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Abstract

In mid-nineteenth century Portugal, the practice of irrigation was deemed to be completely backwards in comparison with
the prevailing European standards. Distant were the times of Al-Andalus, when a so-called green revolution occurred on
the Iberian Peninsula. Within this context, Agricultural Hydraulics gained momentum as a scientific field. Although water
governance had a long run, the ‘politicisation’ of water issues clearly intensified in the Regeneration political regime. From
1851 onwards, the stability required for national material progress was ensured. The country had been struggling to build
roads, railways, telegraphs, ports and, therefore, the Ministry of Public Works was established in 1852 to undertake these
architectural and engineering projects. This paper argues that not only due to rivers’ manipulation for agriculture, but also
to the rising status of engineers, Agricultural Hydraulics was under the Ministry of Public Works and, consequently, on the
sphere of engineers rather than agronomists. Focusing on the making of a military engineer as an expert on Agricultural
Hydraulics by sending him abroad and fostering his literary education, this paper reveals how this knowledge was appropri-
ated and transformed into new projects for the Tagus River. Moreover, contrary to recent review that Hydraulic Services were
launched in Portugal by 1884, based on the “Plan for Organization of Hydrographic Services on the mainland of Portugal”,
this paper highlights the crucial role played by the Portuguese engineer Bento Fortunato Almeida d’Eca through his work
as Superintendent of the Tagus River and its Tributaries, twenty years earlier.

Keywords Hydraulic agriculture - Hydraulic engineer - Piemont and Lombardy - Tagus River - Ministry of Public Works -
Rivers’ navigation and irrigation

Abbreviations Introduction
AHM  Arquivo Histérico Militar (Army Historical
Archive) In mid-nineteenth century Portugal, the practice of irriga-
BAME Biblioteca e Arquivo do Ministério da Econo- tion was deemed to be completely backwards in compari-
mia (Library and Archive of the Ministry of son with the prevailing Western European standards. Dis-
Economy) tant were the times of Al-Andalus, when a so-called “green
BNP Biblioteca Nacional de Portugal (National revolution” occurred on the Iberian Peninsula (Watson 1981;
Library of Portugal) Glick 2005). In 1859, a student at the Instituto Agricola e
BISA  Biblioteca do Instituto Superior de Agronomia Escola Regional de Lisboa (hereafter Agricultural Institute)
(Library of the Superior Institute of Agronomy) affirmed that “our country is very far from being equal in this

respect with the more civilized nations of Europe and from
consequently being able to enjoy the advantages that this
agricultural improvement could provide to it.” (Veiga 1859,
fl. 27). Such complaints maintained that while most prov-
inces lacked enough precipitation and humidity, water from
rivers and streams, many completely unnavigable, might
serve to irrigate the fields through an appropriate purpose-
built system of channels. The problems were already long-
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that “There were sites worse than the most inhospitable in
Africa” (Loureiro 1907, p. 18). Traditional and success-
ful irrigation methods had been neglected and abandoned.
Within this context, Agricultural Hydraulics gained momen-
tum as a scientific field emergent in mainland Portugal.

From the eighteenth century onwards, the era of ‘modern-
ized traditional irrigation’, interlinked with the Industrial
Revolution, fostered the “professionalization of irrigation
and meadow cultivation evolved across Europe” in con-
junction with appropriate legislation and the foundation of
societies and unions (Leibundgut and Kohn 2014, p. 280).
The Agricultural Revolution that preceded the Industrial
Revolution in Great Britain brought about change to many
of Europe’s traditional systems. Moreover, during the nine-
teenth century, growing population and respectively, urban
concentrations, drove the demand for the expansion of irri-
gated agriculture. This was accompanied by the develop-
ment of hydraulic technology for controlling major rivers
and transporting water over long distances for irrigation.
Many of these developments took place in Great Britain,
Italy, France and Belgium.

Furthermore, in the countries where Hydraulic Agri-
culture originated, a wealth of systematic studies has been
produced. Not coincidentally, there is also a remarkable con-
junction of discourses at that very moment in critical theory,
in engineering books, in agricultural treatises and manuals,
and in hydraulics, all of which sought to improve irrigation.
In fact, from 1860 onwards, and quoting Hermenegildo Gor-
ria, we may concur that hydraulics went from empiricism to
a science due to “mathematical analysis, which has been and
is the basis for the research of formulas and exact theoretical
solutions” to the physical conditions, and that is why they
hold the character of generality following their application in
the varied experiments already carried out (Gorria 1908, p.
124). The empirical task of irrigation became the scientific
field of Hydraulic Agriculture.

In Portugal, following a civil war declared by absolutists
against liberals (1832-34), political turmoil continued and
only from 1851 onwards, the Regeneration political regime
ensured the stability required for national material progress.
The country had been struggling to build roads, railways,
telegraphs, ports and, therefore, the Ministry of Public
Works, Commerce and Industry (hereafter Ministry of Pub-
lic Works) was established in 1852 to undertake these archi-
tectural and engineering projects. Despite the construction
of modern infrastructures, agriculture was still envisioned as
the major source of the kingdom’s wealth and identified as
needing urgent major improvements. This revitalization of
agriculture reckoned recourse to rivers for the irrigation of
fields as mandatory and this required construction works on
rivers. Therefore, this paper unveils what has hitherto fallen
beyond the scope of historiography: how irrigation was not
considered an empirical activity of agriculture but rather
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a specific field of engineering in Portugal. In fact, it was
developed under the tutelage of engineers from the Ministry
of Public Works between 1852 and 1910, to such an extent
that an exclusive and purpose dedicated section — the Board
of Hydraulic Agriculture — was there established.

Nineteenth century irrigation, especially the successful
tradition of meadows and pastures irrigation practiced in
Central Europe has been investigated, identified as water-
meadows in English, or Wasserwiesen in German, or marci-
tes in northern Italy (Leibundgut 1985 and 2004; Leibundgut
and Kohn 2011; Cabouret 1999; Cook et al 2003; Brown
2005; Everard 2005; Cook and Williamson 2007). Moreover,
the major works carried out ever since medieval times to
build canal systems in Lombardy has also drawn the atten-
tion of historians (Fantoni 2008; Pugliese and Lucchini
2010). In France, these topics have been studied by geogra-
phers and historians, who identified the different techniques
deployed in several regions, beyond the legal, economic and
social aspects involved in the various water cultures (Car-
rier 1932; Bethemont 1972 and 1999; Broc 1980 and 1992;
Caucanas 1993; Ruf 2001; Romagny and Riaux 2007; Girel
2012). However, the question of the politicization of water
was never as vital as for the Spanish case, when, between
1890 and 1930, the political movement called Regeneracion-
ism used a hydraulic utopia to mobilize the country towards
the modernization of the nation, and the experts leading it
were envisioned as ‘hydraulic heroes’ (Costa 1911; Orti
1984; Swyngedouw 1999 and 2015; Boelens and Uiterweer
2013; Duarte-Abadia and Boelens 2019).

In Portugal, the regularization of rivers for agricultural
improvement remains both unexplored and remarkably
poorly understood. Despite some efforts to regularize the
Mondego and the Tagus rivers made by the Priest Estévao
Cabral in the late eighteenth century (Leitdo 2020, and for
early modern Iberian water history, Rodrigues and Toribio
2020), problems were far from being solved. Moreover, in
the field of history of agriculture and rural studies, despite
significant contributions on Portuguese nineteenth century
agriculture (Caldas 1998; Freire and Lains 2017), there has
been no study of the branch of Hydraulic Agriculture.

From the history of technology point of view, histori-
ography has emphasized the role that engineers played as
harbingers of modernity, with their knowledge deemed
more scientific by the political powers on account of their
education in technical universities. Consequently, they were
appointed to direct the construction of railways and national
infrastructures (Buchanan 1978 and 1989; Picon 1994, 2004,
Diogo 1994; Matos and Diogo 2006; Pereira 2021a, b and
2022; Silva 2020). However, this article highlights how the
engineer class also ruled agriculture — a subject that has
hitherto received scant attention from historians.

