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* PREFACE

These {wo eszays, the first on the transfer of railway building and manrgement
techniques to the Andes, and the "second on the movement of agrieultural,
industrinl, and seientific expertise to Urupuny, originated in the course of our
independent resenrch programmmes and were prepared in response to a eall for
papers on the history of technology for the bienninl conference of the Third World
Econamic History and Development Group at Leicester in September 1984, Both
were presented at that conference, and have benefitted substantially from the
comments and erilicisms of experts in other areas of the Third World in the
discussion there. They will appenr in the volume of conference proceedings edited
by Clive Dewey, The state and the market: studies in the economic and social
history of the Third World (Torthecoming, Ttiverdale Publishing Tne.). Our aim in
circulating them as a working paper now is to disseminate the research more
rapidly, in pacticular to our colleagues working in the field of Latin American

economic history.

Although the essays deal with different countries in the region, and with distinet
areas of technicnl expertise, a number of issues arise from the two. Apsart from
Frank Safford's justly inftuential work on Colombia, relatively little has been
written on the acquisition of technical and managerinl skills by Latin American
countries in the nineteenth and early twentieth centuries. Both the theoreticnl
literature on contemporary technological transfers to Latin America, and the
historical literature on the relationship between Britain, FEurope, and the United
States in the era of industrialization, have little to say abhout the historieal
experience of the Third World., The latter group of writings does, however, make
the significant -point that imports of technology were useless without a
corresponding llow of 'know-how' in the shape of people to install, maintain, and
manage it; even so assimilation by the receiving cointry was neither an easy nor an
inevitable consequence. The importance of selecting appropriate 'experts' and
technology is ® point mnde in both our essays. Moreover, both groups of liternture
“tend to emphasise manufacturing processes. We would not wish to understate the
importence of that sector in the major Latin American countries even before 1930,
btit, in the period of desarrollo hacia aluera between the mid-nineteenth century
and the Depression, public and private institutions in Latin America recruited a
large number of experts in a wide variety of activities, and probably only n
minority was involved in manufacturing. The two papers here provide case studies
of other sectors central to the export economy - transport, agriculture, and applied
science, They raise n number of questions about the part played by governments in
Latin Ameriea in stimulating change, the approprinteness of the techniques
exported from FEurope and North Amerjea to a very different social and physical
environment, the degree of diffusion which occurred, and the steps taken to train
and employ locat technical and managerinl elites. It is too early, given the general
Inclk of ense atudins, to reach firm econclusions on such igsues, but we hope that the
datn and the argnments presented here will help to promote debate amongst
historians of Latin America on such questions.

RORY MILLER
HENRY FINCH
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TRANSFERRING TECHRIQUES : RAILWAY BUILDING AND MANAGEMENT ON
THE WEST COAST OF SOUTH AMERICA. *

Rory Miller

'"Railroad enthusinsts,' Daniel Headrick writes of the 1840s, 'dreamed of covering
the whole world with their iron rails and puffing, clattering trains.'l Latin
American elites and goverminents responded. At the end of the decade railway
construetion began in South America, Peru and Chile disputing the claim to have
possessed the [irst operatling line in 1851. By the close of the 1850s Brazil and
Argentina had also acquired short stretches of track, and from then until the
coming of road transport in the 1920s a continuous, but eyelical, process of building
took place.2 For the world outside Europe and North America railways were one of
the most important items of technology transferred in the nineteenth cen'tury, even
in countries like Colombia where the systems were small.3 Along with the
steamship they helped to put primary-producing regions into contact with European
markets, as well as providing a necessary stimulus to the internal political and
commercial integration of the country concerned. TFor many Latin Americans in
the late nineteenth century the steam locomotive symbolized modernization.4 '

Economie historinns writing on Latin American railways have considered a number
of different questions. The region has inevitably attracted a Fogelian attempt to
measure the social savings of railways, in the form of John Coatsworth's study of
Mexico, while more traditional approaches have included studies of the decisions to
build railways, the financing of lines in Chile, Argentinn, and Brazil, and
discussions of the relationship between foreign companies and host governments.
Research has also tended to concentrate on individual countries rather than on
comparative work, although Colin Lewis's recent article on financing railways is an
important exception,0 However, this literature, with its emphasis on the reasons
for and consequences of railway comstruction, and the complexities of elite-
government-company relations, overlooks some crucinl issues, one of which is the
question, how? Not how were the railways [linanced, or how were concessions
negotiated, but rather how were they built and managed? Who did it? Where did
they obtain their knowledge [rom, and how quickly was it absorbed by Latin
Americans? Despite its limitations, in terms of its emphasis on manufacturing
industry and on the North Atlantic, recent work on technological transfer has

consistently emphasized the importance of the means, especially the human means,
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by which advanced technigues migrated, and gone on to consider the associated
problems and the implications for the receiving countries.”7 Yet very few
historians of Latin America, whether of railways or imperialism, have considerod
these issues in any depth, a recent exception, in the case of Argentina, being
Gudmund Stang, who draws our attention to the stream of 'enginecers, technicinns,
book-keepers, clerks, and skilled (and in some cases unskilled} labour' which
accompanied flows of capital and tc?‘ynology from Europe.8

It would be too much, in the space available, to consider these questions for Latin
America as a whole, and the focus of this paper is confined to the countries of the
central and southern Andes, Peru, Bolivia, and Chile, and thus, in part at least, it is
concerned with the specialized problem of transferring the technology of building
and operating mountain railways.9 Nevertheless the early railways here, along the

coast and into the Andean foothills, did not present severe or insoluble technical
problems. In some parts of the Andes construction could be relatively simple and
cheap. Few difficulties arose in building two of the high, transandean lines to the
altiplano of Bolivia and Southern Peru, the Ferrocarril del Sur, running inland from
Mollendo, where the main obstacles came in the first twenty miles, and the
Ferrocarril Antofagasta {Chili) y Boli*in, which eventually ran up to La Paz.10 The
principal headaches came where railways had to gain height within a short distance
and in the confines of a narrow valley: those between the ports of Tarapach and
Atacama and the nitrate pampna, the Ferrocarril Central del Perfl, constructed
between 1870 and 1893 up the Rimac valley from Lima, the Transandine Railway
between Argentina and Chile, (irst planned in 1877 and not completed until 1910,
and the Ferrocarril Arica-La Paz, whieh the Chilean govermment built under the

terms of its peace treaty with Bolivia and finished in 1913,11

Techniques of building such mountain railways developed in the second half of the
nineteenth century, as engineers gained expericnce from Europe (especially from
the Alps), India, where the [irst line through the Ghats, finished in "1863, used
zigzags or reversing stntions, and the North Ameriean Rockies. 1?2 Ry the time
William Wheelwright began work in Chile, the early problems of designing
locomotives powerful enough to pull a reasonable payload up a steep gradient, and,
more importantly, of stopping it running away on the descent, were disnppearing,
although discussions in the Institulion of Civil Fngineers suggoest that there wns
still considerable doubt about the maximum grades and minimum curves saitnble
for an adhesion railway. Some new railways still continued to use the older method

of a stationary engine, inclined plane, and eahle suech ns the Ticaron Hie jn 1000
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but for the most part technology had advanced beyond such a primitive stage.!3
Nevertheless, when-work on the Central Railway commenced in Peru in 1870,
assisted methods of gnining_ height like rack or Fell systems were still in their
infancy, and generally considered too intricate for export to non-industrial
countries.  This left an adhesion railway using reversing stations as the only
technological option for the engineers there.!4 By the time they came to trace the
Transandine and Arica-lL.a Paz &l,ines, however, Abt rack systems had made it
possible to construct m shorter, it steeper, railway tn the mountains than the curves
and grades of even a metre-gauge adhesion railway would allow, and in both eases

the engineers and gover nments concerned took advantage of them.

Surveying and planning the railways

The first British railway boom of 1835, F.M.L. Thompson states, found the country
without the necessary supply of engineers and surveyors to plan and build the
railways, and companies had to rely on a motley collection of retired army
officers, mining engineers, and architeets.!S  Not surprisingly Latin American
countries faced the same problems., Mining engincers, with their experience of
tunnelling and tramways, had, of course, led railwny development in England, and
both Richard Trevithick and Robert Stephenson had suggested the construction of
rnilways; in South America. However, the difficultics and primitive nature of
mining immedintely after independence meant that there existed little loceal
engineering talent that eould be transferred to railways. The economic and
political disruption of the deendes sinee the 18205 had halted the public works
programmes of the Bourbons, so that by mid-century politicians in many South
American eountries could be heard bemoaning the lack of skilled personnel to carry
cut their plans. Alejandro Andonaecgni, addressing the University of Chile in 1867,
remarked that not one student had gradinted in rivil enginecering there since 1853,
partly because of the Inck of employment opportunities, s point which Frank
Safford has also stressed for Colombin. 16 1t iz doubtful (hat the prospects were

any better in Pern and Bolivin, where the recovery of the mining industry after

independence was slow,

Two sanrees provided the expertise to fraee the first Latin American railways. A
few Ioeal engineers who had reccived foreign training took part in the early

projects. Mamel Mariano Echegarny, one of the two men who had explared the
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Mollendo-Arequipa route, was a cuzqueilo edueated in France, and Jorge Lyon, an
English-trained Chilean, participated in the early phases of the Santiago-Valparafso
Railway.l7 More usually, however, the original surveyors came (rom Britain,
Furope, or the United States, contracted efther by private concessionaires or by
Latin Ameriean governments because of the shortage of local expertise. The
Chilean govermnent hired a French rajlway expert in 1845, while in 1852 the
Peruvians brought in Ernesto Malinowskl, who had attended the Ecole des Ponts et
des Chaussées in Paris and beeame the first of a stream of Polish engineers to work
for the Peruvian government.18 In the next decade, after working on a project for
the short Pisco-lca Railwny, Malinowski traced the original route for the
Ferrocarril Central up the Rimac valley, and the Peruvian government also used its
own engincers for the initial surveys of the Ferrocarril del Sur, where Echegaray
partnered Federico Blume, a native of the Virgin Islands who, after training in
Hanover, had worked in the United States and Chile before arriving in Lima in
1855.19 Americans and Britons also came to both countries. Wheelwright had four
North American epgineers on the Caldern-Copiapd Railway, one of whom, Allan
Campbell, went on to make the initial trace for the Santiﬂgo-\’alparn{so Railway in
1850-1851. Campbell resigned two years later, when some serious errors in his
planning became obvious, and William Lloyd, a protege of George Stephenson,
arrived- to replace him, remaining until 1865.20 Both the Chilean and Peruvian
governments took a large part in the planning of the railways, either by
commissioning their own employees to make surveys, or by loaning them to private
entrepreneurs. Once the railway boom got under way in Peru in 1869-1B70 the
government there continued to finance survoys of new lines, but, with its own
engineers fully employed elsewhere, used the expertise of an American member of
the Meiggs organization, John Thorndike, who had had railway experience in the
United States, Canada, and Chile. In both countries it became customary to make
a number of surveys hefore granting final approval for a route - Oppenheimer lists
six choices for the final section of. the Santingo-Valparalso line and three for the
Santingo-Talen line - all of which caused delays and placed strains on the limited

pool of immigrant talent available.21
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A number of devetopments after the first generation of railway plamping meant
that the renewed growth which occurred after the turn of the century could draw
on & greater amount of experlise. The Peruvian administration of Manuel Pardo
sent one of its Poles, Eduardo Ilabich, to Furope to recruit personnel for a new
Escuela de Ingenieros, which opened in 1876 under his direction. [is staff ineluded
two more Poles, Francisco Wakulski and Mariano Folkierski, who did a considerable
amount of railway work for the gmgrmnent after the Pacific War, administering
some state-owned railways, nand then taking part in official investigatory
commissions before and after the Grace Contract of 1890.22 Both the Peruvian
and Chilean governments began to organize state institutions to regulate and
develop the railways, the former creating a Direccidn de Obras Plblicas, which
published Anales cotlecting statistics and contracts from the 1870s, and the latter,
which by this time owned and operated much of Chile's network, founding a
similarly-named organization in 1888 to undertake the study and construction of
railways.23  Such bodies must have helped make civil engineering careers more
attractive to local students, with the result that Iater railway promoters, whether
private or publie, could draw on a wider range of talent than in the third quartier of
the nincteenth century. They might continue to contract foreign or immigrant
experls for particular tasks. Anoth“r Pole, Mariano Tarnawiecki, surveyed and
costed the Morocochr branch for the Peruvian Corporation in 1906, and Josiah
Harding, who had been involved with Chile for over thirty years, traced the Arica-
La Paz route for that government in 1303, where a state engineer, Benjamin
Vivanco, later revised his survey nand temporarily became responsible for
construction.24  The stalf of the existing railwnys, whether publicly or privately
owned, also undertook surveys for extensions, as in the final section of the Chilean
Ferrocarril del Sur or the Los Andes branch of the Ferrocarril Sanliago-
Valpnrni’so.zS The fart that the Peruvian Corporation conld accept, in its

contracts to build the Huancayo and Cuzeo externsions for the government in 19405,

nationats, indicates the depth of local resources which were by then available.26 In
eontrast Bolivia, where one private line, completed in 1892, ran from the Chilean
frontier to Oruro, was then only just entering its [irst real phase of raitway
construction, and, like Chile and Peru n genecration hefore, depended entirely on
foreign expertise, The Peruvian Corporation surveyed the Vinchn-Oruro line in
1304, and an Ameriean, W. §ee Sisson, underfoak a full survey of the principal

railway schemes the following year.?7
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The [irst engineers seleeted the route [or the railway, which involved choosing
among the dif ferent teclmiqueslnvnilahle, and prepared estimates of the cost and
time of construction, Sometimes, like Sisson in his Bolivian study, they might also
have to make forecasts of the potential traffic.28 The current state of technology
and the eapital avallable for construction alinost aiways forced a prior decision on
‘the choice of gauge, and all these faclors placed constraints on the surveyor's
freedom of manouevre.29  Cash limitations thus gave the designers of the S#o
Paulo railway in Brazil in the 1850s no alternative but to use an inclined plane and
a 10 per cent grade, despite the inconvenience this woutd cause to operation.30 Not
all Andean railways were difficult, The employment of specialists like William
Lloyd, A. Pagenstecher, and William Buchanan could overcomne the few technical
problems of the early Chilean railways, and the altigla-no lines were reasonsbly
straightforward. The rleal headaches came with the Ferrocarril Central del Perd,
hecause of its long, continuous ascent within a narrow valley, the climbs on the
Ferrocartil Arica-La Paz and the Transandine, the latter compounded by the
dangers of snow and ice, and the descents from the altiplano into the city of La

Paz, where a steep and unstable slope impeded construetion,3!

