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Introduction 

 

Mendelism stands or falls by the purity of its cultures. No other method of 

plant breeding is known which can guarantee 100 per cent of purity in its 

cultures. When buyers once realise that such a cherished dream is practicable 

there will be no more "rogues," and Mendelian seeds will be the only 

profitable seeds to grow.
1
 

 

THIS IS HOW ONE of the most fervent early Mendelians, the Leicestershire-based 

horticulturalist Charles Hurst, ended the night’s speeches to the Royal Horticultural 

Society in London, one evening in 1910. By this time the idea that Mendelism 

would revolutionise breeding was a trope with which the RHS’s members were 

familiar. Hurst’s great friend and fellow Mendelian, William Bateson, formerly a 

Cambridge University man but now director of the new John Innes Horticultural 

Institution in Merton, Surrey, is famous for having made exactly this sort of claim 

on Mendelism’s behalf.
2
 A generation later, in 1926, Bateson’s former student, 

Professor Sir Rowland Biffen – himself now a Cambridge don, formidable breeder 

of wheat varieties, and director of his own plant breeding institute – would talk of a 

pre-1900 breeding regime ruled by “precepts [of heredity] as fantastic in their way 

                                                 
1
 Hurst 1910: 52. Hurst delivered this speech to the Society following in a long line of 

distinguished botanical speakers interested in horticultural production, including Hugo de 

Vries 1910: 321-326 and Bateson 1907b: 90-97. Hurst’s speech to the RHS was followed 

three years later by one from Rowland Biffen 1913: 313-23.  
2
 For example, in 1902 Bateson claimed that thanks to Mendelism the breeder would no 

longer be “trudging in the old paths of tradition”, Bateson 1902a: 208 and that breeders 

could now, thanks to Mendelism, “take out greenness and put in yellowness […] take out 

tallness and put in dwarfness, etc…”. Bateson 1902b: 2. For more on Bateson’s promises to 

the breeders see Radick forthcoming. Merton, at the time, was a village on the outskirts of 

London in the Surrey countryside. It is now part of South London, having been engulfed by 

the city as it sprawled southwards. 
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as mediaeval medical prescriptions. Now, thanks to Mendel’s work, the main 

principles of the subject are fairly clear”.
3
 

Are Hurst, Bateson, Biffen and the many other like-minded breeders and 

botanists of the period to be believed about Mendelism’s impact on breeding? On 

the one hand it seems as though Mendelism’s application to plant breeding was 

incredibly successful. The agricultural success of Biffen’s Mendelian wheat varieties, 

though rather forgotten now, was an article of faith for a whole generation of 

geneticists keen to establish the validity and utility of their discipline.
4

 Plant 

breeders of a particular age claim that Mendelian theory allowed Biffen to explain 

and predict his crosses, in a way unavailable to previous breeders, with seemingly 

spectacular results. At one point, it was reported by Nature, Biffen-wheat occupied 

“practically one-half of the country’s wheat crop”.
5
 These results in turn shored up 

the truth of the Mendelian theory.
6
 The belief that scientific plant breeding only 

really began with Mendel lingers on to this day.
7
 On the other hand, Bateson 

radically tempered many of his earlier and most strident claims, as did Biffen.
8
 

Several of Biffen’s breeder contemporaries were equally successful while remaining 

dubious about the importance of Mendel.
9
 Some geneticists, such as Biffen’s star 

                                                 
3
 Biffen and Engledow 1926: 13.  

4
 See one of Biffen’s successors at the Plant Breeding Institute, Bell 1976 or the accounts of 

noted academic plant breeders turned historians, Lupton 1987; Murphy 2007: 268. 
5
 “Notes” 1921: 543. 

6
 On the virtuous circle of truth and utility associated with some theories see Dear 2005. 

7
 See, Kingsbury 2009: 186. In a recent radio interview about his book the interviewer could 

not help posing the question, “let’s go back to the development of the science of plant 

breeding, I mean that didn’t really become a major factor until Mendel and the acceptance 

of his laws?”, to which Kingsbury replied, “Mendelian genetics allows you to make 

predictions so it takes a lot of the effort out of plant breeding”.  BBC Radio 4, The Food 

Programme: Seeds, Broadcast Sun 7 Feb 2010 12:32: 14m53s available at 

<http://www.bbc.co.uk/iplayer/console/b00qg0r4> [accessed 17 Feb. 2010]. See also the 

historical material of the British Society of Plant Breeders, Plant Breeding: the Business 

and Science of Crop Improvement, <http://www.bspb.co.uk/BSPB%20Handbook.pdf> 

[accessed 10 Oct. 2010]: p. 2. 
8
 See Bateson 1912 and Biffen and Engledow 1926: 7. 

9
 John Percival and Edwin Sloper Beaven are two examples; there are several others. See 

Percival 1921 and Beaven 1947 and for detailed analyses of the careers of these Mendelian 



3 

pupil, successor to his chair at Cambridge and obiturist, Frank Engledow, also 

expressed their doubts. In his obituary of Biffen, Engledow, albeit obliquely, 

suggested that Biffen was more of an old school worker than he let on. Mendelism 

might have less to account for in Biffen’s success than his art, especially his 

breeders’ eye.
10

 Moreover, after Biffen’s first successes other Mendelian varieties 

were slow coming; when they did appear it was only after Biffen and his colleagues 

(including Engledow) had released a string of failures. Beyond the claims made by 

Hurst, Bateson and Biffen, opinion as to what results might arise from Mendelism 

was, at the time – and still is – rather divided.
11

 

More generally, there are several wider considerations against Mendelian 

triumphalism. In France, Germany and the Netherlands the reception of Mendelism 

seems to have been complicated at best, and negative at worst. Worldwide, 

agricultural yields jumped spectacularly in the 1950s – a period associated with the 

coming of age of hybrid corn technology, dwarf rice and wheat varieties and the 

Green Revolution. This has led some historians of economics to suggest that before 

this period little biological innovation occurred, especially in land rich/labour poor 

America.
12

 The American case is further complicated by the hybrid corn story. 

Although this is claimed as a great Mendelian success, Marxist scholars have 

questioned the part Mendel played, if any at all.
13

 Finally, historians of science have 

also given a mixed interpretation of Mendelian success.  