The starting point for the ‘politicization’ of water by
central government was considered the “Plan for the
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Organization of Hydrographic Services on mainland Portu-
gal,” which was enacted into legislation on March 6, 1884.
This reflected how the essential contours of a national scale
water policy began to be defined after this stage. Achieving
this implied a systematic and scientifically informed assess-
ment to ascertain the national water resources, to diagnose
the intervention needs to improve their conditions of use and
economic exploitation, as well as establishing an administra-
tive structure to support these interventions and their super-
vision (Pato 2007). However, this paper will argue that water
policy actually begins in an earlier period and merges into
the overlapping world and expertise from which emerged
that subsequently labelled as Hydraulic Agriculture.

Under the methodological framework of micro-history,
we track the making of an expert in Hydraulic Agriculture
working at the Ministry of Public Works—the Portuguese
engineer Bento Fortunato Moura Coutinho de Almeida d’
Eca (1825-1906). Portuguese hydraulic engineers have
received occasional attention in international literature and
in Water Engineering and Management through Time, the
engineer Eca is acknowledged as a “successful practising
hydraulic engineer who improved the water conditions of his
country” (Cabrera and Arregui 2010, p. 156). In the Portu-
guese literature, there are some biographic studies and arti-
cles but they only focus on Eca’s work for the railway system
in the later phase of his life (Quintela 2002; Costa 2005;
Hager 2010; Martins 2010; Pereira 2012). This article will
demonstrate how this expert on hydraulic agriculture, who
was a career of civil and military engineer, had been trained
through a travel abroad, to regions where hydraulic agri-
culture was considered more advanced, without a hydraulic
engineering course in Portugal to date, as it existed in Italy
already by then. Moreover, we argue that these hydraulic
engineers were overshadowed by the engineers responsible
for building the railways in Portugal, unlike in neighbour-
ing Spain where they were seen as true heroes; and, finally,
this case-study thereby contributes to casting light onto the
circulation of knowledge between centres and peripheries,
and how this was appropriated and adapted to Portugal.

To unfold our arguments, we divided this article into
four sections. The first tackles the making of an expert on
hydraulic agriculture at the Ministry of Public Works — Eca
—, and how the government opted to prepare an engineer
for hydraulic agriculture rather than an agronomist, despite
their preparation for the job. The second part addresses the
engineer’s agronomic travel to other European countries in
which advanced hydraulic agriculture was practiced. Based
on this expertise acquired abroad, he was expected to be
able to apply it in revitalizing irrigation along the Tagus
River. Hence, the third part highlights how this knowledge
served in projects designed to revitalize agriculture in the
fields along the alluvial plains of the Tagus River. Finally,
the fourth part discusses the projects and management plans

he designed with a committee for the Tagus River. Never-
theless, economic and financial setups seem to have under-
mined the vision this ‘hydraulic hero’ had for Portugal.

The making of a‘hydraulic agriculture’
expert: Bento Fortunato Almeida d’Eca

The watering of cultivated fields has always been under
the traditional wisdom of farmers. But in the nineteenth
century, the empirical practices of irrigation became
enshrined within the techno-scientific careers of engi-
neers with much of its hitherto largely tacit knowledge
transformed into a measurable and controlled activity. This
is the case in Portugal, despite the fact that agronomists
were being prepared for it. Contrary to what happened
in other countries, agriculture was under the supervision
of the Ministry of Public Works and it was within this
framework that an engineer will be prepared for ‘hydraulic
agriculture’.

In other countries, such as France, agronomists took
the lead in these matters. In that country, Hydraulic Agri-
culture was under the tutelage of the Ministry of Agricul-
ture and the leading actor was an agronomist, the French
Joseph de Mauny de Mornay (1804—-1868), (Ingold 2009).
The Minister of Agriculture asked Mornay to study the
irrigation legislation of Piedmont (Mornay 1841 and
1844). Following his visit to the region, his report served
to draft the law proposed by the government, and, in order
to enforce this new legislation, he was appointed deputy
head of the agricultural bureau in 1846. In 1848, the agri-
culture office he was running became a division of the
Ministry of Agriculture. The government then acted to
develop agriculture, establishing agricultural schools,
regional schools and the Agronomic Institute of Versailles
(Wery 1929). In France, irrigation was clearly a topic of
the agriculture realm.

In Portugal, agronomists were also preparing them-
selves for this task. Especially as various voices claimed
the country that “had always advanced itself through its
agricultural products, exporting in great quantity, but
which seemed to have forgotten all the traditions and
retorted to primitive processes” (Loureiro 1907, p. 13).
Therefore, it was considered as essential to restore the
traditions of water wise management that had long been
overlooked and were only still practiced in some vegetable
gardens by a few farmers and gardeners.

The theses of Francisco Veiga and José Varella Sor
presented at the Agricultural Institute provide such evi-
dence (Veiga 1859; Sor 1868). Veiga’s Importdncia das
Irrigacoes (The Importance of Irrigation) starts out with
a historical summary of irrigation covering the main
achievements of the Egyptians, Greeks and Romans, who
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had already highlighted the benefits of solum irriguum
(irrigated land), (Veiga 1859, fl. 5-6). Later, the Moors
are identified as the people with the best understanding
of the utility of irrigation and introduced such practices
into Europe’s midi. The manuscript reveals that he was
aware of the most important works made in Lombardy and
Piedmont, standing out for incorporating both irrigations
and navigation (Veiga 1859, fl. 7). Finally, Veiga deploys
several examples from other countries to highlight what
required doing in Portugal. This agronomist proposes that
watering dry soils in southern Portugal was mandatory,
through the storage of rainwater and by building artesian
wells (Veiga 1859, fl. 36-37). And he also concludes that
to take real advantage of irrigation, engineering works,
social organizations (societies, companies) and financial
inputs, such as those provided by bank financing, were
all necessary (Veiga 1859, fl. 37-38). For an agronomist,
he ends up by emphasizing the importance of engineers
by stating that "the value of irrigated land is compared
to that of rainfed land as is circulation on the railways
to circulation on ordinary roads" (Buffon in Veiga 1859,
fl. 26; Buffon 1867; on Buffon see Barraqué 2002). This
puts engineers and railways as the barometer of modernity.
Agronomists were not aware that by establishing these
comparisons, engineers would take the lead even in their
supposedly field of action.

Sor’s Water and irrigated soils (1868) was another thesis
presented to the Agricultural Institute on similar topics. It is
divided into three parts: the first, includes general considera-
tions about the benefices of irrigated soils; the second covers
several aspects of the origin of water; and the third addresses
the advantages of water supply to different cultures. It dealt
with the benefits caused by water in the soil, such as the
moisture it gave them, the substances it nourished the soil
with, as well as due to its action as a solvent for various
nutrients. Moreover, Sor called the attention to the role water
supply played on the soil temperature regulation, and how
it enabled current flows in the subsoil, allowing the soil’s
oxygenation (Sor 1868).

Despite the existence of students of agronomy dedicated
to studying irrigation, the government opted to make engi-
neers the experts in hydraulic agriculture. The Portuguese
engineer Eca was the first to be prepared for the job. He
played relevant roles in several branches of civil engineer-
ing, including railways, becoming the Director of Public
Works and Mines of Lisbon in 1874, and general director in
1886 (Eca 1876—1877 and 1888; Eca et al 1888; Eca et al
1897). However, it was for hydraulic and agricultural matters
that he became most notable (Loureiro 1907, p. 32).

Eca was of noble origins. He was the son of Dionisio de
Moura Coutinho de Almeida d’ Eca and his second wife,
Teresa Febronia de Paiva Moura Coutinho and born in the
family’s villa under the coat of arms of the Almeidas, in the
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district of Aveiro, northern Portugal, on 17 October 1827
(Pereira and Rodrigues 1907, p. 106). During the civil war,
the family lost part of their fortune. Nevertheless, E¢a’s
father was able to maintain their lifestyle and educate his
ten children (Martins 2010, p. 6).

