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PREFACE 

This study is a foray into an under-researched aspect oflndian 
colonial history. It attempts to achieve some understanding of 
the effect upon a peasant economy of the vast irrigation 
schemes introduced by the British, through focussing upon the 
experience of the western part of what is now Uttar Pradesh. 
The work is based upon my Cambridge doctoral thesis which 
was financed initially by the Social Science Research Council 
and completed during the period when I was lecturing at 
Victoria University of Wellington, New Zealand. In making it 
ready for publication, I have considerably revised and 
extended it since my return to England, and I am grateful to the 
Twenty-Seven Foundation for an historical award which 
enabled me to carry out the additional research during 1981, 
and to the Geography Department of the University of 
Newcastle upon Tyne for providing me with facilities to make 

1 further refinements during 1982. . 
Teachers, colleagues and friends have, over the years, 

provided comments on various draft sections, or assisted with 
points of information. Notable among those are the late 
Professor Eric Stokes, Dr W.J. Macpherson, Dr Neil Charles­
worth, Dr Chris Bayly, Dr Peter Robb, Dr Peter Musgrave, Dr 
Phil Bradley, Dr Tony Hellen, and Basil Poff. My greatest 
intellectual debt, however, I owe to Dr Clive Dewey of 
Leicester University who, as supervisor of my thesis, posed key 
questions and provided countless comments which, together 
with his good-humoured support, were vital ingredients to the 
project overall. I am grateful also to Mr B.H. Farmer, Director 
of the Centre for South Asian Studies, University of Cam- . 
bridge, for his assistance and encouragement in the bringing of 
this work to the publication stage. 

IX 



X Preface 

In India, too, where I carried out fieldwork during the winter 
and spring of 1976- and again the following year when en route 
to New Zealand - I received help of different kinds from many 
people. I am particularly indebted to Manohar Singh, whose 
efforts enabled me to gain access in the limited time available to 
a range of archival sources in my search for specific reports and 
files. I am grateful for the considerable efforts expended by 
officers of the Meerut District Cooperative Bank, and 
Executive Engineer R.D. Sharma, in assisting me to examine 
current farming and irrigation practices around Meerut. 
Special thanks are due to D.K.Jain, Secretary of the Bank, a·nd 
G.P. Pant, who did so much to make my stay in Meerut a 
thought-provoking and comfortable one. I fondly recall, also, 
the friendship and assistance extended by Ram and 'D' Advani 
of Lucknow. 

My material was gathered .from a large number of libraries 
and archives, including: UP State Archives, Lucknow; UP 
State Regional Archives, Allahabad; UP Board of Revenue 
Libraries in Lucknow and Allahabad; UP Secretariat Records, 
Lucknow; Records of the Meerut Commissioner, Meerut; 
Collectorate Records, Muzaffarnagar; Central Design Direc­
torate (Irrigation Department) Library, Lucknow; and the 
University Library, Cambridge. To the librarians and other 
staff of these institutions I am grateful. I am especially 
indebted, though, to the staff of the India Office Library and 
Records, upon which I placed particular reliance. The staff of 
the University Library at Newcastle - and especially Helen 
Mcfarlane - have been particularly helpful, as well as 
resourceful, in helping me to tie up loose ends. 

Robin Mita and Olive Teasdale have executed with great 
care my diagrams and maps, and Doreen Morrison has 
contrived to produce copies of photographs which are better 
than the originals. Various people have supplemented my own 
efforts at the typewriter, notably Lorna Guerin and Stella 
Daniell at Victoria University, Eileen Temperley of Sunder­
land Polytechnic Social Sciences Department, and Kathleen 
Quinn. I am grateful for their attention to detail, as I am to 
Doreen Jones of CUP, who skilfully identified errors and 
problems in the manuscript and advised on improvements. 

Finally, special thanks must go to my wife, Judy, for her 
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Preface XI 

invaluable help in reading and commenting with great patience 
upon various drafts . I should say also that none of those 
mentioned - nor, indeed, any of the others who have helped 
along the way - bear any responsibility for remaining errors 
and omissions . 

Jesmond IAN STONE 

Newcastle upon Tyne 



A}I 
AR 
BOR 
CE 
DC 
DNB 
EE 
EJC 
GI 
IIC 
l/C(E) 

IOR 
IRR 

LGC 
MCR 
NWFP 
NWP 
NWP&O 
pp 
PRRC 

PWD 
PWD(I) 

RAR 

Rev. 
RRR 
RSC 

San. 
S&C 

ABBREVIATIONS 

Agricultural Journal of India 
Assessment Report 
Board of Revenue 
Chief Engineer 
District Gazetteer 
Dictionary of National Biography 
Executive Engineer 
Eastern~mna Canal 
Govern ent of India 
Report of Indian Irrigation Commission, 1901-03 
Indian Irrigation Commission, 1901-03, Minutes of 

Evidence, United Provinces of Agra and Oudh 
India Office Records 
Irrigation Revenue Report of the North-Western Provinces and 

Oudh 
Lower Ganges Canal 
Records of the Commissioner of Meerut, Meerut 
North-Western Frontier Province 
North-Western Provinces 
North-Western Provinces and Oudh 
British Parliamentary Papers 
Papers on the Revenue Returns of the Canals of the 
North-Western Provinces 
Public Works Department 
Public Works Department (Irrigation Branch) Pro­

ceedings 
Report of the Board of Revenue on the Revenue Administration 

of the North-Western Provinces and Oudh 
Revenue Department Proceedings 
Rent-Rate Report 
Report of the Sanitary Commissioner for the North-Western 

Provinces and Oudh 
Sanitation Department Proceedings 
Report on the Seasons and Crops of the United Provinces 

Xll 



I 

Scarcity 
SE 
SR 
UGC 
UP 
UPA 
UPA(R) 
UPBORL 
UPPBEC(E) 

UPPBEC(R) 

UP Sec. 

WJC 

Abbreviations 

Scarcity Department Proceedings 
Superintending Engineer 
Settlement Report 
Upper Ganges Canal 
United Provinces of Agra and Oudh 
Uttar Pradesh State Archives, Lucknow 

Xlll 

U ttar Pradesh State Regional Archives, Allahabad 
Uttar J?radesh Board of Revenue Library, Lucknow 
United Provinces Provincial Banking Enquiry Committee, 

192!r31, Evidence 
United Provinces Provincial Banking Enquiry Committee, 

1929-31, Report 
Uttar Pradesh Secretariat Library and Records, 

Lucknow 
Western Jumna Canal 



1 SAHARANPUR 

5 ALIGARH 

9 MAINPURI 

13 FATEHPUR 

2 MUZAFFARNAGAR 3 MEERUT 

6 MUTTRA 7 ETAH 

10 FARRUKHABAO 11 ETAWAH 

4 BULANOSHAHR 

B AGRA 

12 CAWNPORE 

Map 1. The United Provinces (with Doab districts shaded) . 

XIV 
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Introduction 

Described recently by one economic historian as among the 
'greatest monuments to British rule', 1 the harnessing of the 
waters of India's great rivers for irrigation purposes would 
appear one of the most positive ways in which the colonial 
regime contributed to Indian welfare. Despite the scale of this 
effort- one acre in six was irrigated from government schemes 
by the late 1930s - there is an almost total absence of modern 
historical studies into their impact. We are, in fact, very much 
in the dark as to the nature and distribution of the effects they 
had upon the peasant economy in general. The only study of 
this topic constitutes a single section of a book, published in 
1972, on the Uttar Pradesh agrarian economy in the closing 
decades of the last century. 2 The western part of the UP,3 

1 W. J. Macpherson, 'Economic Development in India under the British Crown, 
1858--1947', in A. J. Youngson (ed.), Economic Development in the Long Run (London, 

I 1972), pp. 144-5. The other main 'monuments' identified were railways, law, and 
the civil service. 

2 E. Whitcombe, Agrarian Conditions in Northern India, vol. 1, The United Provinces Under 
British Rult, 186o-IfP) (Berkeley, Los Angeles, and London, 1972), pp . 64-91. 
Articles on the topic are rare and invariably undertaken mainly with a view to 
assisting with current policy formation. This is the case with E. Whitcombe, 
'Development Projects and Environmental Disruption: The Case ofU ttar Pradesh, 
India', Social Science Information, n:1 (1972), pp. 2g-49. Much of the work which does 
exist focusses upon pricing: B.D. Kanetkar, 'Pricing of Irrigation Service in India 
(1854-1959)', Artha Vijnana, n:2 (1960), pp. 158--68. Additional material is 
available, by way of historical backdrop, in N. Ansari, Economics and Irrigation Rates: 
A Study in Punjab and Uttar Pradesh (London, 1968); and R.B. Reidinger, 
'Institutional Rationing of Canal Water in North India: Conflict between 
Traditional Patterns and Modern Needs ' , Economic Development and Cultural Change, 
xxm: 1 ( 1974), pp. 7g-rn4 . Even historian D.R. Gadgil's Economic Effects of Irrigation: 
Report of a Survey of the Direct and Indirect Effects of the Godavari and Pravara Canals 
(Poona, 1948) is basically a technical cost-benefit analysis primarily oriented 
towards policy formation and the refining of project appraisal techniques . 

3 In 1901, the North-Western Provinces of the Bengal Presidency were combined with 
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specifically the Ganges-Jumna doab, was the focus for a 
substantial part of the canal-building activity during the 
nineteenth century,4 and the study considers the impact of 
these schemes upon the ecology and rural economy of this tract. 
The conclusion its author , Dr E. Whitcombe, comes to is that 
'the canals proved a costly experiment', 5 and it is the suggestion 
that the disadvantages actually outweighed the advantages 
that constitutes the starting point for this present study. 

The basis for Dr Whitcombe's conclusion is the quite 
bewildering array of adverse effects which she associates with 
the introduction of the canals. It is argued that, due to the way 
irrigation was applied in the Doab, the policies over its use and 
the responses of the peasant cultivators themselves, the canals 
caused pronounced environmental and economic disruption. 
The very act of turning large quantities of water over an almost 
slopeless plains landscape with a comparatively high water­
table inevitably led to waterlogging problems in low-lying land, 
and the problem was made worse by the widespread tendency 
for water channels to obstruct the existing natural drainage 
lines . Conditions of saturation were conducive to the spread of 
reh (saline deposits) over the land's surface as capillary 
attraction brought salt-laden moisture up from the subsoil; 
they contributed also to the more frequent incidence of malaria, 
and produced an 'unhealthy humidity'. The rise in the 
water-table made common earthen wells unstable , and as they 
fell in the cultivators were forced to rely on the canal's 
uncertain supply. The peasant afflicted by such calamities was 
confronted by a typically cumbersome bureaucratic structure 
which, even ifliable to make compensation payments - and the 
grounds for compensation were elaborately circumscribed by 

the Province ofOudh to form the United Provinces of Agra and Oudh (which in turn 
became 'Uttar Pradesh ' after Independence) . Except where it is necessary to be 
specific, the general term 'United Provinces' (abbreviated to 'UP ') will be used, 
whateve r the date . 'The Doab' , throughout , refers to the Gangcs-Jumna doab. 

• While much of the early irrigation development was concentrated in the UP and 
Madras , the locus of attention later moved north-eastwards to the Punjab and Sind. 
By the late 1930s the areas (in millions ofacrcs) irrigated by government works were 
as follows: Punjab 12.3, Madras 7.2, UP 5.3, Sind 4.7, Biharo .7, NWFPo .5, Orissa 
0.4, Bomba y 0.4. V. Anstey, Th &anomic Development of India, 4th edn (London , 
1957), p. 616. For more details, sec Ch . 2 below. 

5 Whitcombe, Agrarian Conditions, p. 91. 
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the 1873 Canal Act-was indeed slow to yield up the requisite 
sums. Moreover, at the lower level of this structure, the 
cultivator came up against petty officials able tb exploit their 
position of influence over canal supplies and add their various 
haqs to the 'already high' official charges for water from an 
unnecessarily costly system. 6 

The effect on cultivation itself, the argument continues, and 
on farm practices was no less damaging. The production of 
staple foods, particularly the coarse kharif staples, was 
downgraded in favour of commercial crops, a situation 
particularly urgent in drought years, when - as a consequence 
and against all expectations - the canal could do little to 
'decrease the ravages of scarcity'. As well, the ease of canal 
irrigation compared with lifting water from wells gave 
encouragement to overcropping and a concomitant loss of soil 
fertility; and the disruption of fallowing cycles was aggravated 
by the attraction of pastoral castes into cultivation, which not 
only increased the tendency to imbalance and the curtailment 
offuel and fodder supplies, but reduced the supply of cattle to 
agriculturalists. The latter were thus forced to rely on their 
own, 'often deteriorating', stock for their cattle supply, the 
inadequacy of which made for slovenly cultivation and 
constituted a yield-depressant in that farmers faced a reduced 
manure supply. Lured by the prospect of a less arduous life -
and by that of a simultaneously increased value of product~ the 

1 
farmer involved himself in a system of production which 
'disrupted [his] former pattern of work', while at the same time 
his 'techniques were not adapted to deal with such sudden and 
radical changes'. 

Those familiar with the practical effects oflarge-scale canal 
schemes and with irrigation bureaucracies will probably fittd 
this unfortunate catalogue of effects perfectly plausible. 
Furthermore, given the character of the tract beirtg studied, 
there is a distinct likelihood that such disadvantages could have 
substantially eroded the net benefits arising out of the Doab 
canals. Canals taken through the virtual deserts of the Punjab 
and Sind clearly produced large gains in terms of net output , 
The UP Doab may have been 'before the introduction of canal 

6 'Unnecessarily costly' because ·of design faults which either increased construction 
costs or involved heavy maintenance outlays. See Ch. 2 below. 
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irrigation ... among the most insecure in Northern India' ,7 but 
it was also an area already widely cultivated and with extensive 
facilities for well irrigation. The margin of benefit, therefore, 
between the value of produce raised before the canal and that 
made possible by its construction was clearly narrower than the 
benefit arising from making settled agriculture possible in 
places previously sparsely populated by pastoralists. 

There are problems, however, with this new interpretation. 
First, and perhaps most strikingly, there is the fact that for most 
of this period the western districts - and in particular the 
heavily irrigated northern districts - enjoyed a degree of 
broadly based material prosperity matched by few areas in 
India. There are problems also in that some of the responses 
attributed to peasant cultivators appear to be in conflict with 
current notions of 'peasant rationality'. Further, although 
contemporaries were well aware of the unfortunate side-effects 
of canals, this did not diminish their continued advocacy of 
canal construction and expansion. Successive Famine Com­
missions and an Irrigation Commission urged the extension of 
canal-building programmes, while the Government of India 
wrestled with the cautious and tight-fisted London Office to 
obtain the resources to execute such works. This, of course, 
might be dismissed as simply a reflection of Imperial 
perceptions as to what form of development was in the rulers' 
interests, but Indian nationalists, also, have been favourably 
disposed towards extending canal irrigation, at least to the 
extent that they have favoured a diversion of government 
spending in that direction and away from railways (which they 
consider drained away India's wealth rather than adding to it) .8 

1 British Parliammtary Papers (hereafter PP) 1904, LXVI, Report of the Indian Irrigation 
Commission, 1901---03, p. 185. (This report will hereafter be abbreviated to 1/C.) 

8 Historian Bipan Chandra, for example, is critical of the 'uniformly low' expenditure 
on irrigation alongside that on railways : see B. Chandra, 'Reinterpretation of 
Nineteenth Century Indian Economic History', Indian Economic and Social History 
Review, v: 1 ( 1968), pp. 67-8. See also, for 'nationalist' views, R.C . Dutt, Speeches and 
Papers on Indian Questions (Calcutta, 1902), p . 77; and B.M . Bhatia, Famines in India: A 
Study inSomeAspectsofthe Economic History of India (186<>-1¢5) (London, 1967), p. 1g8. 
Irrigation by no means rivalled the railways in terms of resources expended by the 
state. In fact, the proportion of total government outlays upon 'creative investment' 
(public buildings, irrigation, agriculture, transport, and communications) taken by 
railways was up to four times greater than that devoted to irrigation during the 
1900s. Bhatia , Famines in India, p. 198. 
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The verdict on the impact of the canals, then, would appear 

to be very much an open one. Elizabeth Whitcombe assesses its 
effects upon the peasant community from a position which, 
very reasonably, regards with suspicion any disruption to what 
she sees as a viable and well-established social, economic, and 
technological balance by the incompetent meddling of the 
British with a peasant system and an ecology neither of which 
they understood. She accepts the possibility of increased 
production, but considers that this took place only in a context 
where a 'depressed peasantry laboured in a distorted 
environment'. 9 There is certainly - in what is, after all, only a 
short study - no attempt to weigh the qualitative and 
quantitative significance of the evidence used to support this 
position. Nonetheless, the accumulated material highlights the 
problem areas and creates a strong impression that in the canal 
divisions all was not well down on the farm. And she is joined in 
this view by Professor A.K . Bagchi, who, taking a long-term 
perspective, argues that the canals assisted in the creation of 
structures within the rural sector which were exploitative and 
obstructive to efforts to promote growth. 10 Thus, the cash 
requirements associated with canal irrigation, along with 
continual rent enhancement in expectation of higher yields, 
produced, according to Professor Bagchi, a shift in product mix 
away from millets - the staples of the poor - and, through 
making extensive cultivation by large landowners profitable , 

' made 'their exploitation of the landless strata of poor peasants 
more intense'. Although this essentially neo-Marxist approach 
could - by bringing in the possibility of class alliances and 
sectional interests - successfully reconcile a situation where 
further canal schemes were prosecuted in the face of associated 
disadvantages to specific groups, it does rely heavily upon Dr 
Whitcombe's UP findings restated within a different 
framework. 

This study'' of the impact on a peasant economy of an 
9 Whitcombe, Agrarian Conditions, p. xi. 
10 A.K. Bagchi, 'Foreign Capital and Economic Development in India: A Schematic 

View', in K. Gough and H .P. Sharma (eds.), Imperialism and Revolution in South Asia 
(New York, 1973), pp . 49-50 . 

11 The pilot study out of which this full-length investigation grew focussed upon 
eastern Muzaffarnagar , and the preliminary findings were contained in a paper 
presented at a Conference on Indian Economic and Social History at St John 's 
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exogenous and extensively applied technical change within a 
colonial setting takes up in detail many of the important 
questions raised in the Whitcombe study. It is concerned 
particularly with the way the peasant community adjusted its 
activities in relation to this new irrigation source. Indeed, if it 
were necessary to isolate one fundamental issue on which it 
departs from the Whitcombe view, it would be the character of 
the peasant's response to the canal. According to Dr 
Whitcombe, the peasant took to the canal either because he had 
no choice (his wells fell in), or because he saw the prospect of 
relatively effortless (but possibly short-term) coml'.\1ercial gain. 
He thus accepted a technology and a system of farming with 
significant direct and indirect disadvantages in comparison 
with the traditional irrigation techniques to which agricultural 
practices, and society in general, were well adjusted. Ifit can be 
demonstrated that the decision to adopt the new mode of 
irrigation was an altogether more soundly based and rational 
decision on the peasant's part, then a whole set of alternative 
interpretations of the canal's impact is possible. 

Chapter 3, indeed, does demonstrate that in many (though 
not all) circumstances, the canal was a more appropriate 
technology than the traditional methods of irrigation, given the 
priorities normally exhibited by peasant households and the 
economic, institutional, and physical conditions in the Doab. 
Chapter 4 then proceeds to analyse, with the aid of village data 
obtained from settlement handbooks, how this decision was 
translated in terms of production and the organisation of 
agricultural activity. In doing so it also shows how many of the 
supposed disruptive effects and disadvantages simply do not 
stand up to close empirical examination; some can only be seen 
as 'problems' when taken out of context, while the importance 
of others can easily be exaggerated. Thus, it was not the case­
as contemporaries sometimes alleged- that the peasant left the 
canal to earn his living for him and retired to recount his good 
fortune from his charpoy; in most cases he spent, not less, but a 

College, Cambridge in July 1975, subsequently published under the title 'Canal 
Irrigation and Agrarian Change : The Experience of the Ganges Canal Tract, 
Muzaffarnagar District (U.P.), 1840--1900', in K .N. Chaudhuri and C.J. Dewey 
(eds .), Economy and Sociery: Essays in Indian Economic and Social History (Delhi, 1979), 
pp . 86---1 I 2. 
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good deal more time at work once he received canal water. 
Moreover, the evidence that some yields were lower on 
canal-irrigated than well-irrigated land can be shown to be 
perfectly consistent with an increase in overall output (by value 
and quantity). Some cultivators rationalised their cattle 
resources, but the evidence is against the decline in cattle 
numbers which some officers fancied had taken place, and 
emphatically against a deterioration in the quality of stock. 
Similarly, the suggestion of a fall in staple food production is 
not valid in the context of the crop adjustments across the 
board induced by the canal, and taking into account the 
changes in consumption patterns accompanying rising in­
comes. Much the same can be said of the external diseconomies 
such as waterlogging and the spread of salinity. It cannot be 
disputed that some estates were seriously damaged and many 
holdings incurred production losses on account of these 
side-effects. But how extensive or persistent were these 
problems? Did they have a serious effect upon production? The 
effects, in fact, were variable over time, and there are good 
reasons for arguing that they may well have been exaggerated. 
The canal does, however, appear to have had a significant effect 
upon the incidence of malaria. 

A major aim of colonial policy on canals was to decrease the 
'ravages of scarcity', and Chapter 7 examines closely the 
protective role of the canal, re-examining the suggestion that its 

' effectiveness in this regard was restricted by its apparent 
inability to protect the kharif food staples from drought. It can 
be demonstrated that the canal was far from impotent in 
meeting the challenge of climatic disruptions. To do this, 
however, it is necessary to trace its role in terms of the 
complexities of the peasant production system, involving both 
stocks and flows ( of cash and food crops) and the disruption of 
exchange values resulting from famine-induced patterns of 
behaviour. The problem cannot be analysed solely in terms of 
kharif food staples. 

To understand more fully, however, many of the patterns 
produced by the canal-including the types of benefits to which 
it gave rise and the way these were distributed among areas and 
within society-it is necessary to know more about the nature of 
canal irrigation and the way the innovation was applied. As 
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with any technology, canal irrigation was not 'neutral' in its 
effects. It was intended to serve the perceived interests of its 
masters, in much the same way as the earlier irrigation works 
were. In its design, modes of operation, and intended effects, 
canal irrigation was ultimately a cultural expression, rep­
resenting the priorities and aspirations of its western 
architects, and was inextricably bound up with some of the 
most vital aspects of colonial rule. It was related directly to the 
concern exhibited for the spread of commercial crops- and was 
thus tied up with official efforts at 'agricultural improvement' -
as well as having an important bearing upon land revenue 
(frequently regarded as the point of most contact between 
rulers and ruled), political security, and famine prevention. It 
existed, in fact, at the very interface between the colonial 
presence and peasant society: the water trickling into the field 
kiaris was as tangible as any of the western innovations which 
filtered down to village level - and more tangible and more 
pervasive than most. Here, therefore, one might be tempted to 
think, was a vital agricultural input (under centralised 
European control) which could be used to bring about change 
along defined channels. The authorities, after all, determined 
the nature of the water supply and the terms on which it was 
made available, and the levers of control and manipulation 
were potentially influential in affecting crop and irrigation 
patterns and practices. 

·As Chapters 5 a:nd 6 in particular show, however, the degree 
of control exercised by the central irrigation authorities, and 
their manipuJative powers with respect to agricultural im­
provement, were effectively very limited . Why? The answer has 
to do with the technical aspects of the canal schemes and the 
broader administrative framework in which they operated. 

More and more, researchers now agree that colonial power 
was frequently more apparent than real: a gloss that touched 
society but which did not overturn its fundamental structures. 
Colonial rule was always a juggling act: there were too few 
hands, not enough money, and too many considerations to 
attend to at once to permit policy-makers to realise-or, for that 
matter, even clearly define - their intentions in any specific 
area. The multifarious aims of different branches and levels of 
government, of departments, and of personalities within the 
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administration spawned compromise (or inertia) as policies 
were interlocked into the overriding and all-embracing strategy 
of maintaining stability and British stewardship. As far as 
irrigation alone was concerned, on a policy level it was 
sfmultaneously linked with famine prevention, revenue stabil­
ity, the settling of unruly tribes, expansion of cultivation, 
extended cultivation of cash crops, enhanced taxable capacity, 
improved cultivation practices, and political stability. Thus, as 
Chapter 5 shows, when it came to pricing canal water, it was 
difficult even to establish clearly the irrigation priorities that 
pricing was to reflect. Indeed, it was so difficult to separate the 
strands of canal policy from those of the broader administrative 
context that that element of control, of actually directing the 
way water was used through the price mechanism, was never 
really tried ( though that is not to say that the pricing system 
was irrelevant to the determination of the way water was used) . 

For these and the technical reasons discussed in Chapters 5 
and 6, the way canal water was deployed was far too dependent 
upon indigenous structures - within both the bureaucracy and 
the village - to avoid the blurring of policy intentions at the 
lower levels, where it was applied. Any institution serves itself 
to a certain extent, and this was true in irrigation, not only 
among those at the top, but particularly so at the lower level, 
where instead of western concepts of efficiency and economy 
of water use, the prevailing concerns were those of the peasant 

1 society to which the subordinate bureaucracy itself belonged, 
and thus bribery, status, reciprocity, and trading upon petty 
monopolies asserted themselves. 

Technically, the canals proved difficult to regulate with any 
pretence at precision, though, as Chapter 6 shows, things did 
improve out of all proportion over the period. Administrat­
ively, there was a great reliance upon native staff within the 
canal bureaucracy, over which supervision was minimal. For 
these reasons alone - leaving aside the indecision over policy 
priorities at the state level - manipulative control was not 
possible. Effectively, canal water at ground level was surren­
dered to the society itself, and was deployed in accordance with 
local social, ecpnomic, and political priorities. The use 
patterns, the division of benefits, and the way water was used 
during drought years were thus largely determined indepen-
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dently of government interference. Only when disputes over 
water and its benefits occurred between parties whose 
respective resources showed a semblance of balance was even 
arbitration called for. 

Just as the peasant socio-cultural system has mechanisms for 
adjusting to internal forces disturbing its balance (such as a 
gradual rise of numbers) and exogenous forces (such as a 
climatic change or a new overlord), and is flexible enough to 
incorporate change and new forms of intrusions without losing 
its long-term stability and viability, so, because of the way it 
was grafted onto society, canal irrigation was substantially 
'absorbed' by that society rather than bringing about 
fundamental changes in its underlying structure. In common 
with other elements in the 'modernisation package', it does not 
deviate significantly from Professor Eric Stokes' assessment 
that 'the institutional and economic "inputs" of modernity 
were too feeble to blow apart the structure oflndian society ... 
the elastic, accommodating nature of the latter was adequate to 
contain them' .12 Indeed, Basil Poff has gone as far as arguing 
that, even where an entire framework was set up which suited­
and was even designed to encourage - innovation and change, 
the Punjab canal colonists, despite undergoing significant 
upheaval, 'adapted the colony to themselves and not them­
selves to the colony' .13 

If the intentions of British policy-makers -like those of their 
Indian counterparts in the post-colonial period- were, due to 
their limited control over an imperfect canal system, destined 
like other innovations to be moulded according to the specific 
needs, structures, and technical considerations which are the 
ubiquitous concerns of peasant society, this is not to dismiss the 
possibility of change and material progress. Peasant society 
exhibits continuity of form rather than changelessness, and 
while it might not constitute change on the scale of the British 
agrarian revolution - which, for at least some of the time, 
provided a crude policy model- given the right combination of 

12 E.T. Stokes, 'The First Century of British Colonial Rule in India : Social Revolution 
or Social Stagnation?', Past and Present, LVIII (1973), p. 151. 

13 B.J. Poff, 'Land Management and Modernisation in a Punjab Canal Colony: 
Lyallpur, 18go-1939' , paper presented at the Institute of Commonwealth Studies , 
London, Feb. 1974, p. 6. 
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circumstances peasant society can display marked dynamism; 
it can expand production and improve productivity by the 
adoption of new crops and investment in technical and 
organisational innovations. 14 The absence of such trends is 
frequently interpreted in cultural terms (e.g. 'limited wants'), 
but is more often a reflection of specific institutional structures 
or technical constraints rather than a lack of concern for 
increasing output per se. Canal irrigation could play a key role in 
providing the appropriate technical environment for the 
release of expansionary forces, though it was, by itself, limited 
in its potential to increase output. It was vital that the 
institutional as well as the technical environment was 
conducive to such an influence through providing the incentive 
for investment and growth, as well as permitting the necessary 
related organisational and technical responses. 

It follows, therefore, that a crucial focus of this study must be 
on the interaction between the precise form of the local 
irrigation facilities (reliability, terms on which it is available, 
and so forth) and the specific recipient environments (physical, 
economic, technical, social, and cultural). This point of 
interface is effectively the source of what Professor Eric Stokes 
referred to as 'differential impact', for it is this which determines 
not only the potential of the input, but the degree to which (and 
manner in which) it will be realised . Thus it is possible, in 
Chapter 8, by examining this area of interface, to show why the 

I canal had different effects in different parts of the Doab; why 
growth rates and growth patterns differed. The canal's impact 
is not simply a reflection of the specific environment into which 
it was introduced. This final chapter examines how the pattern 
of distribution of benefits it created, in the Meerut division at 
least, was itself a factor in perpetuating the cycle of growth and 
prosperity which had been established. The comparative 
dynamism and vitality of the western districts, with their 
growth and noticeable diversification, were in striking contrast 
to the eastern districts of the UP particularly, and a far cry 
from the gloomy impression given in Agrarian Conditions. Iron­
ically, it is the alleged villain of the piece, the canal, which is 

14 This is clearly demonstrated for the Punjab in C.J. Dewey, 'The Agricultural 
Output of an Indian Province: The Punjab, 1870--1940', paper presented at the 
Institute of Commonwealth Studies , London , April 1972. 
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finally shown primarily to explain the dynamism and pros­
perity. 

The study begins, however, with a chapter which sets the 
development of the Doab canals in the broader context of the 
growth of irrigation in India as a whole, and which then traces 
the history of the significant UP works. It outlines the main 
physical difficulties confronting the pioneering engineers, and 
the experiments and controversies which marked the evolution 
in design and construction towards a technically effective basic 
system of irrigation. 



2 

Development of the canal system 

Historical outline 

Restoration and improvement of pre-British works (1817-36) 

British canal-building activity in India commenced in 181 7 
and was initially confined largely to the plains area to the north 
of Delhi and the deltaic regions of Madras. Most of the early 
British schemes were, in fact, rehabilitated and extended 
versions of indigenous works found in various parts of the 
country. The original version of the Western Jumna Canal 
(WJC), 1 in the east Punjab, has been attributed to Firoz Shah 

. Tughlak. This fourteenth-century excavation subsequently fell 
into disuse, but was apparently renovated during Akbar's 
reign,and then remodelled and extended to Delhi by Shah­
jahan's engineer adviser Ali Murdan Khan. 2 The Doab Canal 

1 (later Eastern Jumna Canal) also had its forerunner. It is 
thought to have been built in the early eighteenth century, 
though it was abandoned fairly soon afterwards. It appears to 
have been partially restored, down to just below Saharanpur, 
by the Rohilla Chiefs in 1784.3 The Bari Doab Canal was 
preceded by the 130-mile-long Hasli Canal, which conveyed 
water from the Ravi to Lahore, and which was still functioning 

1 So called because it took off from the western bank of the Jumna River . 
2 Government of India (hereafter GI) Public Works Department (hereafter PWD), 

Triennial Review of Irrigation in India, 1918--21 (Calcutta, 1922), p. 24. The histori,cal 
details contained in this section have also been obtained from G.W. McGeorge, 
Works and Ways in India (London, 1894), pp. 121-30; G. Kuriyan, 'Irrigation in 
India', Madras University journal, xv (1943), pp. 55-6; and P.T. Cautley, Report on the 
Ganges Canal Works, vol. 1 (London, 1860), pp. 7-10 . It should be noted that there are 
numerous discrepancies between these accounts of earlier works. 

3 //C, p. 9. The Doab/Easternjumna Canal will be referred to hereafter as the EJC. 
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as an irrigation work when the Punjab came under British rule; 
as indeed were several inundation canals in Multan, Muzaffar­
garh, and Dera Ghazi Khan districts. 4 Also still functioning 
when Tanjore was ceded to the British in 1801 was the work 
which was perhaps the most impressive of all the indigenous 
schemes - and which, when rehabilitated, was to form part of 
Sir Arthur Cotton's extensive irrigation works in Madras - the 
1 ,080-foot 'Grand Anicut' .. This work, which spanned the 
Cauvery, has been ascribed to the Chola Kings, though 
opinions as to the date of original construction vary from the 
second to the eleventh century. At one time, clearly it irrigated 
a large area - one estimate puts the figure at 600,000 acres. 5 

Not all the pre-British works were built primarily as works of 
irrigation. According to at least one source, the prime aim of the 
Moghul versions of the WJC was for the supply of water to the 
Emperor's hunting grounds at Hissar, while Ali Murdan's 
extension to Delhi was intended to feed the fountains and 
gardens of the Imperial palace. Similarly, the less ambitious 
twelve-mile cut linking the Kali Nadi with Meerut, traces of 
which remained when the British took over, was excavated 
with a view to supplying Meerut's groves and gardens, rather 
than for irrigation. 

Many of these indigenous works did not achieve what was 
expected of them, or at least did so for a comparatively short 
period. Engineering capabilities understandably fell some way 
short of what was shown subsequently to be necessary for the 
design and construction of large-scale canal systems, and the 
history of the indigenous versions of both the WJC and the EJC 
is one ofa succession of setbacks. Pre-British works made little 
use of masonry structures and those taking off from thejumna, 
and others in and around the Doab, shared the characteristic of 
avoiding high ground and following the courses of rivers and 
drainage lines wherever possible. These crude works were thus 
vulnerable to the effects of floods and silt deposits, and, as well 
as causing swamps and damage to low-lying land (as did the 

4 Ibid. 'Inundation canals' are those which carry water only when the river from which 
they obtain their supply is in flood. 

; Trimnial Review of Irrigation, p. 27. The irrigated area , and the prosperity ofTanjore, 
had considerably diminished by 1801 , as a result of the main stream of the Cauvery 
having begun to flow down a northern channel know as the Coleroon . 
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Rohilla version of the EJC around Saharanpur), were oflimited 
use for purposes of irrigation. Even the short West Kali­
Meerut Canal, though it functioned for a time through the 
construction of a crude embankment across the river, must 
have caused considerable damage to the river valley. More 
spectacularly, the town of Lalpur was reputedly destroyed 
when one of the embankments of Ali Murdan Khan's canal 
gave way. 6 

The earliest important work of renovation undertaken by 
British military engineers involved the WJC, which was 
reopened in 1820. In the two decades which followed - and 
while Cotton was establishing his considerable reputation as an 
irrigation engineer in Madras 7 - a group of Bengal Engineers 
was busy, in between military operations such as those against 
the Sikhs, restoring the Moghul works in the North-Western 
Provinces. Rehabilitation work on the 129-mile Doab Canal 
(EJC), which reopened in 1830 and served the western parts of 
the districts of Saharanpur, Muzaffarnagar, and Meerut, 
involved the considerable task of embanking the main channel 
to an average level of nine feet above the land surface for almost 
forty miles. In the light of the subsequent operating and 
financial success of theJ umna Canals, extensive improvements 
were made during the 1830s and after to the numerous dams 
and canal networks in both Rohilkhand and the Dehra Dun 
Valley behind the Siwaliks. 

The nature of the work carried out was very much 
experimental. Funds were severely restricted and the original 
alignment of these works was in consequence largely adhered to 
for reasons of economy. Depressions were crossed on earthen 
banks which intercepted drainage and were prone to collapse 
and cause damage. Numerous masonry works were intro­
duced, but both the early J umna Canals, successful as they 
were in times of drought and in terms of financial returns ( and 
important as they were in acting as objects of hydraulic 

6 A. Deakin, Irrigated India: An Australian View of India and Ceylon, and their Irrigation and 
Agriculture (London, 1893), p. 291. 

7 He constructed an impressive (and profitable} system of anicuts (weirs), irrigation 
channels, and navigation channels, first on the Cauvery and Coleroon Rivers 
(where his 'Upper Anicut' across the Coleroon ensured a water level sufficient for 
the full utilisation of the 'Grand Anicut', which he improved), and then on the 
Godavery and Krishna Rivers during the 1840s and 50s. 



16 Canal irrigation in British India 

experimentation), eventually required extensive remodelling of 
main and distributing lines. Much of this work was consider­
ably delayed by government reluctance to grant the requisite 
funding, so that much of the corrective work, particularly on 
the WJC, had to wait until funds for such projects became more 
available in the 187os.8 

Whol{y British projects (1836--56) 

One of the officers involved in the rehabilitation of these 
schemes was Sir Proby Thomas Cautley, 9 the architect of.the 
grand and first purely British work, the Ganges Canal. This 
work was originally contemplated by Colonel John Colvin, the 
then NWP Superintendent-General of Canals, who envisaged 
in 1836 a scheme which would serve the north-east section of 
the Doab. Cautley examined the project and was discouraged 
by the phy&ical obstacles presented by the low level of the land 
between the 'Ganges and the upland plain requiring irrigation. 
The idea was to be revived, however, after the severe famine of 
1837-8. In the face, particularly, of the 'sacrifice of money' 
occasioned by the famine, the Ganges project suddenly 
assumed urgent importance, and in 1839 Lord Auckland 
granted funds for a full survey to be undertaken by Cautley.t 0 

Cautley's subsequent proposals were approved by Auckland 
and by the Court of Directors, who noted in a September 1841 
despatch that 

apart from the consideration of financial results, which we are far 
from contemplating with indifference, there are few measures 
connected with our revenue administration in India more calculated 
to contribute to the general improvement of the country, the 
amelioration of the condition of the people, and to raise the character 
of the Government, than those of the nature now under consideration. 
We concur in opinion with the Government of Agra that a higher 

B Triennial Review of Irrigation, pp . 24--6. ' In nothing has the spirit of false economy 
more perniciously affected the prosperity of existing canals than by preventing the 
executive officers from submitting any comprehensive plans fbr remedying the evils 
of the original designs of the works' , complained Cautley in 1849. P.T . Cautley, 
'Canals of Irrigation in the North-Western Provinces', Calcutta Review, XII (1849), 
pp . 79-164 . 

9 Cautley was the Superintendent of the EJC over the period 1831-43. 
10 Cautley, Ganges Canal Works, 1, Ch . 1 . 
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ground for advocating these works is found in the security they afford 
against famine and its attendant horrors. 11 

Moreover, the court initiated a considerable extension of the 
project's territorial scope. In the light of the severity of the 
famine in the central and lower parts of the Doab, it was 
directed that the projected Canal should be 'constructed on 
such a scale as would admit of irrigation being supplied to the 
whole of the Doab'. 

The official enthusiasm which had greeted Cautley's 
proposals- and had prompted the decision to award him with a 
donation of Rs 10,000 for his efforts12 - waned, however, even 
before construction got under way in 1843. This is partly 
because the incoming Governor-General, Lord Ellenborough, 
had a passion for the army and displays of pageantry, and 
clearly not for public works schemes; but there were also at the 
time doubts over whether such a large canal would not reduce 
the flow in the Ganges so as to limit its navigability, and fears 
that the serious fever outbreaks experienced along the J umna 
Canals would similarly occur along the new canal. Whatever 
the precise mixture of reasoning behind his action, Ellen­
borough vigorously discouraged the project by withholding 
sufficient officers' assistance, by limiting funds, and by 
modifying the original design, directing that it should be 
constructed 'in the first instance [as] a canal of navigation, and 

1 all the water not required for that purpose may be distributed 
for the purposes of irrigation' .13 

Until 1844, when Lord Harding replaced Ellenborough, 
Cautley's efforts were often diverted to surveying and levelling 
for want of sufficient staff to perform these mundane tasks. His 
health had suffered in consequence, and he took furlough from 
early 1845, his place being taken by Major (later General) 
W.E. Baker. When he returned from leave in Europe-during 
which time he had studied hydraulic works in England and 

11 Quoted in ibid., p. 25. For an alternative to Cautlcy 's account of the history of the 
Ganges Canal construction, see R.B . Buckley, The Irrigation Works of India and their 
Financial Results, 2nd edn (London, 1905), pp. 95-rn1. 

12 Nearly half of which, at the recommendation of the Military Board , was to be 
deducted to cover the full cost of supplying a temporary officer to assist Cautley in 
surveying the Ganges khadir. Cautle y, 'Canals of Irrigation ' , p. 151. 

13 Cautley , Ganges Canal Works, 1, pp . 29-33 . 
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Italy and (while en route back to India) those in progress on the 
Nile - he encountered once more an official attitude favourable 
to resuming the project on the original basis. 14 With tht active 
encouragement of Lieutenant-Governor James Thomason 15 

and the development-oriented Governor-General, Lord 
Dalhousie, the vast and unique work, stretching the 350 miles 
from Hardwar to Cawnpore and incorporating altogether 650 
miles of main and branch lines at a total capital outlay of £2. 15 
million, was completed for official opening in 1854 and became 
fully operational in 1857. It was the largest canal ever 
attempted in the world, five times greater in its length than all 
the main irrigating lines of Lombardy and Egypt put together; 
and longer by a third than even the largest USA navigation 
canal, the Pennsylvania Canal. 16 

In an effort to expand public works activities, Dalhousie 
proposed - in the year the Ganges Canal was opened - to 
reform the system under which such schemes were constructed 
and financed. 17 Up to 1854, public works of all kinds were 
carried on by the Engineer Department of the army, under the 
supervision of the Military Board in each of the three 
Presidencies. If the work was of a civil nature, then engineers 
were lent to the civil authorities, and the financial responsi­
bility was that of either the local government or a civil 
department of the Government oflndia. Thus the Ganges and 
Jumna Canals, like the works in the deltas of Madras- and the 
Great Trunk Road - were all constructed under this system for 
the Government of India, and all expenditure incurred was 
treated as ordinary expenditure and charged against the 
revenues of the year. Dalhousie abolished the Military Boards, 
substituting in their place a Chief Engineer in each of the local 
governments, and at the same time formed a Central Public 
Works Secretariat at Calcutta for general supervision of the 

14 In the interim, a committee appointed to report on the likely implications of the 
Ganges Canal for the healthiness of the tract involved had concluded that the 
problem could be minimised through making allowances at the design stage. See 
Ch. 4 below for details. · 

15 After whom Roorkee Engineering College, opened in 1848 for the training of PWD 
staff, both European and Indian, was renamed. 

16 The Times, 2 Nov. 1864, p. 4, quoting Lord Dalhousie . 
17 For further details on this section , see PP 187~ , 1x, Report from the Select Committee on 

East India (Public Works), pp . iii-vi. 
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local establishment. In addition to establishing the basic 
framework from which were to develop the Public Works 
Departments, Dalhousie outlined important changes in the 
financing of public works. He proposed that expenditure on the 
construction and maintenance of works necessary for the 
administration of the colony should be classified as 'ordinary 
expenditure' and set against the revenue ofthe year; outlays on 
projects 'calculated to increase the wealth and promote the 
prosperity of the country', such as irrigation, harbours, and 
railways, should be met mainly with borrowed money. As far as 
irrigation was concerned, Lord Dalhousie wished to see the 
annual allocation of a specific sum, raised through loans, to 
promoting canal schemes; and in setting up the PWD he 
designated £2 million for this purpose. 

Irrigation development through private companies (1858-66) 

Dalhousie's retirement and the events of 1857 postponed the 
adoption of these financing proposals. In the post-Mutiny 
period there was considerable pressure on the Government of 
India to promote irrigation by the same indirect agency as that 
by which they were then extending railways - by guaranteeing 
a return to private companies - and the period 1858--66 was 
marked by what turned out to be a remarkable experiment in 
irrigation development through private irrigation companies. 

The driving force behind both the Madras Irrigation 
Company and the East India (Orissa) Irrigation and Canal 
Company was Sir Arthur Cotton. He was at the height of his 
powers as an hydraulic engineer. His track record inspired the 
confidence necessary to overcome opposition and actually 
launch such an enterprise. Cotton had for some time been 
dissatisfied with the restrictive system of constructing public 
works out of current revenue. He criticised particularly the fact 
that it meant having to 'grind out of the present generation the 
whole cost of works in which they only have a life interest', 18 and 
in his book, Public Works in India, published in 1854, he showed 
himself to be a supporter of Dalhousie's plan for financing 
public works through ra1sing loans. Certainly, if he was to be 

1e A. Cotton, Public Works in India (London, 1854), p. 25. 
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able to carry out some of the grand schemes he had in mind, 
freedom from the existing financing arrangements was a 
prerequisite. 

Such a scheme was the one he devised during the late 1850s 
for peninsular India. A response, perhaps, to Cautley's Ganges 
Canal, its main elements consisted of, in the eastern section: a 
series of weirs on the Tungabhadra (one of the largest _ 
tributaries of the Krishna) and one on the Krishna itself; 
storage reservoirs to impound 50,000 million cubic feet of water 
to supply navigation canals; the diversion of part of the water 
of the Tungabhadra into the Penner; 600 miles of river 
improvement; and a network of five large canals for navigation 
and irrigation, including a fifty-mile east coast canal connect­
ing the Krishna delta with Madras itself. To the west, a canal 
was to be taken 600 miles to Poona and the west coast, with 
subsidiary lines extending from Ahmadnagar ( 1 oo miles 
north-east of Poona) southwards to the coast at Mangalore (on 
the same latitude as Bangalore). Altogether, this system would 
traverse the peninsula, open up 150,000 square miles of 
country, give rise to an increased trade of around £5 million 
annually, and provide extensive irrigation in Hyderabad and 
Raichore - all for an estimated £2 million. 19 

The initial stage of the project, the eastern section, was 
estimated in 1859 to involve an outlay of£ 1 .38 million. Despite 
the anticipated 22% yield on these works, the government felt 
unable at the time to sanction such an outlay, and it may indeed 
have been . Cotton himself who was responsible for an 
(unattributed) 1859 Calcutta Review article arguing the case for 
allowing private companies to carry out such schemes and 
outlining th.e kind of safeguards which would be necessary to 
make the proposal acceptable in principle to the government. 20 

Officials in India seriously discussed whether so remunerative 

19 For details, see Deakin, Irrigated India, p. 264 et seq.; and Triennial Review of Irrigation, 
pp. 4 7-51 . This peninsular system was actually part of an even more comprehensive 
scheme envisaged by Cotton at the time. He dreamed of a huge irrigation · and 
navigation scheme, with a navigable line 4,000 miles long, stretching from Karachi 
via Cawnpore, Calcutta, and Cuttack to Madras and across to Poona and the west 
coast. 'There is not a single obstacle to this', he wrote in 1858, 'and the results would 
be far beyond calculation.' Triennial Review of Irrigation, p. 48. 

20 Anonymous, 'English Capital and Indian Irrigation', Calcutta Review xx11 (1859), 
pp. 172-85. 
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a scheme should be allowed to pass out of the Crown's hands; 
Madras officials, particularly, were unhappy about its doing 
so. In the end, though, in spite of all the objections, and without 
challenging any of the estimates, the Secretary of State for India 
determined that the need to introduce British capital into the 
colony - and particularly to speed up the progress of irrigation 
works - was so important that the scheme should be permitted 
to proceed. The Madras Irrigation Company was formed, and 
inJune 1863 a 5% guarantee was given by the government on 
£1 million, along with the necessary grants of land. The 
government was to receive half the profits over 5 % and 
retained the right of purchase of all shares after 25 years at the 
fair market price. 

Within three years the Secretary of State was actually 
offering to buy the shares, for by 1866 nearly the whole of the 
capital had been expended and the planned sections were far 
from complete. Understandably, the shareholders declined his 
offer. An advance of £600,000 was made to the company and 
more stringent conditions laid down as to its use on a further 
section of the project, but the company's programme soon 
ground to a halt in the face of a succession of cost overruns. 21 

Despite devoting to the purchase of boats a further £80,000 
(apparently claimed from the government for surveying costs 
on those portions of the scheme abandoned for want offunds), 
navigation operations failed to make a profit. As one observer 
put it, 'The canal runs from nowhere, to nowhere in particular, 
and consequently there is nothing and nobody to carry.' 22 

Irrigation was no better an investment, and showed a deficit on 
working expenses, 23 in spite of the fact that the government 
made large remissions to the peasants for crop failure caused by 
famine while still paying full rates to the company on their 
behalf. Although the completed sections had the capacity to 
irrigate 300,000 acres, the local agricultural conditions were 

21 For example, Col. Hugh Cotton (Sir Arthur's brother) had spent more than a third 
of the estimated cost of the Tungabhadra anicut before detailed surveys showed the 
site to be impracticable. The alternative site exceeded its estimated cost by a factor 
of five. 22 Deakin, lrrigaud India, p. 267. 

23 Noted the Famine Commission: 'The establishment charges have been very high in 
comparison with what they would have been on a Government work of like nature, 
and the London Board of Directors and its office have been an additional heavy item 
of expense.' PP 1880, LII , Report of the Indian Famine Commission, pt n, p. 162. 
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such that irrigation was required only occasionally. The 
situation was made worse by the heavy irrigation charges, and 
barely 20,000 acres were watered on average. 'The extraordi­
nary oversight which led to the unhesitating construction of 
these great works, without regard to the character of the soil to 
be watered, of the people who own it, or the results to be 
obtained by its execution, is a remarkable incident in the 
history of Indian irrigation', summed up one observer. 'Even 
had the works been well and cheaply built, they must have 
failed.' 24 

It was not until 1882, after having paid out 5°/o annually on 
the initial £1 million and having advanced £680,000 for which it 
received no interest, that the government was able to buy the 
company out for £1.18 million. With the additional loss due to 
debts abandoned of £1.5 million, the government finished up 
paying more for an isolated fragment of the eastern part of the 
design than was originally estimated for the entire gigantic 
scheme. 

A similar conclusion - also involving terms favourable to the 
shareholders - had attended the private irrigation initiative in 
Orissa. The company, which was incorporated in 1861 with a 
capital of £2 million, 25 was set up to execute - though not with 
the aid of a 5 % guarantee- another of Cotton's grand schemes: 
this time in the deltaic region of the Mahanadi and Brahmani 
Rivers and extending from Cuttack to Calcutta. River and 
flood controls, irrigation canals with a projected irrigation of 
over 1 .5 million acres, and a navigation channel linking 
Cuttack with Calcutta were proposed for an area undeniably in 
need of effective land and coastal communications, and subject 
to serious drought and increasingly destructive floods. Even 
though the cost estimate was subsequently raised to £3 million, 
when the government took them over, in 1869, the actual cost 
was on course for a final total of around £6 million. 26 The 

24 Deakin , Irrigated India, p. 267. 
25 The Madras Irrigation Company wished to add this enterprise to its existing 

structure, but was refused permission by the Secretary of State. Ibid., p. 283. 
26 The government paid the company just under £1 million for the canal, as well as 

cancelling a debt of £150,000 and paying £50,000 compensation to company 
servants . Triennial Review of Irrigation, p. 53. The company had also, at the time when 
the government was seriously doubting the wisdom· of continuing to allow private 
enterprise to develop canals, begun work on the Son and Midnapur Canals, 
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scheme not only shared with its Madras Company counterpart 
a serious problem of overrunning cost estimates, it similarly 
suffered from an overestimation of potential demand for 
irrigation. With an average of sixty inches of rain in the 
Mahanadi delta, rate reductions and other concessions failed to 
raise ordinary demand for water to more than a few thousand 
acres. But if the scheme failed to realise the profits initially 
envisaged, in a non-commercial sense the Orissa scheme was 
not entirely a failure, since it effectively reduced flooding, gave 
some protection against famine, and did help to overcome a 
difficult local communications problem. 

State construction financed by loans (from 1866) 

By the mid-186os, there was widespread disenchantment in the 
government concerning the wisdom of allowing private com­
panies to construct and manage works of irrigation, and when 
the Government oflndia determined in 1866 upon a course of 
major extension of irrigation works through public agency, it 
revived Dalhousie's general plan for financing such works 
through loans. The Secretary of State for India approved of the 
scheme of raising loans in London specifically for irrigation 
works, subject to the condition that such schemes could be 
expected to be 'remunerative'. The Government of India was 
given the discretion to authorise the commencement of projects 

1 which met the necessary conditions, and it was decided that 
around £500,000 .per year would be earmarked for irrigation 
out ofordinary revenue, with an addition ofroughly £2 million 
obtained through loans. 27 From 1867, for the first time, an 
adequate and reliable flow of funds went into canal develop­
ment, and a large number of 'productive' wor~s, involving an 
outlay of £15 million, were sanctioned over the next decade. 
This period was important from the point of view of UP 

modified versions of which were eventually completed by the governments ofBibar 
and Bengal respectively . 

21 Government of the North-Western Provinces, Public Works Department (Irriga­
tion Branch) Proceedings (hereafter NWP PWD(I)), Nov. 1867, (proceeding no.) 
22, GI Circular 91, 'Construction with Loans', 18 Sept . 1867. (In the India Office 
Records (hereafter IOR).) For further details relating to this section, see N.D. 
Gulhati, Administration and Financing of Irrigation Works in India (New Delhi, 1965), pp. 
58-63. 
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irrigation in that both the Agra Canal and the Lower Ganges 
Canal were initiated under these new arrangements. Other 
major works included the Sirhind Canal in the Punjab and the 
Mutha Canals in Bombay . 

The refusal on the part of the government to sanction an 
1875 proposal for a canal to serve virtually the whole of the 
Chenab-Ravi watershed, th"e Chenab Canal, was to mark the 
end of the initial boom in loan-financed canal development . 
This particular project was complicated by the fact that its 
financial prospects were dependent upon colonisation of the 
tract . But there were more general reasons contributing to the 
decision. Against a background of concern over the financial 
returns to canal irrigation (and thus the danger that servicing 
the loans might become a permanent charge on government 
revenues), a growing body of opinion wanted the government 
to curtail its public works programme , and particularly 
irrigation. 'To prosecute its irrigational operations on the scale 
at present contemplated' , wrote William Thornton in 1875, 
'and on the same principles as heretofore , may therefore seem 
to be a course that must inevitably involve the State in serious 
financial embarrassment .'28 A budgeting squeeze, brought on, 
among other things, by famine costs and the rising cost of 
remittances to England as a result of the depreciation of silver , 
reinforced the arguments of those opposing the enhanced level 
of government involvement in public works. Moreover, a large 
proportion of the borrowing for 'Extraordinary Public Works', 
as schemes constructed from loans were termed from 1868, was 
intended for railway projects. 29 Naturally, advocates of rail 
expansion sought to divert the pressure for reduced govern­
ment public works activity away from railways and onto 
irrigation. Much of the criticism of canals during this period­
in terms of both their overall financial performance and their 
operational performance - took place against this backdrop. 30 

The railway lobby was too powerful to be resisted, and -

28 W.T. Thornton, Indian Public Works (London , 1875), pp . 11&-17. 
29 It was decided in 1870 that further extension of railways should- as with irrigation -

generally be undertaken by the state directly , rather than by companies , and that 
the funds should be obtained by borrowing . 

'° Sec, for example , J. Dacosta , Th Indian Budget for 1877-IJ: Remarks on the Financial 
Position of tlu Govmunml of India (London, 1877), pp. 20-7. 
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despite the tireless advocacy of Sir Arthur Cotton for 
navigation and irrigation canals as a more appropriate form of 
transport and famine protection than railways - it was 
irrigation outlays which were cut back sharply from 1875, while 
annual average expenditure on railways rose markedly over the 
levels of the early 187os.31 

The issue eventually led to the appointment in 1879 of a 
Parliamentary Select Committee to examine ways in which 
loan capital raised in London for Indian irrigation works might 
be safeguarded. 32 It was also to recommend a formal criterion 
for allocating loan funds among various canal projects. The 
committee was hampered by the fact that the revenue accounts 
of existing irrigation works were grossly unreliable; its 
investigations nonetheless revealed that for the normal year 
examined, 1875-6, gross receipts from all works covered 
aggregate working expenses plus interest on capital. They even 
yielded a small profit overall. The committee thus recom­
mended that the practice of loan-financed construction be 
continued, subject to a 'productivity test'. Essentially, this test 
required that only such projects as would, ten years from their 
date of opening, yield an annual income equal to the interest on 
the capital expended on their construction (including, in such 
capital, accumulated interest arrears) should be accepted . 

Up until this time, major irrigation works were considered as 
essentially commercial undertakings and were classified as 

1 'productive works'. Such a designation did not mean that a 
work was constructed and operated without regard . for its 
potential role in combating famine. On the contrary, in 1867 it 
was determined that certain design features intended to 
increase the protective capabilities of the irrigation works 
should be incorporated into north Indian canal schemes .33 

This, of course, did not help those areas which, though in need 
of irrigation to provide defence against bad seasons, were 

31 Annual outlays on irrigation works from borrowed funds fell steadily from the peak 
level of £1.23 million in 1875 to around £600,000 in 1880. The total for the decade 
1871-80 was £9.2 million as against £23.9 million spent on railways . PP 1880, LU, 

Report of the Indian Famine Commission, pt u, p. 14 7. 
32 PP 1878--g, 1x, Report from the Select Committee, pp. iii-vi. 
33 Details are given in Ch . 6 below. The Irrigation Commission noted, in fact, that it 

considered artificial the distinction between 'productive' and 'protective' works , 
since the former had always had au important protective function . l/C , p. 75. 
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unable to receive such works because either the construction 
costs or normal conditions of agriculture ruled out the 
possibility that the prospective works would be formally 
'productive'. The 1880 Report of the Indian Famine Commission 
drew attention to the indirect returns to irrigation works 
(including savings on famine relief expenditure) and it was 
with such calculations in mind that the Government of India 
decided to set apart from the revenues of each year a sum of Rs 
150 lakhs (£1.5 million) 34 to be held in a Famine Fund. Half of 
this fund (Rs 75 lakhs) was to be allotted to 'protective' works 
(including railways as well as canals) in the construction of 
which direct returns were to be a secondary concern of the 
government. Subsequently it was decided that the full"Rs 75 
lakhs should be devoted to protective irrigation works. 

Changes in the funding methods for public works schemes 
were accompanied by a restructuring of the administrative 
framework. The PWD was divided, in 1866, into military, civil 
(including irrigation), and railway branches. The former 
system was one in which revenues from all provinces were 
treated as belonging to a single fund, and expenditures from 
which were controlled by the Government of India, with 
provincial governments having no discretion in sanctioning 
fresh charges. This situation led to considerable tension 
between central and local government, and gave little incentive 
for local economy in the use offunds. It gave way to Sir Richard 
Strachey's 1867 reform proposals, which were to render the 
execution and management of irrigation works a state 
government function. 35 This was done through provincial 
PWDs, with the Government of India and Secretary of State 
exercising powers of superintendence, direction, and control 
over local technical and administrative activities through an 
Inspector-General of Irrigation and the PW Secretariat in 
Calcutta. Strachey's system was operative for virtually the rest 
of the period, until the first round of constitutional reforms, 

34 A la/ch ofrupees connotes Rs 100 ,000 (nominally£ 10,000) ; a crore of rupees connotes 
Rs 100 lakhs (nominally £1 million). 

35 J. Strachey , India: Its Administration and Progress, 4th edn (London , 1911); Gulhati , 
Adminstration and Financing of Irrigation, pp . 15-17; Report of the Irrigation Commission of 
India, vol. 1 (New Delhi , 1972), p. 257. The first appointee to the post of 
Inspector-General was Strachey himself. 
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which made irrigation a provincial but 'reserved' subject from 
192 1. The firm control of the central government and the 
Secretary of State was then removed, except in the sense that 
provincial governments had to seek prior approval of the latter 
(through the Government oflndia) before sanctioning projects 
costing in excess of Rs 5 million. Irrigation projects were then 
financed by local governments, either from the general 
revenues of the province or with loans raised on the security of 
the Indian Government, with occasional grants from the 
central government for minor or unproductive works. 36 

Confidence in the soundness of irrigation returned after 
1880, and, within the administrative and financial framework 
described, construction of irrigation works proceeded through­
out the country. The area irrigated by major productive works 
increased from 4.6 to w.9 million acres between 1878-g and 
1900-1. 37 New schemes included the Lower Chenab and Lower 
Jhelum Canals ( the Punjab), the Lower Swat Canal (NWFP), 
the Jamrao and Nira Canals (Bombay), the Son Canals 
(Bihar), and the Periyar and Kumool-Cuddapah Canals in 
Madras. In the UP, the period saw the coming on stream in 
1874 of the w9-mile-long Agra Canal, which was initially 
sanctioned to provide famine relief work in 1868 ( see Map 2). 
With its headworks on the Jumna just below Delhi, it took 
water to the drier parts of Agra and Muttra which lay south of 
the river. 38 The construction of what came to be called the 

1 Lower Ganges Canal (LGC) also commenced in 1868 and 
it was opened ten years later. This canal, with its independent 
headworks at Narora in Bulandshahr district, and an intake of 
4-5,000 cubic feet per second (cu-secs), intersected the Etawah 
and Cawnpore branches of the original Ganges Canal and 
thenceforth these became part of the LGC system. Three new 
major channels - the Deoband, Hathras and Mat branches -
took up for what became known as the Upper Ganges Canal 

36 'Minor works ' , productive or protective , were constructed out of general revenues . 
37 /IC, p. 25. Increases in the irrigated areas of other classes of state irrigation works 

were small in comparison. Minor works showed an increase of barely 20% over the 
period and the area covered by protective works was, in total, less than 
one-twentieth of the increase in irrigated area on major productive works. Ibid. 

38 Strictl y speaking , therefore, this canal lies just outside the Doab , though since the 
districts served were administrativel y part of the Doab, the Agra Canal will be 
similarl y treated for the purposes of th is stud y. 
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(UGC) system the water no longer required m the lower 
reaches. 

The Agra Canal and the EJC were not especially large 
systems in terms of capacity, annually waterihg on average 
240,000 and 300,000 acres respectively around 1900, but the 
Ganges systems were very substantial indeed . Even in its 
truncated form the (Upper) Ganges Canal, in the mileage ofits 
channels, was still the largest in India. It had a capacity of 
8,000 cu-secs and irrigated during the 1890s goo,ooo acres in 
normal years, rising to 1.25 million acres in the 1899--1900 
drought. In comparison, the other giant, the LGC, watered 
800,000 and just over one million acres respectively. The two 
canals together consisted of 1,230 miles of main channels and 
branches and 6,400 miles of distributaries , at a total cost by 
1920 of £8.2 million .39 

By 1900, when the construction of the basic systems tracing 
down the Doab had been completed, along with ·their 
remodelling and major extensions, 2.5 out of the 11.5 million 
acres normally cultivated in the tract were irrigated by the 
canals during dry years, and steady improvements in the 
operation of the system increased this figure to around 3.5 
million acres by 1920, thus clearly exceeding the considerable 
area of well irrigation."° The total cost of these Doab schemes 
up to 1920 was just under £ 1 o million .41 

Apart from the earlier works in the Dun Valley, Bijnor , and 
1 

Rohilkhand north of Bareilly ( which together did not typically 
water more than 150,000 acres and were classified as 'minor' 
works), UP canal-building outside the Doab was very limited 
up until the opening of the Sarda Canal, serving the 
Ganges-Gogra doab, in 1928. The Sarda Canal project was 
initially examined, along with two other projects, the Eastern 
Ganges and Ramganga Canals, in 1870. Projects prepared for 
the latter canals were both abandoned because of uncertainty 
over the likely demand for water and the low winter levels in the 
rivers concerned. The Ganges schemes in the Doab left no 
water to spare and the Ramganga flow in winter was tiny . 42 The 

39 Triennial Review of irrigation, pp . 64- 5, 204-5. 
40 l/C , Ch . XIX . For an indication of the area under irrigation by source , for each 

dist rict , see Map 4; for long-term trends in total canal-irrigated area, sec Figure 4. 
" Triennial Review of Irrigation, pp . 204-5. 42 l/C , pp. 1Sg-go. 
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Sarda Canal project was less straightforward, and the 
possibility of constructing a significantly scaled-down version 
of Captain (later Colonel) J.G. Forbes' 1870 project for a 
scheme watering 2.4 million acres was repeatedly re-examined 
over the period. Doubts among local officials about the 
project's ecological impact, the likelihood oflimited returns in 
an area with a normal average rainfall of forty inches, and the 
consistently strong opposition of the talukdars to a canal held 
back its acceptance, although the urgent need to provide 
famine relief work in 1880 and 1896-7 almost led to the 
commencement of one or other of the schemes. 43 

The Sarda Canal was one of the two schemes recommended 
by the President of the Famine Commission of 1878-80, 
Richard Strachey, for immediate and special enquiry . The 
other involved a system of canals supplied from the Rivers 
Betwa and Ken in Bundelkhand. The Betwa Canal, sanctioned 
in 1881, was India's first explicitly 'protective' work and was 
constructed, initially as a temporary relief employment 
scheme, at a cost of Rs 42 lakhs for the protection ofjalaun. Its 
expected capacity was 120,000 acres, but it averaged less than 
40,000, 44 partly because much of the soil in the area served was 
retentive of moisture. This, plus a costly storage system to 
supplement the winter river supplies in a dry year, meant that 
the system ran at an accounting loss. The government was, in 
fact, aware that, except in Sind, the Punjab, and Oudh ( the 
Sarda Canal), its construction programme of works likely to 
prove directly remunerative was approaching completion. Any 
considerable expansion of irrigation to famine-prone tracts 
would involve costly storage works and thus be les.s remunera­
tive than the existing works (which tapped perennial supplies 
of large rivers). An important task of the 1901-3 Irrigation 
Commission, then, was an examination not so much of whether 
the n~w generation of works would prove directly remunera­
tive, but of 'whether the net financial burden which they may 
impose on the state in the form of charges for interest and 
maintenance will be too high a price to pay for the protection 
against famine they may be relied upon to afford'. 45 The 
commission's view was that whether or not a canal was 

+3 Ibid., pp . 1go-5. « Ibid., p. 188. 
•~ Ibid., p . 2; see also Kanetkar , 'Pricing of Irrigation Service in India' , pp . 163- 4. 
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considered 'unproductive' depended crucially on the definition 
of the cost of famine, and following its recommendations the 
'productivity test' applied to such works was de-emphasised so 
as to allow for indirect returns, including the saving of famine 
relief expenditure. 46 Most of its strong recommendations for 
large works focussed on Madras and the Bombay Deccan. For 
the UP, the commissioners were generally against the Sarcia 
Canal, suggesting various schemes for using Sarcia waters in 
the Doab system.47 The Ken Canal, serving Banda district, was 
strongly recommended, and this relatively small work, held in 
abeyance since 1876, opened in 1909, followed in 1911 by 
another small work in Bundelkhand, the Dhasan Canal. 

Financially, the irrigation works programme was a clear 
success. By 192 1, £5 7 million had been spent on 'productive' 
works (irrigating an average of 17.3 million acres) and £12 
million on protective works (irrigating an average of i million 
acres) for India as a whole. Net revenue on this outlay was 
about 9% and 1 % respectively, with a combined net annual 
profit of £3. 1 million. 48 For the UP, the comparative overall 
figure was 7 .5 % return on a total capital outlay of Rs 1,328 lakhs 
(see Table 2.1), with a net annual profit on all the works of Rs 
58 lakhs. Of the four large Doab Canals, which dominated these 
returns, the EJC was spectacularly successful, annually 
returning around 25% on total capital outlay,49 with the UGC 
returning around 10%. These two canals, with relatively cheap 

1 
headworks and a high proportion of high-rated crops, 
generated returns which, by I go 1, not only exceeded accumu­
lated interest, but produced a running surplus amounting to 
almost half the total capital outlay on all four schemes (see 
Table 2.2). 

Aspects of canal engineering in the Doab 

Physical conditions and canal construction 

Cautley described the northern plains of India as a 'region 
461/C, Ch. IV . 

47 The commissioners suggested that this might permit the release of a larger supply 
for the WJC to allow increased irrigation in Hissar and Rohtak. 

48 Gulhati, Administration and Financing of Irrigation, p. 63. 
49 Rising to 32% on a capital outlay of Rs 53 lalchs in I 92 I . Triennial Review of Irrigation, 

p. 29. 



Table 2. 1. Details of physical and fina,ncial development of canal irrigation in the UP, 1831-1921 

Mileage of channels Financial details (in Rs lakl&s) 
Arca 

Main Escape,. Capital Gross Working irrigated 
Year channels navig- , outlay revenue expenses Simple (in · Name of canal 
to 31 and Distrib- Dra inage ation , to end during during Net interest Net millions or branch, and 

March branches utaries cuts etc . Total of year year year . revenue charges profit of acres) date completed 

1831 - - - - - 4 0.1 0.3 0.3 0.2 0.1 - EJC (Doab) 1830 

1841 - - - - - 7 0.9 0.7 0.3 0.2 0.1 - Dun and Rohilkhand 
systems (improved 
and extended) 
1824-184os 

1851 - - - - - 12 1.8 0.9 0.9 0.4 0.5 

1861 - - - - - 215 7.8 5.2 2.6 8.2 -5 .6 0.70 Ganges Canal 1854 
Bijnor Canals 1859 

1871 784 3,g67 - - 4,751 287 28.3 I 1.3 17.0 10.9 6.1 1.05 Dun Canals 1864 

1881 1,209 5,424 - - 6,633 634 49.3 19.0 3o.3 22.8 7.5 . I.73 Agra Canal 1874 
LGC 1878 

18g1 1,400 6,726 1,820 227 I0,173 8oo 67-7 29.2 38.5 29.3 9.2 2.01 Betwa Canal 1886 

1901 1,509 7,659 3,311 311 12,790 910 99.7 34.5 65.2 32.7 32.5 2.00 

1911 1,778 9,371 3,6o5 329 15,o83 1,144 rn5.4 38.3 67.1 34.9 32.2 2.27 Fatehpur branch 1902 
Mat branch 1905 
Ken Canal 1909 

1921 1,888 10,151 3,730 367 16,136 1,328 153·3 54.2 99.1 40.7 58.4 3.40 Dhasan Canal 1911 
Hathras branch 1913 
Ghagar Canal 1918 



Table 2.2. Financial details of major works in the Doab, 1895-6/J!)00-1 

Number of 
years in 

Canal operation 

Upper Ganges 46 
Lower Ganges 22 
Agra 26 
Eastern J umna 70 

Total 

Source: Based on table in 1/C, p. 185. 

Total capital 
outlay to 

end of year 
(in Rs lakhs) 

298.9 
353.2 
95-4 
38.6 

786.1 

Annual average for period 1895-6/Igoo-1 

Excess annual Percentage 
net revenue over of net Area 
interest charges revenue on irrigated 

(in Rs lakhs) capital (in acres) 

17.1 9.47 949,000 
o.9 3.97 774,100 
1.8 5.6o 228,700 
8.8 26.55 286,000 

28.6 7.37 2,237,800 

Excess revenue 
over interest 
charges to 

end of 1goo-1 
(in Rs lakhs) 

127.6 
-26.2 
-14 .1 
220.9 

308.2 
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designed by nature as a great field for artificial irrigation' .50 

Outwardly it would appear a comparatively straightforward 
task to divert water from the perennial rivers flowing out of the 
Himalayas across the intervening plains, or doabs, via canals 
which could, with the aid of a network of channels, distribute 
the water for the irrigation of the flat expanse of farmland. 
However, each of the stages of this exercise involved 
confronting the Doab's specific geomorphological characteris­
tics and active physical processes. These posed a considerable 
challenge to hydraulic engineering, particularly since its 
exponents were so little experienced in dealing with Indian 
conditions and were additionally hampered by a tight 
budgetary constraint. A lengthy period of experimentation and 
adaptation was necessary before a system was devised which 
could provide what, in the context of local agricultural 
conditions, was a useful and workable irrigation facility and 
one which was not attended by serious environmental 
disruption . 

Understanding the physical characteristics and problems of 
works of hydraulic engineering in the Doab therefore involves 
taking account of the processes and form of the tract's 
geomorphology. In broad terms , the flat alluvial Doab 
landscape was formed through the medium of the major rivers 
from debris washed down from the mountains. Near the foot of 
the hills, the soil contains boulders and stones brought down by 
the mountain torrents, but thirty miles from the hills these 
disappear and the soil is a fine river deposit which varies from 
sand to stiff clay, the different types of which are distributed in 
patches over the surface and at different levels in the subsoil. 
This is an ongoing process: heavy rainfall causes floods as the 
rivers break out of the tortuous channels which confine their 
flow for most of the year and fill the broad flood valleys . Where 
the slope declines, the khadir, or valley, widens and the velocity 
of flow is reduced, and the water deposits some ofits suspended 
material: first the coarser sand particles, and then - in the 
backwaters and depressions- the lighter particles which make 
up clay . As the floods subside, the river begins to carve a new 
dry-season channel (or channels) through the soft deposited 

so Cautley, Ganges Canal Works, 1, p. 3. 
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soil, and the less swampy parts of the broader valley become 
available for winter cultivation. In this way the geomorpho­
logicaJ detail, if not the general pattern of the landscape, is 
continually subject to change. The pattern is one of generally 
light soil mixed with discontinuous clay beds found at various 
levels, which are often important in well irrigation (in that they 
check subsoil drainage flows) but which may interfere with 
drainage sufficiently to render the soil uncultivable, particu~ 
larly where salts are present in the soil which can in their 
dissolved state be brought up to the root zone or surface 
through capillary attraction. This problem is especially likely 
to be encountered in the central and lower sections of the Doab, 
where the general gradient of the land slopes off to six to twelve 
inches per mile and long shallow depressions occur, along 
which the receding floodwaters wind with almost impercep­
tible slowness. Numerous beds of an alluvial formation of 
limestone, called kunkar, one or two feet thick in places , are also 
a. cause of barren stretches scattered over the Doab . 

The builders of canals needed , therefore , to devise economi ~ 
cal ways of tapping the great rivers , with their tendency to 
wander and their very variable flow over the year , and to 
convey that supply to and along the watersheds of the tract via 
a network of canals and distributaries, taking care to avoid 
interruption to the complex and often subtle drainage Hnes. 

1 They had also to avoid the danger of damage to the works posed 
by the boulders carried by the flow of the rivers emerging from 
the hills, the serious scouring effect of water travelling at excess 
velocity in unlined alluvial soil channels, and the problem of 
the channels filling with silt where the flow speed was 
inadequate to keep the material suspended in the water. These 
were the fundamental engineering problems which had to be 
solved before an effective modem system of irrigation could be 
established. Moreover, they were essentially new problems. 
The experience ofother (smaller) works in existence in Europe 
was not readily transferable to the northern Indian context, 
and the development of the basic irrigil,tion infrastructure was 
essentially based on trial and error. 

Nowhere is this more in evidence than in the construction of 
canal headworks, and particularly the Ganges Canal head at 
Hardwar. The advantage of choosing this site for the 
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headworks was that it took off at a high point ( where the river 
emerged from the hills), and thus avoided the problems of 
constructing a dam on the sandy bed of the river ( the bed was 
still rocky at Hardwar) and of 'lifting', via embankments, the 
canal out of the khadir, several miles wide, through which the 
Ganges River flowed at a level lower than the Doab plains. The 
river itself had carved a main channel along the left bank of the 
valley, some distance from the high bank and the arable upland 
plain (hangar) of the Doab. Moreover, in the upper sections of 
the valley it was separated from the hangar by an old bed of the 
Ganges, the Budhganga, which was by then a long depression 
filled with reeds and swamps and inhabited by wild pigs and 
tigers (see Map 3). 

One problem avoided, however, did not mean that there 
were not grave engineering difficulties still to be solved. The 
river at (and for some miles below) Hardwar has the character 
of a torrent, and is studded with islands and sandbanks, . 
between which the stream runs in a series of pools and rapids. A 
system evolved which used an elaborate series of temporary 
and permanent works to channel the supply- and in particular 
the December-January supply, which could be as low as 
4-5,000 cu-secs - so that it could be diverted into the canal. It 
was an intricate operation which involved directing the whole 
of the water flow past the sacred Hard war ghats during the low 
season, but keeping the main channel of the river away from the 
head of the canal during floods. The system's main features are 
shown in Map 3;\: the Chillawala weir, the Hardwar dam, and 
a system of three temporary bunds and numerous groynes, 
spurs, and revetments reaching five miles upstream were used 
to control the river and to channel the water past Hardwar. The 
Myapur dam (see Plate 2) served to regulate the depth of water 
immediately above the canal, and the lift gates of the Myapur 
regulator5 1 controlled the quantity of water entering the canal. 52 

When the river was in flood, or no water was required for the 
canal, the Hardwar dam could be used as an escape; the 

51 Regulator , on Map 3A. Construction of regulator number 2 commenced in the 
early , 88os. 

52 For more details, see Buckley, Irrigation Works, pp . 132-6; and Deakin, Irrigated India, 
pp . ,79-85. 
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Crofton's view that there was no primafacie case for abandoning 
the upper 100 miles of the canal in favour of the Sookertal 
proposal. However, in the light of the publicity surrounding 
Crofton's report, and taking account of Cotton's distinguished 
record as an engineer, a committee of'impartial' engineers was 
appointed to decide between the two proposals. It found that 
the construction of a weir at Sookertal, at an estimated cost of 
Rs 112 lakhs, could not be recommended, and it urged that 
Crofton's remodelling plans should proceed with only minor 
modifications. 87 The committee agreed that when full intake 
into the canal was resumed, a permanent weir system might be 
necessary to safeguard the cold-season supply. Giving some 
ground to Cotton, committee members suggested that an 
additional canal head might well be constructed at Rajghat 
(near the eventual headworks of the LGC at Narora) when it 
was economically feasible , and that the possibility of building a 
weir across the Jumna at a point below Aligarh should be 
further investigated. The report ended with a comparison of the 
financial results of the Madras and Ganges Canal works. Aside 
from the contribution of problems of slope , Mutiny damage, 
and limited development of the distribution system to the poor 
financial performance of the Ganges Canal, it was clear that 
differences in conditions between the two areas restricted the 
financial potential of the Ganges vis-a-vis the delta works. 
Differences in staple crops, the availability of wasteland, the 

' pattern of demand for irrigation , and the expense involved in 
bringing the water to the fields - together with the availability 
of still-water navigation in Madras - accounted for a marked 
difference in expected returns. 88 

Cotton was angered by the committee's report, and in a 
lengthy communication to the Under-Secretary of State he 
launched a tirade against it, saying that the 'whole bias of the 
writers was to make their paper reflect the views taken of the 
matter by the Government oflndia' .89 He alleged that his views 
had still not been given a fair hearing - 'the president was 

87 A. Swinton, Report of the Committee on the Ganges Canal (Roorkee, 1867); also printed as 
an Appendix to NWP PWD(I) , April 1867. (For a summary, see NWP PWD(I), 
April 1867, 51.) 

88 Swinton, Report of the Committee on the Ganges Canal, pp . 4 7-8. 
89 NWP PWD(I), Sept . 1867, 1, Cotton to Under-Sec . of State forlndia, 15Jan . 1867. 
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altogether opposed, both professionally and personally, to 
myself, and only one of the six could be an unbiased person' -
and concluded that it was the intention of the committee to 
'smooth over' the 'sad failure of the Ganges Canal'. 

Following another lengthy letter on the subject, and on the 
general need to expand development of irrigation and 
navigation, directed to the Government of India in November 
1867,90 the latter concluded that Cotton was trying to 'enlist 
public opinion against our views and acts'. The government 
wearily pointed out that Cotton's views had been considered by 
the committee, restated the official commitment to extending 
canal works, and made it clear that it considered the matter 
closed. Cotton continued to press the case for more canals, both 
for irrigation and - since they were cheaper than railways - for 
transport. His cause was boosted by the support of John Bright, 
who was moved by the 1877-8 famine to campaign for canals, 
and Cotton became a key witness before the Select Committee 
on East Indian Public Works, pushing his case to the extent of 
proposing the summary and indefinite suspension of nearly all 
railway schemes and works in favour of navigation canals. 91 His 
views found little support, and even some hostility, among 
members of the Select Committee. The somewhat eccentric 
Cotton, whose earlier reputation had been diminished by 
involvement with the irrigation companies and the unsavoury 
clash with Cautley and government officials, faced a committee 
which, in irrigation matters, was concerned with narrow 
financial criteria. He .could, by then, easily be dismissed as a 
crank with 'water on his brain'. 92 

How does this whole Cautley-Cotton episode relate to the 
development of irrigation in the NWPs? It would be easy to 
represent this as a clash between two personalities, with 
Cautley being reluctantly drawn into confrontation, partly 
through a sense of duty with respect to the government and his 
engineer colleagues, to defend himself against the implied 
charge of misuse of public funds. It is understandable that 
Cotton should have resented the emergence of a rival to his 

oo NWP PWD(I), Aug. 1868, 27, Cotton to Sec. GI PWD, 12 Nov. 1867. 
91 Reply to qn . 2722 . 
92 R.C. Dutt , Tiu EcoMmicHistoryof India in tlu Victorian Age, 3rd edn (London, 1908), p. 

364 . 
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claim as the pre-eminent engineer in the entire history of the 
subcontinent, particularly one whose reputation was based on 
a work which, however impressive in its scale and achievement, 
was patently flawed in design and unprofitable besides . With 
the air of a man supremely confident in his own abilities, the 
somewhat dogmatic Cotton campaigned tenaciously for the 
acceptance of his views. His personalised attacks on Cautley 
and on other individuals and bodies with whom he clashed 
naturally made him enemies, and inevitably had the effect of 
causing a closing of ranks among the north Indian PWD 
officers, with whom Cautley was popular and as an engineer 
very highly regarded (as Crofton's reference to 'our loved and 
honoured chief in his Report on the Ganges Canal shows). 93 Joyce 
Brown's interesting account of the ceremony and celebrations 
to mark the opening of the canal includes a quotation from a 
witness, who referred to his 'standing modestly on the scene of 
his glories, and hurrying with the simplicity of a child from any 
egotistical reference that the occasion might seem to force on 
him, to the generous and therefore welcome office of praise and 
thanks to others'. 94 This clash, then, inevitably spread beyond 
the individuals themselves, and embraced departmental 
provincial loyalties. Even today canal engineers in the UP not 
only know the details of the dispute, but exhibit some 
resentment against Cotton on behalf of the person they regard 
as the father of canal irrigation in the north. 

However, there was more to the conflict even than that. This 
confrontation took place against a background in which the 
private irrigation companies were increasing their involvement 
in irrigation development in India. It was in the interests of the 
East India Irrigation Company to use Cotton's 'Private 
Memorandum' in order, as Cautley pointed out, 'to depreciate , 
in the eyes of Government, the property for which they ~ere 
bidding ' .95 Moreover, they were unintentionally aided in this 
by Colonel Richard Baird Smith's report on the 1860-1 famine, 
which showed that the canal had proved inadequate to prevent 
starvation, on account of the inefficiency of the temporary 

93 Crofton, Report on the Ganges Canal, 1, p . 84. 
94 Brown, 'Memoir of Colonel Sir Proby Caulley', p. 208, quoting Delhi Ga<:ette, 

Supplement, 12 April 1854. 
95 Caulley , Disquisition, pp . 98-9 . 
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headworks in keeping up supplies when the river ran low.96 

Although this was nothing more than an attempt by the former 
Director of the Ganges Canal to encourage the government to 
provide resources for permanent headworks - the Ganges 
Canal Committee actually pointed out that the inefficiency of 
the temporary system in 186~1 was exaggerated 97 -it was grist 
to the mill as far as Cotton and the private irrigation companies 
were concerned. The broader dimension to the episode is also 
suggested by Cautley's belief that the articles in The Times 
supporting his adversary's views were actually written, with 
Cotton's assistance, by R. A. Dickinson, Secretary of the 
Indian Reform Association. 98 

The tide of opinion which favoured private enterprise in 
irrigation coincided with the period when Cotton was at the 
pinnacle of his career. He was the man with the magic touch; no 
scheme, it appeared, was too ambitious given his powers. But 
the tide began to ebb around the mid-186os, as the private 
company schemes degenerated into fiascos and Cotton's 
intemperate outbursts turned opinion against him. After his 
knighthood in 1861 and his 2nd Class KCSI in 1866, no further 
public acknowledgement of his services was forthcoming, 
though Cotton lived until 1899. Cautley, by contrast, remained 
high in the government's esteem, serving for ten years on the 
Council of India. In March 1865, the Governor-General wrote 
a despatch to the Secretary of State for India, stating: 

Whatever be the present ascertained defects of the Ganges Canal, the 
claims of Sir Proby Cautley to the consideration of the Government of 
India for his eminent services are, in our estimation, in no way 
diminished, and his title to honour as an engineer still remains of the 
highest order.99 

It was unfortunate that Cotton's energies in the 1860s and 
beyond were taken up in activities which antagonised so many 
involved in irrigation, since his undoubted talents as an 
engineer would have been valuable during the period of 

96 R. Baird Smith, The Special Commissioner's Final Report on the Famine of 186o--01 

(Calcutta, 1861), pp. 32-6 . 
97 Swinton, Report of the Committee on the Ganges Canal, p. 36. 
98 See Brown, 'Sir Proby Cautley', p. 81; and Brown, 'Memoir of Colonel Sir Proby 

Cautley' , p . 211 . 
99 Quoted in Dictionary of National Biography (hereafter DNB), vol. m, p. 1243. 
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irrigation expansion. Certainly, from an engineering view­
point, Cotton's views on the feasibility of dams across the sand 
beds of the Ganges River eventually were shown to be correct in 
principle by the success of the LGC and Agra Canal weirs at 
Narora and Okhla respectively, which were constructed 
'generally in the manner proposed by Sir Arthur Cotton'. 
Richard Strachey, who sanctioned these works as Inspector­
General of Irrigation, admitted in 1868 that the change of 
opinion on the matter of a weir at Narora was due to Cotton's 
involvement, although the bitter controversy had had the effect 
of delaying his acceptance of an idea which was considered 
'visionary' when it was first suggested. 100 This did not mean 
that Cotton's initial advocacy of a lower weir was any more 
practical in the sense that the canal was already built, and 
Cotton's suggestion of a supplementary canal for additional 
supply to the Ganges Canal was patently a more expensive 
option than that of simply remodelling . tot It was only 
subsequently, with the acceptance of the idea of extending 
irrigation wherever a reasonable return was in prospect - and 
this included virtually the entire Doab - that Cotton's views 
became 'most relevant'. w2 

Cotton's weakness was pronounced in respect of the 
non-engineering aspects of irrigation schemes, particularly in 
assessing aspects of demand for the water and navigation 
facilities and in estimating costs . This was amply demonstrated 

' in relation to the private company schemes in which he was 
involved, where the scale of error in demand projection and 
cost estimation suggests that the profitability of his earlier 

100 NWP PWD(I ), Sept . 1869, 61, Note by Inspector -General of Irrigation on 
Remodelling of the Ganges Canal and Extens ion of Irrigation in NWP Doab , 22 

Oct. 1868. To be fair to Cautle y, his main objection to Cotton's suggestion for lower 
headworks was the likely cost. In describing the weir plans as 'visionary ' he 
elaborated thus : 'My meaning must be taken in the economic sense . With unlimited 
outlay a dam might be built across the Ganges sufficient for any purpose .' The Times, 
2 Nov. 1864, p. 4· 

101 Cotton insisted that he did not intend to reach the upland via a deep cutting (as 
Crofton assumed, and on which his calculations were based}, but to take the canal 
along the valley, rising gradually out onto the upland level. NWP PWD(I} , April 
1867, 50, Cotton to Sec. GI PWD, 9 Nov. 1865. 

102 NWP PWD(I) , Sept. 1869, 61, Note by Inspector-General of Irrigation on 
Remodelling of Ganges Canal and Extension of Irrigation in NWP Doab , 22 Oct . 
1868. 
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Madras works may have been substantially due to chance 
factors in the choice of location. Another example of Cotton's 
faulty judgement in commercial matters involved the potential 
of navigation canals. His view of the Ganges Canal when it 
opened was that 'as a work of communication (in addition 
to its value for irrigation) there can be no question that 
it will be of incalculable value' .103 In point of fact, although 
considerable expense was incurred in making the Ganges 
Canal suitable for navigation, including the provision of a 
separate lock channel system in the northern sections (see Map 
3), navigation in the Doab was always a secondary function of 
the canal. As a result, many of the design features of the canal 
actually hampered traffic and effectively undermined any 
attempt to increase its use for navigation purposes. 

It did not help, for example, that the main routes were not 
designed to serve the large trading centres. Moreover, the 
velocity of the water made towing boats upstream a slow 
business, particularly as there was no towpath provision under 
the ordinary bridges (which were often designed, particularly 
in the lower branches, without sufficient headroom for loaded 
boats). Boats also had to cope with delays at the numerous 
locks, closures (unscheduled as well as scheduled) , and various 
exactions made of boatmen by the canal chaukidars stationed en 
route.104 The small number of boats which did manage to 
operate despite these impediments - mostly for local rather 
than through traffic - quickly diminished when railways were 
constructed alongside the roads and canals already aligned on 
the watersheds of the country. From a recorded total of 2,463 
boats in 1861, the numbers fell to 432 in 1869 and 239 in 1872, 105 

though it was not until the early 1900s that navigation was 
officially abolished. The amount of goods carried was always 
small and the tolls ( for example, Rs 21,000 in 1868) were 
insufficient to cover the expenditure incurred on account of 
navi~ation. 

103 Cotton, Public Works in India, p. 114. 
104 Nicolls, 'Agricultural Engineering (111)', Engineering, XLV (18 May 1888), pp . 473-4; 

NWP PWD(I), Oct. 186g, 152, Memorandum by Traffic Manager on Ganges 
Canal Navigation, 1 June 186g. 