                                                                                                                                         
sceptics see Palladino 1993 and 1994. I would like to extend many thanks to Paolo 

Palladino who was very generous in making time to meet me and discuss ideas as I was 

planning this thesis. 
10

 Engledow 1950: 20. See also Engledow quoted in Roll-Hansen 2000: 1112.  
11

 For a brief but clear overview of this dilemma see Roll-Hansen 2000: 1108-1109, see also 

Allen 2003 on the claims of Mendelism for application. 
12

 See Olmstead and Rhode 2008 for a review of the historiography and their thoughts on 

how it should be revised.  
13

 On the success of hybrid corn see “Science: Santa Claus's Corn”, Time Magazine, 

Monday, 18
th
 Dec. 1939, 

<http://www.time.com/time/magazine/article/0,9171,763106,00.html> [accessed 17 Feb. 
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The analysis employed in this thesis offers a novel approach to an area where 

theoretical consideration of Mendelism’s social context has oftentimes overlooked 

the day to day activities of many Mendelians. To gain new purchase on the 

questions of whether Mendelism was successful, and if it was, what that success 

meant, this thesis treats the history of British genetics as the development of a 

simultaneously investigative and productive enterprise.
14

 British Mendelism cut 

across the traditionally assumed domains of science and technology and British 

Mendelians were deeply involved with the production of new organisms. These 

activities were interrelated with their theoretical and pedagogical work. In order to 

analyse the circulation and interaction of students, ideas and organisms in the 

Mendelian school, this thesis borrows an analysis from history of technology: 

Thomas Hughes’s systems analysis of technological change. In the final two 

chapters the systems analysis is taken beyond Hughes’s interpretation to include 

consumers and the situation of that system in an international context. 

The rest of this introduction gives an overview of the key themes extant in 

historical writing on genetics and its relationship to agriculture. The focus here is 

largely (though not exclusively) on the case of Britain. As we will see, despite some 

shared views the authors who have broached these subjects offer different 

interpretations of how and why Mendelism was or was not successful and the impact 

it did or did not have on agriculture. The British historiography will then be placed 

in the wider context of the reception of Mendelism in Europe, America and Mexico. 

Within this literature there is also little to no consensus and much to be learnt at both 

                                                                                                                                         
2010]. For Marxist critique see Kloppenburg 1988 and the wealth of material from 

Lewontin, Levins and Burlan especially Lewontin 2000b; Lewontin and Burlan 1986c; 

Levins 1986. Hybrid corn has also caused much agitation amongst sociologists and 

economic historians, becoming the focus for development of diffusion and uptake models 

from the 1950s onwards. On this rich vein of literature see Griliches 1957, 1960 and Lissoni 

and Metcalfe 1994. 
14

 For more on the productive agricultural context of Mendel’s work see Orel 1973 and Orel 

and Wood 1983. 
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national and international levels. Some of these gaps in our knowledge might be 

filled by employing a systems analysis. In particular this thesis will show the 

benefits of moving beyond a fragmentary analysis of institutions and individuals to a 

more coherent and overarching analysis of the Mendelian school as a whole. Having 

introduced the subject, current knowledge and my methodology the introduction 

ends with an overview of the thesis’s structure detailing what can be expected in 

each chapter as regards prior knowledge, new evidence and conclusions. 

 

British Genetics and Agriculture in the Twentieth Century 

 

When Cyril Darlington, Bateson’s successor as director of the John Innes Institution 

(after A. D. Hall) and president of the Genetical Society, introduced a special 

symposium in 1944, the question of how much impact genetics had on agriculture 

was still, to his mind, open: 

 

Genetics owes a debt to plant and animal breeding both for its foundation 

and its development. If the purpose of agriculture in the future is to be the 

highest production, genetics will have the opportunity of repaying that debt. 

The object of the symposium [is] to discuss whether genetics has the 

capacity to do so.
15

 

 

However, some listeners might have been forgiven for thinking this question had 

long been answered. Surely the spectacularly successful varieties of wheat produced 

by Rowland Biffen’s new Mendelian breeding had long ago repaid the debt that 

genetics owed to plant breeding? Yet, Darlington’s pessimism ran deep. Along with 

                                                 
15

 “Application of Genetics to Plant and Animal Breeding” 1944: 780. 
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Engledow, he believed Mendelism had enjoyed only a limited success in impacting 

on plant breeding.
16

 This tension has been a staple feature of the historiography of 

the emergence of genetics.
17

 It can be readily discerned in work on the British 

context from Robert Olby and Paolo Palladino. These authors have done most of the 

ground work in analysing agricultural themes in the emergence of genetics; 

outlining along the way the key individuals and organisations which connected 

Mendelism to agriculture. However, they have formed strongly differing views on 

the impact of genetics on plant breeding. 

Olby’s initial work on Mendel focused on the intellectual development of 

Mendelism. These early works also had a strong revisionist flavour, combating what 

Olby calls the mythology of the emergence of the discipline. The mythology of 

Mendelism, for Olby, was manifest in the romantic beliefs, in common currency at 

the turn of the century and ever since, that Mendel had been forgotten for forty years 

and rediscovered simultaneously by three European botanists.
18

 It turns out that 

                                                 
16

 Darlington attributed this failure to commercial plant breeders. As he put it in a 

remarkably blunt swan-song article, published in the year of his death, “On one side were a 

few hundred commercial growers with a united economic interest in their capital investment. 

They sell fruit; they resist the introduction of better new varieties. On the other side were a 

thousand times as many private gardeners who grow fruit. They eat it themselves and they 

want the best. These latter ... collaborated with Bateson... Since the death of Bateson ... the 

new John Innes fruit varieties have accordingly been suppressed, with economic 

consequences that are now painfully recognized”. Darlington 1981: 403. These thoughts are 

painted in the broadest strokes, however, the economic and even political dimensions of the 

heterogeneous plant breeding community that they reveal will be encountered repeatedly 

over the course of this thesis. For more on Darlington see Harman 2004 and 2006.  
17

 The historiography of the emergence of genetics is a rich and complicated one, however, 

broad trends can still be discerned. Initially, many of the first generation of Mendelians 

wrote histories of Mendel and their own and each other’s work. A second generation of 

biologists and geneticists also wrote histories of the early period dealt with in this 

dissertation, see Sturtevant 1965a; 1965b, Dunn 1965, Carlson 1966, Stubbe 1972 and Mayr 