Eca developed an academic parcourse in parallel to
a military career, beginning both in 1845. This year, Eca
began studying mathematics at the University of Coimbra.
He graduated from here in 1850. Due to his academic prepa-
ration, he was skilled in mathematics, and his army assess-
ments report knowledge of Latin grammar and of the French
and English languages. Subsequently, he studied at the Poly-
technic School of Lisbon where he concluded his final stage
of education in 1853. By the same time, he received the rank
of ensign, and he completed a course in military engineer-
ing at the Army School during which he was awarded two
pecuniary prizes.' Despite pursuing his military career until
appointed a general,” it is his professional life as an engineer
of the Ministry of Public Works that is approached in this
article.

In the 1860s, his army assessments stated he was robust,
agile and capable of active service and that he had good
military looks (Fig. 1). Regarding his behaviour, the army
recorded that he lived with his family, was not a deadbeat or
gambler, did not have lovers nor was drunk, did not sell or
pawn his uniforms, and did not attend secret societies. As
for his military conduct, the reports recognized that he got
on well with his comrades, was compliant and demanded the
same from his subordinates, was committed to his duties,
and maintained the dignity of his post.>

On 26 October 1854, Eca entered the Ministry of Public
Works (Quintela 2002, p. 137). Shortly thereafter, he was
appointed as Director of the Public Works of Vila Real dis-
trict. He sought to progress in the profession by continuing
his training abroad. Thus, on 10 March 1858, he responded
to a tender announced in Didrio do Governo no. 45 of 23
February 1858, for the appointment of students who, sup-
ported by the General Council of Public Works and Mines,
would be sent to foreign countries to study at schools spe-
cializing in the Art of Mines.* The outcome of this tender
is not known but E¢a was unlikely to have been selected as,

! AHM, Evaluation of Eca in January 1863.

2 He began on July 19, 1845, and was promoted to ensign on Sep-
tember 5, 1853; to lieutenant on September 5, 1855; to captain on
October 10, 1865; to Major on April 19, 1876; to lieutenant colonel
on February 16, 1887; and Brigadier General on December 30, 1893,
having retired on January 4, 1897 (Costa 2005, p. 333).

3 AHM, Several evaluation documents of the Army between 1853
and 1864 on Eca’s behaviour and studies.

4 BAME, PT/AHMOP/PI/056/003, Letter from Eca to the General

Council of Public Works and Mines in order to apply for a grant to
study the Art of Mines abroad, 10 March 1858.
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Fig. 1 Portrait of Bento Fortunato Almeida d’ E¢a. In Loureiro 1907,
front cover versus

from 16 August onwards, he accumulated the oversight of
the Public Works of the Vila Real district with Braganca
district, both in northern Portugal.

In the 1860s, E¢a entered a new phase in his professional
life, especially when the military engineer Jodo Crisostomo
de Abreu e Sousa (1811-1895) became the Minister of Pub-
lic Works on 16 January 1864.°

The new minister considered agriculture the “mater
industry,” and appointed someone with a similar education
to his own for the study of irrigation. Not an agronomist.
Minister Abreu e Sousa set E¢a the challenge of studying
the legislation on irrigation in southern France and northern
Italy as well as its practical application to agriculture. He
will make a field trip to these countries to learn from them
the practices that had more success in improving the rivers

3 Eca felt he owed him so much that he gave a special funeral eulogy
at the Association of Civil Engineers (Eca 1896).

6 Eca’s report on this period of travel was acknowledged by the pub-
lic powers and published firstly in 1866 and again later, divided by
the journal Archivo Rural into diverse articles designed to foster bet-
ter practices among interested farmers (Eca 1866b, pp. 85-97; 113-
122; 150-160; 172-179; 209-216; 240-246;).

for navigation and irrigation. He compiled everything in a
report that was acknowledged by the public powers.® As a
consequence, he was appointed to lead the studies of agricul-
tural hydraulics in Portugal under the tutelage of the General
Board of Agriculture of the Ministry of Public Works and to
oversee the works on the Tagus River, replacing the military
engineer Manuel José Julio Guerra (1801-1869) on 2 Octo-
ber 1866 (Loureiro 1907, p. 15).

Guerra had engaged in a noble crusade to restore the for-
mer wealth and prosperity of the Tagus and its fields. He had
surveyed the river and adjacent fields and begun their study
by placing hydrometers along the extent of the river and its
tributaries in order to determine its flood regime, average
levels of waterflow and drought and embarking on a series
of hydrometric, meteorological and statistical observations,
which would form the basis for thoroughly studying how
to improve the Tagus and its extensive and valuable fields
(Guerra 1861). Following the lead of Guerra, when Eca took
over as Superintendent of the Tagus River and Director of
the 2nd Division of Hydraulics on 27 October 1866, and,
later, on 25 August 1870, as Director of Works on the Tagus
and its tributaries, he tried to leverage the capacities for both
navigation and irrigation.

In this context, novel legislation to facilitate the regu-
larization of the river flow was launched. However, these
reforming endeavours gained little practical traction as the
government needed to advance large sums for project imple-
mentation and this biased the efficiency of the legislation
(Eca et al 1883, p. 119). Due to this failure, E¢a asked to
be exonerated from his position on July 5, 1871. This was
rejected by Minister Carlos Bento da Silva, who replied that
he “recognized [his] unsurpassed zeal, indisputable intelli-
gence and commendable commitment in the use of the attri-
butions that the law conferred on them, and the efforts that
[he] had employed, and that [he was] not responsible for the
non-execution of the law” (Loureiro 1907, p. 19).

Despite the several appointments E¢a had, it is clear that
engineers dedicated to hydraulics earned less than engi-
neers dedicated to railways. Eca was always seeking for
better financial conditions and compared his income with
his colleagues working on the construction of the nation’s
railway system. On 26 May 1871, Eca got a 15-day allow-
ance as he was a technical member of the Board of Health
Improvements and in charge of the works on the Tagus and
its affluents, for which he worked pro bono. This compensa-
tion was offered to several engineers employed in railway
construction who received a continuous 15-day allowance
per month. Therefore, Eca complained as he thought he
deserved the same treatment.” Moreover, Eca was always

7 BAME, PT/AHMOP/P1/056/003, Letter dated 26 May 1871.
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seeking to obtain extra income through allowances, such
as the “effective luggage” stipend which was an additional
amount paid to compensate employees for their travel and
accommodation.®

Eca also claimed for better salary. On 2 July 1874, he wrote
to the Minister of Public Works to request a raise in his salary.
Eca argued that he was “in charge of the Tagus Improvement
Works by ordinance of 2 October 1866, and appointed a mem-
ber of the Central Board of Sanitary Improvements by decree of
24 October 1867 and had sought to satisfy the service of these
two commissions, with both requiring considerable endeavours,
to the best of his abilities”. Therefore, he claimed his salary
be equal to those of the Ministry of Public Works engineers
who had received raises.’ Furthermore, while Eca received a
two-fortnight subsistence allowance and, while intending to
continue receiving this bonus, he asked for this to be reduced
to 8%000 or 95000 reis (former Portuguese currency) in order
to ensure he received a salary similar to that of the aforemen-
tioned engineers. '’

Ec¢a was an expert in every field related with hydrau-
lic issues. Therefore, he participated in the committee in
charge of proposing the measures provisionally adopted
for the capital’s sewerage and cleaning systems. He subse-
quently became chairman of the committee responsible for
setting the volume of drinking water with which each public
establishment in the capital should be supplied with (1893);
for studying possible infections in the Lisbon water supply
(1894); and, for examining and analysing the Frazer system
meter for water measurement (1895).

Eca’s commitment to his work remained such that he did
not want to retire. On 17 December 1896, he wrote to the
king arguing he did not fall within the scope of the Age
Limit Law as he was an employee of the Ministry of Public
Works, and not of the Ministry of War, which had imple-
mented this rule.!! However, his request was turned down
and retirement became a reality on 4 January 1907.

