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Introduction
A new irrigation scheme implies a drastic change in land use and in the territory, but their effects cannot be the ones expected and may change over
time. With this temporal perspective we analyze with a holistic approach
the results of the construction of the Urgell canals (Lleida, Catalonia, Spain).
In irrigated areas in different parts of the world there have been successes
and failures. There is a risk that the latter are produced by the lack of foresight of the projects, by the soil degradation due to improper management
of irrigation water, or by economic, social or political reasons.
The changes to irrigation have always been and still are an aspiration for

arid and semiarid regions, as a means to avoid poverty. In these areas, the
sharp boundary between fertile and rainfed land, deprived of water, with a
scarce vegetation, with a low population density receiving low incomes and
idle at certain times of year, coincides with the path of irrigation canals and
ditches.
The concept of sustainable development was first introduced by the Brundtland Report during the Nairobi meeting held in 1987. It is defined as any
development that meets the needs of the present without compromising the
needs of future generations. Since then, this concern has been widespread,
also in the case of irrigation schemes, where sustainability should be one of
the objectives of the farmers, managers of irrigation communities and decision makers, related to irrigation policy.
This research is located in the Canal d’Urgell irrigated area (Lleida), a vast
region with a semiarid climate, with an annual rainfall of 391 mm, irregularly distributed throughout the year, and with a relative maximum in autumn
and an absolute maximum in spring and a hot dry summer. The soil moisture
regime is xeric. It is a region with easterly winds from the coast (marinade),
which soften the temperatures of the warm summer evenings and westerly winds with very high evaporation power. These characteristics, together
with a flat topography, with slight undulations and some small hills, are the
main cause for water and irrigation demand over five centuries, although
the first attempts to build an irrigation canal failed (Zulueta 1910?, Ramon,
2004). Before the transformation into irrigation, the main crop was wheat,
almost in monoculture, which yielded almost nothing in dry years (no germination) and good yields during moister years, a fact that evidenced the
good soil quality.
Methodology
This research was performed by studying with a holistic approach the effects of irrigation of the area of Urgell Canals over more than one hundred
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and fifty years. Information from the field and by consulting stakeholders
has been completed by reviewing the available literature and the historical
archive of the Comunitat General de Regants of the Urgell Canals and the
Arxiu Comarcal del Pla d’Urgell. The DPSIR framework (Blum, 2002, Porta
& Poch 2011) has been used to identify a series of core indicators and to
establish the nature of interactions between the different driving forces,
pressures, states, impacts and responses, in relation to long term changes
in land use and sustainability associated with management of the irrigated
area, since the building of irrigation Canals and through to the present day.
Results and discussion
Two stages of development could be established: (1) from the time of the
construction of the Main Canal (Canal Principal) until the early 20th Century,
a period characterized by a lost-lost model; and (2) with a diffused and gradual transition from the end of 19th Century until nowadays.
Initial failure: a lost – lost model
Many of the initial state (S) characteristics of the system became the initial
driving forces (D): (1) Cereal dry land agriculture with fallow. (2) The growth
of demand for agricultural products. (3) Land tenure system with a high degree of land concentration in few owners; these big agricultural landowners
had low capacity for investment in the construction of the irrigation canal
in a such a large area and lack of funding necessary for irrigation infrastructures in the farm. (4) Development of industrial capitalism and the possibility to set up companies with share capital. (5) Lack of legislation related to
water, for instance, to irrigate a farm inside the irrigation perimeter was not
compulsory by law at that moment.
These driving forces produced a set of pressures (P) on the system in its initial stage: (1) A population of poor and unoccupied peasant for long periods

of the year, and with a low education level and without training on irrigation. (1, 2) A great interest in building an irrigation canal. (3) Searching for
funding to construct the canal. (3, 4) Interest in setting up a private company
with share capital. (5) Introduction of legal regulations by the Government,
sometimes contradictory.
The state (S) of the system was: (1) A company with share capital was set up
in 1847 in order to restart the works. The Company commissioned the engineer Pedro Andres Puigdollers drafting a project that was delivered in 1848
with a budget of 7,898,919 PTA, only for the Main Canal (Canal Principal).