1982. These historically internalist accounts were supplanted in the 1980s and 1990s with 

more broadly critical and contextualising accounts; the recent historiography in focus in this 

section. See Garland Allen’s historiographical essay for the History of Science Society, for 

an instructive overview of the historiography of genetics in the 1960s-90s available here: 

<http://www.hssonline.org/teaching/teaching_allen3.html> [accessed 1 Oct. 2010]. 
18

 For Olby’s classic internalist account of Mendel’s work see Olby 1966 [2
nd

 ed. 1985]. For 

Olby’s revisions to the mythology see Olby 1968, 1979, 1987 and a special overview of this 
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Mendel was not deeply forgotten, the rediscovery was not simultaneous and the 

definition of rediscovery is somewhat stretched to fit what might more accurately be 

called a re-working.
19

 Olby’s focus changed somewhat towards the end of the 1980s 

to alight on the institutional support of Mendelism in Britain. 
20

 In the first of three 

papers, published in quick succession, Olby described how Bateson secured a place 

for Mendelian research at the John Innes Horticultural Research Institution with the 

aid of a civil service and a government predisposed to state support of science. 

Indeed, by Olby’s reckoning, there was “a close network of influence” between 

academics and civil servants charged with distributing the funds of the Development 

Commission.
21

 This was a body established under David Lloyd George’s 

chancellorship in 1910 as part of his and Winston Churchill’s ambitions for greater 

state involvement in rural reconstruction. Part of this reconstruction effort was the 

provision of funds for scientific research to aid agriculture. Biffen’s early Mendelian 

work at Cambridge underwrote, for these politicians, the need for further funding. 

According to Olby a small elite of civil servants and academics gave form to Lloyd 

George’s unstructured plans. This elite group ensured that research funding was 

largely spent on Cambridge based projects. As Olby put it in 1990: 

 

The most noteworthy features of the Commission’s work were the 

importance attributed to longterm research on a coherent plan, the liberal 

interpretation of research ‘of economic value’, and the operation of the plan 

                                                                                                                                         
work, Mendel, Mendelism and Genetics available at the online resource MendelWeb: 

<http://www.mendelweb.org/MWolby.intro.html> [accessed 10 Jan. 2010]. 
19

 See the now classic paper, “Mendel no Mendelian?” Olby 1979. 
20

 Olby 1989a. The bulk of this paper deals with negotiations between Bateson, the 

executers of the John Innes’ behest, the Board of Agriculture. The paper ends with several 

fascinating insights into Bateson’s research programme and his notorious refusal to accept 

chromosome theory. 
21

 Olby1991. Olby’s analysis here extends the work of Roy Macleod on public funding of 

science, see Macleod 1971, Turner 1980 and social historian Samuel Hynes 1968.  
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through a professional elite constituted of University professors, directors of 

institutes and the civil servants in the Board of Agriculture, whose secretaries 

were former Cambridge professors. Thus there was created a network 

embracing the Commission, the Board and the Cambridge School of 

Agriculture.
22

 

 

The operation of such a group, although regrettably nepotistic, was by Olby’s lights, 

a good thing. The network “proved [to be] an effective instrument for the support of 

scientific research relevant to agriculture and related disciplines”.
23

 The failure of 

this plan is attributed by Olby largely to the interruptions caused by the First World 

War.
24

 

Arguing against Olby, historian Paolo Palladino has suggested that research 

funding was a substitute for what farmers really wanted; trade tariffs and price 

structuring. Furthermore, the institutes established by the Development Commission 

were co-opted by local interest groups who were allowed space to manoeuvre by 

relative government indifference. In Palladino’s view, the research conducted using 

this funding did little to address the concerns and worries of farmers. Accordingly, 

the research program at Cambridge was orientated towards Mendelian genetics by a 

negotiation of interests between the University, academics and the seed and milling 

trades. Farmers had little to no say in these debates. Apparently, academics (Biffen 

amongst them) stressed the importance of Mendelian theory as a means of re-

                                                 
22

 Olby 1990: 70. For this translation I am very grateful to Robert Olby for providing me 

with his un-published manuscript in English.  
23

 Olby 1991: 525. On the cosy nature of the funding arrangements made by the 

Development Commission see also Vernon 1997 and an excellent article from Kraft 2004. 
24

 Olby 1991: 524. This is an interesting and difficult claim, on the one hand the War did 

undoubtedly cause “restriction, if not suspension” of much work, Biffen, for example, was 

seconded to the war time Food Production Department in 1916 and as Olby notes several 

Mendelians died young, in this period. But on the other hand, none of them died in service 

and there was plenty of post war funding motivated by the frightening possibility – 

glimpsed during the First World War – of mass starvation.  
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conceptualising plant breeding as an academic activity suitable for the university 

context. Cambridge University, although initially resistant to what were called 

“bread studies”, was converted to Biffen’s cause by the early success of his varieties 

and indeed, came to lay a stronger emphasis on practical research than the State.
25

 

For their part, Palladino argues, the seed trade happily suffered misrepresentation of 

their methods as backwards in comparison to the new Mendelism, if it meant that 

the costs of plant breeding could be transferred nationalised. The lack of patents in 

this area meant that commercial firms could sell new Mendelian varieties without 

needing to pay royalties. Finally the millers, whose interest was in the production of 

new varieties better suited to the mill, maintained strong links to Biffen through one 

of his former pupils, A. E. Humphries, who went on to become secretary to the 

National Association of British and Irish Millers. All of this meant that “it was to be 

expected that governmental support for plant breeding research would have little 

impact upon agriculture”.
26

 

Palladino returned to this subject to focus in on one particular interest group; 

academic plant breeders, including Biffen. In a paper published in Technology and 

Culture, Palladino described the particular instantiation of the relationship between 

Mendelian science and plant breeding technology promoted by academics like 

Biffen as one which “may have been an artefact devised by … the budding 

community of geneticists to advance the institutionalisation and professionalization 

of their particular branch of scientific inquiry”.
27

 The roots of this artefact were to be 

found, for Palladino, in institutional location and personal history. The notion that 

                                                 
25

 See Palladino 2002: 56, 95.  
26

 Palladino 1990: 468. Palladino’s early work on this subject continued the analyses of 

professionalization, institutional development and the social construction of science by 

interest groups started in his prior explorations of the development of US and Canadian 

entomology and ecology. This work was published after he had switched his attention to 

British genetics and agriculture. See Palladino 1996d.  
27

 Palladino 1993: 322. 
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science should, and did, function as a stimulus to technological advance was just the 

sort one should expect from an individual such as Biffen, son of a Cheltenham 

school master, based at Cambridge University. The contrast Palladino draws to 

Reading based agricultural botanist, John Percival, is intended to show quite clearly 

that Mendelism was optional to a successful breeding career; Percival was never 

entirely convinced of the importance of Mendelism. Instead Percival believed that 

systematics, understanding and taxonomising the history and relations of wheat 

varieties, was the way to better wheat varieties. Palladino situates these beliefs in 

Percival’s biographical background as the son of a farmer, who shared some training 

at Cambridge with Biffen but became more concerned with farmers within the 

institutional arrangements at the University of Reading.  In focusing on Percival’s 

doubts about Mendelism, Palladino is closing the social constructivists’ circle and 

creating symmetrical social explanations for what he takes to be two sides of a bitter 

dispute between Mendelian and non-Mendelian plant breeders. 