When Malingwski planned the Peruvian Central Railway in the 1860s he had no
alternative to the use of zigzags or reversing stations to gain helght. The idea had
been employed as a temporary measure in the United States, and as a permanent
feature in Indin, and was well-known among engineers.32 The Arica-La Paz and
Transandine routes, which were planned later, both had long histories of problems
in construction and finanee, which deterred bolh local and foreign private capital,
thus placing the responsibility on government. It was imperative to reduce the
initial costs of the lines, and for that reason they employed recently developed
rnck systems.33 Commenting on a paper presented by the contractor who actually
completed the Transandine the original premoter, Mateo Clark, claimed that the
Arpentine and Chilean goverpnments fixed such n low budget for the line 'that it was
impossible to think of building a long tunnel, and the engineers consequently had to
seck for the shortest possible route’. Clark went on to assert that before epting for
the rack he had made studies of similar systems in the Iarz mountains, and also
rejected the Peruvian zigzag solution becnuse of the proPMems of snow. The
suceessful contractor added that he would have estimated the cost of a broad
(Argentine) gauge route at three times the actual price, and that budgetary

constraints had also compelled him to use an extremely light rail, 34
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At times, when reading such discussions among civil engineers, one has the feeling
that they might be divided into two groups, the elegant and the practical. In the
words of one critic of the technical elite's lack of 'self-correcting or self-limiting
tendenciess "Technieal problems are ... inherently interesting, frequently
compelling, regardless of the intended social use or value of the problem's solution.
The elegant solution of a problem is an engineer's dream just as it is the
mathematician's'.3%  Whether (rom inexpericnce, or because mountain railways
offered considerable scope for tho:;g seeking the elegant, many of the original
surveyors found it much enasier to plan [easible routes than to consider properly the
time and expense of construction or the costs of operation. The exceptions were
the Antolagasta Railway, built quickly, cheaply, and efficiently, and the Southern
Railway in Peru, whose f{inancinl difficulties stemmed from the Peruvian
government’s embarrassment at the end of the puano age and the simultaneous
draining of funds to the Central Railway.38 I the case of the Central, Malinowski
had originally estimated the cost at 5/.27.6 million (approximately £5.5 million) for
the complete line to Jauja, but it cost €4.1 million to construct just the 141
kilometres to Chicla.37 Both the Sﬂntiago—\falpnm{qn and Southern railways in
Chile ran over time, the former taking eleven years to construct and the !atter.'
twenty, rather than the estimates of five and five to seven respeetively. The
former cost twelve million pesos and the latter between ten and eleven million
ihstend of the estimates of just over seven million and three to [ive million
res:per:tivc:l}.r.:]8 Errors did not diminish with time. The Peruvian Corporation
nequired a bad reputation [or cost overruns on the Bajadn extension into La Paz
that it constructed for the Balivinn government. Some of the worst results of all,
however, stemmed from Sisson's Bolivinn prejects, The cost of cvery line
exceeded his original estimate, but in the case of the Oruro-Cochabamba line the
-acttml expenditure eame out nt over sevenleen million bolivinnos apainst an

estimate of five and a half million,3?

Foreign surveyors might prove even worse at assessing the potentinl freight traffie,
partly becanse they had neither the training nor the statistins to do sn, partly
becnuse of their very foreighness, and partly ont of self-interest in justifying their
projects. Sisson ngr#n provides a good example, Tor his estimate of n gross annual
return from freight of over two million poinds from the lines he planied was
simply unrealistic. Even in 1926 the pross revenue of the Bolivin Railway Company
lines seareely reached £150,000.40  The survey which James Livesey and Son, the

London consulting enginecrs, carried out for the Peruvinn bondholders in the Iate
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18805° proved similarly optimistie, for the annual net revenues of £300,800
predicted for the Cenlral Railway and €185,000 for the Southern Railway were
achicved only in 1917-1918 (after the unforeseen expansion of copper mining) and

1925-1926 respectivaly.4!

The terms under which the original planning oceurred often created later
difficulties. In the ecase of Peru, for example, the North-Western Railway became
'‘famous for its unnecessary windings over the low ecoastal hills, this condition
resulting from the fact that the contractors worked on a kilometer basis and were
not interested in the question of efficiency and operating costs”. On the other hand
‘the loeation of the Trujillo Railway had been determined in order to save on
construetion costs but without thought to the traffic potential of its hinterland.42
For the mountain railways, especially, too great a saving on the costs of
construction might make the railway uneconomie, as discussions in the Institution
of Civil Engincers demonstrated. In 1900 Robert Stirling, the engineer of the
Tocopilla Nitrate Railway, commented that the very tight, continuous curves his
predecessors had built caused heavy consumption of conl and water and excessive.
wear on rails and tyre-flanges.43 Men who worked on the Central Railway Jike
Oliver Bury, the Peruvian Corporation's managing director, and F.W. Bach, one of
its engineers, extolled the operaling advantages of adhesion railways; in the words
of Bach, "1t wns often possible to pay dividends on a larger eapital outlay, where
cheaper working restulted, than on lines which, although of lower first cost, were
saddled eternally with high working charges.” FEven the inventor of most rack
systems used in the Andes, Dr Abt himsell, warned of the despemiion which

ingentous engineers could induce in those who had to operate the railways they had

designed. 14

Conlracting and construction

Very early in the history of railway construction in Britain a clear distinction
developed between engineers like the Stephensons and LK, Brunel and contractors
like Thomas Brassey. Contractors needed different qualities: in the words of Asa
Nriggs, financinl acumen, knowledge of building, an ability to handle a
hetarogeneous labowr foree, some political capacity, and most of all experience. 'A
contractor could fail,! Nriggs remarks, 'becnuse he was delicient at the vital
moment in only one of these skills. He could succeed only if he displayed them

all."1S  Men like Brassey gnined their expnrienée in Dritain but quickly broadened
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their contracting business to cover first continentnl Europe, then North Americn
and India. Gradually théy developed sophistieated techniques of bidding, sub-
contracting, and mmmgement: In South America Brassey built the Central
Argentine Railway and the Callao docks in Pern.46 Contracting, however, proved
to be extremely vulnerable to financial crises. Peto and Betts, who built the first
streteh of the Buenos Aires Great Southern Railway, went bankrupt in the crash of
1866, and Brassey almost eollapsed. ~L'0r the most part, therefore, contractors did

not found family businesses, nnd they have left few records behind them.47

The qualities Briggs lists would suggest that loeal entreprencurs might find
considerably greater opportumities in railway contracting than they had in
engineering the lines, They might nequire the knowledge necessary to build and
grade the roadhed through expetience of sub-contracting., They should rlso have
been able to handle a local Inabour foree adequately, probably had greater expertise
in loeal politics than a foreign contractor, and suffered only from their lesser
access to cheap credit. Nevertheless, the two best-known contractors on the west
coast - William Wheelwright, who built the Caldern-Copinpd Railway and began the
Santiago line, before moving on to Argenting, and Henry Meiggs, who made his
reputation in Chile before working i1 Pery - were both North American, Their
fame however, should not ohscure the loeal eontribntion to railway construction.
In Peru the Montero brothers built the nitrate railways inland from Iquique and
Pisagua, and bid, against Meiggs, lTor the econtract for the Ferrocarril Central, but
their enterprises collapsed in 1875 and almost nothing is known about either their
origins or ventures. 48 Simultnneousty, the Clark brothers, who, despite their
name, ware Chilean natinnals, suceessfully constructad the Transandine telegraph
in the early 18705, and then moved into railway promotion and construction in their
own couniry and in Argentina. Like the Montleros they combined the two
activities, also to their cost, for they thus enconntered the finaneial problems
which forced them to transfer their enterprises to their ereditors in the early
18905.49 A nwmber of local contractors also undertook smaller projects. In Pery
Pedro Candamo compleled the Lima-Callao Mailway in 1850-1851, and Modesto
Basadre the Lima-Anchn line in 18671870, While Meigps was building the mnjor
Peruvinn railways in the early 18705, Padro T, Larrainga conslrteted the Trujillo
Railway, Federico T. Rlume the Pafta-Pinra Raitway, and Canevaro and Basadre
the Pisco-Iea Railway.??  In Argenting from the 1R80s a number of minor lines
were nalso built either by loeal eontractors or by direet  administration by

. - . . . 3 " /
govermment engineers,?l The Chilean experienes is nol 5o elear, Cesarne Valdes,
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obtained a Inrge portion of the contract for the ‘Quillota-Santingo section in 1859,
but the railway management rescinded this two years later and transferred the
contract to Meiggs. This experience may have detetred Chilean officials from
employing their own nationals, for most later contrécts seem to have gone to
forecigners, nt least one of whom was, however, n permanent resident in Chile, until
Pedro Jost Vivanco obtained the contract for the Palmilla branch of the Southern
Raifway in 18700, For a time, as already statesd, a Chilean engineer also took
charge of the construction of the Arica-La Paz line between 1907 and 1909, before
the government awarded the contract to the British firm of Sir John Jackson.52
What is certain, though, is that no contractor, not even Meiggs, founded a lasting

fortune from the profits of railway construction on the west coast.

Whom did the contractors employ? On the large projects, almost inevitably from
the early stages, the shortage of local expertise compelled them to use foreign
technical staff. Oppenheimer notes that Meiggs had seven engineers in Chile in
1862, five of whom were North American, the others being German and Chilean.%3
Much the same seems to have oceurred when Meigps moved to Peru g few years
Iater. According to Watt Stewart, many offlicials were foreign, but two of the
seven section heads on the Ferrocarril Central were clearly either Peruvian or
Chilean, indicating at least a minor role for local men. The Meiggs team also
included some who had gathered a substanlial amount of experience in the
construction of railways in Latin America. Joseph. HHill, who superintended the
building of the Fercocarril del Sur, had alse worked in Chile on the Santiago line,
John Thorndike, who carried out the survey for the line beyond Arequipa for the
Peruvian govermnent, had worked on railways in the United States and Canada
hefore joining Meiggs in Chile, and later completed the Southern Railway as far ns
Sicuani for the Peruvian Corporation.?d Railway building set up such a demand for
technicnl stalf, however, over a short period, that the quality of the immigrants
might be very poor. John G. Meiggs complained of this in 1870, writiilg to John
Thorndike, 'You sny you are short of good Engineers plense take all of mire!! ~ You
may be able to do something with them, but T tell you beforehand God Almighty has
done but tittle.'>% Similarly when Livesey and Son examined the state railways at
the end of the 18805, they found that some of the work performed by Peruvian
contractors on the small lines hac‘l serious deficiencies. Besides the faulty tracing
of the Trujitlo Railway, already mentioned, the Paita-Piura Railway of Federico
Blume needed remnedinl work in the levelling of some of the steeper grades and the

\ [ S . - . .
easing of some curves.®% This information on the Chilean and Peruvian ratlways

i
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survives largely because of the diligence of Robert Oppenheimer and Walt Stewart.
The vulnerability of eont Frctors has meant that we know little about the technical

employees of the Monteros, Clarks, and the smaller Peruvian contraetors.