In keeping with the superior capacity of his professional
performance and the great dedication and zeal for service,
Eca became a member of the Portuguese Association of
Civil Engineers, of the Lisbon Geography Society, and an
honorary member of the Polytechnic Institute of Rio de
Janeiro. He was a knight, officer, commander, grand officer
and grand cross in the Military Order of Avis, decorated
with the gold medal for exemplary behaviour, commander
of Charles I1I, commander of S. Tiago and officer and com-
mander of the Legion of Honour of France (Pereira and

8 BAME, PT/AHMOP/PI/056/003. He first requested this on 23
August 1858. It will continue until the 1870s.

9 BAME, PT/AHMOP/PI/056/003, Letter dated 2 J uly 1874.
10 BAME, PT/AHMOP/PI/056/003, Letter dated 26 September 1874.
11" AHM, Letter dated 17 December 1896.
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Rodrigues 1907, p. 106). In recognition of the valuable ser-
vices rendered in important and varied positions and com-
mittees, both technical and administrative, he was awarded
the title of Her Majesty’s Council, as a public testimony of
appreciation and consideration.

Eca received the highest honours, however none was so
significant in scientific and technical terms as the one made
by his biographer, when he is acknowledged as being even
better than Estévao Cabral, the first ‘hydraulic expert’ in
eighteenth century Portugal (Leitdao 2020). In view of his
accomplishments, Eca’s biographer emphasizes that “there
was no longer a need to hand over the roads to the judges,
nor the hydraulic works to the priests, even if they were as
distinct as Estevao Cabral,” (Loureiro 1907, p. 11).

Eca’s agronomic travel: sourcing
for expertise internationally

The preparation of the Portuguese engineer for hydraulic
agriculture essentially consisted of sending him on a long
study trip through the regions of Europe where the practice
and theory of what seemed to be a new scientific area was
most advanced—Piedmont, Lombardy, the Midi in France,
the Netherlands and the Valencia region in Spain.

Agronomic travels, that is, study trips carried out with
the aim of observing successful agricultural techniques in
other regions, had already been experienced for some time.
One of the figures who prised them was the British agrono-
mist Arthur Young (1741-1820), who was also editor of the
Annals of Agriculture and disseminated this practice. This
became a trend performed by many other agronomists, some
going to the same exactly regions E¢a went (Chateauvieux
1843; Smith 1855; Garcia-Pereda, Rodrigues and Parejo-
Moruno 2021). The difference is that in this case an engineer
was sent to observe agricultural procedures.

Tracing Eca’s agronomic travel has enabled us to identify
his aims and the strategies deployed to introduce the hydrau-
lic agriculture innovations practiced in the most advanced
countries. His report includes detailed information regard-
ing the layout of the plots to be irrigated and the respective
irrigation and drying channels, the levels of irrigation flows
and water diversion and storage dams, as well as the means
of draining swamps and recommendations for developing
agricultural hydraulics in Portugal. The report received such
a positive reaction that it was published by the government
(Eca 1866a). Besides being informative, it explained key
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Start of the Journey in Paris —> 19th May 1865

Paris
FRANCE & Mr. Mauny de Mornay

@ Vosges District
Moselle and Meurthe Rivers
@ Vaucluse District
Caromb Reservoir and Carprentas Canal
@ Bouches-du-Rhéne
Marseille, Craponne, Alpines, Peyrolies,
Verdon and Victor Courted (Orgon) Canals
@ Var District
Around Draguignan, Le Muy and Hyeres
Ferme-école de Salgues of the Mr. de Gasquet (Lorgues)
@ Pyrénées-Orientales District
Tét, Tech and Agly Rivers
@ Haute-Garonne District

Midi Canal
Saint-Ferredl and Lampy Reservoirs

ITALY

@ Piedmont Region
Orco and Ticino Rivers
Cavour, Ivrea, Cigliano and Rotto Canals
@ Lombardy Region
Ticino and Adda Rivers
Naviglio Grande, Bereguardo, Pavia,
Muzza, Martezanna, Naviglio de Paderno
and Cabo Marocco Canals

BELGIUM

@ Campine Region
Meuse and Schelde Rivers

SPAIN Madrid

@ Valencia Province
Turia River - Huerta de Valencia
Cuart, Mislata, Tavara, Rovella, Moncada
Tormos, Mestalla and Rascanho Canals

@ Alicante Province
Monegre River - Huerta de Alicante
Tibi Reservoir
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& sr. Elia Lombardini
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Return to Portugal — 18th January 1866

Book print [I] —> 18th April 1866
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Fig.2 Eca travel to France, Italy, Belgium and Spain, 1865. Map drawn by author

issues in language comprehensible to the non-professional
lay audience, such as farmers (Loureiro 1907).

The first stop was France. arrived in Paris on 19 May
1865 and only returned on 18 January 1866 (Fig. 2).'> He
was thus abroad for months learning new technology, novel
practices and legislation (Ordinance of 8 April 1865, Eca
1866a).

In France, he met the French agronomist Mornay, who
was then the Director of the General Board of Agriculture of
the Ministry of Agriculture, Commerce and Public Works.
In that country, Hydraulic Agriculture was under the tutelage
of the Ministry of Agriculture and the leading actor was an
agronomist (Ingold 2009). Just as in Eca’s case, Mornay had
been asked to study the irrigation legislation of Piedmont,
and his report served to draft the law proposed by the gov-
ernment (Mornay 1844). Additionally, in order to enforce

12 Although his biographer states that he was sent abroad for four
months, the documentation demonstrates he remained in foreign
countries for eight months.

this new legislation, Mornay was appointed deputy head of
the agricultural bureau in 1846, and in 1848, the agriculture
office he was running became a division of the Ministry of
Agriculture.

Mornay guided Eca’s research by indicating the books he
should buy in Paris and the places he should visit. Following
Mornay’s advice, Eca visited the districts of Vosges, Vau-
cluse, Var, Pyrénées-Orientales and Haute-Garonne (Fig. 3),
(Eca 18664, p. 6).

France then reflected a long history of water development
coupled with the constant search for the best agricultural
usages and the fairest sharing practices for water. The river-
ine landowners began to transform the lands of these regions
and they became the most important source of their agricul-
tural wealth. The watered meadows were studied by many
nineteenth century French agronomists as considered one of
the most ingenious systems to improve production (Buffon
1853-1858; Cossigny 1874 and 1889, among many others).
Their agricultural endeavours were astonishing leading Eca
to write about the Midi vineyards (Eca 1888).
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Fig.3 Derivation and distribu-
tion of water of the Canals of
Carprentas and Isle, Vaucluse,
France. Drawing by Eca in Eca
1866a

Prive do Canal
de
Carpentiris.

1080680088

| Corrgpportead e

degLesdrteat

ik P, Moot

Eca was able to observe first-hand the results of applied
hydraulic agriculture and the regulatory laws governing
them as well as analysing the preparation and layout of the
lands receiving water from diversions provided by chan-
nels driving water from the reservoirs. He observed how
the mountains’ meadows were watered from rivers and
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reservoirs in order to warming the fields, a practice that is
observed since the sixteenth century in the Pyrénées. The
dry lands were watered by water from the narses, sort of
stagnant ponds where the springs ended (Ardillier-Car-
ras 2009); and reservoirs (the gourgues) were also built,
the watertightness of which was ensured by beaten earth
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(Blanchemanche 1990). Moreover, Eca saw the typical irri-
gation methods of the Moselle and Vaucluse meadows, such
as the plank or adobe irrigation system and the canals built
to increase the production of natural and artificial meadows
(alfalfa) growing on coarse river alluvium (called garrigues
and made up of gravel and pebbles). These meadows (nearly
10,000 hectares in 1850) were watered by submersion. They
were established on land divided into watering compart-
ments by earth mounds 20 cm high. Each compartment was
fed by the irrigation water supply channel which crossed it
perpendicularly (Bethemont 1972, 1999; Broc 1980, 1992;
Fournier 2003; Girel 2012).