105 From NWP PWD(I) , Oct. 186g, Memorandum by Traffic Manager on Ganges 
Canal Navigation, 1 June 186g; and Thornton , Indian Public Works, p. 120. 
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Problems of labour and material supplies 

The construction and operation oflarge canal schemes entailed 
the mobilisation of substantial human and physical resources. 
During the construction phase, skilled workers had to be 
recruited, building materials gathered or directly manufac­
tured, and armies of labourers assembled. By the 1920s,. close 
on 2,000 miles of main channels and more than 14,000 miles of 
state-built distributaries and other channels had been exca­
vated in the UP, 106 many of which, of course, were in cuttings or 
embanked for part of their length. Some of this excavation took 
place in relatively remote areas, such as the upper sections of 
the Ganges Canal, including the construction of the numerous 
headworks installations, falls, weirs, and aqueducts. An 
executive engineer, of which there were six (one for each 
division) on the Ganges Canal, might easily have 5,000 men 
and hundreds of carts working daily on his section of 
construction. The brick-making alone for the Solani aqueduct 
kept 3,500 labourers occupied for seven to eight months a year 
over five years. The actual construction work kept 2,750 
employed for a full six years. 107 

Labour for the considerable excavations in the sparsely 
populated northern areas was supplied mainly by the nomadic 
Oade tribe, members of which had by tradition wandered the 

• area between the Sutlej and the Jumna with their cattle and 
other livestock undertaking excavation of tanks and water­
courses.108 Distinguished from other excavators by their use of 
the inlaid and ornamental phaora (mattock), and by their use of 
donkeys rather than women and children for carrying earth, 
they gathered in large numbers in tented encampments along 

106 That is, all channels above the level of village water-courses (guls). See Table 2.1. 

io7 Cautley, Gange.< Canal Works, 1, Ch. 2. The Nadrai aqueduct taking the LGC across 
the Kali Nadi was of similar dimensions and took 4,000 workmen, often working at 
night, four years to construct. Over a million cubic feet of concrete and 4. 75 million 
cubic feet of brickwork were used in the second aqueduct on that site. The initial 
construction was swept away by floods in 1885. Triennial Review of Irrigation, pp . 
63-4. 

108 Three-quarters of the work on the EJC was performed by Oades, who also carried 
out most of the digging of the first 110 miles of the Ganges Canal. Cautley, Ganges 
Canal Works, 11, p. 547. 
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the lines of excavation. Only seldom , through an occasional 
donkey raid, did they come into conflict with local cultivators, 
and they displayed a convenient reluctance to move away from 
an area where further work was in prospect. They worked 
either in large parties under a leader (with the contract terms , 
advances , and distribution of payments organised through a 
bania),. or in small groups on specific projects where they were 
paid daily or monthly and supervised by a European 
overseer. 109 Oade contractors took on sections of from 25 to 100 
feet and were paid Rs 1!-6 per 1 ,ooo cubic feet, depending on 
the nature of the soil and the depth of the work. 110 An 
able-bodied man typically managed to move 1 ,ooo cubic feet of 
soil in around twelve days, thus earning a daily rate of around 
two annas. 

Obtaining labour was, perversely , more difficult in the more 
populated parts of the Doab , below Muzaffarnagar. The more 
developed state of agriculture in the Middle and Lower Doab 
generally gave less opportunity for the Oades to graze their 
livestock, and they were reluctant to follow the work 
opportunities too far southwards. Although many parties 
applied for contracts prior to the commencement of digging , 
the relatively low rates offered- Rs 2 or less per 1 ,ooo cubic feet 
- and the existence of alternative income-earning opportunities 
made progress on the works very slow, particularly in 
Bulandshahr and Cawnpore , and for months only small groups 
of workers could be found . Indeed, in the latter division, those 
contractors who could be found were so inexperienced as to 
take contracts on rates below the level at which labour could be 
hired , and for a time actually made losses. Ultimately the rates 
were raised, but the problem of securing a continuous supply of 
labour remained: the works became 'nearly deserted' at harvest 
time and whenever a day's rain had fallen, and canal officers 
complained that 'squads of workers' regularly departed for 
weddings and fairs. 111 

A significant part of the earthwork operations on the schemes 
carried out in the 1870s and Bos appears to have been done by 

109 Ibid. , p. 544. 
110 This figure was inclusive of carrying, levelling, and smoothing the banks and slopes, 

and of making a towpath , boundary ditch, and roadway along the canal. 
111 Cautley , Ganges Canal Works, n, p . 571. 
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local labourers employed on famine relief schemes and by 
gangs of 'Purbeahs', specialist excavators from Oudh, whose 
grass hut villages sprang up wherever work was available. 
Some of the 100-yard contracts on the Agra Canal excavations 
- which began in October 1868 to provide relief work - were 
taken by Purbeahs, though most of the workers were 
inhabitants of the villages through which the canal passed. Not 
surprisingly, with drought diminishing employment opportu­
nities, the Chief Engineer's inspection report notes con­
siderable competition for contracts. Most of these were for 
lengths of 100 feet, but one was for a mile, and another, from a 
European by the name of Robinson, was a Rs 70,000 contract 
for a twenty-mile section.112 

In addition to the unskilled labourers required for construc­
tion, a substantial number of skilled tradesmen had to be 
assembled, and provision made for the supply of needed 
materials. While Muslim bricklayers and stone-masons were 
usually available from the locality, many of the fitters, 
carpenters, and divers came from the Punjab, and a significant 
number of khallassis (sailors) from Bombay were employed in 
high-level work including erecting scaffolding. Artisans from a 
distance were procured for the Ganges Canal masonry works 
from among the thousands of pilgrims visiting for the Hard war 
fair, but many skills were passed on during the earlier phases of 
public works construction so as to provide a sizeable pool of 
tradesmen which could be drawn upon for subsequent works. 113 

For specialised supplies, including timberwork and metal 
components and fittings, a workshop and foundry were set up 
at Roorkee. Reliable contractors to manufacture or arrange for 
the supply of construction materials were non-existent in the 
area when the early canals were built. Thus, on the Ganges 
Canal, for example, one executive engineer and his two 
assistants were occupied solely in organising materials. This 
principally involved brick- and lime-making on a huge scale, 
and the purchase (and often the personal selection) of timber 
from local forests. 114 All engineers, in fact, who joined the 

112 NWP PWD(I), March 1869, 27, Agra Canal Inspection Report, 20 Feb. 1869. 
113 For details relating to this section, see Nicolls, 'Agricultural Engineering (n)' , 

Engineering, XLV (4 May 1888), p. 424. 
114 Cautley, Ganges Canal Works, 1, Ch . 2 . 
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service in the early days were required to learn how to make 
bricks by means of a simple trench kiln system, and how to 
manufacture lime from the kunkar deposits found in the plains. 
This lime, when mixed with white lime and brick dust, 
conveniently possessed sufficient tensile strength to meet most 
irrigation requirements. 115 While it continued to be usual for 
engineers to make small numbers of bricks as required, 
contractors did come forward to supply bricks for later works. 
The brick-burning for the remodelling of the headworks at 
Myapur in 1882 was done, for example , by a large European 
firm. Not all contractors, however, had the capital and the 
expertise necessary for the job . In one instance, an urgent need 
for bricks led an engineer to use a host of petty contractors who 
apparently wasted their advances in producing substandard 
products and then hurriedly decamped to escape their debts, 
leaving the area 'littered with valueless underburned 
bricks'. 116 

Engineers and the irrigation service 

The canal-builders of the 1820s to 6os carved, almost literally, 
an important place for themselves in Indian history. The group 
of men who worked on restoring and developing bold new 
schemes - Cautley, Baird Smith, Napier, Durand, Yule, W.E. 
Baker, Greathed, Richard Strachey 117 - are far from obscure 
figures. Their claim to fame, however, rests on an even firmer 
base than the substantial one of having laid the foundations of 
modern canal-building in northern India. 

Some of the men gained prominence more through their 
military achievements than through their irrigation activities. 
The early phase of canal-building was carried out by military 
engineers, who made their way into the ranks of the Bengal 
(later Royal) Engineers via the East India Company's Artillery 
and Engineers Seminary at Addiscombe, from which the best 
cadets were selected for subsequent training in Trigonometri­
cal Survey methods and a course on mines and explosives at 

11s Nicolls , 'Agricultural Engineering (vm )' , Engineering, XLVI (24 Aug. 1888), pp . 
175--6; W.P. Thompson , Punjab Irrigation (Lahore , 1925), pp . 58--g. 

116 Nicolls, 'Agricultural Engineering (vm )', Engineering, XLVI (24 Aug. 1888), p . 176. 
111 See Appendix I below for career outlines of the main officers involved. 
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Plate 8. Bengal (PWD Irrigation) Engineers, c. 1862. 
Front (left to right): Hutchinson, Gulliver, Maclagen, Turnbull, 
Dyas, Home. 
Middle: Innes, J .G. Forbes, Pollard, Sim, Taylor, Becher. 
Back: Padday, Newmarch, Crofton. 
(By kind permission of the British Library, India Office Records) 

Chatham. 118 All of the officers saw action at some time, since 
this was still a period of active territorial expansion. Most were 

• called away from civil projects to assist in the Sikh campaigns of 
the 1840s, and some were to distinguish themselves during the 
Mutiny. No one more so than W. Greathed, who carried 
despatches between Agra and Meerut, in between relieving 
beleaguered civilian stations, at the height of the uprising; and 
although he was wounded during the siege of Delhi, he 
subsequentiy acted as Directing Engineer during the attack on 
Lucknow. 119 Richard Baird Smith (as Chief Engineer at the 
assault on Delhi) 120 and Henry Brownlow also made notable 
contributions in retrieving the situation for the British in 

11s There is a certain irony in the fact that Cautley , unlike his later rival, Cotton (who 
also graduated in 1816), did insufficiently well in his examinations to be selected for 
the engineers. He was assigned instead to the artillery, and it was as a lieutenant in 
the Bengal Artillery that he was sent to assist on the reconstruction of the Doab 
Canal in 1825. Brown, 'Memoir of Colonel Sir Proby Cautley', p. 190. 

119 DNB, VIII, pp. 474-5 . 120 Ibid., 1, pp. 512-15. 
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1857-8. 121 Robert Napier, of course, who from the position of 
assistant on the Doab Canal went on to become Chief Engineer, 
Punjab ( 184g-56), eventually finished a spell of almost half a 
century in India as Commander-in-Chief (187o-6). 

Napier went on to become Governor of Gibraltar, and in this 
was one of several officers who moved into areas of civilian 
administration. Henry Durand, a good friend of Cautley's who 
worked on the Delhi Canal in the 1830s, became Private 
Secretary to the Governor-General in 1842 and subsequently a 
member of the Governor-General's Council and Lieutenant­
Governor of the Punjab. Richard Strachey, who worked under 
Cautley on the Ganges Canal, was the first person to hold the 
post oflnspector-General oflrrigation on its creation in 1866. 
Though other NWP officers were to hold this post, the highest 
in the irrigation service, none was able to match Strachey's 
contribution to the reorganisation and development of Indian 
public administration. Strachey played a major part in 
reorganising the PWD, in formulating the policy of construct­
ing public works with the aid of loans, and - with his brother 
John -in helping to develop and consolidate the new system of 
government gradually adopted after 1858. He presided over the 
Famine Commission of 1878-:-80 and , like Yule and Cautley, 
served on the Council of India on his return to England .122 

A number of engineers became well known for achievements 
outside the military , administrative, and hydraulic engineering 
spheres. This was, of course, the age of the gifted amateur, 
adding to the base knowledge of a whole range offledgling fields 
of science and natural history. On leaving India in 1862, for 
example , Yule took up residence in Palermo, and from there 
published his famous Marco Polo.123 He was also renowned for 
his work for the Hakluyt Society and subsequently produced 
the invaluable Hobsonjobson.124 Strachey was also an important 
figure in both the Royal Geographical Society and the Royal 
Society, of which he was elected a Fellow in 1854. Fever attacks 
while he was working on the Ganges Canal in 184 7 led him to 

121 Who Was Who 1897-1916 (London, 1920), p. 95. 
122 DNB, Second Supplement (London, 1912), m, pp . 43g--42. 
123 Published 1871; enlarged edn 1875. 
m DNB , xx1, pp . 1320-2; H . Yule, Hobson Jobson, A Glossary of Anglo-Indian Colloquial 

Words and Phrases (London , 1886). 
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take refuge in Naini Tal, from where he collected a great 
number of botanical species (many of them previously 
unknown), contributed significantly to important geological 
debates relating to glacial and other Himalayan features, and 
wrote travel-descriptive and physical geographies. Though his 
researches in physical and botanical geography earned him the 
Royal Society medal in 1897, it was in meteorology that he 
made his most useful scientific contributions to knowledge, 
particularly the instruments he designed to give graphic 
expression to formulas he had devised for working out 
meteorological problems. 

Cautley, too, achieved distinction outside the field of 
engineering: as a palaeontologist. At Saharanpur, while 
working on the Doab Canal, he met up with a young Scot 
named Hugh Falconer, who was Acting Superintendent of the 
Botanic Garden there. The two went on fossil-hunting 
expeditions with two other officers, Baker and Durand, into the 
Siwaliks, where they found a wealth of significant specimens. 
For their published work on their discoveries, Falconer and 
Cautley were awarded the Woollaston Medal of the Geological 
Society in 1837. In the early 1840s Cautley despatched a total of 
256 chests of fossils, averaging 4 cwt each, to the British 
Museum. 125 For this work, and for his achievement in designing 
the Ganges Canal, Cautley was elected a Fellow of the Royal 
Society in 1846. 

Of course, most of the engineers who served in the irrigation 
service over the period filled their time in far less spectacular 
ways than those of the officers described above. Most of the 
work to be done within a canal division was of a fairly routine 
nature, though that is not to say undemanding. The engineer's 
work involved the general administration of establishment and 
accounts, surveying to provide for record maps and to indicate 
possible developments in irrigation, the settling of local 
disputes and other judicial functions connected with the canal, 
the inspection of channels, masonry works, and plantations, 126 

125 DNB, 1v, pp. 1242-3; for more detail , see Brown, 'Memoir of Colonel Sir Proby 
Cautley' , pp. 197-202. 

126 'Plantations' refers to the extensive tree-planting carried out by the Canal 
Department along the embankments of canals , for the purposes of shading those who 
travelled along the towpath and providing a source ofincome from the sale of timber. 
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and the design and construction of new works as well as the 
repair and remodelling of existing ones. Finally, there was the 
day-to-day task of ensuring the efficient distribution of supplies 
and of regulating the flows within the division. The executive 
engineer would carefully monitor incoming gauge cards and 
(from the 1860s) telegrams from different parts of the system, 
and despatch runners (or telegraph responses) to ensure that 
supplies were kept at the appropriate level. When, due to 
rainfall or sudden demand, 'gauges showed a change of so 
much as an inch in an hour', recorded Australian observer 
Alfred Deakin, 'the engineer abandons his rest, and all night 
the tick tick of the telegraph key is heard in his office, as reports 
rush in and orders are sent out' for inlets and escapes to be 
modulated so as to maintain the required flow levels. 127 

The work was undoubtedly arduous. An executive engineer 
was typically in camp 24 days a month throughout the year, 128 

and was virtually alone among Europeans in having to remain 
out in camp during the hot season. Inspection duties compelled 
the officers to ride often twenty miles in a day, moving from one 
canal resthouse to another, with their belongings and office 
following on by camel, bullock cart, or boat. 129 Apart from the 
fact that irrigation was carried on during the hot season, the 
likelihood of floods or heavy rain meant that the canal engineer 
had constantly to be on hand, as graphically described by 
Deakin: 'When the country [is] under water, and the 
panic-stricken people flying for shelter to the high ground, the 
engineer must stand his ground, see that all the gates are closed 
and all escapes open, and that gangs of men are ready at hand 
with crates and timber, and branches at any threatened 
point.' 130 

There were, of course, the diversions of shooting, hunting, 
and fishing to be set against the physical hardships and social 
deprivation experienced by the canal officers. Some men, like 
James Crofton, admitted a preference for the remote station 
life, where they were to be found casually dressed in simple 
Norfolk jackets, away from the oppressive formalities of 

121 Deakin , Irrigated India, p. 228 . 

12s NWP PWD(I) , Jan. 1869, 41. 
129 Nicolls, 'Agricultural Engineering (v)', Engineering, XLV (22 June 1888), p. 608. 
130 Deakin , Irrigated India, p . 229 . 
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Plate g. Engineers outside canal bungalow, c. 1862, including James 
Crofton (right) andJoseph Dyas (centre-right). (By kind permission 
of the British Library, India Office Records) 

colonial society. 131 Nevertheless, conditions clearly took their 
toll. Few officers shared with Brownlow the experience of being 

, badly mauled by a tiger in a towpath attack, but the irrigation 
records are littered with references to the sufferings - and 
frequently the deaths - of officers in the field, mainly from 
malaria, sunstroke, and 'overwork'. 

Arduous conditions and poor remuneration were seen by the 
Indian Irrigation Commission as the reason why, towards the 
end of the 1800s, engineers were 'reluctant to enter the canal 
service and anxious to leave it'. This produced a situation in the 
1890s when subdivisions were under the control of subordin­
ates and temporary engineers; in stark contrast to the situation 
'many years ago when it was the most popular branch of the 
PWD in Northern India, and consequently commanded the 
services of the most competent engineers'. 132 'The nature of the 

131 'Memoir on Lt.-Genera!James Crofton', Royal Engineers'Journal, v (April 1909), pp . 
174-84. 132 IIC, p. 103. 
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work has got the reputation of being more unhealthy, more 
isolated, and more expensive than any other branch of the 
PWD', explained the Chief Engineer H. Marsh, in giving 
evidence before the commission. 'Unless a man is a bachelor 
and very keen and very interested, he strains every point to get 
out of the Irrigation Branch.' No less than six officers had 
recently departed the UP service (three of them to Egypt) 'to 
avoid the isolation and expenses of working in the jungle' .133 

Many aspects of the work, of course; were no less unpleasant 
forty years earlier. But it may have helped the popularity of the 
service in the earlier period that the engineers, as military men, 
were better paid than the growing civilian element in the 
service. Military engineers received 20% of the salary for their 
grade within the Irrigation Department, and full military pay 
and allowances in addition. 134 Overall, therefore, military 
engineers enjoyed not only the prestige attached to their 
regimental status, but conditions of pay which put them on a 
par with the ICS. Civilian engineers felt deeply the disparities 
in conditions, pay, and status between them and the ICS. 
Compared with the civilian engineers, editorialised the Engineer 
on I June 1888, the ICS enjoyed less exposure, less pecuniary 
responsibility, more pay, more leave, higher status, better 
pensions, and more frequent recognition in the honours lists. 135 

The situation noticeably worsened during the 1880s, when 
promotion possibilities within the canal service - already 
reduced by a slowing in the rate of expansion of public works 
activity - were further diminished as the depreciation of the 
rupee so reduced the real value of pensions for those intending 
to retire to England that many officers put back their 
retirement plans. 

The engineers' sense of grievance associated with disparity 
in pay and conditions was to continue through into this 
century, and to contribute to the ongoing rift between the 
Canal and Revenue Departments discussed in Chapter 6. 
There would, of course, have been no shortage of alternative 
job opportunities for civil engineers, either in Europe or further 
afield, at this time. It remains a strong possibility, however, 
that the popularity of the UP canal service among engineers 

133 Ibid., p. 281. 134 NWP PWD(I), Dec. 1869, 18. 
13$ Vol. XLV, pp . 543-4 . 
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faded in part because of the diminishing opportunities for 
creative activity within the department. The early engiheers 
were engaged in the projection and execution of schemes which 
frequently involved the adaptation and elaboration of existing 
engineering methods and principles so as to cope with the 
specific physical and agricultural environment ,of the area , A 
total structure- both the physical works and the administrative 
system - had to be devised. Later engineers, reaching executive 
positions in the 1880s and after, served at a time when only a 
limited number of new works, almost all of thetn minor ih 
comparison with the earlier schemes, were sanctioned, and 
they were largely involved in the relatively mundane tasks of 
administration and maintenance . Even the extension work in 
which they were occasionally engaged was conducted accord­
ing to generally well-tried prescriptions. The job must have lost 
some of its appeal at this point , since it took on the character of 
a caretaker function. 



3 
Canal irrigation as an appropriate 

technology 

Two quite different irrigation technologies - one, a technique 
developed and refined in a past age, the other, in its technical 
and administrative aspects, an unintentional mixture of old and 
new, indigenous and exotic - came in to head-on collision in the 
UP Doab during the nineteenth century, as the area 
commanded by the rapidly expanding canal systems frequently 
encroached upon tracts with long-established systems of well 
irrigation. The overlapping, and its outcome, reveals much 
about the nature of existing techniques of irrigation, and their 
related agricultural systems; it provides a perspective on the 
intruding technology, and the associated agricultural possibili­
ties; and, through the kinds of responses of the peasant 
community, it reveals important aspects of their decision­
making processes relating to production. 

The overlapping of facilities, and the subsequent widespread 
substitution of the canal for wells, has been condemned as 
undesirable by both contemporary and latter-day critics. 
While one writer has argued that such duplication clearly 
constituted an 'economic waste',• others have gone further, 
pointing to the inflexible cash outlays associated with the use of 
canal water, the uncertain nature of the water supply, and the 
observed tendency for the yields of sugarcane, opium, tobacco, 
and garden crops in general to be lower where grown with canal 
water. 2 Lower yields were obviously related to the uncertain 

1 B.N. Ganguli , Trends of Agriculture and Population in the Ganges Valley (London, 1938), 
p. 75. 

2 'The people themselves admit', the Saharanpur Settlement Officer reported, 'that in 
the long run irrigation from wells is more beneficial to the soil than that from the 
canal.' L.A.S. Porter , Final Report of the Settlement of the Saharanpur District (Allahabad , 
1891), p. 13. (Hereafter settlement report titles will be abbreviated to the district 
name followed by the letters SR. The several reports for each district are 
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supply, but they were also the result of the 'careless use' of canal 
water, and to overcultivation; even the Jats, renowned 
agriculturalists, were susceptible, it appears, to the slovenly 
practices which spread with the canal, and abandoned their 
pakka (masonry) wells to take advantage of an easier system of 
watering their fields .3 Elizabeth Whitcombe's is the most 
complete critique, since it embraces the foregoing specific 
criticisms within its theme. Essentially it appears to be based 
on the supposed merits of a long-proven system of techniques 
and organisation of production under well systems, the entire 
structure of which had been drastically and rapidly trans­
formed by the intrusion of a technology which, because of its 
apparent functional shortcomings and its overtly commercial 
orientation, possessed features in many respects 'inappropri­
ate ' to the context into which it came. It has been argued that 
an 'inappropriate' technology was so widely adopted and the 
old technology discarded because, in some cases, the canals 
rendered the subsoil unstable, thus causing wells to fall in, and 
because, in other cases, the prospect of an easier life appealed to 
the 'satisficing' element in the -peasants' psychological make­
up.4 'Far from firing him with the much heralded spirit of 
industriousness', concludes Dr Whitcombe, '.canal irrigation 
required less by way of labour than his well had demanded.' 5 

If the reasons for the overlapping in the first place were, 
given the building of a canal system in the Doab, partly 

distinguished from each other by the date of publication .) 'Well water gives much 
heavier crops than canal water', remarked S.N. Martin ofMuzaffarnagar . 'All the 
Zemindars agree on this point .' 'Settlement Report of the District of Muzaffar­
nagar', 1866, p . 59, in A. Cadell , Muza.ffamagar SR (1882). See also C.H .T . 
Crosthwaite, Etawah SR (1875), p . 15; and R. Misra , Economic Survry of a Village in 
Cawnpore District {Allahabad, 1932), p . 38. 

3 H . Le Poer Wynne , Saharanpur SR ( I 87 I), pp. 13g-40. Observed the Muzaffarnagar 
Collector, W. Young : 'The ease with which the water can now be got has spoilt the 
peasant as an agriculturist ; formerly where he and his family had to work hard for 
every drop of water, they became inured to labour and did not repine at it, while now 
the peasant turns on the canal water and goes home to sleep.' Government of the 
North-Western Provinces and Oudh, Public Works Department (Irrigation 
Branch) Proceedings (hereafter NWP&O PWD(I)) ,Jan. 1881, (proceeding no.) 8. 
{In the IOR.) . 

4 The 'satisficing' peasant expends effort only up to the point where a 'target' income 
is attained . See H. Ezekiel and P. Mathur , 'Marketable Surplus of Food and Price 
Fluctuations in a Developing Economy', Kyklos, XIV (1961), pp . 396--4o8. 

5 Whitcombe, Agrarian Conditions, p. 80. 
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unavoidable for technical reasons and partly due to the internal 
needs of the department responsible, it can be clearly 
established that the indigenous mode of irrigation, though 
comparatively favoured by the conditions in the Doab, 
provided overall no solid foundation for agricultural improve­
ment. As a source of irrigation it was markedly restricted and 
restricting. This is reflected by the fact that cultivators 
abandoned the most efficient of wells (the extent of the 
destruction by the canal was far from total) even where canal 
water was only available on the basis of being manually lifted 
from the channels. Emphatically, it is not necessary to explain 
this decision through reference to the notion of leisure 
preference. The plain fact is that, for all its disadvantages, the 
canal provided more nearly for the needs of most peasant 
family producing units. The canal was an innovation which 
met their requirements, and it did so because it slotted into the 
productive aspects of the peasant system in a way which made 
it generally more advantageous than even the most favourable 
well irrigation. 

Geographical conditions, wells, 
and the siting of canal distributaries 

Well irrigation in the Doab 

Substantial parts of the UP were among the most suitable in the 
country for well irrigation, and the subsoil characteristics in 
many parts of the Doab itself made the tract 'peculiarly 
favourable' to the construction and operation of temporary 
(kachha) wells. 6 The Doab water-table was relatively close to the 
surface and the alluvium generally firm, with frequent (if not 
continuous) water-hoarding beds of clay (known as the mota) 
spread through the area. Frequently, simple earthen wells 
could tap these underground springs and a good supply of 
water could be obtained for as little as Rs 5, with the cost rising 
to Rs 50 if the well was deep and layers of wet sand necessitated 
a stabilising garoli (brushwood lining) .7 Temporary spring 

6 IIC , p. 185. For background to this section , see G . Kuriyan, 'Irrigation in India', 2 

pts , Madras University journal, xv (1943), pp. 46-58, and xvi (1944), pp . 161--85. 
7 The excavation of kachha wells entailed an 'almost universal' charge of Rs 1.25, 

irrespective , it seems, of depth . The specialists who cut a hole in the mota and 
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wells were thus found 'extensively' in the Doab, occasionally 
working more than a single water-bag and frequently watering 
four acres in a season. 8 Many of these kachha wells would last for 
years , though they generally required an annual expenditure of 
Rs 10 or so for a new supporting cylinder. In any case, where 
they fell in they could be replaced fairly readily, and their 
location suited to the needs of the season. 

Where the subsoil strata were less firm, or where multiple 
lifts were required, masonry wells could be constructed. Such 
wells, in fact, were seldom operated in individual units. 'Few 
wells', it was observed, 'have less than two cultivators working 
at them', and while Sitapur village (Aligarh) possessed two 
eight-lift wells employing 28 and 32 head of cattle respectively , 
instances of sixteen and twenty lifts were not unknown. 9 

Above the ground, too, the Doab conditions were relatively 
favourable to irrigation. The cold weather of northern India, 
along with soils retentive of moisture, meant that few waterings 
were required to supplement fully a fairly reliable, if light, 
winter rainfall in bringing rabi crops to maturity. The best 
wells, with multiple lifts, could thus annually irrigate upwards 
of twenty acres .10 

The earliest estimate available puts the number of wells in 
the Doab during 1861r1 at 70 ,000 pakka and 280,000 kachha. 
Just under 1.5 million of the ten million or so acres normally 

I prepared the well for the bucket .charged from Rs I to Rs 3. SeeJ. Clibborn, Papers 
Relating to the Construction of Wells for Irrigation (Roorkee, 1883), p. 20 . The conditions 
in the neighbouring Punjab were generally less conducive to well irrigation, making 
the overlap between the systems of minor importance. The alluvial deposits there 
were coarser in structure, and clay was seldom encountered . As a result, Punjabi 
farmers placed greater reliance on palcka wells supplied by percolation . These wells 
were, for the most part, located near to the rivers, since in the central parts of the 
doabs the water-table was at too great a depth . Kuriyan , 'Irrigation in India '. 

B I/C, pp . 200-1 . 

9 Clibborn , Papers Relating to the Construction of Wells, pp . 1, 19. See also E.T. Atkinson , 
Statistical, Descriptive and Historical Account of the North-Western Provinces of India, vol. 11, 

Aligarh (Allahabad, 1875), p . 381. (Subsequent references to this district gazetteer 
series will be abbreviated to the district name , followed by the letters DG and the 
date of publication. All volumes published at Allahabad .) 

10 This is in contrast to the situation prevailing throughout most of the Indian 
peninsula , where the subsoil water resources were insufficient to sustain well 
irrigation and the hotter climate made more frequent waterings necessary , thus 
limiting irrigation to high-value crops . (For distribution of rainfall by month in the 
western UP , see Figure 1.) 
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cultivated m the Doab around that time were under well 
irrigation .' ' Thus, even in an area where conditions overall 
were considered 'peculiarly favourable ' to well irrigation , 
tracts unconducive to the construction and operation of wells 
were to be found interspersed between well villages or out on 
the Doab fringes. Eastern Muzaffarnagar, specifically the 
Ganges-Kali doab, contained just such a cross-section of local 
conditions. Prior to the sweep of the Ganges Canal through this 
tract, virtuall y all irrigation was confined to the fertile 
south-western corner , where masonry wells were numerous 
and earthen wells practicable . To the north, and east towards 
the Ganges high bank, conditions were similar to those in the 
eastern Doab fringes further south: the subsoil was too unstable 
for earthen wells, and water-level too low (60-110 feet) and 
soils too light to justify pakka wells costing in excess of Rs 
2,000 .'2 Such dry conditions favoured production options 
entailing low risk , low input, and low value output; agriculture 
thus impinged only superficially on the landscape, ebbing and 
flowing with the seasons . In the richer moisture-retaining soils, 
better crops could be grown - some wheat during the rabi and 
cotton , even sugarcane , in the summer - though soil 
preparation for such crops was arduous and the returns 
uncertain. 13 But in the poorer soils, the pulses and millets of the 
rainy kharif were prominent, and the rabi area was small. 

While the dry farmer juggled his crop combinations and 
resources to suit his uncertain environment, his counterpart in 
well villages had the benefit of greater operational flexibility 
and control over aspects of the environment which made 
worthwhile the investment of time and effort in more intensive 
cultivation. Wells were not extensively used during the hot 
season - though they could facilitate some pre-monsoon 
sowings and assisted in a limited way when rains came late or 
were ill-distributed; they were of most use in the rabi, when they 
could ensure the sowing of a good part of the normal area under 
winter crops and improve the yield of the finer grains by two or 
three timely waterings during growth. 

11 PP 1862, XL , Report on the Famine of 186o-1 in the North-Western Provinces of India, paras . 
g8-10 0. 

12 For a description , see 'Report on the Settlement of the Ganges Canal Tract ' , 1878, p . 
67, in Cadell , Muzajfarnagar SR (1882). 13 lbid., p. 19. 
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Intrusion of canals into well tracts 

As the Doab contained areas where conditions were especially 
favourable to the construction and operation of wells, and as it 
also contained substantial (and often contiguous) areas where 
conditions militated against their use, the question inevitably 
arises: why should the canals' architects have displayed a 
pronounced tendency to direct their water into well tracts, 
often ignoring the needs ofnearby dry villages? The subsequent 
growth in wealth of the neighbouring Punjab was, after all, 
largely the result of pouring canal water over dry, lightly 
populated zones outside the well tracts. Such areas in the UP 
were time capsules of untapped productiveness, awaiting the 
release which canal irrigation could bring through extending 
production possibilities and altering the studied balance 
between risk reduction and output expansion as a lure to entice 
resources on to hitherto marginal land. Large potential returns 
could be made even on the land already farmed, as incremental 
gross output came to reflect the switch from coarse millets to 
higher-yielding cereals such as wheat, the average yield of 
which could be doubled by irrigation. The 'enormous gains' 
resulting from the canal's irrigation of 48,000 acres in the dry 
and sandy parganas of eastern Meerut serve to illustrate this 
potential. 14 

1 Despite the combined need and potential of the dry tracts, 
the Director of Agriculture was still able to observe that the 
one-fourth of the Upper Doab watered by the Ganges and 
J umna Canals in the late 1870s 'was less in want of canals than 
the three-fourths which they do not irrigate' .15 Alan Cadell, 
Muzaffarnagar Settlement Officer, was especially alert to this 
recurring theme in canal distribution policy: in the trans­
Hindan portion of pargana Shikarpur, irrigation from the 
Kalarpar branch (EJC) supplied an area of eighteen estates 
replete with pakka and earthen wells, but provided only a 

1• R.W. Gillan, Meerut SR (1901), p. 5. 
15 Government of the North-Western Provinces and Oudh, Revenue Department 

Proceedings (hereafter NWP&O Rev.), Aug. 1879, (proceeding no.) 37, Note by 
E.C. Buck. (In the IOR .) Buck went on to observe: 'Similar mistakes have, I 
understand, been made in Bengal and Madras .' 
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miserly service to the dry, and accessible, estates further south; 
in Thana Bhawan the department had 'carefully avoided ' the 
Rajput tract on the east bank of the Kirsani (where the sinking 
of kachha wells was difficult), supplying instead the kachha well 
tract west of the river and the pakka well tract further to the 
eas.t.16 Throughout the district , Cadell charged, 'canal water 
has been wasted in fertile neighbourhoods which do not require 
it, while close by there <1,re still arid tracts' .17 

Purely technical factors relating to canal irrigation clearly 
played a role in the pattern of widespread duplication. 
H<:>wever, it is clear that, particularly in the early stages, 
commercial policies pursued by the Canal Department were 
also a powerful influence contributing to the distribution bias. 

The technical constraint was basically that which governed 
the routes which were feasible for the main channels and 
distributaries , and the extent to which this naturally coincided 
with favourable physical conditions for wells. From his 
experience in Meerut, Settlement Officer E.C. Buck concluded 
that wells could be dug 'with greater facility and of a more 
lasting character in proportion to their distance from drainage 
lines of magnitude' . Consequently , 'the best well tracts were on 
the watersheds', and when, therefore, the canals were 
introduced (of necessity along the watersheds, due to the need 
to command the largest area by taking distributaries off each 
side), 'it was a natural consequence that they should traverse 
those tracts which were most fully irrigated by wells and avoid 
those in which the loose and broken condition of the surface 
formed as great an impediment to irrigation channels as to 
wells' .18 It was, in fact, often difficult to take water to the dry 
tracts of each doab ( which lay beyond the stiff loam , or dumat, of 
the watersheds, along the line of the rivers) , without 'leading a 
water.course along the tracts where wells are plentiful' .19 To 

16 'ReJ>Qrt on the Permanent Settlement of the Western Pergunnahs of the District 
Muzaffarnagar ', Feb . 1870, p . 32, in Cadell, M,iza.ffarnagar SR (1882). 

17 Ibid., p. 44. The phenomenon was not confined to the Upper Doab : M .A. 
McConaghe y commented with regard to pargana Karhal (Mainpuri) that the result 
of the introduction of the canal was 'more to substitute from that source for well and 
jhil (pond) irrigation than to bring land formerly dry under its influence' . M.A. 
McConaghe y, Mai11puri SR (1875), p. 40. 

19 E.C. Buck, Meerut SR (1874), pp . 7-8 , 
19 E.C . Buck, 'Note on the Effect of the Canal on the Agricultural Conditions of the 
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ignore the importance of watershed alignment throughout the 
entire distributary system was to court severe waterlogging 
problems - something which had quickly become apparent on 
early versions of the older canals, on which a herringbone 
pattern of dis tributaries was adhered to almost regardless of the 
configurations of the land. 20 

There is clearly enough in what Cadell alone observed to 
suggest that the technical constraints only supply part of the 
explanation: even where the distributaries (rajbahas) traversed 
partially dry tracts, as in Shamli, east of the Kirsani, the 
well-irrigated estates were favoured; and 'many dry estates at 
no great distance from the line of rajbuha' were 'left unaided' .21 

Superimposed upon and reinforcing the dictates of the 
technical constraints was an irrigation policy which in effect 
favoured the intrusion into areas of established well irrigation. 
Although inspired by a desire to counter the effects of periodic 
drought, the early works especially were nonetheless still 
looked upon as commercial ventures: only those scherpes which 
could pay for the annual expenditure on maintenance and 
operation, and meet the interest charges on the capital, were 
sanctioned. 22 Given the commercial orientation, and the not 
infrequently expressed view during the formative phases of 
canal development that 'revenue should be the end and aim of 
all canal administration' ,23 it was natural that canal water 
should be taken to the areas readily yielding high returns to 

1 capital. The short time frame was a natural outcome of the 
reliance on current revenues for funding the earlier works, and 

Pergunnah ofTirwa, Zilla Farruckhabad' , 1 May 1871, Revenue Reporter, v (n.d.), pp. 
212-27. SeealsoNWP&O Rev., Aug. 1879, 38; and W.H. Smith,AligarhSR (1882), 
pp. 3-4 . (Copies of the Revenue Reporter are available at the Uttar Pradesh Board 
of Revenue Library, Allahabad.) 20 Meerut DG (1875), p. 241. 

21 'Report on the Permanent Settlement', p. 48, in Cadell, Mu;.a.ffarnagar SR (1882). 
22 Cautley candidly underscored this concern : 'It is very certain that if the restoration 

and extension of these [indigenous] works had not promised an increase in revenue 
to the British Government they would never have been undertaken. To suppose that 
a disinterested regard for the welfare of the country alone was the activating motive 
for these, or any other, works we have executed would indicate but a limited 
knowledge of their history.' Cautley, 'Canals oflrrigation', p. 80. Policy matters are 
dealt with in more detail in Chs. 5 and 6 below. 

23 Papers on the Revenue Returns of the Canals of the North-Western Provinces, 186:r4 (Roorkee, 
1865), p. 35. (Subsequent references to these annual reports will be abbreviated to 
PRRC.) 
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of the wish to justify the policy by making positive contribu­
tions to the annual revenue. 

It was the combination of these commercial imperatives and 
the physical and climatic conditions in the region which 
impelled such a distribution policy. In contrast to conditions in 
the Punjab, where rainfall was lower, much of the agricultural 
activity in the Doab was fickle in its need for irrigation. Millets 
and pulses, for example, the kharif staples of the western 
districts, 'would derive no benefit from irrigation except in an 
unusually dry year'; a rabi staple, gram, in an ordinary year did 
not especially benefit either. 24 The best pickings, as far as the 
Canal Department was concerned, would be derived from the 
high-value crops which required substantial and repeated 
irrigation, and thus were stable in their demand and able to 
bear a reasonable water charge. Moreover, as far as possible, it 
was desirable to make use of the ample canal supply of the kharif 
season, when the rivers were high. 25 Naturally, such crops as 
would fulfil the financial requirements of the canal authorities 
were found mostly in areas offertile soil - the very areas which 
best repaid investment in well facilities, since light (bhur) soil 
not only produced less impressive crops but absorbed the 
hard-won water virtually without trace wherever a supply from 
wells was feasible. Given the fact that, for economic reasons, 
the two elements most satisfactory to the canal's needs, fertile 
land and valuable crops, usually were associated with well 
irrigation, a clash was unavoidable. 

Backward areas could hold out only more limited prospects 
as far as the Canal Department was concerned, and especially 
so in the short term. Complementary factors of production were 
vital to the extension and intensification of cultivation 
necessary for the full utilisation of an ample canal water supply. 
In the developed tracts, such as the carefully cultivated Jat 
villages of Jhinjhana pargana (Muzaffarnagar), the introduc­
tion of the canal at once produced a very high standard of 
prosperity. In villages 'sufficiently, if not fully protected by 
wells' the standard of cultivation promptly rose almost to the 
renowned level of the Jat villages. 26 

24 IIC, pp . 183-4. 
2~ These issues are dealt with more fully in Chs. 4 and 5 below. 
26 'Report on the Permanent Settlement', p. 39, in Cadell, Muza.ffarnagar SR (1882). 
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However, progress under canal irrigation in the hitherto 

precarious parganas, such as Purchhapar , was visibly held back 
by the relative shortage of complementary inputs , particularly 
labour, which moved only slowly into line with the new 
production potential. Purchhapar farmers were thus, for 
example, 'not in a position to make such inroads on the bhoor as 
were effected elsewhere', noted Cadell. 'The Jats and Tagas, 
notwithstanding the progress they have made, are still merely 
working on the edges of the sand waste, while the people of 
Khutowlee [Khatauli] have caused bhoor to disappear from 
estates in which it once formed a large area. '27 Thus, although it 
was in Purchhapar that the effects of the canal in improving 
and stabilising agriculture were described in 1870 as the 'most 
marked' in Muzaffarnagar, this does not mean that the degree 
of improvement showed through in canal revenues. A similar 
amount of canal water supplied to nearby Khatauli, which 
previously had a substantial area under wells and which was 
more fully developed and more thickly populated, yielded more 
by way of revenue from the sale of canal water. Not only did the 
canal 'capture' much of the irrigation formerly done by wells 
( the 'irrigable area' from wells fell from 11 ,ooo to 2,500 acres in 
the thirty years following the canal's introduction), 28 but the 
availability of complementary factors allowed a more intensive 
development of cash-cropping. The fact that Khatauli's 
farmers grew, by the 1880s well over 7,000 acres of sugarcane-

21 Governmen t of the North-Western Provinces, Revenue Department Proceedings 
(hereafter NWP Rev.), June 1870, (proceeding no.) 47. (In the IOR .) 

28 It should be noted that irrigation statistics appearing in the official reports take 
several forms. ' Irrigable area', alternatively 'wet ' (as opposed to 'dry') area, refers to 
the area irrigated in the normal course of cultivation . Such fields might bear two 
irrigated crops in a year, or receive water less frequently within the rotational cycle. 
The essential aim of the settlement officers in calculating the 'wet' area was to 
exclude 'extraordinary' irrigation for purposes of revenue assessment . The broad 
rule applied in the settlements of the 18gos and early 1goos was that fields actually 
watered during one of three years (excluding 'abnormal' years) were recorded as 
'wet' . Settlement officers also took the precaution of excluding from their 
calculations the year previous to settlement, when the cultivators and zamindars were 
apt to refrain from irrigation - often letting their kachlia wells fall in - hoping to 
reduce the level of the new assessment . In the subsequent batch of settlements, the 
'wet' area was derived from the more reliable indication of two watered crops out of 
five 'normal ' years . ' Irrigated area ' refers generally to the area (usually gross) 
actually receiving water in a particular season or year. Statistics in text from 'Report 
on the Ganges Canal Tract ' , p. 74, in Cadell, Muza.ffarnagar SR (1882). 
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twice as large as the cane area in Purchhapar - was 
undoubtedly significant in terms of Canal Department 
revenue, since sugarcane was usually grown with canal water 
and bore a comparatively heavy water charge. 29 

In Meerut, too, it was 'greatly in favour of the immediate 
success of a canal that it should have entered a thickly 
populated country', where the manure supply was sufficient to 
'cope with the exhausting powers of a practically unlimited 
water supply' and where there was 'sufficient labour available 
for its utilisation'; 30 while in Cawnpore's dry Sengar-Jumna 
doab 'thinness of population' was the 'principal obstacle to 
successful - i.e., remunerative introduction of canals' .31 More­
over, canal engineers, even more than some settlement officers, 
were disposed to regard the inhabitants of villages without 
wells as 'an idle, thriftless lot', and thus, by implication, either 
undeserving of canal water or, more pertinently , incapable of 
making full use of it.32 

It is easy to see the appeal of the richer tracts to 
revenue-seeking canal engineers, confident of their ability to 
displace wells. The net effects upon production were never 
calculated, since only gross figures affected the direct canal 
revenue. On the other side of the account were, of course, the 
costs. Here, too, the margin between revenue and costs was 
kept at its widest by this policy, since serving fertile developed 
villages involved lower distribution outlays. A large proportion 
of a village under irrigated crops meant compact irrigation and 
low distribution costs per acre irrigated. In sandy areas, where 
individual villages put down only a limited area to valuable 
crops, distribution outlays were greater and water loss through 
percolation and evaporation considerably higher, thus reduc­
ing the 'water duty' .33 Thus it was 'generally acknowledged' 

29 Although munji (fine rice), which also bore a relatively heavy water rate, was more 
widely grown in Purchhapar than in Khatauli (3,000 acres as against 1,250 in 1871), 
this difference was more than covered by Khatauli 's larger wheat area (greater by 
4,350 acres , or 45%) . Statistics from ibid. and fromJ .O . Miller , Muza.ffarnagar SR 
(18g2), Appendix F-1. 30 Buck, Meerut SR (1874), p . g. 

31 F.N. Wright, Cawnpore SR (1878), p. 53. Emphasis added. 
32 E.g. NWP PWD(I), March 1873, 43, Note by Capt . J. Ross. 
33 The 'water duty ' was defined as the crop area irrigated per cubic foot per second 

(cu-sec) flowing continuously for a defined period of time. The 'duty' varied 
considerably between canals : the relatively compact EJC having a significantly 
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that the system of distribution 'had for its object the least initial 
expenditure and . . . the prompt collection of water-rates for the 
largest possible area of more valuable crops' .34 

The overall returns to the government, of course, consisted of 
more than direct returns from crop rates. 35 Although the gains 
in the form of direct charges for the irrigation of valuable crops 
were limited in the backward tracts, rising rent levels, reflecting 
larger and more certain returns in agriculture, would be 
partially acquired as revenue through assessment revisions at 
settlement, or, in the interim (from 1875), through the 'owner's 
rate' .36 A long-run financial maximisation strategy on the part 
of the colonial authorities might well have looked primarily to 
increased 'indirect' returns (land revenue) in the early stages of 
canal development and, as complementary resources permit­
ted the expansion of valuable water-demanding crops , so 
'direct' returns in the form of water rates would grow. The 
canal authorities, of course, exhibited a high degree of time 
discount in this matter, and for this reason alone the 

higher 'water duty' than the LGC , the irrigation of which was more widely spread 
(EJC , 111 acres kharif, 183 acres rabi; LGC , 44 acres kharif, 139 acres rabi). The 
comparisons are derived somewhat crudely from recorded discharge at the canal 
head ; different results would be obtained where discharges at the head of 
dis tributaries are used . It should be noted that such comparisons ignore the relative 
importance of differences in crops, soils, the skill of the cultivators , and so on, while 
at the same time reflecting such factors . (For a detailed technical discussion , see 

, Buckley, Irrigation Works, pp. 270-7 .) It is sufficient here to note that the value of each 
cubic foot of water entering the canal (as reflected in the water rates paid by users) 
was, in 1884-5, Rs 885 on the EJC and Rs 375 on the LGC. Maintenance charges, 
like capital charges, were greater on the LGC (Rs 1.89 as against Rs 0.91 on the 
EJC). Irrigation Revenue Report of the North-Western Provinces and Oudh, 1885--0 
(Allahabad , 1887), accompanying Resolution, p. 4. (Subsequent references to these 
annual reports will be abbreviated to IRR .) 

34 'Report on the Ganges Canal Tract', p. 100, in Cadell , Muza.ffarnagar SR (1882). 
3$ The water rate was levied directly upon the irrigator on the basis of crop type and 

area , and did not vary according to the number of waterings given to the crop . For 
detail, see Ch . 5 below. Additional receipts (navigation charges, levies on water 
power supplied to mills, charges for filling ponds , etc.) made up only a small fraction 
of the total revenue (less than 2% in the 188os). Receipts from plantations 
amounted to around 2% also. IRR 1885--0, accompanying Resolution, p. 5. 

36 Arbitrarily set at a proportion (one-third) of the occupier's (crop) rate, the 'owner 's 
rate' was intended to capture for the government at least part of the rise in the 
assessable value of land which occurred as a result of canal irrigation's having 
converted 'dry ' land to 'wet' after the settlement had taken place. See Ch . 5 below for 
details . 
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quick-yielding strategy was appealing, particularly as 'in­
direct' revenues could only be realised through enhancements 
at fixed intervals. About the only immediate tangible benefit to 
land revenue brought about by the canal was the ability at least 
to collect a greater proportion of thejama in drought seasons. 
Moreover, there was another reason why the Canal Depart­
ment should have opted for maximising direct returns. 
Through to the late 186os the revenue administration, partly 
for reasons of antipathy towards the Canal Department, 
insisted that 'canal irrigation had little or no influence upon the 
revenue' .37 The Muzaffarnagar Settlement Officer, for one, 
considered that insistence upon this view was 'at least partly' 
responsible for the distribution policies chosen: 'The Irrigation 
Department was prevented from looking to indirect revenue as 
a justification for a system which would have necessitated a 
larger outlay on distributaries and a greater annual expendi­
ture on distribution. '38 'The good of the country', Cadell 
concluded, had not prevailed against 'departmental necessi­
ties', while the 'influence on land revenue was depreciated by 
the revenue authorities'. 39 

New distribution policies and problems of application 

Although greater control over irrigation works was achieved by 
local governments as a result of Dalhousie's 1854 restructuring 
of the public works administration, and the substitution of the 
Military Board system by that of a Chief Engineer under each 
of the local governments, changes in the distribution policy 
away from the overriding short-term objective of securing 
immediate revenue from water rates only took place in the wake 
of the settlement revelations of the late 1860s. Effectively, these 

37 It transpired that this reference was to the canal's impact on the rent of land 
formerly irrigated by wells, rather than on land 'ordinarily dependent on the seasons 
. .. in which well irrigation is impracticable'. The critical point, however, was that 
the canals were not to be crediud with any portion of the land revenue: 'The Board [ of 
Revenue] do not ... perceive that the rent paid for irrigated land can in any sense be 
regarded as containing in it any share of the water-rate payable to the canal.' NWP 
Rev ., Aug . 1868, 2, C. Thornhill, Note on Connection between Water-rate and 
Enhancement of Revenue, 3 Nov. 1866. 

38 'Report on the Ganges Canal Tract', p. 100, in Cadell, Muzajfarnagar SR (1882). 
39 Ibid., p. IOI. 
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investigations were the first specifically to examine the impact 
of the canals, and they not only brought to light the extent to 
which short-sighted distribution policies had produced un­
desirable ecological consequences, but made it clear that the 
land revenue potential of canal schemes had been neglected. 40 

It would have been very difficult to remove canal facilities 
from previously well-irrigated areas, even had the canal 
authorities desired to attempt this. 'The truth is', observed one 
settlement officer, 'that the canal officers dare not withdraw 
any existing irrigation, and consequently cannot abandon even 
grossly offending dis tributaries till the water they have hitherto 
given is provided from some other source'; 41 indeed, attempts to 
do so on the Agra Canal had 'met with an awful howl' .42 Such 
an act, moreover, would have necessitated outlay on a new 
assessment. However, with the government about to embark 
on a new phase ofloan-financed irrigation expansion, the issue 
of distribution gained prominence. In the light of what had 
been revealed about past distribution, the Lieutenant­
Governor argued for a 'general standard' to be applied to the 
new projects, and the guiding principle established was that 
well tracts which actually irrigated one-third of the cultivated 
area were considered 'sufficiently protected' and should thus 
not draw off canal supplies; where well irrigation fell short of 
this, canal water could be supplied up to the point at which total 
irrigation amounted to 42.5%.43 

An inspection of the projections made for the LGC by Major 
W. Jeffreys - or those for the associated remodelling of what 
was to be the UGC by Captain (later Colonel) C.S. Moncrieff­
illustrates clearly that this broad principle had been accepted. 44 

40 Sec NWP&O Rev., Aug. 1879, 37, Note by E.C. Buck (Dir. of Agriculture). 
41 Wright , Cawnpore SR (1878), p. 55. An exception was made in somelow-lying parts 

ofSikandra Rao (Aligarh), where canal irrigation was withdrawn from seventeen 
reh-affected villages around 1880. 

42 Indian Irrigation Commission, 1901--03, Minutes of Evidence, United Provinces of Agra and 
Oudh (Calcutta, 1903) (hereafter IIC(E)), p. 20, evidence of F. Bion (Executive 
Engineer (hereafter EE), EJC) . 

43 NWP PWD(I), July 1871, 24; NWP PWD(I), Aug. 1874, 111. This policy is also 
discussed in Ch. 6 below. 

tt E.g. NWP PWD(I),July 1871, 21, Note by Maj . W.Jeffreys; NWP PWD(I),July 
1871, 20, Note by Capt . C.S . Moncrieff. See also Moncrieffs report on remodelling 
the Ganges Canal, NWP PWD(I), Aug . 1874, 107. So zealously did Jeffreys appear 
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Making use of information supplied by revenue officers, where 
physical conditions allowed, the direction of the main channels 
and their distributaries were more carefully tailored to local 
conditions. The decision not to extend the LGC through north 
Fatehpur, and from there into Allahabad, was clearly a 
response to settlement officer opinion; the provision of the 
Bewar branch (LGC) supplying the bhur tract of northern 
Mainpuri, the Bhognipur branch serving the ghar tract in 
Etawah, and the Anupshahr and Deoband branches of the 
UGC were all part of this overall strategy. The details of 
the schemes also reveal this: the Fatehgarh branch of the 
LGC, running down Etah's Kali Nadi-Burhganga doab, was 
'deliberately designed with a view to serving the weakest 
portions of the tract' .45 

In practice the scheme had significant drawbacks. The fixed 
proportion of 42.5% took no account oflocal capacity actually 
to use the water, 46 while the provision of canal water sufficient 
to make up the total irrigated part of a village to the arbitrary 
percentage effectively ignored the subsequent effect the 
presence of the canal had upon the stability of the existing 
wells.47 The system also led to many inadequately irrigated 
villages being denied canal water. This occurred where 
'irrigable' areas calculated at settlement were particularly 
liberal, as was frequently the case before an even remotely 
reliable criterion of measurement was established. In 
Fatehpur, for instance, the 1878 'method of demarcation made 
it inevitable that many fields were included [as irrigable] which 
were not really in reach ofwater'. 48 In another case, a similarly 

to pursue the newly formulated principle that the Chief Engineer , Col. W. 
Greathed, upbraided him for wriiing 'with all the ardour of a proselyte' and for 
exaggerating past errors. Even then, one of the first acts of Greathed's less 
conservative successor, Col. Henry Brownlow, was to take even Jcffrcys's 
modifications a stage further . He altered the projected route of a 76-mile section 
along the high bank ofEtawah's Rind Nadi on account of the fact that the tract was 
'abundantly furnished' with 'inexhaustible' spring-fed kachlra wells. Sec NWP 
PWD(I), Sept. 1878, 2. This adjustment was one of the first made as a result of the 
new policy of consulting with district officers in planning canal extensions. Sec the 
detailed case made against the projected line by Crosthwaite, Etawah SR ( 1875), pp . 
18-19. 

45 H.O.W . Robarts, Etah SR (1go5), p. 12. 46 NWP PWD(I), Aug. 1876147. 
•1 NWP PWD(I), Aug. 1876, 53. 
48C.L. Alexander, FauhpurSR (1915), p. 18. 
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vast overstatement by a settlement officer - that four-fifths of 
the tract due to receive canal water from the projected Mat 
branch was 'protected' by wells - led to the postponement, for 
over thirty years, of the much-needed scheme. 49 

The most intractable problem, however, was that it was 
difficult to be selective in withholding supplies to villages, or 
parts of villages, within tracts through which the canal ran. On 
grounds of increasing land revenue, 'good sanitation', and 
equal distribution of increasingly restricted canal water 
supplies, the policy of local government was that the 
supplanting of wells by canal water was to be avoided. But 
engineers would still have found it tempting to seek high canal 
revenue/low outlay solutions when determining local distribu­
tion patterns. The revenue authorities, even if now more 
inclined to concede that canals contributed 'indirectly' to land 
revenue, were steadfastly against actually allowing a 'paper 
credit' on the canal accounts reflecting that contribution, and 
therefore the motive for seeking to displace well irrigation still 
existed. 

Thus although it was made a condition, when the Deoband 
branch was approved for introduction into Saharanpur and 
Muzaffarnagar in 1879, that 'no water would be supplied to 
those lands that were irrigated from wells', there continued to 
be a bias in distribution towards well areas and 'the condition 
was gradually overlooked' putting 'out of use ... hundreds of 

' wells'. 50 Even detailed and carefully applied schemes for 
· 'debarring' well lands from canal irrigation; as attempted on 

the water-scarce Fatehpur branch, proved impractical. It was 
hard to exclude even entire villages: those villages barred under 
the scheme - like those whose inhabitants had originally 
refused to allow distributaries into their village - were, 
according to C.L. Alexander, now 'asking for it loudly' .51 

Where part of the village was already irrigated it proved 
particularly difficult to keep the canal off well land, since the 
cultivators often preferred to water this rather than the outlying 

49 See UP PWD(I), June 1903, 11, A.C. Evans, Report on Mat Branch Extension 
Project. 

50 Royal Commission on Agriculture in India, Evidence, vol. VII (London, 1927) p. 646, 
testimony of L.S . Sinha (UP Zamindars' Association). 

51 Alexander, Fatehpur SR (1915), p. 11. 
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har.52 When drought struck, and the reach of the canal extended 
into fields the well could not service in such a season, 'rights' to 
irrigation from the canal were subsequently claimed by 
cultivators. 53 

Despite the policy adjustments, then, and the real gains on 
some branches serving dry tracts, the tendency for canals to 
replace wells continued. ln Meerut, for example, a 50,000-acre 
increase in UGC irrigation between 1874 and 1901 was 
accompanied by 'an equal or even greater decrease in irrigation 
from wells'. Overall, while Meerut's canal irrigation moved 
from 280,000 to 380,000 acres, well irrigation fell by 71 ,ooo, 
leaving a net increase of less ,than 5 % . 5• Part of this decline, no 
doubt, can be accounted for by a more realistic appraisal of well 
capabilities, but the overlapping continued, and the reduction 
in well irrigation in such villages was real. 

Analysis of 'appropriateness' of the new technology 

External effects on wells: perspective on losses 

The intrusion of canal channels into well areas caused many 
kachha wells to fall in . In Muttra, the Settlement Officer's 
enquiries in 1878 revealed that 'all the kucha wells in villages 
through which the main canal passes, and from which 5,000 
acres used to be watered', , had been made useless, the 
destruction being pronounced where the rise in the water-table 
was greatest, and particularly where wells had been built along 
lines of drainage, now subject to stronger subsoil percolation. 55 

In Bulandshahr, a general rise in the water level of six feet 
resulted in the 'wholesale destruction of kachha wells and their 
almost entire supercession by canal irrigation' .56 Not every 
village was able to substitute canal water for their ruined wells. 

52 Report of the Irrigation Conference, Simla 1904, vol. 11 (Calcutta, 1go5), p. 52; also 
Government of the United Provinces of Agra and Oudh , Revenue Department 
Proceedings (hereafter UP Rev.), July 1909, (proceeding no.) 89. (In the IOR.) 

53 Note from Figure 4 the way in which drought years were followed by a permanently 
enhanced area of irrigation. 

s+ Gillan, Meerut SR (1901), pp. 1, 5. 
55 R .S. Whiteway, Muttra SR (1879), pp . 13-14. 
56 T. Stoker , Bulandshahr SR (1891), p . 4t (Unless stated otherwise, this and 

subsequent references are to vol. I.) 
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Occasionally, where it was necessary for the lines of the canal 
and the watershed ridge to diverge , villages in between could 
find their wells affected and yet, due to their level, be unable to 
draw alternative supplies from the canal.57 

Such destruction, however, was l;>y no means universal. 
Where subsoil contained more clay, temporary wells were less 
affected. lnpargana Marehra (Etah), kachha wells in the vicinity 
of the canal appeared to last 'as long as ever', 58 and an efficient 
system of drainage, it seems, prevented a rise in the water level 
and thus the destruction of temporary wells in Aligarh .59 

Moreover, even though earthen wells were frequently affected, 
in most places masonry wells could still be built 'when required 
and with the same facility as before ' and the supply in them was 
'better than ever'. 60 Indeed, just as some villages could lose 
entirely their source of irrigation as a result of the canal, so it 
was possible for villages out of the canal's reach to have an 
improved water supply in their pakka wells, as was the case in 
parts of eastern Bulandshahr. 61 

The picture, then, regarding the effects of the canal on wells 
is mixed rather than one of sweeping destruction. It would 
clearly not be possible to gauge the extent of kachha well loss, 
since their numbers varied with the season. It is important, 
though, not to overstate the utility of such wells, particularly 
those supplied by percolation rather than springs. 62 Where the 
mota was absent , or lay too deep, a well shaft could be sunk to a 
little below the percolation level, whereupon water would filter 
through the porous material into the bottom of the well. A 
brushwood lining was usually required to impede the influx of 
sand and thus prolong the well's working life, which was 
seldom more than one season in any case. Its main problem, W. 
H. Moreland found, was its 'critical discharge': that its surface 
area determined the rate at which water could be drawn and 
that to exceed this rate was to cause an influx of sand which 

57 See e.g. Buck, 'Note on the Effect of the Canal' , p. 225 . 

58 S.O .B. Ridsdale, Etah SR (1874), p. 67. 
59 W.J . Burkitt, Aligarh SR (1903), p. 16. 
60 McConaghey, Mainpuri SR (1875), p. 40. 
61 Stoker, Bulandshahr SR (1891), p. 47. 
62 As F.N. Wright noted, 'The instances I have met with of a cultivator 's well tapping 

the permanent spring have been rare .' NWP&O Rev., Oct. 1879, 11, F.N. Wright , 
Report on Well Irrigation in Pargana Ghatampur (Cawnpore} . 
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eventually reached the percolation level. Since the 'cost and 
difficulty of construction' rose sharply with increased diameter, 
'this simple well could never give a large yield' .63 Such wells 
were 'universally dug' prior to the canal's intrusion into Etah's 
central doab, but their scanty supply was 'only sufficient for a 
single bullock run', 64 and even then, as in Aligarh, 'half a day's 
labour [often] would suffice to exhaust the supply'. 65 In 
Mainpuri's Bewar pargana, where also few kachha wells reached 
the spring, the supply was so deficient that 'bullocks could not 
be worked with profit'. 66 It was not uncommon for such wells to 
be worked by hand with the aid of a pulley (dhenkli) or a 
weighted lever (rati), irrigating 'often a mere fraction of an 
acre'. 67 

Although some spring-fed kachha wells might last for years , 
the majority succumbed in the rains, and in most areas an 
effective, enduring exploitation of subsoil water resources could 
only be ensured by the construction of a pakka well, one 
characterised by internal brickwork - dry or cemented -
extending either part-way or entirely up the shaft length. 
Although in low-lying and submontane areas these could be of 
large diameter and thus tap the percolation supply, in most 
cases they were able to delve deeply enough to tap the mota. 
However, the cost of materials, and the frequent necessity for 
trial borings to ensure they tapped a strong spring, made pakka 
wells costly to construct, averaging Rs 200-300 for a two-lift 
well68 - an outlay beyond the resources of most cultivators. 

Previously, it is clear, local zamindars played an important 
role in the financing and construction of such wells, but by the 
1870s this activity had clearly declined. According tP Cawn­
pore's Settlement Officer, it was 'most noticeable how few wells 
the zamindars now build compared with the cultivators'. 69 In 
Bulandshahr, 'as a rule', the only zamindars who made wells 
themselves were self-cultivating members of bhaiachara and 

63 W.H. Moreland, 'Wells in the Gang etic Alluvium ' , Agricultural Journal of India 
(hereafter A}]), IV (1909), pp. 34-42 . 

64 Ridsdale , Etah SR (1874), p. 5. 65 Aligarh DG (1875), p. 381. 
66 McConaghey , Mainpuri SR (1875), p . 159. 67 /JC, p . 201. 
68 Clibbom, Papers Relating to the Construction of Wells, p. 20. In addition, equipping costs 

would amount to around Rs 20 (exclusive of bullocks) : bag (or pur), Rs 5-10; rope, 
Rs 8; wheel, Rs 2-3. Ibid., p. 9. 

69 Wright, Cawnpore SR (1878), p. 6. 
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pattidari bodies; and on the 'rare occasions' when zamindars 
made wells for occupancy tenants they collected rents near to 
tenant-at-will levels. 70 Part of the problem, contemporaries 
recognised, stemmed from the purchase of land by the 'new 
zamindars', the traders and moneylenders 'disinclined to sink 
money in such improvements', 'whom', one settlement officer 
reflected, 'our laws have created'. 71 Certainly, the 'fine wells' 
constructed by Cawnpore's progressive landlord, Maxwell, 
had 'been allowed to fall into ruin through the apathy of the 
purchasing landlords'. 72 

While the zamindars had largely ceased to contribute their 
support to well-building, the operation oflegislation relating to 
tenure was not conducive to encouraging construction by 
tenants. The Irrigation Commission was 'doubtful whether ... 
the permanent tenants had received such full protection 
against enhancement of rent, in respect of the increased value 
imparted to their land or its produce owing to improvements 
made by them, as the landowners obtain from government 
against enhancement of the land revenue assessment on lands 
benefited by improvements which they have executed'. 73 

While, on the one hand, the permanent tenant was legally 
protected from rent increases for periods of ten years, and, 
moreover, from any enhancement claimed on the basis of an 
increase in the productive powers of the land where such an 
increase was the result of the tenant's own investment (such as 

' the sinking of a kachha well or the c·onversion from earthen to 
pakka), another provision enabled the landowner to claim a rent 
enhancement on the grounds that his rent was below that paid 
by nearby occupancy tenants for similar land enjoying similar 
advantages. 74 

Tenants with pakka wells were always liable to claim legal 
rights troublesome to the zamindar's control of his estate. Thus, 
if there were landlords unprogressive in their attitude to well 
construction, there were others particularly obstructive in this 

10 Records of the Commissioner of Meerut, Meerut (hereafter MCR), Files of the 
Board of Revenue (hereafter BOR), vm, 14(c), Ser. 2, D.C. Baillie, Assessment 
Report (hereafter AR) of Parganas Agauta, Siyana, and Shikarpur (Bulandshahr) 
1889, p. 31. 

11 McConaghey, Mainpuri SR (1875), p. g. 
72 Wright, Cawnpore SR (1878), p. 6. 73 IIC, p. 57. 74 Ibid. 
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regard . This was especially so in Bulandshahr, where the 
Settlement Officer noted that the proprietors 'not only failed to 
improve their property, but their policy had been directly and 
actively designed to prevent and obstruct improvements. It is 
almost universal practice for landlords to prevent their tenants 
from making masonry and half-masonry or, in extreme cases, 
earthen wells.' 75 One official had actually witnessed the refusal 
of a tenant's request made to the son of the Rajah of Mursan 
(Aligarh) to convert his well to pakka. 76 So intent were the 
Bulandshahr landlords upon gaining 'absolute control' over 
their tenants, and in preventing the growth of'adverse rights of 
any sort' , that they would submit to an abatement of rent in the 
case of earthen wells becoming impracticable rather than allow 
their conversion to pakka .77 Pargana Dibhai bania-proprietor, 
Bhola Nath, actually dismantled a masonry well of his own 
when his tenants established claims to occupancy rights in the 
fields irrigated from it. 78 It is quite clear, also, that in their 
efforts to maintain control over their tenants, the Bulandshahr 
landlords had received the backing of the civil courts: suits of 
the Nawab ofChhitari, and even the lax Skinner estate, among 
others, had resulted in the issue of decrees closing wells 
constructed without permission. 79 

For a tenant to acquire a masonry well was a difficult enough 
problem without the opposition of his landlord. The financial 
impediment facing any cultivator was heightened for tenants 
by the non-transferability of occupancy rights (limiting his 
collateral), and by the rigidity of the rules relating to takavi 
advances. 80 This was also on age of increasing subdivision, 
when khetbat (scattered) partitions often reduced the area of 
land held in a compact block to below that which would justify 

75 Stoker , Bulandshahr SR (1891), p. 99. In cases where outright prohibition was not 
encountered, conditions were often insisted upon which neutralised the advantages 
to the tenant. 

76JlC(E), p. 257, evidence ofE.A. Molony . 
77 Stoker , Bulandshahr SR (1891) , p . 100. Proprietors felt, according to E.A. Phelps, 

'that they lose not only in money but in prestige and power if occupancy rights 
accrue; for occupancy tenants not only pay less rent, but withhold extraneous 
contributions and sometimes even obedience and courtesy' . E.A. Phelps, 
Bulandshahr SR (1919), p. 10. 

7a Stoker, Bulandshahr SR (1891), p. 100. 19 /bid . 

eo NWP&O Rev., Oct . 1879, 11, F.N. Wright , Report on Well Irrigation in Pargana 
Ghatampur (Cawnpore) . 



Canal irrigation as an appropriate technology 89 

a substantial well. 81 Such factors, together with the fact that 
landlords frequently regarded permanent wells built by their 
tenants as against their interests , meant that many cultivators 
had to be satisfied with kachha wells, which were precarious and 
'liable to fail when most needed ' .82 

Well-users were dogged by a range of localised problems, 
from which those with pakka wells were by no means immune. 
Well systems were especially susceptible to variations in 
climatic cycles and movements in the water-table. In Ghatam­
pur pargana, Cawnpore, a fall of fifteen feet in the water-table 
was recorded in 1877-8 due to the combined effects of deficient 
rainfall and increased irrigation from wells.83 Many wells 
consequently suffered impaired irrigating capacities , as they 
did over a prolonged period during the dry cycle of the late 
189os.e+ More damaging long-term falls occurred in some 
tracts. A serious lowering of the table occurred in Muttra , 
where the level in Maha ban tehsil fell from 45 feet in the 1870s to 
around 65 when the Mat branch extension opened in 1904. By 
then, 'the cost of masonry wells was becoming prohibitive and 
the digging of earthen ones impossible'. 85 While the canal 
extension had the effect of restoring the water-table to the old 
level , parts of Agra, Aligarh , and Etawah continued to face this 
problem. The fall in western Aligarh was , by the early 1900s, 
'affecting all wells alike' ; earthen wells had become impracti­
cable where the water was more than sixty feet down , and 

1 'many of the masonry wells [had] gone dry' .86 

SI That this was a major problem for many peasants is confirmed in ibid. 
82 Stoker, Bulandslzahr SR (1891), p. 100 . 

83 NWP&O Rev., Oct . 1879, 11 , F.N. Wright , Report on Well Irrigation in Pargan a 
Ghatampur (Cawnpore). 

84 Gillan , Meerut SR (1901), p. 6; Alexander , Fatehpur SR (1915), p. 11 ; and S. Ahmed 
Ali, Aligarh SR (1943), p. 3. 

ss H.A. Lane , Muttra SR (1926), p. 6; Royal Commission on Agriculture, Evidence, vn , p . 
379, testimon y of Dr R. Mukherjee (Univ . of Lucknow) . 

86 Burkitt , Aligarh SR (1903), p. 16; also UP PWD (I), June 1903, 11, A.C. Evans , 
Report on Mat Branch Extension Project. This is a case of the complex 
environmental impact of canal irrigation and related activities . While some 
localities benefited from improved well supplies as the canal raised water levels, 
attempts to reduce the incidence ofwaterlogging through drainage were sometimes 
disadvantageous to neighbouring well areas . According to Evans, the long-term fall 
in water-levels described in the text was mainly due to improvements made to the 
line of the Karwan Nadi and surface drainage installations in Aligarh . Other 
contributing factors were thought to be the dryness oftheJumna River (with two 
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A cycle of dry years at the end of the 1870s caused the 
establishment of the troublesome baisuri weed in the Central 
Doab. This was a particular problem in well villages, since the 
weed 'appeared to flourish in lands irrigated by wells' .87 It was 
found in loam soil and necessitated repeated weeding to 
prevent it from crowding out the sown crops. The 'only method 
of dealing satisfactorily with this pest' was, settlement officers 
discovered, 'to drown it', and the only effective treatment 
proved to be canal irrigation. 

The fall in the water-level in some localities could render well 
water brackish. This was not a new problem, for many wells in 
Mainpuri, Agra, and Muttra had long contained water 
'brackish or oily and generally saturated with noxious salts' .88 

The water was not altogether useless for cultivation, but was 
invariably harmful to germination; sowing therefore depended 
upon the rains. Its harmful qualities, moreover, tended to be 
exaggerated by drought conditions, and could have lasting 
effects: 'Sometimes the autumn crop is a failure', wrote the 
Muttra Settlement Officer, 'because in the previous spring 
harvest the water of a particular well was used.' 89 As a result, 
the substitution of canals for wells in a large part of Muttra, as 
well as in other localities, had 'the same protective effect as 
would be given by the introduction of new irrigation in a tract 
which was before entirely dry'. 90 

The evidence points firmly to the conclusion that, although 
wells were not always destroyed by the canal, in many areas 
they displayed shortcomings which would have made their 
owners gladly turn to the canal. The disappearance of 
unprotected wells in the face of the canal was, as one settlement 

canals drawing from it upstream), years oflow rainfall, and a related increase in the 
use of wells. Clibborn noted, in fact, that parts of Aligarh had been 'collecting areas' 
for water, which had effectively kept up the level of water in neighbouring Muttra. 
Muttra's cultivators thus bore some of the costs of Aligarh's efficient drainage 
system. Clibborn, Papers Relating to the Construction of Wells, p. 7. 

a7 H.R. Nevill, District Gazetteers of the United Provinces of Agra and Oudh vol. v1, Aligarh 
(Allahabad, 1909), pp. 17-18. (Subsequent references to this series will be 
abbreviated to the district name, followed by the letters DG and the date of 
publication. The latter will distinguish this series, published between 1903 and 
1921, from that of E.T. Atkinson, which was published between 1874 and 1886. All 
volumes published at Allahabad.) 

BB W.J.E. Lupton, Mainpuri SR (1906), p . 3. 
89 Whiteway, Muttra SR (1879), p. 18. 90 Lane, Muttra SR ( 1926), p . 6. 
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officer remarked, 'only what might be expected from their 
temporary and precarious nature' . The same might be said of 
brackish areas and the like; but, in fact, the officer went on , 
'masonry and half-masonry wells also fall into disuse, though 
the rise in the spring level actually adds to their working 
power'. 91 The switch away from wells was wholesale, affecting 
all types of wells, even those without operational deficiencies . 
Cultivators preferred the canal. Thus, of Saharanpur, for 
example, it was reported that 'wherever canal water reaches a 
village well irrigation usually ceases', sometimes even where 
the canal water could not reach. 92 

There were exceptions to the trend, but they relate to 
fairly well-defined circumstances. Settlement Officer C.H .T. 
Crosthwaite could think of no instance where the Etawah 
cultivators did not take water, 'except in one or two cases where 
the fines inflicted for breach of canal rules ... disgusted them, 
and in the case of market garden cultivation'. 93 Etawah's 
Kachhi smallholders, like the Kurmis in Bulandshahr, 94 were 
said to 'always prefer' wells for their garden cultivation, and 
wells 'could be found working in the gauhan lands of villages 
which could be irrigated flush from the canal'. 95 Similarly in 
Farrukhabad, where in the 'best and most highly manured 
fields' wells were 'kept up with some difficulty for the irrigation 
of opium and tobacco', while all the surrounding fields were 
'resigned to the canal' .96 Ahir cultivators, who were said to 
favour their bara cultivation, would take canal water where it 
was available 'without unreasonable labour', but where canal 
water had to be lifted on to the fields they often preferred wells, 
particularly where 'daily labourers' were absent. 97 Faced with 
this choice, numerous Ahir villages in eastern Bulandshahr 
preferred their pakka wells, which were kept in full supply by the 
effect of the canals. 98 

91 Stoker, Bulandshahr SR (1891), p. 47. 
92 Porter , Saharanpur SR (1891), p. 13. 
93 Crosthwaite , Etawah SR (1875), p . 17. 
94 Stoker, Bulandshahr SR ( 1891 ), p . 47. 
95 Crosthwaite, Etawah SR (1875), p. 15. 
96 Buck, 'Note on the Effect of the Canal' , p. 213. 
91 NWP PWD(I) , March 1873, 43, Note by Capt. J. Ross. 
98 MCR , BOR , vm, 14(c), Ser. 2, D .C. Baillie, AR Parganas Agauta , Siyana , and 

Shikarpur {Bulandshahr), 1889, pp. 10-11. 
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Operational comparisons between wells and canals 

Clearly, wells had their shortcomings. But it is still to be 
explained why cultivators with effective well facilities chose to 
incur an increased cash outlay in exchange for a canal supply 
which was apt to be unreliable and which in many cases had to 
be lifted up to the level of the fields.99 

On the face of it, a good well would seem to have served the 
typical holding adequately. Under the lagor system, where 
there was a single, moderately inclined ramp, up which the 
bullocks were backed after the leather bag (pur) had been 
emptied, 100 a pair of animals irrigated two to five rabi acres and 
up to 1 .5 in the kharif Using the more efficient kili system, with 
two (steeper) ramps, which allowed the use of more than one 
pair of bullocks ( the animals being un pegged after each lift and 
walked up the ramp to a feeding trough), a single lift irrigated 
5-7.5 rabi acres and 1-2.5 during kharif. With multiple lifts the 
norm on substantial wells, a kili well serving one or more 
families would irrigate an area ranging from an average of eight 
rabi acres in Muttra, where the water was fifty feet down (and 
where no kharif irrigation took place), to between eleven and 
thirteen rabi acres ( and two to six kharif acres) in most Doab 
districts, where the water level was generally at 18-24 feet. 

The problem with such wells was not so much that they tied 
up the cultivator's resources in the form of fixed capital, but 
that in order to carry out the irrigation they tied up productive 
factors in their operation. The extent to which they did this was 
very substantial indeed, for the time taken to give a s1ngle 
watering to one acre was considerable. One estimate suggests 
that with two pairs of bullocks it took a minimum of five to six 
days to water one acre with water at 25 feet, and Buck's 
measurements in pargana Tirwa revealed that with one pair of 

99 'Lift' (dal) irrigation was most widespread in the Lower Doab. It constituted over 
half of the canal irrigation in Cawnpore, while in Meerut and Bulandshahr 8o-go% 
of canal water was delivered to the fields by 'flow' (tor), also referred to as 'flush'. 

100 With powerful cattle , a load of 500 pounds could be lifted. For a description, 
see Clibborn , Papers Relating to the Construction of Wells, pp . g-18 . Data in this 
paragraph are taken from Clibborn's survey of 150 Doab wells. Ibid., Appendix 1 
(TableB). 
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bullocks, eight days was the norm. w1 In contrast, canal 
irrigation by lift could water an acre in a day, sometimes a little 
more, 102 and 'almost any quantity ofland' could be watered by 
canal water given flow, although three acres per day was 
usua1. w3 A single watering of one acre by well, therefore, on the 
basis ofBuck's observations of three men to a well lift, amounted 
to 24 labour-days. The average of eight waterings necessary for 
cane would thus require the duty of 192 labour-days; the three 
waterings for indigo or wheat, 72. 104 With the canal, the actual 
operation required more labour for the duration - six men 
working two beris (baskets of split bamboo), with one or two 
guiding the water into the field - but since an acre could be 
covered in a day, eight labour-days sufficed for each watering. 
Thus, total irrigation labour requirements for an acre of cane 
was 64 labour-days (and wheat/indigo 24). 

Clearly, such a vast difference in labour requirements, even 
where canal water had to be lifted, would seem to explain, why 
the wholesale switch to canals took place. Yet the important 
point is how the peasant cultivator saw the new labour-saving 
technology; often, as Crosthwaite pointed out, 'to the average 
cultivator' the canal appeared 'an expensive business, more 
costly than his well'. ws If there is doubt in the case of flow canal 
irrigation, in the case of lift the difference in cost clearly 
favoured the well, and hence the issue centred upon that 
sensitive area in peasant decision-making: the need to make 
payments to outsiders. The difference in outlays between the 
systems arose because of the need to hire so much of the labour 
required to lift canal water, while the drawn-out well irrigation 
could be manned mainly by family members. Of the 804 men 
working on canal irrigation in Buck's sample ofTirwa villages, 
224 were owners of the field (or relatives), 72 were jitas 
(exchange labour), and 509 (or 63%) were hired labourers, on 

101 F .N. Wright , Memorandum on Agriculture in the District of Cawnpore ( Allahabad, 1877), 
p. 12; Buck, 'Note on the Effect of the Canal', p. 216, and discussion following ibid., 
p. 228. 

102 Buck, 'Note on the Effect of the Canal', p. 215. 
103 IRR 187:r4, pp. cvi-cvii; J .F. Duthie and J.B. Fuller, Field and Garden Crops of the 

North-Western Provinces and Oudh, pt 1 (Roorkee, 1882), p. xviii; Wright, Memorandum 
on Agriculture, p . 13. 

104 Buck, 'Note on the Effect of the Canal', p. 215. 
10s Crosthwaite, Etawah SR (1875), p. 18. 
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two annas per day plus a quarter seer of gram.106 Of every eight 
men working, therefore, five would be hired. This contrasts 
with well irrigation, where of the three operators only one was 
normally hired, and at a slightly lower daily rate. 107 Leaving 
aside the problematical issue of the costs of home labour and 
bullocks on the grounds that they had to be maintained in both 
cases, Buck calculated that the irrigation outlays for the two 
systems were Rs 6 (cane) and Rs 2.25 (wheat) with wells and 
respectively Rs 8.5 and Rs 3.5 with the canal; a difference, 
therefore, of Rs 2.5 (cane) arid Rs 1.25 (wheat). 

Where canal water required two lifts these margins in 
paid-out operating costs widened to Rs 8.5 and Rs 2.25. 108 At 
this point, even though two-lift canal irrigation was not 
significantly slower in watering an acre, entailed the same 
water rate, and still provided the substantial labour-saving 
over wells of more than 60 days for cane and 24 for wheat, 
some cultivators, when faced with such costs, preferred their 
wells. In Sookhee village, Buck observed that canal irrigation 
had only replaced wells when rajbaha adjustments made water 
available on one lift, as opposed to two or three previously; in 
Khundee village, wells were still used wherever two lifts were 
required. 109 · 

There were, however, operational advantages associated 
with the canal which explain why many villagers were 
prepared to use the canal even where labour payments 
associated with two (and sometimes three) lifts were involved. 
100 Figures from Buck, 'Note on the Effect of the Canal', p. 216. 

101 Ibid. Hire rates in canal villages tended to be slightly above those prevailing in well 
villages. 

108 The figure for canal outlay includes the water rate (Rs 3.5 for cane and Rs 1.5 for 
wheat). Hidden charges make these figures underestimates of the true costs, since 
there were a number of haqs and bribes related to the use of canal water, and the 
'owner's rate' also had to be found by the irrigator (see Ch. 5 below). Against this, 
bullock costs were clearly higher in the case of well villages, since cattle working at 
wells required more substantial food than those lightly worked in canal villages, and 
could not be turned out to graze. In addition, due to the greater wear and tear they 
experienced, bullocks in well villages had to be replaced more often. See 
McConaghey 's comments in discussion following Buck, 'Note on the Effect of the 
Canal', p. 229. 

109 Buck, 'Note on the Effect of the Canal', p . 218. Two-lift canal irrigation was 
nonetheless fairly common in Mainpuri at the time, which suggests that many 
cultivators were not deterred by the extra costs. See discussion following ibid., pp. 
230-1. 
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Two fundamental constraints upon production were dramati­
cally affected by the substitution of one form of irrigation for 
another, and together they explain the cultivator's revealed 
preference for canal irrigation . 

In the first place, even where good wells were concerned the 
irrigating capacity of wells was limited. As the Director of 
Agriculture remarked in the 1920s, 'The fact that even in the 
tracts most favourable for irrigation a larger area is not 
irrigated has only one interpretation - the cultivator has not the 
capacity to lift more than he does.' 110 The time taken to irrigate 
an acre placed severe limitations on the area which could be 
irrigated. Even if the wells could maintain the supply, bullocks 
could not work for more than twenty days a month 'without 
serious injury' .111 In the dry months, therefore, with cane 
requiring water every fortnight, it was not likely that more than 
1.5 acres could be irrigated by one pair of bullocks. 112 Not 
surprisingly, therefore, limited areas of one or two crops 
(mainly sugarcane and cotton) was the typical kharif pattern of 
well irrigation. 113 Wells, summed up Crosthwaite, 'require a 
large livestock and great labour ... if a farmer has to work his 
well he cannot sow more sugar and wheat than he has time to 
irrigate' .114 

The other major aspect of the innovation which made it such 
an advance on wells was that the factors tied up in the actual 
raising of water to the surface, labour and bullocks (leaving 
aside capital tied up in the facility itself), were the very factors 
which could otherwise be utilised in cultivating operations 
associated with expanding production. Well irrigation com­
peted for resources which could only be used to raise water at 
the expense of the area under or the quality of cultivation. Both 

110 H.M . Leake, 'The Trend of Agricultural Development in the United Provinces' , 
Aj/, XVIII (1923), p. 16. 

111 Clibborn , Papers Relating to the Construction of Wells, p. 18. 
112 Buck, 'Note on the Effect of the Canal', p. 222. 
113 In his sample of wells for Meerut, Clibborn found that the kharif irrigated area was 

half that of the rabi, and that while sugar accounted for 63% of the area (37°/o 
cotton), it took almost go% of the water, since cotton received only one watering. In 
Cawnpore, two waterings for the cotton crop accounted for over 80% of kharif 
irrigation, and in Aligarh for I00% . Many wells simply did no kharifirrigation at all. 
Clibborn, Papers Relating to the Construction of Wells, Appendix 1. 

114 Crosthwaite, Etawah SR ( 1875), p . 18. · 
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labour and bullock shortages occurred in the course of the 
agricultural calendar, often their underemployment during one 
period being an outcome of the production constraint caused 
by their relative shortage at another. In some parts, labour was 
the critical constraint holding back the rabi area, 115 while at the 
same time the short supply of cattle was a major contributor to 
inferior kharif production. 116 

As Buck demonstrated, for the outlay of a relatively small 
sum, a peasant cultivator could on average release the labour of 
two family members for a total of 56 days each by using lift 
irrigation from the canal rather than working his well to irrigate 
his acre of cane. In the case of wheat the number of days was 2 1 

each. For cultivators with flow canal irrigation, the speed at 
which irrigation could be accomplished, allied to the fact that 
hired .labour was not necessary, made the advantage even more 
dramatic: as few as eight labour-days would suffice to water an 
acre of cane to maturity. Moreover, the substantial labour­
saving effect was entirely internalised by the family enterprise. 

On average, bullocks in well villages spent around 120 days 
each year hauling water. 117 With the adoption of canal 
irrigation they were free for redeployment. It was also possible 
to have them properly rested and in good condition for peak 
periods, such as the early kharij, when the animals - having 
worked wells through the spring and assisted with harvesting­
were then under pressure to irrigate the hard-baked fields prior 
to ploughing them: 'After treading out the corn, a day or two's 
rest' was often 'absolutely necessary', and this the bullocks got 
in the canal villages, while the land was being 'softened for the 
plough by manual labour in canal villages' . Naturally, rested 
animals accomplished the ploughing more efficiently. 11a 

It is clear why, therefore, the canal had such a dramatic 
effect even in well villages, since a vast supply of com­
plementary resources was set loose, particularly where flow 
irrigation was available. In Khataulipargana (Muzaffarnagar), 

115 R.F. Mudie, Agra SR (1930), pp. 6-8. 
116 Ibid. 'The response of crop production to increments of bullock power is very high', 

according to K. Singh, B. Goel, and V. Murty, 'Estimation of the Availability of 
Bullock Power in Certain Tracts oflndia', Agricultural Situation in India, xxv1 ( 1971), 
p. 487 . 

117 Buck, 'Note on the Effect of the Canal' , p. 223 . 11s Ibid., p. 219 . 
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for instance, the bullock power released from the treadmill of 
water-raising on nearly 7,000 acres was 'sufficient for all the 
work connected with the increased cane cultivation [including 
processing] and for the ploughing of 10,000 acres besides' .119 

The saving in labour was unquestionably the reason behind the 
more largely increased area and the 'more generally main­
tained quality of the cane crop' in Khatauli than in 
neighbouring parganas formerly with fewer wells. Prior to the 
canal, many of Khatauli's dry estates yielded only inferior 
crops reared by absentee cultivators, who, 'however indust­
rious, had plenty to do in their own (well irrigated) villages' .120 

When the canal arrived, 'the men and the cattle working the 
wells were set free, and at once began to improve the cultivation 
in their own and adjoining townships' .121 

The reason why canal water was preferred to wells, even 
though, as critics have pointed out, some crop yields could be 
lower on canal-watered land, is also explained by the joint 
effect of increased irrigating capacity and released productive 
factors upon cropping patterns. The high unit costs of water 
obtained from wells ensured that the supply was carefully 
applied ( via numerous kiari compartments) 122 to the limited 
area it would cover, and that such land was meticulously 
cultivated. This land would have priority over manure supply; 
it was put down to the high-value crops, and large amounts of 
labour were lavished upon it. Canal water was not paid for by 
volume, and its cheapness in terms of quantity encouraged the 
cultivator not only to dispense with the high degree of input 
intensity he had had to lavish upon his well-irrigated plot in 
order to obtain favourable returns on the expense - including 
opportunity cost- oflifting well water, but also to spread inputs 
over a larger area. An increased supply of cheap water meant 
that the cultivator could expect an acceptable rate ofreturn on 
land which it was impossible to cultivate intensively when he 

119 'Report on the Ganges Canal Tract', p. 71, in Cadell, Mu;.a.ffarnagar SR (1882). 
120 Uttar Pradesh State Archives , Lucknow (hereafter UPA), Files of the BOR, 

'Different Dis· ricts', Muzaffarnagar, Box 8, File 35, A. Cadell , Rent-Rate Report 
(hereafter RRR) of Pergunnah Khataoli , 1872, pp . 35-6. 

121 Ibid. 
122 In well fields, an elaborate system of kiaris, or compartments made up oflow earthen 

ridges, assisted the cultivator in distributing the water evenly over the field. Seej.A. 
Voelcker, Report on the Improvement of Indian Agriculture (London, 1893), p. 74. 
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relied on his well. The cultivator therefore irrigated a larger 
area than before, though on average he cultivated it less 
intensively than he had the fields near his well. The sharp 
distinction, therefore, between hara and har was eroded, as, on 
balance, the trend was for the peasant to forfeit some of the 
output he could have expected from his well-watered fields, but 
to gain from the cultivation of better-quality crops over an 
additional area which was previously only infrequently 
irrigated, if at all. This caused the cultivator 'to extend the area 
of tolerably high cultivation', 123 and in this way to increase the 
total product of his holding. Hence, 'the whole tendency ofjat 
and Rawa cultivators' was to 'secure a large average produce, 
rather than the excessive fertility ofa few fields'; indeed, thejat 
in particular became well known for distributing manure and 
his best crops over his entire holding. 124 

Faced with a trade-off, the cultivators chose the option 
which, in some cases, meant that they achieved lower overall 
yields while increasing their income. Such a result was not the 
inevitable outcome of using canal water (although an 
unexpected degree of uncertainty of supply often had this 
effect). In many cases, the yield differential simply reflected the 
cultivator's adjustment to the new set of relative input 
scarcities. In villages where only a small area of canal irrigation 
was physically feasible, the especially high cultivation associ­
ated with wells was found on canal land. 125 The same applied 

123 MU<.a.ffarnagar DG (1876), p. 545. Obviously, the scattered nature of holdings 
restricted the portion of any holding which could be irrigated from a well. The canal 
immediately permitted irrigation to be extended to the parts of the holding which 
were beyond the reach of the wells. 

