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ABSTRACT 

Four published papers and several parts of a book are presented herein, together with a 

previously unpublished short paper explaining the intellectual background against which they 

were written and summarising their findings on the development of agricultural teQmology in 

England in the nineteenth and twentieth centuries. This outlines the contribution of economic 

and sociological thê pries to the study of technical change, but makes the point that historical 

studies, although clearly influenced by these theories, tend to use a multifactorial approach 

which avoids privileging any single explanation. Nevertheless, several themes arising in all of 

this material are identified, especially the gap between innovation and the adoption of 

technology, and the influence upon it of scientific, systemic, and socio-economic changes. 

Brassley (1995a) exaiftmes the criteria against which the success of agricultural science 

should be judged, and concludes that for most of the nineteenth century in Britain it was a 

failure. It identifies the establishment of the university departments of agriculture in the 1890s, 

and the Development Commission in 1910, as the main factors which reversed this trend, and, 

in an appendix, examines the impact of changing output prices upon the supply curve. In 

Brassley (1995b) the life of a single farmer, Primrose McConnell, is considered. In adoption-

diffusion theory terms, McConnell is a classic example of an innovator, and this paper reveals 

the various ways in which, as a writer and a practising farmer, he influenced the agricultural 

industry of the late nineteenth and early twentieth centuries. Brassley (1996) concentrates on a 

single example of technical change, in this case silage, and explains why its widespread 

adoption took about a hundred years. The principal conclusion is that silage, like many 

examples of agricultural technology, is not a single change but a complex system of interacting 

individual components, all of which need to be available or in place before widespread 

adoption can occur. The significance of this process is studied în Brassley (2000a), which 

examines the relationship between technical change and output in the late nineteenth and 

twentieth centuries, and concludes that innovation was not necessarily as important as the 

adoption of pre-existing technology in accounting for output expansion. 

Brassley (2000b) is divided into three parts. The first introduces the concept of farming 

systems in late nineteenth century England and Wales and analyses the principal arable and 

pastoral systems of the period; the second examines individual aspects of farming technology, 

with the exception of farm buildings and machinery; and the third traces the development of 

agricultural science and education in England and Wales between 1850 and 1914. Clearly 

these three are inter-related, in that science and education had some impact on techniques, 

which, in turn, influenced farming systems, but one of the main themes to emerge from this 

study, as from the other papers in this collection, is the restricted rate of change and the gap 

between technical leaders and laggards. 



STUDIES IN AGRICULTURAL TECHNOLOGY IN NINETEENTH- AND 
TWENTIETH-CENTURY ENGLAND 

Introduction 

The study of technical change has been one of the more persistent preoccupations of 

agricultural historians, from the early classic work of Lord Ernie (1912) to the present day, and 

in this they are no different from other kinds of economic historian (Mokyr, 1990). This is not 

to say that they are exclusively interested in technology, or that technical change has provided 

all the answers they have searched for in attempting to explain the development of agriculture. 

But few accounts of rural social, or economic, or cultural development have been able to ignore 

it completely. The chapters and articles to which it is the purpose of this paper to provide an 

introduction focus almost entirely on agricultural technology and its associated science and 

education, and discuss other issues only insofar as they help to shed light on the reasons for 

technical change and its impacts and effects. They deal with technical change in its widest 

sense, which means that the term is taken to include the processes of discovery or invention, 

innovation, adoption, and diffusion. 

The present paper begins with a brief survey of the historiographical and theoretical 

approaches to technical change, from which it is possible to derive a selection of possible 

explanations for it or methods of studying it. Since no single approach emerges as dominant it 

seems permissible to use a variety of them, together with simple description, and the following 

section of the paper locates the various paradigms used in the chapters and articles under 

consideration. The final section draws together the overall conclusions which emerge and 

makes some suggestions for further work. 

Technical change, historians, and social scientists 

Whether or not theory has a role in history opens up more questions than could usefully be 

dealt with here (they are discussed, for example, in Tosh, 1984:127-51); what is indisputable 

is that explanation certainly does have a role, and in order to explain technical change some 
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theoretical approaches may be useful. The two principal disciplines in the social sciences 

which have been used to investigate technical change are sociology and economics. Katz, 

Levin and Hamilton (1963) identify a period of sociological and anthropological studies of the 

diffusion of culture and innovation beginning in about 1914 and ending in about 1940. There 

was then a revival of interest in the late 1950s by sociologists of conamunication, but they 

discovered that American rural sociologists had, in the period 1940-1960, completed 'several 

hundred' studies of ne\v farm practices (Katz,Levin and Hamilton, 1963:239). Some of the . 

more influential sociological concepts emerged in this period. The idea of a normal distribution 

of innovation, with innovators, early adopters, an early and late majority and laggards is 

reported by Rogers (1958), and hesubsequently went on to write one of the classic works on 

the topic. The Diffusion of Innovations, in 1962. At the same time Rogers and Beal (1958) 

argued for a 5 stage adoption process, with the potential adopter moving from awareness to 

interest to evaluation, trial and adoption. These ideas spread fairly rapidly among advisers and 

extension workers and even agricultural economists: Jones (1963) used Rogers's normal 

distribution hypothesis in a study of five agricultural innovations in England and Wales, the 

Presidential Address to the Agricultural Economics Society in 1970 concerned the 

mechanisation of British farming from 1910 to 1945 (Whetham, 1970), and numerous others 

since (e.g.Opio-Odongo, 1980; Napier et al̂  1988; and Miller and Tolley, 1989) have touched 

on various aspects of the topic. So great was the volume of work that a comprehensive survey 

would be impractical: by 1995 Rogers had counted 3,810 diffusion research publications 

spread over a wide range of fields from anthropology to public health and marketing (Rogers, 

1995:xv; Ruttan, 1996: 52). Nevertheless, the overall conclusions are clear: the adoption and 

diffusion of an innovation is likely to be determined by the interaction of the personal and 

social attributes of the innovators and adopters with the characteristics of the innovation (see 

Rogers, 1962: 306). 

At first sight the methodologies used recently by historians of science and technology 
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are not very different from this. For example, Grant's (1998) study of the diffusion of the 

herringbone milking parlour identified farmer age, tenancy, size of farm and use of Friesian 

cows and artificial insemination among the explanatory variables, although he examined the 

economic as well as the sociological impUcations of his findings. One of the most fruitful 

approaches has been the idea that technology is socially constructed. Pinch (1996:19), for 

example, distinguishes between two versions of the social construction of technology (SCOT): 

the mild and the radical. Mild SCOT simply draws attention to the social components of science 

and technology, as!in the work of David Nye (1990), which revealed the various ways in 

which electricity acquired meaning as a commodity in the U.S.A. between 1880 and 1940. 

Radical SCOT goes further, based on the premise that both the workings of technology and 

technical options may be socially constructed, and uses various examples from the bicycle to 

the missile (Pinch, 1996:20). Other historians of technology have focussed on the importance 

of complexity in systems, so that a lagging element can prevent the advance of the whole 

system (Fox, 1996: 5), and it is this strand which is most relevant to the work discussed here. 

Interestingly, complexity was one of the innovation characteristics identified by the adoption-

diffusion school, but there seems to be little evidence that their insights have had much direct 

impact on the work of the technical historians. Although, to be fair, the adoption-diffusion 

school never set out to inform the historical debate and the SCOT school was not concerned 

with the practical problems of promoting innovation, it was perhaps this mutual unawareness 

that led Ruttan (1996) to conclude that the sociological approach was in decline. In this he was 

supporting Rogers himself, who concluded that interest in diffusion research declined by the 

late 1960s because it had answered its major theoretical questions (Rogers, 1995:60). Ruttan 

himself argued that the sociological approach was superseded by the economic. There were, he 

wrote, three reasons for this: the interest of development agencies in technical change; the 

failure of convergence in productivity between rich and poor countries; and the work of 

agricultural economists in particular on the impact of 'broader economic forces' on invention 

and adoption (Ruttan, 1996: 66). 
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These broader economic forces are changes in demand (and consequently output jprice) 

and changes in relative resource endowments (and consequently input costs). The cost-based 

approach can be traced back to the work of Hicks (1932), who suggested that changes in 

relative resource endowments would produce changes in relative factor prices, which would in 

turn stimulate iiinovation. This became known as 'induced innovation', and produced a large 

volume of work, among which some of the more influential was that produced by Hayami and 

Ruttan (1971) (but see also.Binswanger and Ruttan, 1978; and Koppel (ed.), 1995). It was 

still provoking revisionist work in the 1990s. Olmstead and Rhode (1993), for example, 

suggested that many of their generalisations were simply regional phenomena, and Tiffin and 

Dawson (1995) found that factor price changes explained not changes in factor ratios, as 

Hayami and Ruttan suggested, but the rate of change in factor ratios. From a different 

theoretical perspective, Hogg (2000:68-9) criticised Hayami and Ruttan's tendency to ignore 

the actions of fanners and the impact of cultural change on the adoption of technology. The 

demand-based approach essentially began with tiie work of Griliches (1957), although to be 

precise he measured the effect of profitability rather than price. 

Historians have commonly been less willing than economists or sociologists to argue 

for unifactorial explanations of economic growth. Crafts (1985:82), for example, examining 

the.growth of the British economy between the early eighteenth and early nineteerith centuries, 

attributed 30 per cent of it to productivity increases, twenty per cent to capital formation, and 

50 per cent to increases in otiier factor inputs. Mokyr contends that technical change is rarely 

the orderly research and development process implied by economic theory and so also rejects 

'one line' explanations (Mokyr, 1990:229). He suggests instead the use of evolution as a 

metaphor (see also Mokyr, 1996). Dealing with more recent technical changes, Castells (2000: 

76) writes of 'the complex matrix of interaction'. Turning specifically to agriculture, Overton 

(1996:207) attributes the agricultural revolution he identifies as occurring between 1750 and 

1850 to such multifactorial causes as 'the integration of local markets and a new willingness of 

fanners to exploit commercial opportunities [which] provided the impetus for innovation and 
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enterprise which led to the agricultural revolution'. Turner et al (2001) also espouse a 

multifactorial explanation, although they identify 1800-1850 as the crucial period. O Gfada 

(1994:152-6) uses economic techniques and the terminology of the adoption-diffusion school 

in examining technical change in late nineteenth-century British agriculture, although his 

discussion is limited to the reaper-binder, and Macdonald (1979) specifically investigates the 

diffusion of agricultural knowledge. It is interesting to note that Walton's early (1979) 

investigation of innovations in farm machinery uses a multivariate analysis of social and spatial 

variables which is clearly influenced by the adoption-diffusion school, whereashis more recent 

(1999) work on varieties adopts a more discursive approach. In other words, historians of 

technical change do not always base their work on such clear theoretical underpinnings as 

sociologists or economists. However, as Fox (1996:8) points out, 'even the barest narrative 

conceals profound historiographical assumptions and so is itself dependent upon theory, albeit 

unspoken theory'. 

Thus the justification for the foregoing brief attempt to identify the main theoretical 

strands in the analysis of technical change is to clarify the assumptions, sometimes unspoken, 

in the papers presented herein. To summarise, it is possible to identify several possible 

explanations for technical changes and their adoption: changes in input prices; changes in 

product prices; the different roles of various social groups (such as big or small farmers); the 

interactions of the components of complex systems; the impact of exogenous scientific change; 

and various possible institutional and cultural changes. No single one of these could guarantee 

a complete and satisfying explanation of the changes observed; equally, each of them might be 

expected to suggest fruitful avenues for exploration by the historian of technical change. 

Technical change in English agriculture since 1850 

The material included in this collection might indeed claim to explore many of the avenues 

outlined above. The first (in the order in which they were written, as opposed to their 

pubUshed order) is Brassley (2000b), which comprises part or the whole of three chapters, all 
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concerned with the period 1850-1914. The first (chapter 6 parts A-C) is essentially a brief 

survey of fanning systems and rotations and is more descriptive than concerned with technical 

change. The second (chapter 7 sections A and D-J) examines changes in farming techniques, 

and is clearly influenced by the adoption-diffusion school, in that it places much emphasis on 

the lag between the development of new techniques and their adoption by the majority of 

fanners (e.g. p.569 re livestock breeds: 'As with many other aspects of the development of 

agricultural technology in this period, the relationship between the elite and ordinary farmers 

needs further investigation'). The third (chapter 8) is concerned with the development of 

agricultural science and education, and pays particular attention to their impact on output. Thus 

it examines not only what happened, but also what effect it had on farm practice. Not much, 

immediately, was the conclusion, but more in the long term, after 1914. 

The subsequent papers attempt to take further the issues raised in this account of the 

state of technology and the main changes therein: why was science not more influential; how 

can the gap between innovation and widespread adoption be explained; how is the impact of 

technology best measured; and what were the personal characteristics of the innovators? The 

first of these issues, on the problems of agricultural science, is discussed in Brassley (1995a). 

This paper argues that the period 1870-1910 was a crucial one, which saw the transformation 

of British agricultural science from a small-scale amateur activity to something rather larger and 

more professional. It takes issue with the significance accorded to Lawes and Gilbert, the 

founding fathers of the Rofliamsted experimental station, in Russell (1966), the standard 

history of agricultural science in Britain, arguing instead that the efficacy of science increased 

with its post-1890 expansion which was associated with the foundation and growth of 

university agricultural departments. This is explained using a model first applied to research in 

Germany (Grantham, 1984) which identifies the importance of scientific literacy among the 

relevant bureaucracy, plentiful scientists, state funding, and some disposition to be interested in 

research and its dissemination on the part of farmers' organizations, all of which were largely 
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absent in Britain before 1890 and gradually more prevalent afterwards. In economic terms, all 

of these factors influence the expected marginal return on investments in research: more 

scientific discoveries or useful explanations might be expected to increase output or 

productivity dr both. But the sale price of outputs would also affect expected marginal return, 

so output or productivity changes can only be used to measure scientific success in a stable 

price environment. This is the identification problem, which means that it is impossible to 

determine whether observed combinations of prices and quantities represent static techiiology 

responding to price changes or technical changes occurring simultaneously with price changes 

(see Sloman, 1991:65). The analytical complications of this are explored in the appendix to 

this paper. The important question which emerges from this is: did supply increase because the 

available technology changed, or were technical changes a response to the demands of farmers 

who wanted to produce more? There are several ways of approaching this question, three of 

which are explored in these papers. One is to examine a specific technical change over a long 

period (Brassley, 1996); a second is to examine technical change under different price 

conditions (Brassley, 2000a); and the third involves a case study of one iimovatory farmer 

(Brassley, 1995b). 

The specific technical change chosen for examination is silage as a method of fodder 

conservation. Its particular attraction is that it exemplifies a technical change in which there is a 

big gap between the original innovation and its eventual widespread adoption. Silage was 

effectively introduced into England in 1882, and by the later 1880s there was at least one silage 

maker in each of the English and Welsh counties, yet it was not until 1971 that the tonnage of 

silage produced exceeded that of hay and not until the 1970s and eariy 1980s that silage 

production increased to its present dominance. Brassley (1996) examines the reasons for this 

gap between innovation and adoption, and concludes that it is another example of the effect of 

system complexity (i.e. the absence of a single component can delay the adoption of the whole 

system), which of course is one of the features identified by both the historians of technology 

and the adoption-diffusion school (see above). But silage is only one example, if one of the 
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more egregious, of several cases of a gap between initial iimovation and eventual widespread 

adoption. As was pointed out above, the late nineteenth century provides many instances of 

technologies that were known and widely discussed but not widely adopted, or not adopted to 

the extent that they would be subsequently: fertilizers and feedingstuffs are prime examples. 

Hence the case for examining the impact of technical change in general over an extended time 

period covering different price conditions, which is the approach adopted in Brassley (2000a). 

The initial problem to be overcome herein was the measurement of total output, which 

necessitated the construction of a new long-run output series measured in volume terms. This 

revealed that the period of maximum output growth was the twenty years between 1946 and 

1965. Since land and labour input changes could not account for this output increase, several 

technical changes were examined. The overall conclusion was that the rapid adoption of pre

existing technology had the greatest impact, and it is interesting that this occurred at a time 

when agricultural prices, in real terms, were higher, over a sustained period, than they had 

been since the 1880s. In contrast to early adopters, innovators (to judge from Primrose 

McConnell, whose life is examined in Brassley, 1995b) appear to be motivated by their 

personal characteristics rather than their responses to price trends. 

Conclusions and suggestions for further work 

The studies presented here examine technical change from a variety of theoretical perspectives, 

basically historical, but informed by relevant aspects of sociology and economics. The 

principal conclusion which emerges is the significance of the gap between innovation and 

adoption. The history of agricultural science, as told here, demonstrates that the irmovatiohs it 

produces may not be adopted immediately. The rate of adoption is in part determined by the 

level of education and training in the farming community, as the work of the diffusion school 

would suggest, but it is also, and to a greater degree, determined by price levels and system 

complexity. Adoption appears to be enhanced more by high prices than reduced costs, other 

things being equal. But the reason why other things are not always equal is the wide range of 
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individual-technology-specific factors which can be included under the term 'system 

complexity'. Thus further work on agricultural technology in the previous two centuries should 

use both sociological and economic approaches and recognize that different techniques have 

different system implications. Individual aspects of technology require further studies of the 

type presented here on silage (Walton (1999) is another example), which incorporate all 

relevant factors from science to product markets. Complementary studies of individuals as 

adopters over the course of their farming careers would also be useful. The following chapters 

and papers set out the evidence for these conclusions and show what this approach can begin to 

achieve. 
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Summary 
The development of agricultural science in the period 1850-1914 is described in 
the context of various methods of deciding whether or not it was successful. It is 
concluded that it was more successful after 1890 than before, and an explanation 
of this is offered, using a model first applied to agricultural research in Germany. 
In the light of these conclusions there are also comments on the role of the 
Development Commission in promoting agricultural research. 