Despite meadows irrigation development in the south-east
of France, French agronomists complained that it improved
without, however, achieving a development comparable to
that of the Italian transalpine provinces: in 1843, 96,300 hec-
tares were irrigated in southern France, while 110,000 and
315,000 hectares were irrigated respectively in Piedmont
and Lombardy (Buffon 1853-1858, in Girel 2012). Agrono-
mists such as Nadault de Buffon, Mornay, and ending up in
Ronna, largely after E¢a’s travel and work as Superintendent
of the Tagus, would be among his main references for good
(Ronna 1888-1890).

Lombardy and Piedmont were acknowledged as holding
the most sophisticated system of irrigation. When Eca went
to these regions, Smith’s Italian Irrigation had already been
published, following his agronomic travel to northern Italy
(Smith 1852 and 1855). Eca recalled "several others have
gone there to study, as in the best model, the different sys-
tems of irrigation [in Italy]; such as Mr. Nadault of Buffon,
and lately the British engineer Sir Baird Smith, who spent
about two years collecting the necessary data and later pub-
lishing the work entitled: Italian irrigation” (Eca 1866a, p.
38).

Eca inspected the canals running across Piedmont, a
vast plain surrounded by the mountains of the Alps and
Apennines which was greatly enriched by irrigation. He
arrived just as the works of the Canal Cavour were ending.
Ever since Roman times, the Po Valley has been subject to
interventions involving regulation and drainage, deployed
through numerous channel building projects for navigation,
irrigation and powering the watermills. Simultaneous to the
need to control excessive amounts of water, Milan lacked
any river and provided for its needs through a dense network
of canals, built for defence, hygiene, agriculture, transport
and milling systems (Fantoni 2008; Pugliese and Lucchini
2010). The Canal Naviglio or Naviglio Grande (Great
Canal), the oldest in Milan, was started in the twelfth cen-
tury and played an essential role as a communications route.
Other canals were built to water the fields of Lombardy.
This enormously expanded the meadows under irrigation
that enabled the region great development. It furthermore

played a major role in rice cultivation by irrigating a large
area of land (Bevilacqua 1989 and 1996).

In the nineteenth century, the most important develop-
ment came with the Canal Cavour, built by Francesco Rossi
to link the Po near Chivasso with its tributary, the River
Ticino near Galliate, more than 80 km to the northeast. This
scheme was then transformed by Carlo Noe in the 1850s and
with the canal built between 1863 and 1866. Eca visited and
recorded with his own drawings these works in Lombardy,
such as the Canal of Martesana (Fig. 4). However, in Eca’s
words, the Canal Cavour was “the most remarkable canal”
he visited. He spoke directly with Director Carlo Noe, the
manager of the Charles Galland Construction Company, and
the engineer Marchetti, who provided all the explanations
he required (Eca 1866a, p. 33). The Canal Cavour became
a symbol of Italy as a newly born modern nation. The huge
works were the materialization of progress undertaken by
the new heroes — the engineers —, whose technical expertise
lay behind the construction of nations’ major infrastructures.
Hydraulic agriculture as it involved technical, economic and
agronomic know-how became a sign of progress, side by
side with railways’ construction. Additionally, it served as a
barometer to compare nations’ modernity, to such an extent
that in the conclusion to his travel memories, Eca quotes the
British engineer Smith: “As regards the works themselves,
whether reference is added to their designs or modes of exe-
cution, I do not think the Italians are superior to ourselves;
but in the theory of distribution, on the points of the interior
economy connected with water usage, and in the exactitude
and details of legislation, they are far in advance of us”
(Smith 1855; in Ega 1866a, p. 59). This excerpt not only
highlights another foreigner noting the excellence of Italian
canals, but also draws attention to the fact that the issue is
not exclusively technical, but also political. The model of
Piedmont, north and south of the Alps, differed from other
systems by the fact that the surplus water was recovered by
a drainage channel which supposed an organization between
the landowners to take advantage of the irrigation. There-
fore, water was at the centre of political, social and technical
attention.

Moreover, due to the sheer economic importance of
irrigation in the Piedmont, the education of hydraulic engi-
neers was foreseen. The training and education of hydraulic
engineers took place thoroughly and with no one allowed
to assume the title, or practice the profession, without hav-
ing fully graduated regularly from the University of Turin,
where Prospero Richelmy (1813-1884) was Professor of
Hydraulics (Smith 1855, pp. 12—13). This professional spe-
cialization, which still does not exist in contemporary Portu-
gal, already existed in nineteenth century Turin, as the civil
engineer profession in Piedmont is divided into three grades,
of which the highest is the hydraulic engineer; the second,
the civil architect; and the third, the surveyor or measurer.
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Fig.4 Derivation of the Canal
of Martesana, Lombardy. Draw-
ing by Eca in Eca 1866a

B9«

Politicization of water will reach its apogee in Spain,
where the lack of water is greater, hence, the greater the
value given to it. The lack of water also exacerbated social
injustice, which is why ‘Hydraulic Agriculture’ in Spain
became the flagship of modernity (Costa 1911; Orti 1984;
Swyngedouw 1999 and 2015). It would be seen as a uto-
pia, the only chance to make the dry and sterile Spain pro-
ductive, after being impoverished with the loss of its col-
onies. In this context, ‘hydraulic’ engineers like Eca will
become the nation’s heroes in the time of Regeneracionism
(1890-1930), (Boelens and Uiterweer 2013). But when Eca
visits Spain, this ambition of ‘revolution’ was still ferment-
ing. The Regenerationist leader Joaquin Costa and Rafael
Benjumea, Count of Guadalhorce, Minister of Public Works,
developed and materialized the ‘hydraulic utopia’ based on
the rebirth of the small-scale farm system typical of the Al-
Andalus. Stemming from this period, the Water Court of
Law of Valencia functioning from the ninth century onwards
stands out as an example of water justice, securing equity
among the community of farmers by their own members.

Eca visited the regions of Valencia and Alicante and ana-
lysed how water wise management underpinned the region’s
high productivity at the huertas of Valencia and Alicante,
which were dominated by artificial prairies, orchards full of
fruit trees and vineyards producing moscatel, malvasia and
fondillol (Loureiro 1907, p. 14).

Eca returned from his travel with a suitcase full of techni-
cal knowledge, views, books, but also laws and policies. He
understood that the modernization of the country’s hydraulic
systems required much more than engineering. It required
governance. And this meant the establishment of govern-
ment organizations, agencies, ministries and technicians that

@ Springer

Oerivagaede Canal) oo Nalezana.
iy, 76

e
B barragem.

are put in place to manage waters. Correspondingly, Eca
concludes his report by stating that taking advantage of Por-
tuguese rivers for agriculture would require the founding of a
special board — “Servico de Hydraulica-Agricola” (Hydrau-
lic Agriculture Service) — in order to decide on the various
water resource planning and management related issues,
such as undertaking a general survey of the fields suscep-
tible to improvement through irrigation or protecting those
exposed to recurrent floods; defining the effectiveness of
reservoirs and means of storage when the water courses are
not effective; and designing canals, projects to improve the
means of irrigating for Portuguese agriculture (Eca 1866a,
p. 64).13 These issues are not only central to water manage-
ment as the mishandling of the resource and the inadequacy
of the institutions and governance structures that can ensure
that every drop of water is used wisely. Moreover, as water
crosses national boundaries, rivers require integrated devel-
opment and management.