12• UPA, BOR, 'Different Districts ' , Muzaffarnagar , Box 8, File 35, A. Cadell , RRR 
Pergunnah Khataoli , p . 55. This particular effect accounts for the outwardly 
surprising finding that the assessed rates in Muzaffarnagar had changed iittle in 
thirty years , despite the introduction during that period of the canal. According to 
Cadell, the average quality of each category ofland had worsened . The explanation, 
in fact , was to be found in the proportion of total area in each category. As a result of 
the canal , a much larger area had come to be classified as 'irrigated', though much of 
it was not cultivated as intensively as the formerly small well-irrigated area. The 
larger 'irrigated' category had, of course , deprived 'dry loam' of much of its most 
productive land, while the extension of cultivation had, by moving onto the 
marginal land, reduced the average quality of bhur. This observation did not conflict 
with the fact that cultivation had increased overall. NWP&O Rev.,June 1879, 74, 
Cadell to BOR , 8June 1878. 

125 NWP&O Rev., June 1879, 74, Cadell to BOR, 8 June 1878. 
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where canal water had to be lifted and produced 'luxuriant' 
crops .126 Any resource, in fact, available in relative abundance 
will not be used particularly efficiently. The farmer with canal 
irrigation, who could now cultivate 'thirty bighas with as much 
facility as the man dependent on well irrigation [ could) his 
twenty bighas', 127 was not especially interested in maximising 
per acre yields, particularly with land as underutilised and 
water as freely available (and labour as scarce) as it was in most 
of east Muzaffarnagar's parganas in the 1860s. Where the 
balance of resources was different, as was the case in Khatauli 
pargana, where expanded cultivation was not a significant 
option in reorganised production, the differential in yields was 
much less pronounced, as Cadell indicated: 'It seems unques­
tionable that the more largely increased area and the more 
generally maintained quality of the cane crop in [Khatauli) 
may be attributed to the labour set free by the canal.' 128 Indeed, 
only as labour and bullock resources moved into line, and the 
supply of land became an increasing constraint on expanded 
production, would serious attempts have been made to 
improve yields. 

Given this type of response to canal irrigation, it is not 
difficult to explain departures from the pattern of substitution. 
A particularly unreliable canal supply, an inordinate amount 
of interference by subordinate officials or other intermediaries , 
a scarcity of labour for hire to lift canal water - all of these 

1 factors could affect the cultivator's ability to gain from the new 
opportunities, and could make his well a better proposition . 
This was particularly the case where two lifts were involved, 
and the associated extra cash needs to be achieved through 
reallocation ofresources grew larger. It was the case, too, where 
the cultivator, a Kurmi or a Kachhi perhaps, worked only a few 
acres. He not only relied on achieving outturns of garden­
standard crops higher than the canal could be relied upon to 
produce (particularly given the limited voice he had in village 
water allocations), but had restricted scope for redeploying his 
freed resources on the rest of his holding. 

126 'Settlement Report of the District ofMuzaffarnagar', p . 59, in Cadell , Muzajfarnagar 
SR (1882) . 

121 Meerut DG (1875), p. 246. 
• 12a 'Report on the Ganges Canal Tract ', p . 74, in Cadell , Muzajfarnagar SR (1882). 
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Complementarity of irrigation technologies 

Although the early trends pointed to a dramatic demise of 
wells, their role changed to one often complementary to rather 
than in competition with canal irrigation. In Meerut canal 
parganas Chaprauli and Baraut, by the mid-186os, wells had 'in 
great measure fallen into disuse' and well-sinking was 'almost 
entirely abandoned ' .129 One settlement officer recorded that 
'for many years after the introduction of a new canal there was a 
cessation of well-making .. . even villages near the canal, but 
not getting canal water', seemed to 'lose heart and look on 
working a well as an intolerable toil' .130 

The trends to the contrary quickly became evident, however. 
Already, in 1866, 'enterprisingjat proprietors' in Meerut could 
be found using their wells to 'guard against the uncertainties of 
canal supply'; 131 cultivators right next to distributaries in 
Bulandshahr 'have sunk and are sinking numerous masonry 
wells', commented a canal engineer. 132 The trend gathered 
considerable force and continued throughout the period: in 
1940, Meerut's Settlement Officer had all over encountered 
cases of cultivators lining their earthen wells, even where there 
was 'absolutely no necessity for wells'; more than 30% of 
upland wells constructed since 1901 were in canal circles. 133 

Many canal villages in Muzaffarnagar were 'fully sup­
plemented by pakka wells' .134 This was particularly the case 
where vill~ges ~ere near the termination of a canal or 
distributary: in Cawnpore it was noticed that, even though the 
canal flowed right past their land, wealthier .cultivators 
constructed masonry wells since in a dry year their water 
supply was frequently used upstream. 135 

That the motive was clearly to safeguard water supplies 

129 W.A. Forbes, Chaprauli Pargana Report , 1866, p. 8, in Buck, Meerut SR (1874). 
130 E.S. Liddiard , Etawah SR (1915), p. 14. It was common practice for cultivators from 

nearby well villages to rent some canal-watered land on which to grow th'eir cash 
crops. 

13 1 Forbes, Chaprauli Pargana Report, p. 8, in Buck, Meerut SR (1874). 
132 NWP PWD(I) , March 1873, 43, Note by Capt . J. Ross. 
133 C .H. Cooke, Meerut SR (1940), p. 10 . 

134 NWP&O Rev., Jan. 1901, 47, AR Pargana Baghpat, 6 Oct . 1900. 
m Voelcker , Report on the Improvement of Indian Agriculture, p. 70. 
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when the canal supply was inadequate in either timing or 
quantity is clearly indicated by the fact that a large number of 
new wells were 'rarely used' .136 The process was partly 
facilitated by the wealth that accrued to cultivators in canal 
villages. The initial cessation of well-sinking noted in Etawah 
was, 'after a time', and 'partly due to the capital which the cer­
tainty of the canal has enabled [the cultivators] to accumulate', 
followed by a revival; 137 in tehsil Fatehabad (Agra) -at the tail of 
the system - canal cultivators were in a 'somewhat better 
economic position' than others and hence were 'able to afford 
the outlay on wells' .138 The process was also facilitated by the 
reflection of prosperity in cattle quality, and in the buoyant 
water supply of wells in canal tracts. 

The fundamental difference, however, related quite simply 
to the fact that deploying a well in this manner did not tie up 
resources of men and bullocks for long periods and, by and 
large, was a minimal interruption to cultivation as a whole. It 
coped easily with the uncertainty caused by a canal supply, the 
timing of which was governed more by administrative 
considerations than by agricultural needs. An independent 
source of supply permitted the timely application of the correct 
quantities of water, with significant benefits to yields. The 
cultivator did not have to jeopardise his outturn by taking too 
much water at a time in order to be sure there was sufficient 
moisture to last the uncertain period until the next watering. 
He used his well very much, in fact, as many of his descendants 
currently deploy tubewells. 139 

136 Cooke, Meerut SR (1940), p. rn; see also Gillan , Meerut SR (1901), p. 7. In 
Bulandshahr , for instance, while 5,076 out of 5,914 earthen wells were recorded as 
having been used in 1901, this applied to only 10,53oout of the 22,252pakka wells in 
the district. Bulandshahr DC (1903), pp . 41-2 . 

131 Liddiard, Etawah SR (1915), p. 14. 
138 H.J . Frampton, Rent-Rate Report of Pargana Fatehabad, District Agra (Allahabad , 

1931), p . 24. 
139 Recent studies in the UP of the comparative impact on yields, cropping patterns , 

and profits associated with different kinds of irrigation have shown that better 
performances on all three counts were achieved with private as against state 
tubewells . These results reflect mainly the more precise water applications which 
can be administered by farmers using their own tubewells. T. Moorti and J.W . 
Mellor, 'A Comparative Study of the Costs and Benefits oflrrigation from State and 
Private Tubewells in Uttar Pradesh ', Indian journal of Agricultural Economics, xxvm 
(1973), pp. 181-g. 
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Conclusion 

Canal irrigation was, in the main, adopted by the Doab 
peasantry rather than imposed upon it. The 'satisficing' model 
of peasant behaviour is inadequate to explain the decision to 
adopt the new irrigation technology. Nor can the peasants' 
choice be fully understood by using the Schultzian peasant 
rationality framework which gained currency in the 196os.140 

According to this formulation, the peasant was an efficient 
allocator of resources who maximised utility through applying 
factors until the marginal product of each corresponded to its 
market price. Within the terms of this neo-classical model, the 
canal represented a technological input which could disturb 
the 'equilibrium of traditional agriculture' through raising the 
marginal returns to investment. 141 This would prompt, accord­
ing to Professor Schultz and his 'formalist' followers, a 
recognisably entrepreneurial response from the peasant. 

While the notions contained in the Schultzian model, that 
the peasant was interested in increasing his 'income' 142 and that 
he weighed the marginal utility of each of his options, appear 
consistent with the findings of this chapter, the particular profit 
maximisation behaviour implicit in the model renders it of 

140 T .W. Schultz , Transforming Traditional Agriculture (New Haven , 1964). 
141 Professor Schultz 's 'equilibrium of traditional agriculture ' is characterised by static 

technology and by unchanging preferences and motives on the part of generations of 
cultivators . In the absence of technical advance, the marginal productivity of 
investment in additional agricultural factors declines to the point where there is no 
incentive to save for investment in them . The marginal rate of return on investment 
is known, having existed .sufficiently long for an equilibrium to have become 
established between saving and investment and between the demand for and supply 
of agricultural factors as a source of income . With little incentive to add to the stock 
of traditional capital , due to its low returns, cultivation in the context of constancy of 
the 'state of arts ' thus shows an inevitable tendency to stagnation due to the 'high 
price of permanent income streams ' . 

142 There are , in fact, good reasons why the peasant should wish to increase production , 
whether or not the increment is destined for the marketplace, and whether or not he 
already produces a surplus. Dr T.G. Kessinger has described the nature of the local 
prestige systems and the way in which they set consumption standards within local 
society . Given the complex pattern of village relationships , a surplus of cash or grain 
for any family presented opportunities for political and social as well as economic 
gain . T.G . Kessinger , 'The Peasant Farmer in North India , 1848-1968', Explorations 
in Economic History, xn:3 (1975), pp . 328-g . 
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limited use in helping to interpret the adoption behaviour 
relating to the Doab canals. Schultz's critics have given much 
attention to his failure to take account of the risk factor in 
peasant decision-making, and the way in which insecurity 
modifies 'maximisation' behaviour. 143 

The typical peasant did not opt for the canal merely because 
it 'saved an infinity of toil' compared with working a well, nor 
simply because he could make more money by growing 
commercial crops. His decision is best understood in terms of 
the household producer-consumer unit; more in line, in fact, 
with a Chayanovian interpretation, which holds that it is 
misleading to perceive the peasant family as the functional 
equivalent of the western business enterprise (and the peasant 
chef d'enterprise as an 'entrepreneur') since the very structural 
characteristics of the peasant family farm rendered capitalist 
profit calculation an irrelevant basis for decision-making. 144 

Thus, peasants have often shown themselves reluctant to save 
labour at the cost of adopting innovations which involve 
various extra costs and uncertainties. Labour for most families 
is, in one writer's words, more of an 'overhead' than a variable 
input cost. 145 Minimising imputed family labour costs - or, for 
that matter, those relating to farm capital, such as bullocks - is 
not likely to be the peasant's prime concern. However, he is 
likely to be adoptive when a technology relieves a production 
bottleneck which holds back the utilisation of his resources, and 

' thus his outturn, provided that these advantages of adoption 
are not subjectively outweighed by the real costs and loss of 
independence associated with the technique. The canal was 
adopted because it released for productive redeployment those 
'overhead' factors, labour and bullocks, which - in combina­
tion with canal water - permitted the peasant family to realise 
143 See in particular M. Lipton , 'The Theory of the Optimising Peasant', Journal of 

Development Studies, v1:3 (1968), pp. 327-51. Others have argued that the farmer 
exhibits 'proficiency' rather than 'efficiency' in that he accepts less than his 
maximum mean income in order to reduce his risk . M.G. Schluter and T.D. Mount, 
'Some Management Objectives of the Peasant Farmer: An Analysis of Risk 
Aversion in the Choice of Cropping Pattern, Surat District , India', Journal of 
Development Studies, xn:3 (1976), pp. 246-61. 

144 A.V . Chayanov, The Theory of Peasant Economy, ed. D. Thorner, B. Kerblay, and 
R.E.F . Smith (Homewood, 111., 1966). 

145 JR. Millar, 'A Reformulation of A.V. Chayanov's Theory of the Peasant Economy', 
Economic Development And Cultural Change, xvm : 1 ( 1970), pp. 21 g-29. 
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more from its holding overall. Although the process involved a 
greater reliance upon the market, as will be subsequently 
confirmed, the very nature of the innovation improved rather 
than diminished the overall degree of security relating to the 
provision of family consumption needs. Where, of course, 
cultivators were able to combine well and canal irrigation, they 
could reap the benefits of both systems without incurring the 
disadvantages of either. . 

It is clear, therefore, that the overlapping of irrigation 
systems was far from a simple case of substituting equivalent 
forms of irrigation, one for the other. It should be noted, 
however, that there were dry areas, potentially irrigable, left 
without any irrigation source due to the chosen distribution 
policies . While it is not possible to establish whether the 
increment to production gained through the delivery of water 
into the well tracts would have been outweighed, or even 
rivalled, by the potential gains from supplying the drier, more 
backward estates, it is clear that the distribution biases had the 
effect of generally widening disparities between the estates 
making up the region. 



4 
Impact on agricultural production and 

organisation 

While the peasant accepted the new technology for his own 
reasons, the implications were profound, for the effects of this 
new resource could not be confined to the crops which took 
water, but were felt across the whole range of peasant 
production and society . In a peasant system where no clear 
distinction was made between output produced for the 
marketplace and that destined for home consumption, farm 
investment, or savings, the disturbance to equilibrium at one 
point inevitably meant that effects repercussed upon staple 
food and fodder crops as much as upon those raised purely for 
the market. In a system the parts of which were aligned by 
mutual dependence, changing crops, techniques, and patterns 
of work implied changes in social and economic roles and 
relationships, and in ecological conditions, which reached 
beyond those villages receiving water. 

The new technology implied a deepening involvement of the 
peasant with a money economy and a wider world. Increasing 
commercialisation did not mean, however, that the benefits 
would reach the bulk of the population, or that the changes 
would be ecologically sustainable in the long run. The 
relinquishment by degrees of self-sufficiency undoubtedly 
exposes parts of peasant society to the buffetings of often 
uncontrollable market forces, while commercial imperatives 
often give rise to localised environmental deterioration . 

It is understandable, therefore, that both contemporary and 
latter-day critics of canal schemes should view with some 
scepticism the reality behind the commercial gains induced by 
the new technology. There is some consensus for the argument 
that the situation was running out of the peasant's control, 
partly as a result of the cultivator's own decisions relating to 
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new production opportunities, and partly due to events over 
which he had no influence. In the first place, the lure of easy 
gains, so the argument goes, induced the peasant to ditch 
proven techniques and practices in favour of those which 
permitted higher but unsustainable returns. The peasant found 
not only that the canal 'disrupted [his] former pattern of work', 
but that his ' techniques were not adapted to deal with such 
sudden and radical change' . The canal, in conjunction with the 
other exogenous forces for commercialisation, evoked decisions 
from the cultivators which had undesirable consequences for 
soil fertility ( through overcropping), per capita staple food 
supplies, and the quality and numbers of cattle stock ( with the 
implications for manure supply and the quality of tillage). 1 

The problems, the argument proceeds , were not all of the 
peasant's making . He was often helpless against the tide of 
externalities which accompanied the canals. No single peasant, 
nor in the main any village community, could control or even 
influence some of the external forces which intruded into their 
decision-making processes. The most destructive of these were 
the physical manifestations of waterlogging and the increased 
salinity and malarial outbreaks associated with it. These took 
their toll of acreages and yields. Other forms of external effects 
arose simply because the private benefit resulting from the 
actions of individual peasants or communities adjusting to new 
opportunities exceeded the direct cost to them of that action. 
The costs were instead distributed ( either widely or in a 
localised manner) through society. Hence individual decisions 
to extend cultivation produced community costs in terms of 
reduced grazing areas and a contraction in the supplies of 
draught stock from pastoralists. 

The purpose of this chapter is to examine empirically the 
effects of canal irrigation to see if the outcome of its adoption 
was as unpropitious as has been suggested. It will examine the 
role of the canal in determining crop patterns and farming 
practices . This will provide the foundation for specific 
enquiries into the canal's effects on: work schedules and total 
employment ; the maintenance and deployment of bullocks; the 
production of staple foods in relation to population; and the 

1 Whitcombe, Agrarian Conditions, pp . 7o--g1. 
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manner in which the canal affected crop yields. The empirical 
core of this section will consist of a statistical case study of the 
villages of Kail pargana (Aligarh), supplemented by evidence 
from the sugar-producing Upper Doab region and the less 
fertile tracts further south in order to maintain the necessary 
wider perspective. 

The second section examines the main negative externalities 
confronting the peasant. It looks at the cause of the problems, 
the extent to which they might have been avoided, the actual 
degree to which they affected the tract's production, and the 
extent and effectiveness of corrective measures. Through 
careful sifting of the evidence it can be shown that the Doab's 
delicate ecological balance was indeed disturbed, and in some 
places seriously so, but that the most severe disruptions were 
frequently short-lived and, in terms of output - and the 
peasant's production system - easily exaggerated. 

Comparative analysis of cultivation under different irrigation 
systems 

Area of investigation: methodological considerations 

Canal irrigation is, of course, only one influence on production 
decisions. Relative price changes, climatic variation, revenue 
policies, and communications developments would all impinge 
upon decision-making to an extent which would confuse the 
role of the canal in production adjustments made through time. 
Only broad trends can be gleaned from comparisons of 
production before and after the canal's introduction. A 
cross-sectional study clearly has the effect of freezing such 
influences, and this chapter's statistical base is drawn largely 
from the Kail pargana handbook compiled during the settle­
ment survey of 19oer1 and containing agricultural statistics for 
each village unit. 2 

Situated in the Central Doab, the pargana includes the city of 
Aligarh itse1f. Twenty-two miles across, the area contained is 
355 square miles, of which 130,000 acres were being cultivated 
annually around 1900. A pargana, of course, is primarily an 

2 Uttar Pradesh Board of Revenue Library, Lucknow (hereafter UPBORL) , 1v(c), 
Ser. 175/5, Handbook of Pargana Koil , Aligarh, 1900-01. 
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administrative unit and thus one of questionable value for 
economic or agrarian analysis. For the most part, however, 
Kail is especially suitable. In the first place, the canal and well 
tracts in the pargana are geographically distinct - the canal 
carves through the north-western parts of the pargana - thus 
permitting an examination of the contrasting agricultural 
systems under the respective irrigation technologies; inter­
mixed villages would tend to generate very specific results, due 
to the integration of cropping patterns. This convenient feature 
is enhanced by the natural uniformity of agricultural condi­
tions in the pargana: there were 'comparatively few villages 
below the general level, and not many above it' .3 In part this 
uniformity stemmed from the even quality of the soil: by 1882 
only 10% of the cultivated area was classed as 'unirrigated 
bhur', mainly localised in the south-west corner. 4 Uniformity 

· was also found with regard to natural irrigation facilities. The 
pargana was noted for the facility with which earthen wells could 
be made: the mota existed 'in most villages', and even in the 
south-west bhur localities there was 'much good irrigation from 
wells'. 5 While neighbouring tehsils Hathras and lglas were 
suffering a fall in their water-table, Kail farmers found water 
around seventeen feet down, and even less close to the canal. 

For the purposes of this study, the salient point is that 
significant variations in crop patterns, population densities, 
and cattle numbers are unlikely to have arisen as a result of the 
relatively minor variations in natural agricultural conditions in 
the tract. 6 Moreover, distortions likely to result from the period 
of comparison containing abnormal rains or sequences of prices 
are reduced by the fact that five-year averages of cultivation 
statistics are available from the handbook. It is necessary also 
to mention that using the village as a unit of investigation may 

3 Smith, Aligarh SR (1882), p . Bo. Also from a geographical standpoint it might be 
noted that in choosing a pargana situated on the border between the rich soils of the 
Upper Doab districts and the less advantaged districts further south, the extremes of 
conditions in the Doab have been avoided. 

4 The absence of insecure villages was reflected in the fact thatthe Settlement Officer 
found 'little or no batai (grain-rented) land' . Ibid. 

5 Ibid. The stability of kachha wells, and ease with which they could be constructed, 
was not impaired by the canal's presence in this pargana. 

6 This is confirmed in A. Aziz, 'Urban Gradients around Aligarh', Tiu Geograplur, 
xx:2 (1973), pp. 134-50. 
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have drawbacks which entail specific sampling precautions to 
avoid bias. There appears to be no systematic relationship 
between crop patterns and village size over most of the size 
range , but there does exist a danger of distortion from the 
inclusion of particularly small villages . Villages below around 
125 acres show a high incidence of absentee cultivation , and 
many were uninhabited. The extra costs of cultivation this 
entailed - travelling to the hamlet, transporting equipment, 
watching and protecting crops - were especially likely to 
influence the nature of production in that unit . These villages 
have thus been excluded from the analysis, and a general 
preference has been shown for villages above 200 acres. The 
main criterion for the selection of sample villages was the level 
and form of irrigation . However, some villages , otherwise 
acceptable, had to be discarded where inaccuracies were 
plainly apparent in the statistical entries, or where the 
settlement officer's notes made it obvious that the village was in 
some way unrepresentative. The well villages of the south­
western part , where more bhur occurred, were excluded from 
consideration. 

Changes in cultivated area 

It is very difficult to establish the quantitative impact of the 
canal upon cultivated area in the Doab . Even if reliable base 

' figures could be obtained, the fact that it took time for 
cultivated areas to respond fully to the canal meant that the 
effects of price movements and transport developments 
inevitably intruded. Undoubtedly it gave a fillip to extended 
cultivation wherever there was suitable wasteland and suf­
ficient population to break and work it. Pargana Chaprauli 
(Meerut) had been 'almost a desert at the British occupation' , 
but the operation of the EJC quickly 'caused all the wasteland 
in the neighbourhood to be brought under cultivation ' .7 This 
was particularly the case wherever estates were held by Gu jars 
and Rajputs, who were 'comparatively reformed' by what one 
official described as 'the most civilising agent at our disposal' -
canal water given flush.8 The Gujars especially responded to 

' Meerut DG ( 1876), p . 240. a Mu;:;affarnagar DG ( 1876), p . 708. 
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the canal by extending and improving their cultivation, 
relinquishing their former role as graziers of (usually stolen) 
cattle: 'The Gujars are creatures of circumstance. Give them a 
canal and teach them the profits of agriculture and they work 
their villages likejats. Put them in a tract like Loni Khadir and 
they pay their revenue by stealing cattle and committing 
burglaries in Delhi. '9 

The growth of cultivated areas was, however, far from 
dependent on intrusion into wastes. The opening of the Ganges 
Canal was undoubtedly the primary cause of a growth in 
cultivation in eastern Muzaffarnagar from 221,400 acres in 
1841 to 264,000 in 1872. Only one-third of this 19% increase 
was accounted for by reduced 'cultivable' wasteland; 10 the 
largest contribution came from a reduction in 'recent fallow', 
which fell from 32,000 acres to 6,000. Net cultivated areas 
(n.c.a.) grew, therefore, to a substantial degree due to the 
canal's effect on temporarily idle land, particularly in closely 
populated tracts. This infrequently cultivated 'marginal' land 
was not necessarily intrinsically bad land: it might merely be 
poorly sited, and even uncultivated it would provide animal 
pasture. Given these factors, it would frequently have been the 
case that prior to the canal it was unable to compete for inputs 
during the periods when they were needed elsewhere. Such 
land was no longer marginal in the context of the operational 
holding when the canal enhanced the farmer's ability to 
manage his land, and when it released better (or better-placed) 
fields for the high-value crops. 

The canal's impact upon net cultivated areas cannot be 
shown from the Koil statistics, since the necessary base 
statistics are not available. The important difference between 
net and gross cultivated areas can be shown, however. 11 Dofasli, 

9 Gillan , Meerut SR (1901), pp . g-rn. 
10 'Cultivable' wasteland: land considered potentially arable which had never come 

under the plough, or had not been cultivated in the previous five years . It was the 
sparsely populated Bhuma Sambalhera pargana which saw the largest redaction in 
'cultivable' wasteland ; in Khatauli there was no significant reduction in this 
category. 'Report on the Ganges Canal Tract', p . 63, in Cadell, Muzajfamagar SR 
(1882). 

11 'Gross cultivated area' refers to the total annual area recorded as bearing crops , and 
fields bearing more than one crop during the year are thus counted twice in the total. 
'Net cultivated area' includes only the actual area of land used , regardless of the 
number of crops taken from it in the course of a year . 
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land bearing two crops in the course of a year, increased 
markedly with the canal. The area varied with the quality of the 
soil ( and with the area put down to sugarcane, which occupied 
the ground for two seasons), but even Mainpuri's sandy pargana 
Bewar-with around half its n.c.a. under canal irrigation-was 
double-cropping around 14°/o in the early 19oos.12 Etah 
recorded one-fifth under dofasli, and the rich Upper Doab 
districts, even those growing sugar, at least one-quarter. 13 

Table 4.1 demonstrates the contrast in Koil's dofasli areas 
occurring between canal and well villages. 14 Figures from 
individual villages show clearly how pargana-or district-wide 
proportions can obscure individual differences. In the case of 
the best well villages, 20--22% were dofasli, while the fully 
canal-irrigated villages managed to double-crop 59% (allow­
ing for sugarcane). Similar results are found in the sugar­
growing districts: on five-year averages, 27% in Khatauli and 
35°/o in Kandhla's canal circle were dofasli, with the addition in 
each case of 2 1 % under all-year sugarcane. 15 

Cropping patterns 

High-dofasli areas in the canal villages reflect their greater 
intensity of cultivation. As is shown by Table 4.1, more than 
four-fifths of the n.c.a. in canal villages was under rabi crops, 
almost half of which was the lucrative crop of pure wheat. 

• Barley, sown alone or with gram and peas, accounted for the 
bulk of the remaining rabi, and generally followed the main 
kharif er.ops of indigo (one-fifth of n.c.a.), maize (a quarter), 
and cotton. In the well villages, a smaller share (63%) of the 
n.c.a. was put down to rabi crops, with pure wheat and barley 
less important - and wheat mixed more so - than in canal 
villages. With indigo non-existent, cotton was virtually the sole 
summer cash crop in well villages: while canal villages had 
one-third of the n.c.a. under non-food kharif crops, the well 

12 UPBORL, 1v(c), Ser. 45, Handbook of Pargana Bewar, 1904. 
13 Etah DG (1911), p. 25; Bulandshahr DG (1903), p. 34. 
14 The Table compares the 'best' villages in each of these categories, as defined by the 

revenue assessment criteria. 
15 MCR, BOR, vm/n, 14(c), H.A. Lane, RRR Pargana Kandhla (Muzaffarnagar), 

1919, p. 9. 
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Table 4. 1. Comparison of crop patterns in sample canal and well 
villages, pargana Koil, c. 1900 (in percentages of net cultivated area)• 

Canal villagesb Well villages' 

Crop Mean Range Mean Range 
Min. - Max. Min . - Max . 

Rabi 
Wheat alone 35-4 21.7 46.8 20.7 10.9 30.8 
Wheat mixed 8.2 4.0 17.6 14.2 3.5 27.8 
Barley alone and mixed 29·3 19.0 47.6 19.6 8.8 27.6 
Gram 3.5 0.5 7-5 4.2 1.2 I I. 7 
Other crops 3.6 1.8 6.9 3.5 1.6 12.4 
Total rabi 80.3 73.9 87.6 62.6 54.3 70.1 

Kharif 
Juar alone 10.2 6.5 13.0 19.7 12.4 30.8 
Bajra alone and mixed 1.7 o.6 6.7 5.0 o.8 12.0 
Maize 26.0 22.2 34.0 10.4 4.6 15·4 
Sugarcane 2.4 0.0 9.8 0.0 0.0 0.0 
Indigo 19.1 12.6 34.8 0.0 0.0 0.0 
Cotton I 1.9 7-7 16.5 16.7 5.6 27.8 
Rice 1.8 0.0 9.5 0.3 0.0 2.2 
Other crops 3.5 I. I 6.8 6.2 o.8 I 1.5 
Total kharif 76.6 64.6 91. I 59·2 51.4 72.2 

Dofasli 56.8 45.1 70.2 21.8 I 1.5 42.3 
Irrigation 
Canal-irrigated 85.3 68.6 98.7 0.0 0.0 0.0 
Well-irrigated 8.7 0.0 23.6 90.5 78.5 100.0 

(Source: Compiled from entries in UPBORL, 1v(c), Ser . 175/5, Handbook of Pargana 
Koil, Aligarh , 1900-1. 
• The villages whose statistics are included in this table comprise almost all of the 

first and second revenue assessment circles. Villages from these circles which are 
not included, seven in all; were excluded solely on the grounds that they did not fall 
comfortably into the canal/well groupings. Those villages included belonging to 
circle III were chosen according to irrigation criteria alone . 

b Sample size: 13. 
' Sample size: 16. 

villages put effort into sowing twice the canal proportion ofjuar 
and bajra. 

Although the cross-sectional nature of the comparison and 
the homogeneity of the tract minimises the effect of indepen­
dent variables other than the area of canal irrigation in 
bringing about these observed contrasts in crop patterns, it is 
necessary to examine the significance of other potential 
influences which might have contributed to these contrasts. 
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Tenurial factors, proximity to markets, and caste type are the 
major ones. Caste type, as a potential influence upon the skills, 
crops, and methods of agriculturalists, can be for the moment 
dismissed in this instance, since the dominant castes in the 
highly cultivated canal villages included Chamars, Rajputs, 
and Brahmans 16 - none of them famous among district officers 
Jor. the quality of its cultivation. Statistical analysis carried out 
respectively on samples of 74 and 1 12 villages indicated that 
the location cost and tenurial variables had no significant 
relationship with either specific crops or cropping in general.'7 
The limited effect of the transport variable is explained by the 
relatively small distances involved (a maximum of twelve 
miles) and by the multitude of marketing outlets for cash crops. 
There were, for example, numerous indigo factories in the tehsil 
(33 in 1880);18 cotton presses existed not only in the central city, 
but by 1900 in Harduaganj also; 19 moreover, cotton was 
exported not only by rail, but by canal barge from Barothaghat 
to the Cawnpore mills. For wheat and other exports there was 
the choice of several railway stations in the pargana. The only 
indicators of tenurial differences are the legalistic ones of sir and 
khudkasht, plus occupancy and statutory tenancy. These are far 
from satisfactory in that they in no way reflect the diversity of 
tenurial relationships and ignore subletting, which was 
widespread. Though at the extremes they would usually reflect 
whether a village was in the hands of peasant proprietors or 

• insecure tenants, there seems little to choose between the 
tenurial conditions prevailing in well as against canal villages 
and it appears unlikely that a significant relationship has been 
overlooked. 20 

16 District Census Statistics: Aligark (Allahabad, 1895), pp . 45-52 . This issue is returned 
to in Ch . 8 below. 

11 For more details, see Appendix 2 below. 
1a Smith, Aligarh SR (1882), p. 7. 
19 Report of the Board of Revenue on the Revenue Administration of the North-Western Provinces 

and Oudh, 1883-4 (Allahabad, 1885), p. 8. (Subsequent references to these annual 
reports will be abbreviated to RAR.) 

20 It should be noted that any difference in tenurial structure which might exist 
between canal and well villages may be itself closely related to the canal presence, 
and thus 'tenure' would not constitute a truly independent variable. The role of 
tenure in its broader context is considered in Ch . 8 below. 
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Agricultural schedules and employment 

Such adjustments to cropping patterns were facilitated not only 
by the fact that the canal released complementary factors from 
the wells, while also speeding up the irrigation process; through 
allowing greater freedom from weather-determil}ed cropping it 
permitted greater flexibility in the timing of agricultural 
operations and meant that cultivation activity, and especially 
the deployment of labour and bullocks, could be spread more 
evenly through the year. 

Usually, between the end of rabi harvesting operations in 
April and the onset of the rains in June, some ploughing might 
be accomplished in well villages in the wake of a shower, but 
work on the land was minimal and the heat and evaporation 
rates kept most wells idle (see Figure 1). Activity began in 
earnest with the coming of the rains, speed being of the essence 
as the farming community strove to put down its cotton and 
maize crops, followed by juar and then bajra. Wells might be 
used to make up in some degree for disturbances in the pattern 
of rainfall, but with his bullocks required for ploughing - and 
unable to do duty more than twenty days per month - the 
cultivator using wells was limited in his ability to operate 
independently of the rainfall pattern. Variability ofrainfall was 
especially pronounced in June, and either inadequate or 
excessive falls reduced sowings. 21 Manured land bearing the 
quick-maturing maize could be prepared for a winter crop, 
usually barley and peas, but, in the main, other kharif crops 
occupied the ground too long to permit its use for dofasli: cotton, 
the chief summer cash crop, was ripe for picking from October 
to January; bajra, sown on poor soil, or following a rabi crop, 
was often not harvested until November; and nor wasjuar when 
grown for food, although if sown thickly as chari (fodder) and 
cut while green it could be off the ground almost as soon as 
maize. 

Overlapping of crop seasons was thus a constraint upon 

21 The annual variability in June (166%) was significantly greater than that in July 
(27°/o) and August (42%). K.Z. Amani , 'Variability of Rainfall in Relation to 
Agriculture in the Central Ganga-Yamuna Doab', Tiu Geograplur, xm (1966), pp . 
35-47. 
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CANAL VILLAGES 

JAN JUNE 

DEC JULY 

OCT SEPT 

WELL VILLAGES 

- • Broadcast 
Harvesting operations 1 Indigo 6 Rice ••Transplanted 
Crop occupation of 2 Cotton 

7 Gram mm fields, weeding, etc . 3 Maize 
8 Barley (alone -Preparation and sowing /planting 4 Juar • Chari and mixed) 

••Food crop 9 Wheat (alone 
5 Bajra 

and mixed) 
10 Sugarcane 

Figure 1. Seasonality of crops in relation to normal rainfall 
distribution. (Source: Crop data given in Table 4. 1.) 
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double-cropping , but the practice was limited also by the 
cultivator's capacity to prepare and sow his fields with rabi 
crops in the time available to him. Just as kharif yields -
particularly cotton, with its growing season in this area a little 
short for the plant's requirements - could suffer from delays in 
sowing, the outturn of rabi cereals benefited from timely 
sowings. Gram, for instance, when sown after mid-October, 
could suffer damage or even fail to germinate if the soil 
temperature was too low. A feature of agriculture in well tracts 
was the limitation on the cultivator's capacity . - with the 
summer crops to gather in and make ·ready for the market - to 
prepare, sow, and sustain with well water during the cold 
season more than a certain proportion of his acreage. This 
phase of the calendar was also complicated by a widening of the 
rainfall variability, during September and October, 22 when the 
smaller quantities of rain were so important both to the 
maintenance of kharif crops and to the preparations for the rabi. 
A dry autumn, though a 'comparatively easy matter in the 
canal districts ' , occasioned 'great labour and delay in well 
districts'. 23 

In canal villages, where copious water could be turned onto 
the baked fields in May, and where the cattle would be 
comparatively fresh for ploughing, a substantial input of 
resources occurred before the rains. Indigo was the most 
striking example of this, being sown with the aid of canal water 
as soon as the rabi harvest was over . It was cut in August , after 
the kharif sowings were completed, leaving ample time to 
prepare the field for barley or bejhra. The cultivation of this dye 
crop was not the only pre-monsoon activity in the canal 
villages. Much of the cotton area would have been sown early 
with canal water, in order to prevent the plant's later growth 
from being checked by the onset of cold weather. 24 This practice 
gave the plant the opportunity to develop in the conditions 
most suited to it, and it enabled the best-quality kapas to be 
picked during September-November and the field to be 

22 October was the month with the greatest variability. Ibid. 
23 Duthie and Fuller , Field and Garden Crops, 1, p . 2. 

24 This practice spread rapidly with the widespread switch to cotton from indigo 
during the late 1890s. W.H. Moreland, 'Conditions Determining the Area Sown 
with Cotton in the United Provinces ', A}/, 1 (1906), pp. 37-43 ; see also W.H . 
Moreland , The Agriculture of the United Provinces (Allahabad, 1910), pp . 197--g. 



Impact on agricultural production and organisation 1 1 7 
cleared, irrigated if necessary, and sown with a barley mixed 
crop. The practice of sowing maize and chari prior to the rains 
with the aid of the canal also increased. In the latter case, on 
manured ground, it was not uncommon for two (and even 
three) crops of fodder to be raised during the kharif.25 The 
'pronounced increase' in the popularity of maize in the final 
decades of the century reflected not only its early contribution 
to foodstocks, but the fact that it facilitated the early 
preparation of the field for rabi sowings. Maize could, on 
manured land, be followed by wheat, though this valuable crop 
was normally grown in fields allowed a khariffallow. Rice and 
sugarcane also intruded into the canal cultivator's schedules, 
though growing conditions were less suitable than those further 
north. High-quality rice was often found where canal water was 
available: either the transplanted jarhan variety 26 or, in some 
areas, munji, which, sown broadcast in May, was off the ground 
in time to allow a rabi crop. No crop was more affected by canal 
irrigation than sugarcane. Although in Koil soil conditions 
were largely unsuitable for the crop, with the immense amount 
of effort required to prepare the ground and irrigate the crop 
dramatically reduced by canal irrigation, some fields were put 
down to the crop even here. 

That leisure preference was not at the root of the cultivator's 
decision to adopt the canal is affirmed by estimates of 
respective labour and bullock inputs per 100 acres of n.c.a., 

' based on crop patterns found in Table 4. 1. Figure 2 illustrates 
the comparison between well and canal villages of combined 
labour and bullock inputs in direct cultivation activity. The 
vertical axes represent 'imputed' costs of the units oflabour and 
bullocks for each crop; that is to say, they utilise production 
cost estimates calculated on the basis of the average number of 
ploughings, weedings, etc., with bullocks and labour valued at 
market rates for each operation.27 Ideally it would have been 
desirable to separate the two components, but the form of the 
estimates militates against this. 28 The total area shaded for each 

25 Moreland, Agriculture of the UP, pp. 178, 184-6. 26 Ibid., pp. 181-3 . 
27 Duthie and Fuller, Field and Garden Crops, 1, pp. 6--62 passim. 
28 For example, the hired ploughman with his bullocks made a consolidated charge for 

services. In addition, available data do not permit the calculation of a separate 
estimate of the number of days involved for men and cattle in the case of threshing 
operations or where sowing involved harrowing. 
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WELL VILLAGES 

G 

20 40 60 80 100 120 

CANAL VILLAGES 

A 
G 

20 40 60 80 100 120 140 

CUMULATIVE CROP AREA AS A PERCENTAGE OF N.C.A.t 

A Cotton D Bajra 
B Maize E Gram 
C1 I Juar (chari) F Barley (alone and mixed) 
C2 Juar (food G Wheat (alone and mixed) 

crop) 

ffiill HARVESTING 
Cutting, reaping, threshing , cleaning 

- SOWING 
Includes transplanting activities 

H Indigo 
I Rice 
J Sugarcane 

TENDING CROPS 
Weeding, watching, hoeing, etc. 

SOIL PREPARATION 
Ploughing and clod-crushing 

Figure 2. Comparison oflabour-bullock inputs in direct cultivation 
activity ( excluding irrigation), pargana Koil, Aligarh. * ( Sources: Crop 
data given in Table 4.1; production input costs estimated from 
Duthie and Fuller, Field and Garden Crops, 1, pp. 6-62 passim.) 

\ 

* Inputs related to capital improvements, irrigation, crop-processing, transporting, 
and marketing not included. 

t 'Other crops' not included because unspecified. They average 7.1% ofn.c.a. in canal 
villages and g. 7% in well villages. 

tt 'Imputed costs' explained in text. 
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group reflects, therefore, the total input per 100 acres of net 
field cultivation, excluding irrigation .29 

As the illustration demonstrates, the adjustments to the 
cropping pattern involved an overall saving of labour only in 
the irrigation operations. 30 The increase in wheat area made 
large demands upon bullocks in particular, since it required 
thorough preparatory tillage- an average of eight ploughings -
and the laborious threshing of a large output. The addition of 
indigo more than compensated for the smaller cotton area in 
canal villages, and the larger rabi coarse cereal area - at least 
partly switched from the coarse kharif millet area, which 
entailed little ploughing or care - increased the load on labour 
and bullocks. Maize, though requiring relatively little from 
draught animals, was especially labour-using, since it was a 
sensitive crop requiring careful sowing, weeding, and tending, 
including the earthing up of its shallow roots. 31 

The employment of men and bullocks was clearly more 
continuous throughout the year in canal villages, and the 
amount of work put into the land was itselfraised. The peaks in 
activity were still there, but they had a less limiting effect upon 
the utilisation of resources due to the crop management 
flexibility imparted by the canal, replacing to some extent the 
pattern of hurried responses to weather conditions. Moreover, 
the constraining peaks under the canal were more usually 
peaks of labour demand rather than of bullock power in 

1 Kail-type canal villages . 

29 Not captured in this diagram is the lifting of water , to which well villages would have 
devoted labour far in excess of that needed in canal villages to lift and/or direct water 
into the fields. On the other hand , though , the labour and bullock days devoted to 
processing , transport , and marketing activity , which would clearly have been more 
pronounced in the commercialised canal villages, is also not included . 

30 It might be argued that the use of the same estimates for both groups ignores any 
operational differences between well and canal villages , such as ploughing . The crop 
most affected by this difference would be sugarcane, though that presents no 
problem in this instance, since the sugar is confined to Koil 's canal villages . To the 
charge that copious supplies of water could be substituted in part for better tillage , it 
might be noted that severe time pressures upon well farmers could produce the same 
effect. Whereas cotton sown with canal water could be put into carefully prepared 
soil, the speed with which cotton was sown with the rains in well villages often meant 
that only two hurried ploughings were possible . Indian Cotum Committee, Report 
(Calcutta, 1919), p . 48. 

31 Moreland , Agriculture of tlu UP, pp . 178-81. 
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There is little evidence here, then, to support the claim that 
'released from the lengthy rhythms of the well lifts the 
cultivators and their bullock teams had no alternative 
employment to offset this disruption in their work pattern and 
were condemned to periodic idleness' .32 The pattern revealed 
for Koil- the broad concentration upon indigo-wheat dofasli33-

was repeated throughout the Central and Lower Doab; and 
over and above the increased need for hired field labour 
occasioned by the greater intensity of cultivation, the demand 
for labour to lift canal water became pronounced in the lower 
canal divisions, especially in Cawnpore and Farrukhabad, 
where half the canal irrigated area was by 'lift'. In Farrukha­
bad, Buck observed, 'there is always such a demand for labour 
during the open week that a labourer can rarely be obtained for 
less than two annas' .34 The low-caste labouring Chamars in this 
area were said to be 'hardly as a mass . .. removed one degree 
from starvation, unless where demand for labour, as for lifting 
canal water' put them in 'comparatively easy circumstances'. 35 

In Cawnpore they were most thickly gathered in the highly 
irrigated Bilhaur tehsil, where they were 'extensively employed 
by Brahman and Rajput cultivators' and could 'support 
themselves adequately by working two days a week'. 36 

To the north of Koil lay a notable variant to the pattern 
established in the lower parts of the Doab: here were to be 
found the great sugar-growing tracts, strewn with neat blocks 
of the cash crop par excellence. Much of the effort which in Koil 
was devoted to indigo, dofasli, and the valuable wheat fields was 
lavished first and foremost upon the cultivation and processing 
of sugarcane, to which 'everything else is made subservient' .37 
It was regarded in Muzaffarnagar 'above all as the rent-paying 
crop', and wherever the tenant paid a fixed rent rather than a 
crop rate he put 'under cane as much land as the available 
supply of manure and due regard for the rotation of crops' 
allowed. 38 There were numerous villages which could boast 
20--35 % of their area under cane, reflecting the fact that the 

32 Whitcombe, Agrarian Conditions, p. 10. 
33 Irrigated cotton largely replaced the outmoded indigo dye crop around 1900. 
34 Buck, 'Note on the Effect of the Canal ', p. 216. 
35 Cawnpore DC (1909), p. 104. 36 Ibid. 37 IRR 1872-3, p. 17A. 
38 Miller , Mu<-affamagar SR (1892), p. 48. 
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canal had truly revolutionised sugar production there. It 
permitted a relaxation in the full year's preceding fallow, 
previously universal; it almost halved the laborious field 
preparations designed to retain maximum moisture; it freed 
bullocks and men from unceasing irrigation by wells; it made 
available to the soil sufficient moisture to justify the adoption of 
higher-yielding canes, replacing the thin daulhu strain pre­
viously 'all but universal'; and it encouraged the early adoption 
of several developments of cane-crushing technology which 
increased extraction rates and improved the quality of the 
juice, while also reducing labour and bullock inputs .39 If 
bullocks were largely idle during January-March in many 
parts of the Middle and Lower Doab, this was far from the case 
in cane villages, since the harvesting, processing, and transport 
of the crop took place then , followed by the sowing of the new 
crop in fields ploughed ten to fourteen times. Little indigo was 
grown in the Upper Doab, but in many localities the ample 
water supply made viable the cultivation of the valuable munji 
rice, the sowing of which followed closely the busy rabi 
harvest. 40 

In cultivation alone, therefore, there was 'continuous 
employment for the labouring population', and 'peculiarly 
profitable employment at short intervals' .41 Not surprisingly, a 
significant amount of local migration took place, much of it 
focussing upon the fully irrigated estates of 'strong cultivating 

1 communities', which could 'hold out the prospect of employ­
ment, but not land, to newcomers' .42 In eastern Muzaffarnagar, 
khadir labourers moved into the upland canal villages, and the 
more 'thickly populated districts' of Meerut contributed 
noticeably to the increase in the population of Jansath and 
Khatauli which followed the canal's opening. 43 Despite the fact 
39 See Ch . 8 below. 
40 So profitable was this crop in areas where cheap canal water was available that it in 

some places ' retarded the extension of cane cultivation' . UPA , BOR, 'Different 
Districts' , Muzaffarnagar , Box 8, File 35, A. Cadell , RRR Pergunnah Moozuffur­
nuggur , 1872, paras . 7 and 32. 

41 'Report on the Ganges Can al Tr act', p. 18, in Cadell , Mw:.ajfamagarSR ( 1882). This 
is shown clearly in Figure 2, where sugar cultivation is shown to involve almost 
double the inputs oflabour and bullocks required for wheat . In addition , it required 
a disproportionate amount of resources in proc essing operations . See Ch. 8 below. 

42 Muza.ffamagar DG ( 1876), p . 715. 
43 'Report on the Ganges Can al Tra ct', p. 78, in Cadell , Mu;:,a.ffamagar SR (1882). 
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that, in the words of one official, the 'largeness of profit that 
rewards industry therein' tended to 'attract population from 
without', the 'difficulty and expense of procuring labourers' 
continued to be a 'frequent subject of complaint amongst 
well-to-do cultivators'. Such was 'the call for labour' in canal 
areas that the Saharanpur Settlement Officer had actually 'met 
with instances of a high-caste proprietor - even a Rajpoot, 
associating with a chumar in partnership with himself in his 
seer holding, on condition that the latter should enjoy an 
aliquot portion of the profits' .44 

The vast expansion in demand for hired labour may well 
reflect to some degree a reduced labour input on the part of 
those cultivators doing well. As one official observed, 'Where 
the people are well off, sharers and tenants alike prefer to take 
their ease and leave the hard work to servants.' 45 From the 
evidence presented here, however, it is clear that the continuing 
and intense demand for labour was mainly a reflection of the 
canal's effect upon crop patterns. Indeed, such was the demand 
for labour that it gave rise to certain social changes. It was, for 
instance, pointed out in a 1922 report that the Chamar caste 
had unmistakably 'imbibed new ideas', and that its members 
were 'endeavouring to raise themselves in the social scale' by 
refusing to handle carcasses and 'discouraging their women 
from going out and working with their hands' .46 

Cattle stocks 

One result of the introduction of canal irrigation is said to have 
been a reduction in the cattle stocks of villages formerly 
working wells. Indeed, it has been argued that the canal helped 
precipitate a reduced cattle supply as pastoralists such as the 
Gujars were attracted away from hereditary pursuits by the 
enhanced returns to cultivation.47 In addition, the canal not 
only appeared to reduce the need for cattle but played a major 
role- through its effect upon grazing resources - in increasing 

H Le Poer Wynne . Saluiranpur SR ( 1871), pp. 138--g; see also Miller, Muzeffarnagar SR 
(18g2), p. 23. 

45 MCR , BOR, vm/11, 14(c), Ser. 5, J.O. Miller , AR Tahsil Muzalfarnagar 
(Muzalfarnagar), 11 April 1891, p. 25. 

46 RAR 1921-2, p. 30. 47 Whitcombe, Agrarian Conditions, p. 85. 



Impact on agricultural production and organisation 123 

rearing, purchase, and maintenance costs. Together, it is 
argued, these forces caused a rationalisation of cattle resources 
by cultivators. Contemporary commentators not only iden­
tified this trend but linked it with the broad critique of the 
canal's impact on husbandry standards: the reduced manure 
supply consequent upon a decline in cattle numbers was 
matched by a deterioration in stock quality, and both 
contributed to slovenly cultivation and deteriorating soil 
quality. 

There are indeed numerous comments by contemporaries to 
support the notion that canal irrigation caused reduced cattle 
numbers. William Crooke noted in 1881 that the canal 'enabled 
the cultivators to dispense with a large number of their plough 
cattle' and that, in addition, 'excessive use' of canal irrigation 
had 'tended to lower the class of cattle used in agricultural 
work'. 48 Crosthwaite and McConaghey claimed the same for 
Etawah and Mainpuri respectively. 49 Even the local population 
in Aligarh were inclined to this view: 

All village authorities agree, patwarees, zemindars and cultivators 
alike, that where canal irrigation is extensively employed and is of 
long standing plough cattle have largely diminished . Only just 
enough are retained in the village to get through the ploughing and 
what homeland irrigation there may be, and the rest are gradually 
sold off, and the proceeds invested in other ways. 50 

Rationalisation of cattle resources was unlikely to have been as 
uniformly straightforward as these observations imply, and in 
point of fact the qualitative evidence does admit of exceptions. 
Crosthwaite pointed out that such reductions occurred in 
'purely agricultural villages', but also noted: 'In some villages 
there are large numbers of cattle kept for carts, and cultivators 
ply a carrying trade in the intervals of agriculture. In such 
places the number of cattle is not affected by the canal. '51 In 

48 'The number of cattle now maintained is, in comparison with the area under 
cultivation, inadequate.' NWP&O Rev., April 1883, 63, W. Crooke, Note on Fuel 
and Fodder Reserves in Central Ganges-Jumna Doab, 22 Nov. 1881; Etah DG 
(1884), Appendix 1, p. 8. 

49 Crosthwaite, Etawah SR (1875), p. 16. 
50 UPA, BOR,CanalShelf, Box 2, File 8, Memorandum byW .H. Smith, 11 May 1874, 

p. 3. Smith's successor, S. Ahmed Ali, reiterated this view seventy years later . 
Ahmed Ali, Aligarh SR (1943), p. 3. 

!ii Crosthwaite, Etawak SR (1875), p. 16. 
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formerly dry villages (as opposed to those using wells prior to 
the canal) the cattle numbers not only increased , but were 
needed more 'constantly in the village, and thus not sent miles 
away for pasturage'. 52 Certainly , wherever sugarcane was 
extensivel y grown , substantial cattle resources were needed to 
process the crop. 

Empirical evidence , however , suggests that observers in­
accurately gauged the effect upon cattle stocks- even in villages 
which did not fall into the above 'exceptional' classifications. 
Buck's 'systematic enquiries' into pargana Tirwa had turned up 
only one village in which cattle had been 'materially reduced in 
number since the advent of the canal' .53 Koil pargana data add 
strong support to this view. The pargana is not a sugar­
producing one, and although some of the canal villages 
possessed a substantial number of carts, there is no relation 
within the canal sample between carts and recorded numbers 
of draught animals. A comparison of stock numbers per acre for 
highly irrigated canal and well villages (Table 4.2) produces a 
ratio in favour of canal villages: one bull , bullock, or 
bull-buffalo per 3.3 acres of n.c.a. as against 3.8 acres for the 
well tract. 

It is possible that distinct changes in cattle management had 
set in during the 25 years between Smith , McConaghey, and 
Crosthwaite's time and 1900 (although this would still not 
account for Buck's Tirwa findings); it is possible also that the 
observed decline in cattle numbers had something to do with 
the tendency - 'among Jat cultivators especially ' - for some 
canal villages outside the sugar areas to sell off cattle for that 
part of the year during which revenue officers made their 
rounds. 54 Whatever the explanation of the difference between 
available empirical evidence and the impressions of district 
officers, the canal's effects upon cattle numbers proved less 
dramatic than observers feared in the 1870s. Cultivators, it 
seems, responded to the growing shortage of grazing facilities 

52 UPA , BOR , 'Different Districts', Muzaffarna gar, Box 8, File 35, A. Cadell, RRR 
Bhoomah Sumbulherah, 1872, para . 19. 

53 Buck, 'Note on the Effect of the Canal' , p . 218. 
54 The practice was for the bullocks to be sold when rabi ploughing was completed and 

for fresh cattle to be bought in time for kharif ploughings . UPA , BOR , Canal Shelf, 
Box 2 , File 8, Memorandum by W .H . Smith , I I May 1874, p . 3. 
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Table 4.2. Comparison of cattle stock numbers in canal and well villages, pargana Koil, c. 1900• 

Village type 
(and number 

in samp le) 

Cana l (13) 
Well (21) 

(1) 

Cows, 
cow-buffaloes 

2,260 
~,121 

(2) 

Bulls, 
bullocks , 

bull-buffaloes 

2,953 
2,671 

(3) (4) 

Calves, Total 
heifers livestock • 

1,821 7,034 
1,967 6,759 

(5) (6) (7) 
Number of Number of 
cultivated cultivated 

Net acres per matur e ac res per mature 
cultivated area male animal animal 

(in acres) [(5)+(2)] [(5)/(1)+(2) ] 

9,965 3.3 1.91 
10,056 3.8 2.05 

• Villages were selected from assessment circles 1-111 on the basis of their irrigation characteristics and subject to their respective stock entri es being 
complete. 

b Sheep and goats excluded. 
Source: Compiled from village entries in UPBORL, 1v(c), Ser. 175/5, Handbook of Pargana Koil, Aligarh, 1900-1. 
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by planting fodder crops and stall-feeding their cattle. The 
Doab was in any case particularly unsuitable for pasture , 
producing mainly a coarse grass (panni) which was 'injurious to 
cattle '55 and which invariably failed during drought. 'Zamin­
dars and tenants', reported the Bulandshahr Settlement 
Officer, 'vastly prefer arable land to pasture and waste, since it 
is far more profitable ... cultivation will feed far more cattle 
than jungle will'. 56 

Canal villages especially had the capacity to grow chari, and 
fodder crops covered one-fifth of Meerut division 's kharif area 
in 1906. 57 So widespread did the practice become in the Doab -
Aligarh cattle by 1940 were reported to be 'mostly stall fed' 58 -

that when drought scorched the pasture of wastes , the effect 
was to kill off the old cattle which crowded there rather than to 
'seriously diminish the number of useful cattle' .59 While the 
quality of working animals appears to have been improved by 
stall-feeding, 60 it was not, it appears, at the expense of the 
number of'useful' cattle kept: plough animals amounted to less 
than half the cattle kept in both samples of villages and, as with 
plough animals, the cows and cow-buffaloes kept by canal 
villages exceeded those in well villages (by 7°/o). 61 

Commercial crops and food staples 

The extent to which canal-fostered commercialisation of 
agriculture affects the supply of staple foods is clearly an 
important question, particularly because of the implications for 
the poorer sections of the community . In the Indian context 
this issue has been examined through comparisons of food and 
non-food crop areas, and although this provides a somewhat 
crude indication of trends, the results have not generally 

55 Meerut DG (1876), pp. 202- 3. Usar land was ofno use for grazing . 
56 UP Rev.,Jan . 1919, 13, E.A. Phelps to Meerut Commr ., 17 Dec. 1917. According to 

Moreland , where large millets or spring cereals were grown, an acre would often 
yield more fodder as a secondary product alone than would pasture . 

51 Ibid. 58 Ahmed Ali, Aligarh SR (1943) , p. 3. 
59 NWP&O Rev., Oct . 1885, 15. 
60 Moreland , Agriculture of the UP, p. 118. In addition to being fed bhusa, chopped j uar, 

and bajra stalks , stall-fed cattle also received a ' ration of gram or some other cheap 
foodgrain, or of cotton seed, or of oilcake' . Ibid. Cattle quality is returned to in Ch0 8 
below. 61 Figures taken from Table 4.2. 
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supported the contention that increased cash crop production 
jeopardised food supplies. Professor Harnetty, examining the 
1861-70 increase in ~otton production, noted that the increases 
took place as part of an overall expansion in cultivation and did 
not normally interfere with other crops. 62 More recently, Dr 
Michelle McAlpin has employed acreage figures for the later 
part of the last century to show that for five cotton-growing 
provinces (not including the UP) there was no apparent shift 
away from food to cotton. 63 

The sample statistics from Koil yield similar results. In the 
highly irrigated canal villages almost 70% of the n.c.a. bore a 
cash crop, 64 as opposed to 37°/o in well villages. Far from 
squeezing out the usual food crops, though, the crop patterns 
were adjusted to take full account of food needs. In the crop 
comparisons contained in Table 4.3, the area under what might 
be described as 'consumption' food crops is greater (by around 
7°/o) than that in the well villages. In canal villages, during the 
kharif, low-quality slow-maturing millets were pushed out by 
maize, which replenished foodstocks by early September; and 
in the rabi much larger areas of barley - either alone or with 
gram or peas - were grown as the staple for the poorer 
villagers. 65 

This seemingly clear comparison is complicated, however, 
by doubts over the specification of'juar', which appears to cover 
bothjuar grown as a millet and allowed to mature for human 
consumption, andjuar seed sown thickly as chari to be cut while 
green and used as animal fodder. The introduction of the canal 
caused chari production to increase substantially, but it is not 
clear that such an increase occurred in well villages, which, 
theoretically, could have more pasturage. It is probable that 

62 P. Harnetty, 'Cotton Exports and Indian Agriculture, 1861-70', Economic History 
Review, Series 2, xx1v:3 (1971), pp . 414-29. 

63 M.B. McAlpin, 'Railroads, Prices and Peasant Rationality: India 186o-1900', 
Journal of Economic History, xxx1v:3 (1974), pp . 662-84. 

64 Viewing whectt, for the moment, as a crop destined for the market. 
65 The results are even more pronounced for canal villages with a slightly smaller 

proportion of their n.c.a. under canal irrigation. A sample of nine such villages 
drawn from assessment circle III (selected on the basis of irrigation levels, subject to 
their being more than 200 acres in size and to the handbook entries being complete), 
with an average of 73% of their n.c.a. recorded as under canal irrigation, showed an 
advantage in 'Total food crops' of 11.5% over the weU sample. 
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well villages had need of specially cultivated fodder, particu­
larly as their rabi cereal area - and hence their bhusa (straw) 
supply- was less than that in canal villages. It is also likely that 
half (11% n.c.a .) of the double-cropped area (22% n.c .a.) not 
under maize ( 10%) was under the early-maturing chari, since 
none of the other kharif crops ( cotton, bajra, and juar as millet) 
was harvested in time to allow a following rabi.66 On this 
reckoning, at least half the well village 'juar' crop was fodder. 
Since this likely chari proportion is much the same as the total 
'juar' area in the canal villages, doubts over the specification of 
'juar' would not reduce the percentage differences in favour of 
canal villages shown in the right-hand column of Table 4.3. 

In addition, treating wheat solely as a commercial crop may 
bias the results against the canal villages, since it was a feature 
of the Meerut division in general during this period that a 
larger proportion of the population came to consume wheat. 67 

Naturally, the extent to which the poorer village inhabitants 
ate wheat varied according to its price, but the increase in the 
intake of wheat among the better-off villagers undoubtedly 
reduced the demand for the poorer grains. Wheat production 
was 65-75 °/o greater in canal villages. 68 It would be reasonable, 
too, to point out that the food crops which canal cultivators 
switched towards were, if more costly to rear, also higher­
yielding. Bajra outturns were rarely more than 5!-7 maunds, and 
juar 8-10, but maize and barley generally yielded 10-16 maunds 
(see Table 4.4).69 

The discu~sion of food supplies is of course incomplete 
without taking account of the denominator - the number of 

66 See Table 4. 1. Note in this connection that the area under 'Other crops' refers 
mainly to minor crops grown mixed with a main crop. The respective areas were 
ca lculated according to the proportion of the mixture . 

67 See T .W . Holderness, Memorandum on Food Production in the North-Western Provinces and 
Oudh (Allahabad , 1891), p . 11. 

68 There is always, in such comparisons , the danger that specialisation will distort the 
pattern . Where irrigation is localised, cultivators in a position to do so will move in 
to canal villages (through renting or purchase) and grow their cash crops there , 
while the reverse will be the case for canal villagers, who will move some of their food 
crops out to nearby non-canal villages with dry fields available for rent . In this 
particular discussion , any such trends would tend to produce a result which 
understates the food situation of the canal villages relative to well villages. 

69 Similar trends can be identified in Muzaffarnagar's Ganges Canal tract. See Stone, 
'Canal Irrigation and Agrarian Change' , pp . 94-rn1. 
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Table 4.3. Cultivation of food and non-food crops: comparison of canal 
and well villages, pargana Koil, c. 1900 (in percentages of net cultivated 
area) 

(A) (B) Difference 
Crop category Canal villages Well villages [(A)-(B)] 

Commercial crops 
(wheat, indigo , cotton , sugarcane) 68.8 37-4 +31.4 
Rabi food crops 
(excluding wheat) 41.0 38.0 + 3.0 
Kharif food crops 
(including 'juar') 39.7 35.4 + 4.3 
Total food crops 
(excluding wheat and sugarcane) 80.7 73-4 + 7-3 

Source: Compiled from statistics in Table 4. 1. 

Table 4.4 Estimates of outturn of principal food crops in the western 
UP (in maunds per acre) 

Crop Irrigated Unirrigated Dry fodder 

Sugarcane 35 25• 
Rice 16b 12' 
Maize 14 IO 

Juar 8--IO 45-6od 
Bajra 5!--7 30 
Wheat 15 IO ' 

Barley 16 II 
} •ppro, . •I •imes Wheat-barley (gojai) 13-15 IO grain weight 

Gram 12 8 
Barley-gram ( bejhra) 14 9 

• Average of estimates from 'Report on the Ganges Canal Tract' , p. 19, in Cadell, 
Muza.ffamagar SR ( 1882). 

b Munji. 
' Dhan. 
d When sown as chari (entirely for fodder), the yield was 280--300 maunds of green 

fodder (equivalent to IOO maunds of dry fodder) . 
' Average for unirrigated land put at 10 maunds in Meerut and 7 maunds in Agra. 
Sources: Moreland, Agriculture of the UP; Duthie and Fuller, Field and Garden Crops, 1 , 

pp. 6-62 passim. 

mouths to be fed . Is there a population density difference 
between the two groups? A comparison was made for 47 
villages drawn from assessment circles 1-111: 22 canal villages 
and 25 well villages. 70 The average population of the canal 

10 Again, villages were selected on the basis of whether or not they fell clearly into 
either the canal-irrigated or the well-irrigated category. In effect this meant that ifa 
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sample was 1 .4 persons per acre of net cultivation ( 0.95 per acre 
of gross cultivation). The corresponding figure for well areas is 
lower, at 1.07 (o.88 per acre of gross cultivation). In terms of 
net cultivated areas the population difference amounts to 
23.5% and 7.3°/o in terms of gross cultivation. When these 
figures are placed alongside those of Table 4.3 and considered 
in the light of the points made above, it seems wholly 
reasonable to conclude that the respective systems gravitated 
to their own equilibrium. Prospects of commercial gain did not 
outweigh the principle Moreland noted: namely, that the 'first 
object of the cultivator is sufficient food to carry his family and 
his labourers over to the next harvest, and perhaps a little 
beyond' .71 

Comparative crop yields 

How did the systems differ with respect to crop yields? In the 
absence of quantitative data, this question can only be 
answered through piecing together the qualitative strands of 
available evidence. Localised salinity and waterlogging are 
likely causes of canal-related yield deterioration, and will be 
considered in more detail below. This section is concerned with 
the causes other than external ones: those which stemmed from 
the decisions and actions of the cultivators themselves. It has 
already been noted that, according to critics, reduced cattle 
numbers contracted the supply of manure needed to counteract 
the drain on fertility caused in tum by a cultivating community 
which, armed with the labour-saving canal facilities, had an 
apparently reckless urge to overload the land with crops, and 
compounded the problem by overwatering the fields. It has 
also been noted that, with respect to certain valuable crops -
including sugarcane - canal cultivators often opted for lower 

village had more than 55% of its n .c.a . recorded as under canal irrigation, it was 
classed as a 'canal' village; all of the villages in the 'well' sample had above 78% of 
their n .c.a. recorded as under well irrigation. Population figures are for 1891'.Jalali 
has been omitted from the canal sample on the grounds of its disproportionate size 
(9,000 inhabitants), its position on a trade route, and its flourishing bi-weekly 
market, which may have attracted grain supplies from outside. Its inclusion would 
have exaggerated the population density in the canal sample (which already 
contains some smaller market centres) relative to that of the well villages. 

71 Moreland, 'Conditions Determining the Area Sown with Cotton ' , p. 39. 
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per acre yields than were realised with wells, achieving higher 
overall returns through a larger proportion of the holding 
bearing irrigated crops. 72 This section looks at the yield impact 
over a broader range of crops. 

Leaving aside 'garden crops' (including sugarcane), E.C. 
Buck was adamant that 'canal-water produces finer crops on 
good land than well-water: natives universally admit this. The 
large supply of water gives more plant food to the crop.' 73 In 
places where irrigation was reported to have 'outrun the 
manure supply' a 'certain degree of exhaustion' was to be 
observed, especially in villages for the most part dry prior to the 
canal. 74 'Overcropping' - or the depletion of soil nutrients 
through inadequate manuring and fallowing given the frequen­
cy and quality of crops reared - appears to have taken place in 
unmanured land. The initial impact of canal water was to 
produce good wheat crops on intermediate manjha fields 
formerly bearing inferior crops. After a couple of seasons, 
though, the yields began to decline, falling steadily over four or 
five years. 75 'Does the unmanured canal land produce such 
good crops as before in the rains', asked Buck, 'or even such 
good rabi crops in a year when there are, as often happens, two 
or three good rainfalls after Christmas? I think not.' 76 

It quite naturally took cultivators some time to adapt, via the 
'learning curve', to the new form of irrigation. A period of 
experimentation lasting quite a few seasons was necessary 

1 before they could gravitate towards the farming practices most 
appropriate to the use of canal water. Once it was clear that 
canal water alone could not sustain in unmanured fields the 
initially high yields, rotational and other practices were 
adjusted in line with overall production objectives. The 
argument that the actual manure supply diminished in canal 

12 See Ch. 3 above. 73 IRR 187:r4, p. ex. 
74 GI Home, Revenue, and Agriculture Departments , Selections from the Records of the 

Government of India, no. CLX of 1879, The Wheat Production and Trade of India (Calcutta, 
1883), p. 66, W.C . Benett (Dir . of Agriculture NWP&O) to Sec. NWP&O Govt., 20 

Nov. 1881. 
75 /bid.; see also Buck's comments in IRR 1B7:r4, p. ex. 
76 IRR 1B7:r4 p. ex. Crosthwaite disagreed with Buck: to his mind, deterioration 

occurred 'not so much with regard to the average yield of crops irrigated by other 
means as to the extraordinary large produce of the first years of canal irrigation' . 
Crosthwaite, Etawah SR (1875), p. 16. 
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villages during this period is clearly questionable in the light of 
the data presented on livestock numbers. Indeed, district 
officials reported that, even in the highly cultivated district of 
Meerut , as far as manure was concerned, there was 'usually as 
much as is required' 77 in the villages. Focussing on the total 
supply of manure may be misleading, however, in a discussion 
of its application to outlying canal-watered fields. It may be 
more relevant to consider the problem of manuring fields in 
terms of the costs of transporting and spreading available 
supplies, a process which often involved the hiring of 
gadhwalas. 78 In this connection, several observers pointed out 
that Jat cultivators, on obtaining canal water, had taken to 
manuring in turn their outlying fields. It appears that only 
when it was possible to irrigate these fields were the returns 
sufficient to justify the manuring costs . Similarly, it was 
reported by the Settlement Officer for Mainpuri in 1905 that 
the manured manjha area in Shikohabad tehsil had extended 
with increased canal irrigation, and that the fertility of such 
land was frequently equal to the hara or gauhan fields lying close 
to the village site. 79 

Not only agricultural practices but the nature of the crops 
themselves had potentially an important bearing on soil 
fertility levels and yields . Many canal villages had large areas 
under indigo . Since, when grown with canal water, the growing 
season of this crop was such as to permit a following rabi crop, it 
appeared unavoidable to many observers in the 186os and 70s 
that severe fertility loss would ensue due to overcropping. In 
the event, the doom-laden prognoses appear to have been 
unfounded. 'It may be doubted', George Watt observed from 
the vantage point of the 1890s, 'whether the effects are 
practically as bad as they first appear.' His explanation as to 
why the sterility predicted in canal tracts due to indigo had 'not 
occurred in any material degree' was that the long tap roots 
prevented the plant from trenching on the nutrients of 

77 Meerut DC (1876), p . 225; see also Crosthwaite, Etawah SR (1875), p. 103. 
78 United Provinces Provincial Banking Enquiry Committee, I9fl!rJI, Evidence (Allahabad, 

1931) (hereafter UPPBEC(E)), vol. n, p. 258. 
79 'Report on the Ganges Canal Tract' , p. 57, in Cadcll, MuzajfamagarSR (1882); W.J . 

Lupton , Rent-Rate Report of Pargana and Tahsil Shikohabad, Mainpuri District 
(Allahabad, 1905), p. 11. 
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following crops, and the practice of ploughing in the decaying 
roots and stalks imparted nitrogen to the soil.80 

The general impression district officers gained on their 
travels through canal and well tracts was not one of 
deterioration. In the few cases where crops were noticeably 
poor in Aligarh's canal villages, Settlement Officer W.H. 
Smith noted that these estates were invariably 'rack-rented and 
overworked' .81 In 'the great mass of cases', Smith was 'unable 
to perceive any difference between the quality of crops in well 
and canal irrigated tracts' .82 Certainly the evidence of rent 
movements does not suggest deterioration: competition rents in 
the well circles of Koil increased by 54-72% over the period 
1880-1900, compared with percentage increases of 139, 120, 
and 91 in canal circles. 83 Other commentators fall in behind the 
general view that 'where the farming is good, canal crops are 
quite as good as well crops' 84 and that the prevalent system of 
rotation of crops was 'adequate to the restoration of the 
necessary properties of the land'. 85 For some crops , such as 
cotton, yields could in the run of seasons be even higher, due to 
the more timely sowings. 86 If unmanured canal land did not 
yield quite as well when the rains were favourable, it is clear 
that crops grown on such land were less subject to fluctuation; 
while in a dry year, Buck was in little doubt, 'a canal village 
presents a richer appearance than a well village'. 87 

Overall, with stability of outturn of importance to peasant 

80 G. Watt, Pamphlet on Indigo (Calcutta, n.d.), p. 25. Gram and peas also played an 
important part in fixing nitrogen in the soil. See A. Howar d, Crop Production in India: 
A Critical Survey of its Problems (Oxford, 1924), pp . 25-6. 

e1 NWP Rev ., May 1877, 69. 
e2 UPA, BOR , Canal Shelf, Box 2, File 8, Memorandum byW.H. Smith , 11 May 1874, 

p . 6. In the parts of Mainpuri where the canal had been in full operation for years, 
Settlement Officer McConaghey was adamant that the crops were 'as good as in 
other pergunnahs with similar soils where wells alone are used' . See discussion 
following Buck, 'Note on the Effect of the Canal ', pp. 227-31. 

83 Burkitt , Aligarh SR (1903), p . 15. 
84 Crosthwaite, Etawah SR ( 1875), p . 16. 85 Etah DG (1911), p. 26. 
86 Although in good years ther e was little to choose between the cotton yields from well 

and canal land , over a number of years the outturn average would favour cotton 
sown early with canal water since it matured before the cold weather set in. 
According to Moreland the average was 20 lbs . per acre difference (150-170 lbs.); 
according to Hailey , the average yield on canal-irrigated land was 230 lbs. Indian 
Cotton Committee, Minutes of Evidence, vol. 1 (Calcutta , 1920), p. 5. 

a, IRR 1873-4, p. ex. 
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farmers, it is not surprising to find their decisions consistent 
with a strategy of achieving a moderate and consistent return, 
which maximises outturn over a period of time, rather than 
either a less frequent, but higher, yield , or a highly variable 
outcome under dry cultivation . The farmer was still able to do 
this even though the water supply was unreliable and he had 
deliberately to trade off yieJd against security by 'overwatering' 
when water was available in order that his crops would be 
reasonably sure to survive the uncertain interval to the next 
watering. 

The operation of wells so affected the resources available 
within the family or village as to impose constraints upon 
'overcropping'. But there was no automatic mechanism by 
which well irrigation allowed villages to make optimal use of 
their land resources. In many villages well irrigation entailed 
constraints upon the cultivation of land , and a good deal of 
'undercropping' occurred, even in villages fully irrigated by 
wells. Indeed constraints were such that 'underwatering' was 
likely to have been as frequent a yield-depressant as 'over­
watering' in canal villages. But comparisons of yields per acre 
of specific soil types are, arguably, of less importance to a 
peasant than output reliability and the produce of a holding 
overall. In part, this is what the rent and population 
differentials reflect. 

Negative externalities and production 

Floods, and waterlogging 

Early design faults and a niggardliness over funding were the 
main contributors to the waterlogging problems (and the 
related ones of reh and malaria) which ebbed and flowed from 
the 1860s onwards, and only gradually receded. The initial 
government-constructed distributary system consisted of a 
trunk line running parallel with the main canal on either side 
and fed by numerous short channels which made up a 
herringbone pattern. 88 Since these distributaries did not follow 
the watersheds, they interfered considerably with natural 

88 NWP PWD(I) , Aug. 1874, 69, Note by Col. W. Grcathed. 
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drainage lines. 89 Canal engineers, moreover, showed little 
concern for the need to allow waterway under the raised 
irrigation channels, compounding the problems arising from 
similar omissions by railway engineers 90 and by the cultivator­
builders of channels who made it ' the rule rather than the 
exception to align their channels so as to cross and interfere 
with ... natural lines' of drainage. 91 

A typical example of the drainage problems caused by the 
canal comes from pargana Tirwa (Farrukhabad), where, prior 
to the canal, floodwaters annually drained from Lakha jhil to 
Bahosijhil and from there to the River Pandu. The construction 
of the Hussarun rajbaha blocked the flow between thejhils, while 
between the Bahosi jhil and the river lay not only the Bahosi 
rajbaha but the main canal itself. At first, cultivators around 
Lakha jhil were able to utilise the build-up of floodwaters to 
extend their rice cultivation, but the benefit was short-lived: as 
the jhil's water level rose, 170 bighas were thrown out of 
cultivation. Bahosi cultivators, also, had temporarily benefited 
from a fulljhil, but heavy rainfall and flooding problems around 
the Lakha jhil eventually persuaded the canal officer to cut 
through the Hussarun rajbaha to relieve the build-up of 
floodwaters, swamping in the process the Bahosi lands and 
causing the loss of 233 bighas of cultivation. 92 

Such losses were largely borne by the cultivators. The 
government was 'slow in giving up revenue on swamped lands', 

t and actual remissions covered only a small proportion of land 
so damaged. 93 Within the rural areas, of course, some 
89 Buckley, Irrigation Works, p. 287. Cawnpore division appears to have been 

particularly badly affected in this regard. In the Ganges Canal Inspectorate Report 
for this zone, Capt . C.S. Moncrieff noted that many distributaries had been 'aligned 
on an utterly vicious system'; constructed at a time 'when we all knew nothing about 
rajbuhas ' , the result was 'a series of peculiarly bad lines which have been left almost 
unchanged , and that in a most difficult country , where rice patches are interspersed 
between oosur and swamp , and where drainage is very complicated' . NWP 
PWD(I) , May 1874, 23, 27 Jan . 1874. 

90 E.g. Muzafjamagar DG (1903), p . 45. 
91 NWP PWD(I), June 1873, 96, Note by EE, Cawnpore Division. 
92 NWP Rev., June 1873, 77, H.F . Evans, Report on Canal's Effect on Natural 

Drainage, Pcrgunnah Tirwa Thuttia, Farrukhabad District . Sec also NWP Rev., 
June 1873, 73--6 and 78--g5. 

93 NWP PWD(I) , Aug. 1874, rno, Note by Capt .J. Ross; see also NWP PWD(I) , Oct. 
1875, 59, H.B . Webster (Meerut Collr .) to Meerut Commr., 28July 1875. See Ch . 6 
below for discussion of remissions procedures. 
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cultivators would be hit harder than others, and in those 
villages where landlords were keen to extinguish maurusi 
(occupancy) rights held by their tenants, ;::.amindars were said to 
'rather rejoice in a year of calamity from floods' .94 

For several reasons, however, the actual production loss can 
be prone to overstatement. This is illustrated by the case of 
khadir land, which was widely damaged as the water lavished 
upon the upland fields percolated down into the valley, where it 
exacerbated a natural tendency to saturation in the soil.95 Over 
several thousands of acres khadir cultivation fell off and 
population dwindled as the fertility of the land declined. That 
this was related to the effect of the canal is beyond dispute. Set 
in its wider context, however, the net effect was comparatively 
small.' Prior to the canal's introduction, cultivation in upland 
areas adjacent to the river valleys was usually insecure, and 
parts of the khadir were, for some villages, the only areas in 
which 'produce was tolerably assured'. 96 It was widespread 
practice for cultivators from upland villages to descend into the 
comparatively unhealthy khadir to grow rice, sugar .cane, and 
wheat in the moist conditions there. When the canal 
transformed production conditions on the upland it was a 
perfectly rational redistribution of resources which lay behind 
the switch in production away from the khadir. As Alan Cadell 
put it, 'The very prosperity of the [Muzaffarnagar] upland is 
the hardest blow which the khadir could have received.' 97 But 
while the khadir became less important for its agricultural 
produce, its importance as a grazing ground and fuel source 
was enhanced by the contraction of upland waste, and by the 
increased demand for bullocks. Through releasing resources to 
upland cultivation the khadir contributed to the progress of the 
canal villages at the expense of its own cultivation. 

94 NWP PWD(I) , Aug. 1874, mo , Note by Capt . J. Ross. 
95 For more detail on the canal's effect on the khadir, with specific reference to the 

Ganges Valley in eastern Muzaffarnagar, see Stone, 'Canal Irrigation and Agrarian 
Change' , pp. 104-6. 

96 Muzaffamagar DG (1876), pp . 478. 
97 UPA, BOR, 'Different Districts', Muzaffarnagar, Box 8, File 35, A. Cadell, RRR 

Bhoomah Sumbulherah, 1872, para . 19. Landlords were reported to have 'difficulty 
in keeping their cultivators together', particularly the 'migratory class ' of khadir 
Chauhans, who were 'constantly deserting villages' to which they felt 'none of the 
attachments, which bind an upland cultivator to his ancestral fields'. 
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Even on the upland plains, though, the extent of the damage 
to production from waterlogging was especially difficult to 
gauge. However, where settlement operations coincided with 
periods of flooding, a rough measure can be obtained of the 
actual loss in cultivation. In badly affected Bulandshahr, at the 
end of the abnormally wet cycle in the 1880s, the area put out of 
cultivation by floods and waterlogging came to little more than 
1 % of the districts's n.c.a. 98 However, there is no way to 
discover the extent of that 'large, but undefined and unde­
finable [area] so saturated or soured that it ceased to yield full 
crops'. 99 

The effects of waterlogging upon agriculture varied con­
siderably, and were not always negative: _ rice, for instance, 
which took its oxygen from the water, was little affected by 
poorly aerated low-lying soils; saturated fields commonly 
provided forage and water for village herds; fields effectively 
waterlogged in the kharif could, by November, be merely moist, 
and allow rabi sowings without the need for irrigation; 100 and 
where waterlogging was of comparatively short duration, the 
paying cane crop usually did not suffer serious injury .101 Such 
reasons help explain why settlement officers found that the 'test 
of competition rents' was 'against the view that there has been 
any serious deterioration'; it remained the case, they insisted, 
that a full supply of canal flow irrigation was the most valuable 
quality land could have, and that it commanded a high rent 

' 'even where there is a danger of saturation' .102 

It is clear that the canal authorities anticipated that a 
drainage system would have to be installed eventually, 103 but 
right through the 186os, when the effect of canal irrigation upon 
the spring level was becoming ever more apparent, only 'minor 
expedients' were employed to meet directly the problems of a 

98 The damage, affecting 155 villages, was mainly confined to the western part of the 
district . 5,656 acres were recorded as 'under water '; 4,527 acres as insufficiently dry 
to permit rabi , :,wings. Stoker, Bulandshakr SR (1891), pp. g-10. 

99 Ibid. IOO IRR 187:r4, pp . 1A-2A . IOI Ibid., p. 20A. 
102 Miller, Muzajfarnilgar SR ( 1892), pp . 9, 53. Such reasons may also help explain the 

fact that even some of the most badly affected villages aroundJansath town (those 
which, in fact, canal officers seriously considered depriving of canal water due to 
drainage defects) showed substantial increases in population and numbers of houses 
at the 1881 census. NWP&O Rev., June 1890, 20. 

103 PRRC 1862-3, p . 25. 
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wholly inadequate drainage system. 104 A Meerut conference 
held in the wake of a serious outbreak of fever in the Upper 
Doab during 186~70 concluded that the 'increased moisture of 
the country since the opening of the Ganges Canal' was in some 
way linked with the fever, and that the drainage of irrigated 
lands had 'not hitherto received the attention it required';'°5 
the 'absorbing power of the soil' was becoming seriously 
impaired. 

By the early 1870s, only 560 miles of drainage cuts existed in 
the entire Doab. This situation reflected the dire shortage of 
funds made available for such works, which right through to 
1874 relied upon Imperial funds. 106 The year 1874, however, 
was one of 'unparalleled disasters', with such heavy and 
prolonged flooding and such 'unusual sickness and mortality' 
in Meerut division as to prompt a personal field inspection by 
the Lieutenant-Governor. At Meerut it was decided that a list 
of 28 drainage projects were 'urgently required', and that they 
should be constructed before the beginning of the 1875 rains. 
Under the new financing regulations arising out of its 1870 
commitment to do 'all in its power to obviate the evil', the NWP 
Government was able to make available provincial funds for 
these works, and designated Rs 8! lakhs of the estimated cost of 
Rs 11 lakhs. A more comprehensive scheme, costing around Rs 
45 lakhs, and designed to restore the Upper Doab to a 
'thoroughly satisfactory sanitary and agricultural condition', 
was approved the following year. Almost immediately, 
however, shortages of available funds forced the planned cuts 
to be reduced in width 'so that for the present the volume of 
drainage carried off per square mile of catchment will be less 

104 Indirectly some improvement was effected through the distribution remodelling 
schemes described in Ch. 6 below. 

- 105· NWP PWD(I} , Aug. 1875, 22, Resolution by Lt.-Governor on Drainage 
Operations, 6 April 1874. 

106 Replying to criticisms made of engineers for failing to correct drainage problems, 
one senior canal official pointed out to the NWP Government in 1872 that the 
previous Chief Engineer, Col. W. Greathed, had actively discouraged schemes 
which did not promise a direct return to outlay. The government made it clear that 
Greathed had merely been following official policy: namely, that unless schemes did 
promise to be directly remunerative, removal of surface water could only be 
undertaken out of irrigation funds if its presence were caused directly by the canal 
itself. It did concede, however, that 'want of funds' often caused delays. NWP 
PWD(I), Aug. 1872, 292 and 297. 
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than is desirable' .107 Within another two months, the 'state of 
finances' had compelled the postponement of all parts of the 
scheme which had not actually commenced. 108 

The drainage programme only began in earnest during the 
188os, when a series of wet seasons created serious waterlog­
ging problems and prompted 'an outcry against canals' .109 

Guided by the extensive water level monitoring scheme 
established in the early 188os, 110 engineers had, by 1900, 
expended around Rs 43 lakhs on drainage installation in the 
Doab. The aggregate length of drainage channels stretched 
3,327 miles, more than a third of the total length of canals and 
distributaries .111 The weight of evidence suggests that these 
measures were effective in reducing flooding and waterlogging 
problems: 'entirely satisfactory' was the verdict of one senior 
canal official.112 This was possible because, as the results of 
investigations into the precise cause of waterlogging showed, 
even in the most heavily irrigated areas rainfall had a much 
greater effect on the level of subsoil water than did canal 
irrigation. 113 The canal did not prevent a marked fall in the 
spring level in dry years, as ten years of observations on the 
Agra Canal made clear. 114 What this meant, therefore, was 
that, provided that excess surface water could be conveyed 
away through a system of surface drainage, the operation of the 
canal did not imply an inevitable water-table imbalance. 

Installing surface drainage was itself far from straightfor-
' ward. In the lower divisions, where drainage lines had a fairly 

deep section and where the country consisted of a series of 
narrow doabs, drainage cuts needed only to be short ones, and 
were very effective. In the Upper Doab, long deep cuts were 
needed to span the wide doabs, while the more defined river lines 

107 NWP Rev.,June 1877, 82, Sec. NWP PWD(I) to GI PWD, 21 July 1876. 
108 NWP Rev., June 1877, 40. 
109 C.H . Hutton, 'Rainfall, Irrigation , and Subsoil Water-level of the Gangetic Plain in 

the United Provinces', AJI, xm (1918), p. 201. 
110 IRR 1885-6, p . 146. Levels were recorded using non-irrigation wells at two- to 

three-mile intervals along a series of east-west lines crossing the Doab. 
"' IIC, p. 185. 
112 Hutton, 'Rainfall, Irrigation, and Subsoil Water-level', p. 201. 
113 IRR 1884-5, p. 21, Report by Chief Engineer (hereafter CE) . 
114 IRR 1892-3, p . 105B; see also NWP&O Rev., March 1889, 45, Note by CE on EJC, 

15 Feb. 1884. 
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of the Central Doab posed the problem of being relatively 
shallow and of impeding the flow of drainage lines during high · 
floods. 115 In some areas, engineers found that there was not 
sufficient outfall for drainage lines to utilise. The depression 
running for 68 miles along the western side of the Agra Canal 
posed particular problems in this regard, 116 and the east 
Muzaffarnagar depression in the vicinity of Jauli Jansath 
proved so resistant to attempts at drainage that it eventually 
led to thejansath distributary being abandoned. 117Some khadir 
lands, too - most notably the Solani-Ganges khadir in 
north-eastern Muzaffarnagar - clearly called for more re­
sources than the authorities felt they were worth, and in 
consequence the deterioration was not halted. Khadir land 
elsewhere, however, was responsive to the measures: improve­
ments along the Choiya Nadi allowed good rabi crops to be 
reared even during the wet 1884-5 season; 118 and in Etah 's 
Burhganga tract, drains had done 'excellent service' in 
removing swamp and permitting timely winter sowings. 119 

In many areas, it might be argued, the canal engineers were 
rather too successful in draining the land. Complaints were 
numerous from cultivators who, in exchange for having their 
field-to-field communications interrupted by drainage lines 
(and often their canal supply diminished as part of the drainage 
package), found that the measures adversely affected thejhils 
and the saturated fields which before 'always gave water and 
forage of some kind'. Drainage often rendered such land 'dry 
and bare for nine months in the year', or else the land would be 
taken up by someone for cultivation so that it was no longer 
'common' for grazing purposes. 120 So effective, in fact, were the 
measures centring upon the Kali Nadi (which was itself 
115 NWP PWD(I) , Aug. 1875, 42, R .E. Forrest (EE) , Note on Drainage Cuts . 
116 IRR 1892-3, p. w7B. Part of the area prone to waterlogging along the Mat branch 

(UGC) also proved resistant to drainage measures designed to relieve a chain of 
depressions below the watershed ridge in Sikandarabad and Khurja parganas 
(Bulandshahr ). 

111 Mu;.a.ffarnagar DG (1903), p . 45. The expenditure of Rs 42,267 on drainage had 
halted neither the rise in the spring level nor an associated increase in the incidenc e 
of malaria. With average death rates during 1881---g put at 42 per thousand, 
irrigation was stopped altogether for 1 ,ooo acres around J ansath from the early 
1890s. NWP&O Rev., June 1890, 35. 