Contents 
1. Introduction 465 
2. The success of agricultural science in Britain? .. 466 
3. Failure before 1890: an explanation 473 
4. The post-1890 expansion 475 
5. Conclusions .' 476 
6. Appendix 477 

1. Introduction 
Robert Olby's article on the establishment of the Development Commission in 

Annals of Science makes a detailed and convincing case for the importance of that body 
in promoting agricultural research in Edwardian Britain.^ Yet, instrumental and 
influential as the Commission may have been, it was only a part, albeit a vital 
and conclusive part, of the story of the development of scientific research in agriculture 
in Britain in the period before 1914. Olby sets the Development Act of 1909 and the 
resultant Commission in its political context, but it might also be argued that its role 
in the development of agricultural science cannot be fully understood unless it is also 
set in its agricultural and scientific context. And that is what this paper attempts to do. 

There is an interesting hiatus in recent writing on the history of agricultural science 
in Britain: Sarah Wilmot covers the period up to about 1870, and Palladino and Olby 
deal with the period after about 1910.^ But, as I seek to demonstrate in the following 

' Robert Olby, 'Social Imperialism and State Support for Agricultural Research in Edwardian Britain', 
Annals of Science, 48 (1991), 509-26. 

^ Sarah Wilmot, 'The Business of Improvement': Agriculture and Scientific Culture in Britain, 
c. 1700-c. 1870. Historical Geography Research Series, No. 24 (1990); P. Palladirio, 'The Political Economy 
of Applied Research: Plant Breeding Research in Great Britain 1910-1940', Minerva, 28 (1990), 446-68; 
P. Palladino, 'Between Craft and Science: Plant Breeding, Mendelian Genetics, and British Universities, 
1900-1920', Technology and Culture, 34 (1993), 300-23; Robert Olby, 'Scientists and Bureaucrats in the 
Establishment of the John Innes Horticultural Institution under William Bateson', Annals of Science, 46 
(1989), 497-510; Olby (note 1). 
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pages, it was the period between 1870 and 1910 that saw agricultural science in Britain 
begin to change from a small-scale activity in which few people commanding slender 
resources met with litde success, to a more substantial enterprise in which more people, 
with more money, produced significant results, and began to develop an administrative 
and institutional structure for research that is still recognizable today 

Until this recent work appeared, most writers on agricultural science in Britain-
appear to have followed Russell's well-known account.'* For much of his working life 
Russell was Director of the Rothamsted Experimental Station in Hertfordshire, which 
had been established by Sir John Lawes in 1843. If a serious work of science history 
can be said to have heroes, then Lawes, his co-worker Dr (later Sir) Henry Gilbert, and 
Rothamsted itself are the heroes of Russell's book. More recently. Dyke has also argued 
for their importance.^ But if Lawes and Gilbert were as successful as Russell and Dyke 
appear to believe, then the present-day observer would expect them to have attracted 
Government funding, and other scientists to work with them. Yet they did not, or, at 
least, not to any great extent, and it seems worthwhile to ask—why not? 

The obvious answer is that the expectations of the present-day observer may be 
unrealistic when transposed to the very different circumstances of the mid-nineteenth 
century. To some extent this is true: Alter has demonstrated that for much of 
the nineteenth century science in Britain could expect little Government support.^ 
On the other hand, this may be too simple an explanation. Successful agricultural 
scientists in Germany and the USA in the second half of the nineteenth century did 
attract both Government funding and additional scientists.'' If this is to be explained 
simply in terms of differing Government attitudes, then it is necessary to show why 
those attitudes differed,^ and to explain why reluctance to support agricultural research 
in Britain before c. 1890 was transformed into acceptance of, and perhaps even 
enthusiasm for, such support in the 20 years after 1890. Therefore this paper attempts 
to deal with two main questions: was agricultural science in Britain in the second half 
of the nineteenth century successful; and why did the research effort, measured in 
people and money, change so little before 1890 and so much thereafter? 

2. The Success of Agricultural Science in Britain? 
Both 'success' and 'agricultural science' are imprecise terms, and putting them 

together is therefore potentially dangerous in the absence of some clearer statement of 
what is meant by each of them. For the purposes of this paper it may be easier to define 

^ Jos6 Harris argues that this same period was one of significant change in many other ways, including 
demography, urban life, food production, retailing, finance, education, and culture, in Private Lives, Public 
Spirit: Britain 1870-1914 (London, 1994), 252-53. 

'^E. J. Russell, A History of Agricultural Science in Great Britain (London, 1966). J. D. Sykes, 
'Agriculture and Science', in The Victorian Countryside, 2 vols, edited by G. E. Mingay (London, 1981), 
I, 260-72, and R. Brigden, Victorian Farms (Marlborough, 1986), 198-201, are among those who follow 
Russell. 

^G.V. Dyke, John Bennet Lawes: The Record of his Genius (Taunton, 1991); idem, John Lawes of 
Rothamsted: Pioneer of Science, Farming and Industry (Harpenden, 1993). 

^ Peter Alter, The Reluctant Patron: Science and the State in Britain 1850-1920 (Oxford, 1987), 248. 
' G. Grantham, "The Shifting Locus of Agricultural Innovation in Nineteenth-century Europe: The Case 

of the Agricultural Experiment Stations', in Technique, Spirit and Form in the Making of the Modem 
Economies. Essays in Honor of William N. Parker, edited by G. Saxonhouse and G. Wright. Research in 
Economic History, Supplement III (Greenwich, 1984), 191-214 (192); M . W. Rossiter, The Emergence of 
Agricultural Science: Justus Liebig and the Americans, 1840-1880 (New Haven and London, 1975). 

*01by (note 1), 510-11; Alter (note 6). 
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agricultural science in terms of what it was not. Thus model, example, or demonstration 
farms, agricultural consultants, and agricultural societies would be removed from the 
category of agricultural science because they were concerned with the diffusion of 
knowledge or the recommendation of best practice, and not with explaining why the 
best practice was so, or in finding out how things worked in order to produce better 
practice.^ Consultants were scientists, but they were not necessarily involved in 
scientific research. Dr Augustus Voelcker, consulting chemist to the Royal Agricultural 
Society, spent much of his professional life analysing samples of purchased 
feeding-stuffs and fertilizers to find out whether the purchaser has been defrauded: 
important work, and scientific work, but hardly research.^" In contrast, Lawes and 
Gilbert at Rothamsted, or, later, Biffen at Cambridge, attempted to explain how things 
worked by the application of skills or techniques not generally available to farmers in 
order to benefit the community in general. Science, for the purposes of this discussion, 
was explanatory, professional, and disinterested. 

To explain what is meant by success in agricultural science or scientific research 
is, at first sight, more straightforward. Conventionally, there are three ways of judging 
success: 

(1) by determining the effects on output or productivity; 
(2) establishing whether scientists made discoveries or produced useful explana

tions of agricultural problems; and 
(3) assessing contemporary and recent opinions, i.e. a peer review. 

To these three it might also be interesting to add a fourth: to what extent did scientists 
succeed in developing institutions that increased their professional competence, such 
as university departments, laboratories and research institutions, libraries, learned 
journals, and learned societies? These four approaches are considered in what follows. 

First, the effects on output or productivity. A recent survey of the economics of 
agricultural research states unequivocally that 'the principal objective of research in 
agriculture is to increase agricultural productivity', and at first sight this is an attractive 
and quantifiable measure of scientific success." Scientists and technologists spend 
money on research and development [hereafter R&D] to produce new or improved 
techniques that are adopted by farmers who consequently produce more per unit input 
of land, labour, or capital. Thus the most effective science or technology produces the 
greatest increase in productivity (i.e. output per unit of input) for the smallest R&D 
expenditure. However, output is not only determined by the state of technology. In the 
short term it may be affected by weather or disease, and in the long term by changes 
in the objectives of farmers and changes in the rate at which they adopt innovations. 
Thus when product prices are low, the incentive to expand production is reduced, and 
when they are high it is enhanced. Therefore productivity changes are only usable as 
a measure of scientific success i f the economic environment within which the producers 
are operating is stable over the period in which the productivity changes occur (this is 
explained in greater detail in the Appendix). In practice, economic conditions before 

'S. Macdonald, 'Model Farms', in The Victorian Countryside (note4), 214-26, argues persuasively that 
'At no tirne was the model farm of any great significance as a means of influencing even the effective 
innovation leaders, never mind the mass of the farming community' (224). 

'°N. Goddard, Harvests of Change (London, 1988), 96. 
'' W. Lesser and D. R. Lee, 'Economics of Agricultural Research and Biotechnology', in Current Issues 

in Agricultural Economics, edited by A. J. Rayner and D. Colman (London, 1993), 179. 
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1875 were different from those that existed between 1875 and 1914.̂ ^ Consequently, 
producers may have chosen to reduce other inputs at the same time as they adopted 
science-based innovations, and so the evidence of yield or output figures, even when 
they are available, is indeterminate: they may indicate scientific success, or they may 
hide it. 

The second approach, which is more robust in the face of changing economic 
conditions, is to ask what science discovered or explained. 

In 1840 the German chemist Liebig produced a report on Organic Chemistry in its 
application to Agriculture and Physiology. He argued that the nitrogen to be found in 
plants was derived from the ammonia in the air, and that the mineral constituents of 
each plant, especially phosphate and potash, came from the soil as it was broken down 
by weathering. Therefore, he argued, harvesting a crop led to the removal of these 
minerals, and so if the fertility of the soil were to be maintained they would have to 
be replaced. Inorganic fertilizers would be perfectly adequate for this purpose. Within 
a few years Liebig's patent manure was being made and distributed by Muspratts of 
Liverpool. Liebig had been careful to make the phosphate and potash insoluble so that 
it would not disappear in the drainage water. As a consequence, it was unavailable to 
the plant. Liebig's patent manure was a failure. And his views on nitrogen were being 
questioned by Lawes and Gilbert.'^ 

Within two years of the appearance of Liebig's report, Lawes began work at 
Rothamsted. He recruited Gilbert, one of Liebig's pupils, and in 1843 the Broadbalk 
field experiment on the continuous growth of wheat was set up. It was soon possible 
to demonstrate a response to nitrate fertilizers and so disprove Liebig's assertion that 
plants obtained their nitrogen from the air. Liebig's theory 'received its death-blow from 
the experiments of Mr Lawes', according to Philip Pusey. But the experiments went 
on, and within a few years there were similar trials with barley, oats, roots (at first 
turnips, and then mangolds), and hay.̂ '* Lawes and Gilbert produced an immense 
amount of reliable basic data about fertilizer response, which was probably their major 
contribution to agricultural science.'^ They were not as good at explaining their results 
as they were at obtaining them. They never worked out why they obtained different 
responses to nitrogen from legumes (the Germans, Hellriegel and Wilfarth, demon
strated the presence of nitrogen-fixing bacteria on the roots of legumes in 1886), and 
even in 1895, when Robert Warington, one of their co-workers, had already 
demonstrated the complexity of the soil-nitrate relationship, they continued to assume 
that all the nitrogen produced in the dung of grazing animals would be available to the 
roots of crops.^^ After their successful challenge to Liebig, their main interests were 
(with the possible exception of their work on animal nutrition) more practical than 
theoretical. For example, none of the twenty-two conclusions of their main paper on 
ensilage touches on the chemical or bacteriological processes by which ensilage 

'^This has been the subject of a well-known controversy, some of the more significant work on which 
has been reprinted in British Agriculture, 1875-1914, edited by P. J. Perry (London, 1973). 

'•̂  Russell (note 4), 97-100. It is commonly stated that Liebig's book was a report wriUen at the request 
of the British Association for the Advancement of Science, but there is some doubt about whether this was 
in fact the case, according to W. H. Brock and S. Stark, 'Liebig, Gregory, and the British Association, 
1837-1842', Amfrtr, 37 (1990), 134^7. 

' " E . W . Russell, Soil Conditions and Plant Growth, 10th edn (London, 1973), 13-14. 
This material was summarized in A. D. Hall, The Book ofthe Rothamsted Experiments (London, 1905). 

'^This point is made in Dyke, John Lawes of Rothamsted (note 5), 74. 
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preserves vegetation. ^ The range of this practical work was enormous: from bread 
reform and the effect of malting on the feed value of barley, to sewage and compensation 
for unexhausted improvements. Moreover, Lawes ran (until 1872) a fertilizer 
manufacturing company, another chemical works making citric and tartaric acids, and 
a sugar plantation in Queensland, Australia. He spent several months each year 
fly-fishing and deer-stalking in the Scottish Highlands, and between 1850 and 1900 he 
published, on average, one article every 40 days.̂ ^ 

So dominant. were Lawes and Gilbert in the mid-nineteenth century that it 
sometimes seems as i f they were the only agricultural scientists at work in Britain. They 
were not, although the list of the others is not a long one. James Johnston, reader in 
Chemistry and Mineralogy at the University of Durham until his death in 1855, is best 
remembered as a writer: his Catechism of Agricultural Chemistry and Geology went 
through 33 editions in his lifetime.^^ Charles Daubeny, who at various times held chairs 
of chemistry, botany, and rural economy at Oxford, proposed the idea of available and 
unavailable nutrients in 1845.^° J. T. Way, in the few years (c. 1846-57) in which he 
worked in agricultural science, demonstrated the absorption of nutrients in the soil.^^ 
By 1850 many of the fungal pests of crops had been described, although there were no 
major breakthroughs in control methods. In 1860 John Curtis published Farm Insects 
and in 1881 Eleanor Ormerod published her Manual of Injurious Insects, so that 
subscribers to the services of the Royal Agricultural Society could discover what was 
eating their crops, although there was little that they could do about it.^^ The many 
papers on drainage that appeared were mainly written on the basis of practical 
experience rather than experimental results. Farm mechanization was much the same. 
Even at the end of the century, plant breeding could be described as 'a game of chance 
played between men and plants, with the chances in favour of the plants'. 

But i f the achievements of British agricultural scientists were not extensive before 
1890, by the end of the century things had begun to change. One of the main reasons 
for this was the foundation of the university departments of agriculture. Bangor was 
the first (1889), followed by Leeds (1890), Newcastle (1891), Nottingham (1892), 
Reading, and Wye (both 1894).̂ '* Somerville at Cockle Park (a research farm run by 
the department at Newcastle) from 1896 demonstrated the use of basic slag as a cheap 
and effective way of improving upland grassland. His successor, Gilchrist, pioneered 
the use of wild white clover in the Cockle Park seeds mixture for long leys.^^ 
At Cambridge, Biffen used Mendelian methods to breed Littie Joss wheat in 1910, 
Wood took up the animal nutrition work started by Kellner in Germany and Armsby 
in the USA (his co-director at the Animal Nutrition Research Institute was Frederick 
Gowland Hopkins, who had just discovered vitamins), and F. H . A . Marshall worked 
on the physiological aspects of animal breeding.̂ *̂  John Percival, at Reading, virtually 

"ibid., 155-58. 
'*Ibid., 3, 6. 
'^G. E. Fussell, 'James Finlay Weir Johnston, n96-l%55', Agricultural Progress, 57 (1982), 35-40. 
^"Russell (note 4), 88. 
'̂ Ibid., 116-22.1 am grateful to an anonymous referee for this point. 

^^G. Ordish, The Constant Pest (London, 1976), 153. 
Russell (note 4). 209. 

'̂'S. A. Richards, 'Agriculture Science in British Higher Education 1790-1914'. Unpublished MSc 
thesis. University of Kent at Canterbury, 1982, 117-22. 

^Russell (note 4), 244-46, 250, 392-94. 
2* Ibid., 209-13, 260-63, 283-85; P. McDonald, R. A. Edwards arid J. F. D. Greenhalgh, Animal 

Nutrition, 3rd edn (Edinburgh, 1981), 228-29. 



470 P. Brassley 

defined the scope of agricultural botany when he published his book of that title in 1900, 
although Fream had started experiments in grassland ecology in 1888.^'' Stapledon 
carried on in this area after being appointed to Aberystwydi in 1912.̂ ^ Winifred 
Brenchley, the first botanist to be appointed to the staff of Rothamsted (in 1906), also 
adopted an ecological approach to competition between crops and weeds. She was one 
of tiie scientists involved in a renaissance at Rothamsted after the deaths of Lawes and 
Gilbert, after which Hall, and then Russell, took over as director.'̂ ^ Hall and Russell 
together produced one of the first regional soil surveys, and Russell worked on soil 
fauna.^° Both Hall and Russell had been at Wye College, again emphasizing the 
importance of the university connection. One of the few exceptions to this was 
F. J. Lloyd, a consulting cheinist with a London practice, who worked on cheesemaking 
(at the Bath and West Society' s cheese school at Frome) and milk hygiene.^^ Little work 
was done on farm management and agricultural economics, although Hall devised a 
system of full cost accounting, albeit too complicated to be of any practical use, and 
the Agricultural Economics Research Institute was established at Oxford in 1913 with 
C. S. Orwin as Director.^^ 

Thus it appears that British agriculmral science had some limited success before 
1890, and rather more extensive success afterwards. This method of judging success 
is admittedly impressionistic and perhaps even Whiggish, in that it gives most 
prominence to the work that, with hindsight, seems most important. Therefore it is 
important to compare it with contemporary and recent opinions—the peer review 
process. 

The conclusions of some recent commentators have already been mentioned. 
Russell, Dyke and Sykes^^ have tended to emphasize the successes of science. Mepham 
has drawn attention to the developments in quality control techniques that increased 
public confidence in the safety and palatability of milk by the end of the nineteenth 
century.̂ '* Offer's straightforward conclusion from reading Russell was that 
'agricultural research in Britain was undertaken on a tiny scale by amateurs'.^^ Sarah 
Wilmot concluded that 'the evidence for the practical contribution of science to 
agricultural improvement during the period under examination [up to 1870] was not 
impressive', and suggested that the 'philosophic and ideological enthusiasm' for 
agricultural societies and journals might be the result of changes in scientific culture 
and society.^^ 

Contemporary opinion was also divided. Ernie was quite convinced that 'the new 
alliance of science with practice bore rich and immediate fruit. Science helped practical 

- J. Fercival, Agricultural Botany (London, 1900); W. Fream, "The Herbage of Pastures, Journal of the 
Royal Agricultural Society of England, 3rd series, 1 (1890), 359-92. 

^^J. Sheail, Seventy-Five Years in Ecology: The British Ecological Society (Oxford, 1987), 54-55. 
Russell (note 4), 219. 