13 In 1866, he suggested the government should start in the regions
with greatest need such as Alentejo in southern Portugal (Eca 1866,
p- 64). A suggestion that was eventual followed but only much later.
A report was therefore made on the general conditions prevailing in
Alentejo, both its orography and its hydrography, as well as its geol-
ogy, mineral resources and hydrology, the state of crops and affores-
tation, climatological circumstances, economic and administrative
conditions, and constitution of the property (Eca et al. 1885).
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Eca’s impact as superintendent of the Tagus
River

Eca’s biographer compared the Tagus River with the Nile in
the sense that it provided the source of the greatest agricul-
tural wealth of Portugal. He highlighted how that besides a
long navigable stretch — Iberia’s ancient high-route'* —, the
Tagus River runs past fertile fields on both banks and ends in
the largest and most majestic estuary in the world (Loureiro
1907, p. 16).

Along 840 km, the Tagus River crosses the provinces of
Castille and Extremadura in Spain and Beira Baixa, Ribatejo
and Estremadura in Portugal, where it divides into Alto Tejo,
from Spain as far as Tancos, Médio Tejo, from the latter to
Azambuja and Baixo Tejo or Tejo maritimo, from the latter
to the ocean (Fig. 5), (Eca et al 1883, p. 60)."

In the Alfo Tejo, the river is squeezed between rocky and
steep mountain slopes and the bed is sinuous with curves of
very variable angles. Over the centuries, the waters did not
form a regular bed along a uniform slope, leaving a series of
rapids that make navigation very dangerous.

In the Médio Tejo section, the river basin widens and the
waters slow down, forming magnificent fields with an aver-
age width of 5 km along 80 km of the river to Vila Franca de
Xira. The riverbed here is made up of shifting sands which
decrease in size towards the sea, therefore becoming more
unstable in various situations, whether of drought or flood.
As this the agriculturally most fertile area, it is very harm-
ful for sand masses to be deposited on productive fields,
potentially forming swamps and causing huge damage to
agriculture, hygiene and public wealth.

The Baixo Tejo area is not that different from the Médio
Tejo in terms of physiography, but the water from the estu-
ary of the river until Vila Franca is brackish and, therefore,
cultivation is not as productive as in Médio Tejo.

As from medieval times, long established regimes encom-
passed river navigation, agriculture and ownership. Simi-
larly, the Tagus River always received attention from the
central powers and was subject to conservation policies.
Under successive regimes, provisions and laws on the Tagus
marshlands were issued ever since 1568, with continuous
modifications ongoing through to the early nineteenth cen-
tury but with all concerning agriculture, land rents, Crown
taxes or the administration of the adjacent fields. In the nine-
teenth century, regulating the Tagus for navigation was a

4 An idea well explored by Gémez et al 1998.

15 Both the identification of the sections and the length of the river
indicated do not correspond to the current values and divisions. In
this article, because the objective is to provide visual images of what
was happening in the nineteenth century, all the data are based on
Eca's texts.

GEOGRAPHICAL
SECTIONS OF
THE TAGUS RIVER

IN PORTUGAL
19th century

PORTUGAL

Extremadura

SPAIN

Tagus hydrographic basin
Hydrographic basins
Watercourses

Alto Tejo it
@ Médio Tejo

-

Baixo Tejo

Fig.5 Map of the Tagus river’s sections, Portugal. Map drawn by
Patricia Trindade Monteiro

concern on both sides of the frontier (Cabanes 1829) but
not specifically in terms of its efficient hydraulic agriculture.

The Superintendence of the Tagus was founded in 1849,
during the reign of Queen Maria II, in conjunction with
other measures enacted to improve navigation along the river
and benefit its adjacent fields. In 1866, Eca was appointed
Director of the 2nd Hydraulics Directorate of the Ministry
of Public Works and, later that year, Superintendent of the
Tagus on 27 October 1866.

The 1 July 1867 law on the Mondego, designed by Jodo
de Andrade Corvo, aimed to bring about the disappear-
ance of natural and artificial swamps and the rice fields that
deeply affected public health while envisioning clean and
dry lands, free from excess moisture (Calafate 2009). This
would be reached following improvements to the rivers and
navigable water streams protecting the lands against dan-
gerous floods and facilitating irrigation while also, finally,
replacing these unhealthy crops with more profitable alter-
natives. However, these reforming endeavours gained little
practical traction as the government needed to advance large
sums to implement the projects and the failure to provide
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such funding undermined the efficiency of the law (Corvo
1881; Ecaet al 1883, p. 119).

As Superintendent of the Tagus, Eca advocated for inte-
grated management frameworks able to generate greater util-
ity from a given volume of water, through adjusted alloca-
tions. He also defended the reduction of groundwater mining
through the interlinked management of ground and surface
water, more intensive water reutilisation through the planned
sequencing of uses, and the inclusion of a wider range of
basin stakeholders into decision making. Despite this prom-
ise, and although highly recommendable, integrated river
basin management was actually rather rare in practice as
such required genuine collaboration among administrative
and sectorial units. Given these potentially inhibiting factors,
it is not so surprising that water management related institu-
tions, organizations and policies became shaped primarily
by the needs of locally managed irrigation.

At the time of his appointment as Superintendent of the
Tagus, several works were already in progress on the Tagus
River such as riverside towpaths along some river sec-
tions, repairs to dikes and with other planned works under
analysis. Moreover, on taking up his position, he discov-
ered that of the 22,000$000 allocated for the works program,
14,000$000 had been spent between the months of July and
October causing him to have to lay off staff (Eca 1877, p. 5).

In Eca’s opinion, hydraulic and fluvial issues were very
demanding and complicated, requiring in-depth study
because any inappropriate works have destructive conse-
quences, including devastating floods with fertile land trans-
formed into swamps (Eca 1877, p. 3). Tagus floodwaters
spread across 40 000 hectares in the Médio Tejo basin sec-
tion (Eca et al 1883).

Therefore, on becoming superintendent, he organized the
work into two sections. The first to the north of the Tagus,
comprised projects and the construction work between the
Azambuja canal and the village of Abrantes, 16 under direc-
tion of engineer Anténio Vasco da Gama Braga, who resided
in Ribeira de Santarém. The second section between the area
of Salvaterra and Ribeira de Abrantes, was entrusted to engi-
neer Jaime Augusto da Silva, who lived in Alpiarca (Eca
1877, p. 5). In the first section, the main concerns involved
maintaining the stability of the Vinte dam and carrying
out repairs to the Valada dam. Eca intended to dedicate his
attention to studying the direction, strength and effects of
the main fluvial currents, especially during flood episodes.
Despite the construction of a dike, these occurred very often
in Ribeira de Santarém located on the river’s bank at the
bottom of the hill, while Santarém was on the top of the hill,

16 For an overview of the issues of irrigation and drainage of
the neighbouring lands of the Azambuja Ditch see Branddo and
Malaspina 2022.
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to such an extent that villages such as Caneiras in Ribeira
de Santarém were built on piles (Figs. 6, 7, 8 and 9). In
the second section, the priority was work on the Alpiarca
canal as this provided for the drainage of a large area of
swampland, as well as designing the project for renovating
the Almeirim road, which suffered damage from the sea-
sonal floods every year. It was not then known whether the
Alpiar¢a canal would best serve as a drainage ditch or as a
channel of navigation. The decision on its intended purpose
was of the utmost importance to Eca as it might serve as a
means of drainage with a smaller transversal profile. How-
ever, for navigation, it would need to be larger and remove
the slopes that were still then present. After having analysed
studies and surveys of terrain profiles, Eca recommended
that from Almeirim upstream, the watercourse was only to
be considered as a drainage ditch (Eca 1877, pp. 6-7).

The Almeirim road, running perpendicular to the Tagus
River and crossing the fields, was continually subject to
flood damage, dragging the sand, the paving and then the
foundations into the fertile fields and thus also adding more
sand to the riverbed. Eca, therefore, proposed the English
profile and a road surface with greater resistance (Eca 1877,
p- 7). Besides these two sections, Eca proposed organizing a
third to span the works between Abrantes and the mouth of
the Sever River and correspondingly destroying dams built
by private individuals for fishing and which had hindered
navigation; destroying fisheries; cutting back some rock
ends; designing and building walkways on riverside path
walls; and concluding and maintaining riverside path walls.