11a IRR 1884-5, p. 11. 119 IRR 1892-3, p . 6A. 
120 IRR 188o-1, p. 16A, Note by H . Marsh (EE ); IRR 188~4, p. 13. 
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deepened and straightened) that not only was the Kali­
Kharon doab freed from floods and supersaturation, but the 
efficient surface run-off caused the water-table to fall thirty 
miles away in Muttra. 121 Indeed, towards the end of the period 
(after two prolonged cycles of dry weather), when the attention 
of some officials was directed towards the future irrigation 
possibilities of tubewells and mechanical lifting power, one 
revenue officer particularly well informed on such matters 
argued that there existed in the Doab a 'less steep gradient in 
the subsoil water-level than twenty years ago and a permanent 
tendency for the water-level to fall'. He considered it a matter 
for 'serious consideration' whether the , 'policy of surface 
drainage has not been carried too far' .122 

Salinity 

The spread of saline deposits, or reh, over the land's surface in 
the north India plains is closely connected with an enhanced 
water-table level. When the table rises to within five feet of the 
surface, the 'capillary fringe' of the water film extends upwards 
upon reaching the high-temperature zone in the top layers of 
soil. Poorly aerated, compact, and stiff soils are particularly 
prone to this capillary process, which leaves dissolved salts on 
or near the surface as the water evaporates. 123 Such 
'effiorescence', according to its alkaline intensity, might leave 

1 crops virtually unharmed, or might put the field (or patches of 
it) entirely out of production. 124 

The Doab had always contained extensive areas of salt­
infected land, and the accumulating evidence relating to the 

121 See Ch . 2 above for details. The Muttra area along the Kharon Nadi (and to a lesser 
extent in parts of eastern Aligarh) was apparently the only one in which the fall in 
the water level was so pronounced as seriously to impair well irrigation in non-canal 
tracts . For a description of the Kali Nadi improvement scheme , see Bulandshahr DC 
(1903), p. IO. 

122 E.A. Molony , 'Rainfall , Irrigation , and the Subsoil Water Reservoirs of the 
Gangetic Plain in the United Provinces' , A}/ , XII (1917), pp . 84-9. 

123 These deposits can be either snow-white encrustation s, made up largely of sulphate 
and sodium chloride, or of a brownish-black colour , where sodium carbonate 
appears in addition. See Howard, Crop Production in India, pp. 43-4. 

124 According to Howard's Punjab experiments , it was 'only as the proportion reaches a 
certain level that [the salts] first interfere with and finally prevent growth ' . /bid., p. 

43. 
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cause of the phenomenon, set alongside the manifest effects of 
the canal upon the spring level, was consistent with contempor­
ary visions of the north-western plains being converted into a 
'howling wilderness'. 125 In the 1860s and 70s, with the rime 
'spreading like a disease', 126 officials were understandably 
beginning to fear the monster of their own creation. To what 
extent this alarm was based on a fear of the process then known 
to be at work - the effects of which were considered practically 
irreversible - rather than of the actual damage taking place 
is worth consideration. Gauging the extent of reh damage 
caused by the canals cannot be done with any accuracy, but 
a crude assessment is possible from the scanty evidence 
available. 

Available statistical information on reh is marginally more 
useful than that on waterlogging because reh not only was less 
variable in relation to the season but was also highly visible. 
That being so, too much should still not be expected, since even 
by 1972 Uttar Pradesh had no 'reliable assessment of land 
affected by salinity or alkalinity' .127 Moreover, there is still the 
problem of gauging its impact in reducing yields rather than 
preventing cultivation. Reh was fairly rare in the Upper Doab. 
In Meerut, where there were no usar plains, the 'comparative 
absence' of reh was 'marked'; 128 as in Muzaffarnagar and 
Saharanpur, such salinity as occurred was mainly confined to 
the khadirs.129 

It was in the Central and Lower Doab, where there were 
extensive usar plains, that reh mainly occurred. There, much of 
the canal-related reh which did appear was confined to these 
usar expanses. In · Etah, for instance, around 1870, 'large 
quantities' of reh were to be found adjacent to the canal in the 
rich southern dumat tract, but 'little appreciable damage ... 
would appear to have been done to cultivation from this cause', 

125 Whitcombe, Agrarian Conditions, p. 11, quoting a remark made by the Superinten-
dent of the Geological Survey in 1877. See also ibid., pp. 77-g . 

126 R.G. Currie, Bulandshahr SR (1877), p. 42. 
121 Report of the Irrigation Commission, 1, p. 3 rn. 
12a Meerut DC (1876), p. 202. 
129 In Muzalfamagar, in 1901-2, a total of8,272 acres were recorded as 'reh-infected'. 

Most of this was in the khadir and did not affect cultivated land at all . Muza.ffarnagar 
DC (1903) , p. 16. 
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since it was mainly confined to the usar.130 McConaghey's 1870s 
settlement of Mainpuri revealed the same pattern: reh had 
spread but was confined 'practically wholly to usar' .131 'Injury 
from reh is much less frequent than is sometimes asserted', 
insisted Crosthwaite, Etawah's Settlement Officer, adding: 

If one village is injured from reh, the people talk of it, and raise a 
clamour about it, till others think the whole pargana is ruined. When 
settlement is in progress the cry of reh is raised from every canal 
village. I know of only two or three villages where, owing to the 
stoppage of drainage, reh has accumulated so as to affect the 
cultivated land. And in these, although the outcry is great, the land is 
cultivated and the same rent paid as heretofore. 132 

These are by no means the comments of men indifferent to the 
problem. Crosthwaite and McConaghey were both prominent 
in arguing for canal rate enhancements to encourage the more 
careful use of canal water, and any evidence of extensive reh 
formation, linked closely at the time with 'over-watering', 
would clearly have provided backing for their argument. 133 

Figures relating to the subsequent settlement period - when 
rainfall was heavy and drainage needs only slowly being 
attended to - give support to the notion that the outcry over reh 
was disproportionate to the actual damage it caused. In 
Bulandshahr, despite the waterlogging, comparisons using 
maps and field books of the previous settlement did not suggest 
to the Settlement Officer the material extension of usar plains, 

, and while in the western parts some new reh had appeared, the 
area 'actually sterilized or permanently thrown out of 
cultivation by it' since the previous settlement was 'absolutely 
inconsiderable' .134 Indeed, wherever figures are available, the 
areas involved are relatively small. This can be demonstrated 
by the case of Shikohabad tehsil, which was located near to the 
canal in Mainpuri, one of the Doab's most salt-affected 
districts. During the thirty years up to 1900, the Settlement 

130 Ridsdale, Etah SR (1874), p . 5. Ridsdale knew 'only of two instances where several 
fields of good land have been rendered altogether unculturable by the recent 
appearance of reh and saline qualities in the soil' . 

131 Quoted in W.J. Lupton, Rent-Rate Report of Karhal Tahsil, Mainpuri District 
(Allahabad, 1904), p . 5. 

132 Crosthwaite, Etawah SR (1875), p. 17. 
133 This debate is examined in Ch . 5 below. 
134 Stoker, Bulandshahr SR (1891), pp . 10-11. 
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Officer discovered, reh had spread along the canal channels and 
'infected' 44 villages. However, the actual area of the fields 
affected in these villages amounted to 337 acres (in a tehsil of 
125,000 acres), and in many cases the damage was only serious 
in patches. 135 Again, in Karhal tehsil, with reh apparently 
'virulent' in land lying between the two canal branches, a fall of 
650 acres of cultivation in 24 villages occurred in the thirty 
years to 1904, with 'some further areas' in those villages 
suffering yield reductions. Seventy-eight villages in this canal 
tract were not affected, however, and increased their cultiva­
tion by 1,250 acres. Overall, in a tract of 40,000 acres, there was 
a net gain in cultivation of 600 acres .136 

... 

Experiments aimed at reclaiming alkaline fields, whether 
bordering on the bizarre or merely ingenious, made it clear that 
reclamation was more costly than land purchase price. The 
most straightforward corrective action involved draining the 
field, lowering the water-table, and leaching down the salts 
( either by rainwater or by irrigation). Many areas recovered 
quite naturally as drainage measures combined with dry cycles 
to lower the water-table . The Kali khadir, for example, several 
thousands of acres of which became reh-infected when the river 
was used as a canal escape, was in many parts reported to be 
'completely recovered' after the river had been deepened and 
straightened. By the I goos the formerly reh-affiicted areas 
contained 'large areas of continuous and stable cultivation, 
some of it rich and luxuriant' .137 

Malaria 

Villages in the canal districts regularly experienced prostrating 
bouts of malarial fever, and periodically fell prey to serious 
epidemics which claimed many lives. The role of 'fever' as a 
cause of death is spectacularly prominent in the annual 
statistics put out by the Sanitary Department. They show that 
during the 1880s, for example, it was common for more than 
four-fifths of UP deaths to be caused by fever. In the canal 

135 Lupton , RRR Pargana and Tahsil Shikohabad, Mainpuri, p. 8. 
136 Lupton RRR Karhal Tahsil, Mainpuri, p. 5. 
137 P. Harrison , BOR Review, p. 3, in Phelps, Bulandrhahr SR (1919). See also 

Bulandshahr DC (1903), pp. 16-17 . 
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districts this proportion was higher: even the comparatively 
healthy year 1891 saw 95% of the deaths in Meerut and 93°/o of 
those in Mainpuri and Bulandshahr attributed to fever. 138 In 
'good' years, the crude death rates (c.d.r) due to fever hovered 
around 20-25 per thousand. Frequently they were in the 30s, 
and rose in years of epidemic to over 40. Locally high fever 
death rates were recorded for 1885, 1890, and 1894, with bad 
epidemics in 1908 (when the Doab districts experienced a c.d.r. 
of between 50 and 70) and 1922. Perhaps the greatest epidemic, 
though, occurred in 1879, when fever deaths amounted to 114 
per thousand in both Aligarh and Bulandshahr (reaching 83 
and 80 for the respective areas during the September­
November period, compared with an average of 19 per 
thousand during 1874-8), and 82, 78, and 67 respectively in 
Meerut, Etah, and Muttra. 139 In such years, crops were in some 
villages known to rot in, the fields 'for want of hands to harvest 
them', since 'money could not buy labour worthy of the 
name' .140 Such was the demand for fuel for cremations in 1879, 
observed the Sanitary Commissioner, that in 'some places, fuel 
... had become so scarce as to hinder the proper cooking of 
food', and the bodies of the fever victims Ii ttered the 
countryside, in rivers and stagnant ponds, in the bottom of dry 
wells and pits, and in the grass patches skirting the canal and 
railtracks. 141 

The mortality was normally at its greatest in the towns. 
Deoband recorded a c.d.r. of 123 per thousand in 1884;142 

Shamli one of 162 in 1885, when apparently none of its 
inhabitants escaped the epidemic and virtually no infants 

138 Report of the Sanitary Commissioner for the North-Western Provinces and Oudh, 1891 
(Allahabad, 1892), p. 9. (Subsequent references to these annual reports will be 
abbreviated to RSC .) 

139 Fever deaths per thousand for September , October , and November were: 
Bulandshahr , 16, 38, 26; Aligarh, 22, 37, 24; Meerut , 15, 23, 14. Figures given in 
NWP&O PWD(I), July 1882, 5, Army Sanitary Commission Memorandum on 
Sanitary Conditions in NWP . 

140 Autumn farming activity could be hampered by fever. Rabi sowings were sometimes 
delayed and even prevented by severe local attacks . See UP PWD(I), Feb . 1909, 3; 
and UP PWD(I) , March 1909, 3. 'As I write ' , recorded the Meerut Commissioner 
in 1870, ' there are wide expanses of Khurecf fields, long since ripe, and which are 
dropping their seed, which are still standing because the cultivators cannot cut 
them.' NWP Rev., June 1871, 6. 

141 RSC 1879, pp. 56-7 . 142 RSC 1884, p. 35. 
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survived. 143 Infants and young children were always prominent 
among the mortality victims of fever, and in many villages in 
Muttra 75°/o of the infants died during the 1908 attack. 144 In the 
town of Saharanpur, more than half the 1908 malaria deaths 
were of children under five.145 Unlike famine, malaria struck at 
all classes, although it was observed that 'mortality, without 
doubt, seemed greatest among the poor' .146 

The horrific statistical impression given by mortality returns 
is unreliable, however. Deaths from malaria, as represented by 
'fever' returns, were grossly exaggerated, particularly for 
normal years. The collection of statistics on births and deaths 
relied fundamentally upon the reporting agent, the chaukidar. 
He may have been, as the Sanitary Commissioner pointed out 
in 1904, 'probably the cheapest registering agency in the 
world', but at Rs 3 per month, the government could hardly 
expect accurate diagnoses of the causes of those deaths the 
chaukidar registered. 147 The medically ignorant registrar was 
expected to record the causes of any deaths from information 
provided by the chaukidar on his monthly visit to the circle 
registrar at the police station. The chaukidarwas usually able to 
identify roughly deaths from smallpox and cholera, but could 
not distinguish between the various types of fever:148 'The 
chaukidar persists in calling everything bokhar to which he 
cannot obviously give another name', complained the Sanitary 
Commissioner as late as 1921 .149 

Mortality figures of a more reliable - if restricted - nature 
show a much lower incidence of death from fever. Thirty-one 
per cent of the deaths among European troops in 1888 were put 
down to this cause; for native troops the figure was 16% and for 
prisoners, 9%. 150 From his observations and experience, 

143 RSC 1885, p. 75. 
144 Government of the United Provinces of Agra and Oudh, Sanitation Department 

Proceedings (hereafter UP San.), May 1909, (proceeding no.) 15, Maj .J. Chaytor 
White, Report on 1go8 Outbreak ofM~larial Fever in UP. (In the IOR.) 

145 UP San.,June 1910, 34, Maj .J.C. Robertson, Report on Enquiry into Prevalence of 
Malaria in Saharanpur City. 

146 RSC 1879, p. 59. 
147 RSC 1904, p. 5. For a description of the way statistics were collected, see RSC 1877, 

pp. 27-8; RSC 1885, p. 10; and H.C. Cutcliffe, A Sanitary Report on Certain Districts in 
the Meerut Division (Allahabad, 1868), pp. 1g-20. 

148 RSC 1877, p. 28. 149 RSC 1921, p. 11. ISO RSC 1888, p. 49· 



Impact on agricultural production and organisation 14 7 

particularly of children 's diseases, the Sanitary Commissioner 
asserted that of the more than one million recorded UP fever 
deaths in the current year (81% of the total) , 'probably not 
more than one-half was due to any recognised form off ever, but 
to other causes . .. Death from the malarial type of fever is 
comparatively quite rare, and the average mortality from such 
a fever may not in ordinary circumstances exceed twenty-five in 
the hundred from all causes .. . The enormous fever death rate 
has no actual existence.' 151 

Support for this view can be found in the seasonality of the 
mortality figures . Malaria is essentially a post-monsoon 
phenomenon, the transmission of which comes to a sharp halt 
as the temperatures fall with the onset of winter. A closer 
examination of the 1890 figures reveals that the excessive 
mortality from 'fever ' actually took place in the spring months; 
well below half the Meerut fever deaths actually took place in 
the second half of the year. 152 Sample surveys aimed at 
determining more accurately the causes of death confirmed this 
general picture: in normal years a large proportion of fever 
deaths were more likely to be the outcome of diseases such as 
dysentery, pneumonia, influenza , diphtheria, and smallpox. A 
192 1 sample survey, involving over 6,000 cases, reduced the 
figure for the proportion of deaths due to malaria from 58% to 
10.6%.153 

While it is certain that malaria was to some extent an 
1 indirect cause of death - those debilitated by fever were 

undoubtedly more susceptible to death from the respiratory 
diseases of winter 154 - the typical level of malaria mortality was 
much less dramatic than the c.d.r. figures suggest, although the 
degree of statistical exaggeration is proportionately less 
significant in times of epidemic outbreaks. Certainly the impact 
of malaria upon the mortality rates did not prevent even the 
most affected districts in the Upper Doab from increasing their 
population during the 1872-1911 period relative to the increase 
in the l'P as a whole ( 15 % as against 12%) .155 However, people 
may not have died from the disease as frequently as the official 
statistics suggest, but they certainly suffered its symptoms. A 

151 Ibid., pp . 4!r5L 152 Figures from RSC 1Bgo. 153 RSC 1921, p. 11. 

154 RSC 1923, p. 13; see also Review at end of Report . 
155 Census of India, 1921, vol. xvi , United Provinces of Agra and Oudk (Allahabad , 1923), pt 1. 
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benign and protracted form of malaria was endemic over much 
of the western parts of the provinces. 'Very few people ', 
observed the Sanitary Commissioner in 1908, 'pass through a 
normal year without fever, but if they are well nourished the.y 
throw off an attack from which they are otherwise likely to 
succumb.' 156 So, if adult fatalities were rare, everyone was still 
liable to prostrating attacks offever, causing them to take , on 
average, a week off work, followed by perhaps a month at 
half-efficiency .157 

The problems did not end there, since male sufferers 
frequently experienced the side-effect ofimpotence . In carrying 
out his investigations for his Sanitary Report on Certain Districts in 
the Meerut Division, H.C. Cutcliffe found that 'sometimes the 
men of a village would come to me in collected numbers, and 
unhesitatingly assure me that they were all impotent and beg 
me to cure them'. The problem was apparently 'extraordinarily 
frequent in the most malarious tracts', confirming an 1864 
report on Bhynswal village by the Collector ofMuzaffarnagar, 
who wrote in reference to its waterlogged and unhealthy state: 
'Thejats say they cannot now get girls to marry their sons as 
people declare the residents have become impotent from 
disease.' Cutcliffe was in no doubt that very few children were 
being born to the women of these localities .158 

That the canal system was linked in some measure and by 
some means to this phenomenon was established relatively 
early. While ·there are instances of malaria outbreaks prior to 
the widespread introduction of canals - there was apparently 
one in 181 7 - the Upper Doab was 'as a matter of popular 
opinion . . . in former times considered a very healthy land to 
which people from the cities of Delhi , Agra and Lucknow 
resorted for a change of air after illness ' .159 Indeed, Meerut -
which had become so unhealthy that its abandonment as a 
cantonment was discussed in the early 1870s - was reputedly 
'once the healthiest station in the provinces' .160 There does 
156 RSC 1go8, p. 12. 
157 Chambers Encyclopaedia, vol. vm (London , 1973), p. 856. 
158 Cutcliffe, Sanitary Report, pp. 41- 2; NWP PWD(I) , March 1872, 53, Cutcliffe to 

Meerut Commr., 9 Nov. 1864. 
159 RSC 1879, p. 23. 
160 J.D . Graham , A Report on an Enquiry into the Prevalence of Malaria in Meerut, 1911 

(Allahabad , 1913), Appendix 1v, Report by Maj . Thomason , 3 Dec. 1874. 
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appear, then, to be some suggestion of a long-term change in 
the incidence of the disease, and evidence from the UP, 
alongside that from the Punjab, Madras, and Sind, suggests 
that the environmental implications associated with the 
construction and operation of extensive canal systems played 
an important part in this development. Indeed, in this respect, 
the 'epidemic increase' in northern India has been described as 
'man-made' by the late Professor G. Macdonald of the WHO 
Expert Committee on Malaria. 161 

Whereas the real scientific breakthroughs relating to human 
malaria parasites and their transmission were not rrtade until 
the 18gos, 162 some of the earliest work in India on epidemics is 
considered by medical scientists to be remarkable for its exact 
attribution of the causes, and indeed for the discovery made by 
army surgeon T .E. Dempster in 1847 that the spleen rate in 
children was a reliable guide to the incidence of malaria. 
Dempster was on the committee appointed by the Governor­
General in 1845 (which also included the military engineers 
W.E. Baker and Henry Yule) to enquire into the cause of the 
'unhealthiness' affecting the line of country along the Western 
Jumna Canal, and particularly that afflicting the Karnal 
cantonment. 163 The committee was also to make a judgement as 
to whether the proposed Ganges Canal would have similar 
effects on the health of the local population. In their 
investigations the men visited 300 villages, and built up, with 

' the aid of oral testimony and observation, a picture of the 1843 
epidemic. They were able to show that although a large part of 
the NWP experienced a fever outbreak, it was more prevalent 
and severe in the canal-irrigated areas than elsewhere. 'Excess 

161 L.J . Bruce-Chwatt and V.J . Glanville (eds.), Dynamics of Tropical Disease by G. 
Macdonald (London, 1973), p . 155. 

162 It was in 1894 that Patrick Manson began to argue that the disease was passed from 
man to man by the mosquito. The poet-scientist Ronald Ross, working in 
Sikandarabad , discovered that the disease was transmitted exclusively by the 
female mosquito of the genus Anopheles in 1897. 

163 W.E. Baker , T .E. Dempster, and H . Yule, Report of a committee assembled to report on the 
causes of the unhealthiness which has existed at Kurnaul, and other portions of the country along 
the line of the Delhi canal, and also whether a,ry injurious effect on the health of the people of the 
Dooab is, or is not, likely to be produced by the contemplated Ganges Canal, with appendices on 
malaria by Surgeon T.E. Dempster (Calcutta , 184 7); reprinted in Records of the Malaria 
Survey of India, 1:2 (1930), pp . 1--68, and in Cautley, Ganges Canal Works, m, Appendix 
B. Note : 'Delhi canal ' refers to the Western Jumna Canal. 
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of moisture' they identified as the common link between the 
badly afflicted areas, and they identified a sharp contrast on the 
EJC between the light soil, efficient drainage , and rajbaha 
irrigation in the north and south divisions, and the heavy soil, 
obstructed drainage, and imperfect distribution network in the 
central division, where the fever had been as bad as that on the 
WJC. The planned Ganges Canal, they concluded, should not 
be abandoned: those (upper) sections of its route they had seen 
consisted oflight soils, and as long as the work was designed so 
as to avoid drainage problems, and irrigation prohibited in 
environmentally unsuitable areas and in the proximity of towns 
and cantonments, then the health of inhabitants would be 
largely unaffected. 

This 184 7 report, as a commonsense delineation of the causes 
derived from empirical sampling, was hardly improved upon 
until the early decades of this century, when studies into the 
mechanisms involved in malaria epidemics, making use of the 
scientific developments in the field, were pioneered by S.R. 
Christophers. 164 H.C. Cutcliffe's investigation into an 1867 
outbreak of fever in Meeru t division - in which he had the task 
of determining whether there was any 'ground for attributing 
its appearance or decrease to the action of the canals, or to the 
general disregard of sanitary principles' - involved visiting 140 
villages, but added little to the findings of the earlier study. 165 

Swampy conditions were broadly correlated with fever; the 
canal was often accompanied by high water-tables, interrupted 
drainage, and standing surface water, particularly in clayey 
soils where rice was grown. The canal was thus linked with 
fever because it was associated with the conditions in which 
fever seemed to thrive. The fact remained that the disease was 
to be found in swampy conditions away from the canal; 
moreover, there were many efficiently drained canal villages 
where 'fever was unknown' .166 It was impossible to be more 
precise about the culpability of the canal in this matter as long 
as little was known about the transmission of the disease. 

164 See, for example , S.R . Christophers, 'Epidemic Malaria of the Puajab, with a Note 
on a Method of Predicting Epidemic Years', Paludism, 11 (1911), pp. 17-26. 

165 Cutcliffe, Sanitary Report. A summary of the content and findings of the early 
investigations made into malaria is contained in Meerul DC (1875), pp . 125--g. 

166 Meerut DC (1875), p. 127. 
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Numerous suggestions were advanced, including 'defilement of 
drinking water' and the 'great diurnal range of temperature' on 
the plains. According to the available statistics, the case against 
the canal in this matter was mixed. Furthermore, it was 
possible, through attending more carefully to drainage needs in 
the design and layout of new systems, to minimise the creation 
of conditions associated with fever. Hence the NWP Govern­
ment, heavily committed to a programme of canal expansion, 
sharply rebuked the Sanitary Commissioner, Dr C. Planck, for 
oversimplifying matters when he pointed out in 1879 that canal 
irrigation extension would certainly be followed by an increase 
in fever. 167 

It is possible to explain the way in which the canal probably 
affected the incidence of malaria through analysing the nature 
of the disease in this region and assessing historical evidence in 
the light of modern knowledge on the circumstances of 
transmission and the epidemiology of the disease. The western 
third of the UP is an area of unstable malaria, characterised by 
a lack of continuity of transition. This is because the 
malaria-carrying anopheles vector, A. culifacies, is a compar­
atively inefficient vector, being zoophilic (i.e. preferring animal 
to human blood) and relatively short-lived. The climatic 
circumstances of the western UP zone are also a factor in 
limiting the transmission of the disease. Below a certain 
temperature, the cycle of extrinsic development of the disease 

' within the mosquito is infinitely retarded. 168 This, plus the fact 
that high temperatures with low levels of humidity shorten the 
life expectation of the mosquito, means that the anopheles 
cannot maintain transmission during the dry season. The lack 
of continuity of transmission has an important effect upon the 
development of immunity within the population: immunity is 
simply not well developed in conditions where malaria is a 
seasonal phenomenon. Maximum immunity (associated with 
stable malaria) is achieved where regular transmission of the 
disease takes place and so stimulates in the infected person the 
proliferation of antibodies in the lymphoid-macrophage system 
of the spleen, liver, and bone marrow. 169 In areas of irregular 

161 RSC 188o, 'Orders in Government'. 
168 19°C in the case of P. falciparum, 15°C for P. vivax, 
169 L.J . Bruce-Chwatt , Essential Malariology (London, 1980), pp . 58-64. 
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transmission, the population can only build up a partial 
immunity. In the case of the most common form of malaria in 
the Doab, Plasmodium vivax ('benign tertian' malaria), the 
pattern ofrelapses associated with it stimulates a renewal of the 
antigenic response as successive merozoites are released into 
the blood.17° This means that an affected person has some 
degree of immunity for perhaps a number of years, and 
although he is prone to reinfection and attacks offever during 
the autumnal outbreaks-particularly if heavily infected- most 
adults have sufficient tolerance to shake off the attacks. Because 
young children and infants - with the exception of those who 
may inherit a degree of short-lived immunity from the mother­
do not have this protection, it is understandable why mortality 
among them is very high. 

Partial immunity to one species of malaria does not carry 
over to others, however, and P. falciparum, which was often as 
prevalent as P. vivax in the later part of the malaria season, 
causes a particularly lethal form of the disease. This 'malignant 
tertian' malaria was essentially responsible for the epidemics in 
this region, and - because it is characterised by dangerous 
complications - was the main cause of mortality during 
epidemics.171 One reason for this is that this form of malaria, in 
areas of seasonal malaria, is less susceptible to the development 
ofimmunity because the pattern ofrelapses observed in P. vivax 
does notoccur .172 Immunity is lost quickly, usually well within 
the year. 

This combination of circumstances made the western areas 
of the UP particularly vulnerable because the disease here was 

170 Merozoites are developed and multiplied in the liver from the sporozoites injected 
by the bite through a process known as pre-erythrocytic schizogony . Some of these 
merozoites re-enter the liver cells and initiate successive exo-erythrocytic schizonts , 
which accounts for the pattern of relapses. See ibid., pp. 13-22. 

111 The complications associated with P.Jalciparum - identifiable from the descriptions 
contained in the contemporary reports - account for the great variety of symptoms 
which baffled those investigating the cause of the outbreaks . In cases of this type of 
malaria there is a tendenc y for infected cells to agglutinate in the capillaries of 
internal organs , producing symptoms referable to the site of agglutination . 
Blackwater fever and cerebral malaria are just two of the common and serious 
complications . See Manson's Tropical Diseases, 17th edn (London, 1972), pp. 55-63. 

172 In P.falciparum there are no exo-erythrocytic phases , and the antigenic stimulus lasts 
only as long as the recrudescences occur and tends to die down after several months . 
Ibid., p . 54. 
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so volatile . Fluctuations in the incidence of malaria are likely, 
in all areas of unstable malaria, to be marked. The typical 
pattern is for endemic levels to be very sensitive to minor 
changes in the environment, with interruptions of transmission 
common, at times prolonged, and frequently succeeded by 
epidemics, the severity of which is aggravated by the size of the 
non-immune population which has grown up in the meantime. 

As far as the transmission of the disease is concerned, it is 
important to note that, as a result of the mosquito's zoophilism, 
its high mortality, and its long extrinsic cycle, the probability 
that the insect will pass on infection once it has swallowed 
gametocytes is very small in areas of unstable malaria. The 
number of bites required for transmission is high, and the 
disease is thus perpetuated only where mosquitoes are very 
numerous. Anophelism without malaria is quite possible; 
certainly different levels of endemicity will exist within a 
region, depending on local conditions. However, environ­
mental changes of quite small degree are potentially of great 
importance to the incidence of the disease, and it is quite 
feasible that such changes can induce not only short-term but 
long-term changes in the character of the disease in a region. A 
climatic shift, or simply a series of seasons suitable to the 
breeding needs and longevity of the anopheline mosquito, will 
sometimes give rise to major regional epidemics. 173 At the local 
level, the transmission of the disease sufficient to produce either 
exaggerated seasonal epidemics or exacerbations of endemicity 
tends to result from changes in breeding conditions; equally, it 
could be the result of a usually unimportant vector anopheline 
being converted into an important one by a change in its biting 
habit. The A. culifacies species has been found to feed on 
humans to a greatly varying extent - from 2% to 80% 174 - and 
this variation has a great potential effect on the incidence of the 
disease. 

173 Studies of major epidemics in Sri Lanka, Sind , and the Punjab all show the general 
interplay of interrupted transmission and varying immunity . Bruce-Chwatt and 
Glanville , Dynamics of Tropical Disease, p. 132. For a major epidemic to develop it is 
necessary for transmission at an enhanced rate to continue for at least three times 
the combined incubation period of malaria in the mosquito and in man to the time of 
the appearance of infective gametocytes. This amounts to around sixty days for P. 
vivax and ninety days for P. falciparum. Ibid., p. 153. 

174 Ibid., p. I 52. 
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Canal irrigation undoubtedly caused a numerical increase in 
anophelines through its effect upon breeding conditions in the 
Doab . A. culifacies breeds mainly in pools, 175 and the combina­
tion of excess irrigation, interrupted drainage, and high subsoil 
water levels tended to make pooling more common and is 
known to be a frequent cause of high epidemicity through 
simply increasing the number of anophelines. 176 The existence 
of the canal also undoubtedly led in many areas to greater 
humidity, which would in certain circumstances increase the 
life expectancy of the mosquito and thus the mean number of 
infective bites it could carry out. 

Historical evidence is consistent with this picture of larger 
numbers of anopheline mosquitoes resulting from the construc­
tion and operation of the canals, and of more widespread and 
intensified seasonal attacks of the disease. Cutcliffe found that 
the sickness due to fever was 'general and intense' along the 
tracts bordering the Ganges Canal right down to Meerut, and 
all the way down to Baraut on the EJC. 177 Often the initial 
attacks in newly irrigated areas were of particular ferocity, 
reflecting the fact that the communal immunity levels were low. 
Thus one Sanitary Department official noted how, towards the 
end of the 1878 rainy season, the 

remarkable malarious fever peculiar to the northern portions of the 
Doab appeared to cross over theJumna near to Delhi and follow the 
course of the new system of canals starting from Okhla. And, as is 
usually the case when a disease occurs for the first time in a locality, in 
a very fatal type, the canal will probably be blamed for nearly, if not 
all, of it ... In my opinion ... the system of irrigation as at present 
practised must be charged with very much of the fever and mortality, 
where extensive irrigation is introduced for the first time. 178 

The bulk of the July-December fever deaths in Agra and 
Muttra (66,000, compared to a normal 13-16,000) were in the 
trans-J umna parts of the districts particularly near to the new 
Agra Canal. A fever map for west Muttra for 1878 shows at 
least eight villages along the canal with a death rate due to fever 
of over 100, with Pisawa recording 187.179 The timing of the 

175 Ibid., p. 161. 176 Ibid., p. I 55. 
177 Cutcliffe , Sanitary Report, p. 38. 
178 RSC 1878, Appendix by Surgeon-Maj. R. Pringle (Deputy Sanitary Commr.), p. 4,A. 
119 RSC 1878, p. 63. 
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outbreak and the descriptions of the symptoms indicate that P. 
falciparum was prominent in the outbreak. 

Available evidence does indicate, however, that under 
normal circumstances the presence of canal irrigation was 
likely to be insufficient in itself to bring about high levels of 
transmission. Historical data show, quite clearly, that the 
epidemic outbreaks were closely associated with climatic 
conditions, with the precise geographical pattern being · 
influenced by local circumstances. Research into 100 badly 
affected villages lying between Dasna and Aligarh, conducted 
in 1885, revealed that while villages with water-tables more 
than six feet below the surface consistently returned a fever 
mortality figure of 36 per thousand, those villages where the 
water was nearer than six feet suffered a c.d.r. of 56. Over time, 
the general level of fever mortality was closely related to the 
autumn rainfall. 180 Excessive rainfall accompanied the serious 
fever outbreak with its fulminant areas in 1879. Relatively low 
fever rates in the Doab in 1883 were followed by heavy rains 
and humid conditions in 1884 (when September's rainfall was 
ten inches higher than usual) and 1885, resulting in death rates 
from fever in the 30s and 40s per thousand. In the epidemic 
year of 1908, rainfall was normal on an annual basis, but nearly 
all of it fell in about two months. Furthermore, the high death 
rates many districts recorded during such years were not 
confined to the canal districts. Excessive rainfall in Rohilkhand 
tended to have the same effects, and on published statistics 
there is often little to choose between these contiguous tracts. 181 

Rohilkhand was a poorly drained division, and tended to 
experience fever bouts which drove the overall figure for fever 
deaths into the 40s, which was often higher than the level 
recorded for Meerut, particularly, it seems, after the installa­
tion of extensive drainage in the latter division. 

Combining historical evidence with present-day knowledge, 
therefore, it seems reasonable to accept the view of Dr C. 
Planck, expressed in the 1870s after an investigation offever in 
Muzaffarnagar, that 'one may justly arrive at the opinion that 
ague has not been introduced as a new thing into the canal 

100 Note that the years given for high mortality from fever coincide with the 
above-average rainfall shown in Figure 4. 

1a1 This was the case, for example, during the quinquennium of 1893-8. 
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irrigated country, but that its area and period of prevalence and 
its intensity of attack have very greatly increased since 
irrigation from the canals was introduced' .182 There is clearly 
much room for more and closer research on this issue. Detailed 
analysis using local and village statistics might reveal more 
about the mechanisms of the disease in this area, since district 
totals mask local variations. It is quite clear, in this connection, 
that the Doab towns were particularly vulnerable to the 
disease. The year 1887 was not untypical in this regard: of the 
twenty towns with the highest fever death rates, nineteen of 
them were in the Doab districts. Kasi, through which the Agra 
Canal flowed, had an average mortality rate of fifty per thousand 
over 22 years, 183 during which time the town's population 
fell (ram 12,500 (before the canal) to 7,000 in 1911. The reason 
for the higher c.d.r. from fever in the towns was possibly linked 
to the fact that the high proportion of people to animals in the 
town caused a change in the biting habit of the mosquitoes; 
certainly there is evidence for this in the case of Delhi. 184 Even 
in the towns, however, investigations in 1909 revealed the 
close relationship between fever and the rainfall curve. 

Many towns were particularly exposed to fever attacks on 
account of their location. Sites of villages and townships had 
been established at a time when water was less in abundance, 
and many were located in depressions, where tanks could be 
constructed. With drainage lines frequently obstructed by 
canal lines and railway embankments, many settlements 
became completely surrounded by water in the rains. 185 The 
Muzaffamagar market town of Shamli, for instance - once 'a 
pleasant city in a green valley' - had by the 1880s become 'a 
noisome fever hole', where the drainage of thirty square miles 
flowed 'past, under and through it', with the result that the 
town had reverted to a 'crumbling ruin, where the people are 
sterile and die out' .186 

182 Meerut DG (1875) , p. 127. 
183 Death rates are from 'all causes' .J .D. Graham, Report on an Enquiry into the Prevalence 

of Malaria in Kosi (District Muttra) (Allahabad, 1910), pp. 3, 8. 
18< G. Covell and J. Singh, 'Anti-malaria Operations in Delhi, Part 1v',Journal of the 

Malaria Institute of India, v (1943), pp. 87-106. 
185 Mu;;a.ffarnagar DG (1903) , p. 48. 
186 NWP & 0 Rev., March 1889, 8, C.G . Palmer ( EE, EJC) to Superintending Engineer 

(hereafter SE), EJC, 25 Nov. 1885. Shamli's population fell from 9,728 (1865) to 
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The extensive corrective measures of drainage and improved 

water control on the canals undoubtedly improved matters 
generally, but additional measures had to be adopted in 
particularly difficult cases where the numbers at risk were high. 
Thus - some sixty years after such measures were first 
recommended by the 184 7 committee - prohibition of 
irrigation, and of rice and sugarcane cultivation, was adopted 
around badly affected towns, notably Saharanpur, Kosi, and 
Nagina. These policies, combined with other measures by the 
health authorities to limit local breeding sites - altogether 
costing Rs 4 lakhs - led to significant reductions of spleen 
incidence in all the cases, with Saharanpur registering a 
reduction from 84 to seven. 187 Overall, however, the canal areas 
continued to be, in the words of one witness to the Agricultural 
Commission, 'usually associated with a high malarial index' .188 

Conclusion 

This chapter has examined in some detail the direct production 
effect of the canal , and has argued that the peasant response to 
the new production possibilities was generally consistent not 
merely with the achievement of improved incomes but with the 
maintenance of long-term viability and balance within the 
farming sector. Against these gains, however, have to be set the 
losses, and these relate - as with most irrigation schemes - to 

6,800 (1881) . While part of the fall may have been due to its reduced importance as a 
market town historically based on an overland trade route to the Punjab , the rise in 
the spring level from forty to seven feet, along with the high fever incidence, was 
clearly an important factor. The death rate (all causes) for the last half of 1885 was 
put at 162 per thousand. RSC 1885, pp. 72-5. 

1a1 Royal Commission on Agriculture, Evidence, vn, pp . 192-3, 1g8. Such measures, of 
course, worked against some local economic interests, and in 1921 - apparently 
without consulting the health officials - the UP Government (itself not without an 
economic interest in the matter) permitted the Saharanpur farmers to resume 
irrigation wi• hin the boundaries of the prohibited area. In the event the relaxation of 
restrictions endured, though eventually on the understanding that the restrictions 
could be reintroduced if the malarial index showed a serious tendency to rise. 
Splenic enlargement is part of the process ofacquiring resistance to the disease, and 
is the mark of a partially immune person with some remaining infection. The 
percentage of children affected (which is what the figure refers to) is the principal 
yardstick for measuring the intensity of endemic malaria. 

188 Ibid., p. 1g8. 
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the canal's environmental impact. For the first time in the 
history of the Doab, man was able to affect the physical 
conditions there through his large-scale meddling with key 
environmental processes. However ingenious the engineers, 
their capacity to influence the environment was - particularly 
during the first half-century of canal development - ahead of 
their understanding of the forces involved. Moreover, as 
problems manifested themselves, and corrective measures 
came to be within the ken of the engineers, restrictions on 
funding delayed and often limited the effectiveness ofameliora­
tive programmes. Nevertheless, environmental catastrophe did 
not overtake the Doab in the wake of canal construction, 
though such an outcome seemed likely to many observers in the 
1870s, when the problems seemed to be on the increase. In 
addition, therefore, to taking into account the spatial extent 
and significance of the problems of salinity and waterlogging 
when attempting to assess the quantitative impact of these 
externalities - and allowing also for the positive externalities- it 
is clearly important to take into consideration the time 
dimension to these problems. Overall, the canals might be said 
to have been accompanied by periods of unnecessary disrup­
tion within specific localities, the incidence of which, in some 
areas at least, declined after the 1880s. Arguably, it is the effect 
of the canal upon the incidence of malaria which was the most 
significant of the externalities: not only because of the 
discomfort suffered by the afflicted villagers, but due to the fact 
that the disease must have held down internal population 
growth within a prosperous community and thus assisted in the 
perpetuation of labour scarcity within the canal tracts. 



5 
Pricing 

The terms on which irrigation water is made available to 
cultivators is an important determinant of the way in which the 
water is used. Decisions on the form, level, and structure of 
charges inevitably affect the economic, social, and agricultural 
impact of canal schemes. In the case of the Doab canals, it is 
clear that the freedom of irrigation officials to pursue their 
objectives through the pricing mechanism was very much 
constrained. More precisely, it was constrained by factors other 
than those relating to the system's technological characteris­
tics, the specific nature of the areas and communities it served, 
and the multiple (and often conflicting) aims of the department · 
itself. There were broader aspects to the functioning of the 
canals, to do with Imperial administration, that effectively 
impinged upon pricing strategies. Indirect returns were sought 
in terms of political stability and social welfare, and no matter 

, how strong the practical case for specific pricing adjustments 
according to the priorities of those operating the service, 
broader political and administrative considerations exerted 
their influence. As a result, the pricing system conditioned the 
impact of canal irrigation in a manner best described as benign; 
the potential for it to be used in a more formative way was not 
exploited. This chapter examines the factors determining the 
character of the pricing system, and then proceeds to discuss 
the impact of the adopted price regime upon agrarian change in 
the region. 

Pricing policies 

Entanglement of canal and land revenues 

One of the striking features of UP canal irrigation during the 

159 
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period under review is the low level of charges made for canal 
water. In relation both to the cost of irrigation from wells and to 
the value of commercial crops raised, canal water - particu­
larly that given 'flush' - was widely acknowledged to be 
underpriced . 1 Moreover, as a proportion of the value of average 
gross product, it became cheaper over time. While the price of 
wheat, for instance, roughly tripled between the mid-186os and 
1920, the water rate for wheat less than doubled, the flow rate 
per acre increasing from Rs 2.25 to Rs 4 and the lift rate rising 
even less, from Rs 1.5 to 2.2 Gur prices increased less 
spectacularly over the period - being influenced more by local 
markets than by international ones - but the crop value was 
generally high and significant yield improvements took place 
on canal land, so that an acre in the 1910s often realised in 
excess of Rs 150. Despite this, the canal charge rose only 
slightly, from Rs 5 in 1865 to Rs 7.5 in 1920, and the charge for 
lift irrigation actually fell on the Upper Doab canals from Rs 
3.33 to Rs 3. 

The low and, in real terms, falling level of charges by no 
means made the schemes unprofitable. It has already been 
pointed out that the Doab canals did not involve the 
installation of storage capacity, and the earlier projects 
operated with inexpensive headworks arrangements. 3 Even so, 
the cheap water policy needs to be explained, particularly in 
the light of the fact that the pressures to increase price levels 
were substantial. The most consistent pressure for increased 
charges came from the Government of India, and was partly 
motivated by a desire to improve the returns from 'productive' 
works in order to help finance the loss-making 'protective' 
schemes in the insecure regions. But there was support for the 
idea of raising charges from revenue officers as well, who 
argued that a generally higher and more flexible rate system 

1 On the basis of imputed cost estimates, the Director of Agriculture H .R.C . Hailey 
calculated that 'a fair average ' difference between well and canal irrigation was Rs 
15 per acre (excluding the costs of well construction). UP Rev. ,July 1909, 88. · 

2 In real terms , on the basis of average wheat yield from canal-irrigated fields, the 
cultivator in the mid-186os would require 1.5 maunds of his acre's fifteen-maund crop 
to cover the water rate , while in the late 1910s two-thirds of a maund sufficed. This 
result is not dissimilar to the trend in Ludhiana . See Indian Cotton Committee, Evidence, 
vx, Appendix 23. 

3 Profitability is discussed in Ch. 2 above . 
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would allow the encouragement of improved agricultural 
practices and reduce the damaging effects of the wasteful use of 
water, and from those irrigation officers who wished to see their 
efforts better represented in strictly accounting terms. Why, 
then, given the monopoly powers possessed by the authorities 
in the matter of canal pricing, were the rates purposely kept 
down? 

The key to understanding canal pricing policy is contained in 
a statement made by Professor Eric Stokes. 'At the heart of the 
Indian administration', he wrote, 'lay the land revenue system. 
The one was to react with the other with results of deepest 
importance for Indian society.' 4 Quite simply, the canal 
revenues became entangled with the land revenue, and from 
that point there was no chance that pricing could be pursued 
independently by the canal authorities. 

The influence of the land revenue system over the canal 
administration's freedom to manipulate prices had its origins 
in the early years of the operation of the EJC. This canal, like 
others constructed prior to the 1860s, was built out of current 
revenues and classified along with ordinary expenditure to be 
charged against the annual Indian revenue. As with the 
Western Jumna Canal, the authorities 'looked alone to the 
general improvement of the country as the source from which 
they should derive a return adequate to the outlay'. Initially 
low direct water charges encouraged cultivators to incur the 

1 considerable costs of bringing water to their fields and was part 
of an· admitted policy of inducing cultivators 'to become 
dependent on [the canal] instead of their wells'. 5 Indeed, about 
the only reason for charging a water rate at all was 'not so much 
to form a productive source of revenue ... as to give ... an 
efficient control over its expenditure' .6 

• E.T. Stokes, The English Utilitarians and India (Oxford , 1959), p. 81. 
5 R. Baird Smith, Revenue Reports of the Ganges Canal, 1855--0 (Roorkee, 1856), p. 19. As 

with any irrigation scheme of such magnitude , the sizeable component ofindivisible 
costs in total outla y necessitates that a large part of total capacity has to be taken up 
before capital costs can be covered by receipts. Low direct charges for water are 
commonly used in the initial stages to build up demand. 

6 PP 1878-g, 1x, Report from the Select Committee, Minutes of Evidence, p. 94, Col.J. Crofton 
quoting Col.J . Colvin. Note : 'direct charges' , 'occupier's rate' , and 'water rate' arc 
all equivalent terms used to refer to the charge levied upon the actual user of canal 
water . 
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In the longer term, direct charges were clearly intended to 
rise. On the newly opened Ganges Canal, the Director's policy 
was to have 

low rates and large areas of irrigation . . . I consider it of great 
importance to the Revenue to encourage in all reasonable degree, the 
surface spread of irrigation, for when once its advantages have been 
realised, the cultivators will cling to them tenaciously and in course of 
time Government will find that the water has so risen in value as fairly 
to authorise an increase in the rates of payment for it.7 

Even the rates initially set 'purposely low' on the Ganges Canal 
were, along with those on the EJC, 'purposely reduced' in 1863. 
with the aim of encouraging the irrigation of commercial · 
crops. 8 

The deliberate policy of setting low water rates involved 
leaving a considerable proportion of the enhanced value of 
outturn with the cultivator. Inevitably this was reflected in 
increased rent levels and thus in the assets upon which revenue 
assessment was based. Thus, while the pending resettlements 
of the Upper Doab districts were expected to result in a 
considerable enhancement of the land revenue demand, much 
of this increase, it was clear, was due to the spread of cheap 
facilities of canal irrigation. One of the problems, however, of 
realising part of the returns to canal irrigation through the 
revenue system was that under the 'half-assets' rule on which 
revenue assessments were based, landlords automatically 
realised half the increase in rental assets resulting from public 
expenditure on can'als. Moreover, they realised the whole of 
any subsequent incre~ses in rental assets for the duration of the 
period of settlement. With canal irrigation projected to expand 
considerably, this was in itself unsatisfactory to many officials, 
but the problem was heightened at this time by the imminent 
switch from temporary (thirty-year) to permanent settlements. 
Under the proposed system, a large proportion of the profits 
arising from canal expansion would be surrendered to the 
landlords in perpetuity. 

As a response to this predicament, a group of canal and 
revenue officers, prominent among whom was A.O. Hume, 

7 Baird Smith, Revenue Reports of the Ganges Canal, p. 14. 
a Movements in water rates over the period are shown in Figure 3. 
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proposed a change in the system of revenue assessment. The 
system they advocated involved the exclusion of the influence of 
the canal from the process of assessment, and the basing of the 
water rate on more or less commercial principles so that a 
'permissible' level of the profits due to canal water could be 
collected directly. 9 

The argument in essence was founded upon the same kind of 
fundamental principles that had provided the basis for the 
revenue systems; indeed the analysis developed along the same 
lines as the debate over the doctrine ofrent and the land tax. To 
those in favour of direct pricing, the surrender to ;::,amindars of a 
share in the returns to state investment was unacceptable . To 
them, water, like land, was considered a natural monopoly, the 
payment for which was strictly rent. By this formulation, if the 
owner of one factor, land, was not the owner of another factor, 
water, then it did not follow that the rent recoverable by the 
landowner should increase. Where, they argued, the land­
owner had dug a well on his land, he was entitled- as owner of 
both elements of production - to a rent enhancement which, 
although practically merged in rent, was strictly divisible into 
the old rent plus the return to the improvement. By such an 
argument the state, as exclusive owner of canal water, was 
bound to ascertain and appropriate the full water rent, only 
reducing it to encourage the cultivator to use the water or where 
there was excess supply. 10 The scheme, they insisted, could be 

1 implemented by assessing as irrigated only land irrigable from 
wells and classing the rest as 'unirrigated' for revenue 
purposes. Water rent levels could be determined by experi­
mentation on a regional basis. 

Leaving aside the theoretical justification for the new 
scheme, there were, its advocates claimed, sound practical 
arguments in its favour. For one thing, it would permit the 
pursuit of a more flexible policy towards distribution: 
adjustments could take place without endangering land 
revenue; and failure of canal supply ( or the need to withdraw it 
for health reasons) could be accommodated without the 
complications of revenue remissions. The existing canal 

9 A basic statement of this argument was published anonymously : 'Canal Rent vs. 
Land Revenue' , Calcutta Review, XLIX (186g), pp . 1-36. 

IO Ibid., pp . 15-16. 
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irrigation distribution pattern - effectively locked into place by 
the structure of land revenue payments - could then be 
adjusted with a view to achieving specific aims, among them 
realising a higher return. 11 Higher charges would encourage 
careful distribution of water and prevent the neglect of wells 
and other irrigation sources. It was also, it was claimed, 
self-evidently more effective than either temporary or perma­
nent settlements in coping with the extension of cultivation 
after settlement, since at least a full water rent was obtained if 
canal water was used on newly broken land. 

When, in January 1865, revenue officials gathered at a 
special Agra conference to discuss the problems posed for the 
system of land revenue assessment by the spread of canal 
irrigation, it certainly looked as if the new system would be 
taken up. It undoubtedly had the backing of the Governor­
General, who had stated earlier that theoretically it would be 
best to assess land according to its 'natural productive powers 
and capabilities without regard to artificial irrigation' and to 
leave the water rate to be fixed according to the 'additional 
fertilising properties' of canal water. 12 In fact, the Government 
of India was known to be considering the idea of grafting what 
was effectively the new system onto the old through the use of 
two scales of water rate: one for villages already assessed at a 
higher rate as a result of the canal , and a higher one for those 
where the land revenue had not yet been adjusted to take 
account of the canal. Recognition would thus be given to 
cultivators whose rents effectivHy incorporated an element of 
water rate. Not only would such a system allow permanent 
settlement to proceed without involving serious loss of future 
revenue as canal irrigation increased , but it would permit water 
rates to be raised in line with the central government's wishes. 13 

In the event, despite the broad support for a change in the 
system, the existing arrangements emerged intact from the 
Agra conference. This outcome was mainly due to the firm 

11 The authors of the Calcutta Review article were generally in favour of redistribution 
(so as to get 'absolutely [the] highest return for the whole of the water') , though they 
added : 'Politically , and we even venture to think commercially , a modified 
distribution of the water supply along the whole line of the canal seems imperative. ' 
Ibid., pp. 1~17 . 

12 Ibid., p. 2, citing GI PWD Resolution , 15 Aug . 1864. 
13 For details, see ibid., p. 3. 
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opposition to the proposal on the part of the Lieutenant­
Governor, Sir William Muir, supported by another senior 
official, Auckland Colvin. Muir declared that he was 'satisfied 
with the present system', which was the 'matured result of the 
experience of many years' and was well understood by both 
officials and populace. He objected to the proposal not only on 
the basis of envisaged practical problems - among them that of 
the assessment becoming more 'a conjectural process of 
guessing what might have taken place without the canal' - but 
also because, while he accepted that the present diversion of 
profits from state works to zamindars was 'unfair to the public', 
from the NWP Government's point of view 'it would be neither · 
just nor politic to withdraw from the land-owners the whole o'f 
their share of the profits in the shape of increased rents' .14 Nor 
did Muir accept that the alternative proposal would realise the 
sum relinquished as a component of the revenue demand, 
arguing that there were limited possibilities for increasing 
direct water rates. The commitment to uniform rates over 
geographical areas, the desirability of using up the supply, the 
lapse in well arrangements caused by the canal (along with the 
physical destruction in some areas), and the canal's role in 
times of drought - all imposed a constraining influence on 
pushing up rates significantly. A margin would still remain, 
and the zamindar would no longer be bound to release even 
half.' 5 Muir's preference for the existing system meant that the 

' returns to canal irrigation would remain entangled with 'the 
land revenue. The state was thus going to have to continue to 
share the benefits of the canal with the zamindars. 

In the light of this decision it was clearly going to be difficult 
to proceed with arrangements for permanent settlement in an 
area of rapidly expanding canal systems. Permanent settle­
ment, even under the best circumstances, involved a 'great 
financial sacrifice' on the part of the government, and 
settlement operations in these north-western districts during 
the 1860s were making it clear just how large this sacrifice 
would be. Cadell'-s report onpargana Ka~dhla (Muzaffarnagar) 

14 For a summary of Muir's position, see NWP&O Rev., May 1888, IO . 

15 Uttar Pradesh State Regional Archives, Allahabad (hereafter UPA(R)), Files of 
Meerut Commr., Dept . 1v, File 9/1869, Ser. 17, 'Irrigation Works in India', Note by 
W. Muir , 10 May 1865, p. 5. 
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showed that the recently introduced canal irrigation was far 
from achieving its potential, and that even where estates had 
quickly improved their cultivation standards, 'so much 
consideration was shown at settlement, in order to avoid the 
evil effects of too sudden a rise, that the demand was raised so 
cautiously that even now there is a large margin for 
enhancement' .16 The same situation applied in the case of 
Bulandshahr: 'Whatever the loss from underassessment may 
now be', the Meerut Commissioner wrote to the Board of 
Revenue, 'I am quite certain that the loss twenty years hence 
would be enormous ... The district is in a transition state, and 
this is not the time for permanent settlement.' 17 Faced with such 
a prospect, the Secretary of State duly decreed that permanent 
settlement should be withheld in areas likely to have canal 
irrigation within twenty years, or where the extension of 
present systems was likely to cause an increase in existing assets 
of 20% or more. 18 

Even the system of temporary settlement was ill-designed to 
cope with conditions of rapid change, however. The prospec­
tive revenue loss was undoubtedly reduced by the decision not 
to opt for permanent settlement, but the problem did not 
disappear, since in the case of irrigation expansion after 
settlement, half of the resulting increase in assets was 
relinquished for up to thirty years. To get round this problem, 
Muir himself, in 1865, proposed that a system of quinquennial 
reassessments be adopted for villages where canal irrigation 
since settlement had increased by 20%. He suggested that the 
'wet' rates determined at the previous settlement should be 
applied to such land. Although this proposal did not meet with 
the approval of the Secretary of State - whose main objection 
was that it constituted an interference with contract 19- the idea 

16 'Report on the Permanent Settlement', p . 6, in Cad ell, Muza.ffarnagar SR ( 1882). The 
judicious (revenue) rate enhancement was apparently accentuated in terms of its 
effect upon revenue assessment by the settlement officer's practice of classing as 
'wet ' for revenue purposes only the land actually irrigated in the measurement year, 
thus recording as 'dry' some of the land which was 'irrigable' and which received 
water in the course of a rotational cycle. Such errors were common prior to the 
establishment of more systematic procedures. 

17 Quoted in C.A. Daniell, Bulandshahr SR (1869), p. 12. 
18 NWP Rev., June 1867, 32, Sec. of State to GI, 23 March 1867. 
19 Other objections were that it was overly mechanistic , entailed a virtually permanent 

settlement staff, and was likely to lose as much direct water revenue by discouraging 
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of some form ofinterim arrangement to stem the loss ofrevenue 
was revived by Calcutta following a report favourable to the 
notion by the Inspector-General of Irrigation, and following 
the gleaning of estimates as to the size of the losses which would 
otherwise be incurred. 20 

The scheme which resulted, and which was incorporated in 
the 1873 North India Canal and Drainage Act,21 involved the 
levying of what was called an 'owner's rate'. This was a levy 
made on proprietors in all estates into which the canal had been 
introduced for the first time since the previous settlement. The 
levy amounted to a proportion (one-third) of the (occupier's) 
water rate. In point of fact, the levy-which was determined by 
the Lieutenant-Governor in consultation with revenue and 
irrigation officials - was inherently contradictory in terms of 
fundamental principles: it was strictly part of rent, yet it varied 
according to the water rate, which was an element of 
production cost. Moreover, although the device did produce a 
levy which bore some relation to the profits derived from 
irrigation, and to the land quality- since it was based on a scale 
of charges for canal water which were broadly calibrated 
according to crop value-it was irritatingly uneven in the way it 
fell upon the cultivating community. 22 The most obvious 
manifestation of this was the way in which the new system took 
no account of villages which had increased their irrigation, being 
confined - for ease of administration - to villages newly in 

' receipt of canal water. From a financial viewpoint, it was not 
even satisfactory in the villages where it could be applied, since 

irrigation as it realised through land revenue increases. See NWP&O Rev., May 
1888, IO . 

20 Figures from Bulandshahr showed that , as a result of the expansion of irrigation 
since settlement, the average revenue enhancement per acre recorded as irrigated in 
187er-1 was only around one-quarter of that in Saharanpur's EJC tract, where the 
irrigation was well established at settlement . The Bulandshahr settlement had 
taken place when only 25°/o of the irrigated area in 187er-1 was actually able to 
receive canal water. The enhancements P,er acre were fourteen annas in Saharanpur 
as against four annas in Bulandshahr. IRR 1871-2, p. 23. 

21 Reff'· red to hereaft~r as the 1873 Canal Act. 
22 Proprietors whose tenant-cultivators used flow irrigation (which bore a higher 

water rate), double-cropped their irrigated fields, or lived in areas where the 
water rates were higher than elsewhere automatically made a larger owner's rate 
payment than those cultivators who used lift irrigation, single-cropped their canal 
fields, or lived on the systems with lower rates. 
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it was found that the mechanistic levy fell short by about a 
quarter of the sum which 'might fairly be claimed' under the 
'half-assets' rule .23 Nevertheless, the ad hoc device was regarded 
as the best available , and was adopted in the Punjab as well as 
the UP. The best alternative, a charge based on the quality of 
the land receiving irrigation, would have been expensive to 
administer. For all its contradictions and defects, the owner's 
rate was cheap and simple to operate. 

The adoption of the new levy effectively submerged the 
debate over the form the charge for water should take, 
particularly in relation to the land revenue system. It surfaced 
again in the 188os only to sink permanently from view shortly 
afterwards. The basic view of the then Lieutenant-Governor, 
Sir Auckland Colvin, had not altered since 1865, when he had 
given Muir his support in this matter : no system had been 
devised for assessing the profits derived from canal irrigation, 
as distinguished from profits due to all ordinary causes, which 
did not involve either serious administrative difficulties or a 
failure to reach more than a comparatively small share of the 
profits liable for assessment. 24 

Entanglement constraints upon pricing aqjustments 

Once it was clear that the overall revenue system was not going 
to be adjusted so as to separate from land revenue the effect of 
canals, the energies of those with an interest in canal pricing 
policies were devoted to bringing about the adjustment of the 
direct rates within the constraints imposed by the revenue 
system. Their focus, in essence, was now more specific, and had 
switched away from the zamindar to settle upon the actual 
cultivator. 

Of the three distinct sources of pressure for higher user 
charges which can be distinguished , the Government of India 
was the most persistent. Its reaction to the 1863 reduction of 
water rates marks the beginning of its long campaign to have 
the rates increased. The Governor-General called for 'readjust­
ment and general increase' of the NWP canal charges and 
insisted that 'such rates as are shown to be fairly chargeable 

23 NWP&O Rev., May 1888, 10. 2+ /bid . 
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having regard to the just claims of Government to a suitable 
return to the capital sunk ... and to the known capabilities of 
the land . .. should be adopted at once, and generally increased 
by degrees as the occasion allows' .25 The government's concern 
to 'obtain for the general taxpayer, by whom the capital is 
provided ... the full value of canal water' 26 was behind its 
resourcefulness in seeking ways of pushing up canal charges. It 
even attempted, in 1869, to have inserted in the North India 
Canal arid Drainage Bill a clause permitting the levy on 
irrigable land not actually taking water during a particular 
season. The precise amount of the levy was to be fixed so as to 
give a 7°/o net return on capital. When this proposal was 
rejected by the London Office,27 it devoted its efforts to 
enhancing water rates to levels based on the principle of 'what 
the market will bear'. 

Although their reasons differed markedly from the Govern­
ment of India's undisguised concern to improve financial 
returns, many revenue officers, too, in the early 1870s argued 
the case for enhanced direct water charges within the existing 
pricing framework. There was broad agreement that existing 
rates were wasteful of water to the detriment of distribution 
efficiency, standards of husbandry, and land revenue; and that 
the rate structure should be adjusted to encourage the more 
careful application of water (perhaps even by encouraging lift 
irrigation), and should attempt to exclude the watering of poor 

' soils since the water could be more efficiently used on better 
soils elsewhere. 28 Their arguments were given greater force by 
the conviction that careless use of flush canal water was 
compounding the environmental problems so obvious to 
observers in the 1870s. Not every officer, however, went as far 

25 PP 1865, xxx1x, Resolution by the Government of India Public Works Department Relative to 
the Canals of the North-Western Provinces, p. 543. 

26 Quoted in Report of the Indian Taxation Enquiry Committee, 192,r5 (Madras, 1926), p. 
I09. 

27 The proposals and objections to them are contained in PP 1870, Lill, Report on 
Irrigation Works in India, pp. 96-8, Sec .. of State to GI, 11 Jan. 1870. The Secretary of 
State agreed in principle with obtaining a full return from users, but felt it iniquitous 
that the cultivators should bear the ultimate burden of cost overruns, inaccurate 
demand projections, and so on. 

28 UPA, BOR, Canal Shelf, Box 2, File 8, Memorandum byW .H. Smith, 11 May 1874, 
pp. 6-7. 
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as Edward Buck, who insisted that the only way to avoid 
'over-irrigation and consequent deterioration of the soil ... in 
the wake of the canal' was to raise the rates to 'a level which 
could only be paid on manured lands' .29 Nor was there much 
support for those few revenue officers who wished to turn the 
clock back and use price enhancements to promote a return to 
using wells. The Saharanpur Settlement Officer, for example, 
was pleased - if probably mistaken - at signs in parganas N akur 
and Gangoh that 'the recent [ 1865] enhancement had happily 
driven the people to use some of their wells again'. 30 

Canal officers, too, frequently looked to rate enhancements 
to check apparent trends they considered undesirable. In the 
early 1870s increases were proposed for the sugarcane water 
rate, 'partly with a view to checking the increase of this crop, 
which has spread rather beyond the cultivator's powers of 
tillage'. 31 A decade later such an increase was still being sought. 
The spread of cane cultivation, encouraged by more efficient 
processing methods, appeared to be interfering with the 
irrigation of grain crops. An engineer on the EJC, arguing for a 
doubling of the cane rate, described the problem: 

No matter what the period of the year a full demand comes on , some 
35,000 acres of sugarcane have to be watered to the prejudice of the 
other crops . . . In 1878 I watched the effects of the sugar demand on 
the Easternjumna Canal. I found it interfered considerably with the 
rabi crops, the early and late maize, and the rice.32 

At the same time, other officers were concerned that the low 
existing rate on indigo was likely to induce its expansion in the 
northern districts . The Superintending Engineer on the EJC, 
for one, noting the way in which indigo cultivation could be 
'forced upon the tenants to the detriment of sugar-cane' , 
reflected Chief Engineer J.G. Forbes' concern that, whether or 

29 NWP PWD(I), Sept . 1873, 92. See also UP PWD(I) , Feb . 19o8, 1, E. C. Buck, Note 
on Fertilization of Sub-Himalayan Lands by Alluvial Deposit; and IRR 187:r4, p. 
cix. 

30 Le Poer Wynne, SaharanpurSR (1871), pp. g8-g . So advantageous were the canals in 
comparison with wells that even in Cawnpore the cultivators were 'read y to pay 
three times the schedule rate provided they get canal water in preference to their 
wells' . (Report of the Irrigation Conference, 11, Discussions, p. 52, Note by N.F. McLeod .) 
It was left to non-price 'debarring ' strategies (discussed in Ch . 3 above) to attempt 
to preserve well irrigation . 

31 IRR 1871-2, pp. iv-v. 32 IRR 18&>--1, p. 2A. 
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not it was desirable for indigo to spread in areas where canal 
water had not yet been devoted to other crops , it was not 
desirable that excessively cheap canal water for indigo should 
oust the established pattern of cropping on the EJC: 

It is to be hoped that the attempt of the manufacturers to introduce 
this dye into the upper parts of the canal may not lead to any further 
increase, since, broadly speaking, it can only do so by elbowing out 
other crops which bring a better return to Government, and by 
occupying land that might be utilised in increasing the food produce 
of the country.3 3 

Despite, therefore, the 1865 enhancement of rates which 
resulted from the Government oflndia's intervention, it is clear 
that the rates were still widely considered to be too low, and 
higher rates than those generally prevailing were indeed fixed 
for the Agra Canal and the LGC when they opened in the 
1870s. The adjustment, however, was a relatively minor one. 
Lift rates were kept at the same level as on older canals, with 
flow rates being twice rather than 1! times the lift rates. 34 This 
somewhat unimaginative change was felt to be justified in the 
light of the clear evidence that the difference between lift and 
flow rates was too narrow, given the differential in labour costs. 

Higher rates, of course, could be instituted on new schemes 
with a minimum of complications . On established canals there 
was the question of whether increased direct charges for water 

1 
would entail reductions in rent (and, therefore, in land 
revenue) due to the fact that the two had become entangled. As 
it turned out, the whole thrust of the Government of India's 
attempt to have the rates raised involved the search for ways of 
bringing about increases which could not be opposed by the 
local government on the grounds that they were unfair to 
cultivators whose revenue assessments had been affected by the 
canal. The quest for a 'legitimate' rate enhancement involved a 
prolonged and intricate chess-like game · played between the 
authorities in Calcutta and those concerned with the day-to­
day administration of the province and its irrigation. 

33 IRR 1881-2, pp . 9, 29, 10C. 
34 For more details on adjustments to occupi er's rates since 1845, see Ansari , Economics 

and Irrigation Rates; and Report of the Irrigation Rates Committee, United Provinces 
(Lucknow, 1939), pp . 12-24. (A copy of the latter is available at the Central Design 
Directorate, Uttar Pradesh Irrigation Dept. , Lucknow .) 
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One important round in this interesting contest took place in 
1879. The Government oflndia elicited an enquiry in the NWP 
into the possibility of moving the water prices on the older 
canals into line with those on the new canals. It reasoned that 
unless it could be shown that the flow-lift distinction 
constituted a recognisable element in the determination ofland 
rents, there was no reason why the flow rates on the older canals 
should not be raised. The investigating officers, W. Irvine and 
E.B. Alexander, could not, as it turned out, detect a systematic 
link between the mode of irrigation and rent levels. Each 
settlement officer in the Central Doab had, noted Irvine, 'paid 
no regard to the character of irrigation in his assessment of 
irrigated lands'. 'Little doubt can be entertained', he con­
cluded, 'that up to the present, rents are paid for irrigated land 
without regard to the source or comparative cost of bringing the 
water on the land. '35 Here, then, was a case where the existing 
system of assessment would outwardly seem to permit an 
opportunity for direct charges for flow irrigation to be 
enhanced: a demonstrable cost advantage to specific cultiva­
tors not apparent in the determined rent levels.36 

There seemed no logical reason why the increase should not 
be approved. None, that is, until the Chief Engineer, Colonel 
(later General) Henry Brownlow, voiced his reservations, the 
principal among which was his concern for specific groups 
likely to be adversely affected by such an increase. He agreed 
that there would be villages (and groups within every village) 
willing to take water at enhanced rates, but that there were 
many others, particularly on the EJC, where the rents had long 
previously come to reflect the availability of cheap water, and 
where tenants could not afford higher canal rates.37 On the 
older canals, only for those tracts which had been recently 

3; NWP&O Rev., Nov. 1879, 20; for the entire discussion, see NWP&O Rev., Nov. 
1879, 3-24. 

36 As was pointed out in Ch. 3 above, Buck's estimate was that in the case of sugarcane, 
a water rate differential between lift and flow of Rs I effectively represented a 
difference of forty to fifty man-days in the irrigation of one acre of cane to maturity . 

37 Brownlow pointed out to the BOR that in some Meerut parganas, cultivators were 
frequently found who paid the high rent of Rs 16 for their sugarcane fields, and 
statutory tenants who paid the high average (all-round) rate of Rs 12 per acre . In 
Bulandshahr, he noted, there were many Thakur and Brahman maurusi tenants 'in 
great difficulties'. NWP&O Rev., March 188o, 23. 
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incorporated into the canal system - and thus where rent levels 
had not had time to absorb the gains - could Brownlow endorse 
the proposed enhancement. 

The Lieutenant-Governor was quick to back the Chief 
Engineer . To lower the rents would clearly have involved going 
back on the earlier decision to leave the revenue system 
unchanged. It would have been unpopular with ;::,amindars and 
'totally at variance with the whole policy of Government'. 
Without such adjustments, the tenants - even those in what 
was the richest part of the Doab - would be set at risk: 'There 
was a strong consensus of opinion', it was stated in the Report of 
the Board of Revenue on the Revenue Administration for 188er-1 , that 
such a water rate increase 'would be prejudicial to the interests 
of the right-of-occupancy tenant and would tend in great 
measure to reduce him to the level of his rack-rented 
brethren'. 38 With the issue set in these terms - and against a 
background of official concern for the protection of hereditary 
land rights- the Board of Revenue was quick to move into line 
with the stance of the NWP Government. 'This virtually ends 
the discussion', they informed the latter in 1881. 'Nothing but 
the most absolute and pressing necessity could justify the 
Government in even running the risk of destroying the 
occupancy tenures of these provinces in this way.' 39 

Given the circumstances, the only way the local government 
considered it could push up water rates was at resettlement, 

1 when it could take advantage of the 'invariable pause' in rent 
increases as landowners attempted to gain a lower 
assessment."° Thus it was in 1892 that the rates on the older 
canals were moved into line with those of the newer systems 
(see Figure 3). But the moves and the countermoves did not 
stop here. When the Indian Government pointed out that there 
was no relation in theory between the owner's and occupier's 
rates, and thus no reason why increases in the latter could not 
be made, the local government replied that a de facto link existed 
and that the owner's rate was generally levied from the 
cultivator, and that to increase the occupier's rate would 
increase the cultivator's burden. 41 When the Board of Revenue 
argued that the occupier's rate was treated by landowner and 

38 RAR 188<>-1, p. 26. 
40 NWP&O Rev., Aug. 1888, 48. 

39 NWP&O Rev., Sept. 1881, 56. 
41 Ibid. 
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tenant as a 'stable factor in the determination of rent', the 
central government came back with the suggestion that the 
upward trend in prices still provided an opportunity to raise the 
water rates if it was done quickly, prior to the absorption into 
rents of the increased cultivating prnfits. 42 

The game clearly became a tiresome one for the UP 
Government, particularly when, in 1899, the central author­
ities appeared to ignore the whole basis of the local 
government's long-standing opposition to rate enhancements 
by requesting a further investigation into the profits of various 
crops and the comparative irrigation costs, the results of which 
were - along with experiments in raising rates - to be used to 
justify higher charges. Apart from being administratively 
inconvenient, the local government considered that the 
exercise would be unproductive beyond pointing to the 'well 
known facts that flush rates are comparatively low, and that 
irrigation from canals is cheaper than irrigation from wells' .43 

The UP Government continued to maintain that it would be 
'impolitic', given the interdependence between rents and water 
rates, to disturb existing arrangements. The most that Indian 
Government pressure could achieve by 1903 was the tentative 
agreement of local authorities that some increases might be 
instituted when the crop prices improved. 44 

The chief reason, then, for the persistence of a system oflow 
direct charges for canal water stemmed from the political 

1 priorities of a provincial government unprepared to break out 
of an historically derived revenue structure. But it is clear, also, 
that the irrigation authorities came to have little faith in the 
practical usefulness of a high price strategy. There were those 
within the department who argued in the early 1870s for water 
rate adjustments to influence irrigation/crop decisions, but the 
Chief Engineer during the key development phase 9fthe 1870s, 
Henry Brownlow, oriented canal policy away from the kind of 
high price policy this implied. Brownlow was opposed to the 
idea of restricting irrigation to the best soils and cultivation, 
since in the Doab this would not lead to the use of the full 
supply. Rabi crops, especially, for·which water was often taken 
to improve yields, were notoriously fickle in their need for water 
(as the variation in irrigation demand in Figure 4 shows), and 

•2 UP Rev., Feb. 1904, 109. • 3 UP Rev., Feb. 1904, 86. 44 Ibid. 
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h~would encourage more cultivators to hold off in the 
hope of rain. On the cost side, Brownlow's view was that there 
were problems in seeking out the 'best land and highest 
market'; such a policy would entail not only higher distribution 
costs, but larger water losses through evaporation and 
percolation as water was led around in search of the best land. 45 

Any attempt to achieve economies in water use by encouraging 
lift irrigation through the pricing structure would only add to 
the loss of water as the supplies were held up in the channels, as 
well as being a burden on irrigators. 46 

Brownlow firmly rejected a high price-limited coverage 
strategy in favour of a low price-wide distribution one. As will 
be shown in the following chapter, this was only in tune with 
the irrigation policy decisions made around this time commit­
ting the department to maximise the extent of coverage of the 
canal system. In effect, this meant that the irrigation service 
would 'look for larger revenues from kharif irrigation, as the 
more highly-priced crops oust the less valuable grain crops' .47 
The highly priced crops would bring higher and proportionate­
ly less variable canal revenues. Pricing was thus rejected as a 
means of controlling the distribution and use of canal water. 
Reckless cultivation - the subject of so much interest from 
revenue officers - would, Brownlow argued, work its own cure. 
Except on sanitary grounds (as in the case ofrice), he was 'very 
averse to checking the increase of any crop by the imposition of 

' higher water rates' .48 Although there were several revenue 
officers still advocating that water use be influenced through 
higher charges, there were others who agreed with Brownlow. 
Alan Cadell, reflecting on conditions in Muzaffarnagar, came 
to the same conclusions as the Chief Engineer. 'The limitation 

45 As it was, estimates put the proportion of the water entering the system which 
actually reached the cultivators' fields at 50% . See Buckley, Irrigation Works, pp. 

270-7 . 
46 NWP&O Rev ., March 1880, 23, Note by Col. H.A . Brownlow. 
41 IRR 1874-5, p. 24. .a IRR 1871-2, p. 6. 

Figure 4. Growth in irrigated area and relationship between rainfall 
variations and seasonal movements in irrigation. (Sources: 'Sum­
mary of Indian Rainfall for Fifty Years, 1875-1924', Memoirs of the 
Indian Meteorological Department, xxv:n ( 1928), pp. 15-108 passim; 
irrigated areas taken from IRR, various years.) 
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of irrigation', he wrote, 'must be affected not so much by 
prohibitive rates, which do more injury in poor tracts than good 
in rich neighbourhoods, but by prudent distribution of canal 
water.' 49 

Cadell suggested distribution based on a fixed proportion of 
village cultivation; Brownlow preferred limiting the time water 
was available as a means of inducing economy. Both 
suggestions played their part in the way water was distributed 
and used, as will be shown in the following chapter. The 
important point is that price was rejected as a distributional 
control, and that from the 1870s there was little support from 
the Irrigation Department for the Government of India's 
ongoing attempts to achieve enhancements in the overall level 
of charges. 

Apart from the 1892 increase of flow rates on the older canals 
up to the levels prevailing on the LGC and the Agra Canal, and 
the 1873 increase in the rate for rice, the level of direct water . 
charges remained static from 1865 to 1905 (see Figure 3). The 
changes that did take place in 1905, though entailing general 
increases in wheat (from Rs 3 to Rs 4 for flow and from Rs 1l to 
Rs 2 for lift) and sugarcane increases for Saharanpur, 
M uzaffarnagar, and Meeru t ( to Rs Io for flow and Rs 5 for lift), 
were, taken overall, far from representing a victory for the 
central government. In fact, several rates were actually 
reduced so as to encourage 'approved systems of cultivation'. 
This was the case, for example, with the reductions in cotton 
and fodder rates. As the Director of Agriculture explained: 

The rate for early sown cotton is now only Rs 2 and rates on fodder 
crops are also low to encourage stall feeding of cattle. The 
Agricultural Department have always urged the great advantages of 
cold weather fodder if animals are to be kept in proper health and 
condition. The ideal which has been aimed at is an early sown cotton 
followed by a fodder crop for cattle ... The real disadvantages of 

49 UPA, BOR, Canal Shelf, Box 2, File 8, A. Cadell, 'Note on the Enhancement of 
Canal Water Rates', n.d ., para . 14. Cadell pointed out that, in his view, a high rate 
policy would endanger the continuation of what he saw as the desirable practice, 
particularly noticeable among the J ats, of taking the best crops and cultivation 
around the entire holding, thereby .manuring virtually all the land in rotation . Thus, 
he considered that to charge high rates 'with the special object of restricting cane 
and cotton to a small area of very highly manured land would be to attempt to 
change the system of agriculture of the Upper Doab'. 
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pushing a commercial crop such as cotton are thus to a large extent 
minimised. 50 

While the reduction was also intended to give rise to the 
production of 'enough cotton of the medium quality to be able 
at least to supply the requirements of the local industries at 
Cawnpore, Hathras and other places in the UP' ,51 it was 
strongly recommended - as was the reduction in the rates for 
indigo - on the grounds that kharif irrigation deposited silt on 
the fields, to the benefit of yields.52 

Nor, moreover, did even the sugarcane enhancement 
manage to endure. The ensuing seasons were difficult ones for 
the northern districts, with sugar-waterings and profits 
stretched thin by excessively dry conditions. Under pressure 
from the Muzaffarnagar-based Zamindars' Association, the 
local council reversed its decision in 1908- just as it was to do 
again in 1924, when it had attempted to raise the water rate for 
sugarcane to Rs 1 2. 53 

The rigidity imparted to the system of direct rates by the link 
with the land revenue system meant also that the structure of 
rates changed only minimally. In fact, the broad pattern of 
charges throughout the period continued to be that of the rate 
structure determined in the 186os. Originally crop area charges 
were roughly calibrated according to the profitability of crops 
and the amount of water they used. This rule-of-thumb guide 

,was still operative at the end of the period.54 Water rates for 
commercial crops, initially set low to encourage demand, 
remained low except where specific circumstances produced a 
consensus in favour of change. Rice, for instance, had its rate 
enhanced in 1873 due to its undesirable ecological conse­
quences and to the related outbreaks of malaria; indigo rates 
were reduced in 1905 in an attempt to counter the dramatic fall 
in its cultivation around 1900. Some rates moved more into line 
with the original aims of scaling the charges to reflect the 

50 UP Rev., March 1916, 52, Note by H.R.C . Hailey (Dir. of Agriculture); see alsoj . 
MacKenna, 'Notes on the Fodder Problem in India', A}I , 1x (1914) , p. 45. 

51 Report of the Irrigation Rates Committee, p. 16. ' 
52 UP PWD(I), Feb. 1908, 9. 
53 Report of the Irrigation Rates Committee, pp. 18-20 . 
54 Ibid., p. 13; sec also Royal Commission on Agriculture, Evidence, vu, p. 174, testimony of 

B. D'O . Darley (CE, UP PWD(I)). 
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amount of water used and the cash value of the crop: gram and 
peas, for instance, were bracketed with wheat until 1905, 
although they frequently took only a single watering and 
fetched much less in the market; paleo, literally a single 
preliminary watering given to often non-commercial crops to 
assist field preparation or germination, was only reduced to the 
lowest rate in 1923, having until that time been charged at the 
full crop rate. Given the constraints on raising the rates it is not 
surprising that the structure of the rates was altered so little. 

Experiments in volumetric pricing 

In theory, most of the problems arising out of the way water 
was used, and which many officials considered could be 
alleviated by price enhancements, might have been best 
tackled through a change in the form of water charge. The 
crop-acre charge, varying according to the general level of 
profits and water use associated with each crop, and divided 
according to whether the water flowed onto the fields by gravity 
or had to be lifted there, was particularly unwieldy as a tool for 
encouraging economy of water use. Engineers had long been 
aware that charging for water according to volume taken would 
clearly have solved many of the problems relating to the 
wasteful use of water and led to increased output per unit of 
supply. Baird Smith's early 1850s field study of Italian 
irrigation systems suggested that selling water by volume from 
the distributary bank was technically feasible, and that a 
modified application of the modulo magistrate used in Lo~bardy 
would be suitable for adoption on the new Ganges Canal. 55 

Although experiments with a local paimana or module system 
were conducted for a number of years, the innovation did not 
prove a success. Central to its failure was the fact that no simple 
sluice had been invented which gave a uniform discharge into 
the village channel when there was variation in the water levels 
in the distributary. A further technical problem was the . 
tendency - particularly in the nearly slopeless Doab di!.tricts, 
where the water velocity in the rajbahas was often insufficient to 

55 R. Baird Smith, Italian Irrigation: A Report on the Agricultural Conditions of Piedmont and 
umbardy, 2nd edn, vol. 1 (London and Edinburgh, 1855), p . 39. 
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keep the silt suspended in the water-for the module to silt up. 56 

There were problems also in preventing the modules from 
being interfered with. On top of these technical difficulties, and 
no doubt partly because of the uncertainties engendered by 
them, cultivators not used to canal irrigation were reported to 
be suspicious of the module and unable to equate measures of 
water volume with their specific irrigation requirements. A not 
inconsiderable part of this consumer resistance must have 
originated in the absence of any attempt, for sound practical 
reasons , to sell to each peasant individually. This, of course, 
compounded the conceptual problem for the cultivator ( of 
having to deal in water quantity) by bringing matters of village 
political economy into the division of the available supplies.57 

A second-best solution, which retained vestiges of the de­
sirable attributes of volumetric charging, was enthusiastically 
promoted from the mid-186os until around 1874, when it too 
was effectively rejected by cultivators for reasons not very 
dissimilar to those which scotched its predecessor. Like the 
paimana system, the sale of water by contract had its 
counterpart in Italy, where a sum per measure ofland formed 
the basis of contract. 58 A village, or part of a village, which 
signed a three-year contract received a reduction of between 
14 % and 18% on the average total sum paid as water rates over 
the previous five years. On payment of this annual amount, 
those accepting the lease were free to irrigate according to their 

' needs, subject only to the size, number, and position of the 
outlets remaining unchanged. 59 As far as the canal authorities 
were concerned, the new system not only provided an incentive 
for users to economise on water, expand irrigation, and switch 
to more valuable crops, but promised significantly to reduce 
administration, since it obviated the need for detailed measure­
ments as a basis for the assessment of water rates, minimised 
the need for supervision, cut the costs of rate collection, and 

56 For detail s, see PRRC 186o-1, pp . 25-6 ; and Swinton, Report of tlu Committee on tlu 
Ganges Canal, p. 23. 

51 IIC, p. 9 I. 
58 Baird Smith, Italian Irrigation, n, p . 165. 
59 Leases (for periods of up to twenty years) had been adopted temporarily on the 

Westernjumna Canal much earlier. These were based, however , on fixed kolabas, 
and problems inevitably arose as changes and improvements were carried out on the 
system . See IIC, p. 91. 
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reduced the opportunities for the abuse of power by petty 
. officials.60 

By 1867-8, around 65,000 acres on the EJC were irrigated on 
three-year contract leases. The gains to such villages appeared 
considerable. According to official estimates, in some years, 
due to economy in water use, contract villages paid rates more 
than 40% below what they would have paid under the 
measured crop rate system. So generally advantageous did the 
scheme appear that some officials even advocated refusing 
water except on four- or five-year contracts. 61 

It was over the division of the gains from reduced water 
charges, however, that the hopes for the contract system were 

· dashed. 'The total want of all co-operation among the 
inhabitants of any one village seems now the main difficulty', 
wrote C.S. Moncrieff in 1866. 'They will not decide among 
each other, how much each person is to pay, so that despite 
manifest advantages to themselves, it is only after long 
inducement that any will enter into contracts.' 62 The problem 
of profit distribution was particularly pronounced among the 
co-partners in the large bhaiachara villages which predominated 
on the EJC. Arranging contracts with such villages - some of 
which contained 1 ,ooo shareholders - necessitated making 
agreements with a few representatives. 63 These were the men, 
usually the dominant cultivators, who were able to 'appropri­
ate, in whatever form, more than their fair share of the profits of 
irrigation, while the weaker shareholders find themselves 
called upon to pay up their share of the contract money ... but 
do not obtain their share of the profits' . 64 Numerous petitions 
were submitted to canal officers on this score, but the matter 
was legally outside the jurisdiction of the Canal Department 
and recourse had to be had to the civil courts, where legal 

60 PP 1881, LXXI , Further Report of the Indian FamiTII! Commission, with Proceedings, Evidence 
and Appendices, pt 111, Appendix v, 'Extracts from the Records of NWP Irrigation 
Branch, relating to Contract Irrigation on the Eastern Jumna Canal ', p . 529 
(extracts from Revenue Reports for 1861-3) . 

61 Ibid., p.531 ( extract from SE's Review ofEJC Revenue Report for 1868--g, para. 26). 
62 Ibid., p. 532 (extract from SE's ReviewofEJC Revenue Report for 1871-2, para . 11). 
63 Ibid., p. 530 (extract from EJC Revenue Report for 1865---6, para. g). 
64 NWP PWD(I) ,June 1873, 10, Note by Nasir Ali Khan (former Deputy Magistrate 

ofMeerut district), 29 March 1873. For more details on the failure of the contract 
system on the EJC, see NWP PWD(I) , June 1873, 1-11. 
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expenses further bit into the profits. When the contracts of 
many villages expired in 1870, those with a large number of 
shareholders and a large area of irrigation did not apply for 
renewal. Moreover, while the number of contracts on the EJC 
fell from 407 in 186g-70 to 83 in 1870-1, the scheme was 
greeted unenthusiastically on the Ganges Canal, where the 
greater abundance of water meant that 'people get as much as 
they need without the necessity of economising their supply' .6, 

·1n the end, as a senior canal official remarked, it became 
'scarcely possible to find an argument in favour of retaining it, 
as far as the benefit to individual cultivators' was concerned. 66 

Some pondered for a time the idea that the interests of the 
individual cultivators in this matter should not give way to 'the 
more important principle, which every wise Government will 
strive to establish, of rendering the people, as far as possible, 
independent of their rulers in small matters of village 
government' .67 Others were more forthright: 'If they are such a 
quarrelsome, impractical set that they cannot avail themselves 
of our offer, and prefer to pay a higher rate for the privilege of 
Government interference, it is no business of ours.' 68 

The failure of the contract system constituted, at least in 
part, a reflection of a cultural milieu centred on the EJC tract. 
The numerous bhaiachara villages generally possessed a greater 
degree of egalitarianism and of anarchic decision-making than 
zamindari villages. Similar, in fact, to the contrast drawn by 

1 Robert Chambers between the socially and economically more 
egalitarian Sri Lankan villages and the clearer hierarchical 
structures typically found throughout lndia. 69 To Dr Cham­
bers, the anarchy present where economic power is less skewed 
produces a need for tighter bureaucratic controls on irrigation; 
whereas the more centralised power balance in hierarchical 
systems enables irrigation to proceed with less disruption from 
conflicting groups. In this context the failure of the contract 

65 NWP PWD(I) , June 1873, 6, BOR to NWP Govt., 25 Nov. 1872. 
66 /RR 1874-5, p. 16A. 
67 NWP PWD(I) , June 1873, 5, SE 4th Circle to NWP Govt., 12 Nov. 1872. 
68 NWP PWD(I), June 1873, 7, SE 1st Circle to NWP Govt., rn Dec. 1872. 
69 R. Chambers , 'Men and Water : The Organisation and Operation oflrrigation' , in 

B.H. Farmer (ed.), Green Revolution? Technology and Change in Rice-growing Areas of 
Tamil Nadu and Sri Lanka (London, 1977), pp . 360-1. 
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system in a region substantially composed of bhaiachara 
communities ought not to be surprising . Certainly, observers 
noted that the 'Mahajan proprietors' had shown their 'superior 
shrewdness' with respect to entering contracts, while the 
Meerut Deputy Magistrate was sure that 'such difficulties' as 
had occurred in bhaiachara villages 'would not occur in a pu~e 
zemindaree estate' . 70 This would especially be so where the 
dominant party possessed, in addition, the sort of quasi­
proprietary right over the village kolaba (outlet) described in 
the chapter which follows. As it was, in the bhaiachara villages 
the costs of conflicts simply outweighed the concessionary 
element in the pricing, and so gave rise to a demand for the 
government to resume its former role in water distribution and 
rate collection as an alternative to additional leverage being 
placed in the hands of the powerful village factions. This 
rejection of the contract system marked the end effectively of 
the attempt to link water charges with volume alone rather 
than with specific patterns of use. 

Effects of pricing policies 

Together, the wider politico-administrative context and the 
specific practical concerns of the Canal Department contrived 
to bring about a situation where low user charges were 
maintained on the Doab canals. The state, as monopolist 
supplier, took, in direct revenue, a relatively small proportion 
of the typical incremental yield value. What effects did the form 
of pricing, and the structure and level of water charges, have 
upon the demand for irrigation, the way irrigation water was 
used, and the distribution of its benefits? 

Form of pricing 

There is clear evidence that the spread of canal irrigation was in 
places held back as a direct result of the entanglement of canal 
and land revenue systems. Settlement reports abound with 
references to zamindars who prohibited their tenants from 
taking canal water to their fields in the years leading up to 

70 NWP PWD(I) ,June 1873, 10, Note by Nasir Ali Khan, 29 March 1873. 
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resettlement, so that their revenue assessment might be kept 
down and they might capture the whole amount of rent 
enhancement after the settlement. In addition, the owner's rate 
appears similarly to have restrained the spread of irrigation. It 
may have been a convenient administrative device, but it 
clearly proved a disruptive influence within the countryside. 
An engineer on the Agra Canal described the problem: 

The chief argument brought against the owner 's rate is that, by the 
friction it has caused between the Zamindars and Cultivators, it has 
hindered the spread of canal irrigation . The Zamindar must either 
get the owner's rate from his tenants or he must pay it out of his own 
pocket, and recoup himself by enhancing the rents of'dry' fields. No 
difficulty is experienced with tenants-at-will, as the Zamindar is free 
to make his own arrangements with them. But if an occupancy tenant 
refuses to pay either the owner's rate or a higher rent, the Zamindar 
must bring an enhancement suit against the man; and after the rent 
has been raised it is to the interest of the Zamindar to prevent his 
tenant from irrigating, as the smaller the area of'dry' fields irrigated, 
the less the amount of owner's rate to be paid by the Zamindar. 71 

Forbes added that the situation would not have arisen had the 
direct charge proposals of Hume and others been adopted. 
Remarkably, he even recommended that, in future enhance­
ment suits against occupany tenants based on canal irrigation, 
'the court decrees simply that the owner's rate is to be paid by 
the tenant' . 