^°A. D. Hall and E. J. Russell, A Report on the Agriculture and Soils of Kent, Surrey, and Sussex. 
Board of Agriculture and Fisheries, Miscellaneous Publication No. 12 (London, 1911). 

^ ' K . Hudson, Patriotism with Profit (London, 1972), 119. 
^^E. H. Whetham, Agricultural Economists in Britain 1900-1940 (Oxford. 1981), 1-40. 

See notes 4 and 5. 
^ ' ' T . B . Mepham, 'The Emergence of Dairy Science in England', 12. Paper presented to a conference 

on the history of agricultural science and education held at Rothamsted Experimental Station, 12 May 1990. 
I am grateful to Dr Mepham for supplying me with a copy of his paper. 

^^A. Offer, The First World War: An Agrarian Interpretation (Oxford 1991), 101. 
Wilmot (note 2), 30; similar conclusions for earlier and later periods are adduced by J. Lemer, 'Science 

and Agricultural Progress: quantitative evidence from England 1660-1780', Agricultural History, 66 
(1992), 11-27 (12); and Palladino (note 2). 
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famung in ways as varied as they were innumerable.' ... and so on for another eight 
pages.̂ ^ Nature in 1879, noticing the forthcoming Royal Show at Kilbum, predicted 
that 'in every direction we shall learii how beneficial has been, and may still be, the 
influence of the scientific method upon the agricultural art'.^* Lawes and Gilbert 
especially were noticed favourably in the public prints. Thomas Baldwin described 
Lawes as 'a private individual who, unaided by the state, or by any scientific body, has 
made a greater number of usefiil experiments than all the experimental farms of 
European Governments put together', although he admitted that 'Mr Lawes has not had 
an unqualified success, especially in drawing inferences from his facts. But his writings 
afford ample evidence of great earnestness of purpose.'^^ Caird, in 1878, wrote that 
'to Mr J. B . Lawes the agriculture of this country is more indebted than to any other 
living man'.'*° Another prominent figure in late nineteenth-century agriculture. Sir 
Henry Rew, writing in 1897 was quite convinced that the work of Lawes and Gilbert 
'has permeated farm practice and has influenced every phase of the cultivation of the 
soil and the treatment of livestock'.'*^ Ernie was another enthusiast: 'On their work has 
been built the modem fabric of British agriculture'.'*^ 

On the other hand, Lawes himself was not quite so convinced. In 1881 he told a 
Royal Commission that science had yet to reach the standard of perfection required to 
teach everything about agriculture, although it might help another generation; in the 
meantime it was no substitute for a 'good thorough business-like knowledge' of 
farming.'*^ Not everyone admitted the existence of agricultural science. Regent J. M . 
Gregory of the Illinois Industrial University argued in 1869 that 'looking at the crude 
and disjointed facts which agricultural writers give us, we come to the conclusion that 
we have no science of agriculture. It is simply a mass of empiricism."*'* Caird, reviewing 
in 1878 the progress of the previous quarter century, felt that 'the change has been not 
in any considerable progress beyond what was then the best, but in the general upheaval 
of the middling and the worst towards the higher platform then occupied by the few',"*̂  
Morton, an agricultural journalist, and Jenkins, secretary to the Royal Agricultural 
Society, conceded, in the 1880s, that the best practice of the time owed little to science 
and had littie to learn from it; at about the same time Voelcker considered that the main 
challenge was increasing the relevance of science to agriculture. Maiden and 
Wrightspn, two of the leading agricultural scientists and educators in the 1890s, were 
similarly sceptical.'*^ 

Looking back, from the perspective of the late 1930s, J. C. F. Fryer observed tiiat 
'at the beginning of the twentieth century agricultural entomology and phytopathology 

^''Lord Ernie, English Farming Past and Present, 6th edn (London, 1961). 364ff. The first edition of 
this work was published in 1912. 

^^Anon., 'Science and Agriculture', Nature, 20 (1879), 189-90. 
^ ' T . Baldwin, 'Scientific Agriculture', Nature, 13 (1875). 101; cf. Dyke's comment that his work on 

evaporation 'did little to enhance Lawes' reputation as a scientist': Dyke John Lawes of Rothamsted (note 
5), 45. 

''° J. Caird, 'General View of British Agriculture', Jowma/ of the Royal Agricultural Society of England, 
2nd series, 14 (1878), 286. 

Quoted in Sykes (note 4), 264. 
Ernie (note 37). 369. 
J. R. Fisher. 'Public Opinion and Agriculture 1875-1900', (PhD thesis. University of Hull, 1972), 82. 

Lawes's original replies may be found in c.3096, BPP xvii (1881), 950-53, questions 57646 and 57728. 
R. KJoppehburg, First the Seed: The Political Economy of Plant Biotechnology, 1492-2000 

(Cambridge, 1988), 59. 
Caird (note 40). 289. 

"^Fisher (note 43). 81-90. 
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had only just begun to take their places as definite branches of agricultural science';'*' 
according to Russell, ' in 1894...it could hardly be said that soil science existed in 
England... every lecturer on agricultural chemistry included soil in his course along 
with fertilizers, feeding stuffs, animal nutrition, dairy chemistry, insecticides, and a 
variety of other subjects', but there was no English textbook on soil science, things 
seemed much more advanced in the USA, and 'curiously enough neither Lawes nor 
Gilbert seemed particularly interested in the soil'.'*^ Animal nutrition work was also 
more advanced in Germany and the USA: 'the determinations of the food value and 
digestibility of the various cattle' feeds depend almost wholly upon German and 
American data', according to an article written by Hall in 1904.'*̂  

It is important to recognize that Hall was engaged in fundraising for Rothamsted 
when he wrote this article. The Lawes Trust funds were only producing £2500 per year, 
whereas Lawes himself had been spending about £3000 per year on Rothamsted, and 
Hall wanted to expand its activities by taking on more people than Lawes had 
employed.^" But he was not the first to compare research activity and expenditure in 
Britain unfavourably with other countries. Back in 1877, reviewing the Report of the 
Commissioners of Agriculture of the United States of America for the year 1875, Nature 
commented that 

The general interest in scientific agriculture is remarkably evinced in America by 
the large number of agricultural colleges. There are no fewer than thirty nine 
agricultural and mechanical colleges attended by 3,703 students and taught by 
463 professors. When it is remembered that the total population of the States is 
only fractionally larger than our own, the fact of the existence of nearly 4,000 
agricultural students is somewhat startling. In this country we have one 
agricultural college supported by less than 100 smdents. Yet we are the possessors 
of the most extensive colonies in the world, far exceeding in extent, even the vast 
area of the United States. It may well be difficult for English agriculturalists to 
compete with foreign rivals i f the meagre number of agricultural students in 
England compared with America may be taken as in any degree a gauge by which 
interest in scientific progress may be measured.^ ̂  

And not only agricultural students, but also experimental stations. In 1895 Herbert 
Cousins, one of the original members of the academic staff of Wye College, took the 
opportunity, when writing the preface to his translation of Professor Wolffs book on 
Farm Foods, to attack 'the paltry and inefficient way in which England has approached 
the problem of applying science, system, experiment and education to agriculture', and 
the 'apathy of our own government towards the application of science of agriculture'. 
To support his case he argued that there were 291 experimental stations in other 
countries, including 67 in Germany, 54 in the USA and 53 in France in 1892.̂ ^ His 
figures are roughly in line with those given by George Grantham, who states that the 

J. C. F. Fryer, 'Plant Protection', mAgriculture in the Twentieth Century, edited by A. D. Hall (Oxford, 
1939}, 291. 

J. Russell, 'Soil Science in England 1894-1938', in Hall (note 47), 163. 
''̂  A. D. Hall, 'Agricultural Research in England', offprint (with some alterations) from Contemporary 

Review (November 1904), 14. 
^"Russell (note 4), 234. 
^'Anon., 'Agriculture in the United States', Nature, 15 (19 April 1877), 525-26. 
^^Emil von Wolff, Farm Foods: Or, the Rational Feeding of Farm Animals, trans. H . H . Cousins 

(London, 1895), vii, viii. 
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number of publically funded agricultural research stations staffed by professional 
scientists increased from one in 1851 (at Mockem in Germany) to 90 in 1875, to 500 
in 1990, spending about $2 million and employing 1500 professional scientists.^^ 
Agricultural science was not alone in suffering by comparison: 'In the middle decades 
of the [19th] century... professional biology flourished in continental Europe at a level 
that it would not achieve in Britain or American until the last decades of the century'/'* 

These figures, for expenditure per station and number of scientists, are of the same 
order of magnitude as those given by Hall for Rothamsted, in that they suggest about 
three scientists and a budget of about £1000 per station. But some were clearly much 
bigger. Halle employed 15 people with PhDs, according to Hall, and Mockem had an. 
income of £3150 per year, of which the Govemment contributed £2150. In the USA 
each state had a Federal Grant of £3000 for its experimental station, and there were 54 
of them, together with agricultural colleges, and the federal USD A, which in 1905 spent 
£210000 on specific investigations alone, in addition to the salaries of permanent 
officials.^^ In Britain, the Secretary of the Board of Agriculture, Sir Thomas Elliott, 
'though a man of high ability and strong character, was not generally supposed in his 
later years to welcome novelties with enthusiasm', and in 1904—5 the Board spent no 
more than £425 on research.^^ 

3. Failure before 1890: an explanation 
It therefore seems clear that, in the opinion of most contemporary commentators, 

and in comparison with other developed countries, agricultural research in Britain 
would fail in a peer review exercise, certainly as far as most of the nineteenth century 
was concerned. How can this be explained? 

In contrast to the position in Britain, agricultural research, advisory work and 
education in Germany developed earlier and more extensively. Thaer established his 
first agricultural academy at Celle near Hanover in 1802, and another in Prussia in 1806. 
By the 1930s similar academies existed in several German states.^' There was at the 
time a controversy over the function of agricultural academies and the experimental 
stations which came after them: were they there to answer the farmers' questions or the 
chemists' questions? To investigate the laws of nature or the practice of agriculture? 
The controversy has been repeated in the recent historical literamre on the topic. Finlay 
has argued that until the late 1850s the founders of the Mockem experimental station 
(generally recognized as being the first state-supported experimental station) were more 
concerned with the farmers' questions than with the chemists'. But he accepts that after 
-1857 more funds were allocated to the scientific section, and as Mockem was only 
founded in 1850 the question is only really concerned with the first few years of its 
existence.^^ Schling-Brodersen has set the Mockem station against the background of 
similar developments in other parts of Germany, pointing out that Liebig was an even 
more prominent and controversial figure in German agricultural science than in its 
British equivalent. Apparentiy he wanted the scientific work in agriculture to be 

Grantham (note 7), 192. 
'̂'P. J. Bowler, The Fontana History of the Environmental Sciences (London, 1992), 254-55. 

^^Hall (note 49), 21-22. 
^^H. E. Dale, 'Agriculture and the Civil Service', in Hall (note 47), 7. 
^^U. SchUng-Brodersen, 'Liebig's Role in the Establishment of Agricultural Chemistry', Ambix 39 

(1992), 21-31. 
^ ' M . R . Finlay, 'The German Agricultural Experiment Stations and the Beginnings of American 

Agricultural Research', Agricultural History, 62 (1988), 41-50. 
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dominated by the universities, in order to demonstrate the political and economic 
relevance of agricultural chemistry, and so promote the social status of chemistry itself. 
In practice, however, the experimental stations were out of his control and, in some 
cases, run by this opponents.^^ In summary, although some prominent and influential 
figures were antipathetic to the idea of agricultural research in state-run experimental 
stations, it was beginning to develop from the late 1850s onwards. 

Grantham has suggested a model that explains the rapid expansion of agricultural 
research in Germany. He argues that the main problem for those investing in research 
is the uncertainty of the returns on their investment. Thus any factor that increases the 
expected marginal return on money invested in research increases the likelihood of the 
investment being made. Hence the importance of a scientifically literate bureaucracy 
and readily available scientific expertise: together, in the official mind, they produce 
a high expected marginal return from research. This, along with farm organizations that 
also favoured research, led to early funding of research by the state. 'What gives 
Mockem its significance is the degree of state support it received and the way that it 
spawned the first wave of research stations', argues Grantham. Scientists who worked 
there trained other scientists and encouraged them to take their expertise to further 
newly-established stations, and so the rapid expansion of the research effort was brought 
about. The cmcial features of Grantham's model are therefore a scientifically-literate 
bureaucracy, cheap and plentiful scientists, farm organizations favouring research, state 
funding, and training of new generations of scientists by existing practitioners.^" 

The British experience can then be examined in the light of this model, in two 
periods: before and after c. 1890. In the earlier period there is littie evidence for the 
existence of a scientifically literate bureaucracy, and the sort of scientist who would be 
paid 1200 marks in Germany would command an annual salary in Britain equivalent 
to 2000 marks, so the expected marginal return on research would be low.^^ Some 
British farmers adopted the methods advocated by the scientists, but one of the best 
known—^John Prout of Sawbridgeworth in Hertfordshire—^pointed out that other 
farmers were prevented from following his example by lack of security of tenure and 
restrictive clauses in their leases (Prout himself was an owner-occupier).^^ This is hardly 
incontrovertible evidence that British farmers were anti-science, but, equally, there is 
little evidence that they were enthusiastically pro-science. Perhaps they felt that before 
1875 they did not need science; and after that they couldn't afford it. British 
govemments were generally against public support for scientific research, and the Board 
of Agriculture was no exception. Even in 1902 Daniel Hall was told by Sir Thomas 
Elliott that British Agriculture was dead, and the Board's job was to bury it decently .̂ ^ 
Thus there was littie state funding, and the Royal Agricultural Society only supported 
a small experimental station at Wobum from 1876.^ Whereas German scientists 

Schling-Brodersen (note 57), 26. 
^Grantham (note 7), 196-98. 

Alter (note 6), 247-50. D. S. Landes, Unbound Prometheus (Cambridge, 1972), 187, makes the same 
point. 

^^C. S. Orwin, The Future of Farming (Oxford. 1930), 66. 
^^H. E. Dale. Daniel Hall: Pioneer in Scientific Agriculture (London, 1956), 56 n.l. 
^ Brigden (note 4). 203; although to be fair to the agricultural societies, the Bath and West of England 

Society's support for dairy research (see note 31) should be remembered. Conversely, although the 
Yorkshire Agricultural Society promoted some manuring experiments in the 1840s. it refused support for 
several scientific and educational projects, including a dairy school on the Bath and West model, between 
1888 and 1896, according to Vance Hall. A History of the Yorkshire Agricultural Society 1837-1987 
(London, 1987), 84, 125. 
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encouraged young colleagues, Gilbert at Rothamsted accused one of his, Robert 
Warington, of 'trying to get known from my hard work', and was generally suspicious 
of young scientists.^^ And, perhaps, not only young ones. Eleanor Ormerod, consulting 
entomologist to the Royal Agricultural Society between 1882 and 1894 lived at 
St Albans, but seems never to have met Lawes and Gilbert or visited Rothamsted, even 
though it was only about an hour's walk away.^^ Most of the few practising agricultural 
scientists worked as consultants and so had no time for basic research. Consequently, 
in Britain before 1890, there were few research stations to build on the early example 
of Rothamsted. 

However, when these conditions were changed, so was the outcome, and herein lies 
the answer to the second part of the question posed in my Introduction: why did 
agricultural science expand after 1890, and especially at the beginning of the twentieth 
century? 

4. The post-1890 expansion 
The scientific literacy of the bureaucracy was presumably improved when T. H . 

Middleton, Professor of Agriculture at Cambridge, moved to the Board of Agriculture 
in 1906 as Assistant Secretary in charge of education and research; Daniel (later Sir 
Daniel) Hall, Principal of Wye College and then Director of Rothamsted, went to the 
Development Commission in 1910. As the university departments of agriculture were 
established and expanded from 1889 onwards, more agricultural scientists became 
available.* '̂ It is more difficult to determine whether farmers' attitudes changed, 
although it is interesting to note that A . E. Humphries, a farmer and miller from Surrey 
and chairman of the Wheat Growers' Association, spoke approvingly of the work of 
Lawes and Gilbert in giving evidence to the Reay Committee in 1908, and argued that 
it was 'distinctly discreditable to a nation of our standing that we should expect such 
work as they have done to be done, as it has been done, on private resources'.The 
report of the Reay Committee at least marked, i f it did not actually produce, a change 
in.Govemment thinking on support for agricultural research. It recommended increased 
expenditure on research without really saying where the money was to come from. It 
came, in the end, from the Development Fund, which was established in 1910 and 
controlled by the Development Commissioners, one of whom, as we have seen, was 
Hall.^^ One agricultural scientist, with the benefit of twenty years' hindsight, felt that 
the 1909/10 Development and Roads Improvement Act 'marked the beginning of anew 
epoch for agricultural entomology and phytopathology as for other sections of 
agricultural science.'" 

By 1914 research institutes were established at Imperial College (plant physiology), 
Cambridge (plant breeding, and also animal nutrition). Long Ashton (cider and fruit). 
East MallingAVye (fruit), Rotharasted (soil and plant nutrition), Reading (dairying), 
Birmingham (helminthology), Manchester (entomology), Oxford (agricultural eco-

Russell (note 4), 61-62. 
"Dyke, Lawes of Rothamsted (note 5), 31. 
"Although some agricultural scientists came from a pure science background: Hall and Russell were 

both chemists. 
Board of Agriculture, Report of the Departmental Committee on Agricultural Education in England 

and Wales, 1908, Cd. 4206, (the Reay Committee), BPP 1908 xxi Minutes of Evidence, minute no. 13835. 
^'Olby (note 1), 521. See also T. DeJager, 'Pure Science and Practical Interests: The Origins of 

Agricultural Research Council, 1930-37', Minerva, 31 (1993), 131. 
'° Fryer (note 44). 292. 
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nomics), Kew (plant pathology), and the Royal Veterinary College (animal pathology)'' 
Most of them, it is worth noting, were associated with university departments. But 
numbers of scientists involved were still small. Rothamsted, with 21 scientific staff, was 
the biggest, most of the rest had five to eight, and the total academic staff in all research 
institutes was 67.'^ The other part of the institutional framework was the learned society 
and journal. The expansion of agricultural colleges and peripatetic lecturers in the 1890s. 
resulted in the production of much material that was too applied for the pure science 
journals and insufficiently popular for the agricultural societies' journals, so Hall, 
Wood, Biffen, arid Middleton took the view that a journal 'devoted wholly to definitely 
scientific papers in agricultural subjects' was needed. Thus the Cambridge University 
Press began publishing the Journal of Agricultural Science in 1905.'^ A learned society 
covering the same range of interests, and run by and for scientists, on the other hand, 
never developed.''* 

5. Conclusions 
British agricultural scientists, in the shape of Lawes and Gilbert, Johnston, and 

Daubeny, were active as early as the Germans and before the Americans, but their 
numbers did not expand as quickly. Neither (perhaps more arguably) did they achieve 
as much before 1890. The reason why is explained by Grantham's model for the rise 
of agricultural science in Germany, which seems to work well for Britain too, both in 
its neglect before 1890 and its observance afterwards. Therefore, in Grantham's terms, 
the Development Commission was important because it brought the scientifically 
literate into the bureaucracy. Olby's conclusion'^ about the importance of Hall is thus 
confirmed, and the influence hitherto attributed to Lawes and Gilbert is questioned. 
Nevertheless, agricultural science was beginning to expand before the establishment of 
the Development Commission, as the universities expanded,'^ and the Development 
Commission would have had no framework on which to hang its money i f that had not 
happened. 