The idea that Mendelian theory was related to plant breeding by social 

interests is one that Palladino developed in a cross national study of the 

“professionalization of agricultural science”.
28

 Here Palladino explored the careers 

of two non-Mendelian plant breeders, Edwin Sloper Beaven in Britain and Luther 

Burbank in America, who were nonetheless celebrated and successful. The 

comparison explicitly furthers Palladino’s claim that, “Mendelism was … a vehicle 

designed and developed quite expressly to advance the claims of academic plant 

breeders … as they vied … for greater social prominence and power”.
29

 In other 

words Mendelism had very little to do with plant breeding and far more to do with 

creating academic and social status.  

                                                 
28

 Palladino 1994. 
29

 Palladino 1994: 411. 
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A radically different view of Mendelism’s success has been presented by 

sociologist Kyung-Man Kim.
30

 Responding to the established historiography on the 

Biometrician-Mendelian debate, Kim has suggested that at least part of the reason 

for Mendelism’s success was due to the superior way in which it explained the 

results breeders and medics obtained for themselves.
31

 These researchers, in Kim’s 

words, “the rank and file”, were won over by the efficacy of Mendelism in 

explaining their own empirical data.
32

 As this critical mass was won over 

Mendelism’s authority was cemented. Kim’s purely cognitive explanation is useful 

here in defining the difference between Palladino and Olby’s positions. While we 

might expect Palladino to hold little truck with such claims, for Olby the successful 

application of Mendelism to explain breeding phenomena was at least part of the 

picture. However, Olby eventually seems to have incorporated some part of 

Palladino’s thinking into his own analysis. In an overview piece for the Routledge 

Companion to the History of Modern Science, after discussing the intellectual 

development of Mendelism, Olby cites three factors in the growth of genetics as a 

discipline:  

 

Firstly, there was the undoubted success of the Mendelian theory and method 

as the basis for a research program. Then there was the interest of academic 

agriculturalists who were striving to make their subject genuinely scientific 

and who found in Mendelian experimentation a fruitful avenue to pursue. 

                                                 
30

 Kim 1994.  
31

 For the established Biometrician-Mendelian debate literature see Olby 1989b; Kevles 

1980; Kim 1994 and more recently Buttolph 2008. From these one can work back to prior 

publications from Provine 1971, Cock 1973 and Barnes and Mackenzie 1974, 1979, see also 

Olby 1989b: fn.3. 
32

 Kim 1994: introduction. 
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Last, but not least, there was a strong interest in the possible social 

applications of genetics.
33

 

 

Palladino’s influence is obvious in the second of Olby’s factors, the influence of 

academic agriculturalists. 

The success of Mendelism is a clear trope in the work of these authors. 

However, there is no clear consensus as to what constituted success and how this 

was or was not achieved. Olby clearly conceives two types of Mendelian success; as 

a research program and as a method of plant breeding. The success of Mendelism as 

the basis for a research program was due, on Olby’s account, primarily to its 

experimental nature. There was a certain amount of congruence, he suggests, 

between Mendelian experiments and a more general move in this direction in the 

biological community in both Britain and America.
34

 Furthermore, as regards the 

second type of success, as a method of plant breeding, Olby reads Biffen’s early 

work in producing varieties as having been un-problematically successful and 

Mendelian. Later events, beyond Biffen’s control, undermined these successes. In a 

sense Olby’s interest in the success of the new Mendelian varieties ends at the test 

plot gate, once out in the world they were subject to the usual forces of politics and 

economics. One could hardly blame Biffen if the world failed to make good use of 

his varieties. Palladino, in contrast, views success as a far more problematic question. 

On the one hand he argues that “the agricultural context [was] far less important for 

the growth of genetics [in Britain than in America]”, suggesting that the Mendelian 

research program owed whatever success it did enjoy in Britain to factors other than 

                                                 
33

 Olby 1996: 533. 
34

 On the shift to experimentalism see Olby 1996 and 1989b. For similarities and differences 

to trends in the US see Kevles 1980 and more recently Kevles and Geison 1995. For critique 

and defence of the existence of this trend in the US see Allen 1981. 
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the agricultural context.
 35

 On the other hand, on the success of Mendelism as 

applied to plant breeding, Palladino is much more sceptical than Olby. Pointing to 

the lack of new varieties from Cambridge Mendelians after the First World War, 

Palladino suggests that Biffen’s early successes might have owed more to his skill in 

negotiating with local interest groups than his deployment of Mendelian theory.
36

 

This position is underwritten by the three biographical accounts of successful non-

Mendelian plant breeders, Edwin Sloper Beaven, John Percival and Luther Burbank, 

provided by Palladino.
37

 

 

Mendelian Success in Britain and Further Afield 

 

At roughly the same time that Olby and Palladino were writing on these subjects, a 

growing appreciation of the links between early genetics and agriculture was also 

developing in America. Historians of science Barbara Kimmelman and Diane Paul 

have pointed to the support provided for Mendelism in America by land-grant 

universities and those interested in breeding and agriculture.
38

 Garland Allen has 

                                                 
35

 Palladino 1993: 302. 
36

 On Palladino’s doubts about the impact of genetics on plant breeding before the 1950s, 

see Palladino 1996a; 2002: 183, Thirtle et al. 1997; 1998 and the more detailed discussion 

of wheat economics in chapter 4 of this dissertation. See also Dejeager 1993. 
37

 Surprisingly, the debate about Mendelism’s relationship to agriculture in Britain seems to 

have faded at roughly this point. Both Olby and Palladino have returned to the subject of the 

rise of genetics but from quite different angles. In 2000 Olby published two papers for 

centennial celebrations of the 1900 “rediscovery”. In both of these papers Olby stressed the 

importance of the Royal Horticultural Society’s early support for Bateson, and his 

allegiance with experimental biology but on the subjects of agriculture and success he 

remained silent except to say that a polygenic and chromosomal understanding of heredity 

(missing from most early Mendelians’ thinking) was necessary before early claims to 

success could be substantiated. Palladino’s last work on this subject, published in 2002, is a 

historiographical meditation on the relationships between history, genetics and modernity. 

