, i. e., the des- 

truction of existing productive capacity, therefore seems 

an unlikely explanation for India's failure to achieve sust- 

ained economic growth. 

A more likely explanation is India's failure-to 

develop a capital goods sector. Here, British policy was 

decisive. The government was the largest purchaser of both 

iron and steel. Its railway network was the third largest 

in the world. Yet British policy was to preventthe creation 

of indigenous heavy industry and purchase only from British 

suppliers. It has been claimed that had this demand for 

iron and steel led to the development of home based indus- 

tries, India by 11)-14 wouid have been one of the largest 

13. W. Arthur Lewis, "The Diffusion of Development", 
in Andrew Skinner and Thomas Wilson, eds. The Market 
and the State. Essays on Adam Smith, (Oxfor-d! -, --i77(r57, 
F. -I 3 -7. 

v 

0 
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industrial powers in the world 
14 

. But, while a capital 

goods sector is crucial for sustained economic growth, 

it is possible to exaggerate its role in the take-off. 

Many of the newly industrialising countries have achieved 

rapid rates of growth without a capital goods sector and 

depending wholly on imported technology. South Korea is 

a good examplel5.4 ,A more fundamental explanation for 

India's abortive take-off appears to have been the failure 

of the agricultural sector to provide an agricultural sur- 

plus. 

The second scenario, when the supply of consumption 

goods is elastic, is very different from the first. The 

food supply may be elastic either because at the beginning 

of the period in. which the rise in investment took place 

there was an adequate productive capacity or because, in 

the course of this period, adequate additions were made to 

this capacity as a result of technological change. In this 

case, it will not be prices, but production which increases, 

to the point where savings from profits (S2) is equal to 

consumption at constant prices. Real wages will therefore 

remain constant. Hence, profits in Department 1 will be 

14. Russell Lidman and Robert L Domrese, "India", in 
W. Arthur Lewis, ed. Tropical Development, 1880-11ý13. 
Studies in Economic Fýogress. (London, il)70), p. 79. 

15. Larry E. Westphal, "The Republic of Korea's Experience 
with Export Led Industrial Development", World Develop- 
ment, vol- 6, (1'ý76), Pp. 347-380. 

S 
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high, and can be saved to invest and stimulate further 

growth. This scenario would appear to fit the Scottish 

case. 

Like England, and unlike India, Scottish mamufac- 

turing output grew rapidly without any fall in real wages. 

I 
The leading sectýr in Scottish economic growth was the 

textile industry, first linen and then cotton 
16 Table 

7.4 shows the volume of linen output together with an 

index of real and money wages. 

Money wages represent the. r. ates paid to agricultural 

labourers, since linen was a rural industry. The choice of 

location for print fields and scutching-mills was determined 

primarily by the need of water power for energy and process- 
ing the flax17. ' In order to attract labour2 therefore, 

manufacturing wages must have at least matched those in agri- 

culture. Indeed, farmers complained bitterly that competi- 

tion from manufacturers forced them to raise farm wages to 

retain labour. "Since the introduction of Spinning Factory, 

or lint given out by Merchts. to spin, the encouragement held 

16. Alastair J. Durie, The Scottish Linen Industry in the 
Eighteenth CentiLrZ, (Edinburgh, J-ý)T))- 

17. W. H. K Turner, "The Significance of water power in 
industrial location: some Ferthshire examples", Scottish Ge. ographical Magazine, vol. 74, (1, )58), pp. 
1)3-117. 

0 
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Table 7.4 

LEADING SECTOR IN SCOTTISH M=ACTURING, 1760-1800 
1234 

INDEX INDEX INDEX 

DATES LINEN OUTPUT OATMEAL MONEY WAGE REAL WAGE 

1760-64 12053 100 100 100 

1765-69 12? 94 119 - - 
1770-74 12354 126 126 100 
1775-79 13326 103 - - 
1780-84 16029 130 - - 
1785-89 18940 115 146 126- 

1790-94 19821 134 160 119 
1795-0 21950 134 - 

Sources: 1. H. Hamilton, An Economic History of Scotland 
in the Eighteenth Century, 0 
pp. 404-5, Appendix IV. "" (Oxfordi 19E3), 

2. Stirling Fiars-Prices, Scottish Record Office. 
3. Chapter 4, below. 
4.2 3. 

out by this trade to young women is so inticing (sic) 

that they seldom engage as servants excepting during the 

Harvest, when theY presumptuously demand as much wages, if 

not more, than they would properly get for an half years 

service - Some Regulation, therefore, ought to be made by 

the Gentlemen of the Country, in order to prevent this 

pernicious system, which if pers'iste3 in, =ast prove highly 

0 
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hurtful to the Interest of the Farmer*18. It therefore 

seems reasonable to assume that rates of change in manufac- 

turing wages corresponded closely to those of agriculturai 

wages. We have no index of real wages for Scotland in this 

period. A rough guide is provided by the trend in the price 

of oatmeal. It ý, 
as been estimated that an average labourer's 

family in the Lowlands. consumed 6 bolls (13-13 hl) of oat- 

meal a week'.?. Since over 5001o of family expenditure was 

on food, the price of oatmeal deflated by the money wage is 
20 

a proxy to the real -viage We should recall that a whole- 

sale price index is not a proper deflator of wages data. A 

consumer price- index would, perhaps, have shown a smaller 

rise and, hence, a larger increase in real income. 

The literýary evidence also suggests that real in- 

comes were rising. It was reported from Campsie parish 

that I".. Jheaten bread is now universally used by every descrip- 
21 tion of people.. .. Even labourers might indulge a new 

taste for fine clothes. "Every lad now dresses in English 

18. William Munro, "A Comparative View of the Expense of 
Husbandry & Apparel since the year 1750, done for my 
own amusement (1798)", Register of Baptisms for the 
parish of Reay, O. P. R. 40, microfilm frames 234-240, 
Scottish Record Office. 

19. Goldie, Standard of living Of Scottish farm workers, p. 102, 
6 bolls per family per week. 

20. ibid, Appendix IV, Table 3, p. 124. 

21. OSAI vol. IXI p. 274, (Campsie). 
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cloathes and fancy vests, with thread or cotton stockings; 

and every girl in cotton stuff, black silk cloaks and fancy 

22 bonnets" As Bra: udel remarked, "Costume is a language. 

It is no more misleading than the graphs drawn by demograph- 

ers and price historians,, 23. Much of this increase in living 

standards can be attributed to extra income from linen spin- 

ning. Without female earnings from spinning, most labouring 
24 

families could ilot have made ends meet Instead, their 

income would have been spent on necessities and this would 

have reduced the market for industrial consumer goods. 

But, in this case, appearances of an agricultural 

surplus are deceptive. In fact, despite the rise in agri- 

cultural productivity between 1760-lB40 ý'. the "agricultural 

revolution" of the textbooks), it is clear that Scottish 

agriculture was; unable to keep pace with demand. Scotiand 

became a ne+ importer of oats, the staple cereal, as early 

as the 17401S 
25. Grain imports show a sharp upward trend 

22. ibidq P. 275. 

23. Braudel, Capitalism and Material Life, p. 235- 
1 

24. Goldie I op. cit. , Appendix iVj Table 3, p. 124. 
Spinning=-Th7 Forth Valley provided 10116 of f amily 
income. 

25. James Cockburn, The Scottish Grain Trade in the Ei5hteenth 
Century, (Edinburgh B. Sc. Dissertation, Economic History, 
±; dinbu. r 11ý7b) 2p- 10 , Table and p. 21, Appendix , 
Table 2. 

0 

0 
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after 1760, growing at the rate of 15% per. annum, while 

grain exports declined (Table 7-5). By lbOO, the Scottish 

economy was dependent on imported grain to feed its popula- 

tion. As CKibell. correctly points out, "the need for such 

increased imports was a factor in arresting growth more 

,, 26 
potent than any other 

at 

Table 7.5 

OFFICIAL VALUES OF SCOTTISH FOODGRAIN IMPORTS AND EXPORTS 

1760-1800 

(WOO) 

DATES IMPORTS EXPORTS NET = ORTS 

17bO-64 93 37202 37104 
1765-69 44554 5287 39267 
1770-74 47782 5540 42242 
1775-79 j22632 25235 2603 
1780-84 78883 36048 42835 
1785-89 83079 26622 56457 
1790-94 125751 7200 118451 
1795-99 108904 1148 107756 

Sources: James Cockburn, The Scottish Grain Trade in the 
18th CentuFZj (Edinburgh, B. Sc. Dissertation, l)76), 
787atistical Appendix, p. 6, )-j Table 1. 

Notes: Prices are constant prices, 1760. 
Foodgrains includes oats, barley, bear, big'g, 

wheat, peas and beans, rye, Indian corn, 
oatmeal, barleymeal, ryemeal, flour, malt, 
bread, and biscuit. 

26. Roy Cam-pbe-L19 "An Economic History of Scotland in the 
Eighteenth Century", Scottish Journal of Political 
Economy, vol. X1, (1964), p. 23. 
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Viewe4 from this perspective, the achievement of 

the Improvers was simply to make Scotland's dependence on 

foreigh grain less critical than it Tnight otherwise have 

been. This stands in marked contrast to the English ex- 

perience. England remained almost self-sufficient in grain id 
throughout her industrial revolution and beyond, until the 

final quarter of the nineteenth century. 

How then was Scotland able to keep real wages from 

falling despite the inability of agriculture to keep pace 

with effective demaiad? 
-- 

The answer, as we already know, was 

that she was able to provide an agricultural surplus through 

trade. Neither Scotland or India were closed economies, 

as we have so far assumed. To be realistic, our model must 
t 

be broadened to include a comparison of foreign trade. 
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Section 2: trade and economic growth 

Trade. plays several important roles in economic 

development. Hard currency in the form of foreign exchange 

is necessary to finance essential imports of capital goods, 

and also food, if'supply from the agricultural sector is 

inelastic. The need is, therefore, to develop an export 

sector able to generate sufficient foreign exchange to pay 

for these imports. According to neoclassical theory, the 

export sector will be determined by comparative advantage. 

A country's comparative advantage is measured in terms of 

opportunity cost. Briefly, if a country produces two com- 

modiýies and it is cheaper in terms of opportunity cost to 

produce only one and-import the other, then that country is 

said to have a comparative advantage in the commodity it 

produces. Therefore, if it were cheaper in terms of oppor- 

tunity cost to import food and flax and export linen, Scot- 

land had a comparative advantage in manufactures. Converselyt 

if it were cheaper in terms of opportunity cost to export 

jute and cotton, and import textiles and capital go'ods, then 

India had a comparative advantage in primary products. 

Under these conditions, both countries gained from trade by 

increasing their national. income and raising effective demand 

for agriculture. 
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The theory of comparative advantage measures the 
. 

static gains from trade in terms of opportunity cost. 

But in economies characterised by surplus land or labour 

the opportunity cost of these resources may be zero. A 

more appropriate evaluation of the static gains from trade 

may, therefoTel be 
d 

sorbs surplus pro 
I 
d- 

effective demand. 

him, both saw trade 
I 

surplus to explain 

to measure the exti 

uctive capacity and 

Adam Smith, and Sir 

in these terms 27. 

the dynamic effect 

Dnt to which trade ab- 

thereby increases 

James Steuart before 

Smith used vent-for- 

of rolonial trade on 

a small, sparsely populated and resource-poor economy like 

Scotland: 

"By opening a new and inexhaustible market 
to all the commodities of Europe, it gave oc- 
casion to the new divisions of labour and im- 
provements of art, which, in the narrow circle 
of the ancient commerce, would never have taken 
place for want of a greater market to take off 
the greater part of their produce... By opening 
a more extensive market for whatever*part of 
their produce may exceed the home consumption, 
it encourages them to improve its produce powers 
and to augment its annual produce to the utmost 
and thereby increase the real income and wealth 
of socie ty,, 28. 

22 Hla Myint, "Adam Smith's Theory of International Trade 7. 
in the Perspective of Economic Development", Economica, 
vol. 44, (1977)9 ppi 231-248; Charles E. Staley, "A Ne 
on Adam Smith's version of the vent for surplus modei'19 
History of Political Economy, vol. 5, ý1973), PP. 436- 

44d. 

28. Quoted Myintj "Adam Smith", p. 233. 

v 
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Smith's concept of vent-for-surplas can equally 

well be applied to tropical countries which specialised 

in exporting cash_crops. Hla Nyint has, argued, that inter- 

national trade enabled such countries to use, surplus re- 

sources of land or labour, thereby increasing-agricultural 

productivity, since it was possible to produce cash-crops, 
2 L) 

while remaining self-sufficient in food We shall eval- 
I 

uate the static gains from jute in terms of this model. 

One strong indication of surplus productive capacity 

in Bengal agriculture is the spectacular growth of jute 

exports. Table 7.6 shows the change in the volume of jute 

exports between 1870-111)14. 

British attempts to encourage the export of jute date 
30. 

back to before the Permanent Settlement There was a slow 

but steady rise until the 1860, s3l. After 1870, jute exports 

rose at a rate of 3ýo' per annum. This is below the growth 

rate of agricultural exports in otýher tropicai countries, 

29. Hly Myintj "The, Classica-L Theory, of International Trade 
and Underdeveloped Countries". Economic Journal, vol. bb, 
(1958), reprinted in Ian Livingstone, ed. -, Deve opment 

Economics and Policy: Readings, ýLondon, 1, )-bl), pp. 99- 
107, and idem, "An Interpretation of Economic Backwardness", 
oxford EcTnomic Papers, vol. Vl, No. 2. (June, 1954), 
reprinted in Agarwala and Singh, eds. Economics of Under- 
development, pp. 93-132. 

30. J. C. Sinha, "Jute in Early British Days", Asiatic Society 

of Bengal, vol. 27, No. 1, (1931), PP. 149-15b. 

31. Ali, Jute in the Agrarian History of Bengal., P. 30,, Table 
2.1. 
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Table 7.6 

VOLUME OF JUTE F&PORTS 1870-1914 

1.2. 

DATES RAI JUTE(mill. cwt) MFR JUTE (yds) 

1870-74 5.291 Id 

1875-79 5.340 
1880-84 7.472 
1885-89 8.930 
1890-94 9.999 61444 
1895-99 12.318 234245 
1900-04 12-732 525387 
1905-09 15-396- 789731 
1910-14 15.289 

Sources: (1) M. Wazid Ali, Jute inthe Azarian History 
Bengal, (M. Litt. thesis, Glasgow, 1975)-- 
Appendix, pp. 223-4ý Table 1. 

(2) Annual Statement of the Sea-borne Trade 
and Navigation 61 the Bengal Presiden-cy, 

the years men tioned. 

4 

a, 
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(rice in Burma, cocoa in west Africa), but still very 
32 

rapid By 1914, jute exports were 750/o greater in volume 
than in 1870, and were va-Lued in current prices at over C40 

million33. 

It is questionable, however, whether jute encouraged 

surplus land to be brought under-cultivation. When demand 

for jute took offlin 1870, most agricultural land in Bengal 

was already under cultivation. Instead, jute had either to 

be substituted for rice (aus) and. indigo, or grown in ro- 

tation with transplanted aman rice. The extent of double- 

cropping was limited by the fact that jute was an exhausting 

crop, which even in rotation could not be grown more than 

three y ears running on the same land34. This meant that 

I 

Ff 

there was very little surplus productive capacity in land.. 

Jute could not ýe accommodated simply by extending the agri 

cultural frontier. Some indication of this land constraint 

is given by the changes in the volume Of other agricultural 

exports in Table 

32. Myint, "Classical Theory", P. '-)5t Note 10. 

33. Report Indian Industrial Co=ission, p. 10. 

3-4.. Hunterg SAB9 vol. 29 Pi b5q (Nuddea) and vol. 
p. 303, -(17dbna). 
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Table 7.7 

VOLUME OF AGRICULTURAL EXPORTS. BENGAL 1890-1914 
(million cwt) 

DATES RAW TUTE 'GRAIN OILSEEDS OPIUM INDIGO 

1890-91 11-965 9.781 5.813 . 844 . 069 
1891-92 8.527 13.954 6.954 . 832 . 098- 
1892-93 10-534 11.176 4.829 . 706 . 061 
1893-94 8.676 8.405 6.684 . 638 . 076 
1894-95 12.970 8.560 4.920 . 583 . 106 
1895-96 12.262 --9-845, 3.149 . 533 . 111 
1896-97 11.460 5.773 3.394 . 759 log 
1897-98 15.022 5.441 4.688 . 555. . 971 
1898-99 9.857 13.021 7.201 -E503 . 081 
1899-00 9.716 11-562 6.665 . 622 . 059 
1900-01 12.382 8.798 4.829 . 659 . 071 
1901-02 14-718 7.256 5.778 . 704 . 055 
1902-03 12,917 10.174 5.592 . 706 . 029 
1903-04 13.640 13.814 6.898 . 707 . 029 
1904-05 12.932 12.060 3.289 . 71*6 . 019 
1906-07 14.089 4.619 '7.032 . 785 . 019 
1907-08 12.606 3.237 5.086 . 695 . 016 
1908-09 15-805 3.487 3.005 . 659 . 017 
1909-10 

t 
13-361 9.044 4.400 . 537 . 011 

1910-11 11 630 12.298 5.885 . 545 . 010 
1911-12 14-737 20.949 6.166 . 354 . 014 
1912-13 16.171 19.167 3.687 . 290 . 009 
1913-14 13-955 10.718 4.514 . 134 . 008 
OLS % Pa. +1-573 +0.881 -0.943 -3.082 -11.089 

Source: Annual Statement of the Sea-borne Trade and Naviýation 
'al Presidency, _! orr__fFe__ years mentioned. 

0 
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The export of oilseeds, indigo and opium did not 

grow apace with the rise in exports of jiite. Yet, of 

these. only indigo competed directly with jute, since both 

were grown on the same land. So far as subsistence crops 

are concerned, the Table shows thatthere was no decline 

in the exports of foodgrain, primarily rice. This suggests 

that there may -after all have been some surplus capacity 

which was tapped by double-cropping. 

By 1914, however, it was evident that such surplus 

capacity as there was had been exhausted. One official from 

Dacca district reported: 

%.. normally, there is little land fit for 
for jute cultivation, in which jute is not 
soiN-n every year.... My enquiries have convinced 
me mbre than ever that there is little land f it 
for jute cultivation in the possession of free 

cultivators in which jute is not sown. In this 
district now-a-days, the palan of each bari, 

which even within my memory was formerly reserv- 

ed for a chil tobacco, etc., is now sown 
with jute ... ". 

Attempts to extend jute cultivation to other parts 

of India met with only limited succeSS36. The government 

'35- ]ý. g (Agriculture), vol. 9386, August 1914. F. D. Ascoli, 
Settlement Officer, Dacca - Secy. Govt. Bengal Revenue 
Dept., 18 Dec. 191ý;. 

30. Finlow, Extension of Jute Cultivation. 

r 
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therefore invested in scientific research to raise prod- 

uctivity by introducing improved varieties. The new var- 

ieties produced by the Agricultural Department yielded 

1.115 hl. per acre more than the old, but as late as 1924 

they covered only 1011b of the total area under jute in 

Benga137. For all practical purposes, therefore, the 

limit to the exp I ansion of jute through surplus land had 

been reached. 

Jute might_still have used surplus labour, since 

the crop was highly labour-intensive. The scale of the - 

increase J-n demand for labour from jute is shown in 

Table 7.8. 

The Table shows that jute acreage rose by over 

25,000 acres between 1870-1914. This created an increase 

in demand for labour of approximately 3.5 million man-days. 

True, some of this demand was met by migrant labour from 

Bihar, which was normally hired for the peak season tasks 
V 

of harvesting, stripping and retting. But this still left 

600/c of the labour input to come from farmers within Bengal. 