This material also prompts, without answering, some further speculative questions: 
(1) Does the experience of Germany and the USA and Britain after 1890 suggest that 
scientific productivity increases when there is a critical mass of scientists? (2) Has too 
much of the investigation of agricultural science been done on a national basis? Should 
historians examine scientific problems and see how they were solved, rather than just 

Olby (note 1), 522. 
Board of Agriculture and Fisheries, Annual Report of the Education Branch on the Distribution of 

Grants for Agricultural Education and Research, 1913-14 (Cd. 7450), 7, BPP, xi (1914), 717. 
" 'Editorial', Journal of Agricultural Science, 1 (1905). 

It might be argued that the Royal Agricultural Society of England's interests ranged across agricultural 
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which its leadership was (and still is) derived. 
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of Govemment funding, general expansion of technical education prompted by fears of German competition, 
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__ 

Figure L Effect of technical change upon the supply of a product. P, market price;. Q, 
quantity demanded in or supplied to a market; S\ and ^2, supply curves; and D, demand 
curve. 

look at the activities of scientists in one country? and (3) How much of the failure of 
agricultural science in Britain is a result of the restricted market for agricultural 
products, in contrast to Germany, protected from imports from the USA, and the USA, 
with an expanding market for exports. The same question, the other way round, applies 
to the post-World War II period. Did science expand because farmers wanted, or were 
encouraged, to produce more, or did farmers produce more because science just 
happened to expand? 

But most important is the confirmation of Olby's conclusion about the influence of 
Hall and the public money that he generated for agricultural research. The system of 
research he set up before World War I continued, with only a few modifications, until 
after World War II, and forms the foundation of the system we still have today. Equally, 
although Hall, the other early twentieth-century agricultural scientists, and the 
institutions within which they worked, might appear, at first sight, to have emerged fully 
formed from the cash-rich chrysalis of the Development Conmiission, it is important 
to recognize that they had been slowly developing, caterpillar-like, over the previous 
twenty (and in some cases sixty) years. 

6. Appendix 
The economist's conventional static analysis of a market relies on the demand curve, 

which relates the quantity demanded by the consumer to the price of the product, and 
the supply curve, which relates the quantity supplied by the producer to the price of 
the product. The market price of the product and the quantity supplied to the market 
is determined by the point at which the two curves intersect.'' If price remains constant 
but another supply-influencing variable, such as the state of science or technology, 
changes, the supply curve will shift, usually to the right (from S\ to ^2 in Figure 1), since 
no profit-maximizing producer would wish to adopt an innovation that reduced output 
for a given level of cost. Consequently, market price wil l fall and quantity produced 
will increase. Harvey has pointed out that the effect of a supply curve shift depends on 
the slope of the demand curve, which is determined by the price elasticity of demand 
for the product. If it is flat (price elastic demand, meaning that a 1% decrease in price 
will increase the quantity demanded by more than 1%) total revenue—^price multiplied 
by quantity, which forms the consumers' expenditure on the product and the producers' 

' 'The theory is explained in any economics text, such as J. Sloman, Economics (Hemel Hempstead, 
1991). 62-^7. 
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QhjQhj Qh, 

Figure 2. Effect of imports and technical change upon prices and quantities supplied. P], P2 
and P3 , market prices; Qm, Qh2 and <2h3. quantities supplied to the market by British 
producers; 5hi and Sh2, British producers' supply curves, before and after technical change; 
W, imports from the world market; and Dh, home demand (i.e. from British customers). 

receipts—will increase,.and so farmers wi l l have some incentive to increase output still 
further.'^ 

From 1840, or earlier, to the mid-1870s this ought to have been happening. 
However, it does not mean that we can measure the benefits of science by simply 
assessing the extent of the output increase, because output depends on several factors, 
of which science/technology is only one. At its simplest, output can be increased by 
increasing the area devoted to a crop or an animal enterprise, but since this normally 
involves a reduction in the supply of an alternative product, total welfare is not 
necessarily increased. This is why both farmers and economic historians are most 
interested in yield or productivity increases. Productivity is the ratio of output to input, 
so a productivity increase is an increase in output per unit of input, brought about either 
by increasing the level of ouput while keeping input constant, or producing the same 
level of output for fewer inputs. 

There are several ways in which productivity changes can be brough about. Good 
or bad weather conditions will affect yields from year to year, farmers may change their 
objectives in the face of different market conditions, from profit maximization when 
prices are high to survival when they are low, they may adopt already proven practices 
from other farmers and increase their use of manures and fertilizers or drainage, or they 
may adopt new kinds of technology, such as new varieties or new pesticides. Clearly 
the main impact of agricultural science is likely to be through the provision of new 
technologies, but this does not mean that the impact of science can be measured by the 
extent to which productivity increases, because the extent to which a new practice is 
adopted by a farmer depends on other, additional factors. Product prices are likely to 
be among the most important of these. Thus thousands of acres were underdrained when 
prices were high, but drainage virtually ceased when prices fell after the mid-1870s.'^ 

From the mid-1870s onwards, as far as cereals were concerned, the supply curve 
was most affected by imports, which increased more or less constantly. Thus prices were 
reduced more than they would have been i f the supply increase had simply been the 

'^D. R. Harvey, 'Beneficiaries in the Human Food Chain', in Agricultural and Food Research—Who 
Benefits?, edited by T. E. Wise (Centre for Agricultural Strategy, University of Reading, paper no. 23,1991), 
17-19. 

A. D. M . Phillips, The Underdraining of Farmland in England in the Nineteenth Century (Cambridge, 
1989). 
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Figure 3. Prices, home production, and imports of wheat, 1852-60 and 1884-92. Home wheat 
production plotted against price: ©, 1852-60; and B , 1884-90. Home wheat production 
plus imports plotted against price: ©, 1852-60; and S, 1884-90. 

h+W 

Figure 4. An explanation of the changes in prices and quantities supplied between 1852-60 
and 1884-92, which does not involve technical change. For symbols, see Figures 1-3. 

p 

Figure 5. An explanation of the changes in prices and quantities supplied between 1852-60 
and 1884-92, which assumes a technical change. For symbols, see Figures 1-3. 



480 Agricultural Research in Britain, 1850-1914 

result of increased home output, and so this would reduce the incentive to expand 
production. And note that Palladino argues that farmers were aware of the possibility 
of increased output depressing prices.^" This is explained in Figure 2, in which Dh 
represents home demand in Britain, and 5hi represents home supply from Britain before 
a science-based innovation. Under these conditions, market price is P i and Qhi tons of 
output are supplied to the market by home producers. If the level of imports from the 
world market then rises, the supply curve for the British market shifts to 5hi + W, and 
price falls to Pa, with Qia tons of output sold to the market by home producers. In this 
case, output has changed while the state of technology has remained constant. Then a 
science-based technical change (not that all technical changes are science based) shifts 
the home supply curve to S\a, so that the total supply curve shifts to S\a + price falls 
to P3, and the quantity sold to the market by home producers increases from gha to ghs-
In this case the technology change has produced an output change. 

Figures 3-5 illustrate the same exercise, but using the real production and import 
statistics shown below:^' 

Available for 
consumption 

Price per (million cwt) 
hundredweight 

(pence) Home production Total 

1852-53/59-60 159-2 57-377 77-669 
1884-85/91-92 91-88 37-287 115-271 

In Figure 3 the statistics for home production and imports are plotted, using points for 
home production and triangles for home production plus imports. Data for the 1850s 
are enclosed in circles, and those for the 1880s in squares. Figure 4 shows how the 
changes between the 1850s and 1880s can be explained without assuming technical 
change. In this case the home supply curve (5h) does not shift, neither does the home 
demand curve (Z>h), and only the total supply curve {Su + W) shifts. Figure 5 shows how 
exactly the same figures can be explained, but this time assuming a technical change 
from S'hi in the 1850s to S\a in the 1880s. There is no means of knowing, from the 
statistics alone, which is the correct explanation of the observed change. Indeed, there 
may even be a third explanation, involving a rightward shift of the demand curve. 
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'A Pioneer in Everything': Primrose McConnell, 
1856-1931 
PAUL BRASSLEY, B.Sc, B.Litt. 

The nineteenth edition of Primrose McConnell's The Agncultural Notebook was 
published by Messrs. Blackwell in the summer of 1995̂  The first edition, written by 
McConnell himself and published by Crosby Lockwood appeared in 1883̂ . Only 
Fream's Elements of Agriculture, first published in 1892 under the auspices of the 
Royal Agricultural Society of England, with its most recent edition, the seventeenth, 
now renamed Fream's Principles of Food and Agriculture, appearing in 1992, can 
claim as long a period in print as an agricultural textbook̂ . Fream has had his 
biographer̂ , but apart from a note in recent editions of the Notebook to the effect that 
he was a tenant farmer of Ongar Park Hall, there has been no biography of McConnell. 
Yet many of the farmers, advisers, land agents and agricultural students who have kept 
successive editions of his work on their shelves over more than a century must have 
wondered who McConnell was, why he wrote his Notebook, what else he did in his 
lifetime, and how he came to be called Trimrose'. This article attempts to answer 
those questions. 

The name 'Primrose' has apparently been in McConnell's family for several 
generations, from the time when his ancestors were connected with the Primrose family 
estates near Edinburgh, and McConnell himself maintained the tradition in the naming 
of his second son, as did his daughter in the name of her second daughter̂ . At the time 
of Primrose McConnell's birth, on April 11th 1856, his parents, Archibald and Agnes, 
were farming Lessnessock Farm near Ochiltree in Ayrshire, about ten miles east of 
Ayr, but in 1862 Archibald McConnell moved a few miles further east to take the 
tenancy of Castle Mains Farm, New Cumnock̂ . The young Primrose was originally 
intended to become an engineer, and so, on leaving Ayr Academy, he was apprenticed 
to a Glasgow engineering firm. How long he remained is not known, but he did not 
complete his apprenticeship, and transferred to the University of Edinburgh to study 
agriculture'. When McConnell was there in the 1870s, the university did not award 
degrees in agriculture, but prepared its students for the diploma examinations of the 
Highland and Agricultural Society of Scotland. In 1878, at the age of 22, he obtained 
his diploma, and when Edinburgh instituted the degrees in agriculture in 1889 he 
returned to become the second student to obtain the B.Sc. By then he had also (in 
1880) taken the Royal Agricultural Society of England's examination for membership̂ . 
For some time in the late 1870s and early 1880s he may have held an assistant manager's 
post on an estate in Staffordshire, and between 1880 and 1882 he was the professor of 
Agriculture in the Glasgow Veterinary College, but whether this was a full-time or 
part-time appointment in unknown̂ . 

In the summer of 1883 McConnell moved to Essex, and so was one of the first of 
what became a well-known migration of Scots farmers to what was then called 'derelict 
Essex"". In the early 1880s, he subsequently wrote, 'reports and advertisements of 
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vacant farms in the south of England appeared in the papers - notably in the North 
British Agriculturalist- land actually going begging for tenants; so we turned our eyes 
southward. First one or two came, and finding the taste good, sent back a satisfactory 
report to their friends. When these latter came, they in their turn sent for other friends, 
until now the country is overrun with us'̂ '. With his father, he rented Ongar Park Hall 
Farm, near Epping, about twenty miles from London on stiff clay. There were 636 
acres, about half of them arable when he first took the farm, but cereal prices were 
falling in the 1880s as cheap grain from the new world came on to the market, so-he 
grassed down about 200 acres, and made his living from eighty dairy cows, sixty of 
which were in milk at any one time, and rearing sixty calves a year to two or three 
years old. He also fed sheep on grass and cake in the summer, until they were affected 
by scab, when he replaced them with more cattle. He described it as 'a dairy and 
mixed husbandry farm'; it was the policy with which most of the Scots immigrants 
were being successful'̂ . 

Having reached the age of 27 and made a start in farming, McConnell went back to 
Scotland and married the Minister's daughter, Katherine Anderson, on January IQth 
1884 at the Free Church Manse, New Cumnock. Later that year their daughter Anna 
was born. Archibald arrived three years later, to be followed in 1890 by their second 
son, Primrose. The family lived in a cottage on the farm until 1893, when Archibald 
McConnell senior returned to Scotland (he died in 1898) and they moved into the 
farmhouse'̂ . 

By the beginning of the twentieth century McConnell was in his mid-forties and an . 
established figure, not only as a working farmer but also as an educator̂ '* and writer 
(see below). His agricultural expertise had also taken him abroad. In the 1890s he 
crossed the Atlantic (not comfortably: he later told his granddaughter 'At first I was 
afraid I was going to die; then I was afraid I wasn't going to die') to visit the Sunbeam 
farms that Lord Brassey had set up for Red Indians in Saskatchewan, during which 
time he met some of the Indians who had fought Custer at the Little Big Horn. He also 
visited the United States, taking a close interest in the farm machinery, which he found 
to be rather more advanced than that to be found at home, and Holland and Switzerland, 
where his attention was caught most by the farm buildings'̂ . And, on the 
recommendation of William Fream ('from personal knowledge'), he had just been elected 
a Fellow of the Geological Society of London'̂ . 

In February 1904 McConnell, exasperated by his landlord's agents, gave notice of 
his desire to quit Ongar Park Hall. What began as a minor disagreement over valuations 
escalated into a major legal battle with his landlord. Major Capel Cure, and his agents, 
in which claim and counterclaim about permissible rotations, dilapidations, sales of 
hay, purchases of manures and feedingstuffs, ploughing of meadows, and maintenance 
of buildings were traded backwards and forwards between agents, solicitors, valuers, 
arbitrators, and, eventually, a judge in the Essex County Court. McConnell felt that he 
has had the better of the argument, but clearly resented the waste of time, energy, and 
money on legal costs'̂ . His response was to write an 84 page report on the whole 
affair, containing every relevant letter and legal document, and have it privately printed. 
The reason for doing so, as stated at the beginning of the report, was that the case had 
so many unique features about it, and that many of his friends were interested in the 
details, especially of the valuations, 'that I consider it desirable to set these forth herein'"̂ . 
It may have been as simple as that; it might also be that he had his reputation to 
consider. What would have been the effect on his career as a writer, lecturer, and 
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generally accepted agricultural expert if the story that he had been taken to court by 
his landlord for what might be construed as bad husbandry went unchallenged? He 
had to demonstrate not only that he won the case, but also that the reason why it arose 
in the first place lay in the inability of a traditionally-minded landlord and his agents to 
cope with the implications of McConnell's modem methods of dealing with low prices 
for the traditional products of the district'̂ . 

By the time the case ended McConnell had moved to a new farm. In the autumn of 
1905 he bought North Wycke, 500 acres of the flat land between, the Crouch and 
Blackwater estuaries, three miles from the sea. He took over the live and dead stock- at 
valuation, and the labour forced some of whom remained with him for the rest of his 
life. He presumably managed to buy the farm out of the profits he had made at Ongar 
Park, but only just, for he admitted that 'Eighty cows and 10 horses (which is what he 
started with) are not sufficient stock for a 500 acre farm, I know, but I require some 
time to get up the stock, and I require more time to get up the money to pay for the 
same'̂ ". The dairy herd was later increased to about 100 cows, initially Shorthorns 
and Ayrshires, but later with some Friesians, all housed in a purpose-built cowshed̂ '. 

He remained at North Wycke for the rest of his life, gradually becoming less involved 
in the physical work of farming but remaining active as a writer̂ .̂ His granddaughter 
remembers that he was always surrounded by piles of manuscripts and proofs. He 
brought out the eleventh edition of the Notebook in 1930, shortly after his wife's death, 
and in July 1931, at the age of 75, he too died. He was buried in the Congregational 
burial ground at Southminster̂ . North Wycke remained in the family until Anna 
Kelly died in 1943. It was sold shortly afterwardŝ '*. 