Since the company did not meet the deadlines, the Royal Order of November 3rd 1852 awarded a new grant in favor of the Casa Girona hermanos and
Clavé y Cia. for the construction of the Canal. Seeing the complexity of the
work and the capital needed, in 1853 a new company, Sociedad Anónima Canal de Urgel, was established by Manuel Girona with the economic support
of the Banco de Barcelona (Martí and Junqueras, 2003). The new company
had to take in charge the most problematic part of the construction for the
required investment: tunnels, expropriation of land and construction of ditches; while the Casa Girona hermanos and Clavé y Cia. was only responsible
for the construction of the Main Canal. The civil engineer Domingo Cardenal
was the main construction manager. He revised the P. A. Puigdollers’ project
and budgeted the Main Canal in 14,410,673 PTA (Cardenal, 1901, Zulueta
1910?), to which the cost of the remaining works should be added. Between
1853 and 1861 the construction of the Main Canal was carried out. There
were many difficulties due to the lack of technology and of geological and
soil knowledge at the time.
(2) A canon was introduced to pay for irrigation water to the Sociedad (concession company). This income was established in relation to the production, regardless of the quantity of water supplied. According to it, a ninth
part of products should be delivered to the Sociedad (ninth system), and
for forages some quantity in cash, during the first 60 years (Convenio de
Madrid 1862); and later a 4 % (1/25 part of products) during the remaining
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years, the 99 years of the concession. Since the Sociedad constructed the
secondary network of ditches and drains the concession was extended to
75 years.
(3) Not all the potentially irrigable land was irrigated. Despite the fact that
the irrigation services were completed in 1865, in 1866 only a 29 % of the irrigable surface was actually irrigated. Some dry land crops were maintained
in some farms. This was due to different reasons: (i) some landowners were
reluctant to the irrigation because they had no capacity for investment in
the irrigation infrastructures in the farm; (ii) the irrigation was not compulsory by law and; (iii) not all the ditches to apply water to the fields had been
constructed; (iv) and the main reason was that the Canal did not transport
sufficient water because the river was not regulated by dams.
(4) A lack of knowledge on crops, manures, fertilizers, water and soils management: since the works of Justus von Liebig on chemical fertilizers in Germany in 1845, the experimental stations started to disseminate agricultural
research in Europe, but they did not arrive to the region during that initial
period. (5) Until 1870 the main crop was wheat, followed by olive trees and
vineyards (Ramon, 2004).
The impacts (I) on the system were: (1) Setting up a company with share
capital made to appear two stakeholders in the scene: the Sociedad and
the farmers (país regant) organized as the Sindicat General de Regants with
interests not always coinciding. (2) Financial problems of the Company: the
budget of the Puigdoller project dated from 1848, the works were initiated
in 1853 and the Domingo Cardenal project, more adjusted to reality, caused
an increase estimated at 80 per cent from the initial budget. (3) Financial
problems of many big agricultural landowners due to their low capacity to
invest in order to adapt the land for irrigation. The effect was that some of
them made bankrupt (Zulueta, 1910?). In the long term this contributed to
change the land property tenure, to the point that at the beginning of the
XX century a property fragmentation was observed (Ramon 2004). (4) Better
times for farmers (país regant) with middle-size farms due to direct work.

(5) The peasant had more work all the year than with dry land farming. (6)
Soil degradation in some areas by salinization. (7) Pests (mildiu and phyloxera). (8) Swamps were formed by irrigation in low land, mosquito population
increased and malaria appeared. (9) The income from the ninth system for
canon was not convenient to the Sociedad and did not stimulate the farmers
to invest in order to increase crop yields (Roca, 1910).
A new driving force (D) must be taken in account from 1867. In 1853 Ignasi
Girona Targa (1782-1867) bought the Torre del Bisbe (currently El Castell
del Remei), a big farm around the area. The dynamism of this business man
from Barcelona, the investment that would be done at the farm and the
fact that his son Joan Girona Agrafel (1807-1871) had studied Mechanical
Engineering in Switzerland, France and England, made the property become
a model farm. New technical criteria were introduced, as well as intensive
crops and agriculture operations were mechanised. The goods produced
were transformed at the farm itself. In 1867 his sons Jaume and Ignacio
Girona Agrafel (1824-1907) took over the farm and it kept on improving.
In 1868 an industrial flour mill was built and in 1872 an agricultural colony
was established. A mistela (sort of wine) factory was built later to stimulate the wine production. Ignacio’s son, Ignacio Girona Vilanova (18571923), who had studied Physics and Industrial Engineering in Barcelona and
from 1880 to 1884 studied Agricultural Engineering in the Lycée Nationale
Agronomique in France, was the one to introduce the European agricultural
advances: crop rotation, use of manure and chemical fertilizers, deep tilling,
vineyard irrigation during the winter and industrial transformation of agricultural goods at the farm.