The builders of the railways nlso Tound skilled Inbour difficult to obtain.  John (.
Meiggs complained of the problems of securing skilled workers, especially
carpenters and masons.?7 The fact that railway construction often coincided with
peaks of demand not only in the loenal economy, but in the developed world as well,
expcerbated the problems. In Chile, eertninly, it hecnme customsary to import
skilled men, even to thé extent that contractors were accused of employing English
miners and artisans at much higher wages than their Chilean counterparts.58 It is
difficult to believe, however, that contractors would alwnys prefer expensive
foreign skilled labour over cheaper loeal workers, partieularly in view of the
probable quality of those FEnglishmen forced to seek work abroad. Contractors
often faced obstacles tao in acquiring the unskilled labour they needed. Fawcett
notes that conviets graded the first Callao-Lima Railway in 1851.59 Despite the
size and poverty of the Chilean rural population in the nineteenth century, it could
etill prove difficult, even there, to continue work nt full pace during the harvest, as
Lioyd found in 1854-1855 and Melggs in 1862-1863, As the Ferrooarril del Sur
moved sonthwards the problems continued. In the early 1870s contraclors
complained of the nomber of peons who had followed Meiges to Peru.  They still
faced shortages in 1887, when the government forced them to use soldiers rather
than peons until the harvest had finished, and in 1892 when the contractor in Bio-
Bio had to bribe his peons with scvernl barrels of liquor to prevent the

enganchadores recruiting them for the harvest.%0  In Peru, as is well-known,

Meiggs imported Chilean peons in their thousands for work on the Sotithern
Railway, while using large numbers of Chinese workers on the Central.61 The
problems continued into the twentieth century.  The Bolivian Railway Company
encountered delays in comploting the Viacha-Orura line in 1907 beeause of the
weather and the Iack of Inbour. ‘The Ariea-ILa Paz line was nalso retarded as
Chileans dird not wish to move so far north, and Bolivian peom would work on the
line only because the lack of rain forced them into the Inbour market. In Peru, and

probably alsa in Bolivin, established railway companies made use of locnl

government officials to nequire 1nmskilled tabour for railway works.52  The whole

balance of the evidence, therefore, from the time of the first railway in Peru to
the completion of the Arien-La Paz projeet, inddieates that econtractors found it

very difficilt to ohtain unskillnd Inhonr at the wapren they were willing to pav.
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Alter the first generation of rallway-building, changes began to occur in methods
of contracting parallel to those in surveying and planning. One solution to
problems with private contractors was for governments, as their experience of
ranilways and technical resources improved, to undertake construction themselves
through the direct employment of Iabour. The Chilean government, which had
operated its own railways for a long time, appenrs to have been the first to follow
this course, In 1887 state engineers took over the construction of a bridge on the
Southern Railway after private contractors had faifled to complete it, and from the
mid-1890s, after further difficulties, direct supervision of railwny construction by
government engincers became official poliey.63 The Peruvinans did not follow this
course until over twenty years later, but there the state had transferred most of its
railways to the British under the terms of the Grace Contract of 1890, As the
Peruvian Corporation, for reasons of its own, showed little interest in extending its
tracks, the government, after failures with private contractors, undertook the
building of the Huaneayo-Huancaveliea line itsell in 1918, and the following year
began the extremely dif ficult (and never completed) Pachiten RnilWay.M By this
time, of course, there was a far grealer abundance of engineering skills in both
countries.  The Chilean railways had hired theic (irst locatly-trained engineer in
1886, and training in Peruy had been institutionalized wunder the direetion of

immigrant experts since the mid-1870s,65

Once railway companies had become established, they could undertake their own
extension work, as well as contracting for other promoters. In Argentina lhé
Buenos Aires Grent Southern began to construct its own extensions soon after the
bankrupfey of 'eto npd Betts in the 18605, with some success in reducing the costs
of ecanstruction.h6 On the west const the Peruvinn Corporation began to buitd for
the government in 1905, and some evidence exists to suggest that they used loenl
sub-contractors in this work.87 The Antofagnsta Company also began the Potosl
and Cochabamba routes of the Bolivin Railway Company, in which it possessed a
controlling interest, in 1909, and extended the Potosf raiiway to Sucre f(or the
Bolivian government in the 19205.58  Another Bolivian development was the
employment  of contractors “from other South ‘American countries. The
internationnl operations of the Clark Rrothers in Argentina in the 1880s had
alremdy foreshadowed this, but in the 19203 the Bolivian government began to use
Argentine firms, giving an unsnecessful contraet for the Atocha-Villazén line in

19200 to the firm of Lavanes, Poli y Cfa, and later employing another Argentine

company, Dates and Munt. 69
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International contracting also changed towards the end of the nineteenth century.
Middlemass points out - that improved engineering methods and materials, heller
specification of work, and standardized methods of tendering all helped to cut
down risk.70  Latin American governmenls cowld attract large internationnl
contracting firms of high reputation, of which Penrsons is probably the best
exampie, rather than the small, financially stretehed, contractors of the mid-
nineteenth century. Thus, when the Chilean government awarded the contraet for
the Arica-La Paz Reilway to the firm 10( Siv John Jackson, it was employing one of
the largest public works companies in the world, which had built not only railways,
bt dams, part of the Manchester Ship Canal, and dockyards at Dover, Devonport,
and Simonstown, a forerunner of the Wimpeys and Costains of today. 7l At the
same time partinerships of consulting engineers, who might also oversee some
railway construction, grew up in Britain. Given the large part played by British
companies in Andean railways, at least after the late 1880s when the Antofagasta
Railway and the Peruvian Corporation respectively bought ont Chilean eapitnlists
and the Lima government, this development was quickly transimitted to South
America,  The most famous, James Livesey and Son, worked for both these
com[,)l‘mie:i.72 As Livesey, Son, and Henderson, they also supervised the building of
the Chilean side of the Transandine Link, and by the mid-1920s dominated the
engineering departments of South Amertean railways not only in Peru and Bolivig,
but also in Argentina, where they were consultants for three of the big four British
lines, ns well as for the Central Cérdoba and Entre Rios. An American trade envoy
ndvised his own manufacturers that two firms, Liveseys and Fox and Mayo, 'pass
judgment on practically all equipment purchased for Rritish-owned foreign
railways, particularly in South Amerien. T3 Another speecinlist consniting engineer
which appeared in South America was Natfour Bentty, who in 1935 advised the
Peruvian Corporation on the electrifieation of the Central Rni!wny.” ft is also
worth noting that two large internationnl engineering manufacturers attempted to
enter railway financing and constriaction in South Amerien, presumably in order to
guarantee some work for their steel mills, but without suceess. When Rolivia was
considering the ambitious railway projects of the early 19005, one ngent came from
Schneider of Le Creusot, and when the Leguin povernment was drafling similarly
far-reaching plans for Peru in the 18205 Armstrong Whitworth showed considerable
interest hefore being deterred by the Board of Trade and the conditions of the

concession.” Ry then the world of international contracting was very different

from that when the [irst South American railwnys had bern constructed.
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Operation and management

Just as the Liverpool and Manchester Railway had killed the cabinet minister,
William Huslisson, at its opening, some spectacular disasters .occurred at the
inaugiration of South American railways, underlining the faet that raitway
management and operation also demanded the acquisition of specialized skills and
experience. In Argentina a locomotive derailed a few days before the opening of
the Oecste, injuring one of the line's directors, while on the GGran Oeste almost
thirty years Iater President Roca's private coach became detached from the main
train on its return journey and drifted unpowered for n couple of miles.78 When |
the General Mannger of the Antogngasta Company attended the opening of the

rival Arica-La Paz Railway in 1913 he could searcely disguise his delight:

The inaugurntion as regards travelling over the Aricn-La Paz line was
not altogether what you might eall a suceess innsmueh as, due to the
bad state of the Locomotives, the Bolivian Committee, which left La
Paz on the 11th [Sunday], took two days to make the trip and another
two days on the return journey, so that they were four nights without
any sleep. The Chilean delegates arrived in La Paz at half past five on
the Thursday morning, having been up for two comsecutive nights and
were then without their Tuggage which did not arcive until the evening
of the 15th and all the festivities that had been prepared for them were

eonsequently postponed until the Triday,

~

In n masterpiece of understatement he conciuded, 'the trip over the Arica/lLa Paz

lite was a finseo 77 :

1

Problems, of course, did not cease with the opening of a railway. In Argentina
Ferns deseribes how a group of employees of the Northern Raillway of Buenos Aires
sold their own tirkets at a oné-third discount on the official fares, while Lewis

comments on the state-owned Central Norte in 1892

The line's administration conformed to few of the normal standards of
railway management. Regular accounts were not Kept, although "rough’
running, day-to-day balances indicated inevitable discrepancies. Nue to
the dearth of revenue, the employees of the line rarely ohtained a
money wage but instead found themseives in reccipt of promissory
notes listing the number of dnys worked and tasks performed. These
certificates cireulnated as money in the railway's zone, 78

The Manager of the Antogalasta Company described how, when he first travelled

on the Oruro-Viacha line of the Bolivia Railway Company whose operation he was

nhout to take over, the previous manpgement was 'barely ahle to keep their trains
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running’, notwithstanding the employment of 500 men.  'Derailments’, he added,
‘are of daily occurrence, and il is an exception for the mixed tenin to arrive at its

destination without some vehicle derailing.'79

The question of management is one which historians eoncerned with the transfer of
technology have tended to ignore, even though the mechanisms by which it might
occur, the circulation of technical [_iterntt:ro and the movement of personnel, were
similar to those involved in the planning and construction of the railways.
Effective management was clearly essential to the profitability of an enterprise,
whether it was being operated by gover-'nrnont or by private business, and the
elfictent and safe operation of railways was, by the time they reached South
America, a highly specialized activity, demonstrated by the appearance ofl
textbooks in the subject, Very few writers have, however, comsidered the question
of railway management in South Ameriea, and it should be stressed, therefore, that

the following diseussion is somewhat spec:rlative.sn

In most South American countries railway companies were, with govetnment,
among the largest employers until the appearnnee of other internationnl
corporations at the beginning of thh twenticth century. In Furope and North
America the first railways had presented considernble problems of organization and
management, not least beecause of the need to ensure safcty., Chandler and
Salsbury have alse noted the unprecedented complexities of rnilway aceounting,
since cash flowed through hundreds of hands, and tasks like setting tariffs and rates
of depreciation demanded considerable skill and information.81 Different
companies had found their own solutions to these questions, but by the Iate
nineteenth centpry it had become customary to separate the finance and
accounting departments, the engineering departiments, and the tralfic departments
from one another, and to split a notwork inta n number of sections, The degree of
centralization might vary from the tine-and -staflf organization of the Pennsylvania
Central to the more centralized systems of the sharter English railways.  Even
here, however, it was cuslomary to separate the teaffic and civil engincering

departments into smnller, more manpgeable districts, 82

Robert Oppenheimer hns analysed the changing administrative structure of the
Chilean state railways in detail. fle shows how in 1862 the Suparintendent of the
Ferrocarril ﬂnntingo-\’nlpnrn(qn, Juan M. Jdarn, introduced chnnges which were an

amalgam of Freneh, Dnolpian, and Britizh practies, and divided the railway fwn
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years later into separate deparlments. Even in the late 18705, however, the threc
government lines still had separate administrations, which created many operating
difficulties, but under the pressure of war the state adopted a reorganization,
based on Belgian models, which eame into effect in 1884. This put the entire
system under the control of a Director-General appointed by the president, and
divided the nelwork into four departments (exp]oﬂation and transport, traffie,
machinery, and accounting), and three geographical sections, cach with a staff of
engineers and nccountants under an Inspector,83 It thus took a generation for the
state railways to develop an efficient administrative structure which could
surmout the Jegncies of the initial period of railway construction, when the
Ferroearril Snntiugo—Valpamrso and Ferrocarril del Sur had been separate
enterprises. The Antofagasta Company also adopted a policy of geographical
seclioning before the First World War, with General Manggers in both Chile and
Bolivia, although largely for political reasons. As the company's operations in
Bolivia expanded it had become embarrassing for the manager in Chile to have to
‘denl with questions involving another government, laying the company open to the
charge of not being fully commilted to Bolivia and treating it as a second-class
interest.84  Peru differed, for there the Peruvian Corporation did not operate an
inferconnected network but a series of separate lines of different lengths running
intand from the coast. When the company took over the railways in 1890 it adopted
a decentralized structure, with a. representative in Lima to deal with the
government and questions of national poliey, but distinet administrations {and
indeed subsidiary companies) for eaeh line, which were themselves divided into
sections. This had the result of permitting the two principal lines, the Central and
Southern, to retain their rather distinet identities, and allowing other managers a

good deal of latitude in their relations with local clients.B%

Nevertheless, nn orthodox adminisirative structure, which most of these railways
possessed by the end of the nineteenth century, did not guarantee efficient
management. The Peruvian Corporation reorganized the Southern Railway early in
1906, appointing new heads of department for traffic, way and works, and
accounts, but an independent consultant, commissioned by an American bank to

report on the Corporation the following year, called the Southern Railway's

administration ‘depressingly faulty’, continuing,
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I eannot understand how such a man ns the present superinlendent has
heen left in charge of an undertaking that requires a thoroughly
competent and expérienced man to run it. Not only is the manager
incompetent but his staff is absolutely unsuited to the work. The
engineer is a good port-work man, 1 believe, but he had no technical
assistance in his office while | wns thern. The locomotive department
is under an experienced engine-driver and a very good man al that
work, bt his office is not properly organised, ns he has not been trained
for such an important position. The audit office is part of the traffic
departinent and is terribly old-fashioned. The accountant s
hardworking; but he has bad n® proper tuition in rpilway work. The
whole staff is inexperienced and there is no-one capable of showing how
things should be done.86

Another influential figure, responding to complaints from the Cerro de Paseq
Corporation about the Central Railway, confessed that 'the Corporation had been
subjected to very bad management.'87 Both private and state railways experienced
problems of maladministration. After the centralization and reorganization of the
Chilean state railways in 1884 the very elficient working that had cliaracterized
them began to disappear: the ratio of costs to grass receipts slipped from about 60
per cent before reorganization to over 100 per cent after 1907.88 To berrow

modern administrative practices developed abroad did not inevitably mean that

manngement itsell would be efficient.