1 Such a perverse ruling would only have been in line with 
reality. Outside some northern tracts (where tenants were 
frequently sufficiently powerful to make the owners pay the 
charge), there was 'every reason for believing that the owner's 
rate has been collected from cultivators instead of from 
Zamindars'. One engineer , Captain P. Marindin, had even 
seen the charge entered on the irrigation statements, orparchas, 
of individual tenants. 72 

The retarding effect of the charge on the spre~ of irrigation 
appears to have been particularly marked in villages belonging 
to large ;:amindars. Tarauli, in Muttra , was just such a case . The 
canal engineer was in no doubt that the fall in the irrigated area 
in this village, from 684 bighas in 1875-6 to 95 in the following 

71 Note by Col.JG . Forbes (1873?), q-uoted in IRR 1'*'9-90, p. 51B. 
72 IRR 1875--0, p. 21B. 



186 Canal irrigation in British India 

year, was very largely due to the maurusi tenants' refusal to 
shoulder the owner's rate. 73 Indeed, some of the most notable of 
such cases in Muttra were to be found among the numerous 
villages there belonging to the temples. 74 The irrigation on an 
entire distributary, the Hasanpur rajbaha of the Agra Canal, 
slumped dramatically in the rabi of 1876 by comparison with 
the nearby Hatim rajbaha, due to the fact that the villages on the 
former distributary were virtually all part of one estate, the 
zamindar of which had demanded an extra twelve annas per big ha 
to cover the levy. In Bulandshahr, too, the combination of the 
owner's rate system and large estates in the eastern parganas 
continued noticeably to retard the development of canal 
irrigation through the 188os.75 

In what ways did the system of charging for water on a 
crop-acre basis affect the manner in which it was deployed by 
cultivators? Perhaps the most significant difference between 
crop-acre and volumetric rates was that, under the former 
system, once the cultivator had made his choice as to which 
crop(s) he wished to irrigate, he effectively faced a fixed charge 
regardless of the quantity of water he used. He may not have 
had the advantage of being able to divert some of the water 
designated for his indigo crop to perk up a nearby juar field 
without running the risk of paying a full crop-rate for that 
watering in addition, but he was able to treat irrigation in 
nominated fields as a fixed cost and to use canal water to the 
point where its marginal product was zero. As far as water 
volume was concerned, the user outlay did not reflect its 
marginal value. Inevitably this produced a tendency to 
wasteful use of water by cultivators and canal villages with 
ample supplies. Thus Le Poer Wynne describes how canal 
water in Saharanpur , rather than being led around the fields 
and permitted to enter on all sides, was generally introduced 
into the field at one point and 'allowed to find its way as it best 
can to all the corners. The consequence is that the soil is turned 
into a quagmire at the end where it enters, is sufficiently 

73 NWP&O PWD(I} , Feb. 1878, Irrigation Revenue Report 1876--7, IOR pagulation 
120. 

74 IRR 1/J8g--9o, p . 5 I B. 
75 MCR, BOR, vu , 14(c), Ser. 2, T . Stoker, AR Tahsil Anupshahr (Bulandshahr}, 

1889, p . 12. See also IRR 1884-5, p. 2B; and IRR 188o--1, p. 3A. 
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watered in the centre, and quite insufficiently watered at the 
other end .' 76 The practice was apparently 'universal even 
among the Jats'. 

In villages where labour was in relatively short supply 
compared to irrigation water, and perhaps land also, it would 
not be surprising to find such behaviour , given the pricing 
system. It is significant that Le Poer Wynne noticed that more 
care was taken to distribute the water evenly over the fields 
when wheat was being irrigated , since this crop was grown 
during a period when canal supplies were usually limited. 77 It 
should be remembered, of course, that while the crop-acre 
pricing system allowed private benefits of the kind described, 
there were social costs to such behaviour . A lower output per 
unit of water would result for the system as a whole , since such 
waste usuall y meant that other consumers were deprived of a 
full supply. There were also social costs incurred in the form of 
waterlogging . 

One of the responses to uncertainty of supplies on the part of 
those consumers unfavourably placed within the canal system 
was to apply more water during their turn than was consistent 
with the achievement of high yields . This action gave some 
protection against losses which would result in the event of a 
delay or shortfall in subsequent supplies. The form of zero 
marginal cost pricing permitted such risk-averse responses -
though inevitably they were part of the cause of uncertain 

' supplies. Again, social costs were incurred in the form of output 
forgone. 

Finally, with respect to the form of charges used, it should be 
asked whether there is any evidence from the volumetric 
pricing experiments of a distinct pattern of water utilisation. 
Senior officials were certainly quick to point out that the 
contract villages seemed to water a larger proportion of crops 
other than sugarcane , opium, and rice; and that the payments 
per acre irrigated in contract villages (lower than non-contract 
, illages by one-fifth in kharif and one-quarter in rabi) could only 
be accounted for by the fact that 'the cultivators irrigating 
from contract kolabas were more careful of their water, and 
by such action were able to make it go further than they them-

16 Le Poer Wynne, Saharanpur SR (1871), p . 139. 
11 Ibid., p .140. 
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selves, or others, under the measurement system would have 
dcine'.78 

The latter observation is clearly consistent with what o~ 
would expect, but an examination of the cropping patterns of 
contract and measurement villages shows differences in the 
proportions of various crops, but no systematic tendency for the 
differences to repeat themselves through time; indeed the 
year-to-year comparisons suggest no meaningful trend one way 
or another. 79 It is difficult to draw any conclusions on this issue 
since, even if we assume no bias in the measurement as between 
the two systems, there is practically no way of telling whether 
the character of contracting villages was in any way systemati­
cally different from that of the non-participants. Tenure, 
village size, location, reliability of the water supply- all might 
influence both the decision to enter into contracts and the 
effects of the different bases of payment. What is clear (and is 
dealt with in the following chapter) is that significant 
improvements in yields, and in net returns from canal 
irrigation overall, still relied upon increased reliability of 
supply. Without this, adjustments to the mode of pricing could 
only have a marginal effect. 

Structure of water rates 

In terms both of the water charge as a proportion of average 
crop value, and of the actual price paid per unit of water taken, 
there is no doubt that the adopted scale of charges favoured the 
commercial crops. In the case of rabi crops, for instance, during 
1865-1905 wheat and gram bore the same canal rate, even 
though gram usually took only one or two waterings compared 
to wheat's four or five and despite the fact that the price 
difference between the crops in the market was frequently five 
to ten seers per rupee . In addition, the practice of charging the 
full crop rate once the paleo watering had been taken also 
worked against the poorer crops. The effectively high-threshold 
water charge induced cultivators to delay taking · a paleo 

78 NWP PWD(I), June 1873, 7, SE 1st Circle to NWP Govt., 10 Dec. 1872. 
79 For summary tables of cropping patterns under the two systems, see NWP PWD(I), 

Oct. 1871, 2 (186g-70 season); IRR 1866-7 (Roorkee, 1868), opp. p. 26 (1866-7 
season , EJC villages only) ; and PRRC 1865--0, pp . 42-3 . 
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watering, in the hope that rainfall would meet the limited 
moisture requirements of these relatively hardy crops. The 
more valuable-and more moisture-sensitive-crops, certain to 
need an artificial supplement to rainfall, were less subject to 
such finely calculated, yet yield-depressing, decisions. 

In practice, however, for all the debate between officials as to 
what constituted an appropriate price structure, the evidence 
suggests that the differentials - and such adjustments as were 
made to them - almost certainly affected crop choice hardly at 
all. In 1873, for example, the rate for rice increased from Rs 3 to 
Rs 5, to discourage a crop which, although profitable, was often 
injurious to local health. Outwardly the measure would seem to 
.have been successful, for the EJC rice area fell immediately 
from 37,750 acres in 18 72 to 2 1 ,480 the following year. By 
1874, however, the rice area had recovered to 35,430 acres. 80 

Evidence suggests that a more effective method ofreducing the 
cultivation ofrice had been carried out in the late 1860s, when 
the previously copious water supply had been progressively cut 
back and the timing of canal closures for repairs and 
maintenance had interfered with rice irrigation. 81 Similarly, the 
1905 reduction in the charge for cotton can hardly be said to 
have inspired the dramatic growth in irrigated cotton of this 
period - and the Director of Agriculture was mistaken to 
suggest that it did - since a clear upward trend was apparent 
from the late 1890s, and an acceleration from 1903-4 (see 

' Figure 5).82 By the same token, the accompanying reduction in 
the indigo rate did nothing to reverse its demise. Only changing 
market conditions could reverse the respective fortunes of these 
largely interchangeable crops - as they did, briefly, in the 
1916-18 period, when indigo factories reopened, advances 
flowed, and uncertainty surrounded the cotton prospects. 
Canal officials looked closely for signs that the 1892 flow rate 
enhancements on the older canals had altered the flow-lift 
irrigation ratio, but could discern no such effect.83 The only 

BO Statistics taken from IRR 1875--0. It can be seen from Figure 5 that the expansion of 
rice irrigation, in fact, followed a long-run trend similar to that of sugarcane. 

81 IRR 1872-3, p. XC. 

82 UP Rev., March 1916, 52, H .R.C . Hailey (Dir . of Agriculture) to UP PWD , 27 Aug. 

1914. 
83 Report on the Seasons and Crops of the United Provinces, 1916-17 (Allahabad, 1917), p . 3. 

(Subsequent references to these annual reports will be abbreviated to S&C.) 
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explanation officials could proffer was that price rises since 
1892 had nullified its impact. 

There are several reasons why canal pricing is unlikely to 
have influenced crop choice. In the first place, the generally low 
overall level of direct charges meant that differentials were 
small, especially as a percentage of the total crop value. Canal 
charges were a larger percentage of total cash outlay, it is true, 
but irrigated cultivation involved a far greater overall input 
commitment, most of it in the form of utilising existing 
resources rather than the paid-out kind, and it was the 
organisation of these resources according to family priorities 
which was more pertinent to the production decision than a 
two-rupee water rate differential on, say, a wheat crop worth Rs 
40--50. The point is really a fundamental one in that it is about 
peasant response to a marketed input. Government officials, in 
their protracted discussions on appropriate pricing procedures, 
were hampered by their apparent lack of understanding of the 
way in which the peasant producer incorporated such an input 
into his operations. The profit and loss accounting framework 
the officials continued to apply to peasant decision-making to 
justify their decisions and recommendations on prices had little 
relevance to the peasant cultivator .Just as the latter frequently 
paid an 'uneconomic ' rent for an extra field because it allowed 
better utilisation of his resources - in particular his fixed stock 
oflabour - in relation to his family's needs, so the realignment 

1 of irrigation charges was likely to be seen within the context of 
the peasant producer-consumer unit, and not simply in terms 
of a p4rticular crop's profitability. In all of the discussions on 
pricing I have examined, only one revenue official, W. Irvine, 
appears plainly to have recognised the implications of this for 
irrigation pricing policies. 'Unless the water -rates are forced up 
to the highest point the best crops can pay, the tenant will still 
irrigate even his inferior crops, meeting the water-rate from the 
margin of profit left on his high class crops. '84 

In other cases, price differentials proved irrelevant to the 
allocation of water between crops not so much for the reasons 
just outlined, but simply because supply conditions were the 
critical determinant of water use. This was the case, in fact, 
84 NWP&O Rev., Sept . 1881, 56, quoted in BOR to Sec. NWP&O Govt., 24 Sept 

1881. 
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concerning the allocation not only between different crops, but 
also between cultivators and between localities. The discus­
sions on the fine-tuning of the rates' structure, in fact, give an 
unreal impression of the extent of choice open to the irrigator. 
In reality, the demand for water, particularly on the intensively 
used Upper Doab canals, habitually outstretched the supply. 
From Aligarh, for example, one executive engineer reported : 
'As a rule (and especially when the market prices are high) a 
much larger area is sown with indigo than the available supply 
is capable of keeping alive. '85 The irrigation needs of sugarcane 
frequently interfered with later-sown crops: in 1876--7, cultiva­
tors could not get water to prepare the fields for mu,yi and had 
to sow fodder crops instead; 86 in 1891, high gur prices caused a 
25 % increase in sugar sowings on the LGC, and such was the 
strain on supplies to keep the crop alive that there was a 
'decrease under other kharif crops'. 87 A situation of excess 
demand - which arose in most years for periods of varying 
duration - meant that allocation became more of an 
institutional process: water was thus frequently not available to 
all those willing to buy. The irrigation decisions of some 
individuals or of groups within the village effectively pre­
empted subsequent decisions regarding the irrigation of crops 
whose growing seasons followed. 

Low level of direct charges 

The maintenance oflow rates throughout the Doab encouraged · 
the use of canal water at the margin. Tracts or individual fields 
with poor soil, peasants with limited resources, and those areas 
and users with an unreliable canal supply could, when the 
chance arose, make profitable use of canal water because of the 
relatively small charge which was entailed . However, while low 
rates did not exclude the marginal users, and thus allowed the 
widest spread of canal irrigation, there is no doubt that these 
rates - together with the price structure favouring commercial 
crops - meant that those villages and cultivators in a position to 
combine fertile soil, effective organisation, and a reliable water 

85 IRR 187:r4, p. 25A. 
86 NWP&O PWD(I) , Feb . 1878, Irrigation Revenue Report 1876--7, IOR pagulation 

79· 87 IRR 18f)1-2, p . 57B. 
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supply were very much at an advantage. This was particularly 
the case in the Upper Doab districts. 88 Theoretically, of course, 
a policy of price discrimination, aimed at still selling the full 
supply but at prices varying according to the willingness of 
different localities to pay, could have increased irrigation 
returns and permitted the increased subsidisation of 'protec­
tive' schemes in drought-prone areas which was desired by the 
Government of India. In practice this option was not feasible, 
since, even in the richer zones, marginal users - especially the 
smaller peasants - were to be found. As on most of today's 
irrigation schemes, therefore, the government had to accept 
that the system would be priced in a way which substantially 
benefited particular groups and regions . 

· Cheap water showed up clearly as a competitive advantage 
vis-a-vis other regions. The extensive cultivation of sugarcane in 
the UP, where conditions were less suitable to its growth than, 
for example, in the Bombay Deccan, was ascribed by the 
Agricultural Adviser to the Government of India to the fact 
that 'the facilities for cheap irrigation have been greater in the 
UP than in other parts' .89 It is clear also that indigo, for the 
cultivation of which the Doab was clearly marginal in terms of 
natural growing conditions, could only have been the major 
cash crop it was during the second half of the nineteenth 
century because of the cost advantage given to it by cheap 
water supplies. 90 

' Canal pricing also had implications for the workings of 
peasant society itself. For some peasant groups, the low and 
falling real direct state charges for canal water- in the context 
of an easing burden of agricultural taxation - gave rise to 
opportunities for capital accumulation and growth. On the 
other hand, however, given imperfect markets, it was feasible 
that the consumer surplus which attached to canal water might 
be siphoned off by existing or new systems of appropriation 
which not only redistributed the benefits but altered the way in 
which the canal water was used. 'Underpriced' water gave rise 

88 The disparities are reflected in the comparative percentages of crops irrigated by the 
Doab canals shown in Appendix 3 below. 

89 W. Sayer, 'Sugarcane Cultivation in Non-tropical Parts oflndia' , Ajl , XI ( 1916), p . 
367. 

90 See Ch. 8 below . 
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to an excess demand and this, combined with a minimum of 
impartial official supervision over the supply, gave rise to a 
plethora of monopolists - working at different levels, from the 
chaukidar patrolling the rajbaha to the zamindar with his indigo 
factory - to prise varying shares of this surplus away from the 
actual user. While user charges adopted were powerless to 
reflect the utility of the irrigation outside areas of marginal 
irrigation, rent levels and· other levies by intermediaries were 
more closely related to the size of productivity increments 
arising from the use of canal water. 

A benign pricing strategy effectively meant that allocation of 
canal water took place largely through administrative and 
bureaucratic channels. Beyond the clumsy technical controls 
over use which could be incorporated into the system, and 
beyond the limited restraining influences of the higher 
administration, canal water filtered into the fields via the 
systems of control and influence which are part of any peasant 
setting. On the one hand, therefore, a range of unofficial levies 
and charges, demanded by those able to exert some control 
over the canal supply, bit into the potential or actual consumer 
surplus and in doing so effectively moved water supply and 
demand schedules more into alignment. At the same time, 
village politics and interest groupings operated to capture 
varying shares of the water and/or its benefits. Rather than the 
price structure being used to control the impulses to agrarian 
change , local circumstances were paramount in determining 
the use patterns arising from the canals, and in determining the 
beneficiaries. The following chapter examines the ways in 
which the design, management, and control of the Doab canals 
gave rise to this situation whereby irrigation was 'absorbed' 
according to the priorities and complexities of the peasant 
system. 



6 
Management, control, and distribution 

The success of an irrigation project clearly depends upon more 
than merely bringing water to the fields. A whole range of 
qualitative characteristics - the timing and predictability of 
supplies, the quantity of water available, and the indirect as 
well as the direct costs entailed in its use - have a vital bearing 
upon the overall productivity of the scheme, the resulting crop 
patterns, and the distribution of benefits between localities, 
communities, and individuals. The previous chapter showed 
how pricing was not at any stage used as an effective way of 
allocating water. A valuable and increasingly underpriced 
resource was thus of necessity allocated through a combination 
of technical and institutional mechanisms. 

The purpose of this chapter is to examine, from the 
particular point of view of water supply and distribution, the 
evolution of the technical design and operational features of the 

' canals over the period, and to relate the observable phases in 
technical development to changes in irrigation objectives, 
managerial practices, and overall administrative control. Once 
it is established how these two elements interacted with local 
peasant society it is possible to understand how the very 
character of the water supply was affected by each phase of 
development, and indeed the terms on which it was available to 
different groups within the canal tracts. 

While the major purpose of this chapter is to discuss 
allocation mechanisms, and the role played by different levels 
of the canal bureaucracy in influencing how water was 
distributed, it is inevitable that an analysis of management and 
control systems should lead to the more general issue of the 
relationship between this pervasive state organisation and the 
rural community. The Canal Department was effectively 

195 
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subject in the pursuit of its objectives to a minimum of outside 
control, and there were many aspects of canal administration, 
other than those relating solely to distribution, which were 
regarded as profoundly unsatisfactory by district officials. The 
final section of this chapter, therefore, extends the discussion of 
management and control of the canal works to consider the 
background and outcome of this interdepartmental conflict 
over 'canal oppression'. 

Initial phase of development: distribution 
through local enterprise 

For at least four decades following the opening of the EJC in 
~ 830, the entire UP canal system was - even by the standards of 
the early 1900s - strikingly unsophisticated in terms of design 
and management. Military engineers, with little practical 
experience to guide them, experimented with designs and 
modes of operation within the tight and fluctuating bounds of 
'ordinary expenditures' charged against the revenues of each 
year. Scarce engineering skills were naturally taken up by the 
main construction tasks; little time and few resources existed 
for the details of distribution, and only gradually did the 
attention of the engineers move beyond the prestigious main 
works to the more mundane activity of establishing an effective 
distributary system. The construction, operation, and manage­
ment of the actual water distribution system was, by default, 
placed in the hands of the irrigating community. 

In its most extreme form, this reliance on local enterprise saw 
EJC irrigation initially effected directly from the canal: water 
was supplied to cultivators' water-courses through cuts in the 
canal bank. Not only was this system wasteful, but it confined 
the spread of irrigation to villages directly on the main canal. 1 • 

Wider distribution in the early years depended almost entirely 
upon adapting natural drainage lines (nu/las) to the purpose 
through the construction of simple earthen dams. Not 
surprisingly, this crude expedient was beset by disadvantages, 
especially waterlogging problems, and the channels quickly 
silted up in any case. After a number of years, to make better 

1 Saharanpur DG (1909), pp . 6o-1. 
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use of the available water supply, provision was made for a 
basic distributary network on the EJC - constructed at the 
cultivators' expense - and such a network was allowed for as a 
matter of course in the plans for the Ganges Canal. 2 

On both canals, the official attitude adopted towards the way 
irrigation was organised and carried out from the bare network 
of government distributaries continued to be liberal, however. 
To encourage irrigation, cultivators were permitted to take 
water through simple cuts in the banks of the raised 
distributaries. 3 A fixed outlet, or kolaba, was not insisted upon, 
and cultivators were free to put outlets 'where they liked, and 
very much as they liked'. 4 Gradually, as cultivators became 
used to irrigating their fields, less informal procedures were 
introduced, and local men, 'either individually, or as repre­
sentatives of communities', then presented themselves as 
purchasers of kolabas, the size and position of which were 
determined by the executive engineers. On the EJC the 
construction costs of government distributaries were realised 
from the irrigators through the charge made for kolabas. The 
charge initially varied according to the cost of the particular 
rajbaha involved and to the area irrigated by the outlet. An 
eighty-square-inch kolaba could thus cost up to Rs 500 . The 
system was subsequently modified, first in favour of a 
graduated scale related to the size and position of the outlet, 
and then, later, a fixed charge of Rs 150 was made, based on the 

1 average cost per kolaba of constructing the rajbahas.5 

The individuals or groups whose durkjwast (kolaba applica­
tion) was accepted had then to arrange for the water to be 
carried from the government distributary to the individual field 
channels within the village by constructing water-courses, or 
guls, of the required length and carrying capacity. In this early 

2 P.T . Cautley, Notes and Memoranda on the Ea.rt Jumna or Doab Canal, North-Western 
Provinces, 1845 (Calcutta, 1845), p. 98. 

3 NWP PWD(I), July 1873, 27, Questionnaire on Management of Private 
Water-<...:mrses, reply to qn. 1 . Information on the operation of the irrigation system 
beyond the government channels is sparse. This proceeding consists of selected 
replies by district and canal officers to a questionnaire on water-course management 
in their respective areas. 4 Ibid. 

5 Ibid. The periodic changes in the mode of charging cultivators for the construction of 
rajbaha.r meant that the costs fell 'in some cases with unreasonable severity on certain 
villages'. NWP PWD(I), March 1872, 51-8 provides examples. 
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phase, guts often bore more resemblance to small rajbahas, being 
on occasion three to four miles in length. 6 The cultivators were 
responsible for the maintenance of both the guts and (until 
1873) the kolabas. Typically a thokdar was appointed for this 
purpose, and the canal authorities interfered only when alerted 
to cases where ill-maintained kolabas threatened the rajbaha 
banks, or where excessive loss of water was occurring from guts. 
The department would then either carry out repairs at the cost 
of the owners or close the outlet until such repairs had been 
effected. The provision and apportionment of water at the 
village level, therefore, was 'a matter settled by the cultivators 
and entirely by themselves'. 7 

The unforeseen consequence ofrelying upon local enterprise 
to facilitate the spread of irrigation, and particularly the sale of 
outlets, was the emergence of durable proprietary rights to the 
water supply, alluded to in the previous chapter. Given the 
terms on which the kolaba was sold, it 'could be transferred by 
the purchaser' and was indeed 'constantly transferred at a high 
premium'. 8 Aside from encouraging speculation, such rights 
gave powerful rural elements an unduly pervasive-and lasting 
- influence over the manner in which water was distributed. 
The Settlement Officer for Saharanpur, writing in the late 
1880s, described the continuing effects of this system: 

Originally ... subscribers were the landowners and cultivators, but 
transfers [of kolabas] were not prohibited, and now a number of 
kola bas have got into the hands of speculators and others, who levy a 
private royalty on all those who use water. By this means several 
villages, which have practically no kolabas of their own, obtain water 
practically on sufferance; while at any time the owner or purchaser of 
a kolaba may apply to have it transferred to another village or 
district. 9 

A specific illustration of the problems which arose out of the 
early system of financing the spread of irrigation on the EJC 

6 Distinguished by the term 'minors' from 1874. 
7 NWP PWD(I), July 1873, 27, Questionnaire, reply to qn. 7. 
6 Jbid., reply to qn. 5. 
9 Porter, SaharanpurSR (1891), p . 12. While Porter's remarks suggest that the problem 

caused by such rights still haunted canal officials around 1890, the 1904 Simla 
Irrigation Conference made reference to the fact that this practice had been 'broken 
down ' , although this is n· t elaborated upon . Report of the Irrigation Conference, 11, 

Discussions, p. 30. 
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involves a group of Bowrea villages near Bidauli, 
Muzaffarnagar. 10 Described by officials as 'a group of wander­
ing thieves', the Bowreas had been settled in the early 186os 
through an arrangement made between the government and 
estate-owner Mehndee Khan. Khan tried unsuccessfully to get 
the Irrigation Department to supply these and other villages on 
his estate with water. Irrigation officials considered the soil in 
the area too porous and therefore wasteful of supplies. 
However, when drought caused the rice to fail in 1864, and the 
Bowreas set out to make raids on surrounding villages, the 
Lieutenant-Governor intervened and it was agreed that a 
rajbaha could be constructed, at Mehndee Khan's expense, to 
carry fifteen cu-secs to this dry area. Khan received a Rs 13,000 
takavi loan to cover construction costs, which he agreed to repay 
over eight years. In point of fact, Khan never did repay the 
sum. While he wrangled over the costs, the irrigation 
authorities came to the view that it would be unwise to bestow 
upon Khan full rights over such a large supply and absorbed 
the costs within the departmental budget. In the interim 
period, though, Khan had a claim over the supply, and had 
proceeded to redirect the available water to the growing 
number of non-Bowrea cultivators he was able to lure to his 
(now irrigated) estate. The Bowreas, undoubtedly unskilled 
agriculturists, no longer served Khan's best interests in his 
capacity of landlord, and the canal officials were unable to 

1 prevent him from depriving many of these tenants of canal 
water. 

On the Ganges Canal and subsequent works such formal 
transferable proprietary rights were not permitted to emerge. 
The charge made for the kolaba covered only its cost, and 
ranged from Rs 2 to Rs 30, depending on whether it was a 
simple wooden frame, an earthenware cylinder, or of masonry 
construction. A specific ruling was embodied in the 1873 Canal 
Act to the effect that outlets were to be constructed and 
maintained at the expense of the government and thence no 
private rights to the outlet or use of water from it could be 
claimed. 11 

10 NWP PWD(I), Nov. 1872, 14-51, Proceedings on Irrigation of Bowrea Villages 
from Bidauli Rajbaha, EJC. 

11 NWP PWD(I), July 1873, 30, Rules for Management of Private Water-courses. 
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In practice, of course, there were numerous ways in which 
zamindars and dominant villagers could ensure that the 
distribution system worked to their advantage regardless of 
such proprietary rights. For one thing, they were free to choose 
a line for the village gut which best served their fields. 12 

Moreover, even where less influential villagers could find the 
resources to bring irrigation to their fields, the very process of 
arranging for the construction of a gut was often an 
impossibility for such men, as R.S. Whiteway discovered in 
Muttra, where he felt irrigation was being held back by leaving 
the construction of 'minor dis tributaries' to the cultivators: 'It 
is easy for a rich landlord to apply to the Collector to have land 
taken up in the next village to make his water course, but 
practically impossible for a petty proprietor to incur the odium 
of an application not only for land to be taken up in the next 
village, but from his neighbour's field.' 13 According to canal 
and settlement officers, it was very common for 'powerful 
elements and their agents' to obstruct even their own tenants 
who wished to take their water-courses along the edges of their 
fields. 14 

The kolaba-purchaser, of course, irrigated by right of 
purchase, and it was not uncommon for ' the applicant for a 
kolaba [to] use the whole of the water drawn off by it, in which 
case [ other interested parties] do not get a share' .15 In cases of 
group purchase, shares in irrigation were normally propor­
tioned according to contributions to the original gut and kolaba 
outlays and non-sharers were accommodated only when there 
was water to spare. Where the demand for water by 
kolaba-sharers exceeded the supply, apportionment was usually 
based on the areas cultivated by each, but . 'very often', 

12 Even the rudimentary system of dis tributaries eventually constructed by Cautley on 
the EJC was tailored to the needs of the 'influential landowners ', and the resulting 
unequal distribution was a source of considerable local discontent. Saharanpur DG 
( 1909), p. 61. Since the pattern of distribution was wasteful of water and frequently 
obstructed drainage, in 1871 the distributaries were 'completely remodelled, 
attention being paid to the conformation of the country rather than the convenience 
of the landowners '. Meerut DG (1904), p. 54. 

13 Whitewa y, Muttra SR (1879), p. 13. 
14 Ibid. See also NWP PWD (I), July 1873, 27, Questionnaire, reply to qn . 33. 
15 NWP PWD(I), July 1873, 27, Questionnaire , reply to qn . 1. 
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observed Cawnpore division's Executive Engineer, 'the stron­
ger parties generally take more than their share' .16 

The possession of a share in a kolaba, particularly when 
combined with social and economic influence, allowed indi­
viduals and groups not only to maximise the proportion of their 
holding receiving canal water, but to ensure their position in 
the distribution of turns for watering from the gul. The actual 
ordering of 'turns' at taking water was usually determined by 
respective shares in kolaba and gul costs. To be high on this 
ordering improved considerably the reliability of irrigation. 
When water was in short supply tatils, or periodic closures, 
were established on rajbahas (and even on large guls, where 
they served several villages and disputes over them became 
intense) . The water channel was divided into sections, each of 
which was designated a period of days during which its kolabas 
would be allowed open and water admitted into the village 
water-courses.'7 In times of restricted supply, therefore, to be 
high on the order for watering turns when the outlets were open 
for irrigation was often the difference between obtaining water 
and obtaining none. 

It ought to be stressed, however, that it would be misleading 
to give the impression that control over the distribution of canal 
water fell at once into the hands of dominant zamindars. It is true 
that those with an interest in the manufacture of indigo often 
had considerable influence over the arrangements for the 

1 supply of canal irrigation, but such cases were the exception. 
Sometimes, a zamindar who was 'more active or more jealous of 
his cultivators than his neighbours' owned the guls and made a 
charge for their use - and it was apparently 'an understood 
thing that the landowner ifhe retains any of his own lands may 
water it first, even if he has no share in his tenants' kola bah' -
but in general, officers found that 'few of the zemindar class 
interest themselves in canal irrigation'. This was especially the 
case with non-resident proprietors, who 'in nine cases out of 
ten' had nothing at all to do with the practical matters of 
irrigation. 18 The most frequent pattern , according to one 

16 Ibid., reply to qn. 7. 
11 Tatils are further discussed below. See also Buckley, Irrigation Works, pp . 282-4, for 

technical details. 
1s NWP PWD(I) , July 1873, 27, Questionnaire ! reply to qn . 33. 
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officer, was for 'the cultivators to do everything, apply for and 
pay for the kolabahs and gaols, and manage them indepen­
dently of the zamindar' .19 

The relevant power structures engaged in controlling and 
directing the supplies of water were typically those of the 
cultivating body within the village itself, and the picture which 
emerges from the enquiry into water-course management 
conducted in the early 1870s - as well as from other scattered 
sources - is one of petty elites often able to reinforce their 
multi-faceted advantages within the village through their 
control over the allocation of scarce water. 20 These village elites 
were not unduly affected as government control extended down 
the hierarchy of distribution channels and progressively 
confined local control to within the village boundaries. 
Government officers were aware that these men could exert 
powerful influence on decisions concerning the allocation of 
water, but for ideological and cost reasons they were committed 
to non-involvement with such village level political processes. 
Except where violent disagreement in a village or block caused 
irrigators to petition the executive engineer to act as an 
arbitrator-for example, to draw up a warabandi, or list of times 
at which various irrigators would have access to canal water 21 -
apportionment was 'in no way interfered with by the canal 
establishment'. The typical official response to such problems 
was to place the onus for solution upon existing village 
institutions. Thus, although the Muzaffarnagar Collector was 
'several times appealed to during ... drought', he 'never 
interfered otherwise than by going to the spot and getting the 
headmen of the village, whether zemindars or moocuddums, to 
take the matter up':22 

Operationally, this phase of canal development - though it 
effectively launched canal irrigation in the Doab, and in a way 

19 Ibid . 
20 Note that the extent to which these advantages could be pressed was restricted by 

the fact that , typically, several kolabas served each village. 
21 NWP PWD(I), July 1873, 27, Questionnaire, reply to qn. 33. 
22 Ibid . The allocative process in such cases is described in detail by F. Bion (EE, EJC) 

in IIC(E), p. 20 : The arrangement embodied in the warabandi would be formalised 
by the canal officer acquiring the signatures of the involved parties on the ikramama 

(agreement). 
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which economised upon government resources - gave rise to a 
noticeably crude system. The reach of the canals was limited 
and the practice of assigning to cultivators a large role in the 
construction, operation, and management of the distribution 
network led to the wasteful use of water in poorly aligned, 
ill-maintained, and environmentally disruptive water chan­
nels, which frequently served the needs of their owners only at 
the expense of nearby villages and fields. 

The design of the canal distribution system was essentially 
based on the principle of 'open flow', whereby a fixed discharge 
flowing continuously through uncontrolled outlets would reach 
the fields through a hierarchy of progressively smaller 
channels, calibrated so as to balance the available supply with 
local demand. The reality by no means matched the theory and 
the system was so technically unsophisticated that . the water 
supply was for many users grossly uncertain. This particularly 
applied to villages and users towards the extremities of the 
system, since these suffered from the ability of the villages and 
irrigators above them in the hierarchy to take water to suit their 
particular needs (either their normal amount when water was 
short , or more than normal when drought conditions pre­
vailed) and thus deprive other users. Part of the problem 
stemmed from the initially permissive attitude towards the 
granting of kolabas. Up to a dozen outlets could serve the same 
village, since individuals and groups of irrigators were free to 

' arrange for an outlet which best suited their needs. Their 
potential drawing power was, moreover, further enhanced by 
the simple expedient of clearing silt from the guls - an exercise 
cultivators were invariably reluctant to carry out without the 
prod of heightened competition for water. 

The canal authorities had no control over this, and indirectly 
contributed to the uncertain supply situation by installing 
during the early decades a grossly defective distribution 
system. If the often quite large guls in the control of zamindars 
were poorly aligned and graded, leaky through lack of 
maintenance, and not at all calibrated in the interests of users 
further down the system, then much the same could be said for 
the government channels. The irrigation system as it stood was 
extremely uneven and inflexible. In its technical and managerial 
aspects, therefore, the system presented considerable obstacles 
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to making more efficient use of the core water supply through 
improving the reliability of the supply and expanding the 
extent of irrigation. 

Transitional phase of development: 
interventionalist policies 

Expanding ambitions and technological constraints 

The reorganisation of the administrative structure and the 
adoption of new methods of financing for irrigation develop­
ment marked the beginning of a new phase of canal 
development in the post-186os period. These changes were 
accompanied by a re-examination of the aims of the irrigation 
service , and its role within the broader administrative system of 
the Raj. One of the policies adopted at this juncture was of 
particular importance in that it influenced the whole nature of 
subsequent canal development in the Doab. In the words of 
Richard Strachey, Inspector-General of Irrigation during 
1866-g, the new policy aimed at 'extending irrigation generally 
and so far as it is possible in a manner that shall to the utmost 
guard against the worst effects of severe drought' . Taking into 
account the rainfall conditions and the extent of well irrigation, 
future works were to be designed on the basis that 'a certain 
normal standard or proportion of irrigated area should be 
regarded as claimable by every district to which water can be 
given' .23 The 'normal standard' settled upon during the 1870s 
was 42.5% of the 'cultivable area' within a village. No canal 
water was to be given to areas with such a percentage under 
well irrigation, and where the well percentage fell short of 
42.5%, provision of canal water was to be limited merely to 
raising protection to this standard. In practice the guidelines 
proved impossible to adhere to,2'~ but the principle was clear: 
equity was to be an important guide in the establishment of the 
distribution system; as many villages as possible were to be 
23 NWP PWD (I) , Jan . 186g, 33, Col. R. Strache y, 'On principles to be followed in 

determining the capacity of the Irrigation Canals in Upp er India ; in regulating the 
distribution of the available water supply to the districts through which a canal 
passes, and to villages or individual cultivators ; and in assessing the charge made for 
the water supplied for irrigation ' . See also NWP PWD (I), Jan. 1869, 32.and 34-45 . 

24 The practical drawbacks to this scheme of 'rateable distribution ' are discussed in 
Ch . 3 above . 



Management, control, and distribution 

served, with a view to maximising protection rather than 
production. 

This principle was brought to bear on another issue being 
debated at this time, that of the 'core' capacity to be built into 
the canals. The debate arose when, during the early 1870s, 
plans were being made to remodel the Ganges Canal so as to 
take account of the projected LGC system with its own intake 
sited in Bulandshahr. Through supplying the lower sections of 
the original Ganges Canal, the LGC scheme would release 
1,800 cu-secs for the upper system (UGC). Some irrigation 
officials, most notably Officiating Chief Engineer Henry 
Brownlow, supported by the Lieutenant-Governor, argued for 
the remodelling of the UGC on the basis of a discharge of6,ooo 
cu-secs, a figure based on the minimum discharge at the 
Hard war head works of the three previous seasons, one of which 
was a drought. The doctrine behind this was that the supply 
should be limited to the largest possible area for which water 
could be guaranteed in the rabi season, when the supplies in the 
river were at their lowest prior to the spring melting of the 
Himalayan snows. Strachey, however, in his 1869 Inspector­
General's directive on the principles to be followed relating to 
capacity, distribution, and water charges, had insisted that the 
minimum supply should be fixed from the average minimum -
not the actual lowest supply, which was of rare occurrence. He 
argued that the extra capacity would allow the use of the ample 

' kharif water supply, and that since the cultivator grew his food 
and fodder crops during this season, full use of the kharif 
supplies would ensure maximum famine protection. 25 Indeed 
Strachey - by this time no longer Inspector-General, but still 
influential in his position as Acting Secretary to the PWD in 
Calcutta - was undoubtedly behind the intervention of the 
PWD Secretariat in the debate over the UGC. 'The good that 
would result to the country at large by furnishing it for a 
number of years with the average supply of water available', 

25 NWP PWD(I}, Jan. 186g, 33. It had not, at this stage, become clear that the 
tendency was for cultivators to decline to water such crops in drought years (see Ch. 
7 below) . One other influence on this decision \\(as the recent experience of famine 
( 1868--g). Then the canals had indeed been shown incapable of keeping alive the 
crops which had been put down in November with the aid of canal water; but, at the 
same time, late January rains had saved an area of rabi crops much larger than 
would even have been sown under a more restrictive policy on canal capacity . 
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wrote the Inspector-General in his I 873 memorandum on 
remodelling the Ganges Canal, 'seemed so to outbalance the 
possible loss that might accrue in an exceptional year that the 
government decided on taking the average and not the 
minimum supply as the standard from which to work.' 26 The 
eventual installed capacity of the UGC was 8,000 cu-secs. 

With project design policies now explicitly oriented towards 
achieving a wider and more even spatial distribution of canal 
irrigation than had resulted from irrigation development 
hitherto, the authorities had to devise some way of rationing 
supplies, not only in order to serve the villages the system was 
being extended to cover, but also to enable them to distribute 
the available water more evenly and improve the reliability of 
supplies to the downstream users. The decisions on capacity 
merely heightened the need for such a control mechanism, 
since they effectively built into the system additional periodic 
shortages. 

Manipulating price levels, it has been shown, was rejected as 
an impractical rationing device and innovations in the actual 
form of pricing had failed. Alternative methods had to be 
devised, therefore, to conserve and ration water supplies. This 
was done through a combination of piecemeal and rudimentary 
technical adjustments and the exertion of increased control 
over the distribution of canal water at the local level. From at 
least 1860, canal officers were engaged in reducing the numbers 
and intake capacity of village kolabas, and in taking over, 
remodelling, and managing the larger of the privately owned 
distributary channels. The technical adjustments were re­
stricted to correcting the grosser defects, and did not at this stage 
significantly reduce the problems of distributing efficiently and 
evenly canal water within a system essentially designed 
according to the principle of'open flow'. To achieve improved 

26 NWP PWD(I), Aug. 1874, 121, Memorandum by Inspector-General oflrrigation 
on Remodelling of Upper Portion of Ganges Canal, 26 March 1873. The Strachey 
guideline on capacity was in fact less radical than that favoured by the 
Governor-General, who advocated setting the capacity according to the ·average 
supply available from 15 June to 15 October, leaving 'the management of the 
cold-weather smaller supply and the system of distribution of the variable quantity 
of water ... for the Engineers to settle in the best way possible'. UPA(R}, Files of 
MeerutCommr., Dept . Iv, File9/I869, Ser. 17, quoted in Memorandum by Col. R . 
Strachey, 29 July 1869. 
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reliability of supply and an extension of the area of irrigation, 
the Canal Department thus had to intervene in a somewhat 
pragmatic fashion to control the flows within each distributary 
network. A dam here, a silt clearance there, combined with a 
system of tatils on specific parts of the rajbaha, were used to 
control the pattern ofirrigation. Enhanced supervision through 
the canal establishment thus accompanied the increasing hold 
the government took over the hierarchy of distributaries during 
this period. Not unexpectedly, this intervention was accom­
panied by considerable conflict between the department and 
canal-users over access to water. This is examined here in two 
dimensions: the straightforward struggle for this vital resource 
which took place between the Irrigation Department and local 
user interests; and the attempts of subordinate officials to 
further their own interests by exploiting their position of 
influence over the supply of canal water. 

Structure of the canal bureaucracy 

It is useful at this stage to outline briefly the structure of canal 
administration during the post-186os period. At the head of the 
provincial Irrigation Branch of the PWD was the Chief 
Engineer, who was also ex o.fJicio Secretary to the local 
government. The Chief Engineer was promoted from among 
the Superintending Engineers, each of whom had general 

' responsibility for a group of irrigation divisions - usually a 
complete canal system - constituting a canal 'circle'. Each 
division contained 60-120 miles of main channel and irrigated, 
within an area of around 1,500 square miles, perhaps 200,000 
acres annually from around 600 miles of rajbahas. Except when 
he was engaged on special duties, such as the projection of new 
schemes, the normal work of an executive engineer was the 
day-to-day administration of his division, 27 in which task he 
was assisted by up to three assistant engineers and perhaps a 
subdivisional officer (all usually trained at Roorkee), as well as 
a deputy magistrate, whose job it was to check the work of the 
subordinates and to deal with breaches of the canal regulations. 
The deputy magistrate, who was promoted from the subordi-

27 See Ch . 2 above for some discussion of the work involved. 
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nate staff, was Indian, whereas the higher posts, particularly 
the senior positions, were for most of the period occupied by 
Europeans - the hierarchy closely corresponding to the 
military rank of the officers who dominated the service until the 
1880s, when civil engineers moved increasingly into the higher 
executive positions. 

At the lower levels of administration, which were organised 
on a subdivisional basis, 28 the subordinate establishment was 
supervised by the ;::,iladar. The size and composition of the 
subordinate establishment differed both over time and between 
areas. The picture is further complicated by inconsistency in 
the job titles used at these levels. It seems, however, that the 
;::,iladar was usually assisted by a deputy, or naib-;::,iladar, and by 
perhaps a dozen suboverseers (illakadars or amins). Apart from 
their important role, described below, in relation to the levying 
of water charges, the latter had a general responsibility for 
seeing that the channels in their subdivisions were properly 
maintained. The actual clearance and repair of channels was 
carried out by the chaukidar, or patrol, of whom there could be 
1 oo within a single canal division. Each chaukidar was assigned 
a section of a distributary - perhaps a length of six or seven 
miles - along which it was his duty to regulate the supply of 
water to villages or irrigating groups, to record and report 
gauge levels, and to note down the fields and crops which 
received water. 

The recording aspect of the patrol's work was watched over 
by the amin, whose chief task was to measure and to report 
regularly on the irrigation taking place in the cluster of villages 
in his charge. He checked the work of six or eight chaukidars 
operating in his villages, and at the end of the irrigating season 
prepared the final record of irrigation in the village khasra. On 
being informed of the date of this exercise the tehsildar was 
supposed to arrange for the patwari to attend. In the early days 
of irrigation it was common for the two officials to go over the 
fields in question accompanied by a team with measuring 
chains, but as time went by reasonably reliable village maps 
became available and they compiled the irrigation list in the 
comfort of the patwari's house. The amin subsequently prepared 

28 The subdivision was the physical area for which an assistant engineer would 
normally be responsible. 
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the khatauni, or final demand statement, and the individual 
parchas were distributed in the village. The ziladar and then the 
assistant or executive engineer were supposed to check the 
khatauni, and possibly inspect one or two of the villages 
(allowing fifteen days for irrigators to object to the assessment) 
before the demand statement was forwarded to the Collector 
and canal dues were collected from the appointed water 
lambardars through the revenue establishment. The lambardars 
received 3°/o on the sum if it was paid within two months. 
Generally the work was done by the patwari, the lambardar 
being 'too illiterate or too lazy to give himself the trouble' .29 

With minor adjustments and small regional variations, this 
was the system through which canal irrigation was adminis­
tered from the 186os onwards. 30 

Departmental objectives and specific local interests 

The conflicts which arose out of the intervention of irrigation 
authorities in the process of local water distribution are best 
illustrated by the clashes between the Irrigation Department 
and indigo planters. Such cases are prominent in the official 
proceedings of the 1860s and 70s due to the significant 
involvement of Europeans, who for various reasons were more 
prepared than indigenous landowners to pursue their 
grievances with the authorities. 

' In one case - untypical only inasmuch as the petition 
emanated from a non-European, Rajah Prithee Singh of Awa 31 

29 NWP Rev., Jan . 1878, 17. See also NWP PWD(I), June 1870, 16, Report of 
Investigation into Collection of Canal Revenue; and PP 1881, LXXI, Further Report of 
the Indian Famine Commission, pt III, pp . 422-3. 

30 There was an attempt at streamlining the measurement process in 1902-3, partly so 
as to allow more time for the work of the subordinates to be checked by senior 
officials, but the rejigging of responsibilities among lower officials involved in this 
plan left gaps in the supervision of distribution; while villagers resented the loss of 
checks against wrong entries by the class of 'recording amins' (recruited from the 
chaukidars) resulting from the exclusion of the patwari from the process. With 
relations with the Canal Department having 'changed for the worse', the original 
system was reinstated in 1911. UP Rev., Dec. 1910, 143; and Royal Commission on 
Agriculture, Evidence, vn, p. 178, testimony ofB .D'O . Darley (CE, UP PWD(I)) . 

31 NWP PWD(I), Sept. 1868, 65, 'Complaint by Rajah Prithee Singh, against certain 
acts of canal officers in the Allygurh Division, Ganges Canal' , 7 July 1867. The 
Rajah had apparently been urged by the Agra Commissioner in 1866 to bring 'any 
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- involved indigo villages along the Pilhutra rajbaha on the 
Etawah branch in Muttra district. The Rajah had four indigo 
factories in the upper sections of the rajbaha, while further 
down, at the Omergurh, a European named Newcomen was 
the agent of a similar factory. In 1867 an attempt was made to 
improve the distribution along the rajbaha and to reduce waste. 
This was general practice at the time, and involved reducing 
the number of kolabas, relocating those outlets liable to cause 
breaching from the high-banked water-courses, and making 
bed adjustments to the rajbaha, thus allowing the removal of 
planks used as dams to raise the water level in the dis tributary. 
As was also common practice, a tatil of three days per week was 
imposed on villages between miles 9 and 1 7 in order to make 
water available for the remaining four miles of rajbaha.32 

The sudden loss of supply to the Rajah's villages resulting 
from the removal in April 1867 of the planks and the imposition 
of tatils prompted the Rajah's agent, Bhola Nath, to petition the 
Canal Department. The petition pointed out that reduced 
canal water supplies endangered indigo contracts with the 
villagers worth Rs 40,000. It also contained a number of 
accusations against canal officials for their harsh treatment and 
oppression. Assistant Engineer Lieutenant Hall's refusal to 
reinstall the planks was interpreted as an act purposely 
favouring Newcomen . It was, moreover, alleged that HaH -
'who often resides at the Omergurh Factory' - had told 
villagers that if they were to enter into contracts with 
Newcomen the water would be forthcoming. There was 
reference also to factory employees who were subjected ' to 
threats and even violent attack by canal officers, and a 
complaint to the effect that villagers had been deprived of 
alternative irrigation from wells since these had, 'agreeably to 
the orders of the canal authorities', been abandoned. 

It is, of course, difficult to disentangle fact from the claims 

inconvenience suffered to the notice of the government, since all government 
officials were aware of difficulties which existed in so large a department as the 
Ganges Canal , and heads of departments would always be ready to listen to what he 
had to say' . NWP PWD(I), Sept . 1868, 71A, Agra Commr. to NWP BOR , 14 Dec. 
1867. 

32 For details of the technical adjustments made on this rajbaha, see NWP PWD(I) , 
Sept. 1868, 70, Report by Lt. B.J. Parsons; and NWP PWD(I), Sept . 1868, 71D, 
Memorandum by Lt . J.G. Hall. 
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and counterclaims made during the enquiry which followed.33 

While the irrigation around the Omergurh factory appears to 
have increased in 1867, most villages along the rajbaha 
eventually received a better supply as a result of the 
improvements. The insensitive timing of the operations clearly 
caused considerable short-term disruption at a stage when 
indigo plants needed water at least every 10-12 days, and only 
a timely bout of rain limited the extent of the losses and made 
the complaint appear premature and exaggerated. The Canal 
Department did concede, however, that well closures - 26 in 
one village - had been ordered by the Deputy Magistrate. 'He 
denied this when I questioned him', recorded the Superintend­
ing Engineer, 'but I dare say he probably did (in his anxiety to 
increase the revenue from his sub-division) bring some moral 
pressure to bear on cultivators to induce them to abandon well 
irrigation.' 34 It emerged also that the Executive Engineer, 
Lieutenant Parsons, had struck the karinda at the Heera Nugla 
factory, 35 prior to threatening to withdraw altogether the 
irrigation to the villages supplying it with plant. The incident 
arose out of the discovery by Parsons that the factory 
establishment had been obstructive in the clearance of several 
feet of silt from the distributary bed, since these deposits 
effectively gave a better supply to the factory's indigo 
cultivators. Labourers from Heera Nugla who had accepted 
advances from the suboverseer had been threatened with 

1 expulsion from the village if they did the work. 36 

An accumulation of bad feeling between the Canal Depart­
ment and a prominent European zamindar named Martin, who 
had a factory in Phaphund (Etawah), culminated in Martin's 
cataloguing a history of trouble with the canal authorities in an 
article which appeared in the Delhi Gazette on 3 September 
1868. This move followed the department's rejection of 
Martin's claim for compensation for indigo lost due to failure of 
water supply, on the grounds that the losses arose because of 
bad seed rather than shortage of water. Martin, who according 
to the Mainpuri Collector was 'always quarrelling with the 

33 See NWP PWD(I), Sept. 1868, 65-7 and 70-71E for full discussion . 
34 NWP PWD(I), Sept . 1868, 52. 
35 Parsons claimed that he was provoked by the karinda's 'impertinent manner and 

style of address'. 36 NWP PWD(I), Sept. 1868, 71E. 
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canal men', 37 complained in a letter to the Agra Commissioner 
that 'year after year, one-third to one-half the indigo crop was 
suffered to be destroyed' by inadequate water due to defects in 
the irrigation works and 'the canal officer's refusal to keep them 
in order'. 38 His ryots had been 'so worried and persecuted by 
[the Executive Engineer] and his subordinates, that they have 
been obliged to give up indigo cultivation for a time', and for 
three years the factories had been 'all but closed'. Now, under 
the impression that the 'ill-feeling' had worn off, Martin had 
made heavy advances in 1867, only to incur an estimated loss of 
Rs 25,000 when 'the canal was again closed against my ryots 
both for irrigation and drainage' .39 

As in the case of the Rajah of Awa's petition, there was 
substance in these claims. 'I have convinced myself he 
[Martin] has good grounds for complaint', recorded the 
Collector ofMainpuri, who had personally inspected the area. 40 

His Etawah counterpart agreed with this interpretation, 
pointing out that although 'mixed-quality' seed was a problem 
in 1868 it was difficult to deny that 'crop failure in many fields 
was due to want of water' Y 

It was in fact the Mainpuri Collector who made the 
observation that is crucial to understanding the true nature of 
such conflicts: Martin, he said, 'has got such a quantity of plant 
that he could scarcely expect perfect irrigation in all fields'. The 
important point here is that all such men with indigo interests 
were committed to both increasing and securing their supply of 
canal water, since this was the key to increasing the supply of 
plant to the local factories. Encouraged by the system of crop 
advances, a substantial part of the crop was speculative in the 
sense that it was sown with the aid of favourable showers and 
exceeded the area for which canal water was reasonably 
assured. 'I think there can be no question', the Agra 
Commissioner informed the NWP Government, 'that Mr 
Martin endeavoured by unauthorised means', including 
37 NWP PWD(I), Feb. 186g, 124, no. 3. 
38 NWP PWD(I), Feb . 186g, 124, no . 8, Martin to Agra Commr ., 30 Aug. 1868. 
39 Martin was referring in this last point (closure for drainage) to the refusal of the 

canal officials to allow a cut to be made in the distributary banks to release 
floodwater held up there . 

40 NWP PWD(I), Feb. 186g, 124, no. 4. 
•1 NWP PWD(I), Feb. 1869, 124, no . 5. 
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offering indigo advances from government tehsil offices, 'to 
inculcate a notion that he would be favoured above all others in 
the matter of canal water, and that he used this advantage for 
the purpose offurthering his speculation in indigo planting'. 42 

' 

It was not necessarily disadvantageous to factory-owners if 
part of this crop failed, since in many instances this merely 
committed the peasant to grow indigo in the following year.43 

More important, perhaps, was the fact that the indigo-planter 
could use the evidence of inadequate water supplies, morally 
buttressed by the sentiment 'my interests and those of the 
people are identical' ,44 to press for the provision of an additional 
and/or less variable water supply. Sometimes, as in the case 
involving Martin, the peasants themselves could be encour­
aged to take their complaints to the district authorities. 
Fifty-eight such claims for redress emanated from Martin's 
villages in 1868, 45 following the circulation of the idea that the 
government would compensate those who could prove loss of 
indigo due to canal water failure. It transpired that these 
petitions were written for the cultivators in the tehsil offices, 
where 'a good deal of the business of the indigo concern appears 
to have been transacted'. 46 

Thus, the sometimes acrimonious disputes over irrigation 
supplies to indigo villages were often simply part of an ongoing 
struggle for resources, and were only partly a reflection of the 
canal's technical inadequacies or, indeed, of'oppression' by the 
canal bureaucracy. The Canal Department sought to protect 
its interests and pursue its broader irrigation objectives. It was 
inevitable that these would conflict with the ambitions of 
certain interests, of which the indigo factory-owners were 
merely the most vocal.47 The allegations frequently made 
against canal officials, though not without substance by any 
means, were often, at base, attempts to discredit a conscien­
tious, and therefore troublesome, local official, in the hope that 
he would be replaced by someone more amenable. 

42 NWP PWD(I) , Feb. 186g, 124, no. 1. 

43 Sec Ch . 8 below for more details on the organisation of indigo production . 
« NWP PWD(I), Nov. 1873, 84, H . Robarts to NWP Govt., 12 April 1873, 
45 NWP PWD(I) , Feb. 186g, 124, no. 8, affixed statements. 
46 NWP PWD(I), Feb. 186g, 122, SE to CE, 29 Oct . 1868. 
47 Sec also the strong complaints ofj. Michel (NWP PWD(I) ,Jan . 1872, 57 and 67) 

and H. Robarts (NWP PWD(I), Nov. 1873, 84). 
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Subordinate officials and corruption 

The conflicts which existed between the canal administration 
and the local community in their respective roles as suppliers 
and consumers of canal se:Yices should, in fact, be distin­
guished from the conflicts which arose when officials pursued 
their own ends by exploiting their position within the canal 
bureaucracy. There were numerous opportunities for engaging 
in petty corruption, some of which were perennial and occurred 
regardless of the level of technical or managerial development. 
It was relatively easy, for example, to falsify irrigation returns, 
giving rise to the impression of one observer that 'a large part of 
the Government demand finds its way into the pockets of 
unscrupulous ameens, zilladhars and canal chowkeedars, 
entrusted with the measurement of irrigation'. 48 Another 
typical example is described by the Collector of Cawnpore: 'It 
is the custom for the canal chaukidars to seize all cattle found 
straying on the bank of a canal, and a great many which are not 
found straying there; and if they are not bribed to release them 
by the owners, the chaukidars hand the latter over to the Canal 
Magistrate to be fined.' 49 

The opportunities to engage in such practices increased 
markedly during the phase when the authorities attempted to 
control through its establishment the distribution of water, 
since this involved a considerably enhanced supervisory role 
for the subordinate officials. With local level supervision by 
engineering officers necessarily minimal, the subdivisional 
establishment gained a certain notoriety in the eyes of district 
officers for their corrupt practices. Indeed, an enquiry into 
canal corruption in Baraut pargana - conducted in response to 
A. P. Webb's allegations against the canal administration 
contained in his 1878 pamphlet, Irrigation Topics50 - concluded 

48 NWP PWD(I), Feb. 1869, 124. 
49 NWP PWD(I) , Sept. 1876, 25, C.A. Daniell to Allahabad Commr ., 13 Feb. 1875. 
50 Reprinted verbatim in NWP&O Rev., Oct. 1879, 62. It is worth recording that 

Webb held what the irrigation authorities regarded as 'an animus' against them. He 
is reported to have admitted that the pamphlet was written as a response to news ofa 
possible increase in water rates . Moreover, he had previously had requests for his 
exclusion from tatils refused and considered the Assistant Engineer discourteous to 
him. See NWP&O PWD(I), Aug. 1881, 8, Maj. C.S. Moncrieff to CE, 7July 1879. 
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that the charge was 'proven beyond the shadow of a doubt' .51 

The investigating officers found that 'unlimited opportunities' 
existed for making illicit gains as a result of the 'practically 
enormous power in [subordinates'] hands for harassing or 
favouring irrigators', and they concluded: 'Very considerable 
gratuities are given systematically to all classes of canal 
subordinates, sometimes in kind and sometimes in money ... 
It is feared not even ziladars are exempt, and of which it is clear 
that the Deputy Magistrate could not have been ignorant.' 52 

Ziladars, it appears, commonly received faslana (harvest) 
payments, either at a rate per kolaba or at a rate per bigha of 
cultivation, and these contributions were often supplemented 
by additional payments to secure considerations such as timely 
first waterings. As well, Baraut cultivators made goodwill 
payments to chaukidars and measuring amins, sometimes at a 
rate per yoke of animals powering the sugar presses. 53 The most 
important additional payment, however, was for the purchase 
of tatil water - that is, for access to water when the outlet in 
question was officially scheduled to be closed. 'We buy tatils', 
admitted the lambardar's agent in Mauza Jangarh (a village 
possessing just one half-kolaba). 'Sometimes we pay Rs 2, other 
times Rs 4.' 54 According to Webb, it was well within the power 
of canal employees to enforce payments or even to precipitate a 
demand for tatil water: 'Nothing is easier', he pointed out, 'than 
to drop a plank into the head of the rajbuha and diminish the 

1 supply.' This was a particularly common practice, he 
maintained, when low supplies endangered cane or wheat 
crops. As an alternative to such exactions, local subordinates 
could enter into lucrative arrangements with dominant 

51 NWP&O Rev ., Oct . 1879, 49, BOR to NWP Govt. , 6 Sept. 1879. Investigations 
were conducted by J .H. Fisher (Meerut Collr.) and Maj. C.S. Moncrieff (SE, EJC) . 

52 Ibid. 'It had even turned out' , Moncrieff reported incredulously to the Chief 
Engineer , ' that [the Executive Engineer 's) own munshi had the night before been 
intimidating the zamindars from giving evidence .' NWP&O PWD(I) , Aug. 1881, 8. 

53 NWP&O Rev ., Oct. 1879, 52,J.H . Fisher to Meerut ;Commr ., 6 Sept . 1879. 
54 NWP&O Rev., Oct. 1879, 35. Such payments were not hidden by the villagers: the 

faslana charge was invariably to be found in the ma/bah accounts (record of village 
cash payments) ; in some villages a malbah-nahr (water-course account) was 
maintained separately by the village bania in the same bahi (account book). The 
recorded total money payments for eighteen villages inspected came to Rs 928 for 
the year . NWP&O Rev., Oct . 1879, 52. 
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villagers - what Webb called the 'strong faction which fattens 
under the shadow of canal favour. These, chiefly lumbardars 
and their relations, in return for large supplies of water promote 
canal oppression in all its forms.' 

The corruption was clearly embarrassing to senior canal 
officials, particularly since it provided yet more ammunition for 
their Revenue Department critics. It is important, however, to 
set the subordinates' activity in context. In the first place, such 
practices were clearly not as universal as many believed. Even 
Webb conceded that on the Ganges Canal, 'where irrigation by 
rajbuha section is, I learn, not general, and water is to be had 
abundantly in many localities', people were 'as a consequence 
tolerably free from oppression born of interference with the 
supply'. Secondly, much of this activity caused a net loss not so 
much to the irrigating community as to the canal revenues. 'It 
is evident enough', investigating officer C. S. Moncrieff 
concluded, that the cultivators 'have not been put to this 
expense for nothing. Measurements have been dishonestly 
performed, lands have been unfairly assessed, water has been 
given out of turn.' 55 In fact, the 'oppression' which was 
apparently so pronounced where tatils were needed to ration 
the short supplies of water might more realistically be seen as a 
'service', through which the chaukidar in particular sup­
plemented his regular pay of around Rs 5-7 per month. So 
crude and disruptive was the tatil system as a regulatory device 
that the operation of the 'informal market' for canal water 
arguably produced more positive than negative effects through 
imparting - for some cultivators at any rate - a much-needed 
degree of predictability to their water supplies. This seems to 
have been the view taken by the Chief Engineer at the time, 
Henry Brownlow, who refuted the idea that the chaukidar was 
'an exceptional villain, who wanders about his beat levying 
blackmail on all who venture to touch canal water'. He was 
sanguine about the prospects of preventing the operation of an 
informal market for canal water given that 'the Zamindars 
themselves see nothing wrong in it' .56 

Why did the tatil system tend to increase the unpredictability 

55 NWP&O PWD(I), Aug. 1881, 10 . 

56 NWP&O Rev., May 1881, 7, letter to NWP Govt., IO March 1881. 
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of supplies? Periodic closures were designed so as to ration 
available water by restricting the time allowed for irrigation in 
those villages affected. They were necessary because, even after 
the reductions in their outlet capacity, villages in the higher 
sections of rajbahas were still able to obtain a disproportionate 
share of supplies by clearing and deepening their guls (and thus 
increasing the rate of intake into village channels) or by 
irrigating at night. Villages at the tails were obviously 
vulnerable to such practices, and tatils were thus imposed on 
upstream villages with the aim of allowing a certain level of 
supply to reach lower parts of the distributary. It was an 
important assumption lying behind the system of rotating 
closures that the water supply in the rajbaha would remain 
roughly constant. In fact, as Webb made clear, in the crudely 
constructed and imperfectly maintained distribution network 
existing at the time, supply was anything but constant due to 
the silting up of channels. Level variations in the main canal 
also played a part in the problem. Frequently, therefore, a low 
supply coincided with the open period allocated to outlets 
along a section and irrigation was sharply curtailed. Since 
compensatory irrigation was prohibited by the department, it 
was clear-as Webb pointed out-that 'if subordinates did their 
duty ... irrigation by these water-courses would be very 
trifling'. As it was, 'the subordinates turn this to pecuniary 
account and affect the desired irrigation'. It was easy to open 

1 upstream outlets out of turn and keep them running all night, 
since it was difficult for an assistant engineer to patrol even ten 
to fifteen miles of dis tributary out of the perhaps 200 miles in his 
overall control. 

There was clearly a close relationship between the wealth of 
a particular village, in terms of the value of crops raised, and 
the level of payments in faslana and for tatil water. Villages 
which were located reasonably near to the heads of distribu­
taries could normally expect full supplies of water, and they 
engaged the services of local canal officials to ensure that 
departmental attempts to spread supplies along the length of 
the dis tributaries did not affect the timing or quantity of water 
available for their intensively cultivated fields. The cultivators 
in these villages were prepared to pay heavily for such 
assurance because, quite simply, many of them could only 
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afford to commit themselves to large areas of input-intensive 
crops if they could rely upon water supplies . Thus the Jat 
villages in Baraut appear to have paid most heavily in the form 
of fas Lana. Shabka Kallan village, for example, made payments 
amounting to Rs 12 on each of its four kolabas. Payments were 
especially heavy in villages where the water-sensitive cane crop 
was grown .57 

Illegal payments decreased with distance along each 
distributary: 'Near the tails of the rajbuhas' , observed the 
Meerut Collector, 'the chaukidar has less in his power and 
payments sink to perhaps nil. '58 In these sections, of course, 
there were usually no tatils applied, and the influence of the 
subordinates was further restricted by the fact that down­
stream villages had developed far less reliance upon canal 
water. Koil pargana statistics confirm that as the distance from 
the rajbaha head increased, the proportion of cultivated area 
under irrigation fell progressively. 59 Moreover, the area under 
valuable crops similarly diminished . Some villages, faced with 
an unreliable canal supply , constructed or maintained sup­
plementary sources of irrigation (an option which was open to 
many cultivators in upstream villages, and which effectively 
impaired the bargaining position of subordinate officials) . 
Many downstream villages responded to the scanty supplies by 
increasing the efficiency with which they used what water they 
did receive . It was in the lower reaches, for instance, that 
attempts at lining channels with roof tiles were to be found, 60 

while kiaris were invariably smaller and guls better maintained 
m many cases . 

Broadly considered, if tatil controls had been properly 

51 NWP&O Rev., Oct . 1879, 49. 58 NWP&O Rev ., Oct . 1879, 52. 
59 Average irrigated area as a proportion of cultivation in Koil pargana villages fell fron, 

76% in villages within two miles of the main canal to 34 % for villages in the four- to 
six-mile range. This applies also to holdings. Empiri cal studies show that at around 
500 yards from the outlet , the percentage of the holding area irrigated is typically 
one-half that of holding s near to the outlets . See R.C . Repetto , Time in India's 
Development Programmes (Cambridge , Mass ., 1971), p . 92. 

60 Royal Commission on Agriculture, Evidence, vn, p . 377, testimony of Dr R. Mukherjee 
(Uni v. of Lucknow ). For a contemporary stud y of how water scarcity encourages 
communit y action to safeguard available canal supplies , see R. Wade , 'The Social 
Response to Irrigation : An Indian Case Stud y' , Journal of Development Studies, xvi : 1 

( 1979), pp . 3-26 . 
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enforced, there would have been a reduction in the difference in 
the quality of irrigation between villages located at opposite 
ends of the dis tributary system. Different expectations as to the 
character of the supply would clearly have affected crop choices 
and decisions on intensity of cultivation. As it was, illegal sales 
assisted the well-placed (and frequently rich) irrigators to 
maintain their levels of cultivation, while every time an outlet 
was illegally running the expected increase in the supply to 
lower villages as a result of tatils was being diminished. 
Inasmuch, however, as purchases of tatils raised the marginal 
cost of canal water, some economies in water use would have 
resulted in upstream villages. These would have been at the 
expense of marginal cultivators and poorly placed holdings or 
fields, thus producing situations such as that described by 
Opium Agent]. E. Hand: 'I have not been able to get all my 
poppy sown on account of the water being scarce; our 
cultivators are not the swell cultivators of the village; the 
Thakurs and the Brahmins get the water first, and by the time 
our men's turn is reached the water stops.' 61 Improved supply 
made available to lower villages would undoubtedly have been 
captured in many cases by the influential cultivators (given 
what we know about distribution within villages), who would 
thus have been given the opportunity to extend irrigation on 
their holdings and grow more valuable crops. 

Phase of increasing technical control 

The subversion of the crude distributional control embodied in 
the tatil system underscored the desirability of reducing the 
discretionary role of the canal establishment in the day-to-day 
distribution of canal supplies. Theoretically, it was not difficult 
for engineers to devise ways of doing this by means of technical 
adjustments to the system: even within the crude open flow 
system, refinements, properly maintained, could provide for a 
more even distribution of supplies. In practice, in spite of the 
fact that investment in project refinement was relatively cheap 
and quick-yielding compared with outlays on new works, it was 
the latter which received most of the funds, and engineers were 

61 l/C(E) , p. 127 . 
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hampered in the improvements they were able to make by lack 
of funds for such schemes. 62 A systematic and carefully 
integrated attempt at remodelling only got under way, 
therefore, in the 1880s. Prior to that, remodelling activity was 
somewhat ad hoc and concentrated on the correction of the 
grosser defects. 

It was advantageous, however, that . by the time the 
improvements were seriously tackled, the government had 
extended considerably its hold over the channels at the lower 
end of the hierarchy of distribution. Most such channels still in 
private hands were less than one mile in length. In fact, this 
control over the distribution network was further enhanced by 
the decision made during the planning of the LGC that all 
principal water-courses would be constructed and maintained 
by the government. This was an explicit recognition of the fact 
that savings in the form of water economies resulting from such 
a policy would more than cover the costs involved. 63 

The remodelling of the dis tributary network reached its peak 
in the 1890s, with 1,400 miles (or around half) of the UGC total 
being adjusted during 1894-1900, and over half the total 
mileage of channels on the Agra Canal and the EJC. The broad 
aim was to reduce waste and to facilitate a maximum area of 
irrigation per cu-sec entering the system, while also dispensing 
with the need to apply tatils within individual rajbahas. The 
principal adjustments were as follows:64 

(i) Channels were adapted to 'command' the country to allow 

62 It is an established fact - though one which , for various reasons , is not even today 
fully acknowledged in development budgetary allocations - that on the basis of 
expected incremental costs and benefits , the improvement and extension of existing 
capacity promises often higher (and more immediate) returns than the creation of 
additional capacity through new schemes . This principle is not confined to 
expenditure on the irrigation system alone: complementary investments in 
transportation especially are likely to increase the returns arising from irrigated 
farming . 

63 Experiments conducted by J. Ivens on the Ganges Canal indicated that water losses 
per mile in village water-courses due to spillage, percolation , and evaporation varied 
from 21 % to 67% of the water entering . Buckley, Irrigation Works, p. 68. The costs of 
the construction of water-courses on the Fatehpur branch were discovered to have 
been recouped in a single season due to a far mote rapid development of irrigation . 
See UP PWD (I), Sept. 1901 , 5. 

64 Described in IIC(E) , p. 137. 
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the substitution offlow for lift irrigation. This was done by 
providing gentler slopes and masonry falls. 

(ii) Distributary channels themselves were adjusted at each 
mile section to carry volumes sufficient to allow water to 
get to the tails instead of being consumed at the heads. 

(iii) Both the numbers of outlets and their sizes were reduced to 
suit the areas to be irrigated ( on the basis of current 
irrigation); many kolabas were repositioned to serve 
water-courses flowing through high ground to command 
tracts on both sides. 

(iv) The lower the velocity, the more the slopes of both 
distributaries and minors were reduced so that the beds 
and sides of channels would not be scoured out but would 
gradually be 'puddled' over the wetted perimeters, thus 
reducing percolation. 

The enlarged distributaries were designed so as to run full 
and on alternate weeks, rather than continuously. This signifi­
cantly reduced percolation losses, while the combination of the 
adjusted distributary capacities and the limitations on kolabas 
meant that it was no longer necessary to tatil sections of the dis­
tributaries, since - theoretically at least - there was now suffi­
cient water to meet the drawing capacity of each village and still 
supply the tails. Distribution control now lay not with the chauki­
dar but with the executive engineer, who simply controlled 

1 whether an entire channel was in flow or not. As a result of these 
adjustments, all villages at the tails of the EJC distributaries 
were reported to have increased their irrigated areas. 65 

The effects of these design improvements were not confined 
solely to the tail villages. The increase in the proportion of flow 
irrigation and the speedier execution of the irrigation process 
contributed to an expansion ofirrigation in most villages taking 
water. Indeed the ability to irrigate a given area in a shorter 
period of time was an important aspect of the system's 
increased elasticity and flexibility in times of abnormal 
demand. 66 A breakdown of statistics for the Anupshahr branch 

65 Ibid., p. 20. 

66 For examples of increased flexibility, see IRR 1905---6/1907--8, p. 26. It was the stated 
opinion of the Chief Engineer H. Marsh that the speed of irrigation had increased to 
the extent that as many fields could be watered in a week with remodelled 
distributaries as were formerly watered in a month . 
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of the UGC provides a good indication of the effects of the 
remodelling overall. The 68,ooo acres irrigated on the branch 
during the dry year of 1877--8 were confined to the upper two 
divisions; the third division apparently received no water at all. 
Remodelling led to progressively larger areas of irrigation on 
the distributary as a whole, and to a dramatic increase in 
tail-end irrigation. In 1899-1900, an area of 100,000 acres was 
watered in the third division, out of a total for the whole line of 
250,000 acres. 67 

Of course, these statistics of expansion also reflect certain 
other technical developments and design improvements which 
enhanced considerably the system's overall flexibility. Prior to 
the construction of the Jani and Kot escapes, for example, 
engineers on the Ganges Canal had trouble in responding to a 
high demand confined to the upper portion of the canal without 
swamping the lower reaches of the canal. 68 The flexibility of the 
core supply was substantially improved by the construction of 
the LGC, with its own head works intake and the facility to pass 
supplies from the UGC system into the LGC by means of the 
Cawnpore terminal line.69 This not only made water available 
for the expansion of irrigation capacity in the Upper Doab, but 
improved levels in established distributaries there and thus 
allowed increased irrigation. Overall flexibility was enhanced 
also by a link-up system with the Agra Canal. Although the 
latter's design capacity was fixed at 1,100 cu-secs, actual 
supply was sometimes as little as 700, and once, in 1892, fell to 
400 cu-secs . The Hindan River cut was subsequently excavated 
to supplement the supply of the Jumna at Okhla, where the 
headworks were sited, and a further supplement could be 
obtained by way of the Jani escape, which connected the 
Hindan to the Ganges Canal. 70 The increasing integration of 
the main channels of supply was supplemented by the 
installation from the 1860s of a telegraph network, which 
enabled a greater degree of fine-tuning within the overall 
system than had hitherto been possible . Supplies in the main 
canals could now be more responsive to localised needs. 71 

67 1/C(E), p. 138. 68 /RR 1871-2, p. 17. 
69 For details, see Triennial Review of Irrigation, pp . 32-64. 
10 Ibid., p. 65; see also Lane , Muttra SR (1926), pp . 5-6 . 
11 See UP PWD(I), June 1903, 1. 
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Increased sophistication had undoubtedly been achieved by 
the time the Irrigation Commission came to review the state of 
affairs in 1901. But a basic doctrine had not been lost sight of: 
water economies resulting from technical improvements 
ultimately took the form of extended irrigation coverage. The 
twin aims of maximisation of famine protection and, within the 
existing pricing system, of maximising direct canal revenue 
pushed the reach of the canal system ever outwards and ruled 
out the use of the benefits of increasing technical sophistication 
for more concentrated and intensive irrigation. The Chief 
Engineer, Sydney Preston, made a telling statement on this 
matter in 1900, when a discussion was taking place as to 
whether to proceed with the proposed Nandgaon distributary 
on the Agra Canal (a project first proposed in 1890 but 
abandoned due to doubts over the adequacy of the canal's 
water supply). One executive engineer maintained that the 
supply was still inadequate. Preston disagreed: 

I am convinced from my own experience, and it is also common sense, 
that we must make the distributary.first, and then we shall.find water for it . .. if 
a new distributary is added , it too in turn will receive its share of the 
available supply . It is true this will be done by withdrawing a portion 
of the supply from the remaining distributaries and villages, but all 
share alike, and it is in my opinion advisable to give as many villages 
as possible the benefit of a share of the irrigation, even if the present 
supply is thereby reduced. 12 

' This basic principle of distribution therefore continued to 
exert its influence on the character of canal irrigation in the 
Doab, and was supplemented in its effects by a process whereby 
the irrigated area would tend to spread in seasons when the 
supply was adequate , and whereby these additional fields 
would ultimately be recognised by the canal authorities as 
having a claim on the water supply. 

This increased flexibility and technical sophistication lay 
behind the expansion in normal irrigated areas from 1 .6 million 
acres in the 1880s to 2.6 million in the late 1890s (see Figure 4) . 
The core supply had not been notably improved; it was simply 
being conveyed more efficiently and spread faster and more 

72 UP PWD(I), Feb. 1903, 2, S. Preston , Project for Nandgaon Distributary , Agra 
Canal , 18 Jan . 1900. Empha sis added . 
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thinly. In the process, major malfunctions had been substan­
tially eliminated, but the policy of maximum coverage, applied 
within a system based on the open flow principle, militated 
against the achievement of supply reliability. Villages at the 
tails were now able to be confident of some supplies during dry 
weather, but still could not rely on either the quantity or the 
timing. Tail-enders on the Anupshahr branch, though un­
doubtedly better served by-the system, still found the supplies 
'capricious and insufficient'. 73 

Chaudhury Mukhtur Singh's testimony to the Commission 
on Agriculture indicates the nature of the continuing supply 
problems. Supplies could be delayed due to the alternate 
closing of the distributaries; routine closures for maintenance 
could often be inconvenient to cane-growers; supplies were 
frequently disrupted by inadequate silt clearances on the part 
of subcontractors; and villages at the heads could still increase 
their share of the water by clearing out their guls.74 The most 
important consequence, Singh pointed out, was the dis­
couragement given to the higher-yielding crops and varieties. 

The growing technical sophistication of the canal system 
inevitably eradicated many of the earlier problems, particu­
larly those of wastefully excessive use of water. As one 
settlement officer remarked in 1901, there was 'seldom now ... 
much margin' for overirrigation. 75 Nevertheless, then, as 
before, the charge could be laid that the distribution policies, 
like those relating to pricing, took little account of water 
management as it related to crop needs; in this, as in earlier 
phases, agriculture had to fit round the irrigation branch 
rather than the reverse. E.C. Buck had clearly recognised this 
tendency in the 1870s: 'One mistake in canal administration 
has been that agricultural conditions have been less studied 
than engineering requirements, and as a consequence the state 
has gained less and irrigated land suffered more than ought to 
have been the case.' 76 Yet the same sentiment was being 

73 Phelps, Bulandshahr SR (1919), p. 3. 
74 Royal Commission on Agriculture, Evidence, vn, pp. 672-4, testimony of Chaudhury 

Mukhtur Singh (Pleader, Meerut). 
75 Gillan, Meerut SR (1go1), p. 6. 
76 See NWP Rev.,Jan. 1879, 92, E.C. Buck (Dir. of Agriculture), Note on Construction 

of Masonry Wells, 7 Dec. 1878. 
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expressed by the Howards forty years later. 77 Low irrigation 
charges clearly played their part in allowing - even encourag­
ing - the perpetuation of an extensive and not particularly 
reliable irrigation system. Departmental policy on rate 
remissions and compensation (discussed next) did nothing to 
force official attention onto this matter. 

Irrigation management and interdepartmental conflict 

To aid their pursuit of departmental objectives, the canal 
authorities possessed a remarkable degree of independence in 
the management and operation of this huge and pervasive 
system. With the exception of the intrusive external influence in 
matters of canal finance, the Irrigation Department for all 
practical purposes functioned as a self-contained and auton­
omous unit in its day-to-day operations, and in many 
important respects this remained the case even after the 
administrative reorganisation of the 186os. Indeed, the 
department could hardly have wished for a more favourable 
operational environment in which to pursue its objectives. It 
controlled the regulation and allocation of supplies from the 
canal, and could substantially determine the distribution of 
supplies from e~tensions; it possessed de facto powers of 
coercion, in that it could threaten to withdraw supplies from 
users who failed to comply with its terms; it adjudicated 

1 offences against its own rules; and it recorded irrigation and 
assessed claims for remission of water rates due to supply 
deficiency (as well as compensation claims for damage or loss 
caused by the works). Given the nature of canal schemes, and 
the permissive framework in which the department operated, it 
was inevitable that the latter would, in pursuing its objectives, 
come into conflict not merely with specific interests within the 
irrigating community, but with non-irrigating interests and 
with officials in other departments whose concerns and 
priorities were not in accord with those of irrigation engineers. 

77 'Up to now irrigation in India has been looked upon largely as an engineering 
problem ... but the real value of irrigation to India depends largely upon a proper 
appreciation of the needs of the crops irrigated.' A. Howard and G. Howard, 'The 
Irrigation of Alluvial Soils' , A}/, xu (1917), p . 199. 
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Such conflicts can be illustrated through a brief examination 
of the Irrigation Department's labour recruitment practices. 
Substantial amounts of labour were needed to assist in the 
operation of the system, and to keep it in reasonable repair. 
Labourers were recruited for such tasks as the annual 
reconstruction of bunds at the UGC and EJC headworks, as 
well as for routine silt- and weed-clearing operations and 
emergency repairs, particularly to banks. For many of these 
tasks, the limited time available for their completion gave a 
certain urgency to the problem of labour recruitment. 

The annual replacement of the UGC head bunds involved 
gathering up to 2,000 men, and canal engineers frequently had 
to resort to compulsion to obtain the necessary labour. 'It is 
useless to deny that labour employed on the headworks during 
the unhealthy season of the rains is not in all respects 
voluntary', admitted one officer, in a memorandum urging the 
construction of permanent head works at Hardwar. 'Allow full 
liberty of action to the labourers, offering even increased ... 
daily wages, and how would the head bunds be repaired?' 78 The 
same problem occurred on the EJC, where it was difficult to 
keep the number of labourers up to the minimum of around 
200, particularly when malarial fever was prevalent and many 
labourers suffering its symptoms found the cold overnight 
temperatures at the heads intolerable. Labourers, procured 
from plains villages 'only with difficulty', often absconded at 
the first opportunity. Literally half the work force could 
disappear overnight - as happened in early November 1869, 
causing the Canal Department to threaten to withhold water 
supplies to those Saharanpur zamindars who, as part of their 
contract agreement with the department, had undertaken to 
supply a certain number of labourers for the headworks and 
had failed to do so. 79 The problem was eased on the Ganges 
Canal by the introduction of a system of leasing out Canal 
Department land in the vicinity of the headworks on condition 
that for every five bighas the tenant would provide one man for 
labour on the works where required, and for every 25 bighas a 
cart and four bullocks would be made available on request. 

78 Quoted in NWP PWD(I), April 1867, 11, Col. W. Morton, Labour Recruitment for 
Ganges Canal Headworks . 

19 NWP PWD(I), Dec. 1869, 68---g. 
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This system provided a reserve of around 300 men and 65 carts 
for the difficult September-October period. 80 

·Engineers tended to be guarded on the subject of compulsory 
labour, since the use of forced labour was only sanctioned by 
formal legislation ( the 1845 and 1873 Canal Acts) for use in 
coping with emergencies, such as where breaches in canal 
banks threatened to cause crop damage. The practice of 
compelling labour contributions, in fact, arose out of the period 
when rajbahas were constructed on behalf of landowners, who 
were granted takavi loans towards the cost. Since local lal>our 
was cheaper than imported professional excavators, it was in 
the interests of the landholders to arrange for labourers to 
attend the works, and the system was extended to silt 
clearances, which were also at that stage paid for by the 
rajbaha-owners.81 The system began to break down, however, as 
prosperity increased in the canal villages, and it became more 
and more difficult for officers to arrange for labour to attend the 
various works. The low-caste Chamars from villages on the 
EJC , C.S. Moncrieff observed in 1866, 'will no longer go at the 
bidding of the zamindar to clear silt rajbahas, much as the 
latter would wish it' .82 In resJ'onse to this development, 
Moncrieff had insisted that villages taking irrigation contracts 
should agree to supply working parties (on the basis of two 
labourers per water-course) at market rates when called upon 

1 
by the canal officer. 'This may seem hard', he conceded, 'but I 
do not know how else to carry on the work which is necessary to 
keep the canal open at all.' 

At the root of the difficulty, according to local estate-owner 
A.P. Webb , was the fact that the irrigation rates of pay for such 
work were somewhat below what might be described as the 
'market rate'. Webb's 1868 complaint about 'labour impress­
ment' for canal works, which in the event foreshadowed his 
subsequent pamphlet attack on the abuse of power by the canal 
bureaucracy, was probably prompted by his losing exemption 
from muddud ( the obligation to supply labourers) following a 
disagreement with a canal official, and thus subsequently 

eo NWP PWD(I) , April 1867, 12, Note by Capt . J. G. Forbes (EE, Ganges Canal}. 
81 NWP PWD (I) , Sept. 1868, 10, Note by CE . 
82 NWP PWD(I) , Feb. 1868, Appendix, 'Papers on the Revenue Returns of the Canals 

of the NWPs, 1855-6', Report by EE on EJC, pp . 35-7. 
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having to supply eight beldars to work on the Kirthal drain or 
risk having his water supply withdrawn. According to Webb, in 
order to overcome the uncompetitive rates paid for canal work, 

canal officials used once to impress labourers, and this brought them 
into collision with · the district authorities. They now make the 
Zemindars and Lumberdars of the villages impress labour for them. 
[The latter,] to save their crops from injury, accompany canal 
chuprassees to the huts of the chamars or labourers, threaten them 
with expulsion from the village, and eventually use violence to them 
and drive them to the canal works.s3 

Another constant irritant in the relations between the 
Irrigation Department and the local community involved the 
way in which claims for compensation and remission of water 
rates were handled. Claims were assessed by the department 
itself, and involved personal inspection by assistant or 
executive engineers. The Canal Department clearly had an 
interest in minimising the revenue loss from such claims, and a 
good many of the field inspections for rate remissions claims 
could be dismissed fairly easily on the grounds that supply 
deficiency was not the sole factor contributing to a particular 
crop failure. In general, as A.P. Webb pointed out, remissions 
were not granted 'unless crops are destroyed', and even then 
only to the level of the lowest crop rate. There was certainly no 
remission according to the degree of damage, on the practical 
grounds, as one officer put it, that the 'notion was absurd that 
engineers should be expected to discuss the outturn of every 
field . . . if the yield does not come up to the owner's 
expectations'. 84 The Irrigation Department's 'tendency to 
minimise the loss arising from deficient, irregular or untimely 
supply of water' was, in fact, well known to revenue officials.85 

The Cawnpore Collector had in 1863 taken up personally three 
seemingly sound complaints of crop failure due to inadequate 
water supply (and a further case ofa charge having been levied 
on a wholly .rain-fed crop) which had been dismissed by the 

a3 NWP PWD(I), Sept. 1868, 31, 'Complaint by Mr A.P. Webb, Zemindar of 
Sown tee, Meerut District, against impressment of labour for canal works'. 

84 NWP PWD(I), Oct. 1869, 15 7, Lt. J .G. Hall, Inspection Report , Kulda Rajbaha, 
Dasna. The statement was made in response to a complaint made by Michel, a 
zamindar from Dasna (discussed below). 

85 UP Rev., April 1908, 45, H .R.C . Hailey (BOR) to UP Govt., 27 Nov. 1907. 
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Assistant Engineer. More than two years later he was to report 
to the Board of Revenue that the claim was still unsettled, 
despite his representations to the Executive Engineer. 86 

Claims for compensation usually involved crop damage 
resulting from breaches of the distributary banks or from the 
use of escapes. The use of escapes to reduce the supply in the 
canal when a sudden fall of rain caused demand to cease, or 
when a breach occurred, involved a particularly unfortunate 
conflict in that the cultivators affected were frequently those 
who did not benefit from the use of canal irrigation themselves. 
As the Executive Engineer for Etawah division pointed out, the 
beds of most rivers and streams which could be used as escapes 
had been for revenue settlement purposes 'declared to belong to 
engaging proprietors'. Many were cultivated right across 
during the rabi season and frequently they were dammed and 
stocked with fish, 'rendering the working of escapes ... a matter 
of serious responsibility' .87 The choice was often between 
allowing a breach to damage high ground or opening the 
escapes and damaging crops along the rivers - as happened, to 
take one instance, in 1869, when the Moondakhera escape at 
Aligarh was allowed to disgorge into the Kali Nadi for a period 
of ten days, swamping rabi crops worth Rs 50- 100,000 growing 
alongside the dry-season channel. 88 

Naturally the canal authorities sought to minimise com­
,Pensation payments, and in this they were aided by the 
understandable reluctance of claimants to become involved in 
costly and drawn-out legal proceedings. A notable exception, 
however, was Mr Michel, of Dasna in Meerut, who owned 
what was reputedly the largest indigo factory in India and 
whose suit for damages is particularly illuminating. Michel's 
suit was for the recovery of Rs 22,736 as compensation for flood 
damage to standing indigo crops in July 1868 caused by the 
negligence of canal officials. He alleged that defective drainage 

86 NWP PWD(I) , Aug. 1869, 101, letter dated 6 May 1865. 
e1 NWP PWD(I), Nov. 1867, 15. 
88 NWP PWD(I), Aug. 1869, 142-7. It should be noted that water entering the Ganges 

Canal at Hardwar took roughly ten days to make its way to Cawnpore through 
channels steadily diminishing in capacity . Escape installations were essential for 
dealing with the inevitable variations in demand which could take place during that 
period. 
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arrangements and the overflow of rajbaha banks caused a loss in 
outturn on 1,500 bighas of 38,000 maunds of indigo, worth Rs 
22,736 (net of production costs) as manufactured cake. 89 The 
suit had been brought as a result of Michel's dissatisfaction 
with the normal procedures for compensation claims. The 
department's view was that natural drainage defects were the 
responsibility of individual landowners and that its liability for 
the damage extended to only 76 bighas, and on that area was 
restricted to the value of the crop lost. 