These, in brief, are the main details of McConnell's life as a farmer, and farming 
was clearly the foundation upon which all the many other aspects of his life, as writer, 
teacher, inventor, and public figure, were based. The Agricultural Notebook, first 
published in 1883 when he was still in his twenties and just beginning his career as a 
farmer, was the basis of his reputation as a writer and the reason why he is still 
remembered today. It began, he explained, when the author, as an agricultural student, 
'... oftentimes felt the great want of a book containing all the data connected with the 
subject he was studying... the great.value of Moles worth's "Pocket-book of Engineering 
Formulae" (which he presumably discovered as an engineering apprentice) to engineers, 
and of similar books to those engaged in other professions, was so apparent to the 
author, that it occurred to him that a book compiled in the same style, and devoted to 
farming matters, could not fail to be useful as a ready means of reference for refreshing 
the memory'̂ .̂ Since 45,000 copies of the eleven editions written by McConnell were 
sold he appears to have been right̂ .̂ After his death the family discussed the 
continuation of the book, and concluded that no one author was competent over the 
range of material that McConnell, especially with the aid of his son, could cover. 
Accordingly, they suggested that the job should be given to an agricultural collegê .̂ 

In fact, the Notebook was not McConnell's first publication ('I began to write to the 
farm papers at the age of eighteen, when first learning to hold the plough'̂ )̂, although 
it was his first book. Others follo\ved: The Elements of Farming, a sHm introduction 
to the subject published in 1896; The Elements of Agricultural Geology (1902), an 
account of his hobby; The Diary of a Working Farmer (1906); and The Complete 
Farmer {190%, with a second edition in 1911), a more substantial work. He also wrote 
sections of some of the multi-author multi-volume encyclopaedias which were popular 
at the beginning of the twentieth centurv̂ .̂ the article on Agriculture for the 
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Encyclopaedia Britannica'^^\ and articles for the major agricultural journalŝ '. From 
1905 he edited and wrote for his own magazine, Farm Life, initially of 12 pages, price 
Id, in which the Diary was first published in weekly parts. Its aim was to provide 
news and practical information, all illustrated with photographs, country people being 
'particularly susceptible to pictorial teaching', and to appeal to townspeople as well as 
those in the countrysidê .̂ He was also the dairy editor of the Agricultural Gazette^^. 

As with his writing, McConnell's involvement with education was carried on in 
parallel with his farming. All of his appointments, with the possible exception of the 
Glasgow chair, were part time. After the Balliol lectureship (see above), the Essex 
Technical Laboratories at Chelmsford (the forerunner of Writtle College) were 
congratulated̂ '* on securing the services of 'one of the best known agricultural authorities 
in the country' as lecturer at their nine week winter school, and he was also an exariiiner 
at the Dairy Institute, Reading, at Cirencester, and at Wye College. In fact, much of 
public work was concerned with dairying. He was a council member of the British 
Dairy Farmers' Association, one of the founder members of the Eastern Counties Dairy 
Farmers' Association, and a regular attender at the Dairy Show in London̂ .̂ Closer to 
home, he could be found proposing the toast at Agriculture at the local NFU annual 
dinner, or speaking at the dinner following the South East Essex Agricultural Society's 
annual ploughing match, or lecturing the Dengie Hundred Field Club on sugar beet 
cultivation, or the geology or prehistory of the area in the parish Room at Southminster. 
Probably his last lecture, in March 1931, was on the history of the Dengie Hundred, to 
the Congregational Church Guild at Southminster. His daughter Anna read his paper 
for him, but he was there to answer questions at the end̂ .̂ 

If this long list of productions and achievements suggests a dour workaholic, it is 
misleading. Rather, it is evidence for his enormous energy and endless interest in the 
world around him. And it was no dilettante interest. As befitted an agricultural graduate, 
he believed in dealing professionally with the questions that puzzled him. Faced with 
a new plough, he would fit it with a dynamometer and use it himself for a daŷ ''. When 
he realised that he. did not know when calves began to ruminate, he set his cowman to 
observe the calves, and he observed them himself too. After a while they compared 
notes, and agreed that the process began at about three weekŝ *. With the invention of 
a milking machine, he tried for several months, found that it resulted in decreased 
yields, went back to hand milking, and then, having considered his experiences, wrote 
an article for the Agricultural Gazette setting out his costs, yield changes, and probable 
explanations. But although he may have found against an individual machine, he was 
too wise to write off the whole idea: 'we do not know what mankind may accomplish 
in another generation. We may, therefore, see a successful milking machine, but it has 
not arrived yet'̂ .̂ Bus loads of visitors would come to see his hundred cow cowshed'*". 
He developed his own system of milk recording, for which he was awarded a gold 
medal, kept a Gerber fat testing machine in his own dairy, and invented an elevator 
and a hay sweep (and a fortnight before his death was taken to see it being pulled by a 
tractor)'*'. 'His conclusions on certain agricultural engineering subjects may not meet 
with the approval of our agricultural engineering friends, but they are quick to realise 
that the opinion of Mr Primrose McConnell carries, perhaps, more weight than that of 
any other man in the agricultural world', in the view of the Hardware Man and Iron 
Workers Chronicle^'^. 

And yet, despite his constant activity, he still found time to lay a Brownie trail or 
make a peep show for his granddaughter when she was a little girl, or talk to her for 



hours at a time about what she was learning at the East Anglian Institute of Agriculture 
(the name of Writtle College in the 1930s) when she was older. She described him as 
one of the first rnodem farmers: he operated a specialist enterprise on a large scale in 
response to the market forces of the time, and adopted whatever innovations passed 
his critical evaluation: Friesians, for example, did, and silage did not. It is a convincing 
argument. He was, as she says, 'a pioneer in everything"*̂ . 
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Silage in Britain, 1880—1990: The Delayed 
Adoption of an Innovation^ 

By P A U L B R A S S L E Y 

Abstract 
Silage is now the most common way for girass to be conserved as winter fodder. It has become so only 
within the last twenty years, but this is the culmination of a process which has been going on since about 
1880 in Britain. The technique was introduced into this country from continental Europe in the early 
1880s, and generated much interest in the wet summers of that decade, to the point where official reports 
were written upon it and detailed statistics collected which make it possible to assess the extent of its 
penetration into general farming practice. Thereafter interest dwindled for twenty years, to be revived 
during and after the First World War, and especially during the Second World War. From the 1940s 
onwards it is possible to make estimates of national production, which demonstrate gradual adoption until 
the 197OS, when the rate of adoption increased dramatically. The technical and economic changes which 
produced these wanings and waxings of interest in silage are discussed, and the conclusions which can be 
drawn from this case study for the adoption of innovations in agriculture are considered. The most 
important point to emerge is the necessity for all components of a system to be in place before rapid 
adoption can occur. 

^ OOD hay, sweet hay, hath no 1882 (and followed it up with a book the 
f fellow' cried Nick Bottom, the following year) extolling the virtues of 
V ^ _ J weaver, in A Midsummer Night's silage as it was made in the USA,^ where 

Dream, but he was under the influence of it was rapidly becoming established.^ Thus 
the Queen of the Fairies at the time, and, the widespread and rapid replacement of 
presumably, he had never tried to make hay by silage in Britain, too, might have 
good sweet hay in a bad summer.^ When, been expected. 
in the wet summers of the 1880s, the In the event, the process took nearly a 
farming press began to carry stories about century. The rapid adoption of silage, to 
a technique called 'ensilage', which prom- the point where its production is now ten 
ised good winter fodder in the absence of times greater than that of hay, has taken 
sunshine, it was not surprising to find that place, but only in the last two decades, 
it rapidly attracted the attention of opinion- Despite the attention of agricultural scien-
formers in the agricultural industry, tists, and numerous official campaigns to 
Prominent scientists conducted experi- popularize it, silage has only recendy over-
ments upon it, and the Royal Agricultural taken hay as the most popular method of 
Society and a goverrmient commission fodder conservation. Ironically, perhaps, 
pubHshed reports which confirmed its use- this recent expansion of silage, with its 
fidness. A n ensilage society was formed, associated use of nitrogen fertilizer, has 
Thorold Rogers, M P and economic his- been blamed for the increasing rarity of 
torian, wrote a long letter to The Times in 

°J E Thorold Rogers, Ensilage in America: Its Prospects in English 
Agrimllure, 1883. The letter to The Times of 23 October 1882 is 
printed as an appendix to this book. 

* I am most gratefiil to two anonymous referees and to my colleagues ' According to John T Schlebccker, Wliereby We Tltrive: A History 
Martyn Warren, Derek Shepherd, John Halley, John Usher, and of American Farming, 1607-1972, Ames, Iowa, 1975, p 183, the first 
John Brockman for their comments on a previous draft of this silo was built in the USA in 1873, by the 1890s most dairy farmers 
paper, and to Barbara Sheaves for her help with its production. used silage, and by 1914 it was becoming popular in cattle feeding 

'William Shakespeare, A Midsummer Night's Dream, act 4, scene 1, areas. I am grateftil to Dr Douglas E Bowers, head of the Agricultural 
line 33, in S Wells and G Taylor, eds, William Shakespeare: The and Rural History Section in the United States Department of 
Complete Works, 1988, p 326. Agriculture, for providing me with this and many other references. 

Ag Hist Rev, 44, i , pp 63-87 63 
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meadow flowers and partridges (Perdix 
perdix) and the disappearance of the corn
crake {Crex crex) firom mainland Britain.'^ 

This paper seeks to describe the initial 
introduction of silage in the nineteenth 
century, trace its progress through the 
twentieth century, and explain the long 
delay between its initial introduction and 
eventual widespread adoption. 

I 
The system of ensilage 'might be summed 
up as the burying of grass in trenches', 
according to John Wrightson, professor of 
agriculture at the .Downton Agricultural 
College, writing in 1890.^ If ensilage is the 
process, the resultant product is now called 
silage, although it, too, was often called 
ensilage in the nineteenth century, and the 
trench or pit in which the grass was buried 
was called a silo. Cut grass continues to 
respire, converting sugars to carbon dioxide 
and water, and giving off heat in the 
process. When it is turned into hay by the 
action of sun and wind this process is 
arrested by drying, which also inhibits the 
formation of moulds. Artificial drying, 
either by forced draught ventilation as in 
bam hay drying, or in a high-temperature 
drier, has the same effect. When the dry 
matter content of the grass reaches about 
85 per cent, its degradation ceases, but 
since grass in the field contains only about 

•*B H Green, "The impact of agricultural management practices on 
the ecology of grasslands,' p i.p, and T C E Wells, 'Responsible 
management for botanical diversity' pp 4.4-4.7, both papers pre
sented to British Grassland Society meeting on Environmentally 
Responsible Grassland Management, Hurley, Berks, 1989; A Colston 
and J Best, 'Vanishing meadows', Natural World, No 32, 1991, 
pp 22-24; A Crofts and R G Jefferson, eds. The Lowland Grassland 
Management Handbook, 1994, esp p 5:8. I am gratefijl to Caroline 
Steel of The Wildlife Trusts for this reference. For the corncrake, 
see also John Arlidge, 'Crofters* care makes isles a haven for 
corncrakes," The Independent, ip August 1994, p 5, which reported 
that farmers in the Western Isles of Scotland were being paid up 
to £,$0 per hectare by various conservation bodies to delay 
harvesting hay meadows until i August in order to allow corncrake 
chicks to fledge before the grass was cut. Many of those on the 
island of Tiree were reported to use the money to pay for baling 
their silage. 

Wrightson, 'The agricultural lessons of "the Eighties'", J iMSB, 
3rd ser, I, 1890, p 285. 
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25 per cent of dry matter this means that 
about 3.25 tonnes of water must be lost to 
produce one tonne of hay. Preservation by 
ensilage works on a different principle. The 
action of the enzymes which enable respir
ation to occur can also be prevented by 
changing the acidity of the ensiled material 
in the absence of oxygen. Bacteria present 
on the crop ferment the sugars it contains 
to lactic and other acids which, in effect, 
pickle the ensiled material as long as oxygen 
is excluded. If oxygen is available the whole 
heap wiU decompose like a pile of lawn 
mowings. The obvious advantage of the 
process is that the farm's winter fodder 
supply is no longer so dependent upon the 
dry weather required to make hay. 
Moreover, since drying is less important, 
the grass can be cut when it is younger 
and leafier and so has a higher feed content. 
O n the other hand, achieving the con
ditions required to produce the lactic fer
mentation required to make good silage is 
no less, and possibly more, technically 
demanding than making good hay.'' 

Wrightson saw ensilage as a product of 
the 1880s, but the idea of preservation by 
burying in pits was much older than that.. 
The word 'sdo' is apparendy derived firom 
siros, a Greek word for a pit used for storing 
corn, and many of the early references to 
storage in pits similarly refer to com, rather 
than forage, storage. The Roman 
Columella, for example, refers to siri, pits 
in the ground used for com storage, especi
ally in the overseas provinces."^ On the 
other hand, there seems to be some evi
dence for the ensilage of green fodder in 
Carthage in 1200 BC, and Cato, writing 
about AD 100, speaks of the Teutons storing 
green fodder in the ground and covering 

*P McDonald, The Biochemistry of Silage, Chichester, 1981, pp 11-12 
and 42-59; H I Moore, Grassland Husbandry, 1946, pp 94-j; J S 
Brockman, 'Grassland', in R J Halley and R J Soffe. eds. The 
Agricultural Notebook, l8th ed, 1992, pp 198-200. 

^McDonald, Biochemistry of Silage, p 10; K D White, Roman Farming, 
1970, p 428; storage vessels for grain are referred to as silos in 
S isagerandj E Skydsgaard, Ancient Greek Agriculture: An Introduction, 
1992, p 55. 
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it with dung. In the medieval period wilted 
grass was ensiled in Italy, in the eighteenth 
century in Sweden and Baltic Russia, and 
in early nineteenth century Germany beet 
tops and leaves were ensded.^ 'In so differ
ent a climate as that of the islands of the 
South Seas the natives avail themselves of 
the principle of the silo for the preservation 
of bread-fhiits', wrote Martin J Sutton in 
1895.^ Clearly the principle was widely 
known jfrom early times, but apart firom 
prehistoric grain storage pits and isolated 
references in seventeenth-century manuals 
of husbandry, it does not seem to have 
made much impression on farming in 
Britain until the i88os.'° 

The first mention of anything resem
bling silage in the nineteenth-century agri
cultural literature in Britain appeared in 
the Transactions of the Highland and 
Agricidtural Society in 1843. James 
Johnston, a lecturer in chemistry at the 
University of Durham and a well-known 
writer on agriculture, pubHshed an article 
arguing for the importance of feeding moist 
materials to Hvestock, in the course of 
which he posed the question 'Is it possible 
to preserve these crops in their moist state? 
Can I cut them down and so preserve them 
undried, as to obtain from them, for my 
catde, an amount of food more nearly 
equal to that which the fresh cut grass is 
capable of affording? A method has lately 
been tried in Germany, which, by the aid 
of a Htde salt, seems in a great measure to 
attain this object'. He then went on to 
translate the contents of an article in the 
Transactions of the Baltic Association for 
the Advancement of Agriculture for 1842 
which described the preservation of grass 
by salting." This is, of course, the same 

'McDonald, Biochemistry of Silage, p 9; it may be worth noting that 
G Barker, Prehistoric Farming in Europe, 1985, p 48 denies that silage 
was made in the prehistoric period. 

'Martin J Sutton, Permanent and Temporary Pastures, 5th ed, 1895, 
p 122. 

' " H I Moore, 'The conservation of grass', J i M S E , 133, 1972, p 29. 
"James F W Johnston, 'On the feeding qualities of the natural and 

artificial grasses in different states of dryness'. Trans Highland and 
Agricultural Soc, new ser, 9, 1843, pp 60-61. 
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technique as that used in the making of 
sauerkraut, which preserves green material 
by producing a lactic acid fermentation, as 
the process of ensilage does, and which 
had been known in Germany for centur
ies." The importance of Johnston's article 
appears only in hindsight: it seems to have 
been ignored for nearly forty years. 

Johnston was probably correct in postul
ating a German, or, at least, a non-French, 
origin for the practice of ensilage of forage 
crops. Some EngHsh writers appear to 
assume that silage developed in France, 
perhaps as a result of the importance of 
Frenchmen in poptdarizing the idea in 
England,^^ but although the French had 
been experimenting with the storage of 
cereals in silos in the first half of the 
nineteenth century, they appear to have 
acquired the idea of storing forage from a 
French translation of a series of letters 
written to a German newspaper between 
1862 and 1865. These were written by 
Herr Reihlen of Stuttgart, who, in 1861, 
attempting to avoid the waste of sugar beet 
leaves and tops, decided to preserve the 
leaves and tops from 400 acres of sugar 
beet in silos five or six feet deep. The 
experiment was successful, and Reihlen 
took it further. He had been to America, 
and on his return to Germany, experi
mented with growing maize. This was 
hardly a new crop in Europe, having been 
grown in Spain since the sixteenth century 
and in France, Italy and southern Germany 
since the seventeenth century. However, 
near Stuttgart, which is near the northern 
Hmit for the reHable production of grain 
maize, he found that his crop did not 
always ripen, and so took to preserving it 
in his silos, sometimes alone, and some
times mixed with beet pulp. By 1870 his 
sdos, ten feet deep and fifteen feet wide at 

" M Toussaint-Samat, trans A Bell, A History of Food, 1992, pp 693 
and 775; Henry Woods, in his Ensilage: Its Origin, History and 
Practice, 1883, p 12, advances the same argument. 

" H I Moore, Silos and Silage, 2nd ed, 1950, p 10; S J Watson and 
A M Smith, Silage, 1951, p 15; Woods, Ensilage, p 12. 
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the top, had a total length of three-fifths 
of a mile/''' Reihlen's letters were translated 
by a M Vilmorin-Andrieux and published 
in the Journal d'Agriculture Pratique in 
1870/^ At about the same time Comte 
Roederer, in the Ome department of 
Normandy, began making silage of green 
maize mixed with cut straw and oat cav-
ings, and a M Moreul ensiled unchopped 
but salted maize. Then in 1877 Auguste 
Goffart published his Manuel de la Culture 
et-de I'Ensilage des Mais et autres fourrages 
verts, which described the process of ensi
lage in detail, and was influential not only 
in France, where it residted in the decor
ation of its author by the national agricul
tural society, but also in America. ̂ '̂  The 
story was taken to England by the Vicomte 
de Chezelles, who farmed in the Oise 
department, about thirty miles north-east 
of Paris, and visited the Royal Show at 
Reading in 1882, where he described his 
methods of making silage in pits using red 
clover, sainfoin, lucerne, meadow grass, 
winter and summer vetches, and maize. '̂̂  

Whether Herr Reihlen thought of the 
idea of ensiHng his sugar beet tops indepen-
dendy, or whether he adapted the ideas of 
others, is unclear. His influence upon 
French practice, and, consequentiy, upon 

'* H M Jenkins, 'Report on the practice of ensilage, at home and 
abroad', JRASE, 2nd ser, 20, 1884, pp 129-37; E S Bunting, 
'History of the maize crop in N W Europe', in E S Bunting, ed, 
Produaion and Utilisation of the Maize Crop, Ely, 1980, pp 3-13. 
Jenkins ('Practice of ensilage', p 136) points out diat, ironically, it 
was a dry season which prompted French interest in ensilage, 
whereas 'the moving force with us has been a succession of 
wet seasons.' 