In the cnse of the foreign-owned railways the preferentinl recruitment of foreign
staff, if they did not have the requisite railway experience, might lead to losses
and inefficiencies, besides the additional exprnse of paying expatriates. Behind
this poliey there often lay a good deal of prejudiee: the Antofapgasta Railway, after
it found in 1909 that the station-master at Antofagnasta had heen embezzling funds,
illogically determined that 'employees handling eash of any amount of importance
should, ae far as possible, be FEuropenn.'89  More often, though, the problems
stemmed [rom inexpericnced financiers not realiging the specinlized nature of
railway manngement, and thus, as the report on the Southern Railway of Peru
Csuggested, pntting into posts men who did not have the skills necessary for the job.
The Peruvian Corporation had made this mistake nt the very beginning, when it
_selected for its first representative in Peru the private seeretary of the Chancellor
of the Exchequer.90 FEven state railways, ns in Chile, showed until the 1890s a
preference for foreign expertise, at least in the selection of senior technieal and
administrative staff, althongh as Oppenheimer eomments, the superintendents and
directors of the lines tended to come [rom official positions elsewhere and from
wealthy and socinlly prominent Chilean families, bringing to their posts Jittle

experience of raflway manaprment, 31
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Agnin, matters seem to change in the 18905, and a number of different patterns
emerge at that point. In the case of the foreign main lines, firstly, it became
customary to employ men with previous railway experience elsewhere in Latin
America for senior manogement, and in some cases, board positions. There were
obvious advantages in doing this: greater adaptability, knowledge of local
conditions, and linguistic ability, especially. Thus the Peruvian Corporation
appointed representatives with backgrounds elsewhere in South America or in Third
World railways : Alfred Schatzmann in 1896 from the Antofagasta, following the
death of an earlier appointee from El Salvador, W.E. Morkill in 1907 from the
Mexican Southern Railway, and A.S. Cooper in 1920 from the Sudan, The new
managing director appointed in 1912, Oliver Bury, had started work on a Brazilian
ratlway, before becoming General Manager of the Entre Rios, Buenos Alres and
Rosario, and Great Northern Railways.92 Indeed a Latin American 'circuit' appears
to have developed amongst some talented railway professionals : in the discussions
in the Institution of Civil Engineers on mountain railways David Simson, by then a
director of the Antofagasta, revealed that he had begun his ecareer in South
America ns a junior surveyor on the Transandine, and F.W. Bach hinted at his work
in Argentina and on the Guaqui-La Paz Railway before joining the Peruvian
Central.93  The foreign railways, of course, often trained their own expatrinte
employees from seratch at a very young age, allowing the most able plenty of
chances of internal promotion.” This continued to limit, however, the
opportunities for locally educated professionals. Even at the beginning of the
19608 expatrintes still occupied 31 of the 38 most senior pests on the Peruvian
Southern, and only then did a representative begin consciously to employ loeal
professionals in the highest positions. On the less fmportant lines of the Peruvian
Corporation the monopoly of foreign manngers did not apply as fully. When C.
Smith visited the Pacasmayo Railway, for example, in 1907, he noted that the

manager was n competent Peruvian.9%

Elsewhere in Latin America local administrators and engineers were beginning to
find greater opportunities in the 1890s. Fleming argues, in the case of the
Argentine Gran Qeste, that the appeintment of José Villalonga, who had earlier
worked for the provincin!ly.—owned'Oeste, began a turnaround in the company's
fortunes, and Mattoon comments that in the 1890s Brazilians began to replace
foretgners there, as the expansion of the railways offered employment to graduates
of the Escola Politéenica, founded in 1874.98 Writing in 1926, G.S. Brady asserted

that atthough the foreign-owned lines in Argentina normally sent out executive
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officers and operating chiefs from Furope, the state railways generally chose thejr
officials from Argentine citizens, appointing Europeans or North Americans
occasionally to the most senior technienl positions.?? e could have said much the
same of Chile, Although the government had suceessively imported a Frenchman
and a German as Director-General of the state raitways after strengthening the
powers of the post in 1907, most jobs now went to Chileans. This raised problems
in itsetf, for political influence provided the key to many appointments and the
railways became criticised for their gﬁwgleomanfg, but n new Inw in 1914 aimed to
reverse this by reserving nall senior posts for engineering graduates of the
Universidad de Chile. Splawn comments that this resnlted in 's marked
tmprovement in the physieal condition of the roads', and Chileans occupied alinost
all the 1272 posts on the Ferrocarril Ariea-La Paz ‘in 1927, none of the major
positions being held by a [oreigner.98 As the appointment policies of foreign and
state railways diverged, then, after the 1890s, the opportunities for local managers
and engincers beecame greatoest in those countries where the state operated a larger-
proportion of the railways. (onversely, those counlries where private foreign
companies predominated, such as Peru or Argentina, or where engineering
education was still in its infancy, sueh as Bolivin, offered [ewer opportunities (or
the local economy and loeal technigians to benelit (rom the diffusion of
management skills that the rajilways might bring. Where it opernted only isolated
lines, however, the state might still employ others to carry out the day-to-day
management of its rallways, whether for lack of confidence in s own expertise or
because it made operating sense. Thus the Peruvian Corporation, during the 1920s,
ran the Ilo-Moquegua, l.ima—l;uri’n, and Lima-Huacho lines, and the Antofagasta

Company, at one time or another, managed state railways hoth in Bolivia and

Chile 99

According to Oppenheimer, in the early days of the Chilean railways a mixture of
foreigners and Chileans filled middle management posts, bat over the years the
latter came lo prndominnte.mn Whereas the early station-masters were often
foreigners who had worked on econstruction, by 1882 Chileans oceupied all these
positions on the Ferrocarril Snntingn#nlpnrnf&:n. There all ticket agonts and
conductors had been Chilean from the beginning, In the ense of skilled workmen he
found that, although many Chileans worked as {iremen and brakemen by the 1880s,
the state railways were still importing drivers {rom Fopgland, Ondy then, ns
inflation made it dif fietdt nnd expensive to hire foreipners, did the manngement

realty turn to the employment of Chilean drivers. OF the artisans, 72 of the 82
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employed by the locomotive and wagon departments of the Snntingo—Va]pﬂmfso
Railway in 1882 were Chilean, although foreigners still dominated foremen's jobs
and the smithy. It is clear, however, that aflter the [irst generation of railway
work financial considerations bégnn to overcome prejudice agninst local workers
that had existed even in the management of the state railways. The wages of
Chileans were normally 25-30 per cent less than those of contracted foreigners,
and at a time of inflation and exchange depreciation the incentives to employ loeal
skilled labour, allowing Chileans, for example, to make the same progression from
cleaner to fireman to driver that was customary on UBritish railways, were
considerable. The figures for the Arica-La Paz railway quoted earlier make it
clear that by the early twentieth century the Chileans had ceased to contract

middle management and skilled workers from abroad.

Little parallel information has survived for Peru, although it was obviously
necessary to import skilled workers at the beginning, for techniques such as driviné
could not be acquired loeally. 'Agnin, haowever, the employment ol nationals seems
to have become the norm by the end of the century, for Peter Blanchard's
discussion of the strikes of 1939 makes it clear thal every group involved in the
operation of ,trains on the Central Railway was predominantly Peruvian, 100 prian
Fawcetl's account of his early days on the Central Railway in the 1920s also
implies that there Peruvinns made up the entirety of the skilled labour force, with
the exception of a handful ol long-serving foreign drivers, although he points out
that the private railway of the Cerro de Pasco Corporation still continued to
import American 'engineers'. 102 Whether the stnte or foreign companies operated
the railways, there was little sense in continuing to introduce expensive foreign
labour when they could pay lower wages to local recruits. In the case of the
nrtisans this had important implications for the diffusion of skills in the economy.
Oppenheimer noles that except for smiths artisans tended not to stay long with the
Chilean railwnys. 193 Railway workshops could have a considerable local spinoff in
cities like Arequipa, the centre of the Peruvian Southern Railway's operations,
where, even in the early 1870s, men who had received their training in the railway

workshops were said to own a good proportion of the eity's talleres and ferreterfas.

It similarly often took about an generation for Latin American railways to adopt
innovations in mapngement and accounting developed in Burepe,  The fixing of
railway tarif (s provides a good example. By the end of the nineteenth century in

Britain this hart heecome a complex affatr. Sir George Findlny explained that 'the
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rates arc governed by the nature and extent of the {raffie, the pressure of
competition ..., but above all, thé companies have regard to the commereinl value
of a commodity, and the rate it" will bear, so as to admit of its being produced and
sold in a competing market with a fair degree of profil.! Ry the 1880s, he
continued, British railways normally divided freight into eight classes, and, in
addition to the rate for the distance emrried, levied fixed terminal eharges to cover
handling costs. 104 Discussions of th2 tariffs on the Peruvian Central Railway
indicate that there adoption of modern practices proved extremely slow. The
Grace Contract divided goods into just three classes, and the Peruvian Corporation
rationalized its entire tariff structure only ih 1917, when it equalized tariff
categories on diflerent sections of the line, creating ten classes of freight, and
levying a terminal charge for the first time.195 The tariff structure of the Chilean
state railways, helped by the reorganization of 1884, appears to have conformed to
modern practices earlier, for, whereas until then hoth the Santirgo and the
Southern lines divided [reight into only three classes, by the early 1890s the state

‘rallways were using seven categories, 196

One might nlso have expected the introduction of railways to Latin America to
have crented, in time, some demnand t.or local equipment and machinery, if the
system was of sufficient size., From the [irst, however, concessions tended to
include guarantees of duly-free imports of essentinl materials. In Chile the
government went even further, permitting its diplomats in Europe to net as
purchasing agents for the newly formed companies in the early 1850s.107 n
Bolivia the Antofagasta Company, through a series of agreements with the
government, effectively enjoyed duty-free imports from its foundalion in 1889
until 1936, and even then mannged to use this as a bargaining counter in wage and
salary nngotintions.lna The Peruvian Corporation obtained exemption [(rom =sll
import duties for the 86-year term of the original Grace Contract, n coneession
that the Peruvian government granted to other companies under the General

Railway Law of 1893, 109

Obviously, during the initial period of construction nlimost all key materials had lo
be imported, except where the builders eould nse local timber resources for
sleepers or bridges. However, [or a time in the 18805 and 18905, some railways did
provide a slimulus for tocal industries or built equipment themselves. Pleifler thus
notes that in Chile the immigrant firm of Lever, Murphy and Co. abtained an order

from the state railwnys in 18R7 for six Tocamotives el 30 freight ears, fmporting
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only the wheels as finished parts from Britain. The Chilean industry, however,
faded under the pressure of import competition. Long reported in 1930 that
domestie production of railway equipment was negligible, although it did include a
small amount of rolling stock constructed in the workshops of the state
railways. 11 The purchnasing policies of the principnl private railway in Chile, the
Ferroearril Antofagasta (Chili) y Bolivia, did nothing to help tocal industry. When
the company went into the market for over sixty new locomotives between 1905
and 1907, it bought all of them (rom suppliers in Britain or the United States. Even
in the 1920s it still had its shops at Mejillones tooled only for maintenance, and,
uniike the Peruvian Corporation, did not construct its own wagons and coaches. 11!
The Ferrocarril del Sur in Peru had a particularly good record of constructing its
own equipment from imported parts, to the extent that it had built 32 of the 486
locomotives on the 1908 roster, using foreign wheels and frames, connecting rods,
and boiler plates.12  As in Chile, however, it became ensier and chenper to import
tocomotives built to local specifications, although the railway workshops continued
to construct other vehicles. .When Long visited Peru in the mid-1920s he noted that
just over hall the Central Railway's locomotives were American-built, the
remainder being British, but that the Guadelupe workshops built their own wagons.
The Southern Ratlway used mainly American locomotives, but had, in the previous
nine years, constructed 29 new passenger coaches and 88 freight cars. 113

As the technology of mountain railways ndvanced the opportunities for loenl
manmifacture almost certainly diminished. The rack raitways, lor example, needed
European-built locomotives to their own specifieations, as well as imported
rails. 114 Heavier trains demanded steel rails and the replacement of iron or
wooden bridges by steel ones, all of which had to be imported. The beginnings of
clectrification also incrensed the railways' dependence on imported equipment,
Westinghouse obtaining the entire contract for the reconstruction of the Chilean
cailways in the 1920115 More recently the introduction of diesel locomotives nnd
nHrminium rolling stock on the Peruvian mountain railways has brought with it the
running down of construction, ns opposed to meintenance, facilities, and the growth
of modern methods of railway signalling and telecommunications must have had
much the same impaet, It is finportant, finally, however, to recognise the local
engineers' growing ability to mlnpt' to the eonditions of mountain railways, Two
Chileans earried out {he preliminary stidy for the eleetrification of the state
railwnys. T Fhe fact that for n similar task a deeade later the Peruvian

Carporation conleacted the firm of Balfour Beatty may be sugpestive of the
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differences hetween state and foreign railways, but the Peruvian Central Railway’s
engineers had an impressive record of designing and operating their own
locomotives, and the costliest in—islakes occurred when the London office, on the
advice of consulting engineers, overruled them in order to buy poor equipment
from British manufacturers.t17 A reading of Brian Fawcett's nutobiography and
‘the debates in the Institution of Civil Engineers early in the twentieth century
impress one with the extent to which rfailwny employees were prepared to use their

ingenuity to apply lessons learnt from elsewhere to Latin American conditions.