R. S. Finlow "Reco=endations Regarding Crops, Flarrares 
and Cattle", Bengal Agricultural Journal, vol. 5, 
No. 1, (Ma-rch, 1975), PP. 18-19. 

f 
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Table 7.8 

LABOUR INPUTS'TO JUTE PRODUCTION, BENGAL 1870-1914 
(man-days) 

NEW JUTE HIRED OTHIER TOTAL 
DATES ACREAGE LABOUR LABOUR- - LABOUR 

1870-74 fý33 24248 36255 60503 

1875-79 ,7 
392 586 . 978 

1880-84 318 17808 26626 44434 

1885-89' 217 12152 181-69 30321 

1890-94 752 42112 62964 105076 

1895-99 - - 
1900-04 127 7112 10633 17745 

1905-09 714 39984 59783 99767 

1910-14 - - - 

TOTkL 2568 143808 215016 358824 

Sources: 1. No acreage figures are available for the 
quinquennia between 1870-1690. Estimates 
Were deri-ted-from expbr-t data in Table 6 

-below. 
Exports were divided by a yield 

factor of 13-489 maunds per acre, the average 
yield between 189_0_-Iý)Ii. (K L. Datta, Re- 
]ýort on the Enquiry into the Rise in Prices 

I 
in India, ýUaicutta, 1914), voJ7. -I, p. 122. 
To adjust acreage for the shortfall between 
exports and production, the acreage was then 
inflated by 32-083%. This was the proportion 
of output which was not exported between 
1890-94. (K. L. Datta, ibid). The acreage 
from 1890-1914 is from DaTTE-6,2p- ct-, 
vol. 3, pp. 293-505. 
2,3,4. Labour inputs from Chapter 2 below. 
Hired labour 56-00 man-days ýcutting, strip- 
ping, retting), other labour 83-73 man-days. 
Total labour input 139-73. 

0 
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- Unfortunately, we have no statistics of the 

acreage under different crops in 1870. It is therefore 

impossible to say if labour inputs in Bengal agriculture 

rose with the spread of jute between 1870-1914. In 

Chapter 3, however, we showed that there was no change 

in the labour input to Bengal agriculture between 181)0- 

1914. Table 8 shows this to have been the period whim1A 

saw a b0% increase in the jute acreage. This suggests 

that jute did not absorb surplus labour, since although 

it was labour-intensive, an increase in the area under jute 

was offset by a decrease in the are under other crops. 

The aggregate labour input, therefore, stayed constant. 

Hence, international trade did not function as a vent- 

for-surplus in Bengal: not only was surplus land scarce 

by lb70, but jute did not absorb surplus 1-abour. 

The role of trade in Scottish economic development 

is the subject of debate among historians. Some point to 

the low proportion which exports bore to tot bL1 production 

and the absence of linkages with the resto of the economy. 

According to R. H. Cambell, "The rise of Scottish foreign 

trade was certainly dramatic, but it is difficult to trace 

- the contribution made to the country's internal development 

until the 1780's"38. Others like Tom Devine argue that 

38. Campbell, "An Economic Eistory", p. 20. 

0 
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colonial trade did create important linkages and stress 

the dependence of. key industries on foreign markets39. 

We shall argue that Scottish economic growth was 

export-led. Scotland's population in 1755 was only 1.2 

million and although it was growing fast, the limits of d- 

import-substitution must have been quickly reached. 

Besides, Scotland needed a strong export sector to break 

the strnglehoid imposed by the constra. 3-nt in food supply. 

The bulk of export earnings came from trade in two commod- 

ities: linen and cattle. 

Campbell's argument that linen exports represented 

oaly 10% of total production is invalid. It is based on the 

premise that "exports" constitute linen shipped from only 

Scottish ports. This excludes both indirect exports 

ýsent via other ports), and trade with Englaneo. Yet, 

for the purpose of economic growth, what matters is the 

total export surplus. The abolition of customs barriers 

between the two countries after 1707 make it impossible 

to quantify, yet Scottish trade with England was considerable. 

One contemporary estimate puts the proportion exports to 

England bore to totzil linen output as high as 50016 by value 

39. T. M. . Devine, "Colonial Commerce and the Scottish 
Economy, C-173O-lbl5", in L. M. Cullen and T. C. Smout, 
eds. t Comparative Aspects of Scottish and Irish Econo- 
mic an7d Social History, 1600-1ý0, (Edinburgh, 1975), 
esp. PP. lb4-lbb. 

40. D=ie, Linen Industry, p. 143. 

0 
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41 in 1760 wheu this is added to 1: Laen shipped rrom 

Scottish ports, the volume of linen trade becomes very 

large. 

Most linen exports went to the colonies, chiefiy 

America. Scottish exports to the thirteen colonies aud 

states rose by 5001o in terms of orficial values betweeiL 

1740-90 
42. The 

Iquantity 
of linen stamped for sale in 

Scotland rose from 4 million'yards in the eariy 1730's, to 

24 million by 180043. Of this, about 1+091o was exported 

from British ports, and 9TIo of exports were destined 
144 

: rrom colonial markets The c. orre-Lation between lineu 

production and colonial trade was tested by a regression 

analysis of -LiTien output aud co. Loniai exports, (Table 

7-9). 
t 

Ibid, p. 156, "London is our capital market"-, wrote 
Lord Kames. The Progress of Flax HusbancLryj (Edin- 
burgh), 176b), p. 2, +. 

42. Jacob M. Price, "New Time Series For Scotiand's and 
Britain's Trade with the Thirteen coionies and States, 
1? 40-1791", William and Mary ýLuarterly, Vol. 32, 
(April, 1975)t P. ý20, Appendix iB. 

43. Henry Hamiiton, An Economic Histo 
the Eiýhteenth Century, (Tx-fo-rUT 
ADDendix iV. 

44. Durie, op. Cit., pp. 14b, 152. 

of'Scotland in 
6), pp - +04-51- 

9 
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Table 7.9 

LINEN OUTPUT AND SCOTTISH COLONIAL TRADE, 1740-1790 

1 2 
(000 YCLS) (L 000) 

DATES L-= OUTPUT COLOVIAL EA-eORTS 

1740-44 24439 97962 

1745-49 32396 15383 

1750-54 42553 14506 

1755-59 47887 12826 

1760-64 529968 ý19727 
1765-69 627977 22452 

1770-74 557872 29892 

1775-79 610841 31697 

1780-84 787074 15828 

1785-89 827392 19730 

Sources: 1. H. Hamilton, An Economic Histor- y of Scotland 
in the Eighteenth Century (Oxford, 19677-, 
Ippendix 1V, pp. 404-47, (Quantity of linen 
stamped for sale). 

2. Jacob M. Price, "New Time Series for Scot- 
land's and Britain's trade with the thirteen 
colonies and states, 1740-1791". William and 
Mary &iaarterly 

,9 
Vol. 32, (April, 19-757, 

Appendix LB, p. 320, ýOfficial values are in 
1? 54-56 prices aud, therefore, reflect 
volume). 

The results gave a correlation coefficient of . 49, 

which for ten samples represents a correlation of*between 

80-90%, - We therefore conclude-that linen production 

was closely related to colonial export mal: 04ets. 
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But other avenues of trade were equally, if not 

more, important. England was the major market for 

Scottish cattle. The cattle trade played a key role 

in raising agricultural productivity in the Lowlands. 

Bred in the Highlands, the cattle were driven south and 

wintered in the Forth Valley, or bought for fattening 

and then sold in, the autumn. "Every farmer is in some 

measure a grazier", wrote a- 
- 
reporter from the Valley 45 

At the peak of the trade in 1800, as many as 100,000 

head of cattle were driven south to England each year. 

Falkirk, in the Forth Valley, with its three great trysts 

in August and October was the biggest market-place, with 
46 50,000. head sold each year Given the scale of this 

trade in livestock, it seems likely that Scotland enjoyed 

a balance of trade surplus with England throughout this 

period. 

Trade's linkage with agriculture was thus both 

direct through cattle and indirect through linen, for 

colonial trade stimulated the growth of manufacturing, 

which in turn created effective demand for food and so 

encouraged farmers to raise productivity. Adam Smith, 

a contemporary, saw this relationship clearly: 

45. PSA, vol. IX p. 471, (Kilsyth), 

46. Graham, General View of Stirlingshire, p. 334. 
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, "Itis chiefly by encouraging the manuf ac- 
turers of Europe, that the colony trade 
indirectly encourages its agriculture. The 

manufacturers of Europe, to whom the trade 

gives emplQymentt constitute a new market 
for the produce of the land, and the most 
advantageous of all markets; the home market 
for the corn and cattle, the bread and butchers 

meat A Europe, is. thus greatly extended by 
,, 47 

means bf the trade to America 

Why then did foreign trade help to create effect- 

ive demand in Scotland-, but not in India? Here we must 

examine the linkages between trade and the other variables 

in our modelý The first set of linkages is between trade, 

capital investment and the deman .d for manufactured goods, 

(boxes, 61 81 9). We shall argue that unlike trade in 

linen, trade in cash-crops like jute created few linkages 

with the rest of the economy. The dynamic gains from trade 

were lost. The second set of linkages is that between 

manufacturing and population growth (boxes 7,31 2). 

Again, we shall argue that the absence of comparable link- 

ages in Bengal limited the creation of effective demand. 

Scottish colonial trade is sometizes held to have 

been an enclave phenomenon creating few linkages with the 

47. Q7, ioted Ilyint, "Adam Smith", p. 244. 

0 
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rest of the economy 
48. Yet, it has been shown that 

colonial demand for manufactures in exchange for tobacco 

meant that the majority of tobacco merchants invested 

heavily in industries which supplied the consumer goods 

they needed for trade. Of the 1 63 merchants of partner- 

ship status in the American trade between 1740-1790, 
4.9 85 had share in 

I 
at least one manufacturing copartnerY 

Industries like shoe-making, tanning', sugar-refining, 

iron and-glass-making were dominated-in Glasgow by colonial 

merchants. Hence, overseas trade, (box 9), was directly 

linked with the demand for industrial gobds, (box 6), and 

with capital investment in manufacturing, (box 8). 

Nevertheless, these linkages were localised to the 

area in and surrounding Glasgow, the centre of colonial 

trade. Moreover, there was no direct linkage between 

colonial trade and the cotton industry. Mercantile capital 

accounted for only 17% of fixed capital investment in 

cotton production, and tobacco merchants never supplied 

more than 50% of the capital for individual ventures50. 

48.. Much tobacco, which was the most important colonial- 
iriport, was not processed in Scotland, but rel. -exported to England-and Europe. See. Hamilton,, An Economic 
History, pp. 416-417. Appendix 1X. 

49. T. M. Devine, "The colonial trades and industrial in- 
-vestment in Scotland, c J. or, -,, "700-1815", Economic Hist 
Rev;, ýw, vol. 29, (Feb. 1976), p. 3. 

50. ibidg p. 11. 



558 

Yet, indirectly, the linkages between overseas trade and 

manufacturing were important. We have already noted the 

significant correlation between linen output and colonial 

exports, (Table 11). Here the effects were not localised, 

but widely felt throughout the Lowlands. Exports con- 

sisted-chiefly of coarse linen (0snaburgs) whose production 

was centered not S on Glasgow, but in the central and eastern 

Lowlands, especially the three counties of Angus, Fife, 

and Perth5l. 

The importance of this linkage can be seen from the 

numbers the linen industry employed. Like jute, linen was 

highly labour-intensive. We estimate that the labour input 

required to produce one acre of flax was 40 man-days. 

This was three times the labour input for oats. Demand for 

i flax quickly outstripped supply,, and by 1782,75% of the 

industry's needs were met by imports52. Yet, processing 

and spinning were equally time-consuming. It took roughly 

100 man-days. to scutch, heckle and spin one acre of flax, 

and bleaching was still to follow (See Table 2.18). As 

early as 1760, it was estimated that 100,000 people were 

51. W. H. K. Turner, "Some Eighteenth Century developments 
in the textile region of East Central Scotland", 
Scottish GeoýEaphical Magazine, vol. 69, No. 1, 
(Ap-ri"T, 1953), pp. 10-211. 

52. ibid, p. 14. 
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employed in linen production either as spinners or 

weavers. This was equivalent to one person Jn every 

second or third family in the country, 
53. 

, 

Jute, by contrast, created few linkages between 

the agricultural,, sector and the rest of the economy. 

It involved no revolutionary break with existing tech- 

niques. Like cocoa in west Africa', "the secret of its 

success was that it did not require a radical departure 

from the methods of subistence agriculture and could 

therefore be readily grafted on to the traditional econ- 

omy"54. 'Whereas, in the Forth Valley, the agricultural 

revolution generated important backward linkages through 

the demand for iron ploughs and thrashing machines, no 

such linka8es appeared in Bengal. Of courses jute created' 

forward linkages, since much of-the raw jute was manufactured 

into sacking (gumnies) before being exported. Table 7.6 

shows that between 1870-1914, manufactured jute exports 

grew at a faster rate than exports of raw jute. But its 

effect on employment was limited. A factory industry, it 

required much less labour then linen, which was a proto- 

industry only one stage removed from cottage industry. 

Moreover, -emplo, yment in jute manufacturing was also limited 

by rising labour costs, as explained in Section 1. 

I 55. Smout, "Scottish economy", p. 1ý3* 

54. Hla Myint, The Economics of Developing Countries, 
(London, 19b? ), ýrd edn). p. +0. 

0 
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Again, linkages from jute manufacturing were 

limited because of the absence of a capital goods sector. 

Jute manufbcturirig remained dependent on imported-tech- 

: r. lology. By 1915, there were 27 engineering firms in or 

near Calcutta, employing 12,000 workers55. Yet not until 

1922 was a jute mill equipped with machinery made in India. 
I 

The Hakumchand Jute Company Ltd., was suppliedwith 425 

looms and 6 softeners by the Brittania Engineering Company, 

and with 12,000 spindles by the Angus Engineering Works 56; 

The most important backward linkage from jute manufacturing 

in engineering, but in coal. By 1917, the jute- was not ý 
industry consumeed over one million tons annually57. This 

was equivalent to about 656 of total production in 191458. 

Yet even these modest linkages were localised. The deter- 

mining factor in' choice of location was access to coal sup- 

plies in western Bengal. Consequently, all 64 jute mills 

in 1914 were to be found lining a sixty-mile stretchof the 

river Hooghly. 

55. Report of the Indian Industrail Co=ission, 1916-18, 
ýCalcutta, 1918), p. -=. 

56. A. Z. M. 1 ul-Awwal, The industrial development of Bengal, 
1900-1939i an examination of the economic feature-S of an 
underdeveloped area. (Ph. D thesis, SOAS, 1979), pp. 267-- 
263. 

57. ýbid, p. 264. 

58. D. R. Gadgil, The Industrial Evolution of India in Recent 
Times, (London, 1950), P. 110. 
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It might be argued that jute manufacturing created 

external economies by increasing the stock of human cap- 

ital. But the growth of a skilled labour force-was limited 

by reliance on imported technology and the preference for 

European management. A typical jute mill had as many as 

15 European assiptants in direct charge of all processing 

and machinery. 
59. We know too little about conditions in 

the jute industry to know if this adversely affected the 

learning of skills which helped other areas of the economy. 

The ability of Indians in the 1920's to set up and manage 

jute mills without British assistance suggests technolo- 
60 

gical mastery over the pr. oduction process The importance 

of this learning process is demonstrated by the Scottish 

linen industry. After 1780, as the markets for linen dec- 

lined, the capital and skills aquired in linen were rapidly 

transferred to cotton. OutPut Of cotton textiles rose five- 

fold between 1? 90-182061 , and b-. ý- 1840, there were over 

59. Anon, "A jute mill on the Hooghly" , Qoarterl; ý Journal, 
Department of Agriculture, Bengal, vol. 5, (1909-10), 
p. 124. 

60. The importance of technological mastery is illustrated 
by South Korean industrialisation. See Larry E. Westphal 
et. al., "Korean Industtial Competence: where it came 
from". World Bank Staff Working Paper, No. 469, 
July, l9SI-j-TWTa-shj-ngtou, 

o. L. Smout, "Scotland and Rugland", p. b2O. 
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62 
190 cotton mills throughout the Lowlands Among them 

was Deanston in the Forth Valley, the first integrated 

mill in, Britain where washing, scutching, spinning and 
63 

weaving were all carried out by water power Such rapid 

growth and i=ovation would scarcely have been possible 

without the learning process provided by linen. 

Unlike Scotland, India's foreign trade had no direct 

linkage with the demand fot manuýactured goods (boxes 

and 6). Instead, the linkage was indirect. Jute exports 

raised peasant incomes and thus created a potential market 

for industrial goods. This might have provided an alter- 

native route to industrialisation financed by peasant earn- 

ings from the export of cash crops. When then did trade in 

primary products not create effective demand within the 
4 

agricultural sector? 

There are several possible explanations. One is 

that the surplus generated by trade in primary products 

was not large enough to create any increase in demand for 

manufactured goods. If, for example, India's commodity 

terms of trade deteriorated over the period 1878-1914, 

incomes Might not have risen, the capacity to import 

62. John Butt, "The Scottish Cotton industry during the 
industrial revilution, 1780-184011, in Cullen and 
Smout, eds., Comparative Aspects, p. 117. 

63. Smout, Histor7, p. 254. 

v 
0 
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remained low, and India would not have gained from 

trade but would have actually become poorer. In 

reality, however, the terms of trade were favourable 

to India during this period: a steady improvement be- 

tween 1860-188bt followed by stabilisation until 1894, 
64 

and a further improvement until 1914 But even 

favourable terms of trade might not have created 

effective demand from the agricultural sectorfor 

manufactured goods had the profits from trade accrued 

to landlords and moneylenders. In this case, increased 

profits would not have been spent at all, or would have 

65 been spent on luxuries Yet, as we have already seen 

in Chapter 4, this is unlikely since the profits from 

jute cultivatýion went to the peasant product. 

Secondly, Bengali peasants may have had a low mar- 

ginal propensity to consume, i. e., they devoted only a 

very small proportion of their increase in income to con- 

sumption. Certainly, early European observers were struck 

by the absence of demand for consumer goods: 

64* B. M. Bhatia, "Terms of Trade and Economic Development: 
A Case Study of India, 1861-1939", Indian Economic 
Journal, vol. XIV, (1969), pp. 417-419--. 

65. Kalecki, op. cit., p. 47. 
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"whatever their means be, the Bengalees 

appear to have little idea of comfort in 

common wi th our own: and it is perhaps re- 
markable, after being so long associated 
with Europeans*... that theySILould have pick- 
ed up so few notions of personal comfort or 
convenience around them in the shape of dom- 

estic furniture or utensils of the humblest 

charaAer .. , 66 
I 

Yet, with rising real incomes in the 1870's, there 

is evidence of new consumer tastes. Metal pots and pans 

replaced earthen ones; shirts and dhotis were worn instead 

of simple loincloths; shoes came into use 
67. 

Jute dramat- 

ically increased the potential market for goods of this 

kind: agricultural officers believed it "made the Bengal 

cultivator, as a class, probably the wealthiest in India" 
68 

From being a byword for frugality, the Bengal raiyat was 

now taken to task for consipicuous consumption: 

"The jute cultivator is notoriously improv- 
ident... The large amount of cash that he 
handles has made him extravagant, and his style 

0 of living has risen In a remarkable degree. 

66. Colesworthy Grant, Rural Life in Bengal, (L6ndon, 
1860), pp. 101-102. - 

1 
67. Sen, Report on Jessore, pp. 88-89. See also 

Sen, Report on Dacca, p. 16. 