As such it did little to push forwards his analyses of the 1990s except as examples of a 

social constructivist historical approach which he rejects in the later stages of the book 

Palladino 2002. See also the article length précis of this book, Palladino 2003. 
38

 See Barbara Kimmelman’s much quoted PhD thesis, Kimmelman 1987 and two published 

papers on links between agriculture and genetics, Kimmelman 1983; Kimmelman and Paul 
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also pointed to these connections.
39

 These authors have tended to stress the limits of 

Mendelism to change plant breeding without going on to undermine its utility 

entirely. Meanwhile, Daniel Kevles, also working in the history of science, has 

charted the rise of Mendelism by way of a cross national comparison between the 

United States and Britain. Kevles’s analysis stresses the importance of resources. 

Mendelism was successful in his view, to the extent that its protagonists could 

secure funding, laboratory space and land.
40

 Sociologists and historians of 

agriculture have also been alive to the connections between genetics and agriculture, 

if more critical of the utility of Mendelism to farmers. Deborah Fitzgerald and Jack 

Kloppenburg in particular have suggested that academic breeders and seed 

businesses co-opted publicly funded research, channelling it into more profitable 

directions for themselves.
41

 As this research advanced, skills and capital barriers 

were placed between farmers and the breeding programs that were supposed to aid 

them. For Fitzgerald the more important of these effects was the skills barrier 

created by the professionalisation of academic plant breeders and their use of ever 

more complicated breeding methods. For Kloppenburg it was the capitalisation of 

breeding by seed firms which cut the farmer out. In both cases the effect was the 

same, farmers were excluded from the process of plant breeding, a process which 

they had traditionally undertaken for themselves in the field. The American 

historiography, even if it is not entirely coherent, makes it obvious that early 

Mendelism was supported by links to breeding and the land-grant universities, 

                                                                                                                                         
1988. The second paper is also available at MendelWeb 

<http://www.mendelweb.org/MWpaul.intro.html> [accessed 10 Jan. 2010]. 
39

 From Garland Allen see Allen 1990 and 2000. See also the paper from Kimmelman in the 

same volume, Kimmelman 1990. 
40

 See Kevles 1980. 
41

 See Fitzgerald 1990, 1991 and Kloppenburg 1988. For comparative reviews of Fitzgerald 

and Kloppenburg’s books see Palladino 1991 and Allen 1991. 
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which had their own interests in the potential agricultural applications of the new 

discipline.  

Comparisons between British and US agriculture need, however, to be 

handled with care. The significant difference between these cases was the principle 

crop grown in each country. In the nineteenth century this was wheat in both 

countries, in the twentieth century however, wheat remained important in Britain 

while its production was overtaken in US fields by corn; maize to British farmers. 

Maize, an out-breeder, was subjected to the F1 double cross hybrid method. Wheat, 

an in-breeder, in British fields at least, was not amenable to this method of breeding, 

as it showed little response to the still poorly understood effects of heterosis. As a 

result, scientific efforts in wheat breeding have focused on hybridisation, rather than 

the more elaborate F1 double cross hybrid method.
42

 The new F1 hybrid maize 

strains produced by the double cross method notoriously disbarred buyers from 

producing their own seeds. In Britain the new Mendelian wheat strains were quite 

different. Biffen’s wheat varieties bred true, being self-fertilising, so their seeds 

could be reliably and easily reproduced. The upshots of these differences, among 

other factors, led to a much more rapidly commercialised plant breeding sector in 

the US. Where hybrid corn in the US gave higher yields at a price; the need to return 

every year for fresh seed, hybrid wheat in Britain flowed freely. 

Recent works have begun to broach the reception of Mendelism by French 

and Dutch agriculturalists in more detail.
43

 In both cases it seems there was 

considerable resistance to Mendelism from traditional breeders. In France and the 

Netherlands plant and animal breeders respectively, had developed their own, 
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16 

successful ways of visualising and planning crosses. One could hardly say 

Mendelism sparked a revolution in these countries. Further afield, the Mexican case 

is also now being explored, especially in view of the political implications of 

Rockefeller Foundation supported agricultural research and its impact on Mexican 

agriculture.
44

 Surprisingly, the Rockefeller foundation, which is famous for the 

funding it provided to green revolution projects, also supported many non-

Mendelian breeding projects based on selection and identification of locally suitable 

varieties. It would be fair to say that, as with the American, French and Dutch cases, 

success or failure are too simplistic as categories with which to gauge early genetics, 

as a discipline or as a breeding program. 

In the German case Jonathan Harwood has suggested that many agricultural 

colleges and departments provided early support for Mendelism. However for 

Harwood this support had far more to do with the social status of academics and 

their institutes than any successful overhaul of plant breeding. This theme is most 

fully articulated in Technology’s Dilemma.
45

 Here, Harwood discerned in the 

German case a generalised pattern in the development of agricultural science 

towards a prioritization of science (including Mendelism) over the agricultural 

aspects of the discipline. This is described by Harwood as “academic drift” a process 

whereby agricultural science moved away from contact with the world of farming at 

large, including plant breeding, and towards academic disciplines; for example, soil 

chemistry or, indeed, genetics. This move was driven by the desire of agricultural 

scientists to secure greater academic status for agricultural science, thereby 

cementing their agricultural institutes’ places in the university context. Along the 
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way agricultural science lost contact with small farmers and became much more 

closely associated with larger agricultural organisations endowed with the capital to 

take advantage of new scientific agricultural products – often expensive fertilisers or 

hybrid varieties.
46

 In Germany, it would seem, what agriculture got from Mendelians 

and Mendelism was support for the increasing industrialisation of farming.  