International engineering companies now operate in a world of large technical and
financial consortia and 'turnkey' contracts. The task of building railways in
mineteenth-eentury Latin America was very different, The individual foreigners
who arrived in and moved about the region to construct and operate them were
essential to the process, as historians of other {forms of technology transfer have
emphasised.  Without their skills and 'know-how', for the generation after
construction was complete, trains could neither run nor be maintnined. Even the
knowledge transmitted through the shecialist press, such as the journals and
proveedings of professional institutions, depended very much on the geographical
circulation of experts for tts cumulative effect; the use this paper has made ol the
publications of the Institution of Civil Engineers shows the importlance of the
willingness of railway experts, from South America and elsewhere, to exchange
idens in London. The movement of trained staff from one railway to another and
the foundation of local bodies like the South American Centre of the Institution of
Locomotive Engineers in Buenos Aires simply reinforced this process, ns railway
technology and operating practice, including that of the mountain lines, continued

to develop. 148

What of the effects on the recipient countries? Mirn Wilkins has drawn a critical
distinetion between the transfer and absorption of teehnology, and it is worth

quoting her at lengthe

Only when nationals on their own (or virtually on their own) are able to
produce the product does true diffusion - in contrast with the mere
geographical tramsfer - of the technology occur ... With effective
absorption there will be modifieation when appropriate and also
improvements to [ national reguirements ... Perhaps the test should
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be: if the business would fail or be seriously disrupted were foreign
technicians removed, the control of technology cannot be said to be in
national hands; if, by contrast, the business would remain viable and can
find substitutes for the.foreign technicians then it may be that despite
the presence of foreign technicians in the operations, the technology
has been effectively assimiiated. 119 ‘

With these ideas in mind some further conclusions may be advanced. By sbout
1900, in Chile and Peru at least, the introduction of European and North American ,
railway technology had created_ a reservoir of local engineers and the
establishments to train them (in part because even private foreign-owned railways
had to be regulated by the state), a skilled workforee able to operate and maintain
the lines, and workshops which could build equipment with a minimal reliance on
imported parts. lt was, however, neither a linear nor a generalized process across
all railways, and in some respects the degree of assimilation of railway technology
reached a pesk in the decades around the turn of the' century. Firstly, foreign
ownership of many lines, and it should be remembéred that both the Antofagasta
Railway and the Peruvian Corporation had been 'denationalized® in 18891890,
restricted the opportunities for local engineering and managerial talent. In the
larger foreign-owned companies the penetration of local workers often tended to
stop at hé managerial/clerical or professional/skilled divide, although on state
lines, especially in Chile, nationais proved able to perform al! the tasks necessary-
for the functioning and continued extension of the system. It is not surprising that
operating problems increased after nationalization both in Bolivia in the 1860s and
in Perv a decade later, as they had in Perdn's Argentina: the longstanding
preference for expatriate senior staff had impeded assimilation, although there
were other reasons such as politiea! interference with management and economic
wenakness, preventing the purchaée of spares or compelling the acquisition of cheap,
inferior equipment, as well. Secondly, the slack and variable demand from locnl‘
railways, coupled with changes in relative prices (including movements in lariffs
and exchange rates) which favoured the metropolitan manufacturer, created
greater dependence on foreign suppliers for locomotives, rails, and bridges, if not
for carriages and wagons. It must be stressed that much of the more advanced
manufacturing (but not the design) capability of Latin American. railways and
foundries had either disnppem"ed. or fallen into disuse by the 1920s. Finally, with
improvements in railway technology, which invelved the greater use of steel, rack
systems, diesel and electric traction, lightweight rolling stock, and complex

signalling and telecommunications, local expertise could not keep pace with the
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increasing dependence on specialized foreign manufacturers, and state railways
reflected the wesknesses of their economies in running short, at times, of the
currency even to purchase spare piirts. As this happened, and the competition from
road tramsport, frequently encouraged by national governments, increased, the
limitations imposed by the early choice of route, gauge, and method of operation in

the planning and construction phase beemne ever more apparent,
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TECHNOLOGY POLICY AND THE STATE IN URUGUAY, 1900-35 *

Henry Finch

During the period in which fmport-substituting industrialization (IS1) was the
dominant growth model in Latin America, much attention came to be focussed on
the implications of an industrial structure in which the production of eapital goods
was largely absent. In particular, it was apparent that trade and exchange regimes
which penalized or prohibited the import of consumer goods while facilitating the
entry of machinery and equipment, in the interests of a more rapid rate of
industrial growth, entailed the adoption.of production technologies which had been
developed in the context of relative factor and input prices which did not
correspond to those prevailing in Latin America. At later stages of the ISl process
when the parlicipation of transnational capital was more 'pmnounf:ed, it became
evident that the international cornmércinlization of their technologies entailed
heavy financial costs for Third World countries in terms of'p;atents, licenses and
royalties, The extent to which Latin American countries have as a result become
passive recipients of foreign technologies, with their scientific communities
oriented mopre to the international reseacch agenda than to national needs in
applied s:f:ience and technology, has sugpested to some writers that there.is a

specific forin or phase of dependency characterised by technological dependency.]

I it is true that Uruguay has avoided some of the more ohbvious aspects of
technological dependency, this mainly reflects the fact that the domestic market is
very small and has grown slowly over the last thirty yenrs, thus greatly reducing its
attraction to foreign cnpitnl.Z It certainly does not indicate that Uruguay has been
successful in establishing a national technological capacity. At the beginning of
the 1950s, in the rapid growth phase of industrinlization, the Chamber of Industry
and the Faculty of Engineering of the University of the Republic jointly recognised
the desirability of closer contact between existing technical research facilities and
private sector industry. As a result of this, and of the creation in 1952 of a
government commission, the Armour Research Foundation of the llinois Institute
of Technology in 1254 presented an assessment of the country's technologicsl
competence and requirements in industry, and urged the establishment of a
technieal assistanee c-r.anlr'r?.3 The initiative came to nothing, in part at lenst
beeause of inmdeguate support from the Chamber of Industry itself.4 Even in the

1970s, when the Urngunyan baboratory of Techmological Annlysis (LATU) was
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providing quality control assistance to new export industries, the country's
attempts to generate and make available appropriate technologies were

disorganized and inadequate.

To some extent, the burden of technological backwardness in manufncturing
industry has been disguised by the crisis of ISl in the mid-1950s and the succeeding
period of stagnation., The very long-run stagnation in output and yields in the rural
sector is also widely attributed to lec'hnf;iogicai deficieneies. This is particularly
true of the livestock sector, the source of almost all of Uruguny's export enrnings,
where the failure to use Iand intensively limits eattle and sheep production to what
can be sustained on the low and irregular nutritionnal yields of natural pasture, The
problem has been recognised, and has changed remarkably little, since the early
years of this century. The explanation of it, however, hng been attributed to the
tack of, or unprofitability of, land intensification technology, ns well as structural

or financial burdens preventing the adoption of new l(‘.chniques.s

Fven in terms of what has hbeen achieved olsewhere in Latin America since the
Second World War, Uruguay's institutional and financial support for research and
development retivity has been de[‘ir:ient,6 yin spite of the country's relatlively high
level of per capita income and high average level of edueationnl attainment. This
paper does not propose to offer an explanation of genernl or specific technologieal
weakness, but instead makes the point that in the early years of this century the
government of Uruguay was actively enncerned 1o esiablish a  technologieal
capacity. This effort merits annlysis of the zectors in which expertise was to he
established, the manner of ils incorporation, the extent to which it wns successful,
and its long-term signilicance. The cxperience also indicates the peculiarity of the
Uruguayan state in this period. Before examining what oceurred, however, it is

necessary to outline briefly the context.

The Batllista State 1900-19

While many nspects of the batllista state remain unclear or controversial, the
legislative achirvement of the period marks it out as one of remarkable vision and
innovation. Particularly during the scennd presidency of José Ratlle y Ordbdnez
(1911-1915), but in a more general sense from the mididie of the first deecade of this
centucy until the beginning of the 19305, Urumuny witnessed an expansion of state

activity in economic and socinl affairs which wns unparsiieled elsewhere in Latin
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Amerien and in advance of practice in much of Europe. The ideology of batllismo
was humanitarian in its socinl dimension and dirigiste in economic policy. The
radicalism of batllista socinl policy is reflected in the extent of labour and social

wellare legislation, ns well as in Batlle's support of the working class movement.”

The objectives and techniques of economic policy in this period help to locate and
define the nnture of the batllista state itsell. The economie structure of Uruguny
at the turn of the century was dominated by the production of cattle and sheep and
the export of livestock products, a trade which was about to be transformed by the
chilled beef. Nonetheless, atthough the growth process wns export-led, the rural
sector did not provide the dynamic attraction to immigrants that the whent
economy provided in Argentina. During the modernization of the livestock
economy in the finnl decades of the nineteenth century there was in fact a net
reductica in the labour requirements of the sector, while the numbers engaged in
arable agricuiture remsined small. M Uruguay were to attract immigrants,

therefore, it was necessary to secure an expansion of the arable sector or to

promote the urban economy,

Although a high level of urbanization has heen a pronounced feature of the country
in this century, and is frequently regarded as characteristic of batllista Uruguay,
probably at least one-quarter of the totsl population lived in Montevideo
throughout the nineteenth century. The port had substantial natural advantages
which enabled it to handle & significant entrepot trade, and although this was
diminishing towards the end of the century Montevideo remained an important
commercinl and finaneinl centre.  In addition, the growth of incomes and early
protectionist legislntion encournged the establishment of a limited number of
[actory-based mamifacturing nctivities in the 18905 and the enrly years of this
century. Still more important as an expression of the dominance of Montevideo

was the expansion of the roilway network and the modernization and extension of

the urban infrastructure.

The context in which Batlle's economie policies were consiructed was thus one of
export growth based wholly on a lvestock sector in which latifundia predominated,
which appeared Lo offer no prospect of expanding employment and which indeed
was regarded as an obstacle to the development of the rural economy. The urban

seetor was already remarkably Isege, and was diversifying.  Moreover, Batlle's
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C\qlomdo party could traditionally count on the urban electorate for the major part
of its support. The central 'thrugt of Batlle's economic policy may therefore be
fairly regarded as urban. More systematic protectionism was pursued, in particular
a law permitting the free import of raw materials, in 1912, The development of
the frigorfl’ico industry was regarded as urgent. There were extensions to the state
sector to include electrieity supply, insurnnee, port services, and state bonks. In
spite of (indeed, largely consistent with) hostility to the British-owned public
utility companies, Batlle's attitude to domestic private capitnl was generally

supportive,

Nonetheless, the reform of rural Urugnay remained an issue of major concern. The
'reformism’ of the early twentieth century may hm;e been the work ol Batlle and
~ his followers, but it Is clear that the problem of the primitive livestock sector as
an ohstaele to rurnl progress was perceived much ﬁmre Agvnemlly.s Although the
interval between Rdtlle's two administrations - the presidency of Claudio Wiliman
= was in several respects a reversion to conservatism, the urgency of rural reform
remained common ground to all leaders of the Colorado party. The socinl
instability of the interior had been a major element in the uprising of Saravia in
1904, threatening to carry into the twédntieth century the traditionnl antagonisms
and insurrections of the nineteenth.g Stich a progpect was intolerable to the ruling

- Colorado party. -

" The problem was not only the concentration of power in the hands of the
latifundistas, possessors of huge tracts of Iand, which of fended the maral bnsis on
which batllista reformism was construeted. It wnas nlso that the large estancins
were associnted with primitive livestock production  which prevented an
intertsifi_cation of land use. 1In the absence of unnlnirmed piublie lands or nn open
frontier,‘: the conversion of natural pasture to crop land provided the only source of
land with which to attract agricultural colonists, or to reduce the level of rents to
existing arable farmers, or to settle the nomadic rural poor. Contemporaries
believed thnt perhaps one-third of the total land area of the country was fit for
ploughing'.m The ohstacle lIny in the notorious reluctance of Inandowners to rent out
land for araﬁle:use, and their rejection of reforms' imposed by 8 government in
which the interests of landowners had littie representation. What wns at stake for
the livestock producers was their claim to be the only 'productive’ sector, and
therefore to be the only anthentic voice on issues affecting rurat affairs. For the

Colorados, failure to modify the tradilional livestoek system would perpetuste
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social instabilily and frustrate the attempt to secure a political settlement and
their own hegemony. Batlle could not contemplate a direct confrontation with the
landowning class over the principle of private property rights in land. Instead, the
policies attempted included modest land taxes, partly inspired by the theories of
itenry George, state promotion of colonization schemes, the recovery of state
lands in private possession, and even s proposal {by Williman) to impose sanctions
on landowners who (aited to cultivate a proportion of their lands. Rut not the least
of the state initintives of this period was an attempt to promote the agricultural
development of the country, and its exploitation of raw materials, through the

incorporation of new technigues and practice employed abroad.

‘The Establishment of Agricultural Research

(a) The Faculty of Agronomy and Veterinary Science 1806-1911

An important feature of the import of technology into Uruguny in the period before
the First World War iz the extent to which it resulted from a positive derision
laken by the state to transform existing practice, rather than a transaction
hetween elements of the capitalist class in Uruguay and the more advanced
nntions, !;1 this sense it is appropriate to speak of a technology policy; or more
exnctly, of a development policy in which the incorporation of new technology
played a central role.  The mode of incorporation followed the same genernl
pattern in the various sectors of the economy; loreign experts were recruited in
Furope or North America Lo set up state-financed institutions, to resenrch locenl

problems, and to train a nuecleus of national experts.