68. "Editorial Notes", Benýal Agricultural Journal, 
vol. 3, No. 4, (Dec. 1925), pp. 112. 

f 
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He eats much better, wears better clothes, 

and lives a cleaner and more sanitary life 

than before. His house has improved, corru- 

gated iron has taken the place of thatch, 

and the compounds and gardens are cleaner. 

He educatZs his children in many cases,, 

sending them to English schools, which are 

fast springing up, and calls in doctors in 

case of illness. He indulges'more frequently 

in litigation'and marries more wives, paying 

a good deal more for each than before... "69. 

This rise in living standards is hardly consistent 

with an absence of demand for industrial goods. On the 
i 

other hand, the extended family household encouraged early 

marriage, which gave no incentive-to save in order that the 

newly married couple function as an independent economic 

70 
unit A low rate of savings may have reduced the demand 

for manufactured goods. By contrast, the western European 

pattern of late marriage favoured the non-agricultural 

sector, since both men and women had to'save in order to 

furnish a home. Hence, the demand for manufactured goods 

may have been relatively larger in the Forth Valley. 

69. RE, (Agriculture), vol. 9386, August 1914, No. 12, 
K. C. Dey - Secy, Govt. Bengal Revenue Dept. 4 Feb, 1914. 

70. J. Hainal, "European Marriage Patterns in Perspective"i 
in D. V. Glass and D. E. C. Eversley, eds., Population in 
History: Essays in Historical Demography, (London, 1975), 
p. 

. 
13 2--. 
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Thirdly, it might be argued that. the benefits 

from rising incomes went not tothe home manufacturing 

sector but to foreign competitors, since mauy of the new 

consumer goods were imported. Hence, an international 

"demonstration effect", i. e., preference for imports 

over domestic goods, may have prevented the creaticn of 

effective demand for themanufacturing sector. Imports 

of consumer goods into Bengal between 1890-1914 are 

shown in Table 10 opposite. Total imported consumer 

goods rose by E26.452 million during this period (Table 

The increase in jute incomein the same period is 

shown in Table 7.11 below. 

I 

0 
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Table 7.10 

BREAKDOWN BY END USE OF IMPORTS INTO BENGAL, 1890-1914 
(9 million) 

DATES FOOD TEXTILES 
DRINK & 
TOBACCO 

OTEER 
CONSU= 

TOTAL 
CONSUMER 

TOTAL 
CAPITAL. 

1890-91 1.970 15-532 . 619 1.729 19.858 6.222 

1891-92 1.693 14.410 . 611 1.818 18-532 6.814 

1892-93 1.394 13-359 . 586 1.919 17.258 5.967 

1893-94 1.891 17-1ýP . 625 1.669 21.315 7.884 
1894-95 2.012 16.14ý . 682 1.917 20.760 5.886 

1895-96 1.750 14.292 . 648 1.863 18-553 8.638 

1896-97 2.060 16-303 ., 64o 1.845 20.848 9.432 

1897-98 2.863 13-240 . 586 1.972 18.661 9.379 

1899-00 2.244 16.678 . 619 2.357 21.898 7.860 

1900-01 2.981 16.979 . 683 2.584 23.227 8.642 

igol-02 3.019 16.905 . 698 2.597 ý23.206 9.613 

1902-03 2.731 16-767 . 771 3.129 23-398 9.430 

1903-04 3.041 16-537 -736 4.051 24-365 9.280 

1904-05 3.516 19-954 . 768 4.480 28-718 9.897 

1905-06 4.080 22-327 . 870 4.272 31-545 10-055 

1906-07 5.095 19 -'ý97 . 815 4-4275 29.482 12-523 

1907-08 5.682 24.723 . 956 4.858 36.219 16.409 

1908-09 6.657 17.256 . 893 5.490 30.296 13.941 

1909-10 6.657 20-978 1.004 2.958 31-597 15.024 

1910-11 7.349 22.157 . 690 3.897 34-093 20-032 

1911-12 6.718 24-555 . 736 4.427 36.436 24.615 

1912-13 7.274 30-900 . 788 4.764 43-726 22.144 

j913-14 8.162 31-765 . 788 5.595 46.310 29-597 

OLS' % pa +314.31 +104.51 +27-30 +223.59 +133.20 +375.68 

Source: Annual Statement of the Sea-borne Trade and Navigation 
-of the Bengai Presidency, for the years mentioned. 

I 
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Table 

JUTE INCOME NET OF INTERNAL TRANSPORT COSTS, BENGAL 

1840-1914 

EXPORT NET 
OUTFUT 2) PRICE INCOME 4) INCOME 

DATES (3till. cwt) (Rs. per cwt) (E mill) (f, 'mill) 

1890-94 19.969 9.793 19-955 17-326 
1895-99 21-53b 8.730 18-795 15-791 
1900-04 26.701 7.052- 18.829 17.394 
1905-9 30-738 9-5-12 29.237 27.275 
1910-14 28.719 13.325 38.268 36.113 

SOURCES: 1. K. L. Datta, A Report on the Enquiry into 
the Rise of Prices in India, ýCalcutta, 
17147, voi. i, p. J-72-T. - 

4. M. Wazid Ali, Jute in the Agrarian 
History of BenEýý-, -ýM- Litt. thesis, 
GY-a-sgow, 1977). Appendix Tahle 18, 
p. 284. 
1x2 

4. ibid, Table 19, p. 249, Table 20 - 
NOTE: Transport cost calculated as the difference 

between the mean mufussal price and the 
Calcutta loose jute market price. (See 
Ali, 0' cit " and Tables 19, p. 249 
and 209 P- 50). 
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Table 7.11 shows that jute income net of internal 

transport costs was approximately L17-37 million in 

1890-94, aud L36.11 mi-Llion in 1910-14. There is no 

data relating exclusively to the expenditures of jute 

cultivators on imported consumer goods. But if jute cul- 

tivators had spett all their incremental income between 
I 

these dates largely on imported consumer goods (plus their 

transport and distribution costs), this would have absorbed 

all of the aggregate increase. To allow for this, the 

ratio of import consumption to income, would have had to 

have fallen for all other workers. This seems improbable. 

Consequently, a significant proportion of earnings from 

jute exports must have'represented'potential effective de - 
for Indian manufactured goods. 

i 

Why did not this increase in demand for impported 

goods not provide a route to industrialisation through im- 

port substitution? Many imported products could have been 

made in India. Possibly the Dýdian manufacturing sector 

was unable to expand fast enough to meet demand. Although 

there is no direct data on the output of domestic goods 

and services, Table 7.10 shows that Bengal's consumption 

of consumer good rose by 3.6ýo' per annum between 1890-1914. 

Even allowing for a 15116 increase in population between 

these dates, there is scope for some substitution of imports 

for domestic goods. Textile imports rose in value by over 
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101'o. The raiyat's. traditional gamcha was replaced by a 

sheet "which is generally of foreign manufacture. The' 

indigenous dhoti is also dhoti is also going out of use 

and giving way to cheap clothes manufactured in Manchester 

and sent out here in shiploads"71. Yet it is possible 

to exaggerate lost opportunities for import substitution. 

As we have alreaqy seen, by 1900 the Indian cotton industry 

had alreadyrecaptured most of the home market for coarse 

cloth. 

more convincing explanation for the absence of 

effective demand for manufactures from jute may lie in the 

high demand for capital from within the rural sector. It 

is clear that higher prices for agricultural products wid- 

ened existing inequalities in the distribution of income. 

The number of sub-marginal farms was large, and growing 

population pressure on land would have increased their 

number. Estimates vary as to their numbers. Surveys of 

Faridpur district in 1914 and Jessore in 1920 classified 
I 

the proportion"Of cultivators living below or just above 

the poverty line'as 22-571% respectively 
72. This severely 

limited the strength of effective demand for industrial 

goods. In addition, this unequal distribution of resources 

created a large demand for credit., The opportunity cost 

71. Sen, Report on Jessore, p. 89. 

72. Jack, Economic Life, p. 81. Royal Commission, vol. iv Ip 37T. - 
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of consumption among those whose incomes were rising was 

the rate of interest obtained from moneylending. Since 

this was about 36%, much of the income created from ris- 

ing prices may, therefore, have remained in the rural 

sector. A significant development in this period was the 

emergence of ýI ew credit groups from the ranks of the 

73 
raiyati cultivators Among such groups, social prestige 

may have been maximised not by consumption but through 

establishing patron-clýent relationships with their poorer 

neighbours. 

This problem could have been. solved by taxation. 

Government could have creamed off the surplus generated by 

rising food prices, transferring it from the agricultural 

sector to inVest in manufacturing. Japan is the classic 

example of such fiscal policy. Agricultural taxes in Japan 

between 1882-92 formed 85.6% of the total tax revenue. The 

74 
comparable figure for India in 1900 was 33.9% In 

Bengal, where land revenue had been permanently fixed in 

1793, the tax burden agriculture was only 237 rupees per 
75 

square mile or 0.6 Rs. per head of population But 

raising taxation in India ran contrary to British concep- 

tions of government, which limited revenue. to meeting the 

73 "Growth of commercial agriculture in Bengal" 
Indian Economic and Social History Review, vol. 7 
No 2 (June, 1970) pp. 224 ff. 

74. Johl, "Agricultural Taxation", pp. 3,4. 

75. Reporton the Census of Bengal, 1872, p. cx. 

-wo 



572 

cost of administration, the army, paying interest on debt 

and various "home chargest, 
76. More importantly, taxation 

would have destroyed the alliance between colonial rule 

and the wealtky raiyats enshrined in government legislation 

protecting them from rent increases. This would have 

struck at the vepy heart of British rule, which could only 

govern with the cooperation of the rural elite? 
7. The 

I 
British had no reason to jeopardise their position: they 

were not in India to create an industrial revolution, but 

for reasons of self-interest. Conse4uently, the increase 

in real incomes from rising food prices remained in the 

agricultural sector and was not used for investment. 

t 

76. For a breakdoikm, see Krishan G. Saini, "A Case of 
Aborted Economic Growth: India, 1860-1913", 
Journal of Asian History, vol. 5, (1971), pp. 110- 
111, Table 11. 

77. Economic planning in independent India shares this 
reluctance to tax the agricultural sector, 

I 
Agri- 

cultural taxes in 1968-69 formed only 3. E6 9c of 
total tax revenue. This represents 1.349o of agri- 
cultural incomes. Johl, op. cit., P. 5. In Faridpur 
district by 1914 the same proportion was 5%', and 
Faridpur was one of the poorest districts in Bengal. 
Jack, Economic Life, pp. 118,121. 

0 
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Section 3: population growth. 

Vrhen we turn to compare the linkages between manu- 

facturing and population growth (boxes 7 and 3), it is 

clear that the dynamics of population growth and its im- 

plications for etonomic development were very different in 
I 

both cases. The rate of increase in population is shown 

in Tables 7.12 and 13 below. 

Table 7.12 

POPULATION GROWTH IN INDIA AND. 
-BENGAL, -1872-1911, 

.1234 
DATE BENGAL S&W BENGAL N&S ALL BENGAL INDIA(mill) 

1872 21408872 15075574 36484446 255166 
1881 26628228 16608750 39236978 257380 
1891 24033574 18090555 42124129 282134 
1901 25505978 19756974 45262952 285288 
1911 26643562 21911628 48555190 302985 

p. a. +0- 5621% + 0.963% +0 . 735p/o + 0.441% 

Sources: 1. Census of India, 1911, vol. _V, 
Bengal, 

Part II, Table-s- Table 11, vol. V, Bihar 
and Orissa, Part III,. Tables, Table 11. 

293. Ibid. 
4. Kingsley Davis, The PoPulation of*India 

and Pakistan, 
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Table 7.13 

POPULATION GROWTH IN SCOTLAND AND THE FORTH VALLEY, 
1775-1841 

DATE SCOTLAND FORTH VALIEY 

1755 1.26400 64118 
1801 1608420 73080 
1811 1805864 80425 

1821 2091521 97760 
1831 2364386 104205 
1841 2620184 199392 

pla. + 0.849'/o +1- 3270/1 

Sources: Farliamentary Papers, Vi (a), 1801-2, 
-'ýl (-L6J-2) -) XV (1877T, XXXV11 (1833) 

9 XX111 (1843). 
t 

Table 7.1, z shows that population in Scotland was 

growing at approximately the same rate as in Bengal. 

Between 1755-1841, the rate of increase was 0.84cYlo per 

annum, whereas in Bengal it was 0.735%. The similarity can 
be expressed another way. At this rate of growth, popula- 

tion in Scotland would double in 82 -years, while. in Bengal 

population would double in 85 years. 
_ 

It i. s clear, how- 

ver, that population in the Forth Valley was growing much 

faster then average. The rate of increase between 
- '755- 

1841 was high: 1.3270% per yeiir. This meant population 
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would double in onlY 52 years. By comparison, popula- v 
tion in the jute growing area of-N &E Bengal was growing 

at 0.96,1% per annum, with a doubling time of 72 years. 

This was faster than the rice-growing S &. E, but not so 

fast as population in the Forth Valley. What is the ex- 

planation for thib difference? 

The dynamics of population growth lie in the re- 

lation bet tween birth and death rates. This is shown in 

our model as the linkages between boxes 1,2, and 3. 

Direct evidence on vital rates is not available for either 

Scotland or Bengal in these periods. Instead, they must 

be worked out indirectly using stable population theory. 

Scottish vittaljrates are shown in Table 7.14 below: 

Table 7.14 

VITAL RATES IN THE EASTERN LOWLANDS, 1755-1861 

YEAR BIRTH RATE DEATH RATE LIFE EXPECTANCY (eo) 

1755 41-56 37-56 26.90 
17'ýO 35-10 22.85 40.82 
1861 33-90 21.40 n. a. 

Source: M. Flinn (ed),, Scottish PoEulation History, 
(Cambridge, 1 77T, Pp. ýý, +07 3bZ. 

0 
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Vital rates for Bengal were calculated using the 

same method. First, we measured the intercensal growth 

rate between 187? -1881. Next, we established the age- 

distribution for both sexes. Finally, both were used to 

work out birth and death rates assuming stable population, 

growing at constant rates. 
I 

1872 1881 
kREA POPULATION POFULATION 

Bengal 33762935 35607628 
Bihar 20410601 23127104 
Total: 54173586 58734732 

A rate of increase of 0.74% is near enou Sh given 

the margins of error, to --ake column r7 of the Princeton 

model life tables valid78. 
t 

78. A. J Coale and Paul G. Demeny, Re5ional model life 
tables and stable populations, (Princeton-, 7176-67. 

-20 
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The figures for age distribution given in the 1881 Census 

are : 

Age Females Males 

10 29.09 29.40 
20 48.00 48.11 

30 63-. 41 63-97 
40 77154 78.93 

At growth rate 7.0, we get the following figures for 

nortality levels corresponding to the proportion below 

each age: 

Model West Model North 
Age Females Males Females Males 

10 1.4 1., + 1.8 2.4 
20 3.0 3.2 2.8 4.0 
30 4.2 5.0 3.? 4.? 
40 3.5 4.0 3.0 3.5 

Median 3.6 4.1 3.25 3.4 

The range of the four fitted mortality levels is as follows: 
West North 

Female 2.8 1.9 
Male 3.6 2.3 
Total 6.4 4.2 

/ 

. -Ae 
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Model North fits more closely than Model West. If we 

take West minus North as a unit, and extrapolate, we get 

a set of model liýe tables in which the fit would be as 
79 

follows: 

Age 0.2 uniýs 
I 

0.4 units 

F m F m 

10 1.88 2.6 1.96 2.8 

20 2.84 4.24 2.88 4.48 

30 3.80 4.76 3.9 4.82 

40 3.1 3.8 3.2 4.1 

Range 1.92 2.16 1.94 2.02 

4.08 3.96 

0.6 units 0.8 units 

F m F m 

2,., 04 3.0 2.12 3.2 
2.92 4.72 2.96 4.96 
4.0 4.88 4.1 4.94 
3.3 4.4 3.4, 4.7 
1.96 1.88 1.98 1.76 

3. 84 3.74 

79. The methodology here is T. H. Hdllingsworth's. 
Flinn, Scottish_Population, p. 259. 
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We can see from the total range that the difference is 

smallest between 0.6 and 0.8 units. 

Age 0.76 units 0.77 units 0.78 units 0.79 units 
FMFMFMF-M 

10 2.102 3.16 2.108 3.17 
20 2.952 4.912 2.954 4.924 

30 4.08 4.7ý28 4.085 4.931 

40 3.38 4. ý4 3.385 4.655 

Range 1.977 1.768 1.977 1.761 

3.744 3.738 

2.112 3.18 2.116 3.19 
2.956 4.936 2.958 4.948 
4.09 4.934 4.095 4.937 
3.39 4.67 3.395 4.685 

1.978 ' 1.979 1.758 

3. 734 3.737 

To the nearest hundredth of a unit, therefore, we want to 

go 0.78 units beyond North. Even so, the fit is not very 

good, with a range of . 
3.? years in terms of expectation of 

life at birth. 

k 
Using the sane method to calculate vital rates we obtain: 

BIRTH RATE 46-95 (F) 4.9.71 (M) 

DEATH RATE 43.18 (F) 42.71 (M) 

LIFE =ECTANCY 25.44 (F) 24.26 (M) 

These figures are. only estimates, within a three year 

margin of error. But they correspond closely to those 

available for later periods in the subcontinent: 

4 



580 

Table 7.15 

VITAL RATES IN INDIA, 1881-1921 

YEARS BIRTIMS DEATHS 

Davis Gupta Davis Gupta 
'881-1891 48.9 45.2 41 'A 39.9 4w 

1892-1901 : 45e8 46.9 44.4 41.8 

'901-1911 49.2 46.9 42.6 43.0 

-'911-1921 48.1 47.3- 47.2 43.7 
66 

Sources: Kingsley Davis, The Population of India 
and Pakistan, (Princeton, 1951), 

ýemo 
Based on Census Age distributions". Pop-, 
ulation Studies, XXV, Pt. 2,3. Nov. 

I 

Evidently, population increase in the Eastern 

Lowlands and, therefore, the Forth Valley, was partly 

due to a lengthening of expectancy (eo). Several fac- 

tors were responsible. Famine was eliminated. This 

owed something to a kind climate. Two consecutive 

harvest failures are necessary to make a famine, since 

peasants are forced to eat their seed-corn-:, a single 

harvest failure will result only in "dearth" or food 

shortage. Despite individual harvest failures in 1762, 
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1782, and 1799, there was no repetition of the "ill 

years" of the 1690's, when there were three harvest 

failures within four Years. But it owed more to the 

creation of an efficient adninistration by local land- 

owners who inteiývened in years of food shortage to con- 
I 

trol market prices and control the export of grain 
80 

Finally, there was the reduction of infectious disease 

through the introduction of smallpox vaccination in 1803, 

which led to a sharp drop in infant mortality8l. 

"By contrast, it seems plausible that in Bengal, 

likethe rest of India, mortality was on theincrease. 

The most important factor was malaria. "Burdwan fever" 

as it was originally known, first struck in Jessore in 

the 1830's, and raged as an epidemic throughout S&W 

Bengal until the 1870's. Thereafter, it remained endemic. 

By 1900, it accounted for 20% of all mortality or one 

82 death in five It is clear that the disease was closely 

80. Rosalind Mitchison, "The Making of the old Scottish 
Poor Law", Past and Present, vol. 63 (May, 1974), 
rp. 90-91. - 

81. Michael Flinn, ed, Scottish population history from 
the 17th Century to tHe 195c)o 

, s. (Cambridge, lg? '/), p. 90. 

82. Ira Klein, "Malaria and Mortality in Bengal 1840-1921119 Indian Econ. & Social His. Rev. Vol 1X, No 2 (June, 1972), P. 135. 
I. 
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associated with the change in the river system described 

in Chapter 1. This partly explains N&E Bengal's higher 

rate of population growth. 