'"The first silo in the USA appears to have been built in 1873, at 
Spring Grove, Illinois, by Fred L Hatch, who had read a translation 
of Vilmorin-Andrieux's paper while a student at the University of 
Illinois. However, Goffart's book was perhaps more influential, 
because it was translated and published in 1879 by Mr J B Brown, 
president of the New York Plow Co, and mailed to liundreds of 
his customers in the USA as an advertisement for his firm. See 
Lyman Carrier, 'The history of the silo', Jnl American Society of 
Agronomy, nd, c 1920, p 181; United States Department of 
Agriculture, Yearbook, i Jpp, Washington, 1906, p 617; Anon, The 
First Vertical Silo, American Society of Agricultural Engineers, 
1969. I am indebted to Dr Bowers for all of these sources. 

"Jenkins, 'Practice of ensilage', pp 137 and 207; Moore, Silos and 
Silage, p 10; at about the same time, M J Sutton claimed to have 
been 'die medium of first placing ensilage obtained firom France 
before agriculturalists at the Smidifield Cattle Show': see Sutton, 
Permanent and Temporary Pastures, 3rd cd, 1886, p 108. 

the adoption of silage in Britain and 
America, seems undeniable. But his was 
not the only influence. In 1870 Samuel 
Jonas of Chrishall Grange near Safiron 
Walden, a large (4200 acres of arable) and 
prominent farmer, wrote to the Journal of 
the Royal Agricultural Society with details 
of his system of enhancing the feeding 
value of cut chaff by mixing it with about 
one hundredweight of cut tares or green 
rye and one bushel of salt per ton of chaff: 
'It is, i f well managed, thus rendered by 
fermentation as sweet as weU-made hay, 
and eaten by our flocks with great avidity', 
and had enabled him to feed both sheep 
and catde during two winters in which the 
turnip crop had been a complete failure.''^ 
Subsequentiy, in 1874, John Wrightson, 
then professor of agriculture at the Royal 
Agricultural College, undertook a ten-
week tour of the Austro-Hungarian 
Empire, and published a report of it on his 
return. 'In the management and preser
vation of fodder-crops, the Austrians and 
Hungarians are in advance of English agric
ulturists', he argued, and drew attention to 
the system of making 'sour-hay': 

It is done by digging long graves or trenches, 4 feet 
by 6 or 8 feet, in depth and breadth, and cramming 
the green grass or green Indian com (maize) tighdy 
down into them, covering the whole up with a 
foot of earth. The preservation is complete, and the 
wetter the fodder goes together the better. No salt 
is used, and the operation is as simple as it appears 
in the description... This sour-hay afFords a capital 
vrniter fodder, and when cut out with hay-spades, 
it is found to be rich brown in colour and very 
palatable to stock. The making of sour-hay is very 
similar to the process of preserving 'pressling', or 
sugar-beet pulp, which is also stored in long graves 
until wanted for winter's use.^° 

"Although it is worth noting that Sutton {Permanent and Temporary 
Pastures, 5th ed, 1895, p 122) claimed that silage was made in 
Canada 'long before it became familiar to farmers in Great Britain'. 

"S Jonas, 'On straw chaff', JRASE, 2nd ser, 6, 1870, pp 119-21; 
Jonas's career is outlined in R Brigden, Victorian Farms, 
'Marlborough, 1986, pp 231-2. 

' ° ] Wrightson, 'Report on the agriculture of the Austro-Hungarian 
Empire', JR/4SB, 2nd ser, 10, 1874, p 351; according to Primrose 
McConnell, Tlie Agricultural Notebook, isted, 1883, p 120, 'Ensilage 
is a system of preserving hay or green fodder, originally introduced 
&om Hungary.' 
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In July 1875 the farm bailiif on earl 
Cathcart's farm near Thirsk in north 
Yorkshire recorded in the farm diary: 
'Finished leading Grass to make it into 
"pickeled" Hay', and in that year, or the 
one after, M r Arthur Scott of Rotherfield 
Park, Alton, in Hampshire, began to 
experiment with ensilage of vetches, 
clover, ryegrass, oats and meadow grass, 
which were successfiil, and mangold leaves, 
cabbages, comfrey, and artichoke stalks, 
which were not.̂ ^ There is no evidence 
to show whether or not Wrightson's article 
provoked these experiments, but i f it did 
not the coincidence is interesting, i f not 
remarkable. 

A succession of poor haymaking seasons 
occurred between 1875 and 1884. Haytime 
was wet in 1878 and very wet in 1879, 
when Disraeli walked out at Hughenden 
'asking his farmers whether the dove had 
left the ark yet.' 1881 was wet with a small 
hay crop. June and Jtdy were wet and cold 
in 1882, and meadow hay gave a heavy 
crop which was much damaged. In 1883 
thunderstorms in late June were followed 
by a stormy July, and the following year 
the early hay crop was good in quality but 
poor in quantity, while the late crop was 
heavier but damaged by thunderstorms.^^ 
Against this background, interest in silage 
grew. In 1881 Lord Walsingham persuaded 
Henry "Woods, his steward, to build a small 
experimental silo on the home farm at 
Merton, near Thetford. Woods was scepti
cal to begin with, but later recanted to the 
point of writing a sixty-three page pam
phlet extolling the virtues of silage, in 
which he mentioned other successful 
experiments in Hampshire, Kent and 
Suffolk. A party of Norfolk farmers visiting 

^'Jenkins, 'Practice of ensilage', pp 134 and 152. 
^ ' E L Jones, Seasons and Prices: The Role of Weather in English 

Agriailttiral History, 1964, pp 173-6; J M Stratton, Agricultural 
Records, AD 2Z0-i$68, 1969, pp 118-23. From 1875 to 1883 the 
rainfall in June, July and August was above the 1915-50 average 
in every year except 1876, and in 1879 it was 186 per cent of the 
average, according to H H Lamb, Climate: Present, Past and Future, 
ii. 1977, P 623-
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Holland i n i 8 8 2 were impressed by a Dutch 
farmer's demonstration of silage."̂ ^ The 
agricultural press began to give their atten
tion to the subject, and early in 1883 James 
Howard M P suggested to the Journal 
Committee of the Royal Agricultural 
Society that the society should commission 
an investigation into ensilage and its suit
ability for English conditions. Several prac
tical farmers were invited to undertake the 
task; none, in the end, felt that he could 
spend the necessary time away from his 
farm. Eventually H M Jenkins, the secretary 
of the society and editor of its Journal, who 
had previously felt himself unfitted for the 
job because he already had some knowl
edge of maize sdage and so beUeved that 
he might not have an open mind, agreed 
to do it. His report appeared in the Apri l 
1884 edition of the Journal and covered 120 
pages.̂ "̂  

Jenkins began his investigation by send
ing out a list of twenty-three questions, 
about the type of silo ('What are the 
dimensions of your sdo? How is it con
structed?'), how it was filled ('When did 
you fiU your silo? What crop or crops do 
you preserve? Are the crops pitted in a 
whole or chopped state?'), how the material 
in it was compressed, the costs of the 
whole process, and the results achieved. 
He also requested a sample of the silage so 
made, which he would pass on to 
Dr Voelcker, the society's consulting 
chemist, for analysis. The questioimaire 
was sent to thirtjy-six farms in Britain, 
fifteen of which were in Cheshire, 
Yorkshire, or further north, and six in East 
Anglia, three in the Midlands, and eight in 
the south of England, one in Scodand and 
three in Wales. It was also sent abroad, to 
five farms in France and one in Holland. 
Those in France included the farms of his 
friend M Lecouteux, editor of the Journal 

" Woods, Ensilage, pp 28-9 and 37-9. 
^*Jenkins, 'Practice of ensilage', pp 126-246; N Goddard, Harvests 

of Change: The Royal Agricultural Society of England, 1838-1988, 
•1988, p 120. 
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d'Agriculture Pratique, and an honorary 
member of the Royal Agricidtural Society, 
the Vicomte de Chezelles, who had had 
such an important role in introducing silage 
to Britain, and Comte Roederer, another 
pioneer. In the resultant article in the 
Journal he printed aU the responses at 
length. M r Hopkins, who farmed near 
Cardiff, built an uncovered silo, two-thirds 
below ground level, which was soaked by 
the autumn rains and flooded by the adjac
ent brook in winter, so that only a thin 
layer of silage in the middle was fit to eat, 
'the remainder being fit only for manure.' 
Most of those who replied had covered 
silos in which the ensiled material was 
compressed by portable weights, and there 
was a roughly equal split between those 
who used chopped and those who used 
unchopped material. Many different crops 
were ensiled: vetches, oats, clover, ryegrass, 
meadow grass, rye, lucerne, maize, tares, 
trefoil, coarse grass firom the orchard, sain
foin, prickly comfrey, beans, peas - in 
short, just about anything green was ensiled 
by one or another of Jenkins' correspon
dents. The range of weights was similarly 
wide: concrete blocks, bricks, loose earth, 
logs of wood, and one hundredweight iron 
blocks ('three men can lift 24 tons fiom 
the bottom on to the side in 3 hours, and 
can replace them in littie more than an 
hour') were all employed. There were a 
few examples of 'silos with mechanical 
means of compression'. M r C G Johnson 
of Croft, near Darlington, who had been 
trained as an engineer, built a brick tower, 
28 feet high and 10 feet by 18 feet inside, 
with an ingenious system of beams and 
weights which allowed the weight of the 
silage to exert the pressure on itself. 
However, the grass still had to be thrown 
up to the top of the tower by men with 
pitchforks. O n a smaller scale, M r Stocks 
of Cleckheaton in Yorkshire developed 
small wooden portable silos, capable of 
holding about 25 tons, in which the top 
could be screwed down. Messrs Reynolds 

and Co, of Blackfiriars Road, London, pat
ented an appliance for compressing fodder 
in sdos by the use of rollers and chains 
tightened by a screw apparatus. The 
respondents included a suburban dairy 
farmer, a sewage farm, and a veterinary 
surgeon who also had a farm, but the 
majority were landlords, gentry at least, 
two MPs, a colonel, two dukes (Hamilton 
and Sutherland), through thek agents, of 
course, earl Fortescue, and lords Middleton, 
Tollemache, and Egerton, who had used 
an old ice-house at Tatton Park, Cheshire, 
as an experimental silo. The survey con
tains what is perhaps the first recorded 
example of pollution by silage effluent, in 
that the Rev C H Ford of Bishopton in 
Durham found that 'the ensilage liquor 
finds its way into the drains, and renders 
the well water unfit for use'; conversely, 
M r Stobart of Pepper Arden near 
Northallerton had a tap at the bottom of 
each silo by means of which the 'juice is 
drawn off and used for feeding the pigs, 
who take it greedily.' Jenkins also gave 
details of two silage cutters and blowers, 
one French and the other by Messrs F and 
J S Bust of Winterton, Lincolnshire, 'to 
satisfy those who wish to build or otherwise 
make sdos this summer that the assumed 
difficulty of filling silos above ground, 
especially with chopped material, is by no 
means insuperable.'^^ 

After his exhaustive account of the 
experiences of a relatively small sample of 
silage producers, Jenkins set out his con
clusions. He thought that it was unnecess
ary to have excessively thick walls for a 
sdo, and that many bams, now less used 
with the declining output of com, coidd 
easily be converted to sdos. For new silos, 
brick, stone or concrete were the preferred 
materials. There were no great advantages 
in having the silo below ground rather than 
above, but decided advantages in having it 
on a slope so that it cotdd be filled fiom 

^'Jenkins, 'Practice of ensilage', pp 143, 164-5, 197, 231. 
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the top and emptied from the bottom, and 
in having it roofed. The cost shoidd be 
about ^1 per ton capacity. Chopping of 
the ensiled material he thought desirable as 
'it facilitates the expulsion of air firom the 
silo', and treading was important: 
'Enghshmen employ horses and men, while 
Frenchmen add draught oxen to their list 
of treading machines.' He considered 
weighting necessary, though he thought 
that the two hundredweights per square 
foot he had seen employed in some places 
excessive. The practice of M de Chezelles, 
who covered his fodder with about a foot 
of earth, he thought as good as any other. 
The total cost of all the operations involved 
in the fdling of the silo averaged about 
20—25 shillings per acre, or 5 shillings per 
ton of silage. Maize was the best crop for 
silage, grass and clover would do well i f 
cut earHer than for hay, and green oats and 
rye, possibly buckwheat, but never prickly 
comfirey. He was still waiting for the report 
of his learned colleague Dr Voelcker on 
the chemistry involved, but he recognized 
that lactic fermentation was involved in 
the production of good maize silage, and 
that crops cut early, chopped, and well 
trodden, would make better silage than 
old, unchopped, wet material, imperfectiy 
trodden. The feeding value of good silage 
was as great as that of hay, and it was often 
less risky. Whether or not it should sup
plant hay depended on the circumstances 
of the individual farm. The capital costs 
cordd not be ignored, but it had a place in 
wet seasons, and on the clays where turnips 
were notoriously difficult and expensive to 
grow, for the suburban dairy farmer, and 
on southern and eastern arable farms for 
preserving catch crops of rye or winter 
vetches, cut in May. Overall, he regarded 
ensilage 'as a valuable addition to the 
resources of the English farmer, but not as 
a complete substitute for the old haymaking 
•process.'̂ ^ 
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The learned Dr Voelcker reported six 
months later, having analysed various 
samples of silage for water content, 
albximinous compounds (ie those contain
ing nitrogen), soluble carbohydrates, crude 
fibre and ash, and some for their lactic and 
butyric acid content. He pointed out that 
the production of silage was a bacterial 
process, distinguished between sweet and 
sour silage, and recognized the importance 
of sorting out. the scientific principles 
involved i f silage making were to be 
rendered less haphazard, but he remained 
unclear about its value as an animal feed.^' 
It seems reasonable to say that he added 
litde to what had already been reported by 
Jerikins. The basic outlines of the ensilage 
process were clear; the details remained 
fuzzy. Nevertheless, the attention of the 
leading agricrdturalists of the time was 
clearly drawn to it. Primrose McConnell, 
writing the furst edition of his Agricultural 
Notebook in 1883, gave it only a paragraph, 
not, seemingly, based on personal experi
ence ('catde apparentiy relish and do well 
upon it'), but by 1892 the third edition of 
Fream's Elements of Agriculture devoted 
nearly as much space to silage as to hay. 
Fream reported that the process had only 
been practised 'on any extensive scale' 
wdthin the last ten years, during which 
time the operation had been much simpH-
fied, to the point where silage might be 
made in stacks, as long as the cardinal 
principle of excluding air from the green 
herbage was observed, and concluded that 
it was 'not to be regarded merely as a 
substitute for haymaking'. O n the other 
hand, the English translation of Wolff's 
Farm Foods, which provided evidence of 
extensive scientific work on silage in 
Germany, concluded that 'with moderately 
good weather it is more advantageous to 
make ordinary meadow fodder into hay'. 

'^Ibid, pp 232-46. 
A Voelcker, 'On the chemistry of ensilage', J i M S E , 2nd ser, 20, 
1884, pp 482-504. 
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although it allowed a role for silage in wet 
seasons.̂ ^ 

The years following the publication of 
the Jenkins report in 1884 saw the spillage 
of much ink on silage. A n ensilage society 
was established and published instructions 
on how to make sdage.̂ ^ The Private 
Ensilage Commission under the chairman
ship of Lord Walsingham produced a pre
liminary report to the Agricidtural 
Department in July 1885, to the effect that 
silage was a 'valuable auxdiary to farm 
practice', especially in bad weather, and 
increased the range of crops which might 
be grown, and most especially maize.^° 
They questioned numerous witnesses, 
including Voelcker, the consulting chemist 
and Carruthers, the consulting botanist to 
the Royal Agricultural Society, the 
Vicomte de Chezelles, and Sir John Bennet 
Lawes of Rothamsted, who had pubHshed 
opinions antipathetical to silage.^ ̂  The 
printed repHes to their questions ran to 
over three hundred pages.̂ ^ Their final 
report to the Agricultural Department, 
pubHshed in 1886, concluded that silage 
promised 'great advantages to the practical 

"McConnell, Agricultural Notebook, p 120; W Fream, Elements of 
Agriculture, 3rd ed, 1892, pp 227-31; E von Wolff, trans H H 
Cousins, Farm Foods: or, Tlie Rational Feeding of Farm Animals, 
1895, PP 157-75-

" ' H Kains-Jackson, 'Experiments in making ensilage during the wet 
season of 1888', JRASE, and ser, 25, 1889, p 281 mentions a 
Practical Guide to Making Ensilage in Stacks and Silos, issued by the 
Ensilage Society and published by Eyre and Spottiswoode, price 6d. 

'"BPP, 1884-5, X X , Return of the Evidence received by the Private 
Ensilage Commissioners: part 1, preliminary report and minutes of 
evidence, p iii. 