Looking to the British case, Harwood, drawing on Palladino’s work, has 

suggested that a similar process occurred at Cambridge: 

 

At Cambridge University’s School of Agriculture RH Biffen was convinced 

that breeding practice could only be improved by applying and further 

developing the Mendelian theory. And in keeping with the dominant view 

among his colleagues at the School he felt that utilitarian considerations need 

play no part in guiding research in agricultural science.
47

 

 

That is to say the agricultural department at the university was rather more 

Mendelian than it was agricultural and the economic impact of the department’s 

work was of no great importance to those who worked there. It would follow from 

this analysis that Mendelism did little for plant breeding but much for the 

disciplinary insecurities of agricultural scientists at the periphery of the University 

context. 

The question of Mendelism’s success as a plant breeding method came to the 

fore for many of the aforementioned scholars at a cross-disciplinary workshop 
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organised by the Department of Plant Breeding at the Swedish University of 

Agricultural Sciences in collaboration with the Swedish Seed Association, held in 

Lund and Svarlöv in 1996.
48

 The origins of the analysis presented in Harwood’s 

Technology’s Dilemma can be found in his presentation at this workshop which 

directly questioned the impact of Mendelism on plant breeding.
49

 Beliefs about the 

efficacy of Mendelism to change plant breeding were, Harwood argued, structured 

by the institutional position of academics rather than any inherent revolutionary 

power of Mendelism. In a direct challenge to this thinking Norwegian historian of 

science, Nils Roll-Hansen, presented a paper in which he argued for a partial 

restoration of the traditional view that Mendelism had a direct impact on plant 

breeding and agriculture.
50

 For Roll-Hansen, theory did impact on practice, albeit in 

a rationalising, systematising way rather than a direct one. Where Kim has suggested 

that Mendelism was better able to account for breeders and physician’s own results, 

Roll-Hanson, in an argument that agrees easily with much of Olby’s thinking, 

suggested that Mendelism, as an experimental system, was more rational and 

systematic, and so better able to produce results. Roll-Hansen based this argument 

on a comparison between agricultural success in Sweden and Britain. In the Swedish 

case Roll-Hansen argued that a rather tight linkage between the application of 

science to the practice of plant breeding and agricultural success can be perceived in 

the work conducted at Svalöf and Swedish agricultural production data from the 

same period. Roll-Hansen identified relatively constant yields and pessimism about 

Mendelism’s impact from Engledow as evidence of what had already been achieved 
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in Britain before the turn of the century. Most of the gains that were achievable by 

rationalising and systematising had already been made in Britain by 1900, so in 

comparison to the Swedish case, there was little for Mendelism to accomplish.
51

 In a 

surprising move, Palladino’s comments on Harwood and Roll-Hansen’s papers at 

the workshop aimed to reconcile the two views.
52

 According to Palladino’s thinking 

both views could be right. From a retrospective vantage point it seems obvious that 

the adoption of Mendelism was accompanied by changes in plant breeding and gains 

in productivity.
53

 But from a contemporary perspective this was not at all obvious to 

breeders. However, this appeal to perspective, one senses, would only have half 

placated Harwood and Roll-Hanson, searching as they were for the objective truth of 

Mendelism’s success or otherwise. 

The foregoing discussion suggests there are no easy resolutions to the 

question of Mendelism’s success either in Britain or abroad. Given the numerous 

recent calls to pay greater attention to the relationship between genetics and 

agriculture, a return to the British case is now due.
54

 One way forward is hinted at in 

Roll-Hansen’s analysis, just what sorts of rationalising and systematising were 

happening in British Mendelism? 
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 For more on Roll-Hansen and his realist approach to Mendelism see the debates between 

him and SSK philosopher of science Barry Barnes summarised by Kyung-Man Kim in Kim 

1991. See also Roll-Hansen 1978. 
52

 Palladino 1997. 
53

 Note the use of the word accompanied, which allows Palladino to remain ambiguous 

about any causal relationship. See also papers from Marga Vicedo 1997 and Barbara 

Kimmelman 1997 who both attended the workshop. 
54

 See especially the introduction to the Journal of the History of Biology focus section 

referenced above, Harwood 2006. 



20 

A New Historiographical Approach 

 

In the following section I suggest a way forward in conceptualising and answering 

questions about the relationship between genetics and agriculture. This approach has 

often been implicit in the extant historiography but has never before been explicitly 

applied.
55

 The historiography as it stands has tended towards a rather atomised 

analysis of competing interests. But what of the connections between individuals 

and institutions? As Barbara Kimmelman has recently suggested: 

 

As we learn more about research and practice at agricultural institutions I 

suspect we will need to embrace a very different conception of institutional 

relationships than the rather hierarchical one that currently prevails. The 

diversity of kinds of scientific institutions during this period is striking, as is 

the complexity of their relations. ... [E]ach had their own distinctive 

constituencies and social goals. But the close contacts maintained among 

researchers as they moved from place to place held the diverse elements 

together.
56

 

 

Thomas P. Hughes originally developed the “system metaphor” as a means of 

analysing large interconnected technological structures, comprising numerous 

elements: states, institutions, education and theory as well as artefacts and the 

complex relations between them.
57

 The focus of Hughes’s key works in this area has 
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been on the development and growth of systems, and how technological change 

occurred in society over the last two centuries. The analysis given here is drawn 

from Hughes’s most significant book on systems, Networks of Power, a chapter, 

contained in the edited volume, the Social Construction of Technological Systems, 

and to a lesser extent his most recent book Human-Built World.
58

 

Hughes employed systems thinking as a way to describe various 

technological structures which solved problems or fulfilled goals. The archetypal 

systems for Hughes were the emergent electrification systems of the late nineteenth 

and early twentieth century.
59

 As Hughes describes it, an electric system can contain 

not only the hardware of power-stations, cables and transformers but also financiers, 

government institutes, consumers, and any other groups that interact with the system. 