Although the Lieutenant-Governor made known his view 
that the department should have come to an arrangement with 
Michel prior to this stage, canal officers were less inclined to 
seek a compromise. 'Had Mr Michel not been a European 
landholder', a senior canal official noted in a letter to the NWP 
Government, 'it is doubtful if his claims would have been 
admitted by executive and superintending engineers as far as 
they have been.' He suggested that Mr Michel 'be left to try his 
remedy in the civil court' 90 and was backed fully by the Chief 
Engineer. 'If we give way to an unsound claim', the latter 
pointed out, 'they will arise all over the country.' 91 Nonetheless, 
though they accepted that the government's case was a 'very 
good one', the irrigation and revenue officials who met in 
September 1868 to discuss how best to proceed with the case 
were agreed that decisions of courts of justice were inclined to 
be 'erratic', and that under the circumstances it was best to seek 
a compromise. 92 It was decided that the government should 
offer to execute the drainage works at its own expense, and that 
a payment of Rs 1 ,ooo should be allowed to Michel for 'anxiety 
and mental wrong'. 'That admits nothing ' , one of those present 
remarked, with an eye to future liability claims. Michel 
subsequently withdrew the suit. 

As was explicitly acknowledged, however, the innumerable 
compensation claims of the less influential received more 
cursory treatment . Take a typical claim, such as that for 

89 NWP PWD (I), Dec. 1869, 16--38, 'Mr Michel's suit against Government ' . 
90 NWP PWD(I), Dec. 1869, 26, Maj . H . A. Brownlow (SE) to NWP Govt ., 6 Aug. 

1869. 
9I NWP PWD (I), Dec. 1869, 28, Note by Col. W. 'Greathed . 
92 NWP PWD(I) , Dec. 1869, 36, Maj . H .A. Brownlow (SE) to NWP Govt. , 13 Sept. 

1869. 
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damage to fields temporarily taken up for purposes of repair to 
rajbaha banks. C. A. Daniell, Collector ofCawnpore, in a letter 
to the Allahabad Commissioner described the damage he had 
observed locally, pointing out how contractors found it 
convenient to take the manured soil to a depth of up to three 
feet over an area thirty to forty yards square, effectively 
returning to the cultivator 'a saturated pit' .93 Since it was 
difficult for a canal officer to inspect and settle all such 
compensation cases, the matter, Daniell wrote, 'falls into the 
hands of some native subordinate, who knows that ifhe gets the 
job over quickly, and silences complaints, his conduct is not 
likely to be enquired into. A little bullying, a strong assertion 
that it is no good holding out for higher terms and a compulsory 
razinama taken from the man whose cultivation is destroyed, 
settles the matter.' The 'trifling sum' received in compensation 
for such damage was undoubtedly the typical experience. 

Concern over the pervasive and unaccountable exercise of 
powers by the canal bureaucracy lay behind attempts in the 
1860s and 70s to regulate the activities of the canal service, and 
indeed to transfer some of the functions of the irrigation branch 
to other authorities. The main pressure for this change 
emanated from the Revenue Department, whose officers in the 
Doab districts daily came irito contact with the operational and 
administrative defects of a service which seemed to impinge on 
almost all aspects of their local duties . The post-Mutiny 

1 
settlements in the canal districts kept in the official gaze a 
catalogue of problems arising out of the technical and 
administrative shortcomings of canal irrigation. These have 
been discussed in earlier chapters, and notably included the 
conflict between water distribution policies which maximised 
immediate canal revenue as against those which would have 
increased long-term land revenue. There was as much concern 
over the effects of the canal on standards of husbandry, and 
over the lack of agricultural knowledge among canal engineers. 
In addition, petitions and complaints received by district 
officers on their rounds kept them in mind of the numerous 
petty annoyances associated with a bureaucracy operating a 
technically crude instrument of irrigation and supervised in its 

93 NWP PWD(I), Sept. 1876, 25. 
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official and unofficial activities by a tiny corps of overstretched 
European officers. Moreover, even these officers could be found 
perpetrating 'arbitrary acts', such as the stoppage of supply to 
whole villages for transgressions committed by one or two of its 
inhabitants ( as, for example, in cases of forced labour 
recruitment, which revenue officers considered to be 'against 
the idea of free markets and the liberty of the subject').~ 

This was the background to an experiment, conducted in the 
face of 'vigorous resistance' by the canal authorities, in handing 
over the irrigation measurement duties to the revenue 
authorities in the early 1860s. Under the existing system, the 
handling of the revenue side of canal irrigation was divided 
between the Revenue and Irrigation Departments, with the 
irrigation officials measuring and recording the irrigation and 
compiling a list of payments due from individual irrigators, and 
the actual collection being undertaken through the revenue 
authorities. It was, of course, unsatisfying to district officers to 
have to enforce final demand statements which, they knew from 
experience, sometimes included dues on fields which had been 
inadequately irrigated or not irrigated from the canal at all. 95 

Revenue officials thus welcomed the scheme, which promised 
also to reduce establishment costs and introduce a check on 
corruption and inaccuracies. In practice the new scheme was a 
failure and was dropped after two years' trial in Meerut and 
Etawah. Far from reducing costs, in a heavily irrigated district 
like Meerut, it severely disrupted the work of the tehsil revenue 
establishment; it was, moreover, particularly disruptive to the 
Canal Department, since the requirement that the ziladar, 
naib-;:_iladar, or suboverseer had to accompany each measuring 
party effectively meant stopping 'the entire current work 
of the canal for about three months every year, as each sub­
overseer's whole time would be employed with the measuring 
parties'. 96 

94 NWP PWD(I), Feb. 1869, IOI, proposed North India Canal and Drainage Bill, 
marginal note to para. 82. 

95 PRRC 1864-5, pp. 23-4. The intended use of the village maps (where they existed) 
instead of the measuring chain to speed up the operation was hampered by the 
frequent non-attendance of the patwaris. On the problems caused for tehsil revenue 
operations by the extra burden, see NWP Rev., May 1866, 23. 

96 They were also annoyed by such instances of bureaucratic insensitivity as that 
complained ofby the Cawnpore Collector in 1865, where the water rate demands 
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It was, in fact, the judicial arrangements which particularly 
upset the district officers, since these were such as frequently to 
deny the cultivator effective right ofredress for injury or abuse 
of his rights. Critics pointed out that the system whereby 
offences against canal regulations were handled internally- by 
executive or assistant engineers, or by deputy magistrates-was 
unsatisfactory on several counts. They argued that the officers 
assigned to deal with such cases, particularly the young 
assistant engineers, often possessed insufficient understanding 
of and sensitivity towards local customs, tenures, and rights. 
More importantly, it was asserted that the officers concerned 
often lacked the necessary legal knowledge. This was clearly 
evident in the case involving the villagers ofByree, described by 
the Cawnpore Collector in a letter to the Board of Revenue. 
Some of the villagers had been reported by the suboverseer for 
stealing water during tatil. All were brought before the Deputy 
Magistrate by the local chaukidar, without formal summonses, 
and eventually fined or imprisoned for fifteen days in default. 
No evidence for the prosecution had been examined, and, in 
fact, from their statements the men appear merely to have used 
water which had escaped from a breach in the distributary. 
'That is', the Collector summed up, 'without evidence for the 
prosecution, and brought into court perfectly illegally, they 
were convicted of what is not an offence under the act. '97 

Most of the criticism, however, was directed at what was 
1 described as the 'abnormal and ~nexpedient arrangement (and 
one peculiar to the canal department) to have the Canal Act 
offence reported, prosecution conducted and judgement given 
by canal employees' .98 The Board of Revenue complained 
strongly to the NWP Government inJ une 1869 that the existing 
system whereby 'the judge, and plaintiff or defendant are 
virtually one and the same thing' violated the principle 
embodied in the maxim nemo debet esse judex in propria causa.99 

Moreover, to add to district officers' dissatisfaction with the 

distributed in one area had been drawn up not in Hindi but in Hindustani 
characters, which 'not one in a hundred can read'. NWP PWD(I), Nov. 186g, IOI. 

97 NWP PWD(I), Aug. 186g, 101, letter dated 6 May 1865. 
98 NWP PWD(I), Oct. 1876, 3, Report by Civil Administration Committee on 

Irrigation Administration. Moreover, the fines imposed by such officials were 
credited to the Irrigation Department as 'miscellaneous receipts' . 

99 NWP PWD(I), Sept. 1869, 95. 
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state of affairs, an appeal against a canal deputy magistrate's 
decision in a criminal case was adjudicated by his depart­
mental superior and not by the magistrate of the district to 
whom this official, quoad his criminal jurisdiction, was sub­
ordinate. 

Considerable pressure built up during the 1860s in favour of 
reforming the system. To the 1867 recommendation of the 
NWP Judicature that an independent tribunal be established 
to handle appeals from the decisions of canal magistrates was 
added a more comprehensive proposal from the Board of 
Revenue in 1869. The latter suggested that canal officers 
should not be 'entrusted with the decision of disputes among 
consumers of water; the cognizance of complaints regarding a 
deficiency or total deprivation of the supply of water; or 
regarding incorrect measurements and charges made for water 
taken from sources other than the canal'. It was argued that 
these matters should be handled by the tehsildar, with appeal to 
the Collector. 100 

Irrigation officials acknowledged the need for some change. 
'The development of irrigation has outrun its administration, 
which needs to be conformed to the requirements of the time', 
admitted the Chief Engineer, when responding to the board's 
proposals. 101 But the department steadfastly resisted attempts 
to reduce the extent of its administrative responsibility. It 
based its case against the board's proposals to deprive it of its 
judicial role with respect to canal offences, and its role in 
relation to complaints and claims for compensation, on the 
practical advantages of the existing system. It insisted that 
'on-the-spot' justice administered by canal officials, involving 
fines of less than Rs 50 (and averaging in fact only Rs 3-4), 
allowed cases to be dealt with promptly, without tying up canal 
officials as witnesses, and was actually preferred by the people 
'to the more tedious process of the law' .102 The department also 

100 NWP PWD(I), Sept. 1869, 95, BOR to NWP Govt., 14June 1869. 
101 NWP PWD(I), Sept. 1869, rn7, Note by Col. W. Greathed. 
102 See arguments in favour of the existing system by successive Chief Eiigineers, 

Greathed and Brownlow, in NWP PWD(I), Sept. 1869, rn7 and NWP PWD(I), 
Oct. 1876, 6, respectively . The Allahabad Commissioner supported the Canal 
Department argument on this point: 'Nine men out often prefer to pay a small fine 
and not suffer detention to being kept from their work until witnesses can be 
summoned and their cases decided at regular trial.' NWP PWD(I), Oct. 1876, 4. 
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pointed out that there was often little to choose between a 
tehsildar and a deputy magistrate in handling such cases. 

In the event, the Canal Department retained its judicial role 
and its right to adjudicate claims for rate remissions and 
compensation. The only significant adjustment in functions 
was that canal officers were made subordinate in their 
magisterial role to the magistrate in the district in which the 
case was tried, 103 rather than to the Sessions Judge, as had been 
the case previously. The change had been vigorously opposed 
by canal officers, one of whom argued against the proposal in a 
manner which illustrates the distrust which existed between 
the two departments: 

I think that the appeal would very often be taken up by a District 
Officer with an unconscious bias against the Canal Officer . The latter 
belongs to a different and independent department, of which the 
Magistrate (being also Collector) has never heard much good. I think 
I am only stating a fact when I assert that most Collectors have an 
undefined feeling that every Canal Officer abuses his power.104 

That the 1860s proposals for the transfer of functions to the 
Revenue Department were unsuccessful is partly explained by 
lack of interest in radical change on the part of the 
Lieutenant-Governor, Sir William Muir. The latter's role in 
resisting significant changes in relation to pricing have already 
been discussed. The 'Report by the Civil Administration 

1 
Committee on Irrigation Administration' shows clearly that 
the extent of change the Lieutenant-Governor was prepared to 
countenance was restricted to the requirement that engineers 
should pass examinations in criminal procedure and the Canal 
Act (and its circulars) before being invested with magistrate's 
(second-class) powers. 105 Administration of irrigation was 
tidied up, regularised, rather than being significantly altered. 106 

There was another argument in favour of what was described 
as 'professional' (i.e. engineers') management of irrigation as 

103 NWP PWD(I), Oct. 1876, 3, Report by Civil Administration Committee on 
Irrigation Administration. 

104 NWP PWD(I), June 1868, 63A, Note by SE 1st Circle, , Nov. 1867. 
105 NWP PWD(I), Oct. 1876, 3, Report by Civil Administration Committee on 

Irrigation Administration . 
106 See in particular the rules clarifying administrative procedures issued on 22 June 

186g. NWP PWD(I), Aug. 186g, 28. 
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against the 'non-professional' control of revenue officials. This 
argument was first articulated by the Inspector-General of 
Irrigation in 1869, and served as a standard objection to change 
whenever administrative arrangements concerning the canals 
came under official scrutiny. 107 This view did not dispute that 
'non-professional' management could offer certain advantages 
arising out of knowledge possessed by district officers in 
matters relating to village customs, agricultural practices, land 
rights, and so forth. Such knowledge was conceded to be of 
value in the management of irrigation at the ground level. In 
favour of'professional' management, however, was the need for 
the technical skills of the engineer, not only in the operation and 
maintenance of the system but in all manner of decisions on 
drainage, water distribution, extensions, and the arbitration of 
disputes. In particular, the efficiency and long-term develop­
ment of the system overall was more likely to be brought about 
through 'professional' management. The improvement of the 
system, by this argument, relied upon the engineer's close 
association with its operation and his involvement with the 
whole process of irrigation. 108 Deprived of the control of his 
irrigation, one official made clear, the interest of the engineer 
would vanish, and those forced to devote their time to 'silt and 
jungle clearances and to repairs of bridges and culverts [ would] 
merit a place among Engineers no higher than the much 
despised whitewasher of barracks' .109 

As things transpired, the administrative adjustments made 
in the 186os and 70s were oriented more towards increasing 
consultation between the Revenue and Irrigation Departments 
- notably in planning new canals and extensions - than 
towards significantly altering the balance of administrative 
responsibility and control. Subsequent experience would 
appear to support the Canal Department 's view that the 
long-term development of the canal system was best assured 

to7 PP 1870, Lill , Report on Irrigation Works, pp . 55--6, R. Strachey (Inspector-General of 
Irrigation) to Sec. GI PWD, letter 57, 8 May 186g. 

108 It would be unfortunate, Strachey argued, to exclude from management those 
persons best able to improve the canals' usefulness simply because 'they are not 
likely to have sufficient respect for the ignorance of the past ' . Ibid., p. 56. 

109 Sec PP 1881, LXXI, Further Report of the Indian Famine Commission, pt 111, Appendix C, 
Maj . C.S. Moncrieff, 'Note on the Administration of Canal Irrigation'. 
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through 'professional' management. The Irrigation Commis­
sion pointed out in 1903 that the 'dual control' system in 
operation in Madras and on the older systems in Bombay was 
in many respects unsatisfactory, and concluded that it was 
doubtful 'whether any of the improvements in distribution 
which have been made on the Northern India canals, would 
have been proposed if the canal officers had been responsible 
only for the maintenance of the works. Under a dual control it 
would have been no-one's business to initiate them.' 110 

Canal irrigation in local society 

This chapter has shown how a vital agricultural input was, at 
the outset, delivered into the hands of the individuals and 
groups of men prepared and able to put resources into 
spreading the canal water through the countryside. It was used 
to accumulate wealth, and as an important element in the 
competition for local influence and power. Gradually, as the 
state fixed upon clearer aims with regard to irrigation 
development, it was necessary to ease out local zamindars and 
cultivating groups from their roles as financiers, builders, and 
controllers of local distributary works. The chapter has dealt 
with the complex interaction between a bureaucracy, the size, 
power, and influence of which expanded significantly as the 
government extended its control over irrigation, and the local 

1 community. Finally, it has shown how a subsequent phase of 
irrigation control through greater technical sophistication 
tended increasingly to confine the struggle for influence 
relating to canal irrigation to within the boundaries of the 
village. The power of the subordinate establishment, though it 
by no means disappeared, was significantly diminished during 
this phase. 

Within the village, of course, the canal water represented a 
vital input which was to weave itself inevitably into the 
complex patterns of village relationships. Because in most 
villages the water was often relatively scarce as a result of policy 
decisions, and because it was relatively valuable ( underpriced) 
as well, it was inevitable that - with the government reluctant 

110 IIC, p. 103 . 
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to intrude in village level distribution - allocation would have 
to take place through institutional means, and that such 
structures would favour the influential villagers. 

The dramatic effect the canal had in most areas obviously · 
produced new opportunities for families to rise in the economic 
and social order - opportunities additional to those arising out 
of the cycles of demography and fortune which affected all rural 
households. But because it was ultimately allocated by 
institutional means, established social and political channels 
tended to exert a major influence over the way it was used and 
who reaped the benefits . If the dominant cultivators chose to 
use these supplies primarily for their own sugar and wheat 
fields- and undoubtedly it was the more substantial cultivators 
who had the capital and land resources to obtain the highest 
returns from canal irrigation - then they derived important 
advantages with respect to such matters as gut-siting and the 
ordering of watering 'turns'. If the dominant villagers ~ 
particularly the large landholders unable or unprepared to 
mobilise the resources necessary to exploit the canal fully 
through direct production - preferred to add canal water to the 
list of factors (such as land rents and crop loans) from which 
they derived their 'intermediary' income and influence, then 
they usually possessed the control (such as contacts with the 
canal bureaucracy) to reinforce this. Either of these groups 
would be likely to respond to new opportunities according to 
their perceived interests, and the precise effect of the canal 
would vary accordingly. 

Institutional control over the allocation of canal water thus 
meant that the input was 'absorbed' into the local economic , 
social, and political environment. This would appear to have 
important implications in two areas . The first of these relates to 
the role of canals during famine, and the nature of the 
protection they provided; the other involves the whole question 
of differential response as reflected in patterns and rates of 
growth. The final two chapters deal with these issues in turn. 



7 
Protection against famine 

One important purpose for which the canals were constructed 
was famine prevention - a purpose which not only provided the 
humanitarian or 'higher ground for advocating the works', but 
also aimed more pragmatically at avoiding the 'sacrifice of 
money' which famines entailed, as well as increasing taxable 
capacity.• Priority was given to those works calculated to 
prevent or mitigate the severity of drought, subject to the 
condition that the works should be remunerative: 'No project', 
an 1866 PWD circular ran, 'should be selected which is not 
likely to satisfy both these conditions.' 2 Moreover, as was 
shown in the previous chapter, all new projects and modifica­
tions to existing works planned from around that time 
incorporated specific design features - such as capacities based 
on the copious kharif water supplies and extensive rather than 
intensive coverage - in order that drought protection should be 

' enhanced. 
How effectively did canals counteract famine? The precise 

role of canals in drought seasons was never subjected to close 
scrutiny; 3 such analysis was not deemed necessary since there 

1 Cautley, Ganges Canal Works, 1, p. 18; Court of Directors Despatch, 1 Sept. 1841, 
quoted in ibid., p. 25. There had been a severe drought in the Upper Doab in 1824- 5, 
but the famine experience in the official mind when the Ganges Canal was 
sanctioned was that of 1837-8, when 800,000 lives were estimated to have been lost 
and the cost to the government in revenue remissions and relief expenditures was 
later put by C.E.R. Girdlestone at around £2 million. According to the Meerot DC 
(1878), p. 37, 'more than twenty years elapsed before the revenue regained its 
former standard'. 

2 PP 1870, LIII, Report on Irrigation Works, p . 3, GI to PWDs, Circular 65, 27 April 1866. 
3 The impressionistic accounts ofC.A. Daniell (Bulandshahr Collr.) and F. Williams 

(Meerut Commr .) are as informative as anything on the way canals functioned 
during drought. NWP Rev., Dec. 1868, 24, 44, and 46, Memoranda to NWP Govt ., 
Oct . and Nov. 1868. 
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was no shortage of testimony to the canals' success in coping 
with drought. Even in the testing 1896-7 famine, according to 
the Agra Commissioner, it was only 'where canal irrigation was 
absent ... [that] the pressure of famine made itself severely 
felt, and it was there that relief had to be extensively given'; the 
canals had been the 'salvation of the Division' .4 Other 
observers refer to the 'complete immunity from famine' of canal 
tracts 5 and of the canal's value in such years being 'all but 
incalculable'. 6 

Part of Elizabeth Whitcombe's critique of the canals, 
however, consists of doubts about their value in such seasons. 
She points out that the very crops the 'overwhelming majority 
of the population' relied upon for consumption - the kharif 
millets and coarse rabi mixed crops - were those which received 
little protection from the canal during drought; the water was, 
as in other seasons, devoted to cash crops instead. Indeed, she 
argues that during drought the usual cropping pattern 
imbalance in canal tracts in favour of cash crops became even 
more pronounced: 

Generally speaking, canal irrigation did, and could do, little to 
decrease the ravages of scarcity by expanding the sources of staple 
food supply; indeed its effect seemed to be the reverse, to contract 
them - a process which tended to worsen with the stimulus of the 
export trade in grains, particularly wheat, beginning in the late 
187os.7 

'When the rainfall failed entirely or almost entirely', Dr 
Whitcombe sums up, 'canals ... could not take its place. '8 

In order to understand the role of the canal during famine, 
and to resolve the discrepancy in opinion as to the effectiveness 
of canal irrigation in such periods, it is necessary to be more 

4 RAR 18¢-7, p. 19. 
5 McGeorge, Works and Ways in India, p. 17. 
6 RAR 18¢-7, p. 19. 'No famine [relief] operations have been undertaken here since 

the canals were built', the Bulandshahr Collector commented in January 1908 
(adding that none would be required in that year provided that drought was the only 
calamity to face). Government of the United Provinces of Agra and Oudh, Scarcity 
Department Proceedings (hereafter UP Scarcity), Jan . 1908, (proceeding no.) 99. 
(In the IOR.) 

1 Whitcombe, Agrarian Conditions, p. 75. . 
8 Ibid., p. 74. Similar reservations arc to be found in Thornton, Indian Public Works, pp. 

116-25 . 
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precise about the phenomenon of famine itself, its processes 
and effects. Each famine-or bout of'scarcity', the less extreme 
condition - was unique, and varied in its geographic extent, 
antecedent conditions, and climatic characteristics; while 
changing external influences (official action, trade, and 
transport developments) themselves added distinctiveness to 
each visitation. 9 Whilst unable to do justice to the complexity of 
the phenomenon and the range of its forms, this chapter will 
outline the important processes impinging upon the peasant 
production system in times of drought and will assess how the 
outcome was modified by the presence of the canal. 

The scarcity/famine phenomenon was made up of an 
intricate pattern of chain reactions, reflecting the fact that 
abnormal circumstances meant different things to different 
groups, with each group reacting in accordance with its own 
perceptions of the new set of gains, losses, and risks confronting 
it. Its seeds lay in the disruption of normal agricultural 
operations; its effects, however, proved out of all proportion to 
the actual food situation as caution and speculation together 
contrived to interrupt the normal flows of foodgrains. Famine 
amounted, at root, to a disruption in production and thus in the 
pattern of relationships and terms of exchange surrounding 
that activity which in normal years was sufficient to provide a 
role for component social groups at varying, but for the most 
part adequate, levels of consumption. 

' For agricultural labourers, as for many artisans, the drastic 
decline in demand for their services in the face of escalating 
food prices made it difficult for them to earn, in Professor A.K. 
Sen's words, sufficient 'exchange entitlements' to subsist; 10 if 
neither charity nor migration could effectively relieve this crisis 
starvation ensued. The labourer-cultivator confronted a 
composite problem of diminished 'exchange entitlements' for 
his labour and a production problem exacerbated by scarce 
credit and seedgrain. Most cultivators had this fundamental 
problem whereby their connections with the market meant, in a 

9 This is made clear in the descriptions of successive famines in Bhatia, Famines in 
India. 

10 A.K. Sen, 'Starvation and Exchange Entitlements: A General Approach and its 
Application to the Great Bengal Famine', Cambridge Journal of Economics, 1: 1 ( 1977), 
pp. 33-59.· 
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year of partial crop failure, the possibility that their combined 
resources were insufficient to cover current consumption and 
overheads as well as enhanced operating costs and costly 
credit. Substantial farmers had the less vexing task of choosing 
precisely how they would gain from such a year: whether 
through realising the cash value of their surpluses or seeking 
political, social, and economic advantages within the village or 
locality. Quite simply, the severity of the effects of any famine 
experience was related to the proportion of the population 
exposed, in the sense that their realisable stored wealth plus 
current income (allowing for migration and other contingency 
options) were inadequate to cover basic needs for the duration 
of the crisis. For labourers, such a shortfall was felt in terms 
of debilitation and loss of life; for cultivators this usually was 
felt in terms of compromised independence of cultivation and 
loss of control over their surpluses in future seasons. The 
larger the proportion of the population able to insulate itself 
from the disturbance of normal-season relationships, and 
from the adverse movements in the terms of trade between 
what they as families had to buy and sell, the less effect the 
famine had. 

The fundamental question this chapter will address, 
therefore, involves the extent to which the canal operated to 
insulate the community it served from the damaging sequences 
set in train by periodically severe climatic conditions. The first 
part of the chapter will examine the proposition that in the 
apparently prime area of protecting food staple crops the 
canal's record is dismal. It will be shown, in fact, that the 
evidence does not altogether confirm this view. Notwithstand­
ing this, however, the evidence is clear that neither foodgrain 
production nor food · availability is the key determinant of 
famine, as studies ·of the 1943 Bengal famine plainly show. 11 

The ability of the various social and economic groups to 
insulate themselves from the complex of forces making up the 
famine phenomenon revolves around both production.flows -
not merely foodgrain flows, but income-earning ones too- and 
stocks. It will then be shown how damaging was the loss of 

11 The food supply in 1943 was around 5 % lower than the average of the preceding five 
years and an estimated 13°/o higher than in 1941, when there was no famine . /bid., p. 
39. 
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cash-earning production flows, and the ways in which canal 
cultivators were able to counter the mechanisms of famine 
which interrupted these flows. The next section will examine 
the role of stocks, the types of checks upon their rundown, and 
the consequent exposure of cultivators to inflated famine-year 
market prices. While the section on production flows will be 
concerned with production, and thus with local growing 
conditions, the section on stocks will incorporate some of the 
less localised processes increasingly coming into play -
particularly the influence of wider markets upon prices . The 
insulating role of the canal with respect to these local stocks will 
also be considered. 

Flows and stocks are, of course, linked through the 
undifferentiated nature (i.e. among consumption, investment, 
and reserves) of a large part of peasant output. The interaction 
of the two, in fact, figures prominently in the process by which 
canal irrigation was able in some degree to insulate a large part 
of the rural population from the severe disruption of 
normal-season relationships caused by drought or regional 
famine. As the chapter will proceed to demonstrate, nowhere is 
this integration better demonstrated than in the case of the 
farm labourers, the group traditionally most affected by 
scarcity: the production flow (its level and character) affected 
employment; and the stocks of food affected the real wages, 
since payments in kind could insulate the labourer from 

' deficient 'exchange entitlements' resulting from his having to 
deal with the market. 

Two important additional questions also need to be 
considered. First, to what extent did the concentration of 
irrigation investment in such localities as the Doab prove to be 
of broad protective benefit to the wider region? Secondly, to 
what extent did natural forces cause the comparative security 
of canal villages to be erased over time through migration and 
the operation of demographic forces? 

Continuity of production flows 

Irrigation and foodgrains 

It was shown in Chapter 4 how empirical evidence does not 
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support the notion that the canal caused staple food production 
to lag behind population growth. It is very clear, however, that 
the canals were limited in their ability to maintain the normal 
pattern of food production in the hot dry spells marking a 
failure of the kharif rains. Part A of Table 7. 1 indicates the 
typical pattern . In 1 896 the rain ceased prematurely in the 
third week of August and no rain of significance fell during 
September and October. While the summer crop acreage 
under canal irrigation increased by 5 1 1,469 over the average of 
the previous ten years, 221,507 acres of this increase were taken 
up by sugar, indigo, and cotton . In the case of sugar and indigo, 
the increase partly reflects larger sown areas in response to 
market conditions, while the growth in the irrigation of cotton 
mainly reflects the exceptional dryness of the season. Though 
the irrigation of maize and millet showed an impressive 
nine-fold increase, from 27,423 to 235,591 acres, this still 
represented only 25% of the total kharifirrigation . Even when 
rice is counted (much of which was grown for the market), food 
crops covered little more than one-third of the kharif 
canal-irrigated area. 

The same pattern emerges for the UGC during the 1907-8 
famine (Table 7. 1, part B), when the monsoon had a local 
duration of five weeks instead of the normal twelve to fourteen. 
The seriously deficient kharif rainfall was followed by unusually 
delayed winter rains. Once again, maize and millet showed an 
increase (from 32,191 to 143,459), but this amounted to only 
24 °/o of the kharif total, and the rice area, down slightly, 
amounted to just over 6%. 

What can account for this pattern whereby the canal 
protected kharif food staples to only a limited degree? One 
possible explanation is that the commercial crop bias affected 
the ability of the canals to cope with the special demands of a 
drought season. It has been demonstrated how the Doab's 
agricultural conditions made it far less reliant on the canal for 
its ordinary food crops than was the case, for example, in large 
parts of the Punjab, and that, under pressure to be remunera­
tive, the canal authorities made a significant commitment to 
the irrigation of commercial crops, which could bear higher 
charges and needed irrigation for the most part irrespective of 
normal rainfall. Such crops dominated the kharif irrigation: 



Table 7.1. Kharif crops under canal irrigation in (A) the UP and (B) the Upper Ganges Canal: comparison of typical years 
with drought years (in acres) 

Other Kharif 
Season Sugarcane Rice Maize Millet Indigo Cotton crops total• 

Typical years 
1886--g5 204,239 136,213 19,372 8,051 215,923 57,563 47,803 484,925 
(average) A (the UP)b 

Drought year 
1896 247,119 200,671 90,900 144,691 325,406 126,707 65, 139 953,514 

Typical years 
1902-4 153,324 34,096 23,121 9,070 26,236 78,833 31,331 202,687 (Upper 
(average) B Ganges 

Canal) 

Drought year 
153,168 114,316 10,828 187,301 422,082 1907 32,993 29,143 47,501 

• Sugarcane, although primarily a kharif crop, was always classified separately, and is therefore not included in the kharif total. 
b Part A consists of figures for total government canal irrigation in the UP. Since over go% of such irrigation was in the Doab, the inclusion of the 

canal area outside the Doab does not affect the overall results, apart from slightly exaggerating the increase in rice. See also Figure 5. 
Sources: IRR 18~7, p. 15 [part A]; IRR I!)05-olI!)07-8, pp . 68---g [part BJ. 
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sugarcane, indigo, and rice accounted on average for 556,375 
acres out of a total of689,164 during 1886--95.12 

Understandably, the system adapted itself to the consistent 
needs of the lucrative commercial crops rather than the 
occasional convenience of coarse staples, and there is evidence 
that the thirsty cash crops frequently monopolised the very 
capacity installed for purposes of watering food crops during a 
deficient rainy season. Since sugarcane, indigo, and rice were 
all sown before the rains, the cultivators - and the Canal 
Department - were committed to them by the time the 
monsoon was found to be deficient. As the kharif season 
advanced, and as river levels fell and canal supplies tightened, 
the 'heavy engagements for watering first class crops did not 
lea've much opening for other irrigation'. 13 Although many 
canal officers felt- as one remarked in 1877- that it would have 
been 'more satisfactory' had there been 'a larger proportion of 
food-grains' in the irrigation undertaken during drought years, 
the department saw it as incumbent upon itself to give priority 
to crops which had already taken water.14 While the growing 
season of indigo was such that the irrigation of the crop did not 
unduly interfere with the watering of food crops, this could not 
be said of the sugarcane crop, with its longer and more 
obtrusive growing period: 'The increase of sugarcane ... 
doubtless imperils the safety of the grain crops in a year of 
famine', admitted the Irrigation Department. 15 

Owing to their various technical limitations, the canals often 
lacked the elasticity of supply necessary to cope adequately 
with the demands of a drought year, and were frequently 
unable to do more than provide water for the crops already 
established. Sometimes even this was difficult, such as when a 
prolonged break in the rains coincided with delays in the 
placement of head bunds caused by high river levels . When this 
happened in 1880, supplies to the hard-pressed lower divisions 
were considerably disrupted for the several weeks needed to 
carry out the construction of bunds. 16 Uneven distribution of 

12 /RR I!Jgfi--7, p. 15. Not surprisingly, it was said that in the area below Meerut the 
importance of indigo to the 'interests of the canal can hardly be exaggerated ' (IRR 
1871--2, p. 6); and that in Meerut and above, sugarcane was held to 'create the 
financial success of the canal' (/RR 1871-5, p. 15). 

13 /RR 1877--8, p. 3A. 14 Ibid., p. 17A. 1s JRR 1874--5, p. 14. 
16 /RR 18&>-1, p. 1A. See Ch. 2 above for details of the head bunds system . 
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supplies when demand for water was high frequently caused 
problems for specific areas . Complaints were made in 1868-g 
that Saharanpur cultivators had increased their share of EJC 
water at the expense of those further down in Muzaffarnagar 
and Meerut; 17 while in 1871-2 the Ganges Canal users in the 
same two districts obtained only inadequate supplies during a 
dry spell in September and October because the districts some 
200 miles further down the canal had had bountiful rain and it 
was not possible to allow a full supply into the canal without 
running the danger of swamping the lower divisions where 
water was not required. 18 Even with a good supply in the main 
lines , the distribution system was often incapable of conveying 
sufficient water to meet the needs of crops other than those 
primarily commercial. In Cawnpore division especially, the 
badl y aligned rajbahas were 'inelastic in their powers to meet an 
abnormal demand'. 19 

As was shown in the previous chapter, technical improve­
ments over time imparted greater flexibility to the system, and 
this undoubtedly lessened the marked disparities in the 
availability of supplies . The extremities of the system were no 
longer so uniformly starved in times of heavy demand. Even so, 
as was also shown, the fact that the improvements were 
accompanied by an extension of coverage meant that the thinly 
stretched water supplies continued to be a cause for concern 
during drought . In Agra, canal irrigation still tended to 

, diminish in such years due to the water having been taken 
further up the system; 20 and in Muzaffarnagar during the 
1907 drought it was a 'universal complaint' that the supply 
was inadequate, 'especially towards the end of the distribu­
taries' .21 

While water supply conditions and valuable crops did 
conspire to squeeze out the kharif staples , it is clear that at the 
same time the cultivators made the choice to favour their cash 
crops : 'Until the more valuable crops in any village had 
received as much water as they required, not a drop was taken 
even for Indian corn', it was noted of Bulandshahr canal 

11 IRR 1871-2 , p. 18. 
18 Ibid., p. I 7. 19 IRR 1872-3, p. 23A. 
20 Mudi e, Agra SR (1930), p. 8. 
21 UP Scarcit y, Jan. 1908, 95, P. Prasad (Muzalfarnagar Collr .), 19 Oct . 1907. 
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division in 1868.22 Thejats in the area , too, 'refused to irrigate 
poor crops till they had saved their enormous stocks of 
sugarcane ' . 23 In 1907, to take another example , 86% of the 
Agra Canal 's kharif irrigation was expended upon one crop, 
cotton, while fierce winds dried up the unirrigated crops and 
insufficient time was left for a large area of new irrigation .24 But 
it is equally clear that the cultivators were reluctant to water 
their coarse food crops , even when water was available. As one 
canal officer put it in 1868: 

It is almost incredible to what an extent, even in a year of drought like 
the present, the cultivators hold back, often till it is too late to derive 
much benefit, from taking the water which actually flows alongside 
their fields sown with the coarser autumnal crops. Thus they wait on 
in expectation of rain which the experience of average years leads 
them to look for, and so the water runs to waste.25 

Invariably , then , the cultivators waited until the last possible 
moment for the rains: 'A cloudy sky was sufficient to stop all 
irrigation of inferior crops, when the next day , perhaps , they 
would be fighting fiercely over every drop ofwater.' 26 The rush 
for water commenced only when the crops would otherwise be 
lost, 'too late in many instances to secure a sufficient supply, 
and in other instances too late to save the crops ' .27 

The authorities were well aware of this seemingly perverse 
situation and looked eagerly for signs that the irrigation of 
coarse crops in dry years was on the increase. The Government 
of India even instructed the UP Government to ensure that 
they did not grant revenue suspensions where cultivators had 
been 'short-sighted enough' to abstain from taking canal water 
·for their autumn crops till it was too late. 28 But how can this 
response be accounted for? It is not hard to understand the 
preference given to the commercial crops: they were sold for 
cash , which was used to cover rent , accumulated debts, items of 

22 NWP PWD(I) , June 1871, 2, Irrigation Revenue Report 1868--g, IOR pagulation 
64. ' Indian corn' = maize. 

23 Ibid., IOR pagulation 63. 24 UP Scarcity , Jan. 1908, 83. 
2; UPA (R) , Files ofMeerut Commr ., Dept. 1v, File 19/I86g, Ser. 17, Enclosure to 

PWD nos. 236--43, Paper by Lt.-Col. W. Greathed , 8 Oct. 1868. 
26 NWP PWD(I) , June 1871, 2, Irrigation Revenue Report 1868--g, IOR pagulation 

63-4 . 
21 NWP Rev., Dec. 1868, 44, memorandum by C.A. Daniell (Bulandshahr Collr .), 7 

Oct . 1868. 2s GI PWD(I) , Oct . 1877, 39. 
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capital, and household goods; they occupied the best land and 
represented a relatively substantial investment ofresources. In 
contrast, the millet and maize crops occupied poor soils; they 
involved very little investment since the seed was invariably the 
cultivators' own, tillage was nominal, and irrigation was not 
normally required. Such crops were grown mainly for 
consumption by the family, their hired labour, and the farm 
animals, and were usually worth little in the market. Moreover, 
because of their low input requirements, these crops were 
highly flexible. Indeed they had to be, since the weather was the 
main influence on this class of crop; if the weather was 
unsuitable forjuar, for example, the cultivator could wait for the 
right conditions for sowing bajra or some other tall millet or low 
pulse. The farmer was, therefore, perfectly rational in his 
behaviour when he delayed giving water to sow inferior crops in 
favour of his cash crops: his experience made him aware of the 
high probability of sufficient rain falling to mature his standing 
crops or to enable a late crop to be sown. 

There were other reasons why the farmer held back from 
irrigating his poorer crops. The millet fields were invariably out 
of reach of the water-courses, and hence an additional cost in 
the form of their construction was entailed- always assuming it 
was physically possible to bring the water to these fields. 
Furthermore, such land was often undulating, unlike the flat, 
compartmentalised fields in regular receipt of canal water; it 

, was therefore difficult to irrigate such land. It must also be 
remembered that the yield of such crops, even under irrigation, 
was not likely to be good in such a year, as C.A. Daniell noticed 
in 1868: 'Taking it as a whole the kharif outtum of grains grown 
under canal irrigation [in Bulandshahr] will be inditferent.' 29 

'Against severe and prolonged drought', the provincial 
government informed the Famine Commission, 'even the 
canals are but a poor substitute for rain in the autumnal season, 
especially if, as happened in 1877, a scorching hot wind 
continues blowing when crops are on the ground that depend 
for nourishment as much on the moisture they imbibe from the 
air as on what is supplied at the roots.' 30 In such conditions the 

29 NWP Rev., Dec. 1868, 24. 
30 PP 1881, LXXI, Further Report of the Indian Famine Commission, pt 111, Appendix v, p. 521. 
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cultivator was entirely justified in giving canal water 'to save 
and not merely to improve' his inferior crops .31 

In respect of coarse crops, therefore, the canal villages seem 
to have been little better off than the villages without irrigation. 
In dry tracts, where early-season conditions led the cultivators 
to sow the usual crops, later drought withered and destroyed 
them; where the early rains were too light or short-lived to 
enable the full areas to be sown, subsequent lengthy spells 
without rain meant that the kharif area remained short . 'Of the 
usual khureef crops grown in dry lands, I do not believe more 
than one-twelfth have come to anything', remarked the 
Bulandshahr Collector in 1868.32The well areas often fared no 
better. Even where wells were thick upon the ground they 
proved of 'little value in affording protection to the kharif 
crop'. 33 The NWP Government made this point clear in a 
communication to the Government of India late in the famine 
year of 1877: 

A well that [ during the cold season] is able to protect five bighas could 
not in the scorching wind ... and under a blazing sun do the same 
office for one big ha. In fact, both the Commissioners of Rohilkhand 
and Meerut reported that even constant irrigation from wells had 
failed to keep the crops alive, and many cultivators abandoned the 
attempt in despair when their bullocks were worn out by constant 
work. [Well] irrigation in the kharif ... is practically inconsiderable 
in extent, and must always more or less be so, and therefore when it is 
said that the kharif has failed except on irrigated lands, this is 
tantamount to saying that the whole, with a very trifling exception, 
has failed in all but canal districts, and there it is true of the grain and 
fodder crops. 34 

31 NWP PWD(I),June 1871, 2, Irrigation Revenue Report 1868-g, IOR pagulation 
63-4 . The reason for the reduced yield is that high temperatures and dry conditions 
accompanying kharif rain failure have the effect of causing the plant stomata to shut 
off the evapo-transpiration current through the plant. This restricts the access of air 
into the plant 's intercellular spaces, and thus interrupts the process whereby carbon 
dioxide is absorbed and turned first into star ch and then into growth-sustaining 
sugar . It was believed in the 1880s that the ordinary autumn crops , 'particularly the 
millets ' , required so much moisture that , even if enough was supplied to the roots , 
the grain would be small. In fact, it is more likely that the evapo-transpiration rate 
was so high that water available to the root zone of the plant was, despite ample 
canal irrigation , restricted ( either because the soil texture was poor or because 
irrigation was not available frequently enough ). See H.O . Buckman and N .C . 
Brady, The Nature and Properties of Soils (New York, 1968), pp . 194-7 . 

32 NWP Rev ., Dec . 1868, 44. 33 IIC, p. 201. 34 GI PWD, Dec . 1877, 13. 
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In practical terms it does appear that the canal villages could 
claim little if any advantage over dry and well villages in 
maintaining the area of khariffood staples when the rains failed. 
To conclude from this that the canals were of little use, 
however , is to overlook the importance of rabi crops . The plain 
fact is that the failure of the kharijfood staples did not in itself 
imply famine - at least, not in the western parts of the 
province. 35 Admittedly it could create problems for certain 
sections of the populace, but its effects can be easily 
exaggerated: 'The crops are withering on dry land' , observed 
the Aligarh Collector in 1907, 'but everyone makes light of that 
if they can get rain for the rabi. '36 While defence mechanisms 
could in the main cope with a short-lived interruption of this 
kind, very great importance was placed in such a year upon the 
rabi crop; a large winter crop was needed, making use of the 
lands forcibly laid fallow and the resources freed by diminished 
kharif duties. Thus the cultivator with a well, while salvaging a 
plot or two of produce from the kharij, would, 'rather than 
attempt to save his millets and other dry kharif crops ... prefer 
to devote all his energies to watering and preparing his fields for 
the more valuable rabi crops, hoping for help from the rains ' . 37 

The danger, of course, was that the winter rain would be 
unsuitable in its timing or quantity to assist the farmer in 
putting down his rabi area. The dry cultivator had obvious need 
to fear a dry rainless autumn, for under such circumstances , 

, even where the baked soil could be stirred, cultivators - and 
creditors - hesitated to risk their scarce seed . Thus in 1860-1, 
on top of kharif failure in Meerut division, 'a very large 
proportion of the ground was unsown for the Rubbee' and 
'scarcely an acre of unirrigated land was ploughed'. 38 Even the 

35 The situation was different in some rice districts. Wh ile canals in Rohilkhand could 
save the rice crop during prolonged breaks in, or early cessation of, the rains, the 
entire sweep of country from Bahraich through Gonda , Basti , and Gorakhpur -
where the kharif area was much greater than the rabi (and was almost entirely rice)­
was vulnerable to a failure of the rice crop since it could not, as W.H. Moreland 
observed, be adequately compensated by a larger rabi 'as the land cannot be tilled ' . 
UP Rev ., Sept. 1905, 2, W.H . Moreland, Report on UP Agricultural Defects. 

36 UP Scar city, Jan . 1908, 80. 
37 JIG, p. 201. 
38 UPA(R ), Files ofMeerut Commr ., Dept . xn , File 5/1861 , Ser. 125, File on Revenue 

Administr ation Report 1860-1, Meerut Collr. to Commr ., 1 Oct . 1861. 
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well villages, however, were often in tremendous difficulties in 
such circumstances. Many wells, particularly kachha wells, 
simply dried up due to the effect of the drought upon the 
water-table. Thus in Bulandshahr in 1868--g, very many wells 
'failed altogether'; 39 while those in Etawah frequently 'did not 
give their usual supply, and many yielded water for 2 or 3 acres 
instead of 5 or 6' .40 In Etah, wells were 'always liable to dry up 
more or less completely in a year of drought'. 41 Pakka wells were 
more reliable but still had capacity limitations, as in 1878, 
when 'only a limited area could be watered for the rabi 
ploughings and sowing ' .42 This was partly due to the slowness 
of well irrigation and the fact that productive factors were tied 
up in the process- and in a season like that of 1896, when all the 
rabi area had to be watered prior to sowing, intense pressure 
was placed upon well villages. The problem was exacerbated, 
however, by the state of the draught animals. 'Irrigation from 
wells will be limited', L.C. Porter remarked of Meerut late in 
1907. 'The bullocks have been overworked from watering the 
kharif crops, and have become weak. They are not fed well as 
fodder is dear.' 43 The situation had been worse in 1860-1, 
though, when crops 'failed on well lands due to the bullocks 
dying from overwork and starvation'; then, with the exception 
of some valley land, the 1860 Meerut division kharif crop and 
cereal crop of 1861 were 'total failures' outside the canal 
tracts. 44 

The sheer speed with which canal irrigation could be 
accomplished made the canal invaluable for laying down a 
good area of rabi cereals. Not that conflicts between commercial 
and food crops were altogether absent even then: on the EJC 
particularly, rabi sowings were frequently delayed and some­
times prevented as the already falling water supply was used to 

39 Bulandshahr DG (1876), p. 76. 
40 C.H .T . Crosthwaite , 'Report on the Average Rent-Rates for part of Pergunnah 

Phuppoond', 20 Sept. 1870, Revenue Reporter, v (n.d .}, p. 4. 
41 Etah DG (1911), p. 32. 
42 RAR 1878--g, p. IOO . 

43 UP Scarcity, Jan . 1908, 194. 
44 UPA(R} , Files ofMeerut Commr ., Dept. xu, File 5/1861, Ser. 125, File on Revenue 

Administration Report 1860-1, Meerut Collr . to Commr., 1 Oct . 1861. It was 
reported that 'fully one-half of the farming cattle' had died. C.E.R . Girdlestone, 
Report on Past Famines in the North-Western Provinces (Allahabad, 1868), p . 87. 
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bring sugarcane and rice to maturity .45 But there were factors 
which compensated for such conflicts and the failing supplies. 
Climatic conditions were such during the winter season as to 
ease the pressure upon irrigation. Lower evapo-transpiration 
rates allowed plants to survive with less water and for longer 
periods between waterings, and this, along with reduced 
evaporation losses, allowed the supplies to be stretched further. 
This is reflected in the fact that the rabi irrigated area was 
consistently in excess of the kharif area and exhibited greater 
elasticity (see Figure 4) . At the end of the year, when canal 
supplies were reaching their lowest point, the cool tempera­
tures, the fairly reliable winter showers, and the backing of 
some well irrigation sustained much of the crop; and while the 
kharif millet yields responded poorly to irrigation, in the mild 
rabi conditions artificial irrigation permitted full yields to be 
realised. Thus in 1868-g, when from late July to February 
hardly any rain fell in the Upper Doab, and when valuable rabi 
seed hurriedly sown in dry areas in the wake of September 
showers was lost, cultivators in eastern Muzaffarnagar put 
down with the aid of Ganges Canal water over 90,000 acres in 
the rabi alone ( 2 5 °/o more than the normal area irrigated in a 
full year). Some of it subsequently withered, but the bulk was 
sustained by the eking out of what canal water was available 
until the February rains not only saved the cereals but allowed 
in the end a good yield. 46 

, It was in the rabi, therefore, that the canal had a major 
impact on foodgrain production in dry years. Table 7.2 
confirms this: only 7°/o of the area irrigated by canals was 
devoted to non-food crops; over 1. 7 million irrigated acres were 
devoted to food production . Moreover, this concentration of 
food crops in the rabi was not in any important sense a 
'fall-back' situation necessitated by drought-disrupted kharif 

45 In the spring , too, conflicts could arise between the need to mature the wheat crop 
and the water needs of the new sugar crop . In 1861 this conflict appears to have led 
EJC cultivators to sell their cane seed to growers on the Ganges Canal, who had 
plentiful canal supplies; while on the Ganges Canal, in 1869, cultivators were 
reported to be favouring their sugar sowings to the detriment of maturing rabi crops . 
PRRC 1861-2, p. 41; NWP PWD(I), Oct . 1871, 2, Irrigation Revenue Report 
186g--70, IOR pagulation 234. 

46 Muza.ffarnagar DG (1903), p. 56. See IRR 18g6-7, pp . 12-13 for a brief description of 
the role of the canal when the rains ceased in late August 1896. 



Table 7 .2. Rabi and total crops under canal irrigation in the UP: comparison of typical years with the 1896-7 drought year 
(in acres) 

Oth er Other Total Rabi+ 
Season Wheat Barley Gram Peas food-grains Poppy crops rabi kharif 

Typical years 
1886-7/1895-6 577,945 77,852 44,230 68,025 222,333 11,798 34,797 991,029 1,680,893 
(average) 

Drought year 
1896-7 1,015,120 I 18,632 22,074 43,999 459,367 26,534 91,574 1,823,251 3,023,884 

Source: IRR 18g6-7 , p. 1 5. 
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staple production, since - as was shown in Chapter 4 - canal 
villages in normal seasons grew most of their food in the rabi. 
Finally, on this question of the apparent helplessness of canal 
cultivators to preserve their basic food supplies, it has to be 
stressed that meeting the food requirements of the Doab did not 
primarily hinge upon the precarious kharif staples . It has 
already been noted how; over time, the better-quality crops 
became the staples. Even in Muttra-one of the poorestofDoab 
districts - it was observed, following the extension of canal 
irrigation, that 'the better crops are more largely consumed by 
the bulk of the people'.47 'While the population of South Oudh 
is maintained on barley, coarse millets and pulses and the kind 
of grain consumed by the masses varies closely with the state of 
the markets', W.H. Moreland concluded in 1901, 'the Meeiut 
Division ... is, as a whole, a wheat-eating tract.' 48 

Cash crops 

For most cultivators the problem of drought was not so much 
one offood provision for the family as one of meeting short-term 
cash commitments and current production needs without 
jeopardising the future viability and independence of the 
production unit. An enquiry into the 1877-8 relief operations 
made it clear that 'long before famine reaches even the 
agricultural tenant it becomes an impossibility for him to pay a 

1 large portion of his rent' .49 Bijnor villages, for example, had in 
1896 sufficient grain in store to pay the labour they required, 
but were not able to pay their rents. 50 In addition, the cash 
requirements of a normal season (for example, rent and debt 
repayments) were in a famine year accompanied by enhanced 
operating costs - especially with respect to rabi seedgrain and 
credit- which had to be covered at a time of production losses 
and income reductions. 

47 Muttra DG ( 1884), p . 138. See also Holderness, Memorandum on Food Production, p. 14. 
48 MCR, Scarcity Dept., xn, File 2/1900----01, Ser. 127, W.H. Moreland to NWPGovt. , 

24 June 1901. 
49 W.C . Benett , Report on Scarci!J and Relief Operations in the North-Western Provinces and 

Oudh during 1877-8 and 1879 (Allahabad, 1880), p . 382. 
50 Government of the North-Western Provinces and Oudh , Scarcity Department 

Proceedings (hereafter NWP&O Scarcity) , Jan. 1897, (proceeding no.) 13. (In the 
IOR.) 
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Drought often forced peasants into buying fodder, something 
which was not necessary in normal seasons. Also, they would 
usually need to replace well ropes or buy additional hide­
buckets; the prices of these items were said to be 'causing an 
outcry in the well tracts' in 1907-8. 5 1 The chief item of expense, 
however, was seedgrain for the vital rabi crop. Unlike the coarse 
kharif millet and maize seed, rabi seedgrains - and especially 
those of the better crops - were not widely kept by the 
cultivators themselves, and generally had to be purchased 
when sowing time came round. In famine years they were 
usually only available in exchange for cash. In Muzaffarnagar, 
many of the cultivators who had managed to keep their cattle 
alive and had retained their labourers during the scorching 
1860 khariffound they could 'only with much difficulty procure 
seed, for the Bunyas, with devilish forethought, refused to 
advance it'. 52 The 'devilish forethought' was, of course , nothing 
more than a reflection of the risk involved in making seed loans 
when grain could be readily converted into cash. Thus in Unao, 
in October 1907, the credit supply had 'practically wholly 
stopped', and only the 'most well to do cultivators' -
presumably with good collateral- could get seedgrain for other 
than cash .53 

While the cost of seed alone for a wheat crop might cost the 
cultivator Rs 5-6 in cash ( and other rabi seeds sometimes not 
markedly less, owing to the trend for price differentials between 
food crops to narrow sharply during drought), 54 those 
cultivators able to draw upon credit faced hard terms. While 
the cultivators commonly obtained credit at siwai rates (25% 
over six months) when borrowing and repaying in kind in 
normal seasons, the grain deals of a drought year were adjusted 
to take account of the extraordinary circumstances. Grain 
loans made in such seasons were calculated according to money 
rates rather than simply in terms of grain volumes: the grain 
borrowed in the autumn was measured in terms of prevailing 
prices, and the amount to be repaid was the equivalent value of 

51 UP Scarcity ,Jan. 1908, w7, F.S. Swan (Unao Collr.) ; UP Scarcity,Jan. 1908, 195, 
A.B. fTorde (Bulandshahr Collr.) . 

52 PRRC r86o-r, p. 16. 53 UP Scarcity , Jan. 1908, 107. 
54 W.H. Moreland, Conditions Determining the Area Sown with Crops in the United Provinces 

(Allahabad , 1907), p. 22 . 
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grain reckoned in terms of the much lower post-harvest prices. 55 

Cultivators, of course , had to allow for the periodic loss of 
much of their kharif and particularly their cash-earning crops. 
Their cash needs in such seasons would be obtained through 
drawing upon future output ( credit) and through running 
down wealth stocks accumulated during better seasons. Thus 
the womenfolk ofU nao were, in October 1907, beginning to sell 
their jewellery 'as money is needed for the rabi sowings'. 56 The 
terms of such arrangements were hardly in the cultivator's 
favour, but they enabled him to get by. There are limits, 
however, to the ability oflow-productivity peasant agriculture 
to withstand a series of poor harvests. The resources of the mass 
of the cultivators are quickly dissipated when difficult years hit 
production. 'Drought', recorded the 1880 Famine Commis­
sion, 'will be more or less fatal, according as it follows a season 
of bad or good rainfall; and it has commonly happened that 
severe famines have been caused by a severe drought following 
one or two years of indifferent rain. '57 Muttra's zamindars and 
tenants 'cannot be otherwise than poor', reasoned Agra's 
Commissioner in 1908, 'having had no chance of recovering 
from the [ 1905-6] famine . . . and the impaired rabi of last 
year'. 58 

The critical shortage of cash and credit in a drought year had 
important long-term implications in that it often necessitated 
the rundown of capital and other assets . Several years after the 

' 1868-g famine, the Settlement Officer found that the well 
villages north of the Kirsani, in Meerut, had 'hardly yet 
recovered from the effects of that calamity. The sugar 
plantation received a great check. Loss of cattle and men, and 
want of capital, obliged cultivators in many villages to curtail 
their sugar production. So hard-pressed were they in some 
villages that they were obliged to sell their sugar presses to the 
canal villages of Chuprowlee in order to raise money.' 59 

55 A.B. Patterson, FatehpurSR (1878), p . 11. In terms ofoutput, the typical burden of 
repayment for a maund of grain borrowed in October , after a poor kharif such as that 
of 1874 (when the grain sold at twenty seers per rupee), almost doubled by 
repayment time in April-May, due to the fall in price (to thirty seers per rupee) and 
the 25°/o interest. RAR 1874-5, p. 3 56 UP Scarcity, Jan. 1908, 107. 

57 PP 1881, LXXI , Further Report of the Indian Famine Commission, pt 1, p . 5. 
58 UP Scarcity , Jan . 1908, 112. 
59 J.S . Porter , Burnawa Pargana Report , 1870, p . 46, in Buck, Meerul SR (1874). 
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Similarly, in Agra the loss of capital, particularly in the form of 
bullocks, and the subsequent inability of cultivators to generate 
and retain a surplus over consumption requirements meant 
that 'even such facilities for irrigation and good cultivation as 
the district affords cannot be made full use of after famine 
owing to the crippling effect on cultivators' resources' .60 

Although this curtailment of Agra's rabi area in the seasons 
following drought apparently became less marked with each 
successive bout as the higher agricultural prices attracted 
capital, the inflow of credit was not without its costs to the more 
weakly positioned cultivators: the 'improvement ... in the 
financing of agriculture', wrote the Agra Settlement Officer in 
1930, 'has been accompanied by the transferrence of a large 
part of their property to the professional moneylenders' .61 

Less tangible assets than physical capital and land were also 
lost at such times. Occupancy rights clearly declined in Agra as 
a result of the 1877-8 famine. 62 On estates in Muttra belonging 
to temples and powerful landlords the custom prevailed for the 
landlords to compel their tenants to file notices of relinquish­
ment in order that they could not lay claim to having 
occupancy rights in the land they rented. This task was made 
easier in times of hardship, when rents especially could not be 
paid. 

Significantly, just as it was the canal villages of Chaprauli 
which had picked up cheaply the sugar presses of the 
necessitous villagers to the north, so it was the canal village 
tenantry on the large Muttra estates which was conspicuously 
able to resist the pressure to file relinquishment notices: the 
large increase in notices during the hard times of 1897 was 
chiefly in the parts of the district not protected by canal 
irrigation. This reflects the vital advantage possessed by canal 
villages during serious drought: the ability of cultivators using 
the canal to secure kharif cash crops and hence make cash 

60 Mudie, Agra SR (1930), p . 14. The slow recovery of the wheat area in post-drought 
years demonstrated in Moreland 's study of Cawnpore and Fatehpur reflects the 
reduced prosperity of producers in the wake of a famine. Moreland, Conditions 
Determining the Area Sown with Crops, pp . 20-5 . 

61 R.F. Mudie (?),AgraParganaHandbook (Allahabad, 1930), p. 12. (A copy is available 
at the Uttar Pradesh Board of Revenue Library , Allahabad .) 

62 Ibid. 
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available to meet outgoings and finance current operations. 
The importance of a successful commercial crop in a year of 
famine was demonstrated repeatedly during the period, as in 
the case of Muttra and Agra in 1913-14: 'One of the principal 
causes that so little signs of stress were shown ... in spite of the 
failure of food crops on unirrigated land, was the comparative 
excellence of the cotton, which is less affected by drought than 
almost any other crop, and the high prices realised for the 
produce.' 63 

While the area and yields of cash crops in the canal tracts 
enjoyed a fair degree of security from poorly distributed or 
inadequate rainfall, the incomes from commercial production 
in the non-canal tracts were strikingly more variable. When 
buoyant cotton prices promoted an increase in the cotton area 
of canal districts from 265,000 acres in 1910 to 410,000 the 
following year, the fact that the rainfall was not suitable to the 
crop's needs actually meant that there was a province-wide fall 
overall of 32% over the 1910 area. In the districts adjacent to 
the Doab, large falls were registered: Moradabad's cotton area 
fell from 74,250 acres to 30,000, and Budaun's from 80,000 to 
31,000. 64 Similarly, in the aftermath of the severe 1907-8 
drought, it is noticeable how the Meerut division was able to 
increase its sugarcane area substantially, while in Rohilkhand, 
Benares, and Oudh, sugarcane cultivation dropped off in the 
face of high production costs and need to replenish food stores. 65 

' Yields of kharif commercial crops could be fairly well 
maintained, too, with the aid of canal water. Even in the 
especially harsh conditions prevailing in 1907, when hot winds 
damaged even irrigated crops, sugar and cotton outturns were 
still put at around eleven annas.66 While rice in Saharanpur's 
dry tracts during the kharif of 1899 was described by the 
Collector as 'absolutely gone', cotton 'very sick', and sugar, 
without rain, likely to fall below four annas, in the adjoining 

63 S&C 191:_r14, p. 4. It was a common saying among Aligarh's cultivators that the 
cotton crop paid the rent of the entire holding. Smith, Aligarh SR (1882), p. 47. In 
Muzaffarnagar around 1920 there were at least three villages with a cane crop worth 
in excess of Rs 2 lakhs, and in at least twelve others the crop was worth more than Rs 
1 lakh. RAR 1921-2, p. 30. 

64 S&C 19II-12, p. 3. 
65 RAR l!JOfrIO, p. 3. 66 UP Scarcity , Jan . 1908, 96. 
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canal tracts the thirsty rice fields promised a twelve-to-sixteen­
anna outturn, and sugar was 'perfectly right' .67 

With the exception of munji, kharif cash crops were generally 
not in the form of food substitutes and their prices did not 
automatically move upwards in such a year. Conditions did 
not , however, rule out favourable price increases, as 1878 
proved, when Muzaffarnagar cultivators were getting Rs 6 per 
maund for gur, the ordinary rate being Rs 3-4. 68 In 1907-8, too, 
despite the squeeze on incomes, the reduced supply ofgurdue to 
the drought raised prices to the extent that 'independent 
growers of cane ... recouped themselves in part for the loss due 
to the season' , and in Rohilkhand the unusual phenomenon 
was observed . whereby cultivators broke their contracts to 
deliver juice to the manufacturers and made gur for their own 
profit. 69 

It was mainly from the sale of part of the spring harvest that 
canal villagers were able to cash in on famine prices, since these 
typically remained high due to exports or stock replenishment 
until the harvesting of the cheaper grains in the following kharif. 
While landlords in most districts declined during the 1896-7 
famine to bring arrears suits or to issue notices upon their 
statutory tenants, this reticence was not to be found in Meerut 
and Agra divisions, where, due to the effect of the canal, many 
tenants had 'reaped exceptional profits from their produce'. 10 

Only the canal villages were excluded from the dismal picture 
of Muttra painted by the Collector late in the drought year of 
1899 - a picture of depopulation, high prices, the lingering 
effects of the previous ( 1896-7) famine, and the unsettling 
mournful prophecies of the pandits. The reason, according to 
A. B. fforde, was that 'the high prices in [ 1896-7] enabled the 
cultivators to redeem their mortgages and make ornaments, 
and they are free from apprehension as to the coming rabi, so 
that, in spite of the poor kharif, they are hopeful'. 71 

67 Uttar Pradesh Secretariat Library and Records, Lucknow (hereafter UP Sec.), · 
Scarcity Dept ., File 2go/I899 , Ser. 12, File on Agricultural Prqspects for Kharif 
Crops, G.A. Streatfield (Saharanpur Collr. ) to NWP&O Govt ., 16 Sept . 1899. 

68 NWP&O Rev., May 1878, 77. 
69 RAR 1907-8, p. 7. See also Ch . 8 below. 
10 RAR iBg6--7, pp . 27, 34. 
71 UP Sec., Scarcity Dept., File 290/ 1899, Ser. 37, File on Agricultural Prospect s for 

KharifCrops, A.B. fforde (Muttra Collr.) to NWP&O Govt ., 16 Sept. 1899. 
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Canal villages, therefore, derived much of their strength in 
times of widespread drought from their ability to minimise the 
season-to-season income variability. The reliable cash flows 
meant that money commitments could be discharged without 
depletion of food resources and other assets, and that 
production outlays for a full rabi area could be covered. The 
short-term benefits of flexibility and security against insuf­
ficient or untimely rainfall were cumulative; not only would the 
credit-worthiness of a cultivator seeking rabi seedgrain be 
considerably enhanced by the fact of his access to canal water, 
but the risk of a series of poor seasons wearing away the 
cultivator's resources and making him vulnerable to serious 
drought was altogether lower. Moreover, the availability of 
water, grazing, and fodder in canal villages assisted the farmer 
in bringing his plough bullocks through such periods. This is 
plainly evident from the established practice whereby cultiva­
tors from outside the canal villages brought their cattle to graze 
near the irrigation channels. 72 From Bah tehsil (Agra), for 
example, there was a 'systematic emigration' in drought years 
to canal villages in Mainpuri and Etawah, with 'large numbers 
of families' crossing thejumna with their cattle. In Etawah, 'a 
great many districts became deserted' due to the 'general 
emigration' of people and cattle from thejumna-Chambal doab 
to canal tracts during famine. 73 

I 

Maintenance of foodgrain stocks 

The holding of foodgrain stocks was an important long­
standing practice primarily aimed at combating famine, since 
food stores permitted the regulation of uneven flows of output 
both within and between seasons. Stocks could be used to cover 
shortages of food or cash resulting from production shortfalls, 
and allow production to continue wherever possible through 
providing wage goods and seedgrain. In famine years they 
could operate to permit the cultivator and his dependants to 
achieve some insulation from the effects of scarcity prices. 

A series of bad years could wear away stock levels and make 
the effects of a serious drought catastrophic. The 186~1 

72 Benett, Report on Scarciry and Relief Opera.lions, p. 36. 
73 UP Scarcity, March 1906, 1, Agra Commr. to UP Govt., 14Jan. 1906. 
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famine, as it affected the Meerut division, was clearly more 
severe than that of 1 868-g largely because of the differences in 
antecedent conditions and the impact these had upon the state 
of food stocks: despite the 'utmost care' taken in 1860-1 so that 
proprietors should not be compelled to alienate their shares to 
meet the revenue demand, the Meerut Collector regretfully 
recorded, 'still they were frequently compelled to do so to 
procure food'. 74 In contrast, the favourable seasons prior to the 
almost rainless 1868-g season meant that although the 
'common field labourers came gladly to the relief works', even 
in the dry tracts 'the people had stored up food and there was 
no destitution'. 75 

So important are stocks to the welfare of rural inhabitants 
during drought periods that one historian has argued that 'the 
disappearance of domestic stocks which people were accus­
tomed to keep in the past' was one of the fundamental causes of 
the apparently increasing incidence of famine in the post-1860 
period. 76 The abnormal rise in food prices during drought 
years, the argument goes, was 'itself a measure of the shortage 
offoodgrains in the country as a whole', reflecting the fact that 
the foodgrain export trade had siphoned off the food surplus of 
normal years and that cultivators, both through choice and 
through the pressures of planters and those making cash 
advances, opted for commercial rather than food crops. 77 

Changing external conditions thus, according to B.M. 
Bhatia, profoundly affected stockholding practices. To what 
degree this occurred is difficult to gauge. The 'invisible' nature 
of cultivators' stocks made it hard for officials to do more than 
indicate broadly the level of existing stocks relative to those in a 
few previous years. Moreover, it is necessary to apply the 
notion of a rundown of stocks as a concomitant of increasing 
commercialisation of agriculture with extreme caution. The 
peasant, in all his decisions, showed great deference to security, 
and his marketing responses reflect this strongly, though 
differing according to his holding size, tenure, and family size, 

74 UPA(R), Files ofMeerut Commr., Dept. XII, File 5/1861, Ser. 125, File on Revenue 
Administration Report 1860-1, Meerut Collr. to Commr., 1 Oct . 1861. 

75 UPA(R) , Files ofMeerut Commr. , Dept. XII, File 9/1869, Ser. 39, File on Revenue 
Administration Report 1868-g, Meerut Commr . to BOR, 4 Dec. 1869. 

76 Bhatia, Famines in India, p. 9. 77 Ibid., pp. 9, 27-34. 
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and the effects of previous harvests and fortunes . The 
voluminous literature relating to the relationship between 
marketed surplus and relative prices reflects mainly this 
complexity. 78 However, from the scraps of evidence which are 
available, it is possible to identify some of the main processes 
influencing the level of stocks held at a time of growing 
commercial penetration and opportunity, and to show how the 
cultivators on the canal were affected by these processes. 

There were indeed, as the marketed surplus debate would 
suggest, extremely complex links between the village economy 
and the grain assembly centres, and there is a need, therefore, 
to treat sceptically the notion that high grain prices implied 
empty stocks and foodgrain shortages. The holders of grain in 
the markets exhibited attitudes different from those of their 
counterparts in the villages. To the merchant, grain was a 
simple commodity, to be purchased, stored, or sold-locally or 
at long distance - according to current and projected price 
levels; and repeated transfers of sealed khattis (grain pits), some 
of which changed hands a dozen times in one week, was entirely 
normal. 79 In the village, grain was so much more than its money 
equivalent: it was a consumption good, but it was also a farm 
input (seed); it served as currency when used to pay for the 
services oflabour and village artisans, and as a convenient form 
of insurance against unpredictable weather conditions; it could 
secure credit on the one hand, and yet enhance the power and 

' prestige of those who lent seedgrain within the village on the 
other. Its many-sided nature within the village made it much 
less responsive to price movements than that controlled by the 
traders in the larger markets. 

This distinction is important in the context of high prices and 
scarcity, and it was in an attempt to bridge this behavioural 
distinction that the agents of substantial trading concerns 
moved into the districts to pull more grain into the central 
markets. 80 Hence prices could be lower in the railway towns 
78 Note, for example , the number of articles on this topic included in the bibliography 

ofT.J . Byres, 'Land Reform, Industrialization and the Marketed Surplus in India: 
An Essay on the Power of Rural Bias', in D. Lehmann (ed.), Agrarian Reform and 
Agrarian Reformism (London, 1974), pp . 221-61. 79 RAR 18!J8-9, p . 7. 

80 UP Sec., Scarcity Dept., File 290/1899, Ser . 56, File on Agricultural Prospects for 
KharifCrops, R. Dewhurst (Farrukhabad Collr .) to NWP&O Govt., 16 Sept . 1899. 
See also Ch. 8 below on this development. 
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than in the villages, as in Bareilly in March 1914 (due to 
imports from the Punjab); 81 or the reverse could be the case, as 
after the successful rabi harvest of 1897, when prices were 
distinctly cheaper in the villages than in the central marts, 82 

and in Farrukhabad, where the Collector observed that with 
the exception of the crops actually being sown - wheat, barley, 
and gram - the prices of nearly all grains were lower in the 
villages than in the city.83 It would be wrong, therefore, to 
equate too closely the recorded (bazar) price levels and the 
actual grain situation outside the towns. 

When drought occurred, grain was usually procurable in the 
towns, but at prices which reflected the value placed upon its 
storage as security against future uncertainty by a section of the 
producers, and the expectation of gains from price movements 
on the part of those more directly connected with trading 
activity. Stores of grain existed among village merchants and 
cultivators to an extent basically related to their level of wealth 
and independence, and to their fortunes in previous years. 
Drought hit less hard at the cultivators lower down the wealth 
scale the better they had fared over a series of seasons . It was 
this, along with their ability to gain credit within the village, 
which accounts for the fact that the cultivating classes were 
seldom to be seen purchasing grain from the bazar and formed 
only a small proportion of the relief workers in times of famine ; 
consistently, the overwhelming majority of those claiming relief 
were Chamars and weavers. 84 

Among holders of grain, differing priorities relating to its 
uses may have muted the impact of price movements upon the 
level of foodgrain stocks held in the villages, but the ultimate 
need for cash made it inevitable that the market price structure 
would impinge upon current produce and/or the level of 
reserves at some point. Precisely how prices affected the net 
marketed surplus of foodgrains clearly varied not only 

81 UP Scarcity, April 1914, 14. 
82 PP 1898, LXII, Further Papers Regarding the Famine and Relief Operations, no. v, T .W. 

Holderness , 'Narrative and Results of the Measures Adopted for the · Relief of 
Famine during the Years 1896 and 1897', p . 125. 

83 UP Scarcity , Jan . 1908, 115. 
84 UP Sec., Scarcity Dept ., File 21/i919 , File on Allotment of Funds for Famine 

Expenditure (Agra) , E.A. Molony to R.R. Bahadur (Mainpuri Collr.), 31 Jan . 
1919. 
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according to existing and antecedent conditions in the locality, 
but according to the interaction of local and non-local market 
forces. Increasingly, from the 1860s, prices came to reflect 
Indian and international demand and supply conditions. With 
'even the smallest markets in touch with the main wholesale 
markets' ,85 price movements were frequently poorly related -
sometimes even unrelated altogether - to local conditions. 
Given this, it is understandable that the conjunction of price 
movements and local output levels over several seasons could 
have an important effect on the level of stores maintained. 

The net effect upon the level of grain held in store arising 
from the operation of this conjunction of forces was made 
particularly complex by the different types of cultivators' 
different responses to these forces. Ironically, for the smaller 
cultivators especially, it was low prices rather than the lure of 
externally induced buoyant prices which frequently led to the 
rundown of stocks. This could be serious when, as in the 
mid-187os, low prices adversely affected stocks in the wake of a 
run of indifferent crop seasons .86 As the Gorakhpur Collector 
remarked, 'The only complaint regarding the season I have 
heard from the agricultural classes has been the hardship of 
having to part with so much grain for so little money, seeing 
they have, in addition to their ordinary liabilities, to repay the 
village banker the advances they took from him to tide over 
the drought of last year. '87 The same situation occurred in the 

, kharif of 1898, when the 'labouring classes', whether paid by 
harvest share or in cash, had 'profited largely' from the low 
prices, and were in some places in better shape than the 
small cultivators who were 'hampered by debts incurred in the 
1896-7 famine'. 88 

How the bulk of the peasantry fared in times of high prices 
depended primarily upon the relative rise in prices received in 
relation to saleable output, and it most clearly benefited when 
high prices coincided with good local yields. In 1878, for 
instance, 'bajra sold at the usual rate of wheat ... and for the 
first time ... almost alone provided the wherewithal for the 

85 UP Sec., Scarcity Dept., File 144/1914 , File on Variations in Price ofFoodgrains , 
Note by W.H . Moreland (Dir. of Agriculture) , 13 Sept . 1911. 

86 RAR 1876-7, p . 6. 
87 RAR 1874-5, p. 3. 88 RAR 1897--8, p. 62. 
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payment of the revenue kist', 89 and for those with grain only a 
small outflow was necessary to cover cash needs. In Etawah , 
also, during the spring of 1898, buoyant prices were reported to 
be allowing many cultivators to replenish their stocks. 90 

Cultivators and zamindars with regular and substantial 
surpluses were clearly in a position to operate with more 
flexibility , and at times of depressed price levels were not under 
such pressure to run down grain stocks. In 1899 in Mainpuri, 
for example, the Collector observed: 'Prices last April and May 
were very cheap, and zamindars and cultivators who were not 
compelled to sell to raise money held up more of their stocks 
than they usually do. '91 At the same time, when high prices 
prevail~d, the surplus-producing (or -acquiring) individuals 
could make cash gains, particularly when local output was 
relatively good, but frequently also when output was down, due 
to the fact that consumption was only a part of their output . 

It is because of the differences in the reactions to prices in the 
marketing decisions of different categories of cultivators that 
the net effect on village stores, though hard to determine , was 
not especially volatile . Larger farmers were likely to be selling 
when smaller men were able to hold back grain due to good 
prices; small men were forced by low prices to market a large 
proportion of their grain when larger men refrained from doing 
so. Grain stocks could thus remain in the rural areas, even 
though the control of those stocks could largely rest at times 
with large cultivators, zamindars, and village traders. All of 
these, by virtue of their connections with the locality, would be 
restrained from moving grain on to the towns, since to be 
balanced against the potential cash returns were other 
opportunities for putting the grain to work locally so as to 
acquire ongoing advantages, such as medium-term income 
flows through lending activities, the commitment of future 
labour services, and political support in village conflicts . When 

89 Benett , Report on Relief and Scarcity Operations, p. 23. In times of scarcity , it was the 
coarser grains which showed the greatest proportional rise in price. For more 
details, see PP 1898, Lxn, Further Papers Regarding the Famine, no. v , Holderness, 
'Narrativ e' , opp . p . 122. 

90 UP Sec., Scarcity Dept., File 290/1899, Ser. 14, File on Agricultural Prospects for 
KharifCrops , H .G. Tyler (Etawah Collr .) to NWP&O Govt., 15 Sept . 1899. 

91 UP Sec., Scarcit y Dept., File 290/1899, Ser. 39, File on Agricultural Prospects for 
KharifCrop s, W.R. Partridge (Mainpuri Collr.) to NWP&O Govt. , 16 Sept . 1899. 
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all is said and done, the village trader, also, had to take 
cognisance of the fact that he would need to earn his living in 
the village after the hardship was over and the windfall profits 
were spent. 

Village traders, like grain-lending cultivators, did not, 
however, have limitless resources. Their margins were often 
pared by competition and by defaults, and they often shared 
the runs of bad seasons suffered by their clients. 92 The balance 
between the high prices they could get for the grain in the 
market and the risks in a dry October of putting it out as a seed 
loan could frequently tilt so as to cause a flow of grain out of the 
villages. A trader could also be forced to take credit himself, 
and thus - while able to continue his operations - lose control 
over the manner in which he chose to use the grain within his 
operations. Such a situation was described in the Report on the 
Marketing of Wheat in India: 'If he is financed by an arhatiya or 
large wholesale dealer in a nearby town, or by any other 
Agency, he may have to dispose of most of his stock in 
liquidation of his accounts through the arhatiya soon after 
collection.' 93 Banias were also exposed to intimidation by 
villagers who were unhappy at having been refused loans of 
grain, or at the terms offered. Thus it was reported from Muttra 
district in I 899: 'There is a feeling of indignation against banias 
even among educated men, and the chance of getting high cash 
prices on the one hand and of being looted on the other, has 

, decided most banias to take their stocks to the - nearest 
exporting centre. The stocks are less than 1896 for this 
reason.' 94 The loss to urban traders of what might be called 
'village' control over foodgrain stocks could have damaging 
implications for the welfare of a locality during difficult 
seasons. Once the grain was sealed in the khattis or stored in the 
godowns of the market towns it could be frozen or moved 
irrespective of local needs. 

92 E.g., UPPBEC(E), 11, pp. 254-63, Enquiry in Kupa village, Muttra . Three 
successive harvest failures there had seen the bohras' resources diminish to the point 
where they were unable to 'afford fresh credit'. 

93 GI Directorate of Marketing and Inspection, Report on the Marketing of Wheat in India 
(Simla , 1937), p. 128. 

94 UP Sec., Scarcity Dept., File 290/1899, Ser. 37, File on Agricultural Prospects for 
KharifCrops , A.B. fforde (Muttra Collr .) to NWP&O Govt., 16 Sept . 1899. 
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An illustration of the way in which the conjunction of local 
and external circumstances led to a position where cultivators 
and the smaller traders lost control over the grain crops is found 
in 1877-8 in Agra and Muttra. Prices ranged low in 1876-7, 
even after the distant demands due to harvest failures in 
Madras and Bombay and to war in Europe had pulled the level 
up. The result was that cultivators were obliged to release large 
quantities of their grain at the low prices prevailing at the 1877 
rabi harvest; in advance, that is, of the price increases induced 
by the continued export of grain and the inadequacy of the 
summer rains. Although prices reached scarcity levels, the 
'grain dealers alone benefited from the stimulated export, so 
that when the failure of crop came ... there were no stocks to 
fall back on' .95 

While rain fell in late October (1877) to allow a larger rabi 
area than usual, the hot breezes and blight caused the outturn 
to fall below the normal total, something which was aggravated 
by the fact that exports, once more, were siphoning off supplies 
required within the district. 'The harvest', the Lieutenant­
Governor reported to the Government oflndia in March 1878, 
'is already very much in the hands of the banias , who have 
given large advances on the security of the standing crops. 
They will be able therefore to rule the markets, and as there is 
no reason to suppose there will be much diminution in the 
demand for grain for exportation, it is improbable that prices 
will fall to any appreciable extent.' 96 Exports to other provinces 
did continue and it was not until rain fell at the end of July that 
the 'resumption of agriculture' provided work to attract people 

· away from the relief works. Here was the substantial beginning 
of the large-scale movement of grain to distant markets, and its 
immediate effect had been to confound the officially held theory 
that no single season's failure could be sufficient to cause such 
hardship: 'All former famines, deserving the name, seem to 

95 Muttra DC (1884), p . 51. 
96 Benett , Report on Scarciry and Relief Operations, p. 177. Such a situation existed in Agra 

in late 1899: while the stocks in the hands of grain merchants were said to be ample, 
the supply available to the · population was described by the Commissioner as 
'deficient' . UP Sec., Scarcit y Dept ., File 290/1899, Ser. 67, File on Agricultural 
Prospects for KharifCrops, W.H . lmpey (Agra Commr .) to NWP&O Govt ., 20 
Sept. 1899. 
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have had their origin in the loss of the spring as well as of the 
autumn harvest.' 97 

In an era of rising prices and widening markets, then, the 
ability to hold grain - to gain most through price movements, 
or to lose least from them through insulation - was particularly 
important in · relation to the problems posed by famine to 
cultivators, and it was their manifest ability to hold up the 
outflow of grain which helped enable those in the canal tracts to 
withstand so effectively the trials of a drought year. If the 
cultivators preferred not to use their canal water to raise kharif 
food crops, this did not mean that they were unable to feed 
themselves in the rainless intervals between one rabi harvest 
and the next. 'Even before the harvesting of this year's 
cold-weather crop', stated the report of an enquiry into the 
1896-7 famine and relief operations, 'considerable foodstocks 
were believed to exist with the grain-dealers, and with 
agriculturists in the fertile canal districts. '98 This ability on the 
part ofa substantial proportion of the cultivating community to 
hold onto stocks of foodgrains was clearly a long-standing 
feature in some districts. Of Meerut, for example, during the 
1868-g famine, it was observed that 'the cultivators had 
become so independent of the petty traders upon whom 
reliance is usually placed for advances of seed and money, that 
they were hoarding accumulations of stores in the hope of more 
favourable markets'. 99 

I Though the Meerutjats were said in 1896 to have 'prayed 
openly for the continuance of famine', 100 they were cautious in 
the manner in which they actually profited from scarcity 
conditions, and it was the primacy they gave to their own 
security which limited the canal's effectiveness in assisting 
other stricken areas when famine was at its height. It is quite 
clear that substantial stocks of food existed in the canal districts 

91 Agra DG (1884), p. 446. 
98 PP 1898, LXn, Further Papers Regarding the Famine, no. v, Holderness, 'Narrative', p. 

214. The same applied even in 1877-8, when, for example, Aligarh's granaries were 
said to have been so well stocked that the district could have 'held out for a year on 
its own resources, even had the rabi been lost'. Benett, Report on Scarciry and Relief 
Operations, p. 38. 

99 F. Henvey, A Narrative of the Drought and Famine which prevailed in the North-Western 
Provinces during the years 1868, 186g and the beginning of 1870 (Allahabad, 1871 ), p . 15. 

100 Gillan, Meerut SR (1901), p. 6. 
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during the 1896--7 period. The 1895-6 rabi crops were well up to 
average where irrigated; elsewhere the outturn was disappoint­
ing or poor. 'It might have been expected', commented T.W. 
Holderness, the officer investigating the famine and relief 
operations, 'that these villages, which had enjoyed good 
harvests, would, under the attraction of very high prices, have 
exported some of the surplus stocks they undoubtedly held.' 101 

As it turned out, he found that with the drying up of imports 
from the Punjab and the rapid stiffening of prices at the end of 
April 1896, cultivators in canal villages shut away their grain, 
and the flow of food supplies to the deficient areas was reduced 
to a slow and painful dribble, mainly to the hard-pressed 
eastern districts and Bundelkhand. In spite of these stores, and 
in spite of excellent rabi prospects for the 1897 harvest, the canal 
districts continued to import grain till the 'bountiful yield of the 
spring crops found the cultivators' granaries still stocked with 
the produce of a previous harvest' .102 The Bulandshahr district 
alone of the Meerut and Agra divisions was an exporter of grain 
in the first quarter of 1897: its net export was 327 tons, while the 
net import total for the Meerut division was over 16,000 tons. 103 

The low aggregate supply response to the scarcity prices was 
clearly a reflection of security preference on the part of the 
cultivators: the peasantry of Meerut division 'held up their 
produce till the prospects of the future could be assured'. This 
was in fact done everywhere, but, as Holderness noted, 'the 
Meerut people could afford to do it on a larger scale than 
others'. The produce was therefore held up in the villages so 
that 'even the usual supply did not therefore come into the local 
markets and imports were required to provide for the 
townspeople and for that section of the population which has to 
purchase its food' .104 Certainly the advantageous prices of the 
previous years, when the fortunes of the canal districts were 
generally more favourable as regards output than other parts of 
the province, helped the class of cultivators which produced a 
genuine surplus to hold onto its supplies at a time when there · 

10 1 PP 1898, LXII, Further Papers Regarding the Famine, no. v, Holderness , 'Narrative'; p . 
120. 102 Ibid., p. 80. 103 Ibid., p .. 120. 

104 Ibid. The same situation arose in 1918, when Meerut cultivators, holding 'fairly 
adequate stocks', were 'not releasing such stock~ to the market' . With rural traders 
also holding stocks 'in view of the season's character', the stocks in the towns were 
'comparatively low' . UP Scarcity , May 1919, go, UP Govt . to GI, 5 Nov. 1918. 
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was a· widespread belief that the country was on the eve of a 
terrible famine. Mainly for that reason, aided perhaps by a 
measure of speculation, the stocks remained with the cultiva­
tors and with the 'petty dealers whose transactions do not 
extend beyond their own villages'. The stocks of the large 
holders in the central markets were thus abnormally low, with 
the result that urban prices were high and remained so, despite 
the addition to the supplies with each successive harvest. 105 

Every district in the Meerut division commenced to send 
away grain in large and increasing quantities as soon as the rabi 
crops of 1897 were gathered. During the second quarter of the 
year 73,000 tons was the net export figure . Further down the 
Doab, Agra division's canal districts - with more unirrigated 
land within their own boundaries to supply - commenced to 
send grain outside inJuly, when the prospects for autumn crops 
became favourable. 106 Only after the worst of the problem was 
over did the protection to food supplies embodied in the canal 
actually begin substantially to assist less fortunate tracts 
outside. While the 'necessitous people of Rohilkhand, Oudh 
and Gorackhpur were compelled to part with much of theirs', 
Meerut's peasantry was able to hold up its grain. 'The Meerut 
division', summed up Holderness, 'in spite of its prosperous 
condition and its good harvest, gave little assistance to the 
distressed parts of the provinces and on the whole showed a net 
balance of imports.' 107 

' It was ironic that the only exporting division was Rohil­
khand, whose peasantry was forced to part with a portion of its 
stores, and that a substantial recipient of those exports was 
Meerut. This pattern of behaviour on the part of the cultivators 
accentuated the short-term food shortages and called into 
question the idea of concentrating public investment expendi­
ture in a region or tract most suitable to secure a supply of food 
for those areas outside which were subject to periodic 
shortages. 108 

10s PP 1898, LXII , Further Papers Regarding the Famine, no . v, Holderness , 'Narrativ e', p . 
120 . 106/bid., pp . 120-1. 107 Ibid., p. 119 . 

ioa It is worth noting, in addition , that the relatively unimpaired purchasing power ol 
the canal districts enabled them 'in all famines ' to purchase fodder when necessary 
from the 'very seriously affected distri cts' such as Budaun in 1918, the trade being 
organis ed through regular banjaras by grain-_dealers. UP Scarcity, Aug. 1921 , 7, 
Fyzabad Commr . to UP Govt. , 2 6 O ct. 1920 . 
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Famine and the market for agricultural labour 

A dramatic reduction in work opportunities for day labourers 
occurred in years of drought as the conditions affected both the 
demand for and the supply oflabour. A straightforward fall in 
the total demand for labour occurred as a result of the reduced 
crop areas and shrunken yields. This affected the day labourers 
disproportionately because they were taken on mainly at the 
points in the agricultural calendar when family labour, 
together with that of farm servants, was insufficient to cope 
with the peaks of farming activity. In terms of labour 
requirements, these peaks were considerably less pronounced 
in drought years, and it was naturally the marginal (hired) 
labour which was chiefly affected. Even the increase in demand 
in well villages for hands to lift water could not, for reasons to 
do with the physical limitations of both wells and bullocks, in 
any real sense counterbalance this fall-off in demand for labour. 

The fall in the total labour requirements was, from the day 
labourers' viewpoint, exacerbated by increases in the labour 
supply, resulting from a tendency among cultivators to attempt 
to increase inputs of family labour. Two processes appear to 
have been at work here. First, the normal point at which it did 
not matte .r to the peasant whether he increased the family 
labour input or whether he hired labour for cash or grain wages 
occurred at a higher level of total labour input in such years. 
Smaller producers particularly, responding to conditions of 
uncertainty, preferred to increase the amount oflabour put in 
by the family to paying out in wages grain which might be 
crucially important to the family's needs over future months .109 

Secondly, many cultivators without the capacity to retain 
much produce from normal seasons, and with insufficient work 
to do on their own parched holdings, joined the day labourers 
in seeking work on the holdings of other cultivators. 

Overall, therefore, with the labour supply curve moving 
outwards, and the demand curve for hired labour shifting 
sharply to the left, at a subsistence wage there was a very 
considerable oversupply oflabour, and it was only a matter of 
time before the scanty stores which labourers had saved from 

109 PP 1880, LII, Report of the Indian Famine Commission, pt 1, p. 41. 
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the short autumn harvest were exhausted. Without autumn 
rain to provide employment in sowing and harvesting during 
the cold season, the plight of the groups scraping a living 
mainly through hiring out their labour services was to wander 
in search of employment. It mattered little whether or not 
stores of grain existed within their locality, since their problem 
was one of being unable to claim a share of the food which was 
available. Thus in Muttra, after the winter harvest of 1878, 
'there was no deficiency of grain but the want of employment 
and inability on the part of the landless class to provide 
themselves with food at the prevailing high rates drove 
increasing numbers to the reliefworks'. 110 When large areas of 
the Meerut division lying outside the embryonic canal system's 
reach remained unsown in the cold season of 1 860- 1, 

'thousands of poor people left their villages ... the mortality 
was very great'.'" 