Although d elsewhere in India the increase in mort- 
I 

ality was the result of demographic-crises, there were no 

famines in Bengal d-aring this period. Bengal was protected 

by heavy rainfall from annual deviations from the normal 

in the monsoon. Hence the secular decline in monsoon 

rainfall in the second half of the nineteenth century which 

was noted in Chapter 1 made relatively little impact. For 

reasons alrea4y explained, single harvest failures in 1873--4,, 

1896-7 and 1-899-1900 created only food shortages. As in 

Ihe Forth Valley, Bengal was protected by an efficient 

system of relief. Sensible of the threat which public dis- 

order posed to their rule. after 1886 the British created 

an early warning system in the Famine Code, provided food 

for work. and controlled grain flows. But this system was 

never truly tested in Bengal, which escaped the mortality 

crises of 1897 and 1899-1900 experienced elsewhere in 

India 83. Population growth in Bengal was, thereforeý *tm- 

83. Gill, Famines in India, 1896-1900, P, 9- 
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interrupted by famine, though still slowed by malaria. 

But the difference between rates of population 

growth in Scotland and Bengal cannot be explained-simply 

by changes in mortality. Most of the increase in the 

Forth Valley was due to an increase in fertility. This 

seems paradoxical, since Table7-14shows the birth rate 

was falling. This fall, however, was theiesult of falling 

mortality: there were more people than ever before and 

more chance of them living, which encouraged fewer babies. 

The important questions are, were there more 'marriages 

and more children to every marriage? 

Both qlupstions may now be answered in the affirma- 

tive. New estimates by the Cambridge Group for the His- 

tory of Population and Social Structure show that 70% of 

the increase in population in England and Wales between 
84 1700-1800 is explained by rising fertility Unfortunate- 

ly, similar quantitative estimates cannot be made for Scot- 

land, since the parish registers are of poor quality. 

Nevertheless, what evidence there is suggests a similar 

dynamic. Firstly, there was an increase in the number of 

children per marraige. The parish register for Kilmarnock, 

84. Floud and McCloskey, eds., Economic History of Britain, 
Vol. 1, P. 31. 

0 
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Ayrshire, for example, shows that 6.7% of registered 

births in 1705-9 were for the fifth or sixth child, 

compared to 1911o in 1735-9 and 16% in 1825-9 
85. Secondly, 

there was a fall in age at first marriage. Observers in 

the Fo'rth Valley 
d 

were quick to notice this new trend: 

"This generation marries in general much 

younger than the former... Many of the males 

marry below 20, and the greatest part below 
25; whereas formerly they seldom married be- 

low 30. The most part of the females marry 
below 20: whereas 25 or 30 was the ordinary 

,, 86 
age ... 

Rising fertility may also explain the increase in 

population in Bengal, at least in the jute-growing N&E. 

Since the death rate was rising, and the birth rate was 

stable, there must have been a compensating increase in 

fertility for population to grow at an annual rate of 0.7%. 

It might be argued that fertility in Bengal was already at 

the biological maximum. This argument is invalid. The 

biological maximum to the total fertility rate is about 

11 per woman, yet fertility in modern Bangladesh is only 

7 per woman87. The question is how and why Bengal limited 

85-ý Flinn, Scottish Population, p. 286. Table 4.6.2. 

86. OSA, vol. 1xi PP. 501-502, (Kilsyth). 

87. W. Brian Arthur and Geoffrey Macnicoll ' "An Analy- 
tical Survey of Population and DevelopMent in Bangla- 
desh". Population and Development Review, vol. 4, 
No. 1, TFarch_, -L_cY? 8), pp. ' 54"5.5. 
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its fertility. 

Before contraception, the most common method of 

limiting fertility was by spacing births through extended 

breastfeeding. Conception is impossible in any case for 

up to five months after birth (lactational amenhorrea), 

but this period of infertility may be artificially pro- 
4 

longed by extending breastfeeding. In modern Bangladesh, 

for example, lactational amenhorrea. lasts 19 months, and 

. 
54 months the birth interval between each child is 3 88 

There is enough evidence to suggest that in nineteenth 

century Bengal, such methods of birth control were wides- 

pread: 

"The women are often five years, and 
seldom less than three, between their 

children, and usually nurse during the 
,, 89 

whole intermediate time 

Such long intervals between births leave considerable 

scope for increasing fertility. 

As in the Forth Valley, this increase cannot be 

quantified, but the inference is strong. We have seen that 

88. ibid. 

89. Martin, Eastern India, 'Vol. 3, p. 482 (Purniya). 



586 

one of the reasons for rising fertility in Scotland-was 

a fall in age at. first marriage. In contrast, age at first 

marriage for women in Bengal rose between 1881-1911. The 

decline in child marriage has been interpreted as evidence 

of falling ferti-lity9o. This argument is specious. Sing- 

ulate age at marriage for women in Bengal was calculated 

using Hajunal's formula 91. The results are shown in 

Table 7.16 below: 

Table 7.16 

SINGULATE AGE AT MkRRIAGEI BENGAL 1881-1911 

(females) 

YEAR N &, E s&w BENGAL 

1881 11-05 10.65 10.49 
1911 11.87 11.60 11-73 

Sources: Report of the Census of Bengal, 1881,, 
ýCalcutta, 1883), Table Vl. 

Census of India, 12LI, Vol. 5,. Bengal. 
Part 11, Tables I Table Vl, Bihar and 
Orissa, Part 111, Tables Table Vl. 

The Table shows that in 1911 most women in Bengal 

still married before their twelfth birthday. Yet girls 

90. Khan, Some Aspects of Peasant Behaviour, P. 37. 
91. John Hajnall "Age at Marriage and Proportion Marrying", Population Studiesq. vol. Vll, Pt. 2, (Nov. 1953), 

Pp. -111-136. I am grateful to prof. Michael Anderspn for this reference. 
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in'Bengal only reached puberty at 12J92. Hence, as the 

Census pointed out, the rise in the age at marriage_ 

"has not made any appreciable impression on the rule 

that a girl should be married as soon as she has attained 

puberty". Puberty signals the start of the menstrual cycle. 

But fertility depends upon ovulation which begins on average 

three years after puberty. Given age of menarche as 12j, 

Bengali women would not be fertile before fifteen. This is 

corroborated by the written evidence. "The women have 

usually their first child in their 17th or 18th year. 

There are some instances in the 15th, but none or at least 

exceedingly few at an earlier period93. Hence, the rise in 

age at first marriage for women in Bengal cannot have reduced 

the number of women of childbearing age by lowering fert- 

ility. 
t 

Positive evidence of rising fertility in Bengal 

is almost impossible to find, however. Since the rate of 

increase in population was greatest in the jute-growing 

N&E, it seems likely that an increase in fertility was 

the result of a rise in real incomes from cash crops. 

The Census of 1881 reported from Dacca: 

92. Census of India, 1881, Bengal, vol. 1, P- 105. 

93. Martin, op. cit., vol. 3, p. 482. 

t 

S 
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11 ... there is no part of Bengal where the 

condition of the general population is more 

prosperous than in this Division... The de- 

velopment of the jute industry had induced a 

general prosperity among the cultivating class- 

es, towhich the inhabitants of less favoured 
districts are entire strangers. Under these 

favourable circumstances early marriages and 

and larýe families are the. rule, and the tendency 

to a rapid increase of a population chiefly 
MohaTn-nedhan is free from all check"94. 

This seems very similar tothe dynamic behind rising 

fertility in the Forth Valley. As in England, the Scottish 

evidence suggests that rising fertility was tbffresult of an 

increase in real income through the growth of the manufac- 

turing sector. Again, the parish register at Kilmarnock 

shows that the mean age of marriage between 1? 30ý-60 for rural 
4- 

women was 26.47, but for urban women was 23-5295. The link 

between a fall in age at first marriage, rising fertility 

and manufacturing employment was strongly evident in the 

Forth Valley: 

94. Census of India, 1881. Report on the Census of Bengal, 
vol. i, (CaicutEa-, 71U83), p. 45. 

95. Flinn, Population History, p. 276. 

0 
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. 
"The manufacturing class of people, 

generally marry younger than farmers 

and labourers; because they are so much 

sooner upon an independent footing. A 

weaver, the moment his apprenticeship is 

over, can earn a decent livlihood, and 
after serving as a journeyman for a short 
time , generally marries or begins house- 
keepixg. Whereas, a servant, or even the 

son of a respectable farmer, unless he 
turns to some other profession, is not so 

soon independent: the son, if his father 

is alive, is dependent on him and in some 
measure his servant; and the servant as he 

changes his master and his residence often, 
,, 96 

cannot so conveniently marry 

Families employed in maufacturing were also bigger 

than those dependent on agriculture. A comparisonýof 

family size ill Nottinghamshire between 1730-99 showed 

that families in manufacturing villages were 20-30% bigger 
97 

than those in agricultural villages As a reporter from 

the Forth Valley explained, "The reason of this may be, 

that a numerous family of children all idle, necessarily 

become burdensome: whereas. now every child, male or female, 

above 6 years of age, can find employment; and a numerous 

thriving family is a great support to a sober industrious 

tradesman', 98 The rapid increase in population in the 

96. OSA, vol. 1X, p. 457 (Kilsyth). 

97. J. D. Chambers, 
Pre-Industrial 

ation, Econ 
W- d, (London, 

and Societ7. in 
Tj p. b4, Tabie 'A. 

. 11 
93. OSA, vol. lx, PP. 501-502 (Kilsyth), 

0 
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Forth Valley was thus primarily the result of an increase 

in fertility promoted by the spread of rural industry, 

which provided an economic base for early marriage, in- 

dependent of the availability of land. 

In Bengal, where no such linkage existed, the con- 

sequences of population growth were twofold. First, the 
I 

rate of increase was not nearly as fast as in the Forth 

Valley. ' This, together with the fact that theincrease oc- 

curred in the rural and not the manufacturing population, 

meant that the increase in effective demand for food was 

correspondingly lower. Second, population increase was 

not the result as in the Forth Valley of a rise in demand 

for labour caused by new employment opportuni ties. Whereas 

manufacturing in the Forth Valley w6uld'seem to have crea- 

ted its own wdýrk-force, in Bengal, an increase in po-pula- 

tion was found in conjunction with a virtually stagnant 

agricultural output. 

0 



GONCLUSION 

Even the simple model we have used shows that 

the relptionshirs between the major determinants of demand - 

industry, trade and population growth - are so interwoven 

, cs to render montcausal explanations for the contrast in 

rates of growth of effective demand virtually meaningless. 

Two major contrasts stand out, however, First, the. nature 

of international trade. Scotland clearly represents an, 

outstandingly successful exam-ple of export-led growth, since 

without trade she could neither have developed the manufac- 

turing sector or fed the non-agricultural population. 

Equally important were the backward linkages from trade. 

A captive colonial market ensured that these were felt not 

only in the manufac4turing sector, but also in the demand for 

labour which encouraged further population growth. By com- 

-arison, the gains from trade in primary products did not 

open up similar opportunities. Attempts to create a manu- 

facturing base through the production of cotton and jute tex- 

,, iles met with some success, but the dynamic gains from trade t 

were 2ost through the absence of backward linkages, espec- 

jelly to the capital goods sector. Moreover, the income 

from trade remained in the agricultural sector and was not 

used rroductively, The second contrast 'ies in food supp'F, 

The growth of manufacturing sector is dezendent on an agri- 

cu7., L, ural surrl, us to feed the non-agricultural po. -rulation. 

in the Scottish case, this was met jointly by an increase in 

productivity and by imports. As a result, real wages stayed 
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constant to permit capital accumulation and further 

growth. By contrast, India's development of a manufac- 

turing base was apparently hamstrung by an inelastic food 

supply. In Bengal, despite an increase in effective de- 

mand for food of 1.201o per annum, agricultural output rose 

by only 0.201o. This reduced manufacturers' profits, thus 

forcing cuts in, investment which prevented rapid growth. 

Hence, while part of the explanation for the slow rate of 

increase in effective demand lies in India's failure to 

establish an industrial base, part of the explanation for 

that failure lies in the inability of the agricultural 

sector to supply a food surplus.. 



Conclusion 

"The-crisis consists precisely in the 

fact that the old is dying and the new 

cannot be born; in this interregnum a great 

variety of morbid symptoms appears". 
W 

Antonio Gramsci 

Why as there no agricultural revolution in Bengal 

after the Permanent Settlement? This is the question our 

comparison has tried to answer. The conventional explana- 

tion for an inelastic food supply-in India lies in the 

nature of traditional agriculture. According to this view, 

traditional agriculture is incapable of technological change. 

In Schultz's classic definition, traditional agriculture 

represents a particular type of economic equilibrium where 

the state of the arts remains constant. Productivity is 

stagnant because peasant farmers are poor but efficient, 

i. e., they allocate resources so as to maximise output 

under the existing technology. Hence, the only way to 

create an agricultural surplus is to change the production 

function by supplying new inputs (fertiliserst etc. ), from 

outside the agricultural sector. This view has been 

echoed by historians in the theory of the "high-level 

equilibrium trap". They argue that in contrast to Western 

502; 
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agriculture, agriculture in monsoon Asia was highly developed 

to a level of technical efficiency which effectively ruled 

out further increases in productivity. 

In Chapter 5, we tested this-hypothesis by comparing 

increases in total factor productivity in Bengal and the 

Forth Valley. The results show that the growth rate of total 

factor productivity in Bengal was higher than in the Forth 

Valley during the "agricultural revolution". Clearly, the 

inability of Bengal agriculture to provide an agricultural 

surplus was not the result of technological stagnation. Hence, 

the hypothesis that India was caught in a high-level equilibrium 

trap must be discarded. 

An alternative explanation lies in the relations of 

production. If the benefits of increases from agricultural 

productivity accrued to landlords, then farmers would have 

had no incentive to raise output. This perspective informs 

most of the historical writing on Indian agriculture. Yet, 

as we saw in Chapter 4, there are two major problems with 

this view. Firstly, it can be argued that the system of 

land tenure-in Bengal was no more exploitative than in the 

Forth Valley. Modern evidence from Bangladesh suggests that 

yields on land cultivated by sharecroppers and owner-occupiers 

are the samei since in traditional agriculture yields may be 

taken as a proxy for labour inputs. 
-This suggests that labour 

inputs under direct cultivation and share tenancy are the same. 

Provided this is the case, rents paid under both forms of tenure 

will be the same. Secondly, the benefits from rising prices 

did go to cultivating raivats rather than to landlords. This 
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was clear from the supply response of Bengali farmers; 

the higher the price paid for rice or jute, the more 

land they allocated-to their production, and vice-versa. 

Such evidence contradicts the view that the profits from 

rising prices were received by moneylenders in the form 

of interest payments on debt. Indeed, many raivats set 

up as moneylenders on their own account. 

If the profits from rising food prices did go to 

farmers, and not to moneylenders, why then did this not 

encourage innovation and an increase in output? Rising 

prices will have two effects on agricultural output. 

First, farmers' incomes will rise. This is known as the 

income effect. Second, there will be an increase in the 

value of a unit of output from an additional unit of 

labour. This is known as the substitution effect. These 

two effects work in opposition to each other. Since the 

most important input in traditional agriculture is labour, 

the peasant farmers, response to rising prices will be 

determined by the. utility of increasing his labour input. 

The income effect encourages the withdrauelof labour: 

the farmer works less hard for the same income. The sub- 

stitution effect encourages an increase in labour: the 

farmer worksharder for an even greater income. The choice 

of working less or working harder will depend on the relative 
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utility of labour and leisure. The utility schedule 

in turn depends on three factors: personal values, 

production possibilities, and price relationships. 

Production possibilities were examined in 

Chapter 3. It ios self-evident that income has a high 
I 

marginal utility among peasant farmers until their sub- 

sistence needs have been met. Farmers will work hard 

for very little return in order that they and their fam- 

ilies can have enough to eat. But, if the marginal prod- 

uctivity of labour is low, then the utility of income above 

the subsistence level will also be low. That is, farmers 

will not work harder to provide an additional income over 

subsistence because the returns from that extra labour 

are so low. Ajow marginal productivity of labour means 

that rising prices for agricultural produce will probably 

produce a stronger income effect than substitution effect. 

In other words, farmers will prefer to benefit from rising 

prices by working less rather than more. This hypothesis 

was tested and confirmed in Chapter 3, which showed that 

while agricultural prices in Bengal rose by 30% between 

1890-1914, aggregate labour inputs rose by only 0.4% des- 

pite a 15% rise in population. 

m ý- 

I 
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Price relationships were examined in Chapter 6. 

We compared the costs and returns to the peasant farmer 

of increasing output through technological change. In 

Indian agriculture, the most important innovation to 

raise output is irrigation. Yields of irrigated rice in 

Bengal were on average 15% higher than those of unirrigated 

rice. When irrigation was combined with complementary 

inputs like labour for tran-splanting, the increase in yield 

was as mugh as 2*5%. Yet, the marginal utility of this 

increase in income was low. We compared the costs and-re- 

turns of broadcast aus a: nd irrigated and transplanted aman. 

The gross margin (total revenue minus variable costs) was 

almost the same in'both cases. In other words, the increase 

in income from higher yields only just compensated-for the 

higher input of labour. Hence, farmers had little incentive 

to raise output. 

Finally, Chapter 7 examined the argument that the 

explanation for the absence of an agricultural revolution 

in Bengal was the lack of a market for agriculturalproducts. 

There are a number of problems with this view. Firstly, 

while the rate of increase in effective'demand for food 

in India between 1890-1914 was slow (0.8% per annum), the 

rate of increase in Bengal (1.2%) compares well with that 

in Scotland between 1760-1841, (1.5%). Secondly, despite 

a higher rate of increase in effective demand, food supply 
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in Bengal grew much more slowly (0.2% per annum), than 

in India as a whble (0.6%). Hence, far from an absence 

of demand preventing increases in agricultural production, 

higher demand seems to be associated with lower production. 

Indeed, a case can be made that an inelastic food supply 

posed a major obstacle to Indian industrial development 

by raising food prices and forcing down profits, thus 

slowing down the pace of industrialisation in the period 

before 1914. Supply side factors are thus likely to have 

been at least of equal importance in the slow growth of a 

market for commerical agriculture. To believe otherwise, 

is to ignore the role of agriculture in economic development. 

The te st of genuine research lies not, only in 

providing answers, however, but also in its ability to gen- 

erate new questions. These will arise from testing hypo- 

theses against evidence in order to solve specific histor- 

ical problems. Our initial hypothesis for low agricultural 

productivity in Bengal was Schultz's definition of trad- 

itional agriculture as a system of equilibrium where the 

state of the arts remained constant. A test of this hypo- 

thesis by comparing the production function of two tradi- 

tional agricultures yielded the following results, which 

carry implications for future research: 
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The high elasticity given to rent in the 

production function of Scottish agiiculture. 

The factor share of land (R) in the Forth Valley 

was 0.5 compared to the estimate for England in 

same period of 0.23. This suggests that Scottish 

farmers paid far higher rents than their English 

counterparts. 

(2) The estimate of a separate elasticity for capital 

in Scottish agriculture represents an advance 

over previous measures of total factor productivity 

for England, where capital is subsumed in the 

elasticity forlabour. The elasticity of 0.3 in 

the Forth Valley suggests that capital was relative- 

ly less important in the production function than 

either land or labour. 

(3) Evidence of an increase in labour productivity 

in agriculture between 1760-1840 in the Forth 

Valley. Our estimates for labour inputs suggest 

that three major innovations (Small's plough, 

machine thrashing, and the scythe) may have re- 

duced labour inputs by 50%, and that there was 

no increase in demand for labour on average sized 
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carse farms during the agricultural revol- 

ution. This has important implications for 

the historical debate on labour supply and 

industrialisation. 