The results (R) were: (1) Low incidence of the irrigation on yields: low crop
yields in relation to the expectations and low income for farmers and for
the Sociedad. (2) Decrease of population, in 1870 the population decreased
because works of Canal had already finished, also because of malaria and
emigration (Vicens Vives, 1961, Ramon 2004). (3) Conflictive relations and
a lot of lawsuits between the two stakeholders (Vila, 1992): the Sociedad
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and the Sindicat General de Regants. The causes that gave rise to conflicts
were in relation to the new legal regulations: (i) the Canals and Dams bill
of 1870 (Ley de Canales y Embalses); (ii) the criteria to establish the canon,
especially in 1933 linked with social unrest and political tensions (Lladonosa,
1978); (iii) the deadline of the concession, etc. These conflicts carried on all
the time until the end of concession. (4) A bad financial situation of the Sociedad, that obliged it to carry out succesive capital enlargments and, finally,
to declare bankruptcy in 1871 until the end of the concession. Therefore the
Sociedad could never distribute benefits to the shareholders and the debt
securities were never reimbursed (Lladonosa, 1978).
José Zulueta, director of the Canal de Urgell, wrote at the early 20th Century,
that “after 35 years starting to irrigate the area, the Urgell Canal is a failed
system” a lost-lost model, as well for the Sociedad as for farmers (país regant). The transformation of dry lands into irrigated lands had a little influence in the development of the region until that moment.
A change of trend: evolution to present (2014)
In the irrigated area by Urgell Canal a gradual transition took place since
the end of 19th Century to 1920. New driving forces (D) were appearing
along these years: (1) Training in irrigation techniques. (2) Machinery improvements. (3) Introduction of crops and varieties (sugar beet and sugar
industry in 1901), luzerne, corn, etc. (4) Soil and salt management (drain
installation). (5) The phylloxera in a positive sense: a high demand of wine
from France, but a crisis when finally phylloxera arrived to the area. But four
other driving forces must be emphasized: (6) The First World War. (7) The
construction of the Auxiliar Canal (Canal Auxiliar) (1929-1932), because the
Main Canal was not able to supply water to the 70 000 ha and was clearly insufficient for intensive crops. (8) The canon to be paid. In fact, the canon was
a reason for losses for the Sociedad until 1918, but since then, the prices of
agricultural products increased and the amount of canon became positive
to the Sociedad (Vila, 1992). In 1931 the Sociedad started to provide the

possibility to pay the canon by cash following agreements with each farmer.
After the troubles of 1933, in 1934 the canon of ninth was replaced by a cash
payement: 9 PTA by jornal (ca. half an ha) and year. The criteria to establish
this canon was the price of the wheat, but this criteria would cause new
problems in the future, when the price of wheat increased or were fixed by
the Government.
(9) The conventions with the concessionaire company of hydraulic exploitation of river Segre after the construction of Oliana Dam (1958), improved
the water supply to Urgell irrigation area.
(10) In 1977-80 the Generalitat of Catalonia has been restored and in 1979
the competency on agriculture was transferred to the Government of the
Generalitat. (11) In 1988 the Diputació of Lleida promoted in Sidamon
(Urgell area) a laboratory of soil analysis (LAF) set up as a company with
share capital.
(11) In 1971 an agricultural high school (Escuela Técnica Superior de Ingeniería Agraria) has been created by the Government in Lleida.
The results (R) in this second stage of Urgell Canal were: (1) The availability of water started to be sufficient with the Canal Auxiliar and the Oliana
dam. (2) The introduction of new crops and varieties: sugar beet and sugar
industry (1901) -no more cultivated in the area at present-, luzerne, fruit
trees and cereals –still the main crop, but decreasing–. (3) Improvements
in irrigation techniques, machinery. (4) Control of plan nutrition. (5) Control
of soil salinity by a drainage system. (6) Good crop yields. (7) End of the
concession time at the 31th of December of 1963. (8) The 24th of December
of 1964 the Comunitat General de Regants has been created. (9) The concession of water to irrigate and the management of irrigated perimeter of
Urgell Canal have been transfered to the Comunitat General de Regants the
17th of November of 1965, establishing a collaboration with the Ebro River
Water Authority (Confederación Hidrográfica del Ebro). (10) The soil maps
at 1:25,000 of the irrigated area are available nowadays. (11) Many agricultural engineers are working in the area.
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In front of the opinion of José Zulueta in the early 20th Century, it can be
said that in 2014 the irrigation of the Canal de Urgell is a success, a win
(farmers)-win (country development) system. Nevertheless, it had been
necessary to wait for about 50 years to reach a turning point for the sustainability of this irrigated perimeter. This analysis with a holistic approach
allows us to learn from the past and to contribute to avoid this windy road
in any transformation to irrigation.
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