For the canal tracts, however, there is no evidence to indicate 
that the normally buoyant labour market was substantially 
affected during a year of drought. Despite the loss of the kharif 
millets in Bulandshahr in 1868, 'there seemed to have been as 
much difficulty in procuring labour as in ordinary years' .112 

From neighbouring Meerut, in the same year, F. Henvey 
reported that there was 'always a demand for labour equal to 
the supply' .113 Further north again, according to Alan Cadell in 
Muzaffarnagar, the labouring class had 'the advantage of 

' continuous employment throughout the year' and was 'not 
exposed to the loss, distress, and danger caused by droughts' .114 

Even at the height of the 1907-8 famine, when the kharif 
prospects were for only a three-anna crop on unirrigated land, 
the Bulandshahr Collector reported that there was 'not the 
least chance of attracting labour at subsistence wages', and that 
contractors were 'finding difficulty in getting labour at 5 annas 
per day' .115 

110 Muttra DG (1884), p. 53. 
111 UPA(R), Files ofMeerut Commr., Dept . xn, File 5/1861, Ser. 125, File on Revenue 

Administration Report 1860-1, Meerut Collr. to Commr., 1 Oct , 1861. 
112 Bulandshahr DG (1876), p. 32. 
113 Henvey, Naffative of the Drought and Famine, p. 15. 
114 'Report on the Ganges Canal Tract', p. 18, in C.,.dell, Muzajfamagar SR (1882). 
115 UP Scarcity,Jan . 1908, 99. A.B. fforde added that 'in 1896 they earned 7 annas a 

day' . See a similar observation (ofBulandshahr) in NWP Rev., Dec. 1868, 24. 
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Clearly the ability of the canal tracts to maintain their 
production flow with respect to the labour-intensive cash crops, 
and thus safeguard also the processing, transport, and 
marketing activities, meant the absence of significant disloca­
tion in the labour market. There was also a heavy demand for 
labour to assist with the putting down ofan extra-large rabi area 
in drought years. Where the intense demand for labour to assist 
with the commercial crops of the Upper Doab gave way to the 
less fertile estates lower down, the increased incidence of lift 
irrigation made labour vital, since speed was of the essence 
where diminishing access time for irrigators was the method by 
which the supplies were economised. Often, as in Etawah, the 
practice was to take water at night, 'no water being available in 
the day , and baled up out of deep cuttings, at an expense which, 
in ordinary seasons, the profits would fail to cover'. 116 In all, 
over 850,000 acres ( 25 °/o) of irrigation in 1896--7 involved the 
water's having to be lifted manually onto fields. 

There even seems a possibility that the demand curve for 
labour shifted to the right in many canal villages during a 
drought. Certainly, the references to 'the comparatively dear 
rate' paid for lifting water would support this notion. 117 Other 
activities encouraged when drought struck were the careful 
maintenance of the guts ( or their deepening to increase the flow 
to the village) and the expansion of the gul system and field 
preparation (involving embankments, kiaris, and levelling) to 
permit the extension of irrigation. Public employment con­
nected with the canals (rajbaha maintenance such as silt­
clearing), plus the excavation of new canals and channels, 
provided work outside the village. Famines, in fact, played an 
important role in increasing the areas able to be irrigated, as 
the noticeably enhanced average areas of subsequent normal 
seasons testify (see Figure 4). 

The perennial 'exchange entitlements' problem for labourers 

116 Crosthwaite, 'Report on the Average Rent-Rates' , p. 4. The overall proportion oflift 
irrigation increased in drought years as the level in the channels fell and the 
increased value ofirrigation altered the ratio of costs to benefits. The same trend was 
apparent in 1896-7 in Etawah , when the rates of wages for agricultural labour had 
'fallen everywhere in the district, except in villages favoured with [ canal] irrigation' . 
PP 1898, LXII , Further Papers Regarding the Famine, no. v , Holderness, 'Narrative ', p. 
II I. 

111 Farrukhabad DG (1884), p. 121. 
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was avoided in this region not only because of the demand for 
their services, but also due to the insulation from price 
movements given by grain wages drawn from stocks. The 
majority of farm labourers were relatively unconcerned with 
prices, since 'the habit of paying in whole or in part in kind' 11B 

made them more concerned with finding work: 'The higher 
price of food', the 1 908 Administration of Famine Relief report 
made clear, 'does not affect the ordinary labourer as long as he 
can obtain employment.' 119 There were, moreover, induce­
ments within the system to pay labour in kind which the 
famine, if anything, enhanced: wages in kind obviously reduced 
the real value of wage costs by the difference between the 
realised wholesale rate and retail prices. Where, however, cash 
payments were made to labour, it does appear that the rates 
varied with the price of grain .120 

It is probable that resident labourers benefited first from the 
high labour requirements in canal villages because, even where 
the demand for labour fell below usual - or where perhaps 
incoming migrants offered their services more cheaply - the 
employer had to bear in mind that he would need to call upon 
the resident labouring group in subsequent seasons of acute 
short-term shortage of hands. Nonetheless, the displaced 
labourers of non-canal tracts clearly did find work in canal 
villages, as is shown by the migration patterns during drought 
years. The canal villages, stocked with food and standing out as 
'green belts of secured cultivation clustered alongdistributaries 
passing through otherwise bare plains, were the focus of local 
migratory movements and (before the brake ofrelief works was 
applied to stem the movement) of longer-distance migration. 
Indeed, it was the drought periods which marked lasting shifts 
in the population once the dust had been dampened and the 
temporary migrants had returned to their villages . Alan Cadell 
noticed this in Muzaffarnagar pargana, where 'with one trifling 
exception the population had fallen off in every village in the 
pergunnah which is not watered from the canal. The single 
exception is the little village of Sitherali, situated between two 

118 Miller, Muzaffamagar SR (1892), p. 45 . 
119 PP 1909, LXII , Administration of Famine Relief in the United Provinces of Agra and Oudh, 

1907-8, p. 151. 
120 Bulandshahr DC (1903), p. 58. 
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sandhills but surrounded by canal irrigated estates, which in 
years of drought afford employment and subsistence.' 121 

This reaction was not confined to the richer Upper Doab 
districts. Evidence in the form of a village survey conducted in 
Agra reveals that over a thousand people belonging to Dholpur 
were said to have come to Punahra village between June and 
September of 1877. Partly attracted by the indigo factory, most 
of them left when rain fell in October, but 146 were reported to 
have remained. In Rehjiwa, another of the three canal villages 
included in the survey, the population between 1872 and 1879 
had increased by almost 30%: 'Sixty-four persons joined the 
village for the first time during the scarcity. Agreatmany (more] 
came temporarily for the months preceding October.' 122 

It is doubtful that the shift of population to canal villages- to 
which drought years significantly contributed - resulted in a 
decline in their relative security against famine. There is no 
evidence of increasing susceptibility to famine among canal 
villages for the period under review. This is partly a reflection of 
the fact that the underlying increase in population prior to the 
1920s was relatively small, thus allowing holding sizes and 
population-resource ratios to be broadly maintained. The 
pattern of population change was uneven both over time and 
between districts, but even the faster-growing Upper Doab 
districts managed a growth rate of only around 0.3°/o per 
annum for the period 1872-1921, and well below 1% even 
during the general growth period of the three decades up to 
1901 .123 Some districts even showed a fall, notably Muttra and, 
to a lesser extent, Agra. If the evidence from Koil pargana is at 
all representative of the differential in population density (a 
23°/o difference between canal villages and the best well villages 
in terms of net cultivated area, 7°/o for gross cultivated area), 
then it was not hard for the productivity effects of a steadily 
expanding canal-irrigated area to provide the additional 
resources for canal tracts to at least keep pace with population 
mcrease. 

It must also be remembered that most of the migrants were 

121 UPA, BOR, 'Different Districts', Muzaffarnagar , Box 8, File 35, A. Cadell, RRR 
Pergunnah Moozuffurnuggur, 1872, para . 36. 

122 Benett, Report on Scarciry and Relief Operations, pp. 387---8. 
123 Census of India, 1921, xvi, pt 1, p . 26. 
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drawn from the labouring classes and thus in most cases did not 
compete for land resources. They filtered in at the ,bottom of the 
social and economic structures of the more commercialised 
villages, where production was frequently held back by labour 
constraints. This inflow of manpower, allied to certain 
technical and institutional developments which also took place 
in the western districts, played a vital role in enhancing 
production and maintaining the disparities in wealth, and thus 
security, favouring the canal tracts. An examination of this 
'dynamism', as it has been termed - and the canal's role in it -
is the subject of the final chapter. 



8 
Canal irrigation and the dynamism of the 

western UP 

Patterns of growth and prosperity 

Now that the operation and effects of canal irrigation in the 
Doab have been examined in detail, the scope in this final 
section is widened to consider the role of the canal as a factor in 
the differential growth patterns experienced during the period. 
Certainly from around 1870 onwards, there are frequent 
references in the writings of officials to the marked prosperity of 
the canal districts, particularly those in the Upper Doab, in 
comparison with other UP districts, and especially those in the 
east. 

As early as 1872 living standards were conspicuously higher 
in the west: 'The labourer in Muzaffarnagar', observed the 
Settlement Officer, 'dresses better than the average petty 
proprietor of the eastern districts, and wheat ... forms a larger 
proportion of the food of the poorer classes.'' The Meerut 
Collector, F.N. Wright, confirming the impression of widely 
diffused prosperity, could 'find no signs of distress or poverty 
anywhere ... I find a stalwart race of cultivators, well clothed 
with generally good cattle and comfortable houses.' 2 This was 
the tract where not only the province's best plough cattle but 
also 'the best class of milkers' were to be found; 3 where 
occupancy tenants with medium-sized holdings occupied a 
'position far above that of the typical cultivator living from 
hand to mouth, in a chronic state of debt, and with his growing 
crops pledged to the nearest Mahajan or the village Bania' .4 In 
fact, in this area the maurusi tenant could 'meet his landlord 
more or less on equal terms in a court of justice'. 5 'The villagers 

1 'Report on the Ganges Canal Tract', pp. 17-18, in Cadell, Muzajfarnagar SR 
(1882). 2 RAR 1882-3, Appendix 1, p. 5. 

3 UP Scarcity, Jan . 1920, 8. 4 RAR 1882-3, Appendix 1, p. 5. 5 Ibid. 
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must be tolerably flourishing', a district officer concluded when 
recalling a visit to the western parts of Muzaffarnagar and 
Saharanpur, 'else they could not have built the handsome 
masonry chaupals I noticed in 1874-5.' 6 

Even the landless labourer shared not only the affluence but 
the new-found independence of the occupancy tenants. By the 
1870s, Chamars had 'almost entirely emerged from [their 
former] state of serfdom', and were able 'to select their own 
masters, either in their own village or elsewhere'. F.N. Wright 
reported from Meeru t: 

In many villages they utterly refuse to do 'begari', and in the villages 
along the northwest of the district refuse to do their old duties for the 
zamindars connected with sugar-pressing &c.; the old hakks are not 
sufficient, they demand a full wage for a day's work and the 
zamindars are at their wits' end to get the cane pressed and the juice 
boiled in time . 7 

In the growing towns, too, 'the artizans and manual labourers 
... find themselves in a condition of comfort and independence 
which must some years ago have been utterly unknown to their 
class'. 8 Indeed, the lure of urban employment helped create 
labour shortages and drive up wage levels during the busy 
seasons in rural areas. 9 

How far down the Doab this prosperity extended is less clear. 
Impressionistic evidence suggests that the prosperity was less 
marked in parts of Bulandshahr and Aligarh and south-

' eastwards from there. Certainly the pattern is far from even. 
Muttra particularly, but also Agra, did not as districts 
experience the best of fortunes during this period. Indeed, a 
recent Ph.D. thesis has suggested that Muttra was gripped in 
the later 1800s by a 'grave neo-Malthusian crisis', and 
demographic evidence certainly suggests the presence of severe 
problems. 10 Local variation existed even here, however. 
Evidence exists to show that overassessment and climatic 
disruption may not have had such damaging effects upon the 

6 NWP&O Rev., Sept . 1881, 11, Note by W. Irvine . 
1 RAR 1882-3, Appendix 1, p . 6. 
8 /bid., p. I. 9 S&C 1915-16, p. I 7. 
10 SJ . Commander, 'The Agrarian Economy of Northern India , 1800--1880: Aspects 

of Growth and Stagnation in the Doab' , unpublished Ph.D. dissertation , University 
ofCambridge , 1980. 
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canal tracts as elsewhere in the district. Canal areas were not 
without their difficulties in the wet seasons of the 1880s, but 
they fared reasonably well in the unusually frequent dry seasons 
between 1890 and 1915, and population shifts from the 1890s 
appear to have favoured the canal zones at the expense of the 
trans-J umna tehsils. 11 These villages, nonetheless, fell well short 
of the prosperity found in the districts to the north. 

Much more typical of the districts in the lower parts of the 
Doab was Etah, where there had been, according to the District 
Officer, 'within the last generation ... a decided improvement 
in the condition of the agricultural classes' .12 Forced labour did 
not prevail in the district to any great extent, and the field 
labourer apparently received better pay and enjoyed greater 
independence than in former times. William Crooke also 
detected changes among the cultivators, including a trend 
away from using buffaloes or borrowed oxen to the ownership 
of bullocks; and a noticeable improvement in houses, many of 
which, instead of being mere 'straw sheds', were built of beams 
and clay. 

Although the level of prosperity in such districts as Etah was 
not generally comparable with that to be found in the 
north-western districts, Crooke was in no doubt that 'a decided 
superiority' was to be observed between Etah and those 
districts with which he was familiar in the eastern UP. There, 
as population grew and pressure on the land increased, petty 
proprietors resorted to attempting to regain cultivating 
possession of their tenants' tiny holdings. The standard of 
housing and of dress, the puny nature of what cattle the 
cultivators did possess, 13 and the fact that in this area cattle 
were simply 'not kept for milking purposes at all' 14 - all 
contrasted starkly with conditions in the western districts. 
Those former cultivators who had lost their cultivating rights, 
the harwahas, and who were now labourers and farm servants 15 

(perhaps sustaining their interest in cultivation through small 

11 Muttra DG (1911), p . 79; see also NWP&O Rev., Nov. 1883, 96,J.B. Fuller (Asst. 
Dir. of Agriculture), Notes on Certain Villages in Meerut District, 29 July 1882. 

12 RAR 1881-2, pp . 8-10 . 

13 A large proportion of Jaunpur's cultivators possessed only one bullock or no 
bullocks at all. B. Misra, Overpopulation in}aunpur (Allahabad, 1932), Ch. vm . 

14 UP Scarcity , Jan. 1920, 8. 
15 Misra, Overpopulation in}aunpur, p. 19. 
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plots granted for their maintenance and ploughed with their 
master's bullocks), were becoming increasingly numerous, and 
added to the conditions of labour surplus which made 
employment often hard to find and drove down wage levels. 
Wage rates, whether for farm servants or daily employment, 
were half ( or less than half) those prevailing in the western 
districts around I goo, 16 and while the independence of the 
Doab Chamars was legend, a large proportion of the labouring 
class in the eastern districts was, according to Duthie and 
Fuller, 'literally as well as practically the bondslaves of their 
employers. The condition of slavery offers a refuge from the 
pressure of competition, and the certainty of daily food may be 
held some compensation for the loss of liberty which only 
manifests itself in an insufficiency of both work and 
nourishment. ' 17 

Many found such refuge in emigration. The UP Census 
Commissioner remarked in 1911 that there was not a single 
family in the Benares division which had not at least one 
member in the neighbouring provinces east and south. Many 
such movements were temporary or seasonal, but the net 
outflow fromjaunpur was around 80,000 per decade between 
1891 and 192 r . The outflow reduced the burden upon the local 
resources, and the flow ofremittances - as much as Rs 80 lakhs 
in the case ofBenares district in 1927-8- gave the region a call 
upon outside resources in meeting the needs of the local 

, population. 
Behind this difference in standards of living lay substantial 

differences in productivity. This showed up in the greater 
concentration upon cash crops in the western districts, 
especially sugar and wheat. The contrast in cropping patterns 
is shown in Table 8. r. The eastern districts grew largely food 
crops. Compared with Meerut and Muzaffarnagar they grew 
less than half the area of sugarcane (with the exception of 
Gorakhpur), a quarter or less of the area of wheat, and no 

16 In the north-west region, W .H. Moreland's wage census indicated that a twelve-pice 
daily rate was 'well established' by the early 1900s, while in the east, only Ghazipur 
and Azamgarh had crept over the six-pice rate . Similarly, farm servants in the west 
received more than one anna, while their considerably more numerous counterparts 
in the east were frequently on one-half anna per day. UP Rev., Oct. 1907, 89, Wage 
Census of Aug . 1906. 

11 Duthie and Fuller, Field and Garden Crops, 1, p. iv. 
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Table 8. 1. Comparison of crop patterns in the eastern and western UP: 
averages of 1908-f/1909-10 crop areas in representative districts (in 
percentages of net cultivated area) 

Western districts Eastern districts 

Major crops Muzalfarnagar Meerut Benares Gorakhpur 

Rice 6 2 25 42 
Wheat 34 30 7 13 
Barley 5 7 23 18 
Gram 13 13 10 6 
Other foodgrains• 20 24 35 36 
Sugarcane II IO 4 4 
Cotton 4 8 
Oilseed 5 

• Includes maize, but excludes juar, which was frequently a fodder crop in the west 
(average: Muzalfarnagar/Meerut, 6% ; Benares /Gorakhpur, 2%). 

Source: Returns of the Agricultural Statistics of British India 19<15-61!909-10. 

cotton, and only one or two districts grew a significant area of 
oilseed. In the highly cultivated parganas of the canal districts 
wheat occupied 60% of the rabi area: in the canal circle of 
Khatauli, for example, such a figure was returned for wheat 
(equivalent to 34 % of the n.c.a.), while at the same time 20% of 
the n.c.a. was under sugar, 4 % was under cotton, and over 
27°/o was double-cropped; 18 in pargana Kandhla (also Muzaf­
farnagar), canal villages put down 36% to unmixed wheat, 
2 1 % to cane, and 6% to cotton, and 35 °/o was dofasli. '9 Moving 
down the Doab, as Map 4 shows, the proportion of cash crops 
undoubtedly diminished. The sugar area fell away, to be 
replaced by indigo (prior to I goo) and cotton. The wheat area 
in Aligarh was typically around 20% of the n.c.a. and cotton a 
percentage point or so below that. Sugarcane in Aligarh 
amounted to just 1%. Nevertheless, that there was a greater 
concentration upon cash crops than in the east is still 
apparent. 20 

18 MCR, BOR, vm/11, 14(c), H.A. Lane , RRR Parganas Khautauli andJauliJansath 
(Muzalfarnagar), 1919, pp. g--10. 

19 MCR, BOR, vm/11, 14(C) , H .A. Lane , RRR Pargana Kandhla (Muzalfarnagar), 
1919, pp . g--10. 

20 F.C .R. Robinson's calculations from railborne trade statistics indicate that, by the 
quinquennium 1911-16, the western UP and Doab, with less than half the 
population, accounted for nearly three-quarters of UP trade . F.C.R. Robinson, 
Separatism among Indian Muslims, 186o-1923 (Cambridge, 1974), pp . 5g--60. 
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In addition to the crop pattern differences, the yields of cash 
crops, according to the detailed work of Duthie and Fuller and 
the vastly experienced W.H. Moreland, were higher in the 
west (see Table 8.2) . The statistical impressions which emerge 
from their field measurements broadly concur with the 
qualitative information dispersed through official reports: with 
the exception of rice, sugarcane, and peas, crop yields in 
western districts were consistently one or two maunds per acre 
higher than those in the east.21 Moreover, according to 
Moreland, the quality of wheat- a crop vital to the prosperity 
of the west - 'on the whole decreases as one goes east'. 22 'Delhi 
soft white', for which the region was renowned , commanded 
particularly good prices in Europe, and just prior to the 
outbreak of World War I earned an increment of Rs 8 or Rs 9 
per acre. 23 The same applied to maize. Typically a deep yellow 
maize was grown throughout the UP, but cultivators in the 
canal districts took to a more lightly coloured and more 
productive variety. 24 There seems little to choose between the 
regions as far as yields ofrice or sugarcane are concerned : it was 
commonly recognised that the fine soil and moist conditions 
enabled the outturns in the east to compare well with those of 
the canal districts. 

The achievement of higher productivity through concentra­
tion upon cash crop production was only really possible 
through the widespread application of capital to farming 
operations. State investment in the form of canal irrigation was 

21 Duthie and Fuller , Field and Garden Crops, 1, p. 6 et seq. It is worth noting that their 
estimated mean outturns for Allahabad and Agra divisions were, in the cases of most 
crops, below those for the eastern and the westernmost divisions. Indian 
agricultural statistics must , at best, be regarded as dubious . See, for example, C.J . 
Dewey, 'Patwari and Chaukidar: Subordinate Officials and the Reliability oflndia's 
Agricultural Statistics', in C .J . Dewey and A.G. Hopkins (eds.), The lmperiallmpact: 
Studies in the Economic History of Africa and India (London, 1978), pp . 28o--314. Such 
statistics are particularly unreliable when used to detect trends; they can, however, 
be of use in identifying in a general sense the comparative outturns between regions 
at a point in time . The figures given in Table 8.2 reveal signs of a yield advantage to 
the west which is also evident in the work of Duthie and Fuller, and which conforms 
to qualitative impressions scattered in the reports. 

22 Moreland, Agriculture of the UP, pp. 204-5. 
23 RAR 1882-3, Appendix 1, p . 1; UP Rev ., March 1915, 65, H .R.C. Hailey, Historical 

Resume of Efforts Made to Develop Agriculture in UP, 14 Oct. 1914, para . 16. 
24 P. Subbiah, The Cultivation of Maize (Allahabad, 1901), p. 8. 
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Table 8.2. Comparison of crop yields in representative districts of the 
eastern and western UP: figures from Moreland's crop experiments 
conducted between 18!)6 and 1902 (in lbs. per acre) 

Muzaffarnagar Bulandshahr Benares 

Rice (irrigated) 1,000 1,000 1,000 
(unirrigated) 750 750 750 

Wheat (irrigated) 1,250 1,300 1,100 

( unirrigated) Boo goo 600 

Barley (irrigated) 1,500 1,400 1,300 
(unirrigated) goo goo Boo 

Maize (unirrig ated ) goo 1,050 Boo 
Juar (irrigated) 600 650 650 
Gram (irrigated) 1,000 1,000 Boo 

( unirrigated) 700 650 600 

Cotton (irrigated) 200 200 

(cleaned) (unirrigated) 140 130 IOO 

Sugarcane 
(yield in gur) (irrigated) 2,550 2,050 2 ,450 
Peas (irrigated) Boo 1,000 1,100 

( unirrigated) 550 650 550 

Source: Compiled from UP Rev., Aug . 1902 , 25, Note by W.H. Moreland . 

only one example of this. The powerful bullocks common in the 
west speeded up ploughing and hauled the especially numerous 
(and substantial) carts. Just as the canal, efficient draught 
animals, and carts assisted the farmer in exploiting more fully 
his land and labour resources, so the increasingly sophisticated 
sugar mills speeded the processing of his cane crop and 

' improved his extraction rates (and thus the value added). It 
was common, also, for a costly pakka well to lie idle in the wings, 
ready to fill in for canal supply deficiencies which threatened 
yields or schedules. Undeniably an indicator of wealth, the 
capital stock of the canal districts' cultivators contributed to 
the productivity gap between the west and other UP districts. 

Higher productivity is also closely related to the efficiency 
with which production is organised. A diversified economy 
which has achieved a significant level of economic specialisa­
tion gives rise to cost reductions, and there is evidence of a 
considerable difference between east and west in this regard. 
Around 15% of Meerut division's population was classified as 
urban in the 1881 census, as opposed to 7°/o in Benares. 
Moreover, the occupation profiles compiled for the Commis­
sion on Agriculture showed that while 76% of Jaunpur's 
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population relied on cultivation for its livelihood, and only 10% 
and 5 % respectively on industry and trade, Meerut's profile 
showed 42% relying on cultivation, 21 % on industry, and 6% 
on trade. 25 

The west's superiority in terms ofliving standards was not a 
long-standing phenomenon, however. Indeed, in the early 
nineteenth century it was the eastern region that was relatively 
monetised, and Azamgarh in particular was heavily committed 
to commercial crops and manufactures, receiving its raw 
materials and food from adjoining areas. The great commercial 
centres were strung along the major river routes, through 
which local trade and the movement of indigo, sugar, opium, 
and cotton to distant markets took place. Mirzapur was the 
main trading centre, its merchants, along with those of 
Benares, linking Bundelkhand cotton to the great cloth­
manufacturing district of Azamgarh, which grew very little 
grain in the 1830s but which concentrated instead upon 
sugarcane, indigo, and opium and which drew its grain 
supplies from Gorakhpur, Bihar, and some up-river districts. 26 

Bundelkhand, parts of which - like Kalpi in J alaun district -
had one-third of its area under cotton, was the agricultural 
boom area around 1840, with the town ofKalpi itselfallegedly 
the largest mart in northern lndia. 27 The thriving centres in the 
Doab at that time were to be found in the central and lower 
regions, their importance founded upon the cotton and indigo 
crops clustered within reach of the main riverways. For a time 
Farrukhabad, where indigo production was centred, was the 
most prominent commercial and financial city in the Doab, 
though Cawnpore was already growing in significance. 

While the districts further up the Doab shared in the 
expansion of trade and the more settled conditions of this 
period, the degree of commercialisation was comparatively 
limited. All Central and Upper Doab districts experienced an 
increase in population and cultivation; indeed, by 1840 little 
further increase in tillage was possible in Aligarh or in the Doab 
sections of Agra district. There was still room for expansion in 

25 R. Mukherjee in 'Introduction' to Misra, Overpopulation in Jaunpur, p. 7; see also 
Report on Agriculture in the United Provinces (Naini Tai, 1926), p. 121. 

26 A. Siddiqi , Agrarian Change in a North Indian State: Uttar Pradesh, 18Ifr33 (Oxford, 
1973), pp. 15!)-61. 27 jalaun DG (1909), pp. 21-5, 45. 
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the districts to the north, however, most of which were 
subsequently to expand their cultivation (n.c.a.) by 25-30%. 28 

This was a generally drier, less secure tract, with considerable 
areas of relatively light population and extensive rather than 
intensive cultivation, which found an outlet for its surplus grain 
down river through such riverside towns as Anupshahr. There 
were, in addition, pockets of undoubtedly high cultivation, 
where sugar crops were grown and converted into gur for sale 
across in the Punjab . Considerable population increase and 
intensification of cultivation had taken place in the EJC tracts 
by mid-century, and a degree of prosperity had been identified 
for these and some well tracts, but overall the tract was far from 
a rich one. In the view of the Saharanpur Settlement Officer of 
1920, Muzaffarnagar in 1840 'was from the agricultural point 
of view very similar to Bundelkhand of the present day'. 
Certainly the revenue rates on cultivated area for Saharanpur 
and M uzaff arnagar were less than half the level of those 
prevailing in districts like Etawah and Cawnpore, confirming 
the impression that the Upper Doab was in many parts 
noticeably less prosperous than the Lower Doab around 1840. 29 

A striking reversal of fortunes took place in the post-Mutiny 
period. The eastern region went through a process similar to 
Geertz's 'involution'. 30 As population growth far outpaced the 
expansion in net cultivated area, the ecological setting of these 
eastern districts - fertile soil, generally reliable and adequate 

' rainfall, favourable conditions for the construction of cheap 
wells - enabled productivity per unit area to be increased in line 
with the population. The process was 'involutional' rather than 
developmental due to the fact that no basic reorganisation took 
place: traditional inputs were simply increased within the same 
overall framework. The basic ingredient of this effort was the 
more thorough application of labour, which was directed at 
improving water control, land preparation, and weeding 
operations, and the juggling of crop combinations to achieve 

2BA/igarh DC (1911), p. 32; Agra DC (1906), p. 27. Of the Upper Doab districts, 
Meerut, for instance, increased its cultivation by a quarter between 1836 and 1900. 

Meerut DC (1904), pp. 35-7. 
29 Report on Agriculture in the UP, p. 1 19. 
30 C. Geertz, Agricultural Involution: The Process of Ecological Change in Indonesia (Berkeley, 

1963) . 
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the required levels of food intake and cash-earning produce. 
Under such a strategy, output per unit of labour did not 
increase. As population pressed on land resources and relative 
factor scarcities shifted accordingly, the response was a general 
substitution of heavy- for light-yielding crops. 

Since enhanced water control was necessary to facilitate this 
process, it is not surprising to find the 1927 Report on the Seasons 
and Crops noting that new well construction in the provinces was 
habitually headed by Gorakhpur, followed by Azamgarh and 
Bas ti. 31 The spread of boro (dry-season) rice crops reflected this 
extension in irrigation and facilitated double-cropping, as did 
the expansion in the cultivation of maize, which was preferred 
to other kharif millets due to its heavier outturn and early 
maturity. The rabi area under gram and peas expanded - peas 
being a nitrogenous crop (important to double-cropping) 
whose stalks were used for fodder. Barley was increasingly 
preferred to the lighter-yielding kharif milletjuar, and often also 
to wheat due to its lower cost, higher yield, and less precise 
growing requirements. The small wheat area in comparison 
with that of the west was taken by officials to be another 
indicator of the poverty of the region; rice, the main staple, they 
considered a less nutritious and less valuable crop than wheat. 
There was a tendency, too, for the heavier-yielding dofasli 
practices to squeeze out costly sugarcane cultivation: Ghazipur 
and Benares both experienced falling sugarcane acreages over 
the second half of the century; Jaunpur saw its area fall from 
14°/o ofn.c.a. in 1841 to 8% in 1891 and 5% by 1908-10; and 
Gorakhpur's sugar area fell to 4 °/o in 1908-10 and only hovered 
around the 7°/o mark in the 1920s. Apart from arable crops the 
area of groves was progressively eaten into by the pressure of 
population, 32 while diminishing grazing areas precipitated a 
decline in the numbers of draught cattle in the most crowded 
subdivisions. 33 

31 J .K. Mathur , Tiu Pressure of Population: Its Effects on Rural Economy in Gorakhpur District 
(Allahabad, 1931), p. 38. The number of wells in Gorakhpur was recorded to have 
risen from 84,487 in 1913-14 to 103,552 in 1932-3; in Azamgarh, from 41,559 to 
48,495. 

32 These trends are outlined in Ganguli, Trends of Agriculture and Population, pp . 102-7. 
For specific district cases, see Mathur , Pressure of Population, Ch . vu; and Misra , 
Overpopulation in Jaunpur, Ch . vm . 

33 See Misra, Overpopulation in Jaunpur, Ch . v1. 
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While 'involution' processes were causing reduced spe­
cialisation to take place in the east, the western districts were 
undeniably dynamic. Commercial crop production expanded 
dramatically, particularly so in the decades leading up to 1900, 
but even afterwards it showed continued improvement: on a 
comparison of five-year averages, Meerut increased both its 
valuable sugarcane area (from 9% to 13% of n.c.a.) and the 
extent of dofasli (from 21% to 28%) between 1901 and 1940. 
Moreover, according to recorded statistics the proportion of 
pure wheat had improved at the expense of mixed wheat. 34 The 
signs of growth and expansion were everywhere . A European 
estate-owner named Michel, with extensive property in 
south-central Meerut, commented upon the increase in the 
number of carts from a total of four to I oo in the few years since 
his arrival in the 1860s; 'the same tendency is everywhere 
apparent', added the 1876 Ga;::,etteer.35 The Director of Agricul­
ture, referring to Muzaffarnagar, was similarly struck by the 
'market places crowded with carts and a railway station to 
which additions are yearly made' .36 The diffusion of progres­
sively more sophisticated sugar mills and the manufacture of 
these- as well as the fabrication of carts - in the principal towns 
were part of this process of expansion. The continuous 
improvement in productivity through the application of 
technical inputs and innovations (both technical and institu­
tional), lowered costs and relieved constraints and thus created 

1 new opportunities for growth. It is this dynamic process which 
brought about the contrasting pattern of prosperity which 
separates the west from other areas, especially the eastern 
districts. 

What factors account for the relative dynamism of the 
western districts, and for the rate and character of the growth 
process which occurred there? The divergence in growth 
experiences within the UP may be simply a reflection of 
differential resource endowments. In other words, the early 
advantage of the eastern districts might have been due to their 
relative proximity to ports, which was subsequently rendered 
less decisive when railways opened up a more productive zone 

34 Cooke, Meerut SR (1940), Appendix v1, p. 52. 
35 Meerut DC (1876), p. 313. 
36 NWP&O Rev., Aug. 1886, 52, Note by D.M . Smeaton (Dir. of Agriculture) . 
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made up of fertile soil, a relatively sparse population, and a 
body of agriculturalists more 'entrepreneurial' or more skilled 
than its counterpart to the east. There are other possible 
explanations of the dynamism of the canal districts, and part of 
this chapter will focus upon the technical aspects of growth: the 
extent to which production conditions - especially factor 
proportions and existing technological conditions - interacted 
to create incentives for investment, innovation, and organisa­
tional improvements. Technical possibilities, of course, do not 
exist in a vacuum. The willingness and ability on the part of 
individuals and groups to respond to opportunities are affected 
by the institutional setting. Land tenure is perhaps the 
principal institution affecting the peasants in this regard, but 
another vital institution affecting growth relates to the whole 
marketing process. The role of each of these influences will be 
examined in detail. Case studies of two major commercial crops 
associated with the canal, sugarcane and indigo, will then be 
presented with the aim of illustrating the way in which 
technical and institutional conditions affected the level and 
nature of benefits arising from expanded commercial crop 
production, and of showing how differences in these conditions 
affected growth and living standards in different regions. The 
final section of this chapter will pull together many of the 
strands of this discussion and will argue that canal irrigation, 
through its role in conditioning the very economic structure of 
the western districts, was the fundamental ingredient of the 
growth process which occurred there, and thus of the distinct 
level of prosperity. 

Natural resources and railways: a discarded hypothesis 

The proposition that differential resource endowments, in 
conjunction with improved communications through railway 
construction, are sufficient to explain the divergent growth 
paths and wealth differences substantially evaporates upon 
examination. The difference in man-land ratio between the 
eastern and western UP, for example, was certainly too sin all to 
account for the contrasts. Duthie and Fuller show that while 
the 1881 population per cultivated square mile in Meerut 
division amounted to 741, that in the trans-Gogra districts 
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(Gorakhpur and Basti) amounted to 915 and in the Benares 
division to 978. Although in 1921 Meerut's population per 
cultivated square mile (858) was still below that of the 
easternmost districts (Gorakhpur 970, Ballia 997, Azamgarh 
1,083, and crowded J aunpur 1,138), 37 the thriving canal circles 
with their large areas of sugarcane, wheat, and cotton could 
exceed all of these in density - as, for example, in Muzaffar­
nagar' s Kandhla pargana, where there were 1 , 1 62 heads per 
cultivated square mile. 38 Meerut's rich Baraut pargana had 940 
inhabitants per square mile as early as 1866.39 

The point is underscored by the size of holdings. Professor 
Stokes has outlined the erroneous assumptions which caused 
the student-authors of the Gorakhpur and Jaunpur investiga­
tions to compute figures for average holdings of 3.5 acres in 
Jaunpur and 0.65 acres for tenant holdings in Deoria 
subdivision in Gorakhpur as against 7.8 acres for Meerut. In 
fact the differential was nothing like as dramatic. Professor 
Stokes pointed to estimates made by the Settlement Officer in 
1919, based on plough areas, which suggested that only 16% of 
Deoria was in holdings of four acres and below. This latter 
impression was confirmed by the All India Rural Credit Survey of 
1951-2, which estimated that, even then, 70% of holdings area 
was in units averaging 8.5 acres and that 40% of the cultivated 
area was in units larger than that average figure. In Meerut, 
according to C.H. Cooke's 1940 settlement estimates, around 

' 12% of the cultivated area was held in units of less than five 
acres, while 36% of the cultivators held more than ten acres, 
which, in aggregate, accounted for 60% of the sown area. 40 

Comparisons of the availability of land appear wholly 

37 Land not cultivated is not necessarily economically useless, and differences in 
density per square mile are even less striking: 1921 figures show Meerut with 652, 
Azamgarh 69 I , Ballia 679, Gorakhpur 721, and J aunpur 745. Misra , Overpopulation 
in}aunpur, p. 4. By 1958, in fact, with 984 heads to the square mile, Meerut had 
become the most thickly populated district in the UP . W.C . Neale , Economic Change 
in Rural India: Land Tenure and Reform in Uttar Pradesh, !IJao-1955 {New Haven and 
London, 1962), p. 11. 

38 MCR, BOR, vm/n, 14(c), H.A. Lane, RRR Pargana Kandhla (Muzaffarnagar), 
1919, pp. 1-2, 9. 

39 W.A. Forbes, Baraut Pargana Report , 1866, p. 9, in Buck, Meerut SR (1874). 
'° E.T. Stokes , 'Dynamism and Enervation in North Indian Agriculture: The 

Historical Dimension' , in E.T. Stokes , The Peasant and the Raj: Studies in Agrarian 
Society and Peasant Rebellion in Colonial India (Cambridge , 1978), pp . 228--42. 
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inadequate to account for the east-west growth discrepancy, 
but differences in other natural resources are not sufficient 
either. There is no doubting the fertility of the eastern region, 
founded upon rich soils, reliable rainfall, and easily utilised 
groundwater. With a reservation in the case of wheat, 41 natural 
conditions did not put the east at a relative disadvantage in a 
physical sense in the production of commercial crops, 
particularly sugar and indigo. If Basti and Gorakhpur 
possessed rain-reliant villages in northern areas towards the 
hills, Meerut itself possessed 230 villages, principally in 
parganas Loni and Barnawa, which were reported to 'suffer from 
drought as severely as any in poorer districts'. 42 Rainfall in the 
western districts was substantially below that of the eastern 
area: while the former could look for 28 inches per year, the 
Benares-J aunpur region received an average of more than forty 
inches. A deviation from the norm, in either total or seasonal 
distribution, was generally more critical for agriculture in the 
less humid western region and irrigation consequently much 
more important. Even so, a comparison of irrigated areas 
suggests that the west was at a relative disadvantage in terms of 
water supply. The districts from Muzaffarnagar down to 
Aligarh irrigated on average 45°/o of the n.c.a. between 1905-6 
and 1909-10 (see Map 4) - a proportion exceeded by Jaunpur 
and Azamgarh (both 56%), which relied principally on wells, 
though exceeding that of Gorakhpur (33°/o ), which received a 
higher rainfall, particularly in the northern areas. 43 The 
significant comparison here related perhaps to the dry areas, 
which constituted over 50% in the western districts and which, 
in consequence of the generally lower and less reliable rainfall, 
were more susceptible to crop disruption than were the eastern 

41 Outbreaks ofrust , due to dampness, were more serious in the central and eastern UP 
and could reduce outturn by 25-30% . The drier west was seldom seriousl y affected. 
UP Rev.,July 1906, 173, Note by W .H . Moreland . Apart from this , however , it was 
the differences in care over seed selection and in the adoption of superior varieties 
which accounted for the yield and quality advantages of the west in wheat 
production . Ibid.; NWP&O Rev. , March 1880, 22, Note by E.C . Buck. 

42 UP Rev., March 1906, 246, BOR to UP Govt ., 1 Feb. 1906. 
43 Compiled from GI Commercial Intelligence and Statistics Department , Returns of the 

Agricultural Statistics of British India 1905--(j/I!JO!rIO (Calcutta, 1911), Table 2-F, pp . 
7~3 . This comparison tends to exaggerate the western irrigation figures, since the 
years 1905-6 and 1907-8 were particularly dry . 
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divisions. B.N. Ganguli, a geographer writing in the late 1930s, 
pointed out the very much larger deficiencies of crop areas -
particularly the rabi, which was in many districts more than 
one-third down on normal - in the western region in the dry 
years of 1913-14 and 1918--19.44 In Ganguli's words, the 'arid 
districts of the western Gangetic plain ... badly require the full 
amount of the scanty rainfall they usually receive'. 

The 1926 Report on Agriculture in the UP agreed that the 
differences between the Upper Doab and districts in the east 
were not due to differences in fertility, arguing instead that it 
was due to 'the difference between the men who form the bulk of 
the cultivators in the two areas'. 45 They conceded that the 
climate was possibly a factor - Meerut was 'dry and bracing', 
while Gorakhpur was 'damp and enervating', but it was to the 
Jats , 'comparative latecomers to Hindustan', that the 'prosper­
ity of the Upper Doab must largely -be attributed'. As a general 
explanation of the performance of western districts, this 
argument - a hardy standby for successive generations of 
officials - has been seriously questioned by Professor Stokes, 
who has presented evidence to show that Jat standards, like 
those of other castes, varied according to circumstances and 
that it was 'the nature of the land rather than innate caste 
characteristics that appeared to determine the character of 
agriculture and the mental attitudes of the people' ,46 thus 
following Edmund Leach's view that the constraints of 

' economics were prior to those of morality and law. The purpose 
of this chapter is to show how the fundamental conditions of 
production in the western districts were conducive to peasant 
enterprise, and that all castes seemed to respond to them. The 
Jats, it must be remembered, even in Meerut only accounted 
for 30% of the total population. 

Although railways revolutionised trade lines and altered the 
relative competitiveness of trading centres and specialised 

44 Ganguli , Trends of Agriculture and Population, pp. 80-4. As an indication of the general 
security of cultivation conditions generally enjoyed in the east , Jaunpur 's net 
cultivated areas for 1901-2/ 1927-8 varied within the narrow range of628-657 ,ooo. 
The three lowest figures fell short of the average of the other 24 years by 3 .8% , 4. 5 % , 
and 4.6% respectively . Calculated from annual areas tabulated in Misra , 
Overpopulation in Jaunpur, p. 31. 

•s Report on Agriculture in the UP, p. 120. 
46 Stokes, 'Dynamism and Enervation' , p. 233. 
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localities, it is clear from what has been said above that this is 
simply not a case of the railways coming along after 1860 and 
unlocking the natural potential of the western UP at the 
expense of the hitherto more accessible eastern districts. The 
railways obviously widened the markets for gur, cotton, and 
wheat, and improved prices overall; they must therefore have 
benefited an area like the Upper Doab , and possibly to a 
greater extent than the eastern districts, but this is not sufficient 
to explain the conditions of dynamism in the west. The fact is 
that many areas came to be served by rail communications, yet 
few responded in so dynamic a fashion once the initial gains 
from making use of idle resources had been realised . This 
points to the importance of cultivating communities having the 
technical and institutional capabilities to respond to new 
demand conditions. The evidence from pargana Koil, for 
example , illustrates clearly the technical limitations imposed 
by well irrigation upon cropping responses, though the 
non-canal villages were for the most part better located in 
relation to the railwa y than the canal villages . Moreover, it is 
worth noting that the significant growth of sugarcane 
cultivation and gur manufacture on the EJC and the Ganges 
Canal during the pre-rail era was adequately sustained by land 
and river transport links. Even much later , when the railways 
had captured much of the trade, 'a considerable amount of 
sugar' exported from Muzaffarnagar was 'still carried on 
camels which came down in large numbers from the Punjab for 
the purpose'.47 Naturally, railways provided the favourable 
conditions for continued expansion, growing markets, and 
rising incomes. But the supply side is of particular importance 
in explaining differential responses. The western districts were 
reducing their costs through increased efficiency - as well as 
improving their quality in many cases - and the canal was 
central to this process. 

The technical basis of higher productivity : canal irrigation, the 
supply of labour, and technical innovation 

From a technical point of view the critical input affecting 
growth in the western UP was canal irrigation. While the 

47 Muza.ffarnagar DG (1926), pp . 60-1. 
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eastern districts had virtually no canal irrigation, the extensive 
systems in the western tract allowed an expansion in cash crop 
production as peasants redirected the labour and bullock 
resources freed from wells and benefited from the sheer speed 
with which canal water could be spread over fields. The details 
of the canal's impact have already been examined (Chapters 3 
and 4), but while its very substantial effect upon productivity 
was closely related to the large labour economies it permitted in 
the actual process of irrigation, it was also related to the 
levelling out of the labour-intensive peaks in the agricultural 
calendar. With the work spread more evenly through the year, 
and with cropping intensities less constrained by labour and 
bullock supply bottlenecks, more labour could be applied to the 
land. 

If, therefore, on the one hand the canal proved a 
labour-saving technology, in its encouragement of more 
intensive cultivation it was undoubtedly labour-using overall. It 
thus merely aggravated the traditional labour shortages of the 
west. Peasant decision-making therefore took place in a very 
different environment from that of the labour-surplus east. The 
high costs of hired labour and the opportunity costs associated 
with using family labour encouraged productivity-raising 
innovations. In the north-western districts this was particular­
ly the case with sugar, the area of which expanded greatly in 
canal areas. Shortages of labour, and also of capital (such as 

, draught animals), created serious bottlenecks at harvest 
period . 

Technical innovations - new cane presses - saved both 
labour and capital. Traditionally, cane was cut into short strips 
and crushed in the kolhu, a large mortar-and-pestle contraption 
turned by two bullocks. 48 The kolhu's grinding only extracted a 
limited proportion of the cane's juice, and left wooden and grit 
impurities behind, which lowered the value of the produce. In 
addition, it took three men, two boys, and a pair of bullocks to 
work the press. And even then, 'working day and night a kolhu 

48 The mortar was normally made of stone in the western areas, though it was 
frequently wooden in Oudh and the eastern districts where, as in Gorakhpur for 
example, there was difficulty in obtaining stone. G. Watt, A Dictionary of the Economic 
Products of India, vol. v1, pt 2 (Calcutta, 1893), p. 283. 
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will not press more than d acres of cane in a man th'. 49 These 
limitations came into prominence in the western districts in the 
1860s and 70s, when canal irrigation encouraged cultivators to 
expand sugarcane cultivation. In 1861-2 so much cane was 
grown that ' there were hardly hands enough to take it in and 
manufacture it ' . so 

The invitation to inventiveness was not left unanswered for 
long. A pair of Bihar estate-owners, Thomson and Mylne, 
patented the Behea sugarmill. Two rollers set in a wooden 
frame squeezed rather than ground the juice from the cane, 
producing ras of better quality. In addition, it could be worked 
by a single bullock and , due to the fact that the cane did not 
have to be pre-cut, two men. 51 Its adoption was rapid, 
particularly in the western districts, where, by the mid-188os, it 
was reported by F.V. Corbett that not one kolhu was at work in 
the entire Doab .52 Corbett, in fact, attributed the largely 
increased cane area on the EJC to the introduction of this mill. 
While, over time , the Behea was adopted in parts of the eastern 
districts , in the west it was quickly superseded by the Nahan 
mill, consisting of three iron rollers set in a cast-iron frame. 53 

Shortly afterwards the Babu mill, patented by Babu Bhawani 
Dass ofBijnor- the only mill with four rollers -was reported to 
be gaining ground in parts ofMeeru~ and Rohilkhand. 54 While 
the chief output advantage of the Behea over the kolhu was in 
quality of output, the three- and four-roller mills undoubtedly 
extracted more than their two-roller counterpart, though 
relying on the use of strong bullocks to be able to do so. By 1902, 
therefore, 'the mills commonly used in Meerut division' were 
markedly superior to 'those employed in the east, which 
include the inferior two-roller iron mills and the old-fashioned 
stone and wooden mills' .55 

<9 Duthie and Fuller , Field and Garden Crops, 1, p . 58; see also S.M . Hadi , The Sugar 
Industry in the United Provinces (Allah abad, 1902), p. 61. 

so PRRC 1861-2, p. 25. 
51 For a detailed description, see Hadi, Sugar Industry, pp . 54--61; and Duthie and 

Fuller , Field and Garden Crops, 1, p. 58. 
52 /RR 1885-6, p. 42; IRR 1887-8, p. 144. 
53 Hadi , Sugar Industry, p. 54. 54 Ibid. 
55 Ibid., p. 23. By the turn of the century , two-roller mills were comparatively scarce in 

Muzaffarnagar district, numbering 236; ther e were 1,687 of the larger type ( two 
large rollers and a small one) and 1,809 large sugar pr esses with thr ee large roller s. 
Mu;;affamagar DG (1903) , pp. 34-:-5· 
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Apart from the difference in value of the extracted produce, 
the great attraction of the new mills was the saving of labour 
and bullock power at a critical point in the agricultural 
calendar. While the traditional kolhu technique took around 
twenty days to crush an acre of sugarcane, my estimates -
drawn up from three independent and indirect sources -
suggest that a liberal crushing time for one acre in Meerut 
would be eleven to fourteen days, or from one-half to two-thirds 
the kolhu rate. Overall, therefore, ignoring the employment of 
child labour required in the use of the kolhu, the latter would 
utilise sixty man-days and forty bullock-days, as against 22-8 
man-days and eleven to fourteen bullock-days for an acre of 
cane in the western districts. 56 

It was also capital-saving as far as draught power was 
concerned. The relative capital costs of the equipment itself are 
not so clear, however. When demand exceeded supply, in the 
1880s hire rates for the two-roller mills appear to have been 
upwards of Rs 60-70 per year; but the price came down 
thereafter, to reach around Rs 12.5 by 1901, while the larger 
types could then be hired at Rs 20 and Rs 33 respectively .57 In 
· fact, it was the practice for a few families to co-operate in hiring 
the crusher, working it by their bullocks in turn, the cost per 
week amounting to Rs 2.25-4.0, depending on the type of mill. 58 

This is a small charge in comparison with the total cash value of 
the crop and the factors freed by the new techniques. 

1 Not only the sugar presses, but the cattle which worked 
them, were of superior quality in the west 59 - largely because 
fully one-half of the agricultural cattle of the districts of the 
Meerut division were purchased from outside, principally from 

56 Hailey and the Meerut DG furnish estimates of crushing times which, when 
considered alongside the average outturn of sugarcane (360-380 maunds per acre) 
and gur (36 maunds per acre) , and allowing the extraction rate suggested by Hailey of 
g-10% , yield the estimates given in the text. H.R.C . Hailey, 'Prices ofGurand Cane 
in the United Provinces', AJI , 1x (1914), pp . 217-26; MeerutDG (1876), p . 229. F .N. 
Wright corroborates these figures in his Memorandum on Agriculture, p. 81, where he 
estimates the time taken to express the juice from one bigha of cane at eight days. 
Taking one bigha as equivalent to 5/8 acre, this corresponds to the estimate given in 
the text. 

57 Muza.ffamagar DG (1903), pp. 34-5 . 
58 Hailey, 'Prices of Gur and Cane', p . 220. 
59 Duthie and Fuller, Field and Garden Crops, 1, p . xi. 
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Mewat in Rajputana and from the Punjab districts of Rohtak 
and Hissar. 60 The highest proportion was found in Meerut 
itself, and that proportion declined steadily towards the east, 
falling to virtuall y nil by Fatehpur and Allahabad .61 Such cattle 
had to be stall-fed. The area of chari was more than ten times as 
large in Meerut as in any other division. 62 It was in Meerut that 
concern for high-quality animal stock was most noticeable: in 
the early 1870s it was observed that 'the better class of 
zamindars who take an interest in the breeding of cattle have 
been of late years importing bulls from Hissar, and in some 
villages, the sharers have subscribed among themselves and 
purchased Hissar bulls , the expenses of which are borne by the 
village' .63 The preference for stronger draught animals obvi­
ously entailed a substantial outlay on the cultivator 's part: 
while locally bred oxen and buffaloes cost around Rs 20 and Rs 
25 respectively in the 1890s, 'good plough cattle' cost Rs 50-70, 
and even more. 64 Because they were stall-fed, such cattle were 
also more costly to maintain. The Imperial Council of 
Agricultural Research survey put the figures for Meerut , 
Rohilkhand , and Gorakhpur at Rs 129, Rs 62, and Rs 47 
respectively . Even allowing for the much greater number of 
working days attributed to Meerut bullocks ( 153 days, as 
against Rohilkhand's 113 and Gorakhpur's 70), the cost per 
working day was 13 annas 6 pice in Meerut as against Io annas IO 

pice in Gorakhpur. 65 

Despite the greater bullock costs per working day incurred 
by Meerut cultivators, however , acre for acre the superior 
bullocks of Meerut were actually cheaper to maintain than 
those of Gorakhpur. Here we have yet another example of the 
tendency to substitute capital for labour, raising it~ productiv­
ity. The number of working days per acre amounted to only 
1 o.6 in the Meerut sample, as opposed to 16. 1 in Rohilkhand 
and 13.3 in Gorakhpur; moreover, a pair of bullocks was found 
to command 15.8 acres in Meerut, more than double that in 
Rohilkhand (7.25) and three times the figure in Gorakhpur 

60 Ibid. 61 Ibid., p. 25. 62 Ibid. 
63 Meerut DG (1876), p . 223. 
64 Muza.ffarnagar DG (1903) , p . 78; Miller , Muza.ffarnagar SR (1892), p. 45. 
65 GI Imp erial Council of Agricultural Research , Report on the Cost of Production of Crops 

in the Principal Sugarcane and Cotton Tracts in India, vol. III (New Delhi, 1939), p . 12. 
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(5.2). 66 Their chief advantage, perhaps, related to field 
preparation. In Meerut, noted Hadi, 'an acre of land can be 
conveniently ploughed up in a day', whereas 'in the eastern 
districts, where bullocks are weak and ploughs small, two days 
are commonly devoted to an acre' .67 Duthie and Fuller had 
noted also how, in eastern districts, 'the general weakness of the 
cattle only permits of land to be ploughed, so to speak, by 
instalments'. 68 Weak cattle clearly precluded the introduction 
of heavier ploughs. In the rice districts of Oudh and Benares 
division the typical plough was of 'ludicrously small size', often 
weighing only seventeen or eighteen pounds. 'Speaking 
generally', Duthie and Fuller observed, 

the efficiency of the plough may be said to increase as we go 
westwards, the ordinary plough of the central doab weighing about 
28 lbs., while that of the Western Districts ... weighs nearly 50 lbs., is 
bound with iron round the edges of the sole, and instead of a short 
spike for a share has a long iron bar which projects behind, and can be 
thrust forward from time to time as its point wears down. 69 

Thus improvements in one area ofactivity had repercussions in 
others. The stronger bullocks not only were a prerequisite to 
the effective use of the N ahan sugar press - with its higher juice 
extraction rate - but permitted the faster preparation of the 
ground for sugarcane cultivation by speeding up ploughing and 
by the use of the lakkar, or roller fashioned from a tree trunk, 
across the field.70 Other improvements -whether the seed drill 

' attached to the plough, which was in widespread use for 
wheat-sowing in the west around 1900,71 or organisational 
change, such as the extensive use of carts in canal tracts to 
substitute for labour in such tasks as taking manure to outlying 
fields 72 - had the effect of speeding up processes and making 
labour available for redeployment. Here is an important part of 
the explanation of the growing contrast in cropping patterns 

66 Ibid. 67 Hadi , Sugar Industry, p . 43. 
68 Duthie and Fuller, Field and Garden Crops, 1, p . x. 
69 Ibid. The Meerut DG (1876), p. 313, noted an increased demand for bar-iron for 

ploughshares. 
10 Duthie and Fuller, Field and Garden Crops, 1, p . x. 
11 Moreland, Agriculture of the UP, p. 201. Outside the western districts the seed was 

sown , as before, behind the plough . 
72 E.g. UPBORL , 1v(c), Ser. 5, L. Parshad, Pargana Handbook ofTahsil Deoband , 

Saharanpur, c. 1891, p . 8. 
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between the western and eastern UP. Labour-saving ini10va­
tions in the west did not mean that less labour was applied to 
the land; on the contrary, they permitted more labour to be 
applied to each acre and allowed more intensive cultivation. 
This is reflected in the Imperial Council of Agricultural 
Research survey finding that adult males spent 145 days each 
year on crop production in Meerut as against 113 in 
Rohilkhand and 80 in Gorakhpur. 73 

In the eastern districts, emphasis was increasingly placed on 
land-saving rather than labour-saving strategies. As with all 
cases where one input - in this case labour - increases while 
other inputs remain relatively fixed, diminishing marginal 
physical returns set in. But whereas the increased application 
of capital in the west, embodying small but significant technical 
innovations, might be labour-saving in intent, there were 
land-saving developments as well. The adoption of new 
varie 'ties accompanied canal irrigation. The use of better 
strains of wheat and maize in the north-west has already been 
mentioned. Higher-yielding sugar varieties also were quick to 
take hold. Soon after the Ganges Canal opened, agaul cane was 
imported for the first time from Bareilly and acclimatised in a 
village near Meerut city. From there this thick cane spread into 
Muzaffarnagar, where it quickly ousted the thin desi (indi­
genous) strain called daulhu, which had been 'almost universal' 
in 1841. 74 The spectacular success of agaul was later to be 
-dampened by the repeated appearance of rind fungus, which 
caused such damage to the crop during the 188os wet cycle that 
it was replaced by local forms of ukh (sugarcane). Even so, the 
Upper Doab was still noted for 'the superior quality of the 
canes grown ... especially the dhaur cane', which, noted one 
investigator, 'is famous for its high outturn'. 75 Desi was only to 
be found in the khadirs: 'Everywhere on the upland improved 
varieties are now grown whose yield is at least 50 per cent 

73 Report on the Cost of Production of Crops, 111, p . 15. This particular statistic is not the most 
reliable measure of the extent of year-round employment, though it is indicative of 
the basic differences existing between the two regions . It is worth noting also that 
there were almost twice as many hired man-days per family-day recorded in Meerut 
(10/i6) as in Gorakhpur (10/30). 

1• Hadi, Sugar Industry, p. 52. See also Meerut DG (1876), p. 226. 
75 Meerut DG (1876), p. 1 IO. 
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higher than that of desi.'76 Heavier presses, extracting more of 
the juice of higher-yielding cane, were also effectively land­
saving innovations. 

Commercialisation gave rise to the expansion of produc­
tivity-raising specialised services within the west. Villages with 
large areas under canal irrigation had little time left to cart 
their produce to market, and many came to rely on villages 
nearby with less canal irrigation to move their produce. 77 The 
new carts, frequently remarked upon, were thus often the 
acquisitions of peasants from non-canal villages. Dr Peter 
Musgrave has identified aJat village, Sikandrapur, in Meerut, 
which switched from cultivation to carting the produce of the 
canal tracts; 78 similar villages could be found in pargana 
Khatauli 79 andparganaJalalabad (Meerut), where the Baluchi 
proprietors preferred to 'employ themselves almost entirely 
with their camels in the carrying trade, letting out their lands to 
their neighbours and the lower classes of tenants' .8° Competi­
tive by their very nature, such services were of particular value 
to the smaller cultivators without carts. 

The supply of bullocks also became more specialised. 
Rearing costs in Meerut division were high and the cultivators 
preferred to purchase mature bullocks which could commence 
work immediately. The system which evolved consisted of 
banjaras making purchases at the large cattle fairs in the 
Hariana cattle-breeding tract. Frequently financed by banias, 

, the banjaras purchased two types of animal: mature bullocks for 
immediate sale in the north-western districts, and young stock 
which went to districts - principally in the Agra division, but 

76 Cooke , Meerut SR ( 1940), p . 8. By 1914 around 5,000 acres were reported by the 
Director of Agriculture to be under saretha cane, which had a yield advantage of 
around 20% in gur over all other varieties. UP Rev ., March 1915, 65, H .R.C. Hailey, 
Historical Resume of Efforts Made to Develop Agriculture in UP. 

77 Th e distribution of carts among the villages of pargana Koil is suggestive of this 
pattern : the number of carts per 100 acres of n.c.a . was on average greater in the 
villages with less than half the land under cana l irrigation than those with more than 
half. 

78 P.J . Musgrave , 'Rural Credit and Rural Society in the United Provinces , 
1860-1920', in Dewey and Hopkins, Imperial Impact, pp. 216--32. 

79 According to the Settlement Officer 's Notes in Muzaffarnagar Collectorate Records, 
Muzaffarnagar, Combined Assessment Statements, vol. v, Pargana Khatauli , 
1325F (1917-18). 

so Buck, Meerut SR (1874), p. 39· 
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also to parts of Muzaffarnagar, Aligarh, and Hardoi - where 
grazing was available and rearing less costly. The pattern was 
for the animals to be given light work there until reaching 
maturity, when they were resold to the Upper Doab districts at 
enhanced prices. 81 

The local economy, therefore, underwent a qualitative 
change as specialised services emerged in response to new 
demands and opportunities. Agencies for the hire and sale of 
sugar mills were scattered all over Muzaffarnagar; indeed, 
some of the 'more pushing traders' took to 'manufacturing 
them on their own account' .82 A Khatauli carpenter had even 
applied for a patent for an improved sugar mill, apparently 
'receiving his inspiration from some of the thriving sugar­
planters in the neighbourhood' .83 The demand of petty 
operators for simple agricultural machinery led to the 
establishment of fifteen flourishing factories in Meerut produc­
ing carts of various sizes in the years before 1908;84 while their 
commercial requirements accounted for the remarkably 'large 
number of small towns' Muzaffarnagar contained. 85 

The institutional dimension 

Land tenures · 

While relative factor proportions affected the adoption of 
specific innovations, so did institutions, especially tenures . 
Some institutional forms will not pose obstacles to the 
introduction of a technical advancement which generates new 
income streams through efficiency gains; moreover, the 

81 UP Rev., April 1914, 2, W .H. Moreland , Note on Cattle Supply of UP, p. 10. 

82 NWP&O Rev., Aug. 1886, 53, Note by C.J . Connell.J.O . Miller reported in 188o 
that the demand for iron sugar mills had 'led to the establishment oflarge workshops 
in the principal towns for their manufacture and repair' . MCR, BOR, vm/11, 14(c), 
Ser. 5,J.O. Miller, AR TahsilJansath (Muzaffarnagar), 18go (?), p. 12. 

83 Ibid. Mention is also made of the 'fine iron-turning lathes in the Meerut district 
between theHindan and thejumna'. IRR 1884-5, p. 7C. In the context of the current 
discussion of'appropriate technology', the ability to manufacture and repair locally 
is recognised as an important component of the successful diffusion of technology. 

114 A.C . Chatterjee, Notes on tlu Industries of the United Provinces (Allahabad, 1go8), p. 137. 
85 UP Rev., Sept. 1916, 42, Note by W.J . Lupton. 
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potential for further such streams can trigger off a sequence of 
reinforcing technical and institutional adjustments. Equally, 
institutional factors may well prove an enduring obstacle to 
technical change, particularly where the gains from innovation 
are of insufficient benefit to groups with the power to 
perpetuate existing institutions. Further, institutions may 
favour specific types of technical change: examples are 
commonplace in the present-day underdeveloped world of the 
incongruence between relative factor scarcities and the type of 
technology in use - as in the deployment, for example, of 
capital-intensive and labour-saving appliances to produce, on 
scarce land, semi-luxury products for an elite market despite 
severe un/underemployment, capital scarcity, and widespread 
malnutrition. In short, the type of technology adopted - along 
with the product mix and the distribution of returns - reflects 
the structure of agrarian society. 

Eric Stokes' hypothesis - which holds that peasant pro­
prietorship was the key to growth in the west 86 

- is supported 
by contemporary observers, like Auckland Colvin: 

In the pergunnahs of this district which I have assessed the balance is 
altogether in favour of the village communities . . . [where] the 
villages are full and substantial. Cultivation is incessant, careful and 
of the best crops. The landholders are for the most part intelligent, 
pleasant men ... their cattle numerous, and well-to-do ... But in the 
villages owned by landlords of other castes - i.e. zemindaree villages -

I the site is covered by a few huts ofmalees or chumars. The cultivation 

86 Professor Stokes suggests that the dynamism and enervation exhibited by the 
respective regions are to be explained chiefly in terms of institutional constraints 
relating to tenure . The main distinction he identifies in this respect is the 
predominance in the west of the bhaiachara tenure, which accounted for over half the 
proprietary holdings in Meerut in 1940. This tenure was closely associated with 
owner-cultivator operations, and contrasted with the widespread landlord-tenant 
forms of production associated with the joint zamindari and imperfect pattidari 
tenures of the more secure eastern districts, where land scarcity made possible a 
quasi-rental surplus for landowners. The inherited tenure system was thus the 
critical difference between the two regions as far as their growth paths were 
concerned. Both felt the pressure of population and subdivision, but the 
owner-cultivator tenures adapted most readily to the need to increase production 
under the Indian system of petite culture, while in the east, 'landlord structures that 
had outlived their role ... survived because even a minute fractional share in the 
joint patrimony validated caste status for other purposes'. Stokes, 'Dynamism and 
Enervation', pp. 232-5. 
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is in greater proportion of poorer crops. There is less manure, and 
hence less cane , cotton and maize . 87 

Landlordism in the east - characterised by subleasing, often at 
a rack-rent to low castes - when combined with the relative 
factor scarcities, constitutes an entirely plausible explanation 
of 'involution'. The picture in the west needs to be filled out a 
little , however , to take account of the fact that the bhaiachara 
tenurial form was not the only one in the Upper Doab, and that 
dynamism was not confined within the boundaries of the 
bhaiachara villages. Kandhla pargana may have had nearly 
two-thirds of its area recorded as bhaiachara, but another of the 
most fertile and thickly populated Muzaffarnagar parganas, 
Khatauli - which was predominantly owned by landlords -
was described as an area where 'villages are rich and well-to-do 
. . . and good substantial houses , frequent groves and well · 
grown cattle , attest as well as the fine crops of cane and rice and 
wheat the prosperity of the people' .88 Indeed, figures for 
Khatauli in the 188os show that neither the distinction between 
bhaiachara and zamindari tenures nor that between Jats and 
other castes explains the differences in the relative prosperity of 
the villages, measured by conventional standards such as the 
proportionate area under sugarcane, wheat, or dofasli. Details 
from the unambiguously single-zamindari and bhaiachara vil­
lages are summarised in Table 8.3. There are no significant 
biases in the sample introduced by way of soil quality, 
irrigation, or location; the tenurial specifications are distinct 
and, though the sample is not especially large , the inference 
might well be drawn (from the crude attempt at ranking the 
villages in Table 8.3) that it is the single-zamindari villages 
which display superior cropping features . Clearly the tenurial 
element in the explanation of dynamism in this area needs to be 
extended to take account of these findings . 

A key element in this prosperity appears to be related to the 
po~session of secure cultivating rights. Where cultivators 
possessed secure occupancy rights 'the characteristics of the 

87 'Settlement Report of the District of Muzaffarnagar', p . 106, in Cadell , 
MuzaffarnagarSR (1882). 

BB UPA, BOR, 'Different Districts ' , Muzaffarnagar, Box 8, File 35, A. Cadell , RRR 
Pergunnah Khataoli , 1872, p. 6. 



Table 8.3. Croppingfeatures in relation to te!!ure, irrigation, and caste: village statistics from Pargana Khatauli, Mu;::,affar-
nagar, c. 1890 

Tenure Cash crops and dofasli Irrigation 
(average for 1877-88) (percentag e 

Percentage of total of total 
Rank (based cultivated area under: Percentage of total cultivated 
on intensity Occupancy cultivated area under: Principal area) · 
of cash crop Sir+ + expro- Tenants- Sugar - Wheat caste of (C) = Canal 
cultivation)• Village name (B)/(Z)b khudkasht prietary at-will cane alone Dofasli cultivators (W) = Well 

I Rukanpur (Z) 0 IOO 0 32 36 21 Rawa 98 (C) 
2 Gangdhara (Z) ~ 92 4 24 52 13 Rawa 88 (C) 
3 Mohammadpur (B) 30 22 48 28 30 23 Shaikh 93 (C) 
4 Kheri Rangran (Z) 2 92 6 24 35 22 Rajput 87 (C) 
5 Madhkarimpur (Z) I 79 20 25 34 26 Rajput 99 (C) 
6 Bainsi (Z) 0 92 8 20 36 17 Jat 80 (C) 
7 Barsu (Z) I 82 17 15 41 15 Sani 70 (C) 
8 Sardhan (Z) 0 86 14 23 33 14 Rawa 67 (C) 
9 Sherpur (Z) 0 82 18 19 41 8 Jat 82 (C) 

IO Matheri (B) 69 II 20 18 33 17 Jat 91 (C) 
II Chandsamand (Z) 3 36 61 IO 49 8 Gujar 30 (W) 
12 Dahaur (Z) 0 91 9 18 36 II Rajput 78 (C) 
13 Munawarpur Khurd (B) 38 II 51 15 33 14 Taga 67 (C) 
14 Rustampur (B) 71 3 26 12 38 12 Taga 95 (C) 
15 Sonta (B) 82 13 5 17 34 IO Jat 66 (C) 
16 Naola (B) 63 9 28 9 39 13 Taga 52 (C) 
17 Sikandarpur Khurd (B) 31 7 62 9 33 17 Pathan 19(W) 
18 Akbarpur (B) 78 II II 13 31 13 Taga 73 (C) 
19 Kakrala (Z) 0 67 33 10 37 8 Gujar 38 (C) 
20 Anchauli (B) 70 IO 20 5 41 6 Rajput 6 (W) 
21 Majahidpur (B) 68 IO 22 10 25 12 Rajput 40 (C) 
22 Aµibarpur (Z) 0 84 16 7 37 3 Taga 25 (C) 

• The ranking used here is based simply upon the combined total for each village of the sugarcane, pure wheat, and dofasli percentages, arranged in 
descending order . This is admittedly a crude measure of cropping intensity, but the order is not too dissimilar to a ranking based solely upon sugarcane 
nf"rr.f":n tauf"s. 
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village are the same as in the village communities', Colvin 
noted of Muzaffarnagar. 89 Secure occupancy rights were often 
synonymous with moderate rents, and settlement officers were 
struck by the moderation (and stability) ofoccupancy rents in 
the north-west. 90 In 1889, the prevailing occupancy rates in 
J ansath tehsil were found to be those fixed at the previous 
settlement: 'Practically all occupancy tenants already hold at 
these rates .'91 Moreover, in the westernparganas ofMuzaffarna­
gar - long the recipients of EJC water- 'numbers of occupancy 
tenants' were found to 'still pay the old dry rates for land that 
had long been irrigated, and for which their landlords are 
paying owner's rates'. 92 In eastern Shikarpur there were 
villages alongside the canal in which occupancy tenants were 
paying Rs 3 or a little over for irrigated land for which a 
tenant-at-will would pay Rs g or Rs 12.93 Indeed in the 
discussions of the early 1870s over the application of permanent 
settlements to the area, one powerful reason raised against it 
was the low level of assessments current in Bulandshahr and 
Meerut because rents were low. Bulandshahr, due to the large 
numbers of occupancy tenants, displayed an 'artificially low' 
rent level; while in Meerut , despite the spread of canal 
irrigation and increased prices , rents had hardly risen at all : 
'All over the country, and especially in this pergunnah 
[Baghpat], we find the low rents ofolder days, when landlords 
were glad to entice tenants at almost nominal rents in order to 
lighten their own burden.' 94 And yet we know that competition 
for land became increasingly keen in the western districts. The 
provision of canal facilities frequently ran ahead of local 
capacity to utilise the water, especially in previously sparsely 
populated tracts such asjansath and Bhukarheri, but natural 
population growth, migration , and the accumulation of 
labour-saving capital eroded the scarcity value of tenants. How 
is it possible to account for this striking situation, whereby 
market forces failed even over the long run to equate the price 
89 'Settlement Report of the District of Muzalfarnagar', p. 106, in Cadell, 

Mui;a.ffarnagar SR ( 1882). 
oo NWP&O Rev., Aug. 1886, 53. 
91 NWP&ORev.,Jan. 1891, 15,J.O. Miller (Settlement Officer) toMeerutCommr ., 4 

Oct. 188g. 
92 Ibid. 93 Ibid. 
94 NWP Rev., Feb. 1872, 58, GI (Home Dept.) to NWP Govt. , 26 May 1871. 
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paid for the use ofland with its relative scarcity? The question is 
important because of the role of secure tenure and moderate 
rents in facilitating capital accumulation and property im­
provement. 

Market forces were, of course, often not the key factor in the 
determination of rent levels. 'Rents here', wrote the Etawah 
Collector, 'as in other places, depend much more on local 
competition and on the relative position and strength of the 
zemindars and tenants than on any accurate calculation of the 
cost of cultivation and profits. '95 Frequently rent levels reflected 
traditional social norms: 'Many of the old fashioned yeoman 
proprietors raise their rent very slowly', observed one official 
of Aligarh. 'They cultivate a large seer, and from this they 
make their chief profit, not from their rents. Custom, too, and 
public opinion, have as yet prevented any great increase in 
rents in these villages.' 96 The same tendency was notice­
able in bhaiachara villages, where the rentals were 'largely 
made up of payments that are merely nominal or revenue 
quota'. 97 

In zamindari estates, low occupancy rates were often the 
result of lax estate management. In 'weak' estates - like the 
Skinner estate in Bulandshahr - proprietors abstained from 
raising rents to anything approaching the value of land 
because, 'from historical reasons, the tenants are too powerful 
for them'. 98 In Saharanpur, 'landlord and tencl.nt are more on 

' an equality than even in Muzaffarnagar. The landlord cannot 
always appropriate the best land and sometimes has to be 
content with an inferior holding.' 99 Moreover, the Upper Doab 
cultivators were apparently more able to protect, and even 
extend, their occupancy rights than was the case elsewhere. 
While over most of the UP occupancy status was especially 

95 NWP&O Rev.,Jan. 1892, 53, Note by E.B. Alexander. 
96 A.B. Patterson, 'Report on the Assumed Rates to be Used in the Settlement of 

Tehsecl Eglas', 27 Aug. 1870, Revenue Reporur, v, n.d., p. 43. 
97 MCR, BOR, vm/11, 14(c), Ser. 2, T. Stoker, AR Tahsil Sikandarabad (Buland­

shahr), 1886, p. 14. 
98 Patterson, 'Report on the Assumed Rates', p. 43. Low rent rates sometimes 

concealed the fines and douceurs extracted by the agents, karindas, mukaddams, 
patwaris, and suchlike. UP Rev., May 1888, 31, Settlement Officer to Meerut 
Commr., 31 Oct. 1887. 

99 UP Rev., March 1887, 22, Note by D.M. Smeaton (Dir. of Agriculture). 
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endangered when famine disrupted production, 100 the security 
and wealth ofMeerut division gave landlords few opportunities 
to obtain ejectments on the grounds of failure to pay rent. 101 

When the landlord resorted to the courts, either to seek an 
ejectment on grounds other than failure to pay rent or to obtain 
a rent enhancement, the Meerut maurusi tenant was well able to 
withstand such assaults on his rights: 'He meets his landlord 
more or less upon equal terms in a court of justice. He asserts 
his rights with extreme persistency and is quite as ready as his 
landlord to indulge in the luxury of an appeal.' 102 The smaller 
landlords were reluctant to go to court for enhancements, and 
where applications were at all numerous - usually in areas 
which had just received canal water - close examination 
frequently revealed that the applications were confined to a few 
villages. Three villages accounted for 109 out of 115 cases in 
Shikarpur (Muzaffamagar) brought during the currency of 
Cadell's settlement; two villages in Bagra accounted for 122 out 
of 148, and one in Charthawal (a village of wealthy landlords 
benefiting from the canal) accounted for 439 out of 734.103 Even 
where the larger landlords did apply for enhancements, the 
occupancy tenants were treated with 'much leniency' by courts 
which refused to increase rents or awarded only inadequate 
enhancements after the introduction of canal irrigation. 104 

Far from being deprived of his rights, the Meerut tenant was 
frequently extending the area over which he had secure tenure. 
The area under occupancy rights increased by 35,000 acres in 
Muzaffamagar between 1892 and 1920, prompting the 
Settlement Officer to comment: 'This bespeaks a prosperous 
peasantry, for such valuable rights are normally allowed to 
accrue only with a substantial payment to the proprietor.' 105 

The courts were merely one element in the distribution of 
power in the villages, where the dictates of the market were 
circumscribed by the cost of enforcing the terms of any 
transaction. Gujar communities in tehsil Budhana (Muzaffa~-

100 UP Rev., Nov. 1885, 59-70 . 101 RAR 1882-3, p. 11. 
102 /bid., Appendix,, pp. 1-2. 
10, NWP&O Rcv.,Jan . 1891, 22,J.O. Miller (Settlement Officer) to Mccrut Commr ., 

22 May 18go. 
104 Sec e.g. Miller, Mu;:.affamagar SR (1892), pp. 6o-1. 
10s H.A. Lane, Mu;:.affamagarSR (1921), p. 8. The price paid in the form of~rana for 

perpetual leases came to Rs 18o per acre in Jansath, or 23 years' rent. Ibid., p. 9. 
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nagar) - not the most careful cultivators - were, nonetheless, 
'prosperous and more successful than the Jats in avoiding 
transfers to outsiders; they withstand, frequently with success, 
the attempts of purchasing Bohras or Mahajans to raise 
prevailing rents',1Cl6 In Jawan village, pargana Khatauli, 
according to the Settlement Officer's handbook notes, the 
Rajput tenants restricted competition for village lands by the 
effective expedient of not allowing tenants of other villages to 
cultivate there, 'causing damage to their fields if they attempt to 
do so' .107 Rajput proprietors in some Budhana villages, 
especially Itali and Nagwa, found it impossible to wrest the 
best village lands - held at low occupancy rates- away from the 
Jat cultivators whose homes were outside the village. 108 Not 
only were the occupancy tenants often substantial cultivators 
with large holdings, but they often possessed proprietary rights 
in land in their own villages, especially injat areas, where the 
Jats' 'own estates will not ... contain them; they have burst 
forth and travel far to cultivate lands assessed at lighter rates, 
yet they hold to their villages, and will not leave the 
infinitesimal ancestral shares in order to better themselves in 
other tracts less populated than their own' .109 Instead, they 
extended into new estates developed near their ancestral 
villages. In pargana Bhukarheri, recently provided with canal 
water, Cadell noted that out of 48 townships, 'Jats andjhojhas 
predominate largely in 35, and Gujars in only 9 and in all of 

' these J ats and Jhojhas, residents of other villages, cultivate 
largely' .110 J at communities bargained collectively, strengthen­
ing the bargaining power of individual cultivators, and 
preserving rights gained in periods when tenants were 
comparatively scarce. 'Solidarity of caste feeling', after all, was 

106 MCR, BOR, vm/11, 1.4.(c), Ser. 5, H.C . Ferard, AR Tahsil Budhana (Muzaffar­
nagar), 1Bgo, p. 3. 

107 Muzaffarnagar Collectorate Records, Muzaffarnagar, Combined Assessment 
Statements, vol. v, Pargana Khatauli, 1325F (1917-18) . 

. 108 NWP&O Rev., Jan. 1891, 25, H.C. Ferard, Note on Tahsil Budhana (Muzaffar­
nagar), 15 May 1Bgo. 

Hl9'Forbes, Baraut Pargana Report, p. IO, in Buck, MetTVt SR (1874). 
110 UPA, BOR, 'Different Districts', Muzaffarnagar, Box 8, File 35, A. Cadell, RRR 

Pergunnah Bhukarheri, p. 14. In Chaprauli and Baraut, also,Jats cultivated 'the 
greater part of other villages where they have no proprietary rights'. Forbes, 
Chaprauli Pargana Report, p. 8, in Buck, MeerutSR (1874). 
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'more pronounced in thejat community than in others', 111 and 
W.A. Forbes notes the instance of an estate being sold on the 
Ganges bank in Meerut, where 'a large number of Jats from 
scattered villages, in no less than three pergunnahs on the 
Jumna side of their district, clubbed their resources, bought the 
village, and sent forth a colony to inhabit and cultivate it' .112 

Collective action of a different kind was encountered in parts 
of Bulandshahr, the district which marked the transition from 
the predominance of owner-occupier tenure to that oflandlord 
and tenant. 113 Here powerful zamindars made 'persevering and 
only too successful efforts ... to eject their hereditary tenants', 
particularly in the south-eastern parganas.11~ They harassed 
maurusi tenants until they lost their occupancy rights, largely 
through the enforced exchange of fields.115 The tenants 
normally continued to cultivate as tenants-at-will. 'As a result, 
in all the villages owned by the different members of the 
wealthy and influential Lalkhani family', wrote the Buland­
shahr Collector, 'it is exceedingly rare to find a tenant who 
ventures to claim a right of occupancy.' 116 

The pressure which large zamindars were able to exert upon 
their tenants in this area of south-east Bulandshahr was partly 
due to the reliance on renting of the local cultivators. They did 
not possess the considerable advantage of secure holdings in 
their home villages like thejats in the northern districts. Their 
weakness was exacerbated by oligopolistic collusion on the part 

111 Lane, Muza.ffarnagarSR (1921), p. 9. 
112 W.A. Forbes, 'Memorandum upon the Mode of Ascertaining and Fixing Rates of 

Assessment'; 17 Nov. 1866, p. 4, in Buck, Meerut SR (1874). In such a way Jats 
frequently competed 'with bunnias to buy encumbered estates'. Forbes, Baraut 
Pargana Report, p. IO, in Buck, Meerut SR (1874). 

11' According to Currie's settlement figures, 1,206 estates were classified as zamindari, 
324 as pattidari, and 273 as bhaiachara. Currie, Bulandshahr SR (1877), p . 73. 

114 NWP&O Rev., March 1880, 23, Note by E.B. Alexander. 
115 See NWP&O Rev., Nov. 1885, 69, D.F. Addis Ooint Magistrate) to Bulandshahr 

Collr ., Memorandum on Loss of Occupancy Rights , 5 March 1885, which describes 
the process in detail, with special reference to Addis' investigations into Rans! village 
following its 1879 purchase by the Rais of Danpur. 

116 NWP&O Rev., Sept . 1881, IO. The zamindars' agents also welcomed the destruction 
of occupancy rights . It increased their influence within the village and enabled them 
to benefit from the customary practice whereby the receiver of a fresh patta paid one 
rupee to the karinda or patwari. There were, of course, no such renewals where the 
tenants were maurusi. NWP&O Rev., Nov. 1885, 59, Note by R.L. Singh (Deputy 
Collr.). 
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of large ;::,amindars. Ex-maurusi tenants stayed on as tenants-at­
will because 'in addition to the common "love of home" ... 
among several of the large taluqdars in these parganas there is a 
private but well-known understanding that no tenant deserting 
a village of one of them without his permission should find a 
house to live in or a field to cultivate in any village of another' .117 

To prevent the accrual of occupancy rights, tenants were made 
to take different fields each year, rendering all effort at 
improving or maintaining soil fertility pointless. The contrast 
between the lightly managed Paikpara, Malkena, and Skinner 
estates and those of Danpur, Dharampur, Pindrawal, and 
Chhitari further south was marked: 'Cultivation has invariably 
increased', noted Deputy Collector Singh, 'in the estates where 
the right of occupancy has not been largely extinguished and its 
growth not much interfered with, [while] in estates where the 
right of occupancy is differently treated' the reverse was the 
case.118 The varying balance of strength produced a patchwork 
of contrasting effects in this district. Where occupancy rights 
were numerous, tenants felt sufficiently secure to sink masonry 
wells and plant mango groves. 119 Nowhere was the patchwork 
pattern more noticeable than in the north-eastern parganas, 
Agauta, Siyana, and Shikarpur, where, 

in the highest rented circles, the pressure of rents was felt. 
Undoubtedly the outward signs of diffused prosperity which 
appeared to me so noticeable in this district as compared with Basti 

' are much better marked in the east of Agauta and the west and centre 
of Siyana than in the west of Agauta and more especially than in 
Shikarpur. The houses · are larger and better, and the stock of cattle 
round the homestead is on the whole -distinctly better than in the 
higher rented parganas.'20 

Tenurial realities, then - which are distinct from legalistic 
revenue categories - were critical in determining the cultiva­
tors' security, independence, and incentives, and were reflected 
in crop patterns, yields, and capital accumulation. The pattern 
of use - even the very adoption - of so fundamental an 

117 NWP&O Rev., Nov. 1885, 59, Note by R.L. Singh (Deputy Collr.). 
118 /bid. 

119 Currie, Bulandshahr SR (1877) , p . 63. 
120 MCR , BOR, vm, 14(c), Ser . 2, D.C. Baillie, AR Parganas Agauta, Siyana, and 

Shikarpur (Bulandshahr), 1889, p. 35. 
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agricultural input as canal irrigation was conditioned by 
tenures. One canal engineer remarked upon the 'rapid 
extension of irrigation in the villages owned by Bhaiachara 
communities [while] where the land belongs to a large 
zemindar the increase, if any, is slight' - apparently cultivators 
in zamindari villages were afraid that landlords would use the 
advent of canal irrigation to enhance their rents and deprive 
them of maurusi rights. 121 

The north-western districts were by no means without their . 
unprotected statutory tenancies - insecure and liable to 
rack-rents - which amounted to just below one-third of the 
cultivated area in Muzaffarnagar and Meerut.122 In fact, rents 
paid by Meerut division tenants-at-will were the highest in the 
UP, since with so little land coming onto the 'market', 
competition was fierce.123 Cultivators from the canal villages 
were often forced to pay wet rates for a few big has of unirrigated 
land for their dry crops. This was especially the case, 
apparently, in Meerut's Baraut pargana, where 

proprietors of canal irrigated land often wish to keep this for growing 
cane or some other valuable crop, but they also want a little land to 
grow kharif on, either for their own food or for that of their cattle. This 
land they seek in villages held by zamindars with a large 
ghair-maurusi area, and to get it they offer to pay as high as Rs 6, 7 or 
even 8 an acre.124 

But this situation did not in any way hamper the incentive to 
growth and development in the Upper Doab because of the way 
in which it was incorporated into the production system. The 
same cultivator who (as an occupancy tenant or proprietor in a 

121 NWP&O PWD(I), Feb. 1878, Irrigation Revenue Report 187&--7, IOR pagulation 
BIO . 

·122 Lane, M,u.a.ffamo.gar SR (19111), p. 8. The combined area under sir, khudkasht, 
cxproprjctary, and occupancy tenures in Muzaffarnagar increased in proportion to 
the total area during the period between the 18g2 and 1921 settlements . By 1921 the 
'secure' tenures covered more than two-thirds of the total area. Ibid., p. 23. 

125 The gap between the average rent paid by occupancy tenants and that paid by 
tenants-at-will (Rs 6i as against Rs 15) was noticeably greater in the Upper Doab 
than elsewhere in the UP. Unilld Provinus Provincial Congress Commitlle: Agricultural 
Distress in tlu Unilld Provinces (Allahabad, 1932), p. 25. 

124 NWP&O Rev., Nov. 1879, 21. For a similar example from Bulandshahr, sec 
NWP&O Rev., Aug. 1888, 39, T. Stoker (Settlement Officer) to MccrutCommr. , 29 
March 1887. 
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bhaiachara village) improved his irrigated land was willing (as a 
tenant-at-will) to pay high rents for unirrigated land (which 
was not susceptible to much improvement) on which dry crops 
could be grown, freeing his irrigated land for more valuable 
crops - and for investment in improvements. 

Cultivators in Meerut 's Dasna pargana, where, as in 
south-east Bulandshahr, there were no large areas of secure 
proprietary holdings and occupancy rights, were less indepen­
dent in their crop choices, and the pattern of utilisation of canal 
water supplied to the tract reflects this. · There was no 
agricultural reason why this Meerut pargana, which was right 
alongside sugar-growing estates, should not produce sugar.125 

Yet it was ' little grown ' , and its cultivation showed no signs of 
increasing , because cultivators gave 'greater attention to 
indigo '. This was due to the presence of a huge indigo factory at 
Masuri, owned by a European , Michel, with a large estate in 
the canal circle, and to the several smaller kothis, whose 
zamindar-owners were reported to 'naturally take pains to keep 
up the cultivation of indigo' .126 Indeed , to E.B. Alexander 
Dasna exemplified 

the point of great change . .. between the upper portion of the Meerut 
and the lower portion of the Bulandshahr districts. We here begin to 
pass out of the country of bhaiachara villages with high cultivation 
and large cane areas into that oflarge zamindars with ghair-maurusi 
tenants and indigo cultivation unduly forced up for the benefit of the 

I owners of the estates who mostly keep indigo factories.127 

Up to the turn of the century, when chemical dyes 
dramatically affected the demand for indigo and caused 
agriculturalists to turn to cotton , canal villages in the central 
and lower sections of the Doab were marked by the widespread 
cultivation of the dye plant . Landlords, by the assertion of their 
control over access to land, by the use of their credit resources, 
and effectively by the provision of marketing services, were 
frequently able to determine a significant part of local 
production, bringing into existence patterns of income dis-

125 Indeed , sugar replaced indigo after the closure of the Masuri factory. Meerut DG 
(1go4) , p . 43· 

126 UPBORL , 1v(c), Ser. 25, Handbook ofTahsil Ghaziabad , Meerut , c. 1goo, p. 5. 
121 NWP&O Rev., Nov. 1879, 21. 
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tribution, consumption, and employment, forms of capital 
accumulation, and local multipliers which differed from those 
of the sugarcane areas. The whole nature of the local economy, 
including its capacity for growth, was thus affected. 

It would, of course, be difficult to argue that tenure alone 
held the explanation for the lower level of prosperity and 
growth achieved in the districts further down the Doab. It may 
have been a key factor in Dasna, where conditions in the 
surrounding area were comparable; but the central and lower 
parts of the Doab, were reh was common and the soils were 
largely unsuitable for sugarcane, were on the whole less fertile 
than either the Upper Doab or the eastern districts. Overall, 
their population was denser; their infrastructure was less 
developed; they had less canal irrigation and more canal water 
was given 'lift'. But even if these districts were less dynamic and 
wealthy than Meerut division, they were still better off than the 
east, where the norm was 'not one of peasant proprietors, but of 
a petty landlord class driven close to the soil but still continuing 
to exploit it largely through lower caste sub-tenants and predial 
labourers'. 128 Such a situation favoured maximum use of 
variable inputs {rather than fixed ones), a tendency encouraged 
by the abundance of labour. It produced an output mix and 
technical regime which reflected the pressure on land in the 
context of static technology, and a system of carefully layered 
consumer entitlements as an alternative to capital accumula­
tion and increased productivity . 