The attempt to improve the tlechnicnl level of agriculture originated at the
beginning of the century, and was particularty the work of José Serrato, Minister of
Navelopment { Fomento) in Batlle's first administration, and of Eduardoe Acevedo,
Itector of the University of Montevideo during 1901-1907 and Minister of Industries
in 1A11-1913. In 1903, Serrato announced the award of three scholarships for study

nt the School of Veterinary Seience nt the University of La Plata in Argentinn,

and the same year set in motion tha process which led to the creation in 1906 of
the Faculty of Agronomy and Vf;,terinnry Science in the University of Montevideo.
This diversifieation of the university's teaching and research functions (which also
inchtded the erention of a Faeulty of Commerce), following the introduction of

engineoring in the Facnity of Mathematics at the end of the 1880s, represented n
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major innovation. Acevedo, as rector, made clear the rationale of the new Faculty
in 1907: it would contributé to the formation of technienlly proficient personnel
who would modernize and trnns[{;rm a sector hitherto charnclerized by traditional
practice and by a level of prosperity or poverty based on chance rather than
scientific principle. Moreover, the sons of rural producers need no longer qualify
as lawyers, physicians or actuaries in their search for improvement - thus cutting
themselves off from the rural sector - but would be able to study in the new

Faculty for their own and the nation's hcttermt‘ent.12

At this early stage the bias townrds the preferential development of arable or
mixed forms of farming was much less well-defined than it became later,
Nonetheless, the attempt to secure a closer association between the world of
learning and the world of commerce wns already offensive enough to the
conservative classes. The naive belief of .Batlle and his followers that ignorance
and prejudice would retreat in the fare of reason and educational opportunity ran
up against the powerful opposition of those who feared the interference of the
state in their own affairs. The reaction eame soon after the inauguration of
_Wiltiman (himself rector of the university before Acevedo) as president in 1907, As
lpnrt of a genernl reconstruction of ti'e university, increasing eentralized control
and practicnl and professional tenching at the expense of 'pure', the new

government abolished the recently created Faculties, reducing their status to
Schools of Agronomy and Veterinary Science in 1908.1% In vain wns it argued by

Acevedo's sueccessor as rector that their function was

to create their own literature, adnpted to the needs nnd characteristies
of the country, and with it the secientific environment necessary for
livestoek production and agrieuntture, owr two great industries, to
emarge from the crude emnpirienl stage into the solid and renl progress
which can only be based on science.

The new government declared belief in the training of good foremen or [arm
.administrators, carried out under the supervision of representatives of the rural
sector rather than by the state. Otherwise a new class of doctors of agronomy
would merely serve to swell the 'intellectunl [)rr)lptnrin{'.ls Although this last
point proved to be a fairly accurate assessment of the level of demand in the rural
sector for qualified agronomists, the redineed status of the Faculty did not in
practice make much difference to what was tanght and researched. By 1908

substantial progress had been made in establishing the new inztitution.



- 43 -

when Serrato determined in 1903 to promote agricultural education, he hoped to
recruit an apgronomist in France to direct the undertaking. The search for a
suitable eandidate was subsequently widened to other European countries and North
Ameriea, in conjunction with Acevedo. In 1906, after extensive negotiation over
the terms of Lhe contract, Alejandro Backhnus accepted appointment as Director
of Agronomy, charged with the task of organizing teaching and research in the new
Faculty, and of advising the state on agricultural affairs. Backhaus was from the
University of Konigsherg, having previously taught at Gottingen, and was also
employed as an adviser by the government of Prussia. Ile was not only a relatively
senior appointment in terms of research, teaching and advisory experience, but also
proved to he r dynamic administrator with an eye for detail and an intoterance of
shorteomings. The demands he placed on the state administration, the university
and locally-recruited workers, as well as his intemperate and racist views, brought
'the new Bi::mnrck‘lﬂ into frequent conflicts. But speed was essentinl if the
originnl design was not to be frustrated by the Williman government, and in that

Backhaus was substantially successful.

The new institution had three main functions: to train agronomists, to nndertake
scientific_research, and to stimutate agriculltiral advance in the country by
analyses, tests and reporls.  Alongside its building in the suburb of Sayago wnas a
model farm which permitted [ietd experiments, and nllowed sotne training of
technicinns nnd overscers. But Backhaus entirely agreed with Acevedo as to the
.grenter iinportance of educating agronomists rather than low-level staff. 1le had
not removed himsell from Germany merely to give practical lessons to farm hands:

besides, 'to ereate a good army it is first necessary to train competent ollicers',

Backhaus nlso agreed with the hatllistas in their diagnosis of the problems of the

rural sector:

The 1atifundia are what is characteristic of Uruguay's rurnl economy ...
[They] diminish the productive potentinl of the country and ensure
wenlth for a few privileged people and poverty for the rest ... Three-
auarters of the Innd is eontrotled by the targe landowners who devote it
to extensive livestoek production wsing primitive pasture.  Such a
system plré*von{s colenization and the proper distribution of wealth and

welfare,

The sohition could nat he a complete change in the system of land use, but rather a

closer association of arable with Hvestoek production, each cstaneia devoling ten
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per cent of its tand to crop production - preferably cerenls for a few years, then
artificial pasture. The problems of the arable sector were thought to be the
appropriate methods of cuttivation, plant selection and disense eontrol, and the

need to secure a suilable lnbour supply, if possible from the 'eold eount ries‘.lg

If Backhrus obliged the batllistas in supporting their rural policy, he in turn was
given & completely free hand in maki=z appointments in the Agronomy Section of
the new Faculty. Of the eight original chnirs, live were filled Ly German
nationnls, one Belgian, one French, and only that of Physies and Meteorology was
held by a Urugunynn.zo The explanation Backhans gave of this prepondevance of
foreign mppointments was that the few ngronomists available in the country were
ineligible because of the full-time nature of the posts, but this was probably no

21 Backhaus was ntiracted by the possibility of

more than & rare exercise of tact.
assembling his own team of teachers and researchers to estabtish his own institute,
rather than of ineorpomtiné available elements in the country. Indecd guite junior
appointments were also mrde in Germany, where all the machinery and equipment,
as well as breeding stock, was acquired, financed by credits from the Bank of
Hambrurg.22 Such links with Germany were unprecedented in the university, and

: ¥
helped to make Backhaus, with his sense of mission and driving discipline, n

remarkable and not universally welcome phenomenon.

The early years of the Veterinary Section of the Faculty were in many respects a
contrast to those of Agronomy. The same senarch was undertaken through
Uruguny's diplomatic representatives abroad for a director, but the urgency felt in
the university to begin teaching led to the initiation of courses in 1905 in an annexe
of the Facully of Medicine. The nppointinent of Traniel Salmon as director brought
to Uruguay in 1907 a North Americon who wnas 'wndoubtedly born to display his
evident nbility in the ealm surroundings of the lnboratnry'.zs Snlmon had received
his doctorate at Cornelt thirty yenrs eartier, and had directed the Animal Industry
section of the Department of Agriculture in Washingten since 1884, He arcived
with plans and programmes for the new institute, but did not possess the drive (or
find the [inancial resources) to secure their implementation.  Salmon reached
Montevideo after Backhaus, by which time the Agronomy building was alrendy
under construction.  Nor were there funds to recruit experienced academies
abroad: all three of the students sent to La Plata in 1903 were appointad to teach
in the new Veterinary Seetion. When Batlle returned to office in 1911 (the same

year that Salmon retirned to the United Stntes), progress hnd been very
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disappointing:  'the teaching is deficient and the research almost nil'.24 It was
deecided to increase expenditure on [acilities and attract another eminent
veterinary scientist from outside the country as the new director. This time the
choice fell on J. Basset, deputy director of the Selwol of Veterinary Science at

Alfort, France.

(b} Acevedo's Reforms 1911-1913

The first two years of Batile's second administration, between inguguration and the
financial crisis of 19113, saw the full range of measures intended to introduce
modern techniques and knowledge to the rural sector, With Eduardo Acevedo now
"instalted as Minister of Industries there was continuily with the earlier period, but
the instruments to achieve the technification of agriculture now changed
somewhat. At the Institute of Agronomy, only three of Backhaus' original
cellaborators still remained by the end of 1911, though the replacements for the

25 But it was now the government's view

others continned to be found in Europe.
{and that of Backhaus)} that the work of the Institute needed to become known more
widely. In addition, ministerial agencies governing rural affnirs were regarded as
in neeq of reform, since the Divisions df Livestoek and of Agriculture of the
Mitnisllfy of Industries embodied precisely the distinction that batllista policy was
intended to eliminate, and there was also 'a formidable tendency for tasks requiring

daily and close contact with landowners and farmers to become urban and

serientary‘.%

The new structure involved the creation of a National Inspectorate of livestock
and Agriculture in plnce of the old Divisions. This service was to be decentralized
and conducted through teavelling inspectors (inspectores volantes). It wnas

supplementerd by an Animal Health Police, to reduce animnl losses from disease and

to protect the health of the human population, and a Commission for the Defence
of Agriculture which worked to mintmize the damage caused by agricnltural pests
and plagues, especially of locusts.  The formal teaching of agronomy wns to
continue in the Institute, but more attention was to be paid to practieal instruction

and the training of ovef%;eém through the intended creation of six Agricultural

the model farm at Sayago) for farm overseers at Toledo.

The now programme thus contnined some major initintives.  Perhaps the most

startling wne the decision to send the [irst six young apgronomy graduates ns a
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formal commission of agronomists to twelve countries in Eu'rope, North Awmerica
and Australasia for twelve months during 1911-1912. Their remit was to study the
organization and practice of ariimal husbandry and arable agriculture and derived
industries, and to find out under what conditions the counlry could expeet to
attract as immigrant colonists or contracted personnel the technical staff and
skilled overseers who would he needed. The 1300-pnge roport27 which they
published on their return contains nrprofus:ion of proposals and suggestions for
Uruguayan agriculture. Their seriousness of purpose is evident, but revealingly,
there is a suggestion that the new profession of agronomist was largely dependent

on state patronage:

The Government, in sending us abroad, has united us in a moral
commitinent to work in the administrative organization of agriculture.
when we twelve national agronomists completed our course, some were
without a well-defined outlook - a consequence of some defeets in our
Institute -~ others went abrond, and there was nrﬁé"pportunity to apply
together the knowledge we had acquired together,

The opportunity to work together - perhaps to work at all - as agronomists came
from the decision in 1912 to employ the returning students as travelling inspectors.
The title was a inisnomer, since theirhessentinl role wnas to assess the state and
needs of rural production, and to operate a primitive agricultural extension service.
This was evidently of enormous immportance if small producers were to benefit in
any way [rom the technification of agriculture. Carlos Saralegui was allocated the
Departments of Canelones and San José, a diversified agricultural region of small
producers. lHere the practical problems became evident: 'All the time I tried to
show in practical terms the usefulness of the science of agronomy. Being on my
own with no help at all means that even the very best intentions fail'. No-one
came to his office for consultations, but on farms or in casual meelings he
encountered & strong response. When he gave lectures, 'the audience was composed
of people for whom I had to omit all teehnical terms and use the simplest, even
childish, words and phm:es'.zg The visits to nmbridge, Rothamsted and many
other research centres and model farms must hnve seemed very distant, Saralegui
and his collegues organised practical elasses, ploughing  competitions  and
demonstrations of all kinds; hut lacking adequate resources, or a class of producers
equipped [inancially and edueationally to benefit from  their expertise, it js

doubtful whether the inspectorate had any appeeciable impacet,
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The ‘other important innovation of the pre-war years wns the establishment in

November 1911 of three Estaciones Agrondmicas, in the Departments of Gerro

Largo, Salto nnd Paysandd. The primary intention was to bring the scientific
advances being achieved in the Institute of Agronoiny closer to producers: as model
establishments they would be a show-plece of what could be achieved (and would he
in part setf~financing), and would offer training in farm skills without separating
the students from the rural environment. By 1913 financial assistance was
available for 100 students to attend courses. The director of the new scheme was
Backhaus, who had apparently resigned from the Institute in l‘.i)lf).sn In spite of his
belief in the importlance of seientific enquiry, Backhaus had travelled extensively
in the interior Lo discover at first hand the nature of the agricultural problem in
the country, and had argued publicty that there should be a model farm in ‘every
l)epurtment.31 The original design (when six stations were intended) was for the
Pnysandﬁ station to operate on Danish lines, breeding pigs, dniry cattle and sheep,
employing special modes of soil cultivation, and a cooperative basis of farm
management. The Salto station would be concerned with the production and
conservation of (ruit on the Catifornian model, contracting technical staff and
workers in the Uniled States. Little of this seems lo have developed in praetice.
fiackhavs é6nee more inoked to Germany for the directors of the individunl stations,
but his abrasive style no longer produced results with the Uruguayans. By the end

of 1912 hoth Backhaus and the station directors had resigned, and all were replaced

by Urugusyans.

Indeed, Uruguny's honeymoon with foreign agricultural experts wnas (with some
outstanding exceptions) apparently ending. Backhaus' eventual successor at the
Instilute of Agronomy wns Professor {1, Raguet of the Higher Agricultural Institute
at Gembloux, Belgiwm, appointed at the beginning of 1912, Raquet gave a more
practieal orientation to the teaching of agronomy, perhaps 'to give it in the opinion
of the rural population the preslige which it hns until now unfortunately been
unnble to nr:quire'.” Nonethelass in April 1914 Raqguet was replaced by n

Uruguayan, FEnrique Etcheverry, and the course was further rationalized "o

13

climinate absterct material and excessive specialization'. Nor were affairs much

happier in Veterinary Seience.  Basset, appointed as director for three years in
Oetober 19172, had his contract terminnted in 1914 following 'incidents', and there

wns rueful reflection an the perils of importing expertise in tenching:
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the preatest error committed in this respeect was in having tried to
apply here exnctly the same methods, programmes of study ete as in
similar European institutions, wi]t‘lmut having taken into mecount the
enormous dif ferences of context.’