" Lawes first wrote to The Times and Tlie Agricultural Gazette about 
silage in 1882, exhibiting no great enthusiasm for it, again in 1884 
('So long as the making of ensilage is confined to the wealthy, 
and to enthusiastic amateurs, no harm can be done...'), and in the 
season 1884-5 conducted a series of experiments on which he 
reported to The Agricultural Gazette: see G V Dyke, John Bennet 
Lawes: The Record of his Genius, Taunton, 1991, pp 239, 240, 248, 
296, 326—7. These reports were subsequently reprinted, with 
minor alterations, as a pamphlet (Sir J B Lawes and J H Gilbert, 
Experiments on Ensilage, conducted at Rothamsted, season 1884-5, 
1886), which concluded, inter alia, that silage was 'a very good 
food' for milking cows and fattening oxen, but that the output 
per acre would be less than that of roots, and that the area under 
cleaning crops would be reduced, so reducing the area suitable for 
growing grain crops (pp 55-8)-

' 'BPP, 1884-5, L X X X r V , Return of the Replies to Questions relating 
to Silos and Ensilage, put by the Agricultural Department, Privy Coundl 
Office, to persons who have silos in Great Britain; ivilh their Observations 
thereon, pp 295 et seq. 

farmer',^^ in that it woidd insure against 
unfavourable seasons, improve the quantity 
and quaHty of dairy produce, increase 
stocking rates and increase the supply of 
manure.̂ ''̂  It was also in 1885 that Sir 
Massey Lopes, a Devon landowoier, and 
president of the Royal Agricultural Society, 
offered a prize of 100 guineas for the best 
silo in England and Wales. The competition 
attracted thirty-two competitors, including 
five members of the House of Lords and a 
baronet, and was the subject of a fifty-page 
report in the society's Journal. Again the 
main advantage of silage was seen to be its 
comparative independence of the 
weather.^^ From 1884 the official annual 
agricidtural statistics began to print figures 
for the number of sdos and their capacity. 
The first year's figures revealed the exist
ence of 514 silos in England, 36 in Wales, 
and 60 in Scodand, with an average 
capacity of a Htde over 3000 cubic feet 
each, and the numbers grew in subsequent 
years.̂ ^ In the words of John Wrightson, 
discussing the agricultural lessons of the 
decade, 'The system of ensilage belongs 
essentiaHy to the "Eighties"...ensilage is 
favourably spoken of, and generaUy 
accepted, in almost every agricultural dis
trict.'^'^ The agricultural statistics show that 
by 1889 silage was produced in every 
county of England and Wales and most 
Scottish counties. There were 178 silos in 
the West Riding of Yorkshire and 158 in 
Lancashire. Westmorland, Kent,' 
Warwickshire and Dorset all produced 
more than 35 tons of silage for each thou
sand acres of mowing grass in the county. 
In contrast, some counties (Durham, 

"Not that the commission was overloaded with practical farmen, 
although among its members were the agricultural writer Faunce 
de Laime, James Howard, who originally suggested the production 
of the Jenkins report, the silage enthusiasts Henry Kains-Jackson 
and Stanhope Tollemache, and Lords Drogheda and Egerton, 
landowners. 

"BPP, 1886, XIX, Final Report of the Private Ensilage Commissioners, 

pus-
"The Judges, 'The silo and silage-stack competition, 1885-6', 

JRASE, 2nd ser, 22, 1886, pp 259-311. 
'*See the references in Table i (note a). 
''Wrightson, 'Agricultural lessons', pp 285-6. 
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Lincoln, Rutland, Suffolk, Oxford, 
Shropshire, and Somerset) produced less 
than 10 tons of silage per thousand acres 
of mowing grass.̂ * Silage had clearly cap
tured the attention of the agricvdtural estab
lishment. The innovators had sorted out 
the technique. The way had been made 
straight for its adoption by those practical 
farmers to whom the Private Commission 
had recommended it; would they respond? 

II 
At first sight the nineteenth-century silage 
production figures are impressive, with the 
number of silos and their capacity quad-
rupHng in the six years between 1884 and 
1889. In addition, it should be remembered 
that these were only the figures for silage 
made in silos. From 1887 tiie official stat
istics listed the 'Number of persons who 
proposed to make ensilage in Stacks', and 
by 1889 their number (2851) was slighdy 
greater than the number of silos (2825).^^ 
The implications of this for the output 
figures are unclear, because the compara
tive sizes of stacks and silos are not known, 
although it seems reasonable to assume that 
the average size of stacks would not exceed 
that of silos. But i f silage production devel
oped rapidly in percentage terms, in absol
ute terms it remained less important. 
Although there were nearly 3000 silos by 
1889, their average size was small, at 
between 2600 and 2900 cubic feet, which 
means that they would hold about 45 or 
50 tons of silage (which, i f 4 tons of 20 
per cent dry matter silage are equivalent to 
about I ton of hay, corresponds to 11 to 
13 tons of hay, or the production of 8 
acres of grass in a good year or 12 in a bad 
year). Alternatively, i f it is assumed that a 
cow would eat 40 lbs per day, the average 
silo would feed 18 cows for a five-month 

' 'The sources of the statistics are given in Table l (note a). I am 
most gratefiil to Ms Kate Templeton for her help with the 
production of these figures. 

"BPP, 1889, LXXXII l , Agricultural Statistics, pp 88-9. 
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winter period. As Table i and the graph 
derived fiom it (Fig i) demonstrate, silage 
production in the nineteenth century prob
ably never exceeded a figure of the order 
of 300,000 tons, even i f it is assumed that 
as much silage was made in stacks as was 
made in sdos,'̂ '' compared with hay pro
duction which averaged nearly 4.5 million 
tons and the root crop which averaged 
nearly 25 million tons in the 1880s. Thus, 
i f aU the silage was fed to the dahy herd, 
which is unlikely, only enough silage was 
made to feed about 112,000 cows (using 
the same assumptions as above) which rep
resents about 5 per cent of the dairy herd 
of 2.5 million cows in the late i88os.'^^ 

The series of figures for silo capacity 
printed in the Agricultural Statistics ended 
suddenly after 1889, for reasons which are 
not stated, but it is possible to get some 
impression of the popularity of silage from 
the figures contained in the annual reports 
of the considting chemists to the Royal 
Agricultural Society. Each year they gave 
figures for the number of samples sent to 
them for analysis, and from 1884 these 
figures included a reference to silage 
samples: 21 in 1884, 12 in 1885, 7 in 1886 
and 10 in 1887. In 1888 the figures for 
silage and hay samples were stated together, 
and continued so to be until 1896. Each 
year between one and seven samples were 
analysed, except in 1894, when sixteen 

••"The weight of a cubic foot of silage depends upon its composition 
(ie whether it is made from grass, grass and legumes, cereals and 
legumes, maize, or arable by-products such as cereals), moisture 
content, and degree of compaction, which increases as the depth 
of the silo and the effective weight apphed to it increases. Thus 
A Amos, 'The silage content of tower silos and silage clamps', 
JRASE, 84, 1923, pp 50-60, found that for silage made from oats 
and tares, material with a high dry-matter content (37.4 per cent) 
taken from the top of a silo weighed 20.7 lbs per cubic foot, 
whereas material with a lower dry-matter content (27.5 per cent) 
taken from 20 feet from the top of a silo weighed 56.7 lbs per 
cubic foot. Having considered various types of silage made in 
several different years, he concluded that for a fairly typical 
moisture content of about 30 per cent, for both tower silos and 
clamps, a figure of 40 lbs per cubic foot could be used for 
converting a volume of silage to a weight. The same figure was 
given for grass silage in McCoimell, Agricultural Notebook, 12th ed, 
1953. P 708, and it is the one used for the appropriate calculations 
in this paper. In his first edition McCormell equates 4' tons of 
silage with one of hay (p 120). 

* 'MAFF, A Century of Agriailtural Statistics, 1967, pp 118-23. 
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TABLE I 
Estimated silage production in Great Britain, 1884—1993 

Year '000 tons Year '000 tons Year '000 tons Year '000 tons 

1884 33 •MS'' 1950 1832'' 1970 9359^ 1982 33.506« 
1885 59.163' 1951 1987' 1971 11,130^ 1983 34,070' 
1886 81.442* 

129.695' 
1952 2009'' 1972 13,370^ 1984 34,972' 

1887 
81.442* 

129.695' 1953 2420'' 1973 16,464^ 1985 42,348' 
1888 132.272' 1954 2729^ 1974 17,465^ 1986 45,864^ 
1889 144.000* 1955 2564" 1975 17,587' 1987 47,673j 

1956 3393^ 1976 17,744^ 1988 49,197^ 
1940 250'' 1957 3860^ 1977 20,730^ 1989 46,348'' 
1941 540̂  1960 4760= 1978 23,438'- 1990 48,073^ 
1944 1000 1962 4293 1979 25,660^ 1991 51,098; 
1947 350"= 1967 5600= 1980 28,7072 1993 52,868'' 
1948 725= 1969 8294^ 1981 30,193' 

Sourcer. 'BPP, 1884, L X X X V p 210; 1884-5, LXXXFV, pp 82-3; 1886, L X X , pp 80-81; 1887, LXXXVIII pp 306-7; 1888, CVI, 
pp 90-91; 1889, LXXXIII, pp 88-9, Agricultural Statistics. This source gives the total capacity of silos in Great Britain, and this figure is 
converted to a tonnage by assuming that a cubic foot of silage weighed 40 lbs. The rationale for this assumption is explained in footnote 
40. 

BPP, 1958/9, VIII, p 321, Report of the Committee on Grassland Utilisation, chairman Sir Sydney Caine, Cmnd 547, November 1958; the 
figures for 1940 and 1957 are also reported in H I Moore, Grass and Grasslands, 1966, p 108. Moore was a member of the committee. 
' E Rea, 'Silage for self-sufficiency', JiMSJS, 110, 1949, p 29. Rea gives the tonnage for 1948, and then mentions that this was 'more than 
double that of 1947 and one-third more than the wartime peak production of 1941', and the figures for 1947 and 1941 are therefore 
estimated firom this. 
'' H I Moore, Ploughing for Pasture, 1944, p 28. Note the conffict between this figure and Rea's remark about the wartime peak of production. 
° W R Catt, 'Commercial harvesters now', in J K Nelson and E R Dinnis, eds. Machinery for Silage, British Grassland Society Occasional 
Symposium No. 17, Maidenhead, 1985, p 33. Catt's figures are gjven in dry matter terms for England and Wales for various years between 
1960 and 1982. They have been converted to the ones given here by comparing them with the figures ^ven by Marks and Britton (see g) 
and calculating that an approximate multiplier to reconcile the overlapping figures is 7. Thus they cannot be regarded as anything more 
than a rough approximation. 
"̂ This is also a rough approximation, from the remark made in H W Gardner, A Survey of the Agriculture of Hertfordshire, Royal Agriculture 
Society of England, County Agricultural Surveys, No 5, 1967, p 59, that the silage acreage in that county in 1962 was one-sixth of the 
acreage devoted to hay. Taking the same proportion to apply at a national level, which is clearly unlikely, and assuming that one ton of 
hay is equivalent to three of silage, this converts the national hay output of 8,587,000 tons (see g below) to 4,293,000 tons of silage. 
^ H F Marks, ed D K Britton, A Hundred Years of British Food and Farming: A Statistical Survey, 1989, p 197. This contains the complete list 
for the years 1969-86 of the estimates of silage production made by the Ministry of Agriculture, Fisheries andFood and printed in their 
armual series Output and Utilisation of Farm Produce in the United Kingdom. 
"* Ministry of Agriculture, Fisheries and Food, Statistics Press Release 64/94, 30 March 1994, Table 7, p UK3 . 

samples were analysed. From 1897 onwards 
the annual reports indicated that the con
sulting chemist continued to offer his ana
lytical services to farmers, but no more 
silage or hay samples were sent to him."^^ 
There is a clear impression of dwindling 
interest in silage, although it was revived 
to some small extent by the example of 
M r George Jacques of Tivetshall in 
Norfolk, who built a tower silo for oats 
and tares in 1910.'̂ ^ But tower sdos were 
expensive, and even at the height of the 
silage boom in the 1880s not all had been 

**J A Voelcker, 'Annual report of the consulting chemist', JRASB, 
2nd ser, XXI , 1885, p 337. Subsequent armual volumes contain 
similar reports, except for the volumes for 1890 and 1895. The 
1891 volume contains 2 reports. 
H I Moore, Crass and Grasslands, 1966, p 108. 

convinced: a speaker at the Cartmel Show 
in the Fumess district of Lancashire made 
his audience laugh by suggesting that ' i f 
they got a few more dry seasons, silos and 
ensilage would die a natural death and 
there woidd not even be a post mortem'*^ 
At the other end of the country a survey 
of the agriculture of Sussex simply declared 
that 'Before the First World War there was 
no silage made in Sussex', while admitting 
that 'a very few old farmers covdd remem
ber the attempts at silage making between 
1880 and 1890'. By the first decade of the 
twentieth century a textbook writer 
explained the lack of interest: 'the root 

••^A Mutch, 'Riural society in Lancashire 1840-1914', Unpublished 
Manchester University PhD thesis, 1980, p 271. 
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crop is of such cultural and feeding impor
tance, and as a rule a comparatively certain 
crop, that succulent winter feed is generally 
obtainable, and it is not often that con
ditions are such that a reasonable quality 
of hay crop cannot be secured.''̂ ^ 

It was as an alternative to roots that 
silage was taken up again in Sussex at the 
end of the Fkst World War, as some 
younger farmers began to take an interest 
in American methods using large wooden 
silos. At Wappingthom Farm, near 
Steyning, two wooden sdos were roofed 
and joined to make a fortified gateway into 
the steading. In 1918 the Food Production 
Department of the Board of Agriculture 
had provided advice, working drawings, 

R H B Jesse, A Suruey of the Agriculture of Sussex, Royal Agricultural 
Society of England, County Agricultural Surveys, No 2, 1960, 
p 12$; R P Wright, ed. The Standard Cyclopaedia of Modem 
Agriculture, V , nd, c 1910, p 59. 

and priority certificates for materials to 
farmers wishing to erect brick or concrete 
tower silos. It was estimated that a one 
hundred ton sdo, thirty feet high and fifteen 
feet in diameter, could be built for about 
;^3 io in concrete or £340 in brick. The 
Cheshire County Council erected a tower 
silo at their farm institute at Reaseheath, 
and a few of the larger farmers in the 
county also invested in them. In 
Hertfordshire, too, silage was popidar in 
the period between 1918 and 1923,'*^ and 
in his revision of Ernie's English Farming 
Past and Present, completed in 1936, Sir 
Daniel Hall observed that in about 1920 

there was a considerable recourse to silage made 
either in the wooden sUos imported firom America 
or round sUos of reinforced concrete; a mixture of 
oats, tares, and beans being the crop most favoured 
for preservation as a succulent fodder for the winter 
feeding of milch cows. But even silage making 
involves a good deal of labour and today the silos 
are little used except for an excess of grass in a 
wet season.*' 

As far as the majority of farmers was 
concerned. Hall was quite correct, but 
some persisted with it. There was a tempor
ary revival of interest in the 1930s in 
Northumberland, where several large con
crete and brick silos, each costing several 
hundred pounds, were erected for arable 
silage to replace increasingly-expensive tur
nips. A J Hosier, who became well-known 
for his practice of bad-milking dairy cows, 
used silage as part of his normal fodder 
conservation programme firom the early 
193os.*^ The real enthusiasts seem to have 
been the scientists. Amos and Woodman, 
who worked at Cambridge, wrote several 
papers in the Journal of Agricultural Science 

•'"Jesse, Agriculture of Sussex, p 125; J Weller, History of the Farmstead, 
1982, p 198; Anon, 'Supply of silo's by the Food Production 
Department', Jnl Board of Agriculture, 25, 1918, pp 149-52; W B 
Mercer, A Survey of the Agriculture of Cheshire, Royal Agricultural 
Society of England, County Agricultural Surveys, No 4, 1963, 
p8i; H W Gardner, A Survey of the Agriculture of Hertfordshire, 
Royal Agricultural Society of England, County Agricultural 
Surveys, No 5, 1967, p 58. 

•"Lord Ernie, English Farming Past and Present, 6th ed, 1961, p 453. 
• " H C Pawson, Cockle Park Farm, 1960, p 174; A J Hosier and F H 

Hosier, Hosier's Farming System, 1951, p 133. 
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in the 1920s in which they attempted to 
find out what was going on in the ensilage 
process, and what determined the nutritive 
value of silage, while articles in. the Journal 
of the Royal Agricultural Society were 
more concerned with the practicalities of 
making silage and the comparative costs of 
silage and roots.'̂ ^ In the 1930s S J Watson, 
who at that tune worked at the ICI research 
farm at Jeallott's HiU, published several 
papers and eventually a book on silage 
making.^" But most farmers remained 
unenthusiastic. 

'Twenty pounds of grass silage produces 
a gallon of milk and takes the place of 
3.5 lbs of imported concentrated food. 
Thus every six tons of silage made has 
Hberated one ton of shipping space' wrote 
Dr Ian Moore in a British Council pam
phlet in 1944, so explaining official enthusi
asm for silage in the Second World War.^' 
The foreword to the Ministry of 
Agriculture's 1944 edition of their bulletin 
on Ensilage made the same argument and 
concluded 'Indeed, the making of silage is 
not now merely desirable; it has become a 
duty!' The use of molasses and acids as 
additives was better understood as a result 
of Watson's work at Jeallott's Hi l l , and 
cheaper sdos, of wire mesh lined with sisal 
paper or made of concrete slabs erected on 
the farm, were available. The summer of 
1941 produced a bumper maize crop, some 
of which was ensiled, pea pods were found 
to produce excellent silage, and there was 
even research at Jeallott's H i l l on the ensi
lage of bracken ('unlikely to prove profit-

HISTORY REVIEW 

able' was the conclusion).^'" 'Make silage, 
make sure' was the ministry's slogan. As 
the figures in Table i indicate, silage pro
duction increased significandy, although 
whether it doubled or quadrupled depends 
on whether Rea's post-war estimate of half 
a million tons, or Moore's figure of a 
milhon tons, given in what was clearly a 
work of wartime exhortation i f not propa
ganda, is seen as the more credible. George 
Henderson, who farmed a small but inten
sive holding on the eastern slopes of the 
Cotswolds near Enstone in Oxfordshire, 
felt that 'The silage campaign has not 
received the support it deserves. We have 
learned to value silage so much that we no 
longer look upon it as a mere wartime 
expedient, but as something well worth 
incorporating into our general farming 
practice for the future.'^^ 

Post-war policy maintained the emphasis 
on 'dollar-saving by greater self-
sufficiency', and so silage remained in 
official favour. In 1947 the Minister of 
Agriculture launched a four-year plan or 
expansion programme which envisaged the 
expansion of silage production fiom 
725,000 tons to 2 mdlion tons and dried 
grass production fiom 100,000 to half a 
million tons, both at the expense of hay 
output, which, it was envisaged, would fall 
fiom 7 to 4 or 5 miUion tons, all by 1952.̂ "* 
Officers of the County Agricultural 
Executive Committees - the War Ag, still 
operating in the post-war years — encour
aged farmers to make silage in pits, and 
showed them how to match the size of pit 

See, for example, T B Wood and H E Woodman, 'The digesdbihty 
of oat and tare silage', J 42 Science, i i , 1921, pp 304-9; A Amos 
and H E Woodman, 'A study of the process of making clamp 
sUsge:',] Ag Science, 15, 1925, pp 444-54; H E Woodman, 'The 
nutritive value of stack silage', Jy4^ Science, 15, 1925, pp 327-33; 
A W Oldershaw, 'Crops for ensilage', JR/4SE, 84,1923, pp 39-49; 
H W Kersey and C S Orwin, 'The comparative cost of mangolds 
and silage', J i M S E , 86, 1925, pp 48-58. 
See, for example, S J Watson, 'The conservation of grassland 
herbage', JRASE, 95, 1934, pp 103-16; idem, 'The chemical 
composition of grass silage', J 4? Science, 27, 1937, pp 1-42; idem. 
Silage and Crop Preservation, 1938. 
H I Moore, Ploughing for Pasture, 1944, p 28. 