Competition and efficiency in marketing facilities 

The striking contrast between the marketing systems of the 
eastern and western UP contributes significantly to the 
divergent growth patterns. In the east coarse rice was raised in 
numerous scattered villages; and - partly because rice was 
retained in the village to pay wages - only a small proportion of 
the crop was destined for the marketplace. Indeed, rice­
marketing (as compared to wheat- and juar-marketing) in 
India is generally unorganised and local. 129 Poor communica-

12s Stokes, 'Dynamism and Enervation ', p . 239. 
129 Sec U . Lele, Food Grain Marketing in India: Private Performance and Public Policy (New 

York , 1971), p. 44. 
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tions favoured the periodic markets (painths), in which itinerant 
traders linked the peasant to his market. The rice trade was 'in 
the hands of small men and concentrated in village markets or 
small mandis' .130 

The market system in the western UP corresponded more 
closely to that existing in the Punjab districts of Jullundar, 
Ludhiana, and Montgomery, where intensive wheat crops 
were produced in large concentrated settlements. Painths were 
plentiful- tehsil Kail had 33 around I goo- but they operated as 
retail centres only. 131 This network of weekly and bi-weekly 
gatherings, linked together in a complex and overlapping 
manner, provided a limited range of frequently required 
consumer goods and services. 132 Apart from petty quantities of 
grain, mostly used for exchange purposes,painths were not part 
of the assembling market network, which mainly consisted ofa 
network of substantial mandis served by their satellites, or 
secondary mandis, which did not possess storage facilities and 
operated as collecting centres for the main ones - sometimes for 
the harvest period only .133 Although specialisation naturally 
reflected local production - Baghpat, Khekara, and Dankaur, 

130 United Provinces Provincial Banking Enquiry Committee, 19!/frJl, Report (Allahabad, 
1931) (hereafter UPPBEC(R)), p. 152. For example, it was reported ofjaunpur : 
'There is not much trade . The two marts ofShahganj and Mungra Badshapur are 
the only places which show any activity of business.' RAR 1884-5, p. 80. On the 
contribution of the transport difficulties to the local marketing situation the 

I comments of the Collector ofGorakhpur made in RAR 1882-3, p. 6, are particularly 
graphic: 'At least one-halfofthe grain which arrives in Gorakhpur arrives by river. 
The only metalled roads in the district are the military roads to Benares and 
Fyzabad. The kutcha roads are everywhere difficult and some of the most important 
of them are quite impossible for carts during the rains. The race of bullocks is 
unusually small , and with such roads the carts must be unusually small also. The 
consequence is that much the greater part of the harvest never comes in to the 
market at all, but is stored and ultimately consumed where it is grown, and grain , 
instead of money, is the usual medium of payment in the villages. The amount of 
grain in store at present must be very large , probably equal to a whole year's 
consumption of the district.' Perhaps the most frequent complaint of the eastern 
districts in this regard related to the lack offeeder roaqs to link up with the railways. 
Alan Cadell complained in the 1880s that although the East India Railway had been 
opened in Mirzapur in 1863, 'not a single mile of metalled road has been constructed 
to facilitate the approach to it of traffic from the south'. Ibid., p. 5. 

131 Report on the Marketing of Wheat, p. 136. 
132 See G.W. Skinner, 'Marketing and Social Structure in Rural China', 2 pts,Journal of 

Asian Studies, xx1v (1964-5), pp. 3-43, 195-228 . 
133 Kandhla, in Muzaffamagar, was such a case . 
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for instance, being concerned more with gur and shakar than 
with wheat - the major centres, Ghaziabad, Hapur, Meerut, 
Shamli, Deoband, Muzaffarnagar, Saharanpur, Hathras, and 
Sikandarabad, were major wheat mandis. The grain stocks of 
Ghaziabad and Hapur were never less than 85% wheat. 134 

These centres possessed substantial storage facilities in the 
shape of khattis. There were 3-4,000 khattis - normally with a 
capacity of around 7oo--800 maunds - in Hapur by the late 
1920s.135 These bulking facilities were owned or hired (at Rs 
20-50 per year) by the moneylenders who financed the 
movement of produce from the rural hinterland. Unlike the 
sack storage in the kothis, or godowns, of the large consumer 
markets such as Cawnpore and Lucknow, where wheat had 
usually to be disposed of before November to minimise losses 
from weevils, khatti storage was safer and cheaper. 136 

While, as in the eastern markets, the smaller mandis were the 
preserve of local traders and banias, activity in the larger 
markets was more directly responsive to the international 
wheat market; it was here that the exporting firms made their 
purchases and the banias gave way to adequately financed 
commission agents (pakka arhatias) frequently operating both 
on their own account and on behalf of large wholesalers and 
exporting firms. 137 

In line with the change in the character of the market 
network in the western districts came distinct developments in 
the organisation and practices of the larger mandis. One such 
development was the practice of dealing on a 'clean wheat 
basis', whereby dirt and impurities had to be removed. TJ;ie 
canal colony markets of the Punjab operated such a system, 
and the larger centres - among them notably Ghaziabad, 

134 For details of the market network , see T . Prasad, The Organisation of the Wheat Trade in 
the North-West Region of the United Provinces (Allahabad, 1932), p. 1 el seq.; andJ.K . 
Pantle and R.B. Gupta, Prices of Cereals in the United Provinces (Allahabad, 1938), p. 
IO . 

13~ _Khattis were to be found at Ghaziabad, Hapur, Deoband, Shamli, Meerut, and 
Muzaffarnagar . Muzaffarnagar possessed 1,500 such pits and Meerut possessed 
100, though evidence suggests that the khattis in Meerut were of a smaller size. 
Saharanpur possessed none, owing to the high water level, although Muzaffarnagar 
had earlier solved this problem by converting its kachha khattis into pakka. 
UPPBEC(E) , 11, p . 125. 

136 Report on the Marketing of Wheat, pp. 205-16. 

137 For fuller details , see Prasad, Organisation of the Wheat Trade, pp. 2-6 . 
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Hapur, and Muzaffarnagar :.... adopted the same practice: a 
move connected with the improvement in the quality of wheat 
varieties.138 The physical-spatial organisation of mandis also 
underwent rationalisation during the last two decades of the 
century. The older mandis - Cawnpore, for example - were 
organised in an inefficient and costly way, particularly from the 
seller's viewpoint: 

The efficiency of the market lies mainly in the trading conveniences 
and facilities which it provides for the speedy determination of prices 
- which should be uniform for the same quality of produce - and for 
the easy and economical handling of the goods brought into it. In 
those markets where the shops and godowns of both sellers and 
buyers are situated in the heart of the city or town, or are far away from 
the railway stations or docks, the costs of assembling and distribution 
are relatively high . In addition, the inconvenience caused to the 
trading public may be considerable and the conditions are such as to 
foster malpractices on the part of the less.reputable traders. Further, 
the weighman and other labourers, who would, if the market were 
centralized, be able to cope with many carts daily, are unable to 
handle more than a few.139 

Marketing charges in such markets were higher; where the 
marketing practices were standardised, charges were signi­
ficantly lower - particularly as they included fewer miscel­
laneous levies. In the western districts, the average total 
merchandising charge for a sample of ten markets came to Rs 

1 3.5 per Rs 100 (with Hapur the lowest at just below Rs 2.5); in 
the central UP charges ranged from just under Rs 5 in Banda to 
Rs 8 in Bareilly; and further east, in Benares, the charge was Rs 
7 .5.140 

The dominant pattern of marketing in the less advanced 
areas involved significant reliance on itinerant local traders 
(beoparis). Operating either on their own resources or with 
working capital provided by banias in nearby painths or small 
towns, t~ey moved a large part of the marketed surplus, usually 

138 Report on the Marketing of Wheat, p. 151. 
139 Ibid., p. 138. In the case of Cawnpore, there was insufficient room at the shops to 

clean and weigh the grain, with the result that this took place three to five miles from 
the point of sale. The kachha arhatia negotiated the sale before sending the weighman 
and labourers to the buyer. Should the latter not approve of the deal, it was 
frequently too late in the day for the process to be repeated. Ibid., pp. 13~ . 

1+o Ibid., pp. 161-3. 
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by camel, to local market centres. In the more commercial 
areas the process significantly departed from this pattern. In 
the north-west it was estimated that about one-third of the 
marketed wheat was taken to the assembling markets by the 
cultivators themselves. 141 As the Collector of Meerut observe·d 
in 1891: 

In this district, I have been much struck by the fact that the village 
bania is not what he used to be; he no longer exclusively collects 
agricultural produce and brings it to market ; it is the agriculturalist 
himself who loans his own cart or hires mules and donkeys and brings 
in his produce to sell in the open market. 142 

In this area the village bania was estimated by Prasad to 
account for only 30% of the wheat produced and disposed of 
(see Figure 6). Much of this was obtained through the kachha 
hisab loan system, and a significant proportion was retained by 
him for village consumption and seed requirements. Of the 
wheat coming into the bania's hands, typically around 
one-quarter was dispersed within the village, or by timely 
releases to nearby markets, prior to the time when weevil 
damage threatened the stocks. 143 Village buyers constituted the 
other major marketing agency, the category being made up of 
small-town grocer-banias, village kumhars (potters .), and the 
beopari, who was in fact usually a cultivator possessing a cart. 
These village buyers supposedly accounted for a third of all the 
wheat marketed, taking the produce straight from the 
threshing floor, for cash, and moving it immediately to the 
market. Of this proportion, around two-thirds was handled by 
the grocer-bania, who often kept an account with a local arhatia 
in a nearby mandi;144 while the kumhars - who owned mules and 
donkeys to carry clay - went into trade when their hereditary 
occupation was undermined by the replacement of traditional 
earthenware by metalwares. 145 The clientele of the village 

141 Ibid., p. 127 . 

142 RAR 189<>-1, p. 74; sec also UPPBEC(E), II, p. 339, relating to Kandhla mandi in 
Muzaffarnagar district, to which, it was reported , 'the principal crops of the area are 
brought ... by the cultivator' . 

143 Prasad, Organisation of the Wheat Trade, pp . 28, 133. Very occasionally in this area the 
bania would be financed by an arhatia in a nearby town, thus obliging him to release a 
greater proportion at harvest time. 

144 Ibid., pp. 28--g. 145 Ibid., p. 13. 
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Figure 6. Meerut grain flows, 1920s. (Source : Percentage estimates 
, from Prasad , Organisation of the Wheat Trade.) 

buyers consisted of the smaller men requiring cash sales, as well 
as those cultivators with no time to go to the market. In some 
areas, yet another type of village buyer was to be found. In the 
late 1920s it was reported ofKandhla that 'sometimes the agent 
of the wholesale grain merchant goes to the villages and buys 
the grain there and then he brings the produce to market' .146 

Finance was required to integrate the system and keep the 
grain flowing upwards . The tentacles emanated from the pakka 

146 UPPBEC(E), 11, p. 339. During the 1930s depression landlords became a more 
important assembling agency than previously , due to the growth in the practice of 
collecting rent s - as well as repa yments of seed and maintenance loans- in kind and 
thus marketing their tenants' produce as well as their own. Report on IM Marketing of 
WMat, p. 129. 
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arhatias in the large markets, dealing either as agency houses for 
large exporter-millers, or on their own account. Being owners 
of khatti stocks, these large traders were able to employ these as 
collateral in borrowing operating capital from shroffs and, 
increasingly, joint stock banks and the Imperial Bank. In 
Hapur alone, the banks advanced an estimated Rs 50 lakhs to 
arhatias during the wheat season. 147 Such funds would often be 
used to finance the operations of the kachha arhatias in the 
smaller mandis, and the system was sometimes extended to 
include beoparis-even cultivators-in order to attract custom. 148 

This practice of financing the producer himself developed as an 
inevitable corollary to the growth in producer-marketing: the 
richer cultivators bringing their produce to the market 
themselves were 'in some cases looking to the arhatia rather 
than the village bania for finance'. In the same manner, 'large 
buyers who themselves are shippers overseas are now 
beginning to deal direct with large cultivators'. 149 

What did this marketing structure mean for the prices re­
ceived by the cultivator? Within the confines ofinternationally 
determined price levels adjusted for long-distance transport 
costs, prices in local markets were determined by local 
transport costs and the marketing charges involved in the 
successive stages of bulking - the levels of which reflected the 
degree of technical and organisational efficiency as well as the 
relative bargaining power of those involved. In both transport 
and marketing the structure in the western UP was relatively 
competitive, with efficiency levels high by Indian standards. 

The market for transport services was generally free from 
serious imperfections. This was ensured by the atomistic 
character of transporting activity: entry was free, substitution 
of pack animals for carts was feasible, and there were many 
cultivators in possession of such facilities who could be drawn 
out by seasonal prices. 150 Ifno significant element of monopoly 

1•1 UPPBEC(R), p. 62. 
148 A case is cited of one arhatia who financed beoparis and cultivators to the tune of Rs 

3,500; indeed, it was not unknown for cultivators to 'bank ' with their arhatia. Ibid., p. 
266. 

149 Ibid., p. 166. 
uo Monopoly power could potentially be exerted by railway companies, but this did not 

seem to be the case in the local context since the advantage ofrail transport was in 
long-haul transport . Pantle and Gupta noted that tlula charges were invariably 
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is noticeable with respect to transport, a similar situation 
existed with regard to itinerant traders. Again, entry into 
beopari activity was fairly unrestricted: it was frequently carried 
on by cultivators who owned a cart and were able to take a 
break from actual cultivation. As a result the Banking Enquiry 
found that 'the margin ... allowed to the beopari is little more 
than the cultivators would have to spend if they themselves 
went to the market. If the beopari can make a profit out of this 
margin it is because he has specialised in the business and can 
effect various economies which the ordinary cultivator would 
fail to secure.' 151 One calculation put the allowed margin at 
around o. 75 % less than the current wholesale rate, taking into 
account the incidental charges confronting the cultivator, 152 

and in the light of opportunity costs and - particularly 
important to smaller peasants - the risks involved, the terms 
offered by the beopari ( usually involving a fairly immediate cash 
settlement) were attractive to the less substantial cultivator. 

The very advantages of the beopari - possession of transport, 
knowledge of the mandi procedures, and acquaintance with the 
arhatia - were qualifications not difficult to acquire in the 
conditions of the north-west, particularly given the competition 
for patronage between arhatias in the major marts. 153 Remote­
ness clearly interfered with the acquisition of such contacts and 
knowledge by the operating peasants. Even so, it would be hard 
to press the case that the beopari operating with his camels in 

1 the outlying nagla would be able to exact monopoly profits on a 
regular basis; higher unit movement costs and the uncertain 
rate he could obtain through his quick-turnover system (using 
the local painth) would have an effect on his margins. Nor did 
monopoly access to knowledge of current prices unduly shift 

below those of the railways and that grain was transported by road between mandis 
'at considerable distance from each other'. Pande and Gupta, Prices of Cereals in the 
UP,p . 71. 

151 UPPBEC(R), pp . 265-6. 
152 Report on the Marketing of Wheat, p. , 33. Beoparis were able to effect small economies in 

allowance for refraction and other charges in kind and in weighment . 
153 Frequently, arhatias despatched agents two or three miles out along approach roads 

to tout for trade; the advances sometimes given to beoparis and cultivators were for 
the same object. 'Competition between arhatias, at Hathras especially, is so keen that 
it is not easy to secure or retain the custom of a client without treating him specially 
well' - such as by providing accommodation, good drinking water, and tobacco . 
UPPBEC(R), p. 266. 
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the distribution ofreturns from cash production in favour of the 
trader. Whenever a cultivator did part with his grain at an 
unfavourable rate it was not because he lacked information: 
'The prices of grain are known in all rural areas', the Banking 
Enquiry found. 'Even in the remotest villages ... the prices of 
grain are a popular topic, so the dealer's chance of profiting by 
the cultivator's ignorance is greatly reduced.' 154 

Commonly, marketing was closely tied in with credit. Here 
again it seems that both credit availability and the range of 
sources for loans expanded considerably in the north-west. 
Higher and more certain returns to agriculture attracted credit 
as the change of the balance in portfolios was accentuated by 
the rising supply of loanable funds resulting from trade: there 
was a noticeable preference for placing capital in trading 
activity rather than tying it up in the complications of 
landownership.1 55 The canal, particularly, contributed to a fall 
in interest rates, due to its effects on 'increased prosperity and 
certainty ofagricultural result': Alan Cadell noted that eastern 
Muzaffarnagar proprietors were able to borrow at 12-18% per 
annum, and tenants of 'good character' at 15-24 % .156 It was 
particularly profitable for larger cultivators - those who took 
their own grain to the market- to acquire additional supplies of 
marketable produce through moneylending, which, apart from 
providing them with direct profits, frequently yielded social 
and economic benefits to them in other spheres of village life. 

If relative freedom of entry into these related aspects of 
marketing produced a broadly competitive structure, the 
benefits were tiny or ·non-existent to the small, hard-pressed 
operator who found little competition for his small surpluses 
and dubious repayment capacities. 157 The plain fact is, though, 
that increased credit" competed for clients among a larger 
proportion of the cultivating community than was the case 
either previously or elsewhere in the UP. 

154 Ibid., p. 265. 
155 See Musgrave, 'Rural Credit and Rural Society', p. 230. 
156 'Report on the Ganges Canal Tract', pp. 4, 18, in Cadell, Muz.a.ffamagar SR ( 1882). 
157 A fact not fully appreciated when the government stepped up the marketing and 

credit co-operatives programmes in the 1950s. AsJ.W. Mellor points out, 'co-ops 
found themselves competing in a business where the margins over real interest were 
relatively low and competition substantial' .J. W. Mellor et al., Developing Rural India: 
Plan and Practice (New York, 1g68), p. 66. 
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Though it may have been the general case that in many 
aspects of distribution free entry meant the absence of 
monopoly profits, this situation can only exist within wider 
parameters. Imperfections at any stage of the marketing process 
can affect the distribution of returns as between production and 
marketing. A 1911 enquiry by Moreland revealed that prices 
frequently differed between markets by more than the cost of 
carriage between them. The incidence was greatest among 
small markets, which were the most susceptible to collusion: 

No district officer admits the existence of a ring in the trade, but some 
of the replies indicate either that there are informal understandings or 
that the influence of an individual predominates. Thus, in Partab­
garh, where the market is very restricted, the weighmen come from 
the larger periodical markets in the district and inform the dealers in 
the headquarters market of the prices that have been paid, and the 
dealers then fix the headquarters rates after consulting the Chaudhri. 
This is very like a ring.1sa 

The small periodic markets, common throughout most of the 
UP and especially in the eastern districts, were frequently 
blemished by corruption, collusion, and monopsony. Perhaps 
the most striking example of this involved the practice of 
dumping by large trading firms: 

There is some evidence to show that exporting firms are occasionally 
guilty of dumping agricultural produce to facilitate purchase at lower 
prices. Thus in Rae Bareli, the charge levelled against the leading 

' exporting firm is that it shatters prices with a travelling load of 10,000 

maunds of grain, which is dumped in an area in which prices are 
steady to lower them ad lib, and then, after affecting purchases, the 
prices are forced up again.1s9 

While such action by a trading unit large enough to affect the 
market price effectively procured for it a larger share of the local 
surplus, within the purely local context distribution between 
producer and intermediary clearly favoured the latter in 
eastern UP markets in comparison with those of the west. The 
cultivator who took his produce directly to an eastern market 
paid one-and-a-half to two times as much in market deductions 

158 UP Sec., Scarcity Dept., File 144/i914, File on variations in Price of Foodgrains, 
Note by W.H. Moreland (Dir . of Agriculture), 13 Sept . 1911. 

159 UPPBEC(R), p. 160 . 



Canal irrigation in British India 

as did the average merchant, who in turn paid more than his 
western counterpart. The situation was summed up in the 
Report on the Marketing of Wheat: 'Apart from the gradually 
increasing charges as one proceeds from west to east, the share 
borne by the seller rises. Payments by kind are also more 
common in the eastern tr:acts.' 160 

Such observations reflect the qualitative difference between 
typical rural market structures and those of the western 
districts, where a greater degree of competition existed between 
markets. In the west, the important feature was that cultivators 
and itinerant traders, for various reasons, were able to choose 
between local (small) mandis and the large ones, and, making a 
simple deduction based on Prasad's estimates, it would appear 
that around 85% of the wheat deposited in the main mandis 
between April and mid-July was taken there directly - only 
around 15 % being passed on through smaller mandis ( see 
Figure 6).161 For di~tances ofup to fifteen miles, where the route 
was not tortuous, those with grain to market generally 
preferred the central mandis:162 it was apparently a frequent 
sight to see cultivators and beoparis passing secondary mandis on 
their way to larger markets. The reasons were outlined by 
Pantle and Gupta: 

A direct sale in the principal mandi always proves more advantageous 
to the seller than one in the secondary mandi: not only are the 
middleman's profits eliminated to the seller's advantage, but the 
mandi expenses charged to the seller are, on average, less in the 
principal mandis; other marketing expenses are also lower.163 

Several factors contributed to the more efficient marketing 
complex in the west; and once again the importance of 
competition at various levels in the bulking process is 
paramount. lntermarket competition was clearly fostered by 
the practice of traders in terminal markets gauging local price 
variations before placing orders with wholesalers in the main 
assembling markets. Stocks flowed relatively smoothly bet­
ween the major markets to equalise prices net of transport and 

160 Report on the Maruting of Wheat, p. i 3 7. The significance of the reference to kind 
payments relates to the fact that it was easier to procure an additional margin from 
the seller than when the charges were on a cash basis . 

161 Prasad, Organisation of the Wheat Trade, p. 30. 162 Ibid. 

163 Pande and Gupta, Prices of Cereals in the UP, p. 96. 
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incidental expenditures. 164 In addition, Chambers of Com­
merce in both the major markets, Hapur and Ghaziabad, were 
actively involved in improving the competitive circumstances 
of their markets in relation to the different levels of competition. 
Hathras reduced octroi charges on wheat and sugar in 1873, and 
from 1887, to encourage its expansion as a collecting and 
distribution centre, levied octroi from traders only on any excess 
of imports over exports in the commodities handled within the 
municipality. 165 Although Ghaziabad abolished grain and 
sugar octroi in 1904, and abolished the levy completely in 
1913,166 Hapur appears to have made the most progress overall 
in improving market organisation and regulating standards 
and charges. Regulation at the level of the primary markets 
encouraged direct marketing and widened the range of 
influence of these markets, thus putting pressure on the smaller 
centres. This pressure was accentuated by other developments 
than the growing practice whereby the large trading concerns 
sent agents to deal directly with the localities: 

I 

With the expansion of railway communication, traders have left the 
big markets, such as Hathras and Cawnpore, and established 
themselves at smaller markets where they can deal more directly with 
the cultivator. The result has been the springing up of a great number 
of small markets in these provinces. These markets have been 
beneficial to the cultivator in so far as they tend to reduce the market 
difference that formerly existed between the village and bazar rates. 167 

A typical case involved Ralli and Company of Calcutta, who 
deputed a representative to Muzaffarnagar district for several 
months of the year: his appearance in the bazars caused prices to 
increase 'by leaps and bounds' .168 The increasing trend, 
identified by collectors, for zamindars and large cultivators to 
store wheat within the villages with a view to taking advantage 
of off-season prices only encouraged such traders to enter the 
villages from where they frequently bought and packed the 
grain, and even directly despatched it by train. 169 

Competition and improving accessibility encouraged signi-

1M UPPBEC(R), p. 267. 16s Aligarh DG (1909), p . 247 . 
. Ili6 Meerut DG, Supplemmtary Notes and Statistics, vol. IV (Allahabad, 1917), pp . 16-17 . 

167 UP Rev ., Aug. 1917, 45, H.R .C . Haile y (Dir. of Agriculture) , Note on Wheat Stocks . 
168 RAR 1BIJ6...7, p. 67. 
1~9 UP Rev., Aug. 1917, 45, H .R.C . Hailey (Dir . of Agriculture) , Note on Wheat Stocks. 
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ficant developments in the pattern of wheat-marketing in the 
western UP. Instead of the commodity moving up in stages 
through the different market levels-from painth to intermediate 
mandi, and from there to primary mandi (a pattern substantially 
intact in the eastern districts) - the wheat of the Doab flowed 
increasingly through specialised channels outside this tradi­
tional structure. The intermediate stages, with their gross (and 
costly) inefficiencies and their lack of storage facilities, were 
bypassed and the bulking process more and more reduced to a 
single stage. 170 It is not surprising to find that, under pressure 
from this practice, the price differentials between the different 
levels of markets narrowed significantly .171 

Once more, evidence testifies as to the superior organisation 
and efficiency of the western districts. The share of the produce 
absorbed by marketing costs - a key element in the distribution 
of returns from cultivation -was smaller than in the east. When 
a cultivator took his wheat crop to Hapur, for instance, he paid 
a cash sum of Rs 2.5 per Rs 100 of grain in levies and charges. 
This was thirteen annas more than the average experienced 
beopari would forfeit for the same load, but less than half the Rs 
7 he would pay in a small mandi. Even with the more 
competitive structure identified for the western rnarkets, a Rs 
100 load finding its way via a village buyer and small mandi to 
the primary market would incur around Rs 12 in cumulative 
market charges, with transport costs in addition. 172 On market 
charges alone, a considerably larger proportion was soaked 
away in the eastern districts, where even direct marketing in 
Benares involved an average charge of Rs 7.5 - more than a 
small western mandi - virtually all of which was borne by the 
seller. The implications for the distribution of returns from 
production and for the restriction of the market are obvious. 

The above figures exclude transport costs. Here again, the 

170 A similar pattern is described for Indonesia in A.G. Anderson, 'The Rural Market in 
W .Java', paper presented at the Second New Zealand Conference on Asian Studies, 
University pf Canterbury, Christchurch, May 1977. 

171 In Aligarh, for example, while Aligarh/Koil and Hathras were the main markets, 
cultivators were reported to be able to get 'a full price for their agricultural produce' 
at four other markets in the district. Ahmed Ali, Aligarh SR (1943), p. 2 . 

172 Prasad, Organisation of the Wheat Trade, pp . 34-5 . Included in the figures for small 
mandis are labour charges , formal weighment fees (tulai), false weighing, and 
purchaser's margin. 
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western districts benefited from growing economies of scale. 
Even at the turn of the century , Meerut district was 
'exceptionally well provided with railways and metalled roads'; 
thereafter they 'improved considerably' .173 Improvements were 
always required on the bulk of rural roads and lanes but in 
Meerut, 'as far as the inter-mandi trade' was concerned, 
'nothing more (was] needed' in the 1930s, and once the 
Hapur-Mawana-Lakhsar line was completed, there was not 'a 
single village greater than fifteen miles from a railway 
station'. 174 Such developments fostered growth : in 1935 the 
Canal Department itself built a steam tramway 'intended 
solely for sugarcane traffic direct from the rich canal tract 
around Mawana to the large new sugar mill at Daurala' nine 
miles north of Meerut city 175 

Road improvements led to significant economies of scale in 
transport, reducing journey times and increasing the loads 
carried. Carts such as the two-wheeled chakra and the 
four-wheeled chaupai could , when drawn by three bullocks, 
carry loads of 45 and 60 maunds respectively on metalled 
roads. Unt garis, camel carts with large rectangular cages, were 
capable of carrying 25 maunds 40 miles in a day . During the 
harvest they carried grain and pulses from rural areas to mandis, 
and in the off-season they were deployed between distant Doab 
mandis carrying vegetables , salt, iron sheets, and cotton bales 
and seeds. 176 Prasad estimated that inter-mandi transport rates 

' were around one anna per maund-mile, which translates into 
about 2% of the value of grain for a twenty-mile journey. He 
also estimated that 70% of the wheat carried along kachha roads 
was conveyed by bullock cart. These figures indicate that 
transport costs were too low to narrow the market and hinder 
the growth of Meerut trade, as officials argued was the case in 
some eastern areas. 

113 Cooke, Meerut SR (1940), p . 4. 
174 Prasad , Organisation of the Wheat Trade, pp . 14, 16. 
115 Cooke, Meerut SR (1940), p . 4. 
•~. For details see UPPBEC(R) , pp. 219, 273-4 ; and Pantle and Gupta, Prices of Cereals 

in the UP, p. 72. 
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Case studies of major crops 

Impressive commercial crop growth rates are of course not 
synonymous with evenly diffused prosperity throughout rural 
society. As is suggested by the link which has been established 
between the system of tenure and the way water was used, the 
degree and character of the growth and the distribution of its 
benefits are bound up with the way the production and 
marketing of the various crops are organised. The following 
sections examine two major cash crops, the cultivation of which 
in the Doab was largely due to the availability of canal 
irrigation. The study of these crops - covering markets, 
profitability, the degree and character oflocal processing, and 
the relative bargaining strengths of those involved - assists 
significantly in understanding and explaining the patterns of 
growth and prosperity observed both within the Doab and 
between the western and eastern parts of the UP. 

Regional differences in the sugar industry 

There were substantial differences in the ways in which the 
cultivation, processing, and marketing of sugarcane were 
carried on respectively in the Upper Doab, Rohilkhand, and 
the eastern districts. The level and distribution of returns 
varied markedly as a result of technical and institutional 
differences in the arrangements for sugar production . This 
section illustrates how conditions were such in the north-west 
districts as to allow them to gain substantially more than the 
other areas, and in ways which benefited a larger proportion of 
the population. 

Although immediately prior to the First World War over 
one-fifth of UP sugarcane was converted into sugar, the bulk 
was made into gur;177 and virtually all the cane exported from 
Meerut division - amounting in 1912-13 to twenty lakhs of 
maunds, or around half the UP exports - was in the form of gur or 
shakar.178 Meerut gur, in fact, commanded the highest prices 1 as 
a result of the varieties of cane grown and the attention given to 

i°n Pounda (chewing cane) occupied a negligible acreage. 
118 Cur: cakes of unrefined sugar made by boiling ras. Shakar: the product resulting from 

slightly more prolonged boiling and from being stirred while cooling. 
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quality in manufacturing. A broad shallow boiling pan was in 
general use by the turn of the century, which facilitated quality 
control; moreover, great care was taken in clarifying the juice. 
The finest gur fetched around Rs 5 per maund in the 1910-14 

period; and the more typical 'good-quality' produce earned Rs 
4 to Rs 4.5. 179 Little wonder, then, with an acre of cane yielding 
35 maunds of gur, that the 'prosperity of the farmer' in 
Muzaffarnagar was held to 'depend upon this crop'. 180 

Because production in the north-western districts was 
largely financed from the cultivator's own resources, he had the 
advantage of being free to choose how, when, and in what form 
he disposed of his cane. With bullocks freed from rabi irrigation 
duty in canal villages, cultivators normally found it more 
profitable to convert their cane into gur than to sell it as a 
standing crop, as cut cane delivered, or as ras Guice) for 
conversion into sugar. Even in the parts ofBulandshahr where 
the varieties grown were inferior to those in Meerut, 
Muzaffarnagar, and Saharanpur, and where gur typically 
fetched Rs 3. 75 per maund, sugar-making survived because the 
cultivator could convert his product to gur ifhe was dissatisfied 
with the price offered by the factories. 181 In the Upper Doab, 
factories - competing with imported sugar from high­
productivity producers injava and the West Indies-could not 
pay prices as high as those obtained through gur 
manufacture. 182 

, Although W.H. Moreland 183 and George Watt 184 drew 
attention to the inefficiency of individual processing by Upper 
Doab cultivators in comparison with the khandsaris over the 
Ganges in Rohilkhand, who achieved economies of scale, the 
latter system was renowned for its exploitation of the peasant. 
In contrast to Meerut, only 44 % of the Rohilkhand sugar 
179 Hailey, 'Prices of Gur and Cane', p. 224. 
180 MCR, BOR, vm/11, 14(c), H .A. Lane, RRR Pargana Muzaffarnagar (Muzaffar­

nagar), 1919, p. 15. 
181 Hailey, 'Prices of Gur and Cane', p. 222. Bulandshahr did, however, enjoy the 

advantages of powerful bullocks and improved crushing equipment , which enabled 
its cultivators to obtain around 6% more gurpcr unit weight of cane than the average 
achieved outside the Meerut division. Ibid. 

182 This was the conclusion of both Hailey (ibid., pp . 219-23) and the Report of the Indian 
Sugar Committee (Simla, 1920), p. 238. 

183 Sec UP Scarcity, Sept. 1go5, 2. 
184 Watt, Dictionary of Economic Products, v1, pt 2, p. 282. 
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product exports in the 1890s consisted of gur; the rest was 
derived from the juice boiled briefly to form ras, from which 
kachhi chini or khand- a whitish floury sugar -was formed .185 The 
khandsaris, who controlled this processing, sited a dozen or so 
bullock mills in a cluster around a bel, or boiler unit, which 
converted the ras into khand.186 Of course, the khandsaris were 
still vastly inefficient in comparison with modern factory 
methods, but although the factories extracted more than twice 
as much sugar from the cane, the experimental Nawabganj 
factory found it difficult to survive. 187 The price of khand was 
higher than that of factory-made sugar: khand had a 'small 
artificial market of its own' in which prices were determined 
'almost entirely by strength of caste prejudice or sentimental 
considerations' .188 In addition, there was the nature of the 
relationship between khandsari and cultivator. In contrast to 
other areas, where the cultivator generally manufactured the 
final product or part-processed the cane for further refining, the 
khandsari purchased the product of the cane field in the form of 
ras, for which there were two rates: that reached under the 
khushkharid system, where agreement was rriade at harvest time, 
and that procured under the 'advance' or badni system. The 
discrepancy between the two made all the difference. At the 
khushkharid rate of Rs 64-72 per I oo maunds, cane converted into 
khandproduced little profit at prices current in the early 1910s. 
But the bulk of the khandsaris' ras was obtained at the rate of Rs 
48 per 100 maunds through the badni system. The indigenous 
industry relied for its very survival upon this system of 
obtaining raw material. 189 

The gur made in Rohilkhand - 5. 75 lakhs of maunds were 
exported around 1910, mainly to Rajputana - was of lower 
quality than that of Meerut, being darker and inferior in 
consistency. The cane varieties were inferior; the crop was 
frequently cut before it was ripe (an action forced upon the 

155 Ibid. 186 IRR 1B99-1goo/1go1-2, p. 31. 
181 Report of the Indian Sugar Committee, p. 2o6. Sugarcane mills extracted a greater 

proportion of the sucrose from the cane (average net yield being 9.5% as against the 
4% by traditional methods), and were more effective than indigenous processes in 
preventing the inversion of sucrose into glucose. See A.K . Bagchi, Private Investment 
in India, I9<J<r39 (Cambridge, 1972), pp . 363-5. 

188 Report of the Indian Sugar Committee, p. 237. 
189 Hailey, 'Prices of Gur and Cane' , p. 222 . 
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cultivator 'by the poverty of his cattle and the claims of other 
crops'); and a narrow deep pan was used in boiling, which 
made it difficult to avoid overheating and caramelisation. 190 

Good-quality Rohilkhand gur brought Rs 3.5, although much 
of the crop fetched far less. But many cultivators were unable to 
tum their cane into gur, since their crops were pledged to the 
khandsari, who combined the roles of landlord, moneylender, 
and trader .191 The importance of this lack of choice was starkly 
demonstrated by the varying fortunes of 'independent' and 
'dependent' cultivators in the dry year 1907-8, when, due to 
low yields, gurprices were very high, frequently around Rs 5--6: 

Independent growers of cane ... recouped themselves in part for the 
loss due to the bad season, but refiners who had not secured stocks in 
advance suffered from the effects of high prices. In parts of 
Rohilkhand the unusual phenomenon was observed of cultivators 
breaking their contracts to deliver juice to the manufacturers and 
making gur for their own profit instead. Where, however, manufac­
turers were able to enforce their contracts they have undoubtedly 
strengthened their hold over the growers, who were unable to deliver 
juice in full satisfaction of their advances. 192 

Independence of decision-making and the existence of alterna­
tives were critical determinants of the distribution of the profits 
of sugarcane cultivation. 193 

In the eastern districts the price of gur was low, reflecting its 
inferior quality and the distance from large markets. Here, as in 

, northern Bihar, once local consumption was met gur was 
mainly sold to refineries; indeed, up to the 1920s these were the 
only tracts in north India where the factory industry was 
established on any significant scale. 194 Cur in this area was 
badly made, 'often a sticky mass containing an appreciable 
percentage of fibre and mud. That made from the wooden 

100 Ibid., p. 224. 

191 While the khandsari frequently combined all three functions, sometimes he operated 
in collusion with the landlord . An enquiry conducted in 1882 by the Director of 
Agriculture revealed that 43% of Pilibhit indebtedness was to khandsaris. NWP&O 
Rev ., Oct. 1882 , 52. 

192 RAR 1907-8, p. 7. 
193 Watt , Dictionary of Economic Products, VI, pt 2 , p. 282 . 

194 Report of the Indian Sugar Committee, p. 268 . Misra lists six sugar mills in the district, 
employing in total around 1,700 workers for the winter months . Misra, 
Overpopulation in Jaunpur, p. 22 . 
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crushing mills, either from the bacterial action set up or the 
extraneous matter which finds its way into the mill, is 
particularly poor .' 195 The price, in the early 1910s, rarely rose 
above Rs 3 a maund, and was frequently Rs 2.5. Although at that 
time 6.5 lakhs of maunds were exported from Gorakhpur division 
to other districts for the bottom end of the market, 3.5 lakhs were 
shipped to refineries at Cawnpore. 

Here again, the badni system played a crucial role. According 
to the Gorakhpur Gazetteer, 'very few villages' were reported to 
'grow cane altogether without advances'. 196 Advances in this 
area were chiefly provided by local factories, and it was through 
this method that the expansion of sugarcane areas in non-canal 
tracts mainly took place. Cultivators would receive advances 
for ras if they were close to the factory; otherwise, they would 
receive advances for juice already boiled in karahis lent or hired 
out by the factory-owner. Where there was no significant 
competition between the factories, either because their 
numbers and operational areas were limited or because factory 
agreements concerning zones were in existence, the bargaining 
position of the cultivator was generally weak. Moreover, in 
contrast to the situation in the north-west, where gur quality 
and its value in the nearby expanding Punjab markets gave it a 
significant premium over sales to the factories, the quality and 
market value of eastern UP gur was typically low, and the value 
of the option for the independent cultivator consequently 
limited . In addition , much of the eastern districts' gur sold for 
factory processing did not generate incomes and employment 
locally, but rather benefited the inhabitants of Cawnpore, 
where much of it wo:ts refined. 

Indigo production in the Doab: growing limits to exploitation 

Indigo cultivation and processing made an appreciable 
contribution to the commercialisation of the Doab, especially 
below Meerut district . In Bulandshahr, Stoker estimated that 
between 1881 and 1885 the district manufactured an annual 
amount of 6,400 maunds of indigo 'cake', valued at Rs 
1,080,000, which gave employment to 82,000 people for six 

19~ Hailey , 'Prices of Gur and Cane ', p. 225. 
196 Cited in Watt, Dictionary of Economic Products, v1, pt 2, p . 283. 
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weeks of the year. 197 Another settlement officer calculated that 
Aligarh produced over 4,500 maunds worth Rs 630,000 in 
1880.198 Indigo was mainly grown outside the sugarcane areas, 
in parganas with a large share of canal irrigation, such as Khurja 
(Bulandshahr), where indigo consistently took up around 20% 

of the kharif area (roughly 10% of the total cultivated area 
between 1878 and 1885).199 With canal water available, 
cultivators could sow indigo in the spring (when it was called 
jamowa) and cut it in August, which gave them time to sow a 
rabi crop in the same field.200 

Becausejamowa raised the nitrogen content of the soil, and its 
growing season was so short, the peasant's husbandry was 
hardly disrupted. 201 But there was much criticism of the 
manner in which the indigo industry was organised. 202 The 
disappearance of indigo, in the face of competition from 
synthetic dyes, according to one contemporary, was 

not to be regretted. The way in which this industry is carried on here 
is very baneful to the country. The cultivation of the plant is forced 
and the produce taken at very low rates, so that the profits, instead of 
being shared in any reasonable proportion among the producer, the 
manufacturer and the capitalist, who is usually the proprietor of the 
land, go almost entirely to the latter.203 

1s1 Uttar P~dcsh Board of Revenue Library, Allahabad, Tahsil Handbook of 
Bulandshahr District; n.d., p. 5. 

198 Smith, Aligarll SR (1882), pp. 36--7. 
, 199 Returns of the Agricultural Statistics of British India 1/Jg<>-1, Table A. 

200 Stoker, Bulandsllallr SR (18g1), vol. n, p . Bo. Shiurajpur pargana, in Cawnporc, put 
down I0.5% of the hangar area to indigo. Cawnpore DG (1881), p. 28. Crop 
statements have a tendency to understate the extent of the crop, since 'being cut in 
the rains, and replaced in the cold weather' by a rabi crop, it has very frequently 
escaped entry in the measurement papers prepared during the latter season'. 
Ridsdalc, Etall SR (1874), p . 6. 

201 Sec Ch. 4 above for details. Ja,ru,wa was commonly preferred in the Doab and 
yielded, according to various estimates, eighty to 120 mtu1nds of plant per acre. 
Alternatively, the cultivator could plant an asarlli crop, planting with the rains, 
cutting in September, and leaving the stumps in the ground till the following year, 
when a klumJi or ratoon crop would be derived from the same plant. The yield in the 
first year would be about three-quarters of that ofja,ru,wa, but about the same the 
following year, though the land was not available for use in the rabi. Watt, Pamphlet 
on Indigo, pp. 25-6. 

202 One canal officer sceptical as to the agricultural, social, and psychological value of 
the crop was W. Good, who raised most of the criticisms made against indigo 
cultivation in IRR 1117.,...a, p. 1gA. 

205 Bulandsllallr DG ( 1903), p. 55. 
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Indigo undoubtedly made a lot of money for landlord­
capitalists through their factories, and the very way in which 
the industry was organised meant that the structure of benefits, 
and the secondary effects, were different from those emanating 
from sugar production in the districts to the north. But there is 
much evidence to suggest that the crop impinged upon the 
cultivator far less than critics implied: indigo cultivation did 
not interfere unduly with wheat production; nor was the 
grower, it appears, without alternatives - occasionally very 
lucrative - in disposing of his produce. Such factors are 
important in explaining the greater prosperity of the indigo 
districts of the Doab compared with the poverty-stricken east. 

Although for a large part of the nineteenth century indigo 
was mainly produced by Europeans- particularly in Bihar and 
Lower Bengal 204 - the balance shifted as it spread westwards 
into less productive regions. While ample canal water 
encouraged plant growth, much of this growth was useless stem 
formed at the expense of the dye-producing leaf, which tended 
to be ofan inferior colour. 205 The quantity and quality of the dye 
were inversely related, with the Doab producing a large volume 
of low-priced indigo. 206 High-cost European ventures faced a 
precarious existence in this marginal area, often operating 
outlying factories only when high prices made it profitable to do 
so. While, around 1890, Europeans contributed slightly more 
of the indigo leaving Benares division than did the Indian 
factories (6,515 maunds against 5,750), in the Doab the latter 
accounted for 24,000 maunds alongside a European total of 
3,120.207 Some ventures, such as that of Michel at Dasna 
(Meerut), whose modern factory had a capacity of 500 maunds 
per season, were well established; 208 but many hopeful 
European schemes went the way of Messrs Mercer and 
Company, who purchased 32 villages in Bulandshahr but 

204 Watt, Pamphlet on Indigo, p. 43. 20s Etah DG (1884), Appendix 1, p. , 1. 

206 Watt, Pamphlet on Indigo, p. 37. This is reflected in the relative prices fetched by the 
finished product: taking the figures for 187g-81, Tirhut indigo appears to have been 
worth 25-30% more in Calcutta than Doab cake, with that of the Benares division 
enjoying a 15-20% margin also. Only 'very seldom', reported Duthie and Fuller; 
did the Doab price come to within 20% of the Tirhut level. Duthie and Fuller, Field 
and Garden Crops,,, p. 47.Jt appears also from the figures that when demand fell, the 
eastern producers tended to hold their prices better than those in the Doab. 

207 Watt, Pamphlet on Indigo, p. 43. 208 Bulandshahr DG (1903), p. 54. 
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found the operation unviable and sold out to the local large 
landlords, many of whom had already set up indigo factories.21l9 

The main problem encountered by Europeans was the 
margin between their costs ( estimated at Rs 125 per mauruf) and 
the costs of Indian manufacturers (around Rs 85 per mauna). 
European costs were higher, William Crooke explained, 
because indigo could 

only be grown profitably for any length of time by proprietors. 
Besides the great influence which a landlord has over his cultivators, 
he is able to utilise his collecting establishment in the work, and can 
use them for other purposes when the work is over . There is none of 
the home farm cultivation which is the rule in Bengal.210 

Admittedly the European producer, with better equipment and 
closer supervision, could obtain a better price for his product 
than his Indian counterpart, who looked 'more to quantity 
than quality'; 211 but he could never escape the fact that he was 
operating in a marginal zone, vulnerable to market fluctua­
tions, and Europeans were reluctant to commit themselves to 
the Doab in the manner in which their counterparts involved 
themseives further east. In Bihar and Bengal, indigo was 
cultivated directly by capitalists ('planters') on land which 
they owned or leased from zamindars; whereas in the Doab, 
factories purchased the plant from the cultivator at a price fixed 
at the time of sowing or delivery. The badni system initially 

, suited both cultivator and factory- particularly the cultivator, 
who got an assured buyer for an otherwise useless crop. Duthie 
and Fuller estimated that, around 1880, most indigo was grown 
under the badni system . Normally the factory bound itself in 
March-April to purchase the plant at a price fixed upon, and 
paid an advance to the cultivator to seal the bargain. As the 
cultivator was frequently hard-pressed to find the cash to pay 
the spring instalment of ~is land revenue, such an advance was 
particularly tempting to him . The price was obviously below 
the likely competition price, but so long as it was not below Rs 

209 Meerut DG (1876), pp. 3o8-g . . 
210 Etalz DG (1884), Appendix 1, p. 11 . See Watt, Pdmphlet on Indigo, pp . 42-3 , for a 

description of the organisation of production in Bengal; and C.M . Fisher, 'Planters 
and Peasant : The Ecological Context of Agrarian Unrest on the Indigo Plantations 
of North Bihar', in Dewey and Hopkins, Imperial Impact, pp . 114-41. 

211 Aligarh DG (1875), p. 473. 



Canal irrigation in British India 

16-18 per 100 maunds, Duthie and Fuller considered, the system 
was 'not more objectional than that followed by the govern­
ment in furthering opium cultivation'. There was, however, a 
more disturbing side to this system: 

One of the principal objects of the factory in making advances is often 
not so much to arrange for a crop in the present as to gain such power 
over the cultivator as will enable it to compel him to grow indigo on its 
own terms in the future. Very frequently, therefore, in the first 
agreement made with the cultivator the plant is priced at a favourable 
rate , but a stipulation is entered binding him down to deliver not less 
than a certain amount of it which is often knowingly fixed at an 
impossible figure on penalty of forfeiting 2! to 3 times what balance 
there might be against him. With the chance of obtaining cash down, 
the cultivator pays but little heed to the stipulations of a more 
contingent nature, and hence a single bad season may involve him in 
obligations to the factory . . . The power thus acquired over a 
cultivator may be used either to compel him to grow plant at the 
factory's will, or to sell it at a price much lower than it would 
otherwise command. That these are solid advantages may be judged 
from the fact that the value of a factory is often estimated by the 
amount of outstanding debts it has, or in other words, by the degree to 
which surrounding cultivators are under obligations to it .212 

The hadni system could be seen at its worst in the 
south-eastern parganas of Bulandshahr , and especially in the 
Chhitari estate during the 1880s. When the owner, Kunwar 
Abdul Ali, 'fell under the influence of his advisers', notably 
Chaudhri Ashfak Husain, rents were forced up and an indigo 
factory established. Factories were commonplace among the 
Bulandshahr <:,amindars: 'It is not considered that the owner ofa 
canal village gets the full benefit of his property unless he works 
an indigo factory in it', observed the Settlement Officer.213 But 
cultivators on the Chhitari estate were pushed to an 'unknown 
extreme', and forced to cultivate indigo on 

all their outlying fields except the swampy or dry sandy lands where 
the crop would not grow .. . which disturbed the whole conditions of 
agriculture, unduly restricted the area of maize and other coarse 
foodgrains on which the people subsist, and threw such strain on the 

212 Duthie and Fuller , Field and Gartin Crops, ,,' pp . 4,8--g. 
215 This example is taken from MCR, BOR, vm/11, 14(c), Ser. 2, T . Stoker, AR Tahsil 

Khurja (Bulandshahr), 188g, pp. 33-4 . 
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cultivators and the canal, that the tillage of indigo itself became 
imperfect and unprofitable .2•• 

Even the low price paid for the plant (around Rs 17 per 100 

maunds) was not credited to the producer's rent until some 
months after its delivery. 

On the face of it, then, the system operated in a way which 
enabled the ;::,amindar to channel a larger portion of the 
agricultural surplus into his pocket, and to enhance the value of 
this surplus through manufacturing processes. On this 
interpretation, the canal was a useful instrument for increasing 
the exploitation of the peasantry by the indigo-planters. Yet 
this conventional picture is almost certainly overdrawn. The 
balance of forces was by no means everywhere so decidedly in 
favour of the ;::,amindar-capitalist as the stereotype ofunyielding 
exploitation would suggest. Two related conditions were 
necessary for the system to function in favour of the 
;::,amindar-capitalist: the factory-owner had to be able to 
maintain his monopsony purchasing position over the sup­
pliers of plant; and profitability had to be maintained. While 
the price was buoyant and the seasons good the producing 
arrangement worked well for the Factor, although even in the 
best years he had to write off some bad debts and face losses 
where ryots sold some of their contracted produce on the open 
market. 215 Being near the geographi,cal margin of indigo 

1 production, the Doab was especially sensitive to bad seasons 
and low prices. In George Watt's words, 'If the Calcutta rate 
for indigo drops and bad seasons intervene, the weakness of the 
system manifests itself. The ryots abscond or are sold up, and 
the Factor is left with a ledger full of debts which there is no 
hope of ever clearing.' 216 The dangers inherent in the advance 
system became acute as the factory's monopoly was under­
mined: 

With the increase in the number of factories in the district the market 
for plant becomes ofcourse much wider, and it then becomes possible 

21+ It was not always the case that the proprietor managed the indigo factories himself. 
One of the Chhitari factories, a large one at Gangagarh, was let in 1887 to a bania. 
The Rais credited the cultivators for their plant at the rate of Rs 19 per 100 maund.s 
delivered at the factory, obtaining Rs 4,2 himself from the bania - a figure which 
included rent of factory and 'other conveniences' . Ibid. 

m Watt, Pamphlet on Indigo, p. 4,3. 216 Ibid. 
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for a cultivator to grow indigo unfettered by agreements and to rely on 
obtaining a good price on the competition of one factory against 
another. This is the system known as khushkharid or 'good bargain', so 
named of course from the cultivator's point of view. In a district 
where factories are numerous, the difference between the price paid 
for badni and for khushkharid indigo is very great; when the former is 
contracted at Rs 18, the latter will often sell for as much as Rs 26 per 
100 maunds.217 

Another authority confirmed that while Rs 20 per IOO maunds 
was a common but low rate in cases where advances were given 
(and carriage undertaken by the manufacturer), 'Rs 25 to 27 is 
got when the ryot carries for himself, or when he sells at his own 
option at harvest. In one instance, so great was the competition 
between two rival factories for plant that Rs 32 and even Rs 40 
were given for 100 maunds.' 218 Within the confines of distance 
constraints and beyond the attempts at extra-market influence 
and collusion by powerful local zamindars, competition was 
inevitable, given the relative freedom of entry into this kind of 
manufacturing activity . Further, independent cultivators were 
always in a position to benefit from khushkharid arrangements, 
since a manufacturer would generally wish to run his capital at 
full capacity to minimise the fixed cost element in unit costs. 
Even where competition between factories was absent, 
therefore, the factory would run a dual price system on plant 
supplies so long as the higher-tier price allowed a positive net 
revenue effect. o 

Faced with occasional heavy losses as indebted cultivators 
left their villages and settled elsewhere or sold their indigo to 
the growing number of competing factories, the badni system 
fell out of favour in many areas , giving way in the 1880s to cash 
deals at harvest. 219 Duthie and Fuller, in fact, traced 'the 
gradual increase in the prosperity of a village, or its gradual 
recovery from the effects of a series of disastrous seasons, [to] 
the increase of the area under khush-kharid at the expense of that 
under badni plant' .220 The higher-cost European ventures were 
particularly affected by the rapid increase in the number of 
factories which was undermining the badni system. By 1890, for 

217 Ibid., p. 49. 21a Wright, Mn,u,randum on Agriculture, p . 29. 
219 Watt , Pamplilet on Indigo, p. 43. 
220 Duthie and Fuller , Field and Gardm Crops, 1, p . 48. 
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example, Sikandarabad tehsil (Bulandshahr) had 48 factories, 
Anupshahr 44, and Khurja 28.221 The planter became, in F. N. 
Wright's words, 'but one bidder against many', so that 'indigo 
no longer pays European factories in the North-Western 
Provinces, and the place of the old squire-like planter has been 
taken by the native capitalist' .222 

But there was more to the decline of badni than an increase in 
the number of factories. There was considerable freedom of 
entry (at different levels) in the actual processing of the plant, 
and the independent cultivator was free to choose among a 
number of alternatives when he decided how to cultivate indigo 
a.nd how to dispose of his produce. It is this flexibility, in 
addition to the competitive situation, which explains why the 
crop was 'largely cultivated voluntarily' .223 

Many cultivators built vats in which they steeped their 
indigo, producing a coarse dye (kachha nil) which they then sold 
to the factories for final processing. In pargana Marehra (Etah), 
'almost every village [had] its factory' .224 Where conditions 
permitted, small-scale capital accumulation evidently took 
place in the indigo industry: 'Even the tenants spent money in 
building pairs of miniature vats on the borders of their fields. '225 

For cultivators not involved in small-scale processing, there 
were other ways of increasing returns from the indigo fields. 
Frequently a cultivator cutting for his own rough manufacture 
by vats would only cut half as much plant as he would have 

' done for the factory, leaving the stalks for seed. Doab seed was 
highly prized by Bengal planters, and an extensive trade grew 
up, mostly despatched from Cawnpore. The trade was in the 
hands of Calcutta brokers under contracts to supply a certain 
number of factories with the seed they required; and the fairly 
inflexible nature of the season's demand made the price subject 
to violent variations, ranging from a normal level of around Rs 
6 per maund to a very profitable Rs 42, which gives some 
indication of the inelastic nature of the demand involved. 226 The 
221 BulandshaJir DG (1go3), p. 54. The total figure for Aligarh was put at 171, tehsil 

Sikandra Rao possessing 91. Aligarh DG (1875), p . 473. 
m Cawnpore DG (1881), p. rn9. 
223 NWP&O Rev ., April 1885, 7, F.N. Wright (Meerut Collr.) to Dir . of Agriculture. 

22• Ridsdalc, Etah SR (1874), p . 159. 225 Cawnpore DG (19og), p. 43. 
226 Watt, Pamphlet on Indigo, p. 43. Wright's estimates , based on fairly low prices and 

average yields and on the cultivator's opting for the sale of fifty maunds ofjamowa and 
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balance of bargaining power was not, therefore, as unevenly 
tilted as has been thought - which makes the reference in a 
Cawnpore revenue document to the 'deplorable loss the 
peasantry has suffered from the failure of the dye industry' 
more comprehensible. 227 

The canal as the principal source of dynamism 

Through enhancing the peasant's ability to utilise more fully 
his available resources (by saving labour and bullocks, 
extending the range of cropping options, and reducing some of 
the risks his production was constrained by), the external input 
of canal irrigation had an immediate impact upon productivity. 
The very fact of the spread of canal irrigation, at the rate of 
50,000 acres per year from 1860 to 1920, provided an impetus to 
growth through allowing the redeployment each year of 
millions of labour-hours away from well irrigation into more 
intensive cultivation and related processing and trading 
activities. In addition, however, because the canal was (as was 
demonstrated in Chapter 4) ultimately a labour-using techno­
logy, it perpetuated the historic conditions oflabour scarcity in 
the tract - conditions which in turn constituted a bottleneck to 
exploiting more fully the potential of the canal. The dynamism 
imparted by the spread of canal irrigation was thus enhanced 
by the encouragement it gave to the development and diffusion 
of a chain of small-scale labour-saving complementary 
innovations, of a technical, biological, and organisational 
nature, which enhanced each unit's capacity to work its land 
and successively pushed back the production frontier. But the 
canal did more than simply create the appropriate technical 
conditions for expansion: it played a central role in the 
moulding and gradual adjustment of institutional structures in 
the west into forms broadly attuned to growth and to coping 
with change. 

five maunds of seed, put the price received at Rs 4 7. With the costs of production -
including imputed labour costs and rent - being Rs 23 (canal 'flush') and Rs 27 
(canal 'lift'), the estimated profit would be Rs 24 and Rs 20 respectively. Wright, 
Memorandum on Agriculture, pp. 29-30. 

227 UP Rev.,Jan. 1905, 51, Revenue Report and Assessment Report ofTahsil Bilhaur 
(Cawnpore). 



Canal irrigation and the 4),namism of the western UP 34 I 

It is certainly true that the canals were initially routed 
through a region of especially favourable conditions for 
adapting to canals and to extending commercial farming. It 
was pointed out in Chapters 5 and 6 that the canals were only 
minimally under the control of the state - neither the pricing 
mechanism nor the canal bureaucracy effectively directed the 
use and distribution of canal water - and, with pricing levels 
fixed so as to allow even the poorest regions to use water, very 
large surpluses were reaped by tracts with appropriate 
physical, economic, and social characteristics. The canal was 
thus a boon to the fertile districts of the Upper Doab, where, as 
Professor Stokes has pointed out, abundant land and scarce 
labour had given rise historically to the predominance of direct 
cultivation by owner-cultivators as exemplified in the Jat 
bhaiachara villages of Meerut division. Substantial peasant 
proprietor units proved ideal vehicles for the kind of petty 
accumulation which was suited to the technical circumstances 
the canals brought with them - particularly when set against 
the backdrop during this period of upward price movements, 
expanding communications, and a decline in the share of 
output expansion taken in land revenue. 

It is the role of the canal in consolidating and enlarging a 
class of medium-to-large peasants which links technical factors 
with the development of institutions favourable to growth in 
the western UP. The canal, in reproducing conditions of 

1 persistent labour scarcity (and thus the highest returns to 
direct cultivation using family labour), also permitted the 
cultivation of relatively large holdings. Bhaiachara villages were 
among the first to receive water, and these populous 
communities were quick to spill over into sparsely populated 
surrounding (zamindar) estates opened up for cultivation by the 
introduction of the canal. Viable tenants were initially scarce; 
holdings were often in excess of fifteen acres and rents were low. 
Conditions of production, for the reasons given, so favoured 
these peasant units that they were able to resist (either 
individually or collectively) subsequent encroachment upon 
their cultivating rights (and attempts at rent enhancement) 
when land became relatively less plentiful and when their 
wealth became obvious. The realities of tenure were thus 
conditioned over the period by economic and technical 
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circumstances favouring the medium-to-large peasant cultiva­
tor. 

Similarly, the marketing structure increasingly came to 
reflect the distribution of economic power within rural society. 
The competitiveness of the marketing system in the western UP 
was a reflection of the autonomy of a large proportion of the 
surplus-producing peasantry, and of the fact that wheat 
cultivation was especially facilitated by canal irrigation. 
Generally independent of creditors and traders-and often with 
his own means of transporting his produce - the substantial 
Meerut peasant could exercise choice in his marketing 
decisions and thus exert pressure not merely for the modernisa­
tion of marketing processes but for a more competitive 
environment overall. In the context of a technological regime 
favourable to growth and to individual peasant units, therefore, 
the degree of peasant autonomy and the competitiveness of 
marketing structures were mutually enhancing. Markets, 
credit, and transport all came to reflect the underlying 
economic structure- of which the canals were so crucial a part 
-of productive resources; rather than being concentrated, they 
were spread among a relatively well-off and independent 
peasantry. 

If the canal was instrumental in bringing about the new 
conditions in the western tract, it was not only the canal villages 
- nor the renowned agriculturalist castes - which benefited. 
The non-canal villages could not isolate themselves from the 
changes taking place in their locality. They could, for example, 
benefit considerably_ from the external economies arising out of 
the expansion of commercial activity, and in ways other than 
by directly tapping the wealth of the canal villages through 
offering services such as carting. Pakka roads conveying 
surpluses from canal areas also reduced marketing costs for 
many dry villages, thus increasing returns to cash-cropping. 
The reorganisation of marketing facilities to encourage 
self-marketing also benefited cultivators in the dry villages. But 
there were external diseconomies as well. Factors of production 
were increasingly priced on a regional basis as market relations 
spread, and these affected the dry farmer, who had to pay high 
rates to labourers to prevent them from moving to the canal 
villages or urban centres; whose stock-rearing and mainten-
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ance costs had risen as the canal caused cultivation to expand 
and grazing · areas to shrink; 228 and whose rented-in fields 
adjacent to canal areas now involved a higher rental due to the 
increased cultivating and rent-paying capacities of canal 
villages. 

It is this dual effect - of potential benefit and actual cost -
which helps explain why members of castes hitherto undistin­
guished as agriculturalists should have responded energetically 
in one locality, while their caste brethren in other areas showed 
little inclination to alter old habits and practices . Instances of 
improved economic performance are not, as many settlement 
officers believed, to be explained merely in terms of the example 
provided by the high farming found in the villages of thejats. 
This should not be dismissed as a contributory factor, but there 
were more tangible forces at work. 

The J ats were indeed legendary for their skill as cultivators. 
This skill, and a complementary value system which tended to 
mobilise family labour resources more effectively than in most 
other castes, accounted for their terraced fields in the 
ravineland of pargana Puth, where they produced 'the richest 
crops on what the Pathans would call "barren waste" '. 229 

While the less numerous Jhojha and Rawa castes possessed 
similar characteristics, others - such as Gujars and Rajputs -
inherited a different set of social traditions, skills, and ways of 
making a living. These traditions had been formed in an earlier 

I time, and were consistent (i.e. so as to be viable) with the 
conditions of that time. They now confronted the contradic­
tions between their social organisation and their objective 
circumstances in an age of profound change. If the potential 
returns to adjustment were significant, so were the costs of 
retaining their former patterns of activity. Comparing the 
khadir zone of Meerut 's pargana Loni with the canal-irrigated 
upland, W.A. Forbes pointed to the effect which changed 

229 A note by BOR member C. Thornhill, relating to parganas Chaprauli, Baraut, Puth, 
and Sarawa, illustrates one other important force towards this: 'Sir H. Elliot's 
expectation that a "nominal" jumma would act as an incentive to cultivation has 
been disappointed, because the land yields as much as the indolent zemindars care 
for in grazing rents . It is desirable therefore that such a fair rent on cultivable area 
should be assessed, as will compel zamindars to bring it under cultivation or transfer 
it to those who will do so.' Included in Buck, Meerut SR (1874), p. 71. 

229 W.A . Forbes, Puth Pargana Report, 1867, p. 13, in Buck, Mterut SR (1874). 
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circumstances had had upon the pastoral Gujars : 'The Goojurs 
are the chief owners of the land on the lower river tracts, and 
nothing can be more backward than their present condition as 
far as agriculture goes, but on the high lands we find them quite 
a different race: here they vie with and are certainly not 
surpassed by their Jat neighbours .'230 The Gujars' response, 
however, was clearly not irr~spective of tenurial circumstances. 
Forbes again: 'The spirit of industry is working rapidly 
amongst even the unsettled Goojurs , wherever the cultivating 
communities hold proprietary rights in land.' 231 

If the new structure ofreturns also encouraged service castes 
to take to cultivation themselves , 232 it appears to have had a 
similar effect even upon fakirs in the locality: in pargana 
Baghpat, two whole estates and a part of a third were 'owned 
and cultivated by Goshaens, who, having dropped the habits of 
their religious order, drive the plough and farm as highly as 
their Jat neighbours'. The latter informed the Settlement 
Officer that the 'ex-facqueers' had thriven ever since they 'filled 
their houses - that is, taken wives to them' .233 

The cost of labour, growing competition for land, and 
growing population (and thus subdivision) all put pressure on 
the 'non-agricultural' castes to adjust to the new conditions , as 
is clearly suggested by Table 8.3. Even where the canal rajbahas 
did not trace their way into the tracts containing the 
non-agriculturalist castes - as in the Rajput areas of 
Muzaffarnagar's Thana Bhawan and parts of pargana Jhinj­
hana - signs of such pressures were clearly apparent to 
settlement officials.234 Frequently, those caste groups whose 
social systems made them slow to respond to the new cir­
cumstances found themselves surrendering the initiative to the 
more adaptablejats and their ilk, with the result that they were 

230 Ibid., p. 32. 231 Ibid. 
232 'I observed through the district [that) the mechanics and lowest castes, who in the 

olden days never thought of holding land , are found as landlords . . . and we have a 
carpenter , a blacksmith, a butcher and a presser ofoil in our list.' Ibid., p. 62.J.O . 
Miller reports the same tendency inparganaJansath . MCR, BOR , vm/11, 14(c), Ser. 
5,J.O. Miller, AR Tahsi!Jansath (Upland Portion) (Muzaffarnagar), 1880, p. 30. 
See also NWP Rev., Feb. 1872, 84. 

233 W.A. Forbes , Baghpat Pargana Report , 1870, p. 62, in Buck, Meerut SR (1874). 
234 MCR , BOR , vm/11, 14(c), J. Singh , RRR Tahsil Kairana (Muzaffarnagar), 1920, 

p . 4· 
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increasingly squeezed out of the prime areas. 235 The 'Jat's 
readiness to pay a higher rent than the average cultivator', 
according to one official, had the effect of improving the 
standards of cultivation 'even among castes which [were] 
usually indolent and unskilful'; even the Rajput showed 'less 
pronounced views than elsewhere on the indignity oflabour'. 236 

That astute observer W.H. Moreland was himself convinced 
that the increased cost of labour was 'reacting to a certain 
extent on the social customs' and that, 'speaking generally, the 
higher castes [ were in the I g ms] probably doing more work 
than was formerly the case'. 237 Again, the cultivation standards 
of the Chamars appeared to vary according to the circum­
stances in which they operated. 2;JS What qualitative evidence 
there is does tend to testify as to the relative behavioural 
flexibility of different castes when faced with new circum­
stances. 

Such conditions contrasted starkly with the experience of the 
eastern districts, where technology was comparatively static. 
There was no significant modern input capable of sufficiently 
affecting economic potential so as to prise open the social 
and economic structure. As population growth ate into the 
margins for adjustment, attention became fixed upon the ever 
more meticulous layering of consumer entitlements as an 
alternative to the investment of resources in capital accumula­
tion and increased productivity. The institutions were a bar to 
progress because the advantages of change for those controlling 
the key assets ofland and capital were never significant enough. 
In a static environment- and one displaying a marked absence 

235 Land was certainly under cultivation by the best cultivators in Khatauli and 
J ansath, for example. J ats, Ra was, and Sanis were to be found in Khatauli's richest 
tracts, while Rajputs were 'chiefly found in inferior villages on the banks of the 
river'. MCR, BOR, 1v(c), Ser. 7, L.P. Barma, Handbook of Patgana Khatauli, c. 
1890, p. 6. In Jansath, Gujars, Rajputs, and Shaikhs were observed 'mostly [to] 
occupy the poor estates to the south-west'. MCR, BOR, 1v(c), Ser. 7, L.P. Barma, 
Handbook of Pargana Jansath, c. 1890, p. 5. 

236 Lane, Muza.ffarnagar SR (1921), p . 7. Forbes noted fifty years earlier the 'altered 
character' of Rajputs in Dasna, which had shortly before received canal water. 
Forbes, 'Memorandum upon Ascertaining and Fixi~g Rates', p. 4, in Buck, Meerut 
SR (1874). 

237 Agriculture of the UP, p. 142. 
238 See e.g. W.J. Lupton, Handbook of Pargana Kishni, Tahsil Bhongaon, Mainpuri District 

(Allahabad, 1904), p. 5. 
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of external economies - those in a position to influence the 
pattern and rate of growth responded rationally to a slowly 
deteriorating population/resource situation by trying to wring 
more out of the existing system. 

The western districts therefore constituted an appropriate 
technical and institutional environment for maximising 
peasant production. It was important that the nature of the 
technology, in preventing possibilities for scale economies 
conducive to polarisation, reinforced the landownership 
pattern which favoured peasant cultivators. The unit of 
operation remained limited in size and this, plus the ultimately 
labour-using consequences of labour-saving technology (in 
that the canal and the other innovations permitted more 
intensive cultivation), guaranteed a widely spread distribution 
of income. There is more to this issue, though, than a 
straightforward question of welfare. It is quite clear that the 
very nature of growth is important to the achievement of growth 
itself. In the case of the canal districts, independent owner­
cultivator units, able to capture the increasing returns to 
production over the period under review and to apply the 
small-scale technical innovations which came forward to meet 
their needs, were the ideal vehicles for achieving high 
productivity levels and growth. The stimulation to local 
expansion and diversification in general was related closely to 
the particular multiplier effects emanating from an agricultural 
sector characterised by small uni ts. 239 

Ironically, when today's growth models are looking more 
and more at the nature of the growth process, it seems that the 
historical experience of the western UP contains useful lessons 
which become even more relevant as the nature of the Green 
Revolution's growth - with its polarisation of holding size, its 
impact on employment and output structure, and so on -
becomes more apparent. Moreover, it is ironic also that the 

239 A good latter-day comparison is Taiwan, whose agricultural development (even 
under the Japanese, but certainly since the early 1950s) has been structured around 
an owner-cultivator peasant system with policies designed to improve the returns to 
the agricultural producer, not so much through improving the agricultural terms of 
trade as by encouraging the application of small-scale technological advances . See 
G. Ranis, 'Equity with Growth in Taiwan: How "Special" is the "Special Case"?', 
World Development, v1: 3 (1978), pp . 403-oS. 
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technological input which had been dismissed as a 'costly 
experiment' should have been so central not only as a driving 
force behind the prosperity of the western UP, but to the very 
notable diffusion of those benefits. 
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Career outlines of engineers important in the formative phase of 
canal irrigation development 

Baird Smith, Richard (1818--61). Madras Engineers, 1836--g; Bengal Engineers, 
183g--61. Colonel. Assistant to Cautley (q.v.) on EJC, 1840-3; Superintendent ofEJC, 
1843-50; Sikh Wars, 1845--6, 1848--g; furlough in Europe, during which commissioned 
by Court of Directors to write report on Italian Irrigation, 1850-3; Deputy 
Superintendent of Canals, NWP, 1853-4; Director of Ganges Canal and Superinten­
dent of Canals, NWP, 1854-g; defence ofRoorkee and Chief Engineer in Delhi assault, 
1857-8 (brevet Lieutenant-Colonel , 1858); Superintendent-General oflrrigation and 
Officiating Secretary to GI PWD , 185g--61; investigation of 1860-1 famine, 1861. 

Baker, William Erskine (1808-81). Bengal (later renamed Royal) Engineers, 
1826-77 . General; KCB, 1870. Assistant on Delhi Canal , 1829-36 ; Superintendent of 
Delhi Canals and Sind Canals and Forests, 1836-45; Sikh Wars, 1845--6; Director of 
Ganges Canal Works, 1845-8; Secretary to GI PWD, 1854-5; Military Secretary to 
India Office, 185g--61; member of Council of India , 1861-75. 

Brownlow, Henry Alexander ( 1831-1914) . Bengal Engineers, 184g-86. Lieutenant­
General. Indian Mutiny , 1857-8 (brevet Major) ; Executive and Superintending 
Engineer, including remodelling of Ganges Canal, 186o-g; furlough, 1869-71; Chief 
Engineer, NWP&O Irrigation Dept ., 1872-82; Inspector-General of Irrigation and 
Deputy Secretary to GI PWD, 1882--6. 

Cautley, Proby Thomas (18o2-71). Bengal Artillery, 1819-54. Colonel; KCB, 1855. 
Assistant on reconstruction of Doab Canal (EJC), 1825-30; siege of Bharatpur, 
1825--6; Superintendent of EJC, 1831-43; projection and construction of Ganges 
Canal, 1836-44 ; furlough and study of hydraulic works in Britain, Italy, and Egypt , 
1845-8 ; election to Fellowship of Royal Society, 1846; Director of Canals, NWP , 
1848--54; preparation of Report on the Ganges Canal Works, 1855-g; member of 
Council of India, 1858--68. 

Cotton, Arthur Thomas (18o3-gg) . Madras Engineers, 1819-77. General; KCSI, 
1866. Assistant Engineer, north coast of Ceylon , 1821-3; expeditionary force to Burma, 
1824--6; Irrigation Engineer, Madras PWD, including planning and execution of 
Cauvery works ( 1828--36), Godavari anicuts ( 1840-52); and projected anicut on Krishna 
River; retirement from official service, 1862; project consultant to private canal 
companies, 1862-5; involvement in controversial ~xchange with Cautley (q.v.), 
1863-5; active in intermittent campaigns for irrigation extension in India, 1865-78 . 

Crofton, James (1826-1go8). Bengal Engineers , 1844-82. Lieutenant-General. 
Executive Engineer, including assistant to Dyas (q.v.) in construction of(Upper) Bari 
Doab Canal , 1846-59; furlough, 186o-2; Officiating Superintending Engineer, EJC, 
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1863-4 ; preparation of Report on the Ganges Canal, 1864; Chief Engineer, Punjab 
Irrigation Dept., including design ofSirhind Canal , 1865-74; drafting of North India 
Canal and Drainage Bill (Act VII of 1873), 1872-3 ; Inspector-General of Irrigation 
and Deputy Secretary to GI PWD , 1874-82 . 

Dyas, Joseph Henry (1824--68). Bengal Engineers , 1843--68. Lieutenant-Colonel. 
Construction of(Upper) Bari Doab Canal, 1850-7 ; Officer-in-Charge , Punjab Canals, 
1857--g; furlough , 1859--63; Chief Engineer , Punjab Irrigation Dept ., 1864; Chief 
Engineer , NWP Irrigation Dept ., 1864-7 . 

Greathed, William Wilberforce (182&-78) . Bengal Engineers , 1844-76 . Major­
Gcncral ; CB, 1859. NWP Irrigation Dept ., 1847-52 ; Sikh Wars, 1848-g ; furlough , 
1852-4 ; Consulting Engineer , East India Railway extensions, Allahabad, 1855-7; 
distinguished military role during Indian Mutiny and in China campaigns, 1857-6o 
(brevet Lieutenant-Colonel, 1861); Assistant Military Secretary to Horse Guards , 
1861--6; Chief Engineer , NWP Irrigation Dept ., 1867-72; furlough, 1872; major role in 
construction of Agra Canal and LGC , 1873-5. 

Moncrieff, Colin Campbell Scott (183&-1916). Bengal Engineers, 1856-83 . Colonel; 
KCSI , 1903. Indian Mutiny , 1857-8 ; Executive and Superintending Engineer , NWP 
Irrigation Dept ., 185g--7?; Chief Engineer, Burma , 187?-83 ; Under-Secretary for 
Public Works, Cairo , 1883--92; Under-Secretary of State for Scotland , 1892-1902 ; 
President of Indian Irrigation Commission, 1901-3 . 

Strachey, Richard (1817-19o8) . Bombay Engineers , 1836; Bengal Engineers , 
183&-75. Lieutenant-G eneral; KCB . Assistant to Baker (q.v.) on Delhi Canals , 1839; 
Executive Engineer , Ganges Canal reconstruction , 1841-7; Sikh Wars, 1845--6 
(mentioned in despatches, brevet Major) ; stud y of botany and geology, Naini Tai, 
1847-50 ; furlough in England , 1850-5 ; election to Fellowship of Royal Society, 1854; 
Director of Irrigation Works, Bundelkhand, 1855; Officiating Under-Secretary to 
NWP PWD, 185&-7; Consulting Engineer to GI Railway Dept . and active in 
reorganisation of GI PWD, 1858--62; Secretary to GI PWD, 1862-5 ; Inspector-General 
oflrrigation, 186&-g; Acting Secretary to GI PWD with scat on Legislative Council , 

1 186!)--71; Inspe ctor of Railway Stores, India Office, 1871-5; member of Council of 
India, 1875-7, 187g-89; President of Famine Commission , 1878-80 ; Chairman of 
Meteorological Council, 1882-1905 ; President of Royal Geographical Society, 
1888--go; Chairman of East India Railway Compan y, 188g--1907; member of Herschel 
Committee on Indian Currenc y, 1892. 

Yule, Henry (182o-89) . Bengal Engineers , 184o--62. Colonel; KCSI. Assistant on 
WJC and restoration of other indigenous works, 1843-5 ; Executive Engineer , Ganges 
Canal, 184&-54; Sikh Wars , 184&-7, 1848-g ; Under -Secretary to newly formed GI 
PWD , 1855; Secretary and Chronicler to Sir Arthur Phayre's embassy to Burma, 
1855-8 ; Secretary to GI PWD, 1858--61; retirement in Italy , 1862-75 ; member of 
Council of India , 1875-88. 
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Quantitative analysis of the impact of canal irrigation upon crop 
patterns 

Stepwise multiple regression was employed upon Koil village data to examine the 
effect on individual crops and combinations of crops of the following independent 
varia bles: the respective proportions of n.c.a . under canal irrigation, well irrigation, 
and tenants-at-will , and four indices of transport costs involved in marketing . The 
transport cost variables ranged from simple road distance measures to (a) the main 
market in Aligarh and (b) the nearest railway station, to more sophisticated cost 
estimates of transport to these points which took account of the proportion of each 
journey over four different road quality classifications based on the maund-mile costs 
prevailing for each type of road. During the exercise in stepwise multiple regression 
(in which the computer systematically selects from a batch of variables those which add 
most to the explanatory power of the equation and brings them in one by one) the canal 
variable was consistently brought in first, and in most instances the inclusion of a 
second variable caused the F statistic for the equation to fall. The following tabulat;d 
results thus represent the linear relationships between the crop and canal variables . 

Regression ana!Jsis of a sample of 74 canal and well villages: summary of 
output• 

Dependent variable Variable X 1 

(crop area) Constant coefficient R2 F statistic 

Commercial cropsb 40.02 Canal= 0.35 0.71 176.3 
Indigo 0.46 = 0.22 o.86 434.3 
Wheat 22.36 = 0.17 0.51 73.6 
Maize I0.15 = 0.15 0.54 165.6 
Barley 
(alone and mixed) 20.48 = 0.(1 0.31 32.2 
Dofasli 22.46 = 0.41 0.76 223.6 
Rabi 63.73 = 0.21 0.64 126.1 
Kharif 57.72 = 0.20 0.50 71.5 

• Significant at the 99.9% level. 
b Aggregate of wheat, indigo, sugarcane, and cotton. 

Cotton , the chief kharif cash crop in well villages, showed no systematic relationship 
(even a negative one) either with the canal-irrigated area or with the well-irrigated 
area. The well variable, in fact, was not significantly related to any of the dependent 
variables. 
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Given the integrated nature of the crop patterns, it did seem likely that multiple 
regression would produce restricted and fragmentary results, and possibly miss some 
more complex relationships involving groups of variables . To test this a programme 
was chosen which analyses the effect of a set of independent variables upon another set 
of dependent variables , producing a measure of the overall correlation between the two 
sets and indicating the relative importance of each of the components within the sets . 
Canonical correlation analysis is designed to achieve this by deriving a linear 
combination from each of the two sets of variables in such a way that the correlation 
between the two linear combinations is maximised . When the dependent (crop) 
variables were placed against the set of independent variables, the canal variable was 
overwhelmingly dominant . Just over 93°/o of the variance in crop acreages was 
accounted for by this variable alone in the sample of74 villages .' This result should not 
be surprising, given the integrated nature of the crop patterns. The variations in 
individual crop coefficients , in fact , confirmed the essential pattern shown in the above 
table in terms of the crops most affected by the canal. When a non-canal sample of 112 
villages was examined in the same way, the eigenvalue, or measure of the variance in 
crop acreages accounted for by the well area , was a low 0.308.2 Partly , of course, this 
reflects the greater inaccuracy of the well irrigation statistics , but it mostly mirrors the 
fact that well irrigation was of limited importance in determining crop pattems. 3 

1 Chi-square: 181.99. 2 Chi-square : 38.56. 
3 The method of analysis , its results , and its implications are dealt with in more detail 

in I. Stone , ' Peasant Agriculture : An Analysis of Production Determinants in 
Pargana Koil (Aligarh , U.P .) 1900----01 ', paper presented at the Second New 
Zealand Conference on Asian Studies, University of Canterbury, Christchurch , 
May 1977-
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Irrigation of major crops as a percentage of total area irrigated by 
each canal 

( average for 1902-3hgo4-5) 

Upper Eastern Lower 
Ganges Jumna Ganges Agra 
Canal Canal Canal Canal 

Wheat 40.1 39-4 4o.3 30.2 
Other rabi food crops 17.5 7-4 25.8 17.2 
Sugarcane 17.2 21.2 4.0 4.1 
Rice 3.8 16.3 3.2 
Cotton 8.9 2.9 8.9 40.9 
Indigo 2.9 3.5 
Maize 2.6 4.1 4.2 
Other crops 7.0 8.7 IO.I 7.3 
Total irrigated area 
( triennial average SSg,335 289,938 737,528 227,309 
in acres) 

Source: Compiled from IRR 190~J11904-5. 
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agaul: strain of sugarcane 
Ahir: caste name; relatively low-caste cultivator-grazier 
amin: suboverseer, subordinate official 
anicut: weir 
anna: one-sixteenth of a rupee 
arhatia: commodity broker, commission agent 
asarhi: indigo planted with the rains and cut in September 
badni: crops pledged by grower at fixed terms in exchange for 

advances 
bahi: account book 
baisuri: noxious weed which favours dry conditions 
bajra: species of millet 
Baluchi : name of Baluchistan tribe 
hangar: arable upland plain , as distinct from khadir (q.v.) or riverain 

land 
bania: small-scale trader, moneylender 

1 banjara: itinerant trader , cattle-dealer 
hara: fields immediately surrounding village sire 
batai: division of crop between cultivator and landlord; payments may 

be in kind or in cash 
bazar: marketplace 
begar (begari): compulsory free labour services by tenant or low-status 

villagers to landlord or powerful villagers 
Behea : type of sugar mill 
bejhra: barley and gram (q.v.) mixed 
be/: small-scale sugar factory 
beldar: labourer on channel maintenance 
beopari: itinerant local trader 
beri: baskets of split bamboo, used for lifting canal water 
bhaiachara: coparcenary tenurial form in which the revenue demand is 

apportioned among village proprietors on some principle other 
than ancestral shares, usually on the basis of cultivation 

bhur: light, sandy soil 
bhusa: straw 
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bigha: unit of area; the standard revenue bigha m the NWP was 
five-eighths of an acre 

bohra: village banker 
bokhar: fever 
boro: rice grown during the dry season 
Bowrea: caste name; nomad· given to lawlessness 
chakra: two-wheeled bullock cart 
Chamar: caste name; leatherworker , labourer 
chaprassi (chuprassee): attendant 
chari: fodder 
charpoy: wooden frame bed with webbing 
chaudhri: headman of village, guild , or caste 
Chauhan : name of low-status Rajput (q.v.) clan 
chaukidar: watchman, patrol 
chaupai: four-wheeled bullock cart 
chaupal: village assembly hall 
crore: ten million 
dal: lift irrigation 
daulhu: thin desi ( q.v.) strain of sugarcane 
desi: indigenous, local 
dhan: common rice 
dhaur: relatively high-yielding strain of sugarcane 
dhenkli: well worked by hand using a pulley 
doab: area between rivers running roughly parallel; plain 
dofasli: double-cropped land , bearing two successive crops in the 

course ofa year (normally a kharif(q.v.) and a rabi (q.v .) crop) 
dumat: soil of stiff loam 
durkjwast: kolaba (q.v .) application 
fakir: religious mendicant 
f aslana: charge realised at harvest time 
gadhwala: hired carrier 
garoli: brushwood lining of kachha (q.v.) well shaft 
gauhan: highly manured fields lying close to village site 
ghair-maurusi: tenant-at-will, statutory tenant (lit. without hereditary 

land rights) 
ghar: land in the form of a shallow trough 
ghat: landing place 
Ghoshi (Goshaen): name of Muslim caste of the Punjab; pastoralist, 

milkman 
godown: warehouse 
gojai: wheat and barley mixed 
gram: pulse grown during rabi (q.v.) 
Gujar: caste name; grazier 
gul: village water-course 
gur: cakes of unrefined sugar made by boiling ras ( q. v.) 
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haq: right, fee 
har: outlying land 
harwaha: labourer formerly of cultivator status 
hisab: loan account 
ikramama: formal agreement 
illakadar: suboverseer, subordinate official 

Jama: revenue assessment on holding 
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jamowa: indigo sown before the rains (with the aid ofirriga tion) and cut 
in time to allow a rabi ( q. v.) crop to be sown 

jarhan: transplanted rice 
Jat: caste name; cultivator 
jhil: shallow depression, pond 
Jhojha: caste name; cultivator 
jita: cultivator who exchanges labour with another cultivator 
juar: species of millet 
kachha: temporary; earthen; lacking substance 
Kachhi: caste name; relatively low-caste cultivator 
kachhi chini: refined, whitish floury sugar; also called khand 
kapas: cotton not separated from the seed 
karahi: boiling pan for ras ( q. v.) 
karinda: agent, manager 
khadir: valley, flood plain area 
khallassi: sailor 
khand: refined, whitish floury sugar; also called kachhi chini 
khandsari: small-scale sugar refinery; manufacturer of coarse sugar 
kharif growing season of crops harvested in autumn 
khasra: official field book compiled at time of village survey 
khatauni: final statement of irrigation dues for village 
khatti: grain storage pit 
khetbat: unconsolidated or scattered land partitions 
khudkasht: leased-in land cultivated by proprietor 
khunti: indigo crop obtained from stumps of previous year's plants; 

also called ratoon 
khushkharid: lit. 'good bargain'; agreement made at harvest time, as 

opposed to badni (q.v.) system 
kiari: field compartment made up of low earthen ridges 
kili: system of well irrigation employing two ramps per lift and 

allowing more than one pair of bullocks to be used at one time on 
the same lift 

kist: revenue instalment 
kolaba: irrigation outlet serving village or part of village 
kolhu: traditional bullock-driven sugarcane-crusher 
kothi: establishment, such as factory or storehouse 
kumhar: potter 
kunkar: alluvial formation of limestone 
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Kurmi : caste name; relatively low-caste cultivator 
lagor: system of well irrigation employing one ramp and limited to one 

pair of animals per lift 
lakh: one hundred thousand 
lakkar: roller fashioned from a tree trunk, used in field preparation 
lambardar: officially appointed representative of village 
mahajan: merchant, moneylender 
ma/bah: record of village cash payments 
malbah-nahr: water-course account 
Mali (Malee): caste name; low-caste gardener-cultivator 
mandi: regular market 
manjha: middle-quality land 
maund: unit of weight, roughly 82 pounds 
maurusi: occupancy status 
mota: water-hoarding bed of clay 
muddud: obligation of community or landholder to supply labourers 

for public works 
mukaddam: headman; manager of village proprietary body 
munji: fine rice 
munshi: recorder-clerk 
nadi: river 
nag/a: hamlet, village 
Nahan: form of bullock-driven sugarcane press 
naib-ziladar: deputy ziladar (q.v.) 
nazrana: gift from tenant to landlord 
nil: dye 
nulla: drainage line 
Oade: caste name; migratory earthworker 
octroi: municipal levy on incoming goods and commodities 
paimana: standard volumetric unit of canal water, regulated by 

module of the same name 
painth: periodic market for group of villages 
pakka: permanent; substantial; of solid material, such as masonry 
paleo: single preliminary watering 
pandit: learned Brahman 
panni: coarse grass common in the Doab 
parcha: statement of irrigation dues for individuals or irrigating 

groups 
pargana: administrative subdivision of a tehsil ( q. v.) 
Pathan: name of Muslim caste 
patta: engagement to pay revenue 
pattidari: system of tenure in which the land is farmed in severalty and 

the revenue demand apportioned by kin group according to 
ancestral shares 

patwari: village accountant 
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phaora: mattock used in canal excavation 
pice: one-quarter of an anna (q.v.) 
pounda: variety of sugarcane, mainly eaten raw 
pur: leather bag, used for lifting well water 
Purbeah: caste name; migratory earthworker from Oudh 
rabi: growing season of crops harvested in spring 
rais: notable, man of position 
rajbaha: distributary channel of canal system 
Rajput: caste name; warrior, landholder 
rao: flow of water · 
ras: sugarcane juice 
rati: well worked by hand using a weighted lever 
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ratoon: indigo crop obtained from stumps of previous year's plants; 
also called khunti 

Rawa: caste name; cultivator 
reh: saline deposits on or near the surface of affected fields 
ryot: cultivator, peasant 
Sani: caste name; relatively low-caste cultivator 
saretha: variety of sugarcane distinguished by its comparatively high 

juice content 
seer: unit of weight, one-fortieth ofa maund (q.v.) or about two pounds 
Shaikh: name of Muslim caste 
shakar: unrefined sugar made by boiling ras (q.v.) and by stirring 

occasionally during cooling period 
shrofj. traditional banker, broker 
sir: land held by a zamindar (q.v.) under title of personal cultivation 
siwai: twenty-five per cent interest over a single six-month season 
sumai: craft of inflated buffalo skin, used by canal officers to inspect 

head works 
sumaiwalla: swimmer who pilots a sumai (q.v.) 
Taga: caste name; landholder of Rohilkhand 
takavi: official advance to cultivator from public funds for agricultural 

purposes 
talukdar: large landowner 
tatil: periodic closure ofa rajbaha (q.v.), or outlets on a section ofa 

rajbaha, in order to conserve supplies 
tatti: grass mat 
tehsil: administrative subdivision of a district 
tehsildar: subordinate official ofrevenue administration in charge ofa 

tehsil (q.v.) 
Thakur: caste name; warrior, landholder 
thela: four-wheeled bullock cart 
thokdar: appointee within village responsible for guls (q.v.) and kolabas 

(q.v.) 
tor: flow or flush irrigation 
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tulai: weighment fees 
tumri: elongated gourd forming a crude lifebelt placed under the chest 
ukh: sugarcane 
unt gari: camel cart with large rectangular cage 
usar: barren land , usually affected by alkalinity 
warabandi: list of days and part-days on which each cultivator is 

permitted to take canal water 
zamindar: landowner, of varying size 
zamindari: property of a zamindar (q.v.) 
ziladar: subordinate official; head oflocal branch of canal administra­

tion 
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