(4) An incr-ease in total factor productivity in 

Bengal of 0.1% per annum thus invalidating 

Schultz's hypothesis and the theory of the 

equilibrium trap. It would be useful to know 

if this held true at the all-India level. 

A correlation between rising prices and an 

apparently static labour input to Bengal-agricul- 

ture between 1890-1914. This raises important 

questions about the nature of peasant rationality. 

Did labour inputs remain static because the marginal 

productivity of labour was so low as to discourage farmers 

to respond to rising prices by working harder to produce 

more? If so, it is the factors of production which must 

change. or was it because socio-cultural attitudes placed 

such a low social value upon labour that farmers preferred 

to take their extra income in the form of leisure? In this 

case., the explanation for the crisis of Bengal agriculture 

must be sought not in the factors of production but in the 

producer. 
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The available evidence does not pe:. rmit us to 

answer these questions decisively. But non-economic 

factors played a vital role in the Scottish agricultural 

revolution 
1 Among Scottish landlords, profit and patr- 

iotic zeal fused into a distinctive ethos of improvement 

where 'private interest and public utility marched hand in 
V 

hand'. This tiny elite - 4,000 in all - transformed 

traditional agriculture. By a combination of capital in- 

I vestment and rent increases, they forced tenant farmers 

to raise productivity and the tenantry soon followed 

their lead. Together, they coercecl. and cajoled an obed- 

ient labour force into raising food supply. 

Adam Smith once wrote that 'there was a Scotch- 

man inside every man'. The Permanent Settlement was based 

on the classical premise of a universal economic rationality. 

It seems likely that 'had Bengal landlords invested capital 

and raised rents like their counterparts in the Forth 

Valley, land productivity would have risen. But no ethos 

of improvement existed among them and, protected by govern- 

ment legislation, there was no necessity for jotedars, to 

become improving landlords. Consequently, the peasant 

T. C. Smout, "Problems of Modernization: Non-economic 
factors in eighteenth century Scotland", International 
Economic History Association, 5th Congress., (Lenin- I 
grad, 1970), vol. 3, pp. 73-88. 
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farmer was not pressurised by high rents into raising out- 

put and the choice of raising productivity was determined 

by the utility schedule of the producer. Our finds suggest 

that the explanation for the crisis in Bengal agriculture 

and its failure to supply a food surplus may lie in the 

behaviour of the Indian farmer and that the constraints 

on innovation may have lain less in the relations of pro- 

duction than in the trade-off. between labour and leisure 

made by the peasant producer. Given the present state of 

our knowledge, this can be no more than a residual hypothesis. 

Nevertheless, the evidence that labour inputs in Bengal be- 

tween 1890-1914 remained static during an unprecedented ex- 

pansion in the acreage under jute, is suggestive. Does this 

simply reflect a rational adjustment to changing economic 

opportunities, or does the explanation lie elsewhere, in the 

social and cultural attitudes of the Bengal farmer? This 

thesis has provided evidence which permits us to pose the 

question, though not to answer it. Here lies a mystery on 

which further research is badly needed, if the increase in 

our knowledge about Indian agriculture is to lead to an in- 

crease in our understanding. 

"Very little ... is known at first hand about the 

the farmer himself, the key actor in the democratic 

and planned revolution that is under way in this 

country. Little is known about his personality, 

motivations and attitudes, or even the real con- 

ditions of his life. There is sufficient statistical 

data to permit some generalisations about him. But 

his attitudes and motivations, in the specific con- 
text of the technological changes and economic de- 

velopment being planned for him by the government 
have been relatively little investigated". 2 

2. Kusum, Nair, Blossoms in the Dust. The Human Element 
rI Tn rl-I (T. nnrInn . ---l 

C)61 ). n. ii 
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Appendix A: Harvest dates 

"The old people make a remark", reported the parish 

minister of Kilsyth, that the spring is much later, and 

the suruners a great deal colder, than they were 40 or 50 

vears ago. Of course, that the harvest is not only later, 

but much more, precarious... " Such evidence of climatic 

deterioration'can no loncer be dismissed as reflecting 

the inevitable tendencv of an older, generation to remember 

the halcyon days of thei r los t youth. New qu-ntitative 

evidence of changes in harvest dates in Scotland seem con- 

sistent with climatic fluctuations. 

The records are those of a single farm,: 

Crofthead in West Lothian, which remained the 'Property of 
2 

the Wadell familv between 1744-1839 .'A single series of 

this kind is far less prev to distortion than a composite 

series. One possible source of bias lies in the use of 

the generic term 'corn' for the harvested crop, since oats 

and barley ripened at different dates; from internal evi- 

dence, however, it seems clear that 'corn' referred solely 

to oats. A second possible source of bias is the intro- 

duction of early ripenina varieties. The first references 

to suchvarietLes occur relatively late in the series 

("early corn", 1818; "airleys", 1824-, "Early Ancjus",, '1828). 

Thus, the earlier harvest dates in the cycle 1820-1940 

3 
may partly reflect the use of auicker ripening oats 

0 
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The rp-liabilitv of the series may be gauqed by 

comparison with harvest dates fron, other areas during 

the same period. Harvest dates for the Forth Valley are 

available for the years 1808-182of recorded bv the diarist 

Dr. Thomas Lucas 
if 

Lucas was a less consistent observer 

than the Wadell family since he was not a practicing 

farmer, but lived in stirling. Nevertheless, internal' 

evidence suggests Lucas owned a farm and he took a lively 

interest in aariculture. Every year he recorded the date 

at which harvest had "become general" or was "advancing" 

in the Stirling area. The results correspond reasonably 

well w-ith*the Crofthead series with the single exception 

of 1814 when Lucas was unusually slow off his mark. In 

general, harves 
tt 

was earlier in the Forth Valley than at 

Crofthead: the mean difference between the two series 

for the twelve years is 31 days. This see-is plausible, 

since Crofthead was an upland farm (600-1,000 feet) on 

only medium clualitY soil where harvests were much later. 

The correlation is shown on the graph. 
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Starting dates of harvest: (a) Crofthead 

_Year 
Month Day Year Month Dav Year Month Day 

1744 s 14 

45 s 20 1785 s 9 1825 s 1 

46 s 6 6 s 22 6 A 4 

47 A 26 7 0 1 7 s 17 

48 A 29 8 s 15 8 s 8 

49 A 31 9 s 23 9 s 16 

1750 A 27 1790 0 6 1850 s 29 

1 s 16 1 s 30 1 A 29 

2 s 9 2 0 5 2 s 17 

3 A 29 3 s 30 3 s 9 

4 s 19 4 's 5 4 A 29 

5 s 20 5 s 25 5 s 7 

6 s 23 6 s 26 6 0 11 

7 s 8 7 s 27 7 s 11 

8 A 25 8 s 3 8 0 9 

9 s 14 9 s 21 1839 s 20 

1760 s 9 1800 s 13 

1 s 10 1 s 10 (6) Forth Valley 

2 S, 1 2 0 8 1808 A 20 

3 s 12 3 s 22 9 A 25 

4 s 20 4 s 20 10 s 1 

5 s 6 5 s 24 11 A 29 

6 s 15 6 s 18 12 A 31 

7 s 22 7 s 30 13 A 23 

8 s 5 8 s 9 14 s 10 

9 s 18 9 s 25 15 A 18.. 

1770 s 27 1810 0 4 16 s 24 

1 0 4 11 s 23 12 A 27 

2 0 2 12 0 14 18 A 15 

3 s 8 13 s 29 19 A 21 

4 0 4 14 s 28 1820 A 12 

5 s 7 15 s 27 

6 s 18 16 0 29 

7 0 3 17 0 10 

8 s 29 18 s 16 

9 A 23 19 s 7 

1780 s 9 1820 s 18 

1 A 29 21 s 20 

2 0 16 22 s 9 

1 14 '-22-- 
------2-3 --___O_ ___ -13 
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2. John B. Fleming, crofthead Corn Harvest Notebook. 
(Edinburgh B. sc. -Mssertation, 1977, Economic 
History). 

3. ibid, p. 76. 

4. Mss. Diarv of Dr. Thomas Lucas, Vol. 1, ýIarch 1808 - 
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APPENDIX B 

The reliabtlity of meteorclogical observations 

for Scotland in the period 1760-1840 depends both on the 

quality of the s! Bries and the quality of the recording 

instruments. On both counts,, we may feel reasonably 

confident the results are accurate. 

Climatic statistics for Edinburgh begin in 1731 for 

temnerature and in 1770 for preCLpitation, but neither 

series is continuous. (1) Gaps exist between June 1736 

and December 1764 (temperature) and December 1777 - Dec- 

ember 1780 and July 1781 - December 1784 (Precipitation). 

However, these are not large enough to distort the secular 

trend. A more serious limitation is the artificial nature 

of the series. Neither derive from a single source. In- 

stead, a climatic series for Edinburgh between 1730-1840 

involves the reduction of no less than 12 separate series. 

(2) Yet this is less damaging than might first be supposed. 

Inconsistencies between the series are minimal. Forbes 

found in his examination of Adie's series that variations 

in location made little difference. (3) Moreover, the 

freciuency of overlans makes a scienti. fic reduction possible. 

Mossman's achievement in oroviding a unified climatic series 

for Edinburgh between 1731-1895 has been hailed by a modern 

expert on climatic history as "a landmark in climatology", 

i 
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APPENDIX B 

The reliabtlity of meteoTclogical observations 

for Scotland in the period 1760-1840 depends both on the 

quality of the slýries and the quality of the recording 
I 

instruments . On both counts, we may feel reasonably 

confident the results are accurate. 

Climatic statistics for Edinburgh begin in 1731 for 

temperature and in 1770 for precLpitation, but neither 

series is continuous. (1) Gaps exist between June 1736 

ancl December 1764 (temperature) and December 1777 - Dec- 

ember 1780 and July 1781 - December 1784 (precipitation). 

However, these are not large enouqh to distort the secular 

trend. A more serious limitation is the artificial nature 

of the series. Neither derive from a single source. In- 

stead, a climatic series for Edinburgh between 1730-1840 

involves the reduction of no less than 12 separate series. 

(2) Yet this is less damaging than might first be supposed. 

Inconsistencies between the series are minimal. Forbes 

found in his examination of Adie's series that variations 

in location made little-difference. (3) Moreover, the 

frequency of overlans makes a scientific reduction possible. 

Mossman's achievement in Droviding a unified climatic series 

for Edinburgh between 1731-1895 has been hailed by a modern 

expert on climatic history as "a landmark in climatology", 
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and its scientific accuracy remains unchallenged to this 

day. (4) 

We maV also place confidence in the recording in- 

struments. Generally, eighteenth century meteorological 

instruments were. highly accurate because no distinction 

was made between production for domestic and scientific 

markets., (5) Edinburgh acquired its first. specialist 

maker of domestic barometers only in 1772 with the arrival 

of Balthazar Knie, who traded there till 1815. (6) 

Secondly despite the low capital investment required 

(as little as'ElO to equip a small. workshop), it was a 

highly skilled trade. A high failure rate among firms 

(the average 1.4sted under five years) kept numbers small. 

In Edinburgh,,, between 1775 and 1805 there were only four 

scientific instniment makers listed in the City Directory - 

all of them foreigners. By 1830, there were still only 

nine. Such small numbers explain whv, unlike the clock 

and watchrrakers, they were never absorbed within the Edin- 

burah Guilds structure. (7) 

No significant advances in scientific accuracy were 

made between 1730 and 1840. Minor improvements weremade 

in the cuality of qlass and mercury. Barometers benefitted 

from Vernier scale, permitting readings to 0.01 inches, 

which were common by 1760 and universal by 1800. But the 
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essential obstacle to recording pressure accurately re- 

mained th 
Ie 

size, of the scale. Despit e effor ts. to enlarge 

the scale bylaltering the shape of the cistern tube, suc- 

cess eluded meteorological inventors until the twentieth 

century. (8) 

Thermometers, by contrast, had adequate scales. 
.I- 

All British thermometers used the Fahrenheit scale from at 

least 1724 onwards. ' (9) But they were not always cali- 

brated correctly. Experiments by the Royal Society in 1777 

revealed that the boiling point of water (212 0 F) varied by 

as much as 3.25 0F on different instruments. But the two 

fixed points which formed the real basis of the Fahrenheit 

scale, 32 0F and 98.4 0 F, the melting point of ice'and body 

heat, were uniform. 

i 

Direct comparisons between the instruments used for 

the Edinburch series are impossible, because to date only 

one has been identified. The thermometer used by Fergus 

in Dunfermiline was made by Balthezar Knie and the original 

survives in the Royal Scottish Museum. (11) Adie's in- 

struments were all home made, but he was an optician by 

trade and Forbes believes his instruments were "equal in 

accuracy to any then constructed". (12) Adies methods 

may leave something to be desired. His son records, 

"Falls of snow were taken by pushing down a cylinder through 

the snow in an open place, melting it, and measuring the 
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depth of water for the fall had it bedn in rain". (13) 

When Adie's"first temperature series is . compared with the 

overlar)ping series kept by Playfair between 1794 and 1799, 

both made at similar times and nearly identical locations, 

Adie's series was on average 1.76 0F lower than Playfair's. 

We may, therefore, allow for a margin of error-of 20F. (14) 

t 

0 
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APPENDIX C: Bengal Agricultaral Statistics 

The reliability of the agricultural statistic of 

British India has been questioned by several historians 

Here we argue that so far as the Bengal statistics are 

concerned, both the primary collecting agency and the Agri- 

cultural Department provided reliable results. 

Doubts have been expressed as to the identity of the 

primary collecting agency in Bengal. Islam believes that 

agricultu, ral statistics were collected by the Thana and 
2 

Circle Officers rather than the village chowkidars But 

it seems unlikely that the police were themselves the primary 

agency; instead they relied on the village watchmen. This 

became evident when the system of jute forecasts was changed 

in 1912. "In place of the old system of estimates from 

chawkidars and police sub-inspectors, a system of taking a 

census of jute fields by panchayats was substituted"3. 

Except for jute, the police and village chowkidars remained 

the primary agency of data collection until 1922, when it 

was reported that "The system of compiling crop reports 

through the agency of police hitherto followed, has now 

been altered. It has been decided that the services of the 

1. Clive Dewey, "The Agricultural Statistics of the Punjab, 
1867-1949"-, Bulletin of Quantitative and Computer Methods 

"9'/4), pp. AJan in South Asian ý; Euaies, vo1__7_, T1 
W. ties-con, "Offi_c1J_a=ields per Acre in India: Some Ques- 
tions of Interpretation", Indian Economic and Social Hist- 
ory Review, vo X, No. 4(Dec. 19? 3), PP. 303-332. 

2. M. Mufakharul Islam I Bengal Agric 1920-1946: A Quantitative 
Stud , (Cambridge, p. 21. Z 

3. Te-poNt of the Agric. Dept of Bengal, 1913, (Calcutta, 1914), 
Ch. 11 p. 2, para. 
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circle officers, where appointed as a permanent measure, 

will be utilised in the preparation of crop reports other 
4 than for jute" 

The competence of the village chowkidars remains 

open to doubt., It is claimed they were less reliable than 
*5 village Patwaris But the agency of the patwari had been 

rejected in the preliminary planning stages of data collec- 

tion. When the Department of Agriculture and Land Records 

was founded in 1886, district collectors were circularised 

on the best method of collecting statistics. Replies from 

Parnea, 2-4 Parganas and D-urbhanga show that the patwarisin 

Bengal would not have made reliable reporters: 

", Many, probably most, of the zamindars of 
this, district do not themselves know the exact 
area of the ; cultivated and uncultivated lands of 
their estates. They certainly have no papers 
showing the different areas under each crop. A 
large proportion of the ryots hold permanent 
rights, and all that the landlords as a rule know 
is the rent payable by each tenant and the total 

area of each holding, leaving details to take care 
of themselves"6. 

4. Report of the Aaicultural Deýartment of Bengal, 1923-24, 
(Calcutta, 19ý24), p. 19, Section 111. 

Dewey, op. cit., p. 3. 

6. BRP, vol. 3178 July 1888, Head: Agricultural Statistics 
7olector 24 Farganas - Secy. Board of Revenue, Lower 
Provinces 31 January 1888. 

0 
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Even if patwaris had possessed acreage statistics, 

their objectivity would have been suspect. Patwaris in 

Bengal were not intermediaries between village and state as 

in the Punjab, but servants of the zamindar, and open to 

manipulation7. The same caald not be said of the villa 
I 
ge 

chowkidars, who were elected by the villagers. 
0 

Again, chowkidars have been described as "illiterate 

and half numeratEt ,8. But illiteracy is no disqualification- 

for intelligent observation and semi-numeracy, whatever that 

means, is rare among Indian peasants accustomed to quantify- 

ing their holdings to the nearest sixteenth of a rupee. 

Chowkidars were local men, 
-born 

and bred in their villages, 

and therefore well qualified to report changes within their 

own localities. Moreover, their large numbers made it un- 
i likely that errors might systematically bias the results. 

In the 1920's, there were reported to be 84,000 village 

chowkidars in Bengal9. Random bias among "half numerate" 

reporters would, therefore, have been cancelled out. 

Admittedly, more accurate methods of data collection 

might have been devised. After 1913, statistics of the 

Parliamentary Papers, 1X, 1812/13, PP. 142,146. 
Answers Judges lVmensingh; Fifth Report,. 1812, p. 61. 

8. Dewey, Op. cit., p. 3. 

9. Royal Co=ission, vol. 1V, p. 268, q 21408. 

I 
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acreage under jute were collected by the local panchayats. 

"The panchayats registers contain the names of-all cultiva- 

tors who cultivate jute within any particular union, and 

the President of the panchayat enters in a blank form, 

supplied to him by the Director of Agriculture, the name 

of each person Gultivating jute within the union, and shows 

against his name' the area under jute cultivated by him"10. 

The Department believed this significantly increased the 

accuracy of the acreage statistics, and certainly there is 

a close correlation of the area under jute and jute reports 

But the statistics collected by the village chowkidars also 

display a remarkable 'Consistency. For example, flucuations 

in acreage are closely correlated with price changes 
12 

. 

Price data was not collected by village chowkidars: 

"It is now clear that these statistics were 
not reported by illiterate or half nilmerate 
primary agencies like chawkidars or kanungoes. 
At district headquarters, the statistics were 
collected by subordinate officers of certain 

10. A Manual on the Preparation of Crop Forecasts in India. 
Department of Statistics, India, ýCalcutta, 1916), 

. pp. 19-20. 

A. R. Sinha, "A Study of the Official Jute Forecast", 
Sankhya, vol. V, (19140-41). 

12. Akbar Ali Khan, Some Aspects of_Peasant Behaviour in 
Bengal: A Neoclassical Analysis, (Ph. D thesis, queens 
University, 1979), Chapter ý?; Islam, op. cit., 
Chapter 4. 

I 
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marts or bazaars and thereafter they were 

checked by a Deputy or sub-Deputy Collector"13. 

Similarly, changes in acreage are closely correlated 

with fluctuationsin rainfall during the sowing season. 

The coefficiento are shown in Table 0.1. 

Table. C. 1 

COEFFICIENT OF RAINFALL IN SOWING SEASON 

E. BENGAL W. BENGAL N. BENGAL 

Rice 94, '. 32, a 1213.487b 6.3-5.4c 
(2-362) (1.987) 

. 
(3-16) 

Jute 5.137 58-358-' 67.870 a 

(1.740) (2.409) 

Source: Akbar Ali Khan, Some Aspec ts of Peasant Behaviour 
in Bengal, 1890-igi4: A Neoc lassical Analysis, 
TTIE. D -thesis, queen, s University, Tqyq), p. j_ý-L, 
Table 5.1. 