^' H E Woodman and Arthur Amos, Ensilage, Ministry of Agriculture 
and Fisheries, Bulletin No 37, 6th ed, July 1944. The fint edition 
of this work, which was published in 1926, vras based on a series 
of articles in the Journal of the Ministry written by Amos and 
Woodman, who, as footnote 48 indicates, were among the leading 
research workers on silage at that time: Jesse, Agriculture of Sussex, 
p 125; Watson, Silage and Crop Preservation, p 140; F H Gamer, 
'Recent developments in silage making', J i M S E , 103, 1942, p 164; 
W Godden, 'The feeding of Uvestock', J i M S E , 106, 1945, p 48. 

" George Henderson, The Farming Ladder, 1944, p 154. 
"Er ic Rea, 'Silage for self-sufficiency', J i M 5 E , no , 1949, pp 28-9. 
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to the output of their grassland.̂ ^ Helped in 1957, although the comparable figure 
by the example of such expert farmers as for east and south-east England was only 
Rex Paterson, who invented and popu- 26 per cent and for Wales 18 per cent, 
larized the use of the buckrake, and exten- Over England and Wales as a whole the 
sion techniques such as the sdage proportion of surveyed farms producing 
competitions run by the National silage increased from 25.5 per cent in 1955 
Agricultural Advisory Service for several to 35.7 per cent in 1958.^^ By this time a 
years in Hertfordshire, output did indeed grant scheme had been introduced, to run, 
increase, and the 2 million ton target initially, for three years, under the terms of 
appears to have been met by 1952, although which farms could qualify for grants of up 
the quality of the product was not always to ^ ^ 5 ® for roofed-silos or / i i 2 5 for 
high.^^ It was comfortably exceeded by unroofed silos. The precise amount payable 
1957 (Table i) , although stiU agricultural on any one farm depended upon the work 
scientists such as Professor M M c G Cooper done: excavation was grant-aided at 35 6d 
could complain that 'there are surprisin^y per cubic yard, drainage at 2s 6d per yard 
few farmers making silage in Britain, many run, roofs at 275 6d per superficial yard 
less than one woxdd expect having regard covered, and so on. Nearly 18,000 pro-
to the pubhcity that has been given to this posals, involving grant expenditure of 
form of grass conservation and the surplus ;^2,762,348 (an average of ^^155 per farm) 
of grass that is available for this purpose.'̂ "^ had been approved by the end of June 
Silage was also one of the techniques popu- 1958.^° 
larized by the B B C radio programme The The Caine Committee on Grassland 
Archers, which was first produced in 1950 Utilisation was established in 1957 'to con-
as an imaginative attempt to change the sider methods of further stimulating the 
ways of small farmers in the Midlands who better production and use of grass... with 
were not responding to the advice they a view to reducing the cost of production 
were receiving from the Ministry of of livestock and livestock products and 
Agriculture and the county committees.^^ securing economies in imports of feed-
In fact, silage was made on 34,300 holdings ingstuffs...', and its 1958 report endorsed 
in England in 1957, which represented 14.4 the advantages of silage. Indeed, a minority 
per cent of all holdings. The percentage report by four members of the committee 
was less in Wales and very much less in suggested that a subsidy of 15 shillings per 
Northern Ireland. Dairy farmers were more ton of sdage of adequate quality should be 
likely to be silage makers: in a survey of paid to any farmer, for a maximum period 
944 herds in England and Wales carried of four years per farmer, until national 
out by the Mi lk Marketing Board nearly silage output had reached 10 million tons, 
half of those in the Midlands made silage The justification for their suggestion, apart 

firom the perceived advantages of silage, 
"The capital cost oftovvers was thought to be too^g^̂ ^̂ ^ similar scheme Operated since 

to be given equal emphasis. I am gratefiil to Mr Victor Burke, of . , , , ^ , i j • 
Rattery, Devon, who \vas employed by a War A g i n 1947-8, for 1955 m Northem Ireland had resulted m 
thisinfonnation the trebling of production there. 

' Gardner, AgnaiUure of Hertfordshire, p 57; Rex Paterson, How We i j i 1 

Make Silage, 1950; Q Seddon, The Silent Revolution, 1989, p 27. Moreover, they felt, farmers had been slow 
"M McG Coop<^, Competitive Faming, i9s6,p 35. ^ to adopt silage becausc of the risk of 

professor of agnculture first at Wye College and then at the f & 
University of Newcasde upon Tyne. 

' 'The programme's objectives were lO per cent education, 15 per 
cent information, and the rest entertainment. I am gratefUl to "BPP, 1958/9, VIII, Report of the Committee on Grassland Utilisation 
Godfiey Baseley, the first producer of The Archers, for this (the Caine Committee), p 321. The figures are given on pp 55-6 
information. See also S Laing, 'Images of the rural in popular in the original pagination of the report. 
culture', in B Short, ed. The English Rtiral Community: Image and ""Anon, The Farmer and Stockbreeder Grassland Handbook, 1957, 
Analysis, 1992, p 145. pp 265-9; BPP, 1958/9. "VIII, p 36. 
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turning from purchased feedstuffs, where 
the return was immediate, to a system 
which required greater forward planning. 
The majority of the committee disagreed: 
'the failure on the part of many farmers to 
make silage where there is a clear case for 
them to do so cannot be attributed to the 
costs involved in the process but simply to 
apathy.' N o tonnage subsidy was forth
coming, although the recommendations 
included the continuation of the sdo sub
sidy and further research on silage (there 
were, after all, three academics on the 
committee).*^' 

Another, less official, initiative took 
place in the Teign valley in Devon in 1960, 
where the Nuffield Foundation sponsored 
the setting up of three machinery groups 
for making silage, in Longdown, Dunsford 
and Bridford parishes. The report on the 
project found that there was 'a general 
trend towards silage as an alternative to 
hay', especially since the introduction of 
the forage harvester, although it was stiU 
'far fiom being generally accepted in the 
Teign Valley.' This was not just due to 
traditional conservatism, but was a logical 
response to steep land, poor access and 
difficult farm layouts. The advantages of 
silage were greater for bigger farms.̂ ^ At 
this point Devon was one of the counties 
in which silage appears to have been more 
popular than it was in the country as a 
whole. A survey of 27 Devon farms found 
that 14.7 acres in every hundred were 
devoted to silage, compared with 22.6 for 
hay, in 1960. If this pattern had been 
reproduced nationally it would have 
impHed a level of silage production of 
something like 16 million tons, which was 
probably three or four times what it actually 

"BPP, 1958/9. VIII. pp 48-62. 
' ' J Bradley, Co-operation: A Report on an Experiment in setting up 

co-operative Croups for the Purpose of making grass Silage, University 
of Bristol, Report, no 125, Newton Abbot, 1961, pp i and 38-9. 
I am most grateful to Mr Geoffrey Heamden of Bridford for 
providing this reference for me and discussing the project. 
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was then.^^ Cheshire was another county 
in which silage was relatively popular in 
the early 1960s, with between 30,000 and 
40,000 acres out of the 120,000 mown 
acres being devoted to it. The response to 
the national silage campaign was said to be 
'more marked in Cheshire than in any 
other part of the country because here the 
cows are thickest on the ground, the need 
for semi-concentrated fodder the great
e s t ' . I n Warwickshire at the same time, 
Clyde Higgs found that 'The amount of 
silage made increases every season but all 
too slowly', although he explained the 
rapid decline in the root acreage by its 
substitution by silage, while in Sussex the 
use of the buckrake in silage making was 
said to be common in 1960. ̂  In 
Hertfordshire in 1962 six acres were cut 
for hay for every one cut for silage, and it 
was 'not now increasing in favour' despite 
all the recent labour-saving innovations in 
silage making.̂ *^ Writing in 1969, Harwood 
Long found that 'Sdage has not made as 
much progress in the Yorkshire dales as 
one might have expected in an area of 
such high rainfall', although the West 
Riding contained more forage harvesters 
than any other county in En^and.^^ 

AH these examples tend to confirm 
Coppock's judgement that by the early 
1970S, 'While silage-making has been 
increasing in popularity in the post-war 
period, die number of farmers making 
silage and the amount made are stiU small', 
and that it was more commonly made in 
midland and southern than in eastern 
England.*^ Nevertheless, by 1969 the popu
larity of silage was sufficient to persuade 

V H Beynon, Grassland Management: An Economic Study in Devon, 
Univenity of Exeter, Department of Economics (Agricultural 
Economics) Report No 138, 1963. p 6. 

"•Mercer, Agriculture of Cheshire, pp 81-2. 
" ' C Higgs, "The agriculture of Warwickshire', J i M S E , 123, 1962, 

pp 73-4; Jesse, Agriculture of Sussex, pp 125-6. 
Gardner, Agriculture of Hertfordshire, p 59. 

"' W Harwood Long, A Survey of the Agriailture of Yorkshire, Royal 
Agricultural Society of England, County Agricultural Surveys, No 
6, 1969, p 140. 

* 'J T Coppock, An Agricultural Atlas of England and Wales, 1976, 
PII7. 
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the Statistical branch of the Ministry of 
Agriculture that it should report silage 
production tonnages in addition to the 
production of hay in the annual figures for 
output and utilization of farm produce.^' 
Silage production was beginning to take 
off. It is interesting to compare two editions 
of Cooper and Morris's textbook Grass 
Farming: in the third edition, published in 
1973, they complained that 'Since 1940, 
when the drive for more silage got under 
way, farmers have been adept in fmding 
good reasons why they should not make 
the stuff'. In the fifth edition, published 
ten years later, they continued to explain 
why silage had been unpopular but 
observed that after the 1960s 'there was a 
growing feeling that silage was the more 
sensible product because of the fickleness 
of the British weather and by 1980, k i 
terms of conserved dry matter, silage was 
just as popular as hay.' '° Production rock
eted, from less than 10 million tons per 
year in 1970, to nearly 30 milHon tons in 
1980, to over 50 million tons in the early 
1990s. At the same time, hay production 
fell. It had peaked at 9,692,000 tons in 
1971 (a similar tonnage to that of silage for 
that year) and thereafter fell steadily to less 
than 4 million tons in 1989.'^ After a 
century, the technology introduced in the 
18 80s had become the dominant system of 
fodder conservation. Why did it take so 
long? 

Ill 
In consternation, last summer [1888], the farmers 
throughout England, Scodand and Ireland saw the 
forage crops of the year washed and rotting on the 
meadows, or uncut passing their maturity and 
becoming rather vegetable wire than succulent 
herbage. A scramble was then made, partly in 
despair, partly in hope, to save the deteriorated 

" ' H F Marks, ed D K Britton, A Hundred Years of British Food and 
Fanning: A Statistical Survey, 1989, p 197. 

' ° M McG Cooper and D W Monis, Grass Farming, Ipswich, 3rd 
ed, 1973, p 159 and sdi ed, 1983, p 169. 

"Marks and Britton, British Food and Farming, p 197; see Table I. 
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hay-harvest by the new-fangled process of 
ensilage.'̂ '' 

Clearly, that wet season provided the initial 
impetus for many farmers to begin silage 
making ('but I have not seen or heard of 
any that continued the experiment', wrote 
Primrose McConnell, three years later.''^). 
A fine summer had the opposite effect, as 
in 1955, 'the best in memory for haymak
ing...scores of farmers have swung back to 
hay in preference to silage. Many, indeed, 
have asserted that the progress of silage 
making has been retarded ten years by the 
glorious weather of July and August. 
The adoption of silage was also delayed, 
and for a longer time, by other problems: 
'ensilage I shall never touch again', 
McConnell told his diary in 1905: 

I was a member of the Ensilage Society when the 
craze for that sort of thing was on, and I made a 
stack of grass ensilage once, but only once, and 
never more. A stack of hay was put on the top for 
pressure, but it heated tremendously for all that. It 
boiled all the albuminoid ratio out of itself, and the 
outside rotted for a couple of feet inwards. But that 
was not all; when the stack was opened the smell 
was perceptible at a village three nules away, when 
the wind lay in the proper direction, while the man 
who cut it out and handled it was debarred from 
all the beershops in the neighbourhood till he could 
'sweeten' himself. It put the milk off the cows, 
tainted it after it was produced, and had eventually 
to be given to a lot of young beasts. Farmers are 
blamed for not being progressive, but how could 
you progress in a case hke this, with a smell as bad 
as ten motor cars?''̂  

Thus it appears that the adoption of silage 
was delayed by labour and quality prob
lems. But would these, by themselves, have 
been sufficient to cause the length of delay 
observed in the case of sdage? 

The best recent summary of adoption 
theory as it applies to agricidture is by HiU 
and Ray, who list five factors which affect 

"Kains-Jackson, 'Experiments in making ensilage', p 281. 
" P McConnell, 'Experiences of a Scotsman on the Essex clays', 

JRASE, 3rd ser, 2, 1891, p 321. 
' * H I Moore, 'Silage on the farm: experience and experiment*, 

JRASE, 116, I9SS. P 60. 
" P McCbnnell, The Diary of a Working Farmer: being the True History 

of a Year's Farming in Essex, 1906, p 207. 
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the rate of diffusion of new technology: 
information, uncertainty, capital require
ments, management demands, and factor 
pricing. Thus delayed adoption might be 
explained by a lack of information about 
the technique, high risks of failure in using 
it, and its having high capital requirements 
and demanding skilled management by the 
farmer, while increasing the demand for 
expensive inputs or only saving cheap ones. 
They also point out that the sociological 
characteristics of innovators or early adop
ters are likely to be different from those of 
laggards: the former are likely to have high 
levels of social status, wealth and education 
and to operate large or specialized busi
nesses; the latter are not.'̂ ^ However, before 
deciding whether or not this model can 
explain the initially delayed and sub
sequentiy rapid adoption of sdage, it is 
necessary to analyse in more detail the 
changes which occurred and the expla
nations advanced by contemporaries. First, 
we shall examine the problems of silage 
making and the advantages of alternative 
winter feeds. These, presumably, were the 
considerations which were dominant jSrom 
the late nineteenth century until the early 
1970S . Thereafter, the problems with 
alternative feeds began to increase in 
importance, while the difficulties of silage 
making began to be solved. These processes 
are discussed in the next two sections. 

IV 
Silage making in the nineteenth century 
was heavy work, compared to haymaking, 
because of the extra moisture that had to 
be moved by the muscles of men and 
horses. 'I do not for a nioment believe that 
when a farmer can turn his grass into hay 
in three genial days he wil l consent to cart 
nearly four times the weight of fireshly-cut 
grass to the sdo', wrote Martin J Sutton in 

' *B Hill and D Ray, Economics for Agriculture: Food, Famring and the 
Rural Economy, 1987, pp 284-93. 

1886, and commentators were still agreed 
on 'the heavy nature of the work' in the 
1950S and '6os.'̂ '̂  Having made silage, it 
was also heavy work to feed it: 'The tough 
job was cutting it out in the winter — we 
did this with an old hay knife, and loaded 
it on to a trader,' on Arthur Court's dairy 
farm on the Wdtshire/Somerset border in 
the I950s.'^^ Moreover, as McConnell's 
remarks indicate, farmers, farmworkers, and 
their wives often disliked its smell.'^ There 
were also problems wdth labour manage
ment, since silage making clashed with root 
hoeing.^° It should therefore follow that 
the cost of silage was high in comparison 
to that of alternative feeds. Jenkins, in his 
report for the Royal Agricidtural Society 
in 1884, estimated the cost of filling a silo 
at five shillings per ton, but, since he gave 
no comparable cost for haymaking or roots, 
this figure is of litde use for comparative 
purposes.^^ In the early twentieth century 
it was suggested that silage involved more 
labour and horse work than haymaking, 
and that it was more economical for large 
than small farms,̂ "" but the first attempt to 
make a direct comparison of the cost of 
silage with other feeds used mangolds as 
the alternative and concluded that the cost 
of producing a ton of silage was three times 
that of a ton of mangolds, although its 
feeding value was only twice that of mang
olds. However, it was admitted that pro^ 
ducing a tilth for sowing com after late-
folded roots could be difficult, and that 

"Martin J Sutton, Permanent and Temporary Pastures, 1886, p 109, 
W H Jordan, director of the New York Agricultural Experiment 
Station, made the same point in The Feeding of Animab, New 
York, 1903, p 219, as did Jesse, Agriculture of Sussex p 125; Moore, 
Silos and Silage, p 13; Bradley, Co-operation, p 38; Cooper and 
Morris, Grass Fanning, 3rd ed, 1973, p 159. 

''Arthur Court, Seedtime to Harvest: A Fanner's Life, Bradford on 
Avon, 1987, P78; in the 1880s Clare Sewell Read, 'Suggestions 
for stock-feeding in the winter of 1893-4', JRASE, 3rd ser, 4, 
1893, p 469, passed all his silage through the chaff-cutter with 
straw, and then added shredded roots and cake to it before feeding: 
an early version of complete-diet feeding perhaps? 

"Moore, Silos and Silage, p 13; Higgs, 'Agriculture of Warwickshire', 
p 73; Cooper and Morris, Grass Farming, 5th ed, 1983, p 169. 

'"Moore, Silos and Silage, p 13. 
"Jenkins, 'Practice of ensilage', p 238. 
''Wright, Cyclopedia of Modem Agriculture, p 60. 




















































































































































































































































































































































































































































