As we have seen, the batllistas sought the improvement of ngricultural techniques
not merely to raise average levels of productivily, but rather to effect g gradunt
reform in the rural economy by diversification and new methods of production. To
achieve these more specific ends two further research stations were established in
1911, and a further input of expertise from shroad was obtained. The stations were
L.a Estanzuela, in the Department of Colonin, and the Nursery and National Sced
Station of Toledo. A specific technique which it was hoped might prove viable in
Uruguay was that of Dry Farming, involving erop production in areas of low or
irregular precipitation without ircigation works.  Accordingly, while the [first
commission of agronomists visited Utah to see the experience at (irst hand, two
North Americans developed a programme of experiments at Toledo and Ua
Estanzueln during 1911-1912.  Two other initiatives in this period concerned
poultry-farming and dairying, at Sayngo and La TFstanznela respeetively.t Model
establishiments were agnin  constructed under the direction of three North

Amerieans, but their involvement had ended by 1915,

In spite of the potential importance of such sehemes, the central purpose envisaged
for the two research stations was to nssist in making avaitlable 1o producers better
quality seed and young plants.  The government was concerned al the low
germination rates of much sead, and began to selt imported seed at cost price
through its Seed (“Zommiss:irm.'"’5 At the stations, ‘Toledo was initinlly to specialize
in raising young trees, to meet the demnnd which Acevedo's requirement that
Inndowners should plant a minimum of five trees per hectare was expected lo
ereate.  In its [irst year 800,000 young trees were produced, and three times as
many in 1913; but fike so many initintives at this time the tree-plapting programme
fell victim to the linancial erisis of I.‘l],tImFHM."m The problems of low rates of
seed germination and of seleetion of plant straine appropriate to Uruguayan
conditions were to be investigated at 1,a Estanzuela, though little seems to have
been achioved at first.  Meanwhile, Baokhans ﬂrf(:l’ﬂﬁ u eontraet to Alberto
Roerger, then working in the Faculty of Agronomy at the University of Ronn, to

undertake research in plant geneties,
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When Boerger arrived in 1912, Backhrus (85 Inspector of the Estaclones
Agmnémiens) intended that he should work at the proposed station at Purazno,
which was never in fact established. Boerger, contracted for three years and
anxious not to lose a crop year, began work at Toledo, and then in 1913 moved to
Cerro Largo.  Clearly impressed by the quality of his work, the government
designated him Director of La Estanzuela in Mareh 1914.%7 Under Boerger, the
institute developed as a major research centre of internationnl renown. In 1917 it
was visited by the Director General of Agriculture and Agricultural Defence of
Argentina, who described it as 'the best organized institute of its kind in South
America, to he envied by many first rank European institutions', 38 By 1941 it
listed 332 publications, of which 77 were published outside Uruguny, including 29 in

Germany and 6 in Great Britain.??

Boerger's prineipal interest was in improved plant selection: 'to find them by
experimental observation or biological selection is perhaps the most important task
of econtemporary agricultural research in the River Plate countries', 19 At feast for
the first filteen years, most of the experimental work concerned the application of
theoretical plant gencties to the country's main crops. Comparative tests of over
forty strains of wheat revenled the clear superiority of native over fimported typos.
The same general conclusion was reached for onts and maize, whereas the
adaptability of barley gnve an advantage to Chilean and CGerman strains. Field
trials necessarily involved Boerger's temn in the study of retated matters: sowing
seasons and methods, rotﬂtinnﬁ, and the use of fertilizers, as well as problems
relating to forage drops and alfalfa. The value of the programme was limited,
however, by recognition of the great variability of soil types within Uruguay but
reluctance, in part perhapg heemiise of a lack of resources, to commission a
programme of soil analysis. That decision had an obvious bearing on the attitude of
La Estanzuela to the use of fertilizers in the 1920s (see below), Boerger insisted
however that agricultural progress in Uruguny had been achieved largely by the
provision of good seed. 'In such a markedly livestock-producing country in whieh a
short while apgo there was still an antipathy towards arable production on the part
of some Inndowners, we may still regard as "miracitous” the decisive effect of

"good secd” on the economie strueture of the er*nmtr},'.'41

Searching for Raw Materials

An importaot element of the reformist econamie poliey of the Colorado party

Busfare the e 0 World Wapr wan ovidently the Hueepsilication of fhe ceonomy, pnt
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merely to resolve the rural question and to buttress the economy of Montevideo,
but also to enhnnce the potential of the economic structure of the eCONOMYy A% A
whole. The batllistas did not initiate protectionism - and indeed the incidence of
import tariffs showed no increase bhetween 1903 and 1914 - but there was
continuous support for industrial initintives in this period.42 Yet the policy
statements of the time had little to say nhout eommercinl vilnerability as such.
Import substitution was pursued very much as an end in itsell, to incrense the level

of self-sufficiency by displacing itdms from the import hill.

Consistent with this approach was the view held strongly by Acevedo that Uruguay
wrs potentially rich in raw materials (in addition to those of rural sector origin),
and that the resources of the state were reqguired to make them commercially
avaijlable. f)uring 1911-1912, therefore, three new institutions were created, each
to be directed by experts contracted abroad, whose task was to investigate the

nature and commercial viability of under-exploited naturai resources,

Uruguay's coastatl walers of the South Atlantic and the River Plate, as well as
inland rivers, are rich in fish stocks. At the beginning of the century there was
little systematic information about these stocks, and there was almost no
commereial utilization either for domestic consumption or for export. In 1909,
Andrés Bouyat, a French national who had taken up the chair of Zoology in the
Faculty of Agronomy the previous year, was commissioned by the govermmnent to
report on the potential for a fishing industry., The report was (‘.nlhu.‘;iﬂstic.43 As n
result, the Instituto de Pesca was created with modest resources under the
direction of Nelson A. Wisner to promote the possibility of a commercial fishery,
The task was initially perceived by Wisner as that of conservation, through the
study of the natural history of the fish stocks, and by recommending appropriate
restrictions on their utiliaf.ntin:m.44 More ambitions plans for fish breeding,
installation of cold stornge facititics, and for inereased production by the Instituto
as well as by private enpitnl, were abandonaed in the aftermath of the erisis on the
eve of the First World War. Neither the Institiito nor the very limited private
sector involvement recovered suhseq1,mnlly,45 and Uhe initigtive was n

comprehensive fpilure, Not until the 1970s did fishing become an economic

activity of significance.

The two other new organizations, the Instituto de ('im)!ngfﬂ y Perforaciones (I3P)

and the Instituto de Quimien Industrinl, were ereated together in 1212 with
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functions which were to some extent complementary, and which perfectly
exemplify the role of the state in enhancing the prolitability of private capital.
The intention was that they would systematically explore the mineral resources of
the country, and by the chemicnl analysis of these {and other) materinls encourage
private capital in the direct exploitation of them and in manufacturing industry in
general.  In particular it was hoped that the geological survey might reveal

workable depasits of oil or coal.

The IGP recruited Ffive scientists and engineers abroad, including its director
Mauricio l,mnme.d6 There were high expectations of its work. The message from

Batlle and Acevedo proposing its creation stated bluntly that

the country has seversl substantial sourees of wealth which only require
the intervention of the State to begin functioning properly. The mining
industry is one such. Only the public authority can undertake the costly
studies necessary for their exploitation. In their absence the treasures
in onr soil remain inexploited and even unknown ... It is thprefore
necessary to begin the geological study of the national territory.

The beliel in Uruguay's mineral wenlth had recently been reinforced by n
favournble report by the geologist Carlos Guillemain, commissioned by the German
government.da The achievements of IGP, however, did little to justify this
optimism {or indeed to disperse it). It began by analysing known deposits, for
example manganese in Rivera and Colonia, marble in Maldonado, and granite in
Minas. Although sinall quantities of gold were still mined up to the First World
War, IGP saw more commercial possibility in increased exploitation of base

minerals (such as sand, gypsum, tale) than in the continued pursuit of precious

me,tals.49

The principal tasks were to chart the geology of the country, and to discover a
domestic fuel supply that would reduce Uruguay's complete dependence on
imported supplies which aeccounted for 10 per cent of the import bill in
19(}8—191(}.50 Guillemain's report had given eneouragement to the view that coal
deposits could be expected near the Brazilian border, and in 1915 Lamme
announced that exploration’ wbrk for coal {and oil) was about to begin. The
resulting report in 1818 of the new director of ¥iP, Llambinas de Olivar (whose
private eompany had reccived a state subsidy in 1909 to nid its search for coal),
ir{rlicnterl the probable loeation of low-grade deposits, but there were no further

developments.  Mor did the work of prepaving a detailed geological survey begin,
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‘hecnuse of a lack of personnel and resources.  There is not a single geologienl
5
institute in the world which hns so few staff as r.un‘r:"’1 - a deficiency which was

never made good. When the 'l_,,_ibrro del Centennrio was published in 1925, the tnck of

a complete study of the geologieal characteristics of the eountry was stitl blamed
for the failure of & mining industry to have developed, along with deficiencies in
the transport system. Indecd the puthor of the section on geological formations
made scant reference to the work of 1GP, basing himself instend on the

Pl

publications of Carl Walther, appointed by Rackhaus to the chair of Geology in the

Agronomy Institute in 1908.%?

The fale of 1GP proved to be in direct contrast to that of its twin, the Instituto de
Qufmica Industrial (IQ1). Acevedo, whose conception it was, planned four functions
for it: to study and improve the organization of industries in the country,
discovering uses for waste products; to encourage the development of new
industries, through the analysis (in conjunction with I3P) of domestic raw
materials; to be available to existing industry as consultants in the analysis of
inputs or output; and to propagnte techunical advances through publications and
lv'eclnrr_vs;.53 In his first annual report, the director doubled the number of potential
functions, but only two represented new initiatives: the f{irst was to offer
instruction to n limited number of students; the second, of great signilicance, was
that 1Q! should begin production of a limited range of chemieals holh for research
purposes and to earn revenne so that it might eventually be .-%elfﬂfinnncing.5

Neither had by then commenced.

The new institute did not begin well, [t was intended to have (like IGP} six
technically-qualified personnel from abrond, but only three were in [act appointed,
for limited terms of three yvears. J.E. Zanectti, born in Cuba, was named Director.
Latham Clarke, also from Harvard, was efflectively his deputy. Carlos Duzaine
Nansen, a gradunte of the University of Copenhagen, was an assistant, Within six
months Zanetti had returned to the United States where he remnined, apparently
for personal reasons. Hansen also resipned in 19130 Dy May 1914 1Ql was
occupying its third (and still provisional} premises.  Equipment ordered from the
United States, Germany and Holiand was delayed in arriving, The circumstances
were not propitious, yet the career of Latham Clarke (like that of Boerger) was to
be a vindieation of the policy of recruiting abrond. Clarke reeeived his doetorate
at tacrvard in 1905, at the age of 24, and he apparently continned to work there

[ =
apart from a period in 1900-1910 in Rerlin and T)rr‘ﬁdml."s e was named Director
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of 1Q1 in mid-1913, nnd hetd the post until 1926, apart from a period spent in the
United States in 1916-1917 in protest at the policies of Viera's government.
Subsequently he was a member of the directorate of the Administeacibn de

Combustibles, Alcohol y Portland (ANCAP), and died in Uruguny in 1962,

The early work of IQU was inevitably modest, in keeping with its resources.
Perhaps the most important analysis undertaken was of numerous samples of pent,
which were found to contain soe much mineral mnaterial as to be of little
commercial value. Samples of sand were analysed, but were found to be tow in
silien and high in iron, and thereflore unsuitable for the manufacture of glass.
Boiler feed water was analysed with a view to recommending methods of
preventing corrosion and scale. A range of paints wns annlysed in order to
discourage adulteration. Experiments were conducted on samples of oil shale from
the Department of Cerro Largo, but they proved inconclusive. A variety of other
investigations was carried out on domestic and imported materials (for example

limestone and conl). Puring 1914, 569 samples in al! were submitted to IQI for

analysis and 220 reporis were prepared,

As enrly as 1914 Clarke expressed himself extremely anxjous to begin production of

sutphuric acid, which was then imported at a price he considered excessive.

This acid is the key to industries whieh involve chemical processes; it
figures directly or indirectly in the manufacture of almost nll
commercial products ... The industrinl prosperity of n nation is gauged
by the volume of sulphuric acid it uses ... It is my opinion that we
should mamufacture it in this eountry, and moreover that we should sell
it at a low price, to stimulate and ease its use ... Such a {actory is
especintly important il we are going to utilize smne5€f the raw
materinls of the country which at the moment have no use,

This was undoubledly a main objective for Clarke, hut in the context of pre-war
financial crisis and war-time shortages it had to be suspended. Indeed it is
remarkable that 1Q1 survived the crisis as well as it did, a fact which Acovedo
attributes to the courses of study it had instituted and the right of students to
complete them.57 But by 1915 Clarke had another argument with which to sustain
Qs position: 'No pn!ition]%y‘ independent covmtry is so in reality without its
economic independence. 1t must try to manufacture with its own raw materinis all
the products required by its industry'.ﬁg So the Factory Section of 1Q1 began

production in 19145, in tiny quantities and doubtless at very high cost, of a number
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of chemical products imobtainable during the First World War. They included ether
for anaestheties, sodium suiphate, pure alecohol, collodion, and many others.
Produetion was a technical and commercinl success, the revenue atlowing 1Q1 to
increase the volume and range of its outpil. Clarke's disagreement with
government poiicy in 1916-19t7 was concerned with its interference in 1Ql's
tenching activities, not with its production programme, which evidently greatly
enhanced 1QI's, or Clarke's, prestige in the opinion of the grovermnent.Sg
”

At the end of the war the production of many of these chemicals ceased, but the
importance of IQI as an industriat producer effectively dates from 1918 when its
first sulphuric acid factory was authorized. Two years later production of
superphosphates was proposed, and its approval in 1921 also required an increase in
sulphuric acid capacity. About forty chemicals were produced in commercial
quantities during the 1920s, including nitric acid, various sulphates and sulphides,

60 Clearly sulphuric acid wns basic to the development of

and hydrochloric acid,
this chemical industry. Sales of the acid itsell incrensed from less than 10 metric
tons in 1919 to 98 tors and 208 tons in the two succeeeding yenrs.sl Therca{tery the
rate of growth was slow: in 1921 it was lamented that ‘eonsumption of sulph‘uric
acid in the country is insufficient to sustain activily in the factory throughout the
year', keeping production costs as high as £4 per tcon.62 Nonetheless in 1930
capacity was further increased and production expanded rapidly in the 1930s,
exceeding 1000 tons in 1938. During the 1920s, however, it is evident that
expectlations of increasing demand for sulphurie acid were primarily based on its
use as an input in the production of superphosphates, but that market was to prove

much more dif ficult than anticipated (see below).