Notes: a: significant 5016 level. 

b: significant 10% level. 

c: significant 200% level. 

Figures in brackets are T. statistics. 

With the exception of jutein East Bengal, rice and 
are 

jute acreages/significantly related to rainfall in the 

sowing season. Again, this provides an independent check 

on the quality of the crop statistics provided by the 

chowkidars, since rainfall data were collected by profession- 

13. Hus! 3ein,. A quantitative stud; Z of price movements in 
Ben'gal during e 18th & I-)th C. (Ph. D thesis, S=, 
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al meteorologists. We may therefore feel confident in 

the accuracy of the acreage statistics. 

Statistics of crop outturn, on the other hand, were 

evidently subject to manipulation by British officials. 

Yield figures were not collected by chowkidars, but by 

officers of the Agricultural Department. The first crop- 

cutting experiments were made in 1894, but the results were 
14 

never published and fresh instructions were issued in 1898 

These figures became the first (1901-02) in a quinquennial 

series of crop-cutting reports published by the Department 

and provided the basis for all future estimates. 

The 1898 figures provided the 'standard yield'.. 

Changes in outtarn were then measured by annual crop-cutting 

experiments: t 

"Under this system, plots of land of average 
quality are selected and the crops grown on them 

are cut and weighed in the presence of responsible 
officers of the District staff or of the Provincial 
Agricultural Department. These experiments have 
to be carried out every year in respect of all the 
the principal crops and in accordance with the 
rules specially framed by the several provincial 
authorities. The results of the experiments are 
reported to the head of the provicial Agricultural 

14. Annual Report of the Department of Land Records and 
Agricul ure, B al, 1895, (Calcutta, 1895), p. 19--, 
para. 50; and iblýb, p. 2? para. 60. 

. 
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Department, who on a cs-reful scrutiny of all the 

reports received by him, and after such further 

investigations as he may deem necessary, revises 

or verifies the standards previously adopted for 

the districts or the province,, 
15. 

Clearly, this procedure was unsatisfactory. The 

sampling procedure used by the Department was unscientific. 

plots were not randomly selected and no attempt was made to 
16 

calculate the standard deviation 

"The instructions to be followed in crop- 

-cutting experiments in this Province (Bihar), 

ordain , 
that the person ca: --rrying them out 

should select several plots in the area he is 

to examine, but, as the area is usually large, 

each plot rrast be representative of the average 

outturn of a considerable area. The plots are 

to be one tenth of an acre in size, and should 

not be taken from the centre of a field, but 

should include a certain amount of ail or bound- 

ary, this to be in proportion to the average 

space occupied by ails, paths and boundaries. 

In the writer's opinion, it is useless to hope 

for even approximately accurate results, unless 

a very large number of such experiments are 

carried out, and this for several reasons, chief 

15. Manual, P. 5. 

16. P. C. Mahalpnobis, "A Review of the application of 
statistical theory to agricultural field experiments 
in India"11 Indian Journal of Agricultural Science, 
vol.. X, Pt. -Il-, --ýApril, 1940), pp. 192-212. 

f 
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among which are the enormous amount of varia- 
tion to be found, in the same crop over a large 
tract, the very great difficulty in picking 
out a field that represents an average even 
for a small area, the further complication in- 
troduced by the attempt to include the ails, 
and the tendency to select a crop better than 

average" 
17. 

More seriously, officials divided the standard 

yield by a 'climatic condition factor'. This was manip- 

ulated by British administrators in those Indian provinces 

where yields helped determine the land revenue demandl8. 

But in Bengalwhere land revenue was permanently fixed, this 

temptation did not arise. Officials had no incentive to 

bias their enquiries, since the results made no difference 

to the revenuetdemand. 

In conclusion, therefore, the agricultural statis- 

tics of Bengal seem to reflect reality of changes on crop 

acreages, and despite defective sampling techniques, the 

yield figures would appear free from any systematic bias. 

We may therefore use the data with reasonable confidence. 

G. C. Sherrard, "Average Outturnllý Agricultural Journal, 
Dept. of Agriculture Bihar and Orissa, vol. 4, double 
number, (Oct, 1916), p. 10. 

18-'. Heston, op. cit., p. 310. 

I 
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APpendix D. 

CHANGES IN LABOUR INPUTSý FORTH VALLEY 1760-1840 

Labour inputs per acre in man-days of 10 hours can 

be established f; r three periods, using the following 

labour Coefficients: 

1760: four hourse plough 2.5 man-days, harvesting 

with serrated sickle, 3.1 man-days, threshing with flail, 

-4.36 hl. per man-day (wheat), 3.63 hl. (barley), and 2.90 

hl. (oats) winnowing by hand 1.8 man-days per acre. . 

1790: two horse plougli 1.25 man-days, harvesting 

with smooth hook, 2.32 man-days threshing by . two horse 

machine, 7.15 1ý1- per man-day machine, fanning 16.00 hl. 

per man-day. 

0 
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1760 

cD 
INPUTS' BARLEY BARLEY INPUTS OATS OATS 

Ploughing ý5) 
Harrowing (4) 

Manuring 
sowing 
Rolling 
Harvesting 
Trading in 

Threshing 
Winnowing 

12-50 
0.64 
8.16 
0.35 
0'. 08 
3.10 
2. -7b 
3.32 
2.72 

12-50 
0.64 
8. lb 

0.35 
0.08 
3.10 
2.76 
2.82 
2.58 

Ploughing 1 

Topdressing 
Sowing 
Harvesting 
Leading in 
Threshing 
Winnowing 

2.50 

4. b8 

0.35 
3.10 
2.76 
2. ?3 
2. ?l 

2.50 
4.08 

0. J5 
3.10 
2.76 
2.32 
2.57 

TOTAL 33-63 32.99 17-98 17-43 

1790 
INFUTS INFUTS 

Ploughing 6.25 6.25 Ploughing 1.25 1.25 
Harvesting 2.32 2.32 Harvesting 2.32 2.32 

Threshing 1.68 1.43 Threshing 1.66 1.41 

Winnowing 0.75 0.64 Winnowing 0.74 0 63 

Other 11.99 11.99 Other . 7.19 7.19 

TOTAL 22.99 22.63 13.16 12.80 

1840 

INPUTS INFUT9 INPUTS 

Harvestin 
Other 

g 1.75 1.75 
20.67 20-31 

Harvesting 
Other 

1-75 1.75 
10.84 lo. &ý 

TOTAL 22.42 22.06 12.59 la. 23 

CHANGES IN LABOUR INPUTS 

DATE CARSE 
ýBARLEY 

DRYFIELD 
BARLEY 

CARSE 
OATS 

DRYFIELD 
OATS 

1760 
1790 
1840' 

33. %d-', 63 
22.99 
-22.42 

32.99 
22. b5 
22.06 

17-98 
1: 3.16 
12-59 

17-43 
12.80 
12.33 

-50-00 -49-54 -42.81 -. 42.51 
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1760 

INPUTS WHEAT INPUTS PEAS/BEANS 

Ploughing (6) 15-00 Ploughing (3) 7.50 

Harrowing (5) 0.80 Harrowing (6) o. 96 

Manuring 8.16 -Drilling 0.10 

Sowing 0.35 Sowing 0.35 

Rolling 0.08 Hoeing 4.50 

Harvesting 3.10 Harvesting 3.10 

Leading in 2.7b W Leading in 2.76 

Threshing 2.43 Threshing 
_2.5b Winnowing 2.61 

TOTAL 36-09 TOTAL 21-83 

1790 

INPUTS INPUTS 

Ploughing 7.5 Ploughing 3.75 
Harvesting 2.32 Harvesting 2.32 

Threshing, 1.48 Threshing, ý0.62 
Winnowing 0.66 Other 8.67 

Other 12-58 

TOTAL 25-54 TOTAL 15-36 

1840 

INPUTS INPUTSý 

Harvesting 1.75 Harvesting 1.75 
Other 22.22 Other 13-04 

TOTAL 23-97 TOTAL 14.79 

CHANGES IN LABOUR INPUTS 

DATE WEEAT PEAS/BEANS 

1760 36.09 21.83 

1790 25-54 15-36 
1840 23-97 14.79 

% -50.56 -47-59 

625 
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Appendix E: Seasonal-, -Labour Inputs 

Labour inputs, Bengal 

Crop Labourer Ploughman 

Rice 64.78 31.74. 

Wheat 22.14 16.79 

Pulses 15.0 21.0 

@ilseeds 24.01 29.96 

Jute, 114.93 24.80 

Sugar 146.93 28.0 

Tobacco 136.8 99.46 

V 
Labour inputs, Forth Valley (1840), - 

Crop Labourer Ploughman 

Carse oats 11.07 1.52 

Carse Barley 15.17 7.25 

Dryfield oats., 10.75 1.48 

Dryfield barley 14-96 7.20 

Peas and beans_ 10.08 4. '71 

Wheat' 12.32 11.98 

Hay 10.19 2.0 

-Summer. fallow 10.04 

Total 

96.52 

38.93 
36.00 

53.97 

139.73 

174.93 

236.26 

Total 

12.59 ' 
22.42-, 
12.23 
22.06 

14.79 
24.30 

12.19 

10.04 
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Seasonal Labour Inputs, Bengal 1914 

(Mandays) 

TOTAL LABOUR INPUT PLOUGHMANS LABOUR INPUT 

Month NE GW deviation NE sw 

36.592 35.386 -22.73 + 0.08 
. 
17.024 16.581 

F 40.970 27.279 - 9.62 -29.61 30.106 22.928 

M 40.343 25.787 -11.32 -37.11 30.106 22.928 

A 37.283 29.233 -20.46 -20.94 10.703 13.178 

M 29.875 21.397 -50.33 -65.24 10.874 113.388 

37.066 29.061 -21.17 -21.66 8.243 --8.698 

45.521 38.252 + 1.33 + 7.56 8.396 6.005 

A 44.372 37.233 + 1.21 + 5.37 3.349 1.277 

s 69.972 54.571 +35.29 +35.2C! 22.992 14.4.53 

0 69.416 44.158 +35.51 +19.91 21.547 14.275 

N 35.648 34.781 -25.99 - 1.65 2.853 l.. 189 

D 54.908 47.151 +13.47 +25.59 3.852 3.422 

TOTAL 538.96 424.289 248.43 269.92 170.045 138.322 

MEAN 44.913 35.357 20.70 22.49 14.170 11.526 

MEDIAN 40.671 35.083 20.46 21.66 10.788 13.283 



623 

SEASONAL LABOUR INPUTS, FORTH VALLEY, 1840 
(man-days) 

TOTAL LABOUR INPUT PLOUGHMANS LABOUR INFUT 

MONTH CARSE DRYFIELD' % DEVIATION CARSE DRYFIEI@ 

1 67.84 11.82 +41.65 -80.68 21-39 11.82 

F 27.25 29-72 -43-09 -51.43 27.25 29-72 

m 64.69 108.02 +35.08 +76-50 30.46 50-57 

A 38.83 64-72 -18.91 + 5.75 24.46 40-57 

m 65-53 109.22 +36.83 +78.46 22.80 38.00 

1 43.02 118.40 -10.16 +93.46 13-50 36-50 

1 54.42 118.40 +13.63 +93.46 27-00 20.00 

A 77-04 67.60 
. 
+60.86 +10.45 24.42 15-00 

s 42.66 67.60 -10.92 +10.45 6.00 10.00 

0 25.48 11.82 -46-79 -80.68 15-99 1.96 

N 25.48 11.82 -46-79 -! 80.68 15-99 1.96 

D 25.48 11.82 -46-79 -80.68 15-99 1.96 

TOTAL 574-78 734.47 411-50 742-68 262.04 248.23 

MEAN 47.89' 61.20 34.29 61.89 21-83 20.68 

MEDIAN 42.84 66.15 42-37 79-53 22.90 17-50 
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APPENDIX F: LABOUR INPUTS, BENGAL 

The labour inputs for each region were calculated 

by using the acreage figures for each of the seven major- 

crops and the labour inputs given in Table. 2.30. 
t 

LABOUR INPUTS N&E BENGAL, 1890-1914 
(000 Mandays) 

Crop Acres(OOO) Labour Inputs 

(1) (2) (3) - (4) 

Rice 9913-75 9951.0 956-97 960-57 
Wheat 248.5 73.5 - 9.67 2.86 
Pulses 1704-75 976.5 61-37 35-15 
Oilseeds 1450-75 1447.5 78.29 78.15. 
Jute 1810.0 2231.0 253-91 311-73 
Sugar 344-75 125.0 60.21 21-83 
Tobacco 355.0 271.5 83-90 64-17 

Total . 15827.5 15076.0 1503-32 
_1474.46 

Sources: K. L. Datta, Report on the Enquiry into the Rise 
of Prices in India (Calcutta, 1914) vol. 3. 

Notes: (1) Acreage, 1890-94 

(2) Acreage, 1910-12 

(3) Labour input, 1890-94 

(4) Labour input, 1910-1 2 
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LABOUR INPUTS S&W BENGAL, 1890-1914 
(000 Mandays) 

Crop Acres Labour Inputs 
(2) (3) (4) 

Rice 12895-75 13678.0 1244.82 1320-33 

Wheat 183.0 67.5 7.12 2.62 

Pulses 1575-75 1101.5 56.72 39.65 

oilseeds 799.5 544.5 43-14 ý29-38 
Jute- 249.5 501 34.86 70-00 

Sugar 260-75 112.5 45-5.4. -, ý-. 19.66 

Tobacco 79.0 48.0 18.67 11.34 

Total 16043.25 16053.0 1450-87 1492.98 

Sources: K. L. Datta, Report on the Enquiry into the Rise 
of Prices in 

- - - 
India, (Calcu tta, 1914 ), vol 

pp. 298 - 3 05. 

Notes: (1) Acreage , 1890-94 
(2) Acreage , 1910'12 
(3) Labour input, 1890-94 

. (4) Labour input, 1910-12 
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Appendix G 

The quantitative data in Figure 4.1 on the 

size and distribution of the surplus derives from the 

returns made under t, he District Road Cess Act of 18711. 

The Act empowered District Committees set up under the 

chairmanship of the district Collector to tax all those 

paying or receiving rent over Rs. 100(ElO) a year. 

-_ - All interests were classified into three groups: 

"Estates" or private proprietors, "tenure-holders", which 

included all other ipterests in land paying over E10 a 

year in rent, and "cultivating ryots" or those cultivating 

land who paid less than E10 yearly in rent. Information- 

on all paying on annual rent of over E10 was-obtained direc- 

tly by private declaration. Information on the value of 

rents paid by those paying under E10 was obtained. by'the 

Collector from summary valuations, while information on 

thier numbers was obtained by extrapolation from the re- 

turns made by private declaration 2 

1. Act No. X B. C of 1871, in Bengal Acts, (1873-74). 

2. Benqal Statistics Proceedings, vol. 181, (1873). 
Road C_ess Statistical No. 2400, Asst. Secy. Govt. 
Bengal - Sec. Board of Revenue, L. P., 22 August 1873. 
File 34-1, pp. 221-224. 
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How reliable are the results? The statistics 

certainly underestimate the absolute level of the agri- 

cultural surplus. Many zamindars and tenure-holders 

presumably evaded declaring the real extent of their in- 

come to avoid taxation. Moreover, the agricultural, 

surplus quantified by the Act was. "The annual value of, land" 

defined as "The total rent which-is paid, or if no--, rent 
. 

is tictually paid, would be reasonably expected to be 

payable during the year by all the cultivating ryots 

thereof, or by other persons in actual use and, occupation 

thereof" 
3. Hence, the Act took no account of illegal 

cesses paid by raiyats over and above their legal rent. 

Finally, the rates by which Collectors-summarily valued 

the. ir districts were deliberately kept low. "This being 

the first introduction of a road cess", wcote one Collector, 

'it was considered expedient to impose a very low rate of 
4 

valuation in order to avoid objections... Others took 

the same precaution. Subsequent valuations increased the 

rate, but such increases did not reflect a rise in rents. 

A large proportion of the agricultural surplus 

thus went unrecorded. In Purnea., districti. the returns 

of, over 200 estates were marked up by the Collector to 

include illegal cesses. An abwab. called babut or algee 

Act X B. C. 1871, *111, 
p. 59. 

4. BengalFinancial Proceedings, vol. 2036 (1883). Road 
Cess H. J. S. Cotton - Secy. Covernment of Bengal, 
15 December, 1882. 
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varying from 4-8 annas in the rupee, or 25-50% of the 

rental, was paid by every raiyat to his superior tenant- 

holder. But the Board of Revenue frostily pointed out, 

"The fixed policy of the legislature, as well as of the 

executive government (is) to discourage such payments, and 

as far as possible, to ignore them... recognition of the 

babut for purposes of cess valuation will be, 'to give color 

to the exaction from the ryots... " and instructed the 

hapless Collector to revise his estimates. Nor was Purnea 

unique. The Board recognised: "That such cesses are, 

paid more or less every district is no new thing; nor do 

those described as in vogue in the Purneah district differ 

,, 5 in character from those known to exist elsewhere On 

average, therefore, the Road Cess statistics may understate 

the real rental by 37.5%. 

Again, deliberate undervaluation by Collectors 

was substantial. In Dacca district, the rate for summary 

valuation was fixed at 8 annas per bigha (3/- per acre) 

for cultivated land, from which deductions of 25-50% were 

made depending on the extent of waste and uncultivated land 

in each estate. In 1879, when land was revalued, the rate 

was fixed at 12 annas per bigha, (4/6d per acre), but this 

was again a very moderate assessment. The Collector wrote: 

VI 5. Bengal Financial Proceedings, vol. 1654 (1881). Road 
ol 

. 
Cess and Miscellaneous. C. Macaulay - Secy. Board 
Revenue. 26 May, 1881, p. 3. 
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"I am convinced that no culturable land can be obtained 

except perhaps in the jungle tracts in the north of the 

district for any rent nearly so low as twelve annas per 

beegha, though land may be held by prescriptive right at 

lower rates" 
6. Altogether, over 71000 estates covering 

one sixth of the district were valued at far less than 

their real rents. 

We have, therefore, used the relative proportions 

by which the surplus was divided among the different tenure- 

holders rather than the absolute figures. 

6. Bengal Financial Proceedings, vol. 2036 (1883). Road 
Cess Offg. Collectorl Dacca - Commr. Dacca, 9 Sept. 1882. 

d 
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DISTRIBUTION OFýSURPLUS AMONG TENURE-HOLDERS, BENGAL 1870 

M 

TENURE , BURDWAN JESSORE -DACCA PURNEA 

First grade 76.45 58.95 87.92 79.70 

Second grade 18.08 30.96 12.07 19.41 

Third grade 5.06 8.33 - 0.86 

Fourth grade 0.36" 1.61 0.09 

Fifth grade 0.02 0.11 

Sixth. grade 0.01 

Total 99.97 99.97 99.99 100.06 

Sources: Burdwan: Bengal Financial (Statistics) Proceedings, 
vol. 892. (1876)-, Pp. 389-390. 

Jessore: ibid, pp. 581-583. 

Dacca: Bengal Financial (Statistics) Proceedinqs, 
vol. 182, (1875). Miscellaneous, 
pp. 151-154. 

Purnea: ibid, Colln. 3/90. 
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Appendix H: Capital Formation 

Views differ as to what constitutes capital 
1 formation in agriculture Certain inputs like fertil- 

iser have a dual nature. Is expenditure on lime a part 

of operating costs (variable capital) or are they fixed 

capital since they do not yield their full return within 

one year? Here lime and all outlays on buildings, roads, 

houses, has been included as fixed capital. Since re- 

pairs could not be separated from additions to existing 

capital stock, except in one case, net capital formation 

is unknown. 