The system then in effect for the conservation of canals
and dikes did not seem the most appropriate. Eca, just like
Estevao Cabral almost a century earlier, judged transversal
dikes, such as the Vinte’s, and also "unsubmersible" longi-
tudinal dikes, to be substandard solutions. Notwithstanding,
these construction projects were already underway and he
was unable to stop them.

Eca began to issue written instructions so that they would
be followed as precisely as possible. He also leased some
lands at public auction, sold wood and other products to
contribute to governmental coffers, as well as commission-
ing a general inventory of the state- owned terrains along
the banks of the Tagus (Eca 1877, p. 10). Furthermore, he
organized this service in keeping with that prevailing for
most roads in the country, dividing the Alpiarca canal into
six cantons, with men on horseback guarding each of sec-
tion to prevent wild cattle causing damage to the hedges and
foliage covering dams (Eca 1877, p. 9).

Substantiating his vision on what should be done to the
Tagus River, Eca applied both the specialist bibliography
and what he had seen during his travel through Italy, France,
Belgium and Spain in 1865. The general idea was that the
hydraulic works undertaken in the valleys of great rivers
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Fig.6 Plan of the Ribeira de Santarém with a dike built to avoid
floods from the Tagus River, in E¢a 1877. 7 View from the other bank
of the Tagus River towards Ribeira de Santarém at a low level and
Santarém on the hill, 1846. BNP, E. 4667 P. 8 Photograph of a house

strive to improve navigation, benefit marginal lands and
make improvements to public health and industry.

However, opinions on what should be done to deal with
river waters differed from region to region. In some areas,
the understanding was that the best system was securing
the waterways with overflow dikes and thus protect the land
from flooding. In other regions, the practice was to leave
fields to nature; while elsewhere, an intermediate system
was selected to take advantage of the currents and, while
not applying total resistance to the floods, instead attempt-
ing to control them. Eca was certain that the third system
represented the best approach also basing his opinion on the
disastrous effects of the massive construction of dikes had
on the 1855 floods in the Netherlands. According to him,
the Italian system that he had been able to see in person was
similar to the Dutch one (Eca 1877, p. 13). The works of
the dikes in the Po valley were the subject of important, but
sometimes mutually contradictory, studies in the nineteenth
century. On the one hand, some alarmist voices stated that
the dikes had caused the floodwaters to exceed the roofs of
houses in Ferrara, but the Italian engineer and general direc-
tor of the Lombardy Works Elia Lombardini’s study (1844)
argued that the canal system in Lombardy dated back to the
Etruscans and achieved a general connection in around 1300,
functioning since then.

at Caneiras on piles, in Ribeira de Santarém. Anonymous authorship.
Ca 1900. 9 Photograph of floods at Ribeira de Santarém by Joshua
Benoliel (1912), in Vieira 2010

Eca reasoned that in the case of the Tagus, with its flood-
waters loaded with fertilizing sediments, blocking them
completely would be a mistake while leaving them free also
causes enormous destruction annually. Hence, the most logi-
cal option was to act to control the floods (E¢a 1877, p. 15).
This purpose required the digging of diversion channels,
absorbing wells, submersible or unsinkable dikes, clogging
decks, discharge channels, ordinary or waterfall bridges,
locks and plantations. Eca stated that the success of the
Nile arose from natural plugging and artificially expanding
the reach of floodwaters by opening canals and construct-
ing dams (Eca 1877, pp. 16—-17). Moreover, he recalled the
plugging system in effect in France and concluded that the
plugging system as used for the Nile and in France along
the Girard reflected in much better outcomes than the dike
systems deployed in the Netherlands and Italy (Eca 1877, pp.
14-17). He quoted the letter from Dutch engineer William
Albert Scholten to the French Raymond Thomassy in which
the former acknowledges the superiority of the plugging sys-
tem with the dike system considered a terrible mistake run-
ning against the law of nature (E¢a 1877, p. 17). Regardless
of these works, important studies were also carried out in the
Tagus drainage basin, including a survey of the general lay-
out of the river and its banks from Vila Velha to Carregado,
various longitudinal and transversal levelling measurements,
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observations on the speed of currents, volume and height
of the floods, as well as navigation movements and evalu-
ation of adjoining plantations (Eca 1877, p. 18). As most
of these works were of particular usage to agriculture, Eca
maintained that the respective landowners should organize
themselves into associations or companies and thereby raise
funding for improvement works even though their technical
supervision should belong to government engineers (Eca
1877, p. 21). Eca also concluded that the true engineer must
resemble the true doctor; thus, to strive to make it as unlikely
as possible that, having once operated, there would be any
need to resort to any further treatment. In diseases of the
body as well as in those of the land, nature had to wield the
main influence and the work of the physician, like that of the
engineer, was to guide its forces (Ega 1877, p. 27).

During his superintendency of the Tagus, there were sev-
eral works undertaken in the Alfo Tejo: annual clearing of
gravel from the riverbed, rectifications or increases to the
angles of the tightest curves, opening navigation channels
with a minimum width of 10 m, the construction of large
walls along the riverbanks with the gravel removed from the
riverbed, thus covering the margins to facilitate navigation.
Between Abrantes and Vila Velha de Rodao, the towpaths
constructed spanned over 28 km, leaving only 18 km to com-
plete the 46 km that were estimated necessary. The com-
mittee recommended that the remaining works be discussed
with the Spanish government as regularizing this section of
the river would be of relevance to the exploitation of mines.
Moreover, as there were no forests or tree plantings along
this path, this helped prevent the accumulation of rocks on
the river bed.

In the Médio Tejo, the most urgent needs involved ensur-
ing the scope for navigation, the protection of adjacent
fields and agricultural improvements. The river carries in
its waters the sediments that, when meeting the tidal water
mass, are deposited, raising the amount of alluvium on the
riverbed that might then lead to further water flowing back
into the fields, transforming them into swamps, with ponds
deprived of drainage. Therefore, a committee proposed stud-
ying the Tagus and its tributaries with hydrometric scales
along the entire length to ascertain the different slopes that
the current takes, longitudinally and transversally during the
dry season, average navigation waters and the ordinary and
extraordinary levels of flooding. Jilio Guerra, as well as the
engineers working on the Azambuja canal, also carried out
these hydrometric studies and measurements. All of these
hydrometric scales were to be interlinked with very rigorous
topographic levelling analysis.

Having determined as accurately as possible the Tagus
hydrographic basin and the extent of its drainage area, Eca
ordered the multiplication of the meteorological stations to
record the barometric and thermometric variations and reg-
ister rainfall observations. These data, in conjunction with
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direct measurements of the river flow in different locations,
would enable the calculation of the absorption coefficient of
the Tagus basin as well as determining its modulus and max-
imum and minimum product in accordance with the volume
of appreciation due to surface currents or groundwater. They
also considered it advisable to ascertain the temperature of
the surface waters at different depths in the river along with
its chemical and mineralogical composition and nature as
these are subsequently incorporated into the agricultural
makeup of the land (Eca et al 1883, pp. 81-82).

Thus, they were seeking a solution to force the waters to
regularly deposit their sediments throughout the valley, both
longitudinally and transversally, to ensure the drainage of
the lands. Therefore, there is no doubt that E¢a’s agronomic
and hydraulic travel had huge impact on his performance as
Superintendent of the Tagus River.

Eca’s vision for the Tagus River

Despite all of Eca’s work as superintendent of the Tagus,
there was still a lot to do. In 1880, he was part of a commit-
tee of five members, in which Adolfo Loureiro (1836-1911),
his future biographer, also participated, to draw up the Gen-
eral plan of works to be done to improve the Tagus river and
benefit the adjacent fields."!

The main problems that remained were the uncontrollable
floods; the weak fixation and permanence of the riverbanks,
which would require mass tree plantations on these banks;
the inequality with which the transported sediments are dis-
tributed, creating sandbanks in some areas, which makes
the river unnavigable; the furrows that the currents open in
different directions during floods; the entry of floods into the
fields when they are sown.