Viewing electrification as a process of systematisation in this way helps Hughes to 

analyse the “messy complexity” of technological change.
60

 For Hughes, 

technological changes were directed by system builders, people who were problem 

solvers, who invented technologies, and who worked across disciplinary and 

institutional boundaries with diverse organisations. On this view, Thomas Edison 

was the archetypal system builder; a problem solver who invented technologies, 

organised finance and political support, and established various companies in 

creating the means for his technologies to be used in the world. System builders 

such as Edison and their contemporaries brought together disparate resources to 

build and then maintain a system. In doing so, they overcame what Hughes calls 

“reverse salients”, components of the system which become problematic because 
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they lag behind the advance of the rest of the system.
61

 When this happens, wayward 

components need to be brought back into line.
62

 Systems have a number of features 

including inputs, outputs, and components. Some have subsystems and some are 

subsystems. They acquire momentum and they can decay and languish. Hughes 

admits his work is less elegant than systems theories deployed in engineering, 

science or social science, but he claims it is more useful to the historian of 

technology because it helps to capture the diversity of resources drawn upon by 

system builders as their technologies interact with the world. This way of analysing 

technological change is a loosely social constructivist account. Systems are “socially 

shaped and society shaping”.
63

 

The central question addressed in this thesis is how can we best assess the 

emergence of Mendelism? Conceptualising Mendelism as part of a system for 

solving problems in heredity – for fulfilling the goal of a better world through either 

knowledge or modified organisms and recruiting funding and support for those ends 

– gives powerful insights into the discipline’s development. Bateson, Biffen, Wood 

and several other key Mendelians were truly system builders, in the Hughesian sense. 

One of their goals was, after all, to produce new agricultural and horticultural 

organisms and the means to distribute them. On this view Mendelians brought 

together Mendelism and agriculture as parts of a system, a collection of components 

which interacted towards a common goal. The speed with which those interactions 

were organised, and the diversity of participants involved in them, undoubtedly 
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helped to stabilise Mendelism’s place in the world. To put it another way, 

Mendelian thinking became institutionally stable at the same time as the Mendelian 

system became very widely dispersed. The system became widespread as the system 

builders secured funding and support from a broad spectrum of organisations. The 

relationships between Mendelism, plant breeding and agriculture that arose in the 

period reflect the aims of the system in which they were located. If we want to ask 

what impact these areas had on each other, Mendelism’s impact on agriculture was 

successful to the extent that it realised the plans of Mendelian system builders to 

change agriculture. Conversely, agriculture impacted on Mendelism in many ways, 

but the key moments were those occasions when agricultural realities hampered 

Mendelian system builders’ plans.  

Thinking about a Mendelian system also helps in identifying and analysing 

features of Mendelian thinking, of which there were many different types.
64

 For 

example, reading Mendelism as a system helps to explain the predominance of 

reductionism and determinism in Mendelian thinking. In the decades after the turn 

of the century possibly millions of people came into contact with an apparently 

simple theory very quickly. Two of the key features of the theory for early 

Mendelians were the theory’s apparent simplicity and its power to allow the 

construction of new organisms. These were ideas that funders in government and 

supporters in other organisations could easily grasp. Simplicity promised easy 

application; if only the correct unit factors could be discovered, organisms with 

desirable combinations of characters could be bred. By the time it was realised that 

the theory was in fact much more complicated and its application less 

straightforward than had at first been thought, support and funding had already been 
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promised. The organisations responsible for both were already more or less 

committed to the system and, crucially, the “unit-factors-direct-organismal-

characters” description of the theory had by this time become stabilised, largely 

because it had been promoted to so many groups. Thanks to the wide angle view 

provided by a systems analysis we can begin to see how that description came to 

promote the notions of genetic determinism identified by Richard Lewontin and 

Evelyn Fox Keller in their critiques of gene fetishization later in the century.
65

 

Thinking about a Mendelian system undoubtedly has its challenges, limits 

and flaws. Defining the correct level of analysis at a global, national, regional or 

local scale is an immediate challenge, as is defining the boundaries of a system, both 

structurally and temporally. As a metaphor it is in places anachronistic – not all 

early Mendelians saw themselves as involved in system-building – and in others 

inaccurate – thinking in this way tends to exaggerate the coherence of change. 

Finally, the terms of my question coupled with this type of analysis tend to 

overemphasise the stability and prominence Mendelism actually attained in a world 

which has never been wholly Mendelian. Hughes’s analysis is perhaps at its best 

when describing emergent systems, it is for this reason that I concentrate on the 

emergence of a Mendelian system, where scope is fairly well defined by the 

influence of system building Mendelians.  

The systems approach has at least one major advantage over more straight 

forward social construction of technology approaches, its potential for political 

sensitivity.
66

 A systems analysis allows us to recognise the importance of political 

relationships in a way that is often missing from analyses which emphasise the 
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social. To put it another way, not all elements in the social milieu have the same 

power to sculpt and change new technologies. System builders, for example, have a 

very different kind of influence on a system compared with consumers. Very often, 

such differences emerge because of differential access to political elites. There are, 

however, two distinct changes I would like to make to the analysis provided by 

Hughes. The first speaks to the point above. While it is true that we need to 

recognise unevenness in the distribution of power within a system, I would also like 

to avoid making the mistake of downgrading the status of consumers to an entirely 

passive role. While consumers might have had a diminished level of power in 

comparison to system builders, their effects on the system were certainly tangible. In 

this case, recognising the diversity of consumers helps to make this point, breeders, 

farmers, millers and brewers all acted as heterogeneous groups of consumers of new 

Mendelian products but there are obvious differences in the levels of pressure these 

groups could bring to bear. Furthermore their positions changed over time, for 

example farmers were in a very weak position at the turn of the century, but thanks 

to various factors, they were in a much stronger one by the end of the Great War. 

This is the first modification I want to make to a strictly Hughesian analysis; a 

greater appreciation of the role of consumers, framed within an understanding of the 

power differentials present within and between different groups of consumers, and 

between consumers and other components of the system.
67

 The second modification 

I would like to make is to provide a more sensitive analysis of intellectual property 

and its place within the system. 

In the years since Hughes published Networks of Power a much more fine 

grained analysis of intellectual property has become available. In terms of Hughes’s 

own subject matter, electro-technical innovation, patents in this area have been 
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shown to be far more contested and less straightforward instruments than Hughes 

represents them to be.
68

 In general terms the analysis of intellectual property has 

now moved beyond the field of what was patented to include the un-patentable and 

the non-patented. Plant material has traditionally been thought of as belonging to an 

un-patentable category of innovations, with the notable exception of asexually 

reproducing plants in America after the 1930 Plant Patent Act became law. However, 

if the anachronism can be excused, it seems that many British plant breeders sought 

to exploit their intellectual property in plants, they were, as Daniel J. Kevles has put 

it, “alive to the concept”.
69

 One of the key features of such activity was its operation 

in a sphere I call the moral economy of plant breeding, adapting the phrase from 

social historian E. P. Thompson’s moral economy of the English crowd.
70

 In their 

turn, Mendelian system builders and their supporters learned how to operate 

skilfully in the moral economy of plant breeding, adapting existing tropes to argue 

for the morality of their work. Biffen was praised as an “angel”, no less, by one 

farmer, for giving over his intellectual property in the form of freely available wheat 

varieties. These sorts of public glorifications no doubt helped Biffen in his system 

building activity.
71

 Intellectual property, construed in a much broader sense than 

Hughes would, perhaps, recognise, was an important part of Mendelian plans.
72

 

Given these two modifications to Hughes systems analysis, the following 

chapters show that when used sensitively this perspective has great benefits. Initially, 
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it reveals the huge amount of work involved in system building, which helps us 

undermine the notion that Mendelism was passively accepted in virtue of its truth. 