4 

B. A. Holderness, "Capital Formation in Agriculture" 
in J. P. P. Higgins and Sidney Pollard, (eds. ) 
Aspects of Capital Investments in Great Britain, 

_ 1750-1850, (London, 1971 )f ch. 5. 
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1. Montrose Estates, 1740-1770. 

DATE RENT ýý FIXED CAPITAL GROSS CAPITAL %GF 
E S----d -E -s -d - E- s --d 

1741 26416 18 7 

2 44616 11 2427 10 5 2819 14 5 6.31. 

3 50316 3 9 1484 15 6 1653 13 6 3.28 

4 49618 12 8 

1745 51050 13 8 2 11 74 2 -4 0.14 

6 '4002 3 4 

7 5026 4 9 199 5 2 324 1 1 6.44 

8 4115 0 7 

9 4677 11 3 21 7 1 56 11 10 1.19 

1750 3962 17 1 9 8 0.22 

1 na 200 1 338 4 2 
2 4290 6 7 

3 
. 
5000 18 3 117 15 5 207 15 11 4.14 

4 4450 6 1 

1755 5425 9 6 341 13 2 415 11 4 7.12 
6 5190 6 5 

7 5614 18 6 319 15 6 371 3 1. 6.60 
8 4609 1 11 9 16 36 4 3 0.78 
9 4425 14 529 15 11 718 18 8 16.22 

1760 4726 44 9 

1 4861 11 146 8 6 290 19 10 5.96 
2 4677 8 2 

3 4683 7 5 930 5 10 997 14 8 21.28 
4 na 

1765 4672 19 10 

6 5454 11 4 455 2 482 8 7 8.83 
7 5.117 9 1 

8 5340 4 2 327 1 1 327 1 1 6.12 
1769 6028 7 2 332 1 370 15 6.13 

Source: Scottish Record Office. 
Montrose Muniments,,, -'Factor's Accounts 1-741-1753. 
G. D. 220.6.49; Factor's Accounts, 1753-1772, GD 
220,6.5o. 
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Notes: 

Rents are totals of annual rents, plus 
'rests', for Lennox, Kincardine, Mugdock, 
Menteith and Buchanan estates. 

(2) Fixed capital includes expenditure on new, 
buildings, enclosure, drains, and bridges 
on above estates. 

(3) Gross capital is fixed capital plus expend- 
iture on repairs. 

(4) All values in pounds sterling. 

cS 
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2. Stirling of Keir estates. 1763-1800 

DATE RENTS GROSS CAPITAL % 

E s d E s d 
1763-4 625 1 3 101 5 6 16.16 
1764-5 670 9 139 12 5 20.74 
1765-6 976 5 3 297 10 6 30.43 
1766-7 875 7 4 268 12 4 30.62 
1767-8 9ý5 8 3 171 5 8 17.72 
1768-9 939 9 10 247 14 10 26.30 
1769-70 lQ36 6 11 191 5 18.43 
1770-1 1035 16 4 373 8 36.03 
1771-2 1027 12 4 190 1 11 18.50 
1772-3 1027 12 4 365 7 35.54 
1773-4 1058 14 9 366 19 8 34.59 
1774-5 1021 6 9 532 19 9 52.10 
1775-6 1084 3 11 400 9 6 36.90 
1776-7 1104 2 11 668 4 1 60.50 
1777-8-' 1117 4 1 651 3 3 58.28 
1778-9 1129 4 1 626 10 3 55.44 
1779-80 1164 15 7 670 10 1 57.56 
1780-1 1169 12 1 649 1 10 55.51 
1781-2 1454 11 1 618 ' 16 11 42.50 
1782-3 1504 7 1 235 12 8 15.62 
1743-4 1539 1 582 19 9 37.81 
1784-5 1599 8 1 253 15 10 15.82 
1785-6 1755 7 1 30 6 6 1.70 
1786-7 1619 8 7 44 19 9 2.71 
1787-8 1648 7 7 59 14 3.64 
1788-9 1631 2 7 25 15 6 1.53 
1789-90 1633 2 7 2 0.12 
1790-1 1637 4 '7 3 7 6 0.18 
1791-2 1637 4 7 2 5 0.12 
1792-3 

1793-4 

1794-5 

1795-6 1806 16 7 41 3 10 2.67 
1796-7 

1797-8 1806 3 1 5 0.27 
1798-9 2031 11 7 33 1.62 
1799-00 2533 4 9 0.19 
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Sources: 

Stirlings of Keir and Cawder Muniments, 
I Strathclyde Regional Archives. Keir factors 

cash accounts, 1758-1782. T-SK. 20.4 
Keir factor's cash accounts 1783-179@, T-SK. 20.5. 
Keir estate rental 1794-1801. T-SK. 20.6. Keir 
estate rental, T-SK. 20.7. 

Notes: 

(1) Rents are totals of cash rents 

(2) Gross capital formation is expenditure 
,, marked "improvements". 

(3) All values in pounds sterling. 
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3. Grahams of Airth estate, 1750-1832. 

DATE RENTS GROSS CAPITAL % 

1750 1428 14 9 

1751 

1754 19903 -15 7 

1755 10711 16 6 

1783 1577 19 8 82 17 6 5.19 

1784 1219 19 7 

1787 1281 8 

1788 1206 6 4 

1789 1371 16 10 

1790 1320 7 9 

1791 1362 3 1 

1792 1586 13 3 

1793 1564 8 6 165 10 10.57 

1794 1636 13 3 25 11 1.52 

1795 1676 8 1 34 1 2.02 

1796 1656 14 3 66 6 5 3.98 

1797 1461 11 9 

1798 1478 1 1 

1799 2072 11 5 1149 1 3 57.38 

1800 2660 2 8 2074 1 77.96 

1802 2140 15 8 211 1 2 9.85 

1803 2330 14 260 5 5 11.15 

1805 2585 8 8 964 11 4 32.29 

1809 3178 9 3 2008 16 9 63.18 

1810 2575 4 5 

1813 3073 10 10 225 2 1 7.07 

1816 3370 13 2 

1818 3270 13 249 10 7.61 

1822 3118 3 221 1 4 7.08 

1826 4037 16 ill 2 2.74 

1828 4195 13 

1832 3719 9 

Sources: Grahams of Airth Pa pers, National Libr ary of Scot- 
land. Rentals 1724 -1790, Mss. 10801. Rentals, 
1791-1832, Mss . 108 02. Huttods Accounts and vouch- 
ersf 1819-32, Mss. 10868. 1 
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Notes: 

Rents are cash and produce rents 

(2) -Gross capital includes expenditure on 
building, repairs and lime. 
1783: Receipts for estate expenditure, 
1783-6. Mss, 10882. 

_1813,1817,1818,1822,1823,1826. Receipts 
for estate expenditure, 1807-48, Mss. 108b4. 

(3) All values in pounds Scots. 
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APPENDIX I: PRICES 

PRICE INDEX INPUTS, FORTH VA=, 1760-1840 
(1760-64 = 100) 

DATES 1 2 3 

1760-64 100 100 100.00 
1765-69 - - 89.47 
1770-74 150 126 91-05 
1775-79' - - 105.78 
1780-84 134-73 
1785-89 - - 110-05 
1790-94 241 153 101-05 
1795-99 - 137.89 
1800-04 126.84 
1805-09 - - 126-31 
1810-14 566 186 126.84 
1815-19 534 157 114.21 
1820-24 543 163 102.10 
1825-29 549 169 93-15 
1830-34 544ý 164 92.63 
1835-39 554 174 

. 

86.84 

Sources: (1) Unmarried plou&nan. See Table 4.8, 
coliimn (2) Basep F, 6.16s 4d. Erskine, 
General View Clackmannanshire, P. 73. 

(2) day labourer. See Table 4.81 column (3). 
Base, 7.5 pence. Erskine, ibid. 

(3) B. R. Mitchell and P. Deane, Abstract 
of British Historical Statistics, 
(Cam ridge, 11)623, p. 455. Base, 4.820,16. 
(Interest rate on consolidated stock) 

L 



644 

OUTPUT PRICE INDEX, FORTH VALLEY, 1760-1840 
(1760-64 - 100) 

DATES 1 2 ý5 4 5 6 

1760-64 100 100 100 100 100 100 

1765-69 122 120 122 120 124 127 

1770-74 127 125 127 125 137 119 

1775-79 104 101 104 101 116 89 

1780-84 128 128 131 127 128 126 

1785-89 120 115 124 118 133 107 

1790-94 142 131 148 144 144 124 

1795-99 174 161 168 161 200 166 

1800-04 204 188 212 201 233 213 

1805-09 226 206 216 ý08 243 232 

1810-14 219 208 235 228 252 203 

1815-19 210 198 223 208 
-224 

202 

1820-24 161 152 167 161 173 159 

1825-29 191 161 200 182 184 187 

1830-34 148 149 164 133 159 143 

1835-39 182 185 177 172 154 142 

Source: Stirling Fiars Prices, Scottish Record Office. 

Notes: (1) 
(2) 
(3) 
(4) 
(5) 
(6) 

Carse oats, Base LO. 647. per quarter. 
Dryfield oa ts, Base &0.630 per quarter. 
Carse barley, Base 90-886 per quarter. 
Dryfield barley, Base 0.877 per quarter. 
Wheat, Base E1.391 per quarter. 
Peas and beans, Base Z1.010 per quarter. 
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OUTPUT PRICE INDEX, BENGAL - 
(1871-75 = 100) 

1870 - 1914 

DATE RICE WHEAT GRAIN OILSEEDS JUTE SUGAR TOBACCO 

1871-75 100 100 100 100 loo. - 100 100 

1876-80 118' 110 118 - 110 - - 
1881-85 101 98 95 96 

1886-90 109 103 99 - 128 - - 
1891-95 134 121 112 143 146 156 216 

1896-00 142 133 132 153 139 171 237 

1901-05 146 124 121 158 153 1'74 253 

1906-10 230 147 186 194 207 211 324 

1911-15 228 141 169 222 290 200 271 

Sources: (1) -Rice 1871-1905', ' A. S. "ll. A. -'Hussein, A Cluantitative 
study of price movements in Ben5al during the l8th 
and V)th centuries, ý15h. D. SOA61 Table T. 7-, 
pp. -Ibo-lbi. 

* 
base = 2.064 Rs. per maund). 

1906-1914, Wages and Prices in India, 24th issue. 

(2) Grain. 1871-1905, Hussein, Op. cit. -, Table A96; 
pp. 371-372. 
1966-1914, K. L. Datta, A Report on the EnSLuiry into 
the Rise of Prices in India, (Calcutta, IL)14), Vol. 2, 
pp. 136-14Y. 

(3) Jute. M. Wazid Ali, Jute in The Agrarian Economy of 
Bengal, 1870-1914, (M. Litt%, G1 gow, 1977),. 
Appendix Table 11 pp. 223-224. 

(4) Wheat. 1871-1905, Hussein, ibid,. ý 1906-1914, 
Dattal ibid. 

(5) oilseeds. 1870t W. Hunter, A Statistical Account of 
Bengal, vol. 2, pp. 244,246. (Jessore7-. Base Rs. 
2.79 per maund. 

(6) Sugar. 1870, Gopal Chandra Dass, Report on The Asrric- 
ultural Statistics of Rungpore for the year 1872-73. 
(Calcutta, 1874), pp. 23-24, (base = Rs. 2.75 per - 
maund. 
1906-1914, Datta, ibid. 

(7) Tobacco. 1870, W. -Hunter, op. cit., vol. XV, p. 290, 
(base = Rs. 3.50 per maund)'. 
1906-1914, Datta, ibi-cl-. 
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WAGES INDEX, BENGAL, 1870-1914 
1871-5 = 100 

DATES LABOURER PLOUGHMAN 

1871-75 100 100 
1876-80 109 - 
1881-85 114 

1886-90 117 
1891-95 114 170.43 

1896-00 131 185.43 

1901-05 136 196.43 
1906-10 163 220.43 

1911-15 179 253.43 

Sources: Labourer: 
1871-1905: A. A. M. A. Hussein, 
A quantitative study of -orice move- 
ments in Bengal during the 18th and 1-9-thcenturies", (Ph. D. SOAS, 19? 7)1 
Tabie -J*ZP, pp. 102-3. Index is mean 
of 8 districts (Dacca, CHittagong, 
Barisal, Syhlhet, Ranger, Dinajpur, 
Murshidabad, Burdwan). 1905-1914: 
K. L. Datta, A Report on the Enquiry 
into the 

- 
Rise-of Prices in India, 

(Calcutta, 1914), vol. 3, pp. iST- 
651 74-75. 
Ploughman: 1870, Ramshunker Sen, 
Report on the A ricultural Statistics 
of Jhen: Ldah, Magurah, Bagirhat, and T -b-Divisions, District of SunderDuns Sii 
Jessor, 18? 2-73, (Calcutta, 1 
p. 1U, ýbase = 2.75 monthly 
1891-1915, Datta, ibid. 

ol 

,VT 

IIIk 

Jil 

khý tý, 
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APPENDIX J: BENGAL RENTS 

Statistics of raiyati and korf a rents in Bengal 

were collected from the Settlement Record Rooms of Dacca. 

and Khulna district in Bangladesh and Burdwan in West 

Bengal during 1980. For a detailed description of the 

material available inthese archives, see my Overseas 

Fieldwork Report on Trip to India and Bangladesh: M-3,7- 

September, 1980, available from the Social Science Re- 

search Council, (U. K. ), kept on internal file H. G. 

113/19/6. 

The method adoptedfor calculating rents -was to take 

a sample of mouzas from each thana or pergana. The mouzas 

may be identified by their jurisdiction list number. 

The rents for each mouza, were given in the village notes 

compiled-for each mouza during the settlement operations, 

expressed in rupees per bigha. They were converted to rents 

per acre using the nal measure given either in the village 

notes (Burdwan) or in separate records (Dacca). Finally, 

the figures were converted to sterling using the conversion 

rate of 1 rupee = 24 pence. 
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THANA JL NO. KORFA RAIYATI 

KALAROA 2 509-09 290.90 
7 145.45 '? 2.72 
8 197-52 101.46 

17 390-90 218.18 
21 436-36 345.45 
46 418.18 272-72 
49 125.80 53.22 
63 160-97 95.12 

MEAN 298-03 181.22 

DAMURIA 10 193-54 101-75 
70 119.27 67.34 
71 77.41 38-70 
73 97-95 61.22 

132 106.43 67-74 

MEAN 118.92 67-35 

MOLLAHAT 4 105.87 70-58 
18 88.23 91-17 
na 82.34 67.64 

MEAN C)2.14 76.46 

RAMPAL 34 573-91 270.65 
43 143.47 94-56 
61 135.48 87.09 
61 116.12 67.73 
85 323.07 230-70 

MEAN 258.41 150-15 

Source: Settlement Record Room, Khulna Collectorate, 
Khulna District, Bangladesh. 

Notes: Values in pence per acre. 
raiyati rents refer to raiyats under gantidars. 
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Pargana rates in two districts, Dacca and 

Burdwan, were compared using the dttta. 
_collected 

in the 

1870's, with the rates recorded by Settlement officers 

in 1900 and 1920. Hunter's Statistical Account of 

Bengal published the rates in Burdwan for each pargana. 

These were mapped following the', pargana boundaries rec'ord- 

ed by the Revenue Survey in the 1850's. No similar break- 

down by parganas is available for Dacca. Instead, the 

district was divided into four without specifying which 

parganas. belonged in each quarter. We, therefore, calcul- 

ated rents by thanas, using the classification given in the 

Settlement Report: North: all thanas north of Ganges and 

East of Lakshya (Kereniganj, Kapasia, Sabhar); South: -all 

thanas south of Ganges (Muushiganjl Srivigar); East: all 

thanas east of Lakshya (Raipura, Rupganj); West: thanas 

I-janikganjl Sealo, Harirampur, and Nawabganj. 
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DACCA RENTS, 1900 

THANA . 
JL NO. RENT THANA JL NO RENT 

KERENIGANJ 232 51.0 
235 48.0 
226 48.0 
200 35.25 

, 
50 48.0 
42 85.5 
55 69-75 

KFAN 55-02 

KAPASIA 262 156.81 
ý77 103.5 
282 103.5 
37ýý 

. 
79.41 

390 70-58 
371 59-55 
284 57.0 
292 72.0 

MEAN 75.29 

MUNSHIGANJ 119 114.0 
24 241.92 
22 360.0 
15 139.46 
87 75.6 
89 45.45- 

104 96.0 
112 144.0 
240 96.0 

44 112 1 .o 
MEAN 145-64 

SRINIGAR 3 42-39 
a 158.82 

10. a 29.34 
10. b 32.60 
93 27.00 
57 32.60 
67 117-39 

MEAN 62.87 

soum'.. 104.25 

RAIPURA 309-c -31.5 
322 22.5 
404 86-35 
418 99.26 
411 72-85 
306. a 31.5 

MEAN 57-32 
NAVAYANGANJ 12 58.5 

13, 48.0 
20 90.0 
22. a 76.5 
22. b 58.5 
22. c 49.5 
14 54.0 
29 124.99 

395. a 120.0 
433 14-7.0 
146. a 97.5 
146. b 73-74 
146. c 69.99 
142 97-99 
438 

-55.5 23. a 75.0 
23. b 90.0 
23. c 135.0 
23. d 120.0 
23. e 60.0 

128 79-99 
214 51 
145 75.62 

MEAN 85.63 
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THANA JL NO RENT MANIKGANJ 291 92-30 

RUPANJ 134 45. o 240 60.0 

142 82.5 255 60.0 

146 90 282 47-36 

179 71.25 273 47-306 

223 90.0, -277 51-31 

528. a 46-87 MEAN 59.72 

528. b 30-93 SEALO 372 90.0 

_., 
528. c 96-56 399 75.0 
542. a 77.27 412 40.90 
542. b 72-72 430 46.87 

531- 91.5 402 32.92 

-538 - -60.0 355 40-38 
541 60.0 314 41.86 

399 63.46 

MEAN 70-35 362 51.92 

EAST 71.1 MEAN 53-70 

HARIRAMPUR 3 36.0 

42 19-73 
47 45.0 
50 45.0 
52 27-0 
18 42.0 
66., a 41-17 
66. b 54.41 
66. c 52.94 

MEAN 39.02 

HAWABJANJ 32 26.08 
48 32.60 
50 26.08 
23 52-17 

168 33.21 
166 40.99 
162 41.81 

MEAN 36.13 

-WEST 47.14 

I 
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0 

DACCA RENTS, 1870-1900 
(Pence per, acre) 

1870 1900 +% 

North 53.25 65.18 18-31 
South 41.91 104.25 59.80 
East 41.81 '71-10 42.09 
West 42.93 47.14 8.94 
Average 44-97 71-91 32.23 

Source: Hunter, SAB, vol. V, P. 101. 

I 

j 
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BURDWAN RENTS 

PERGANA JLýNO 

AZMATSHAHI 15 
21 

55 
36 

BAGHA 73 

7 
itJRDWAN 

HARlIEE 70 

1 

GOPBHUM 11 

18 

31 
2 

13 
92 

109 

KHANDGHOSH 40 

RANIHATI, 113 

UMBIE: A RAIPUR 81 

92 
52 

SELAMPUR 83 

SENPAHARI 15 

32 

RENT 

58-53 
360.0 
270.0 
210.0 

204.87 
204-87 

159 '99 

210.0 
165.0 

327.26 
399-99 
327.26 
230-76 
234.14 
233-33 
300.0 

330.0 

163.63 

187.5 
187.5 
150.0 

290.90 

234.15 
146-33 
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BURDWAN RENTS, 1870-1920 
(pence per acre) 

IT R-GM 1872 1920 -0/0 

1 Azmatshahl 216.0 224.63 +3-99 
2 Bagha 198.0 204.87 +3-36 
3 Burdwan 168.0 178-33 +5.8 
7 Gophbh= 288.0 293-24 +1.81 

8 Havilee 168.0 178-33 5.8 

11 Khandghosh 283.0 330.0 +12-73 

14 Ranihata 168.0 497.72 +196.26 

16 Selampur 101.25 290.90 +65.2 

17 Senpahari 117 190.24 +62.41 
21 Umbika Raipur 168 497.72 +196.26 
Mean 188. )2 288-59 +53.48 

Source: Hunter, SAB, Vol. 1V, pp. 87-92. 