During the 19205 1Q remained active in the senrch for a national fuel supply, but
attention was diverted away [rom domestic deposits of conl and shale, whose yield
was disappointing, to the potentialities of nlcohol derived from domesticeally-
produced maize, There were two reasons for this interest. The first was the long-
standing attempt by the state to orgnnize n monopoly of the supply of alcohol in
place of the private monopoly of the distilleries of the French industrialist Julio
Meillet. In 1912 Batlle's first attempt to expropriate the diztilleries was defented,
tariff protection was removed, and Meillet proceeded to dominate the import
trade. When Batile renewed his bid to ncquire the distilleries in 1921, Latham
Clarke acted as a consuttant to the government in the matter. Indeed, had the

state been succeessful in securing o monopoly, in the proposed law of 1923, the
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administration of it would have been vested in a new Fabrica Nacional de

Productos Quimicos, effectively a re-designated IQIL.

The second renson [or the importance of aleohol wns the close attention paid to
Froneh experiments in the use of mixtures of alcohol and petrol as fuel in internal
combustion engines. This was particularty the resenrch interest of Angel Goslino,
appointed as Ttansen's replacement in 1914 and Clarke's successor as Director.
Goslino had published in 1917 some preliminary conclusions on the potential of
aleohol as a fuel, but the Toulouse trials in May 1923 (which Goslino attended)
evidently stimulated renewed interest, as four months later trinls were held in
Monteviden using alcoho! and petrol mixed in equal proportions in twelve
unmodified vehicles. Though the results were apparently satisfactory, and further
research reports appeared later in the 1920s, no further progress was mnade.
Joslino's attention turned to the possibility of developing a gas-fuelled vehicle, and
after attending further tests in France in 1927 Goslino acquired a lorry for trials in
1928.63 However, with the creation of ANCAP in 1931 the state assumed
exclusive rights of importing and refining crude oil, and Goslino was appointed
general manager.

v

The Fertilizer Question

A feature of the techiological backwardness of the rural sector in contemporary
Uruguay is that the problems - whether of the limitations of natural pasture, or the
incidence of plant or animnal disease, or of variations and deficiencies in the
composition of the soil - have been defined as such since the early years of this
century., Indeed, systemmatic research on a wide range of questions had begun by
1914, The economie dif(iculties of recent decades may have served to conceal the

level of expertise renched earlier. Thus it was asserted in the 1960s that

despite the obvious importance of fertilizers in raising apgricultural
praduction, Uruguay continues to employ only very small amounts ...
Agronomie research with fertitizers is relatively new in Uruguay, and
trials are not yet of long enough duration to provide reliable data from
which to develop recommendations for farimer use.

Though the first of these propositions is true (I simplistic}, the second is decidedly

misleading; research on fertilizer use had begun over {ifty years before. But

remarkably, this rescareh produced a confrontation between two of the most
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successful institutions of the pre-war period, Boerger's La Estanzuela and Latham

Clarke's IQI. . -

Although_ the last quarter of the nineteenth century produced a niunber of
publications in Uruguay on fertilizers, no serious work was done mmtil the arrival of
the German agronomists in 1906-1907. Two in particular, Dammann and Sehroeder,
published papers on fertilizer unn,ﬁs and their findings were supplemented by those
of the geologist in the Facuity, Jﬂlther. But the most notable contribution to be
made on the value of fertilizers to Uruguayan farmers came from Boerger and his
associntes at La Estanzuela.  The technique he adopted (much influenced by the
example of F.J. Russell at Rothamsted) was to establish permanent experimental

fields in which over an open-ended number of erop-years the increased yields )
derived from applications of NPK (nitrogen, phosphorus and potassium) and
combinations of two of the three were assessed agninst yields on unfertilized land,
The crops so tested were wheat, maize, chick-peas, potntoes, linseed and barley.
The technique was thus pot based on making good deficiencies of nutrients in the
soil based on chemienl soil analysis.  Doerger pilaced very little faith in that
appronch, although he was well aware from the work of other agronomists that the
soil types of Uruguay are characterised by greal heterogeneity, but that in terms
of plant nutrients there is a generalised deficiency of phosphorus (PZOS).BG
Emphasis was placed instead on the actual yields 1o be obtained in field conditions.
The tests began in 1915, as soon as Boerger arrived at La Estanzuela, and by 1939

data had accumulated from four complete eyeles of a six-year crop rotation,

The definitive statements of Boerger's results came in his two major books,
published in 1928 and 1943.%7

conclusions in the intervening period. In terms of yields, the application of

In fact Boerger {ound little reason to alter his

phosphnates in soluble forin gave better resutts for all six crops compared with the
unfertilized land. Potassium had a negligible effect on yields. Nitrogenous
fertilizer nppeared to be of greater utility in 1943 than it had {ifteen yenrs

68

enrlier. But this apparent testimony to the value of phosphates came heavily

quatified. First, the average increased yields over twenty-four years for Uruguay's
two main crops, wheat and maize, were only 19 percent and 16 percent
respectively following apptications of NPK. Second, ns a determinant of yields,
elimatic variation was of far greater significance than fectilizer. Third, without
accompanyving changes in cnltivation techniques, especially weed control, the use

of fertilizers by the generality of produeers might give very poor results, Fourth,
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Boerger emphasised that fertilizer use was an economic rather than a technic
question: it depended not on the level of nutrients in the soil, but on the increas
yield that fertilizers would make possible, the market value of that increas
output, the financial cost to the producer of the fertilizer, and the risk that b

weather would convert the potential gaip into an actual loss.

Parallel research by other ngronomists tended to confirm Boerger's conclusions,

1931 Jorge Spangenberg published results derived from his work in the Facully

Agronomy at Sayago, which seemingly proved that for wheat (the most extensive
grown crop), the selection of ‘pedigree’ seed was the most important factor raisi
yields in the 1920s. Soil analysis, he argued, should be more concerned with t!
physical structure of the soil, and the tevels of humus and acidity/alkalinity (pf:
than with the presence or absence of plant nutrients which by themselves had litt
value as indicators of productive cnpncity.m Lven more damaging to the case f
fertilizer use was the report by Gustavo Fischer, Boerger's collaborator at |

Estanzuelia since 1918, on the results of experimentnal pasture fertilization.

Although from a scientilic point of view the changes in the production
aiwl composition of the vepgelation are attractive, the same cannot be
snid from an economic standpoint, The irregularity of the results, and
the doubt{ul value of clovers with short periods of growth in place of
grasses, do not encourage the improvement of our pastures through
fertilizers while we are llﬂﬂblf’ to ensure n satisfactory rate of return
through qnwmg good, well- adnpﬁtod pastures, and above all ptilses. The
procedure is onerous, and the praducer who prefers to rent an additionat
pasture rather than undertake risky operations with fertilizers is quite

L%

right ... While the income is so smnall, the private sector looks at
a('r-umum(lf-(} fertility as a mineral dvpoq:t and engages in an extractive
industry.

Many of these results were still unknown, of course, when 1Q1 sought governmen!
funding to begin production of superphosphates in 1920, using deposits of burnt
bones at the old meat salting plants (saladercs) ns raw material. But the enrls
results at La Estanzuela - which were known - did not encouirage any genernlizec
use of superphosphates, in spite of the deficlency of phosphorus in the soil.  The
point was made during the parliamentary debate on the project that although the
chemists would mamafacture the fertilizer, it wos not they who were conduceting
the agrienltural trinls.72 Thus did the two outstanding technological initiatives of
the batllistag come  into  conflict. 191 needed an expantding market oo

superphosphates to take up some of its excess sulphuric acid eapacity and provid
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revenue for the expansion of 1QI's largely sel{-finnnced activities. Boerger refused
to make any general recommendation to farmers that they should use the material.
In 1922 a speeial commission of -”IE' Ministry of Industries was set up to examine
the igsue, with Boerger as a membey, but its work was inconclusive. To stimulate
demand, IQ1 distributed samples and leafiets recommending its product. In 1926
credits for fertilizer purchase became available, and between 1928 and 1930 1N
_organised a free service of so0il nnfg_.lyﬂis whichh completed over 330 tests.73
Consumption of superphosphates wns slow to increase until 1928, and did not
" exceed 1000 tons until 1931, By then a further clnsh with the agronomists had
oceurred, at an international congress held in Montevideo in 1930, at which
Spangenberg delivered his eriticism of the 'plant nutrients' approach, while 1QI
reported tﬁe phosphorus and ealeinm deficiencies revealed in their soil surveys.
Once more the dchate faited to find common ground, except in the need for more

14
research.

Nonetheless a partial rapprochement was nchicved in the 1930s.  Fischer, of La
Estanzuela, heeame a member of the divectorate of IQ1, and from "1934
collaborntive experiments were carcied out in addition to the permanent trials at
L.a Estanzuela. The general conclusior renched was that use of superphosphates

wns justifisble for high-value crops provided that weooeds were contmﬂh&rd.75 Boerger

. . 76
seems Lo have remained seeptical.

While the fertilizer question remained a major preoccupation for QI the 1930s
also snw n more fruitful relationship develop between the Institute and the rural
sector over n range of probiems, especinlly concerning production and use of
chemicals [or control of plant and animal disease. In 1932 production of copper
sulphate begnn for use in the control of peroncspern, an epidemic of which
damaged vineyards two years later. 1QI's journal which began to appear in 1935
was wholly devoted to agriemtturatl questions.  Parndoxieally, 1Q1 appears to have

lost contact with manufacturing industry in its capacity as consuitant in the post-

Depression period.
Conelusions

Although very little material is availnble on whiclh a comparative nssessment could
be based, it seems likely that the Urnguavan experience of technology

. L 17 .. . .
incorporation in the decade befare 1914 was nmisunl. The mode of incorporation
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was distinetive, relying essentially on encouraging European or North American
experts to work in Uruguay on short-term contracts. The number who did so wars
not small: about 55 such individuals may be identified in the institutions discussed
in this paper, a significant element in a society of about one million inhabitants. I
was intended that they should apply their learning to the study of Uruguayan
conditions, particularly to neglected natural resources, and communicate their
skills to those Uruguayans who would take over when contrects ended. The
financial burden of this did not go uncontested in the legisiature, but the batllistas
were determined to secure well-quatified personnel.78 The nationality of the
experts showed a clear preponderance of Germans, to be explained in part by
Backhaus' appointment, rather than as a result of government policy. There was no
British representation at all, which to a limited extent may have reflected the
antipathy of the Foreign Office for Batlie, but had much more to do with the clear
lead of the United States and continental Furopean countries in technical studies in

institutions of higher education.

A feature of the introduced technology was how little contribution it made to the
problems of the iivestock sector. Some studies were made of natural pasture, and
of the cultivation of fodder crops, but they were little more than incidental to the
task of modernizing the arable sector. That objective was centrnl to Batlle's plan
to reduce the overwhelming weight of extensive livestock production in the rura)
economy. The resources of the state were thus deployed to diversify the rural
sector, and to strengthen the urban economy, by supporting small producers who
occupied subordinate positions in the structure of dominant class interests,
Modernization of the livestock sector was expected to occur indireetly through the

incorporation of eolonists and the devotion of more land to arable production.

In view of the 'extensive production practices and low levels of technologg,r'?9 which
still characterize ngricufture, the continuing absence of a viable technology f(or
profitable improved pasture exploitation, and the inability to discover new mineral
resources, it is easy to describe the initiatives of 1906-1912 as a failure.
Undoubtedly expectations were exaggerated and projects were under-financed,
especialty alter funding was cut in 1913-1914, There was naivety in assessments of
what simall-seale projeets might achieve, as in underestimates of the resistance of
the large-scnle eattle producers to incursions in their province. Not until 1964 did
the number of entrants to the Faculties of Agronomy and Veterinary Science ench

exceed 100, still representing together oniv 10 percent of admissions to the
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universily.an On the other hand, and targety through the inspiration of two
individuals, significant centres of research and technical expertise were established
in agronomy and (to a lesser extent)-imiustrinl chemistry, which were of long-term
value. To explain the inadequacy of these advances in subsequent periods exceeds
the bounds of this paper;, but four elements might be singled out: the growth of
research and development expenditures in the industrialized countries and the
international commercialization of the resulting technology; the acquiescence of
the producing class in Uruguay in its technological incapacity; the under-
representation of the landowning class in the Uruguayan state; and the decline of

the batllista inspiration in Batlle's political heirs.
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