The planting of trees on the banks of the rivers, or on
longitudinal and transversal facades in the marginal fields,
functioning as filtering dikes, which moderate the speed of
the currents, without impeding the passage of the waters rich
in sediments, would be one of the most beneficial measures.
However, as a work like this is dependent on a huge num-
ber of owners, which are not just the state, it is doomed to
failure.

Therefore, the report also drew attention to the need for
forestry legislation ensuring landowners take responsibility
and contribute to the afforestation of the riverbanks (Eca
et al 1883, p. 104).

That is why the committee stated that unions and asso-
ciations had an important role to play here, in the sense of
aggregating wills for the realization of a collective benefit,

17 This plan was later published in the Revista de Obras Piblicas e
Minas (Eca et al 1883).
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which, under the direction of an expert, would design a com-
plete plan to be presented to the Ministry of Public Works
(Ecaetal 1883, p. 69). Therefore, the report recommended the
formation of small unions, committees representing a certain
number of landowners, elected by this group, to facilitate the
exploitation of common land, including sharing the machinery
and equipment used in modern agricultural holdings, as well as
developing irrigation works (Eca et al 1883, p. 105). In order
to guarantee the implementation of uniformity in designing
and planning the works, and the legislative measures neces-
sary to govern of the Tagus and its waters, these committees
be under the same tutelage with its authority naturally deriving
from the engineer directing the Tagus public works. The lat-
ter was correspondingly to promote, administer and direct the
works of collective utility (Eca et al 1883, p. 102).

The formation of sandbanks and swampy areas along the
tributaries of the Tagus in properties that belong to the Com-
panhia das Lezirias (Company of Lezirias) stands as another
problem difficult to solve. The Company is responsible for
opening and repairing ditches and for securing protective plan-
tations. In view of this, it receives a tax from the tenants and
landowners. However, the Company complains that the tax is
not enough to pay for the costs. Eca and the committee propose
that the Company no longer receive the tax, but also that it is
no longer obliged to carry out such works, which should be the
responsibility of the government and the expense distributed
among the various owners, including the Company (Eca et al
1883, p. 77).

The report stated that these legal and administrative inputs
were as important as any technical improvements: “It is not
enough to technically resolve the issue of improving the Tagus
and its adjacent fields; it is also necessary to find the means of
(without prejudice to the legitimate property rights) not hin-
dering but rather helping all the works of interest to the indi-
cated improvements” (Eca et al 1883, p. 98). This meant novel
legislation. Based on the report’s contents, on 11 March 1882,
the politician Hintze Ribeiro (1849-1907) proposed legislation
to parliament for improving navigation and irrigation along
the Tagus. However, the multiple ownership of riverbanks
constituted a problem to apply the law. Moreover, financial
problems explain most of the delay in implementing the neces-
sary works. The eventual decisions were always constrained
by budget issues and the need to reduce expenses, concluding
that "hydraulic works were always those that gained the most
disaffection from the public authorities" (Gorria 1908, p. 123).
Hydraulic engineers report that the argumentation "Because it
was cheaper, it was almost a refrain”. As soon as a budget was
presented, the directors immediately thought about where to
cut, which resulted in a “smaller budget, but the works were
always limited, and it seemed they were planned out of fear”
(Gorria 1908, p. 123). Water was clearly ‘politicised’ in a neg-
ative sense as political and economic calculations influenced
and distorted policies and decisions.

As problems of an economic-financial, political-legisla-
tive and social nature made it difficult to implement E¢a’s
vision for the Tagus, his ambition, along with new oppor-
tunities, led him to work on the railways, joining to col-
leagues with whom he had long fought for equality from
1880s onwards.

Final remarks

Irrigation ceased to be approached as an empirical prac-
tice in the nineteenth century. Portugal, which had already
experienced successful practices, clearly lagged behind
other regions that either directly underwent Agricultural
Revolutions in the eighteenth century or experienced their
influences. Despite some attempts to modernize agricul-
ture and efforts to regularize rivers’ flow, there were no
significant shifts in the Portuguese panorama. However,
after the founding of the Regeneration political regime,
and with the much-desired material progress then becom-
ing a reality, a new perspective emerged for agriculture.

The Regeneration in Portugal began in 1851 and
attained its zenith in the 1880s, and it is in this context
that this story takes place. It does not coincide at all with
the Spanish Regeneracionism, developed between 1890
and 1930. In this period, Portugal faced several challenges:
bankruptcy in 1890, regicide in 1908, implementation of
the First Republic in 1910, participation in World War
Iin 1917-18, another bankruptcy in 1926 and military
dictatorship established from 1928 onwards. Hydraulic
endeavours were left behind. The great public works will
only be resumed in the 1940s under the dictatorship of
Estado Novo, and only in this period, hydraulic works on
both countries of the peninsula will be developed.

The main reference for Eca was Mornay and the works
he observed in France. Curiously, all developed under the
tutelage of a different ministry and of different experts.
Even in Portugal, the perception of the absolute need to
take advantage of rivers for agriculture seems to arise
from agronomists, who by that time held higher educa-
tion qualifications from the Institute of Agriculture. How-
ever, engineers quickly took matters into their own hands
as agriculture came under the tutelage of the Ministry of
Public Works, established in 1852. In fact, it was Bento
Fortunato Almeida d’Eca, a military engineer from the
Army School, who held a bachelor’s degree in mathemat-
ics from the University of Coimbra, and worked at the
Ministry, that was dispatched on a study trip abroad, with
the objectives to observe the great works of canals, dikes
and reservoirs constructed in France, Italy, Belgium and
Spain, to collect bibliography, as well as impressions with
the best experts on these subjects.

@ Springer
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As soon as this engineer arrived back, he produced a
report that clearly stated an agricultural hydraulic service
with specialized management as absolutely necessary.
He referred to specific training for civil engineers, which
already existed in Italy, specifically at the University of
Turin, but not in Portugal. However, at that time, the Asso-
ciation of Civil Engineers was already under foundation with
its library incorporating this specialist field with hydraulics
dedicated sections.

The Portuguese engineer trained by the Ministry of
Public Works in hydraulic agriculture would then be
placed in charge of the Tagus works where he defended
that the works carried out must align with nature and not
run counter. Therefore, he correspondingly considered the
system of dikes built in the Netherlands and Italy, in the Po
region that he visited, was not appropriate for the Tagus.

He advocated for the clogging system, channelling the
waters in order to control them but without completely
blocking their strength, especially because the fertility of
the fields along the banks of the Tagus depended on the
floods, just as was the case with the Nile system and the
one he observed in France. This case furthermore clearly
illustrates how the appropriation of knowledge from the
centre to the periphery was processed; there was clearly an
extensive study of various situations in countries consid-
ered to be at the forefront before then opting for original
solutions perceived as best tailored to the Portuguese real-
ity and that correspondingly distanced themselves from
the role models.

Eca did not apply straightforward what he learned, but
critically used that knowledge to what he thought better for
the Tagus River. Surplus yields depended upon delivery
of adequate supplies of water at the right time to the right
places as well as protection against catastrophic flooding.
This required much more than technical expertise. Eca was
completely aware that many setbacks were not under his
control. They depended on political power, different leg-
islation and social organization and will. It is not surpris-
ing that major public works and requiring labour-intensive
water management challenges were delivered under dicta-
torships in both Iberian countries. On the other side, power
and social organization also depended upon regimented, and
concentrated control of water supply, especially evident in
the Spanish case.

Although the hydraulic model deployed under Eca’s
supervision would be superseded by new technical, political
and social formations, it fostered a state-controlled irriga-
tion source. The Tagus’ bounty, however, depended upon
flooding. However, this required a balance impossible to
control as excessive flooding inundated entire villages and
wiped away cropland. The evidence of this incapacity are the
houses built on high stakes on the riverbank, which protected
inhabitants from dramatic flooding until two decades ago.

@ Springer
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