Rents in Dacca district (N &E Bengal), thus rose 
by . 668916 per annum between 1870-1900, and by 

475% per ann= in Burdwan district (S. &- W Bengal), ietween 1870-1920. 

I 
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APPENDIX K: WEIGHTS FOR LABOUR INPUTS 

I 
Labour inputs Carse and Dryfield farms, 1760-1840. 

The average size of farms on the carse was taken 

as 36 acres, and 60 acres on the dryfield. The weights 

for each crop in 1760 were as given in Chapter 5, Section 2: 

Crop 

Oats 
Barley 
Peas and beans 

Carse (acres) 

12 
12 
12 

Dryfield (acres) 

24 
12 

The total labour inputs for both farms in 1760 

were calculated using the labour inputs given in Appendix D: 

Total Labour inputs 1760 (mandays). 

Crop Carse Dryfield 

Oats 215-76 418.32 

Barley 403-56 395-88 

Peas & beans 257-76 - 

Total 877-08 814.20 
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APPENDIX K: " WEIGHTS FOR LABOUR'I=TS 

(cont. ) 

The weights for each crop in 1840 were calculated 

using the standard six course rotation used on the'carse, 

and the rotation used on the dryfield: 

Crop Carse (acres) 

Oats 6 

Barley 6 

Peas & beans 6 

Rye grass/clover 6 

Summer fallow 6 

Wheat 6 

Pasture - 

Dryfield (acres) 

10 

10 

10 

10 

20 '- 

The labour inputs for both farms in 1840 were, cal- 

culated using the labour inputs given inAppendi-. -c D and 

Table 2.31. 



657 

TOTAL LABOUR INPUTS 1840 (MANDAYS) 

crop Carse 

Oats 75-54 

Barley 134-52 

Pease & beans 88.74 

Ryegrass/clover 88.80 

Summer fallow 60.24 

Wheat 143.82 

Pasture, - 
Total 71-. 6-6 

Dryfield 

122-30 

220.60 

147-90 

148.00 

Thus, in the Forth Valley, total inputs on both carse 

and dryfield farms fell during between 1760-1840, by 4891o 

on the carse and by 27% on the dryfield. The substitution 

of turnips (27.48 mandays per acre) and potatoes (36-70 

mandays per acre) for summer fallow, on the carse and peas 

and beans on the dryfield gives these alternative results: 
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TOTAL LABOUR INPUTS 1840 (MANDAYS) 

Crop Carse Dryfield 

Turnips 164.88 274.80 

Potatoes 220.20 367-00 

Other 531.42 490.90 

Total and Turnips 696.30 765-70 

Total-and P6. tatobs 751.62 857-90 

Even with the introduction of turnips into the 

rotation, labour inputs on both carse and diýyfield farms 

remained below 1760 levels. Only with the introduction of 

potatoes on the dryfield was then an absolute increase 

(+501o) in labour inputs. 

10 
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WEIGHTS FOR LABOUR INPUTS, BENGAL 1870-1914 

I The weights for each crop in Bengal in'1870 and 

for each region in 1890 are' shown below: 

(3) (5) 

Crop 1870 1890 1890 

M 

Rice 64-93 60-57 75.16 

Wheat 3.37 1.44 1.03 

Pulses 22-07 8.63 8.12 

oilseeds 4.73 9.00 4.52 

Jute 1.99 11.29 1.42 

Sugar 2.42 2.10 1.44 

Tobacco 0.47 2.20 0.45 

Total 99.98 95.28 92.14 

Sources; (1) Ben5al Statistics Proceedin 
- gs, Vol. 892, 

(18'16) , Coiin. 1-1971z3 . 
(2) K. L. Datta, Report on the 

- - - - - 
Enýuirýr into 

the Rise of PrIce n7la, ýOalcutta, s 1 n I 
Vol_ : ý, pp. 2C)6-501. 

(3) Lbid, Vol. 3, PP. 302-305. 

Notes: (2) and (3) are percent of total cropped 
are a. 
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These crop weights were then used to calculate 

labour inputs of ploughmen and labourers on a five acre 

farm, using the labour inputs given in Appendix E. 

Man-days per acre) 

1870 1890 (N&E), -'. ' '1890(S&W) 

Crop (1) (2) (3) (4) (5) (6) 

Rice 42.06 20.61 39.23' 19.22 46.68 23-85 

Wheat 0.74 0.56 0.31 0.24 0.22 0.17 

Pulses 3.31 4.63 1.30 1.82 1.21 1.70 

oilseeds 1.13 1.41 2.16 2.69 1.08 1.35 

jute 2.28 0.49 12.97 2.79, 1.63 0.35 

Sugar 3.55 0.67 3.08 0.58 2.11 0.40 

Tobacco o. 64 0.46 3.00 2.18 0.61 0.44 

Total 53-71 28-83 62-05 29-52 54-54 28.26 

Notes: (1) Labourer (4) Ploughman 
(2) Ploughman (5) Labolarer 
(3) Labolarer (6) Ploughman 

APPENDIX L: FACTOR SHARES, FORTH VALLEY 
A 

Factor shares were calculated from published farm accounts. 

, 
original farm accounts were not used since, as Graham wrote of 

farmers in the Forth Valley, "almost none of them keep regular ac- 

co, ants of their affairs, or can give any account of them"'. 

Patrick Graham, General View of Stirling, (London, 1812), p. 105, 
For the problems of using farm accouHts see E. J. T. Collins, 
"Historical Farm Records", Archives, Vol. 7, (1966), pp. 143-1491. 
& E. L. Jones and E. J. T. *Co=a-. ns, "The Collection and Analysis 
of Farm Record Books", Journal of Society of Archivists, Vol. 3, 
(1965-69), pp. 86-89. 
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Published accounts present budgets for real or hypothetical 

farms. Contemporaries objected that "to publish (farm ac- 

counts)-as agricultural-facts, would be an insult to reason, 

experience and verac ity,, 2. Certainly, farmers were reluc- 

tant to divulge their incomes3. Yet, while some of the 

accounts may have been doctored to-win sympathy from poli- 

ticians, enough data survives to permit intelligent cross- 

checking. Given the differences between regions and between 

farms, the accounts display a considerable degree of con- 

sistency. 

I 

James Macdonald, General* View of the Aý=iculture of the 
Hebrides , (Lond 

3. Sinclair, Materials, P- 
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FACTOR SHARES, SCOTLAND 1760-1830' 

(i Sterling) 

NO. DATE CAPITAL LkBOUR RENT 

1 1760 73.61 66.68 100.0 

2 1809 354.68 302.0 1080.0 
3 1810 232.45 330-0- 360.0 

4 1810 512.72 603.3 1520.0 
5 1810 232.45 330.0 360.0 

6 1810 180.22 198.0 180.0 
7 1810 172.47 188 252 

8 1812 '21.00 34-35 14.0 

9 1812 144-77 '205.0 80.0 

10 1814 531-99 565-91 1200.0 

11 1814 469.86 513.87 900.0 

12 1814 438.2 603-75 900.0 

13 1816 394-91 553.0 518.34 

14 1831 663-37 865-34 1000.0 

15 1856 283-44 220.0 837.27 
16 1836 290.01 476.0 762.0 

17 1836 -291-58 415.2 790.0 

Sources: (1) Alexander Wedderburn, EssM upon the Question, 
What Proportion of the Produce Of ARABLE LAND 
ýýt to be paid as RENT to the LANDLORD7. 
(Edinburgh, 

(2) Sir John Sinclair, Materials collected for 
Drawing up an Account of the Husbandry of 
9-c-otiand, ýLondon, 1810), pp. '14j. -I42. 

(3) ibid', pp. 174-175. - 
(4) Andrew Whyte and Duncan Macfarlan, General 

View of Agriculture in the Countr o-f-Tu-n- 
barton, (London, 1811), pp. 

(6), (7), ibid. 
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John Henderson, General View of Agriculture 
in the County'o: ý Caithness, ýLondon, 
pp 4'/ -, -1+ . 

ibid. 

(10) Anon, "Estimate of the expence of cultivating 
grain in Scotland" , Farmers Manazine, 
vol. 15, (1814), No. LV111, pp. 139-140. 

'k es Sir John Sinclair, 
' 
General Reýort of the 

Agricultural State, and Polit ical Circum- 
stances, of Scotland, -wn up or he an 
Consideration of the Board of Agriculture 
and Internal ILýa2rovements, (Edinburgh, 1814), 

51 pp. 2bj-ýýbb. 

(12) ibid, pp. 276-283. 

(13) Anon, "On the Present State of Agriculture 
in Scotland! '., Farmers Ma5azine, vol. 17, 
(1816) , No. UT-, pp-. 66-68. 

(14) Anon, "On the Capital Required in Farming, 
LuarterlZ Journal of Agriculture, Vol. 39 

No. XXXVill, pp. 457--465. 
(15) Select Committee on Agricultural Distress, 

ParliamentEZ PUers, House of Co=ons', 
Session 18, ýb, vol. 8 (2), pp. 92-93. 

(16) jbid; pp. 124-126. 

(17) j: bid, PP- 151-152. 

Notes: Rentin (15) interpolated according to pre- 
vailing grain rents in Falkirk carse in 1840: 
9.5 bushels of wheat per acre or E2.963 per 
acre, NSA, vol. 8, p. 17. 
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APPENDIX L: FACTOR SHARES, BENGAL 

LABOUR INPUTS BENGAL 1870-1914 
(mandays per acre) 

(1) (2) (3) 
Ploughman 29-52 28.26 34.92 
Labourer 62-05 54-54- 65-07 
Total labour 91-57 82.80 82.54 

Source: Appendix. K, weights labour inputs. 

Notes: (1) N&E Bengal, 1890-94. 
(2) S&W Bengal, 1890-94. 
(3) Bengal, 1870. 

The figures in Table J: 1 show the labour input per 

acre in each region. On a5 acre farm, allowing for double- 

cropping, -the 
total cropped area will therefore- be: 

5.891 (N & E) , 5.517 (S & W). The doluble-cropped area for 

Bengal in 1870 is uýknown. The total labour inputs on a 

acre farm in each region are thus: 
0 

N&Es&w Bengal 
Ploughman 173-90 155-91 174.6 
Labourer 365-53 300-89 325-35 
Total 539.43 456.8 499-95 

These labour inputs were costed as follows: 

Plousl=an's input at 0.25 per day in 1890-94 and at 
0.121 in 1870. 
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Labourer's input at Rs. 0.192 per day in 1870 at 

Rs. 0.25 in 1890-94. Of this, some is harvest labour, 

paid in kind. 

LABOUR COSTS, BENGAL 18'/0-1914 
(Rupees) 

NE 

Ploughman 
Labourer 
Total 

43.47 
91-38 

134.85 

sw 

38-97 
75.22 

114.19 

SEED RATES, BENGAL 

crop Maunds/acre 

Rice . 82 

(2) Whe at -53 
(3) Pulses . 32 

(4) Oilseeds . 32 

(5) Jute . 17 

(6) Sugar 
(7) Tobacco 

Bengal 

21.12 
39-36 
60.48 

kg/acre 

31.68 
20.41 
12.24 
12.24 

6.53 

Sources: (1) Costs and Returns Survey for Bangladesh, 
1=8=7! ýL Crops, vols. 1,111 111, VI 
(Aus, B. Aman, T. Aman, Boro), 

(2), 3), (4) ReZort on Barawan Thana, 'pp, 42-52, ý1 
local seed equals 0--. GF-Fg-). 

(5) Costs and Returns, vol. Vil. 
(6) 2-57% of total value outturn. Reporton 

Barawan Thana, ibid. 
(7) 18.671/o of total value outturn Report on 

Barawan Thana, ibid. 

See also Annual Rezort of the A. 5ricultural DeZartment, Bengal 
1916, (Calcutta, 1917). Appendix IV, p. I-VI Statement show- 
ing the seed rates per acre of the principal crops grown . in 
the province. - 
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SEED COSTS, BENGAL 1870-1890 
(Rs. per acre) 

crop 'N &E S&W Bengal 

Rice 2.327 2.105 175 
Wheat 1.157 1.579 1.45 
Grain 0.741 0.657 0.78 
oilseeds 1.237 1.411 1.12 
Jute 0.649 0.697 0.80 
Tobacco 0.811 0.775 0.09 
Sugar 0.189 0.189 0.45 

Source: Datta, Report, vol. 2, pp. 136-147; Appendix 

RENTS 

Crop NE Sw Bengal- 

Rice 1.320 1.954 1.428 

Wheat 0.008 0.014 0.030 

Jute o. bqq 0.060 0.045 

Sugar 0.061 0.019 0.078 

Tobacco 0.030 0.056 0.009- 

Total 1.518 
. 

2-103 1.59 

Sources: Table 4.16 and acreages from Datta, Report, Vol. 3, 
pp. 298-305, (1890-94). 

Growth rate of rents in NE Bengal was 0.668% per 

annum, giving a rise from a base of 100 in 1870, to 113-36 

in 1890. The growth rate of rents in S&W Bengal was . 475% 

per ann=, giving a rise from a base of 100 in 1870, to 

109-975 in 1890. In both cases, 60016 was added for illegal 
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cases, and 60% added to bring these up to korfa rates. 

The adj usted totals are: L3.995 (NE), E4.437 (SW), 

E3.021 (Bengal). " 

TOTAL COSTS, 1870-1914 

N&E S&w Bengal 

Labour 134.85, 114.19 60.48 
Rent 39-95 44-37 30.21 

Tools 13-01 13-01 13-01 
Seeds 9.986 8.776 7.182 
Ttoal 197-786-- 180.346 110.882 

FACTOR SHARES (%) 

N&E S-& w Bengal 

Labour 68.17 63-31 54,54 
Land 20.19 24.60 27.24 
Capital 11.62 12.08 

_18.21 
Total 99.98 99-99 99-99 
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APPENDIX M: LABOUR PRODUCTIVITY (Q/L) 

Changes in the value of agricultural output 

in the Forth Valley between 1760-1840 were calculated as 

f ollows: 

Value Output (Q), 1760 Value per acre 
W 

Carse oats, 7.07 hl. at El-152 per hi. 8.144 

Carse barley, 7.07 at F, 1-381 per hi. 9.763 

Peas and beans, 9.12 hl. at E0.854 per hl. 7.788 

Dryfield oats, 7.01 hl. at S1.117 per hl. 7.830 

Dryfield barley, 7.07 hl. at Ll-328 per hl. 9.388 

Value output (Q), 1840 Value per acre 
(FI) 

Carse oats, 11.94 hl. at Ll-152 per hl. 13-754 

Carse barley 12.06 hl. at 91-381 per hl. 16.654 

Peas and beans 10.00 hl. at M. 854 per hl. 8.540 

) 

Dryfield oats, 10.14 hl. at 91-117 per hl. 11-326 

Dryfield barley, 10.25 hl. at 91-328 per hl. 13.612 
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Changes in the costs of labour input (L*) 

between 1760-1840 were calculated using the labour 

inputs for each crop in 1760:, 

LABOUR INPUT (L) 1760 

Carse oats 

Carse barley 

Peas and beans 

Ploughman Labourer 

2.25 15-73 

13.22 20.41 

8.56 13.02 

Dryfield oats 2.25 15-18 

Dryfield barley 13.22 19-77 

LABOUR INPUT (L) 1840 

Total Input 
(Mandays) 

17-93 

33.63 
21.48 

17.43 

32.99 

Total Input 
Ploughman Labourer (Mandays) 

C arse oats 1.52 11-07 12-59 

Carse barley 7.25 15-17 22.42 

Peas- and beans 4.71 10.08 14-79 

Dryfield oats 1.48 10-75 12.23 
Dryfield barley 7.20 14-86 22-06 
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The cost of ploughman's labour was E3.00 per annum; 

since 2 were used on an average farm, the total cost was 

9,6.00. The cost of a labourer was 7.5 pence per manday. 

Hence, the cost of labour per acre was as follows: 

VALUE LABOUR (L) 1760 

Carse 1760 (F, ) 

Carse oats ' 2.49 

Dryfield oats 2.63 

Peas and beans 2.40 

Dryfield 1760 (F, ) 

Dryfield oats 3.47 

Dryfield barley 
3.61- 

VALUE LA. BOUR (L) 1840 

Oarse 1840 (Z) Dryfield 1840 (F, ) 

Carse oats 2.34 Dryfield oats 3.33 

Carse barley 2.47 Dryfield barley 

Peas and beans 2.30 
3.46 

The value of Q/L in 1760 was therefore: 

(FI) 
Q L Q/L 

Carse oats 8.14 2.49 3.26 

Carse barley 7.63 2.63 2.90 
Peas and beans 7.78 2.40 3.24 

Dryfield oats 7.83 3.47 2.25 

Dryfield barley 9.38 3.61 2.59 

Weighted according to the relative share of each crop in 

total production. Q/L in 1760 = 9,3-13 (Carse) E2.35 (Dryfield). 
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VALUE Q/L, 1840 (F, ) 

Q L Q/L 

Carse oats 13-754 2.34 5.87 

Carse barley 16.654 2.47 6.74 

Peas and beans 8.540 2.30 3.71 

Dryfield oats 11-326 3.33 3.40 

Dryfield barley 13.612 3.46 3.93 

Weighted accordin g to the relative share of each crop in 

total production, 6JL in 1840 = R, 5.44 (Carse), 9,3.56 
(Dryfield). 

q 
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Output (Q) in 1890-1914 for N&E and S&W 

Bengal was calculated by using the official statistics: 

INCREASE IN LAND PRODUCTIVITY IN BENGAL, 1890-1914 
(thousands of maunds) 

BENGAL(N&E) BENGAL(S&W) 

CROP 1890 1914 1890 1914 

Rice 98755.5 131392.0 168968.25 193122.0 

Wheat 2055.5 785.5 1473.5 774.0 

Foodgr., 'dns 49731.5 74863.0 44015-75 80126.5 

oilseeds 664.4 7559.5 2967.25 2788.5 

Jute 22538.25 28898.0 3131.25 6817.5 

Sugar 11978.0 5205.5 6781.0 4024.5*, -. 

Tobacco 2826.0 446.5 606.5 446.5 

Source: K. L. Datta, R ort on the Enýjuiry into the Rise of 
Prices in In ca, 1914), vol. 

-6, pp. 41 2-3. 

. Output for each region was then expressed in 

1890-94 prices as follows: 

nICES 1890-94 

CROP (Rs. per maund) 
N&E S&W 

Rice 2.864 2.568 
Wheat 2.316 2.930 
Grain 2.316 2.056 
oilseeds 3.868 4.410 
Ji3, te 3.820 4.104 
Sugar 4.344 4.152 
Tobacco 7.374 7.374 

Source: K. L. Datta, op. cit., vol. 2, pp. 136-147. 
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VALUE OF OUTPUT (Q)2 1890-1914 
ýrupees) 

N'& Es&w 

1890 562871-33 587412.49 

1914 714058.54 723261-37 

Q/L was then obtained by dividing by the estimates 

of labour inputs for each region from Appendix F. 
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