The move to systems also helps in revealing the interrelations and connections 

between individuals and institutions, largely treated until now in competitive 

isolation. In a system there is also a place for theory and a specific understanding of 

the connections between theory and practice, these now being viewed as relational 

terms to be defined within a system of connections. As Hughes would argue, system 

builders see no fundamental division between practice and theory. Biffen sometimes 

talked about the economic and research sides of his work but in the end it all added 

up to a somewhat larger plan. This can perhaps be best seen in coherent responses to 

problems, especially those presented by variability, mounted by early Mendelians. 

Finally this approach allows us to make an analysis of Mendelian success in the field 

by providing a better yardstick of what success entailed. Using systems thinking it 

becomes possible to measure Mendelian success against the early Mendelian system 

builders’ plans. 

 

The Thesis Plan 

 

The structure of this thesis is intended to reflect the system it describes. To 

accomplish this, each chapter adopts a slightly different approach. When the focus is 

on institutes, institutional history is used. As the thesis turns from institutions to 

ideas, history of ideas has been adopted to the systems analysis. Recent 

developments in innovations studies back up the analysis of production in chapter 3, 

history of economics and technology the analysis of the use of Mendelian varieties 

in chapter 4 and global history the analysis of British Mendelism in an international 

context in chapter 5. This sort of intellectual nomadism is unusual but entirely 
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appropriate in this thesis. The Mendelian system it seeks to capture was a many 

faceted enterprise. 

In the first chapter the considerable efforts of a small band of Mendelians to 

bring together resources in establishing new institutions and running them, are 

brought into focus. This work required large amounts of land and funding. 

Accordingly, the somewhat cottage-industry nature of early Mendelism was 

replaced by a moderately funded system of research institutes operating in 

coordination.
73

 Furthermore, by the second decade of the twentieth century several 

early Mendelians had moved into positions in the government’s Department of 

Agriculture, from which they aided their former colleagues at Cambridge. This 

chapter responds most directly to the histories of Olby and Palladino, discussed 

above, recasting their protagonists not as local interest groups or an elite 

technocracy but as system builders, involved from the outset with the creation of an 

institutional network aimed at aiding agriculture. 

In the second chapter the focus moves on to an analysis of the central tenets 

of Mendelian theory, demonstrating how they developed and changed in view of 

their agricultural context. Mendelian theory can be thought of as encompassing two 

dispositions, one to reduction and another to construction.
74

 The Mendelian laws 

defined by early Mendelians reflected these dispositions. As a result they were 

challenged and changed by feedback from empirical anomalies, in particular the 

rogues (out-of-type plants) so obviously reviled by Hurst in the epigraph to this 

introduction. Rogues, as we will see, became a central problem for Mendelian 

theory; following their story gives a fascinating insight into the lesser studied 

question of how agriculture impacted on genetics. 
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The analysis then turns from the theoretical development of Mendelism to 

focus squarely on Mendelian efforts to produce new varieties of agricultural plants. 

In particular, the wheat breeding program of Rowland Biffen which ran from 1903 

until roughly 1926 comes under scrutiny. Over the course of his career Biffen 

released several new varieties, aimed at different ends. The chapter opens with a 

discussion of the moral economy of plant breeding that emerged in the nineteenth 

century. Debates in the 1880s around two varieties of pea are used to illustrate the 

ways in which breeders came to associate value with their new varieties. The chapter 

then turns to the new Mendelian breeding, the creation of new Mendelian wheat 

varieties and their release to the farming community through distribution channels 

established and maintained by Biffen and his peers. Finally we will see that the out-

of-type plants discussed in the second chapter were not just a theoretical problem for 

Mendelism, they were also a problem for Biffen’s productive efforts; one that was 

deeply bounded to Biffen’s intellectual property claims over his varieties. This 

chapter reveals that despite a lack of patents in plants, Mendelian breeders (as much 

as their forebears) were concerned to protect the value of their new varieties. 

The varieties Rowland Biffen created were intended to solve certain 

problems. Each was aligned to a strategy, or set of strategies, that were intended to 

change the way farming worked. The fourth chapter focuses on the extent to which 

the strategies envisaged by Biffen were or were not incorporated into farming 

practice. At least two of Biffen’s varieties were incredibly successful but new 

evidence from the farming literature reveals this success came when they were used 

in ways which were not directly or principally intended. Recovering the ways in 

which varieties were used demonstrates that the path from test plot to successful 

variety was not entirely under the system builder’s control. The active role farmers 

played in deciding how to deploy new varieties points to a far more intricate 
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relationship between the test plot and the farm than has previously been 

recognised.
75

  

The fifth and final chapter has the widest scope in the thesis. Britain, in the 

period, was an entity which extended far beyond the shores of the British Isles. 

Connections with research institutes across the globe were an important feature of 

the stabilisation of Mendelian theory. The wider world also provided the raw 

materials for Mendelian breeding, varieties taken from places as diverse as Canada 

and Thailand formed the basic building blocks from which Mendelians “made” their 

varieties. Furthermore, Mendelians argued that the rest of the world would benefit 

from Mendelism and its products as these were deployed to help colonial agriculture. 

The international context could, however, also create threats; New World wheat 

imported into Britain undermined the domestic market. The ambiguity of the 

world’s position as threat, resource or beneficiary of the British Mendelian system is 

explored through close attention to both the international aspects of Mendelian work 

in Britain and the Mendelian aspects of work in the colonies, or what Biffen began 

to call the, “agricultural Empire”.
76

 This was an empire which began in Britain with 

a series of new institutions founded shortly after Bateson began introducing British 

audiences to the new theory of Mendelism